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Abstract
Smartphones have become ubiquitous personal devices, and many applications (apps) for
mental health (MHapps) are now available to the public. MHapps hold great promise as
preventative and low-intensity interventions for depression and anxiety, and as ways to
improve positive mental wellbeing. However, the majority of MHapps currently available
lack empirical support for their efficacy, and there is little research into the underlying
mechanisms used by MHapps to generate therapeutic change. This thesis aimed to progress
the field by reviewing the available evidence, formulating sixteen recommendations for
MHapp development, developing two apps based on these recommendations, and evaluating
their effects on mental health. The effects of different MHapps could be attributable a range
of mechanisms, including increases in emotional self-awareness (ESA), mental health literacy
(MHL), or coping self-efficacy (CSE), so these underlying treatment processes were also
investigated.

The first app developed, MoodPrism, contained mood-tracking features, hypothesised
to improve mental health by increasing ESA. After a collaborative building and testing
process, the app was released on the public iOS and Android stores. Regression analyses
examined data from 234 participants who downloaded and used the app for 30 days. App
engagement ratings predicted increases in mental wellbeing and decreases in depression and
anxiety. These effects were mediated by increases in ESA, but only for participants who were
depressed or anxious at the time of the baseline assessment. MHL and CSE did not play
mediating roles.

The second app developed, MoodMission, recommended cognitive behavioural
therapy (CBT) strategies as remedies for low moods or anxiety. The development of this app
was crowdfunded, and throughout the iterative building and testing process MoodMission was

rated significantly higher than other health apps on measures of usability and functionality. As

Xiv



with MoodPrism, regression analyses were used to investigate the relationships between app
engagement and mental health outcomes over 30 days of use. Among the 617 participants,
there was a significant relationship between app engagement and mental wellbeing. Although
there were no direct effects on depression and anxiety, there were significant indirect effects
via the mediator of CSE for participants who were moderately depressed or anxious at the
time of the baseline assessment.

In addition to these engagement studies, a randomised controlled trial (RCT) was
conducted to compare MoodPrism, MoodMission, and an existing MHapp called MoodKit,
against a waitlist control condition. Following intent-to-treat principles, each group contained
48 participants. Mixed ANOVAs revealed that all app groups experienced increases in mental
wellbeing, compared to the control. The MoodPrism group also experienced a decrease in
anxiety, and the MoodMission group experienced a decrease in depression. All effects were
mediated by CSE.

Exploration of the findings reported in this thesis reveal ways that future MHapps can
be improved, with reference to CBT theory, self-determination theory, emotion regulation
models, and the behavioural health continuum of care. MHapps can be effective at increasing
mental wellbeing, and depending on their features, can also decrease anxiety and depression.
Two MHapps were successfully developed and evaluated, and unlike many other MHapps
involved in research, these will remain accessible freely accessible offering an evidence-based

and sustainable public mental health strategy.
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Preface
Over the last decade, smartphones and mobile devices have become commonplace in many
people’s lives and central to the way they work, play, and communicate. One of the appeals of
these devices is their large range of available “apps”, which are small, web-delivered software
applications that usually have some discrete, specific purpose. There are now apps for many
purposes, such as ordering food, tracking fitness regimes, organising calendars, interacting
with vast social networks, and more recently, for mental health support. This follows the
development of online computerised programs for the treatment of depression, anxiety, and
other mental health issues. While elements from computerised therapies can be applied to
mobile contexts, they are not optimal and new paradigms that are better suited to mobile
technologies should be considered. For example, most current internet Cognitive Behavioural
Therapy (iCBT) programs are based on self-guided workbooks and contain large blocks of
text, some images, and a few opportunities for the user to enter text. The main paradigm for
interacting with a desktop or laptop computer has been well established, and involves the user
becoming immobile, dedicating their attention to the screen, and inputting information
through use of a keyboard and mouse. Mobile devices now offer new opportunities, and novel
paradigms for interacting with apps are still being developed and explored (Chou, Bry, &
Comer, 2017).

One reason underlying the lack of exploration into new paradigms is the duty of care
that mental health professionals uphold to provide support and interventions with known
effectiveness. It is important for an intervention to have direct scientific or theoretically-based
evidence supporting it before it can be ethically offered. This means it is much easier to build
interventions for new technical platforms that are direct translations of previously validated
interventions that rely on established paradigms. In contrast, developers who approach the

design of mental health apps from outside the field of mental health tend to be less aware of
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the established paradigms and therefore less reliant on them. This means that some of the
most innovative mental health apps have been developed by entrepreneurial start-ups rather
than mental health practitioners or researchers. While these innovations are admirable
attempts to establish engaging mobile intervention paradigms, the apps often lack
experimental validation of effectiveness, which means their actual utility is unknown.

Currently a limited amount of research has been published supporting the efficacy of a
few select app-based mental health interventions. While the findings thus far are promising,
there are three major shortcomings of the literature. Firstly, most of the researched apps are no
longer available to the public because they were developed as part of research projects with
no planned continuation. Secondly, most of the apps rely on intervention paradigms that have
been established in other modalities, such as CBT pen and paper workbooks or iCBT
education modules. Thirdly, the evaluations have focussed on the outcomes of using the
intervention tool, rather than the underlying mechanisms or mediators that may reveal how to
improve intervention design. The purpose of this thesis was therefore to develop two new
mental health apps that would: a) be publicly and freely available, during and after the
completion of their linked research projects; b) use innovative interaction paradigms,
combining features of established interventions with mobile-optimised interactions; and c)
collect data to support their efficacy as recommendable tools, and enable investigation of the
interventions’ underlying mediators of success.
The research aims of this thesis were to:

1) develop a reflection-focussed, mood-tracking MHapp;

a. explore the relationships between engagement with this reflection-focussed
app and mental health and wellbeing outcomes;
b. examine whether emotional self-awareness (ESA) mediates this effect;

2) develop a problem-focussed, CBT strategy MHapp;
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a. explore the relationships between engagement with this problem-focussed
app and mental health and wellbeing outcomes;
b. examine whether coping self-efficacy (CSE) mediates this effect; and

3) evaluate the efficacy of three different MHapps in a RCT.

These aims were aligned with the overall goal of this thesis, which was to collect and
organise evidence that could guide the improvement of current and future MHapps.

This thesis comprises eight chapters that detail the development and evaluation of two
new mental health apps, MoodPrism and MoodMission, and explore their mental health
benefits with an aim to improve future app-based interventions. Chapter 1 presents a
published literature review that supports sixteen recommendations for the design and
development of MHapps. This review was pursued because there was no existing published
guide to developing MHapps, so it spanned a broad range of literature from diverse fields and
informed the development of MoodPrism and MoodMission. Chapter 2 outlines the approach
for the rest of the thesis and details some of the common methodologies employed across the
remaining chapters. Chapter 3 provides detail about the collaborative development process of
a mood-tracking app called MoodPrism, and Chapter 4 comprises a published empirical
manuscript that reports data collected from MoodPrism, revealing improvements in
participant mental health and wellbeing via the hypothesised mediator of emotional self-
awareness (ESA). Chapter 5 presents the development methodology and pilot evaluation of
MoodMission, an app for the delivery of cognitive behavioural therapy (CBT) strategies for
low moods and anxiety. Chapter 6 then details the effectiveness of MoodMission by reporting
outcome and mediator data using similar analyses to Chapter 4. Chapter 7 presents a
randomised controlled trial (RCT) that compares the efficacy of MoodPrism, MoodMission,
and an existing app called MoodKit, against a waitlist control condition. Finally, Chapter 8

provides an integrative summary of the previous chapters, relating the findings to three
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different psychological intervention theories to better guide future MHapp development and
research. The final chapter also discusses broader issues related to the field of MHapps,
acknowledging the complex environment that MHapp interventions are developed and
researched in.

As this thesis contains manuscripts that are published or submitted for publication,
there will be some repetition of concepts. The chapters happen to be ordered chronologically
according to time of submission, so later chapters may cite more recent references.
Manuscripts are presented in the form in which they were published or submitted for
publication. Throughout the thesis the word “intervention” will be used to refer to any
program or structure with which an individual interacts to achieve outcomes, regardless of
whether it is considered a treatment for clinical disorder. This includes preventative

interventions.
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CHAPTER 1

Explanatory Note

The following chapter presents a narrative literature review that was published in
JMIR Mental Health in January 2016. This serves as an introduction to the field of MHapps
and summarises the most relevant, recent research to inform a series of practical
recommendations for future MHapp developments. A preliminary review of available
MHapps is also included to indicate the strengths and shortcomings of the apps currently
available to the public. The conclusions of this review form the rationale for the development
and evaluation of MoodPrism and MoodMission, which is detailed in the remaining chapters

of this thesis.
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Background: The number of mental health apps (MHapps) developed and now available to smartphone users has increased in
recent years. MHapps and other technology-based solutions have the potential to play an important part in the future of mental
health care; however, there is no single guide for the development of evidence-based MHapps. Many currently available MHapps
lack features that would greatly improve their functionality, or incdude features that are not optimized. Furthermore, MHapp
developers rarely conduct or publish trnial-based expenmental validation of therr apps. Indeed, a previous systematic review
revealed a complete lack of tnal-based evidence for many of the hundreds of MHapps available.

Objective: To guide future MHapp development, a set of dear, practical, evidence-based recornmendations is presented for
MHapp developers fo create better, more nigorous apps.

Methods: A literature review was conducted, scrutimizing research across diverse fields, including mental health interventions,
preventative health, mobile health, and mobile app design.

Results: Sixteen recommendations were formulated. Evidence for cach recommendation is discussed, and guidance on how
these recommendations might be integrated mto the overall design of an MHapp is offered. Each recommendation is rated on the
basis of the strength of associated evidence. It is important to design an MHapp using a be¢havioral plan and interactive framework
that encourages the user to engage with the app; thus, it may not be possible to incorporate all 16 recommendations into a single
MHapp.

Conclusions: Randomized controlled tnals are required to validate future MHapps and the prninciples upon which they arc
designed, and to further investigate the recommendations presented in this review. Effective MHapps are required to help prevent
mental health problems and to case the burden on health systems.

(JMIR Mental Health 2016;3(I)ze7) doi:10.2196/menial 4984
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Introduction

A smartphone is an advanced mobile phone that functions as a
handheld computer capable of Tunming software apps. Within
the last decade, smartphones have been integrated into the
personal, soaal, and occupational routines of a substantial
propottion of the global population. Over half of the population
m the United States owns a smartphone and 83% of these users
do not leave their homes without it [1]. Average users check
their phones as often as 150 times a day [2], which reflects how
smartphone apps can generale, reward, and maintan strong
habits mmvolving their use [3,4]. Apps arc also capable of
mplementing behavior change miterventions [5], which may
mmprove users’ physical health [6], such as through promotion
of physical exerase [7]-

Overrecent years, numerous mental health apps (MHapps) have
been developed and made available to smartphone users. These
apps aim to improve mental health and well-being, ranging from
guiding mental illness recovery to encouraging beneficial habits
that improve emotional health [8]. The demand for MHapps is
strong, as evidenced by a recent public survey that found that
T76% of 525 respondents would be interested in using their
mobile phone for self-management and self-monitoring of

mental health if the service were free [9].

MHapps and other technology-based solutions have the potential
to play an imporiznt part in the future of mental health care [10],
making mental health support more accessible and reducing
bamers to help secking [11]. Innovative solutions to
self-management of mental health issues are particularly
valuable, given that only a small fraction of people suffenng
from mood or anxicty problems seck professional help [12].
Even when people are aware of their problems and are open to
secking help, support is not always casily accessible,
geographically, financially, or socially [13].

Smartphones arc not constrained by geography and are usually
used pnvately by one mndividual. This means that smartphone
apps can be cxtremely flexible and attractive to wusers,
empowered by the confidentiality of their engagement Secking
help by downloading and using an MHapp is well suited to the
needs of young adults and other users with a high need for
antonomy [14]. Users also prefer self-help support matenials if
they are delivered via a familiar mmedium [ 15], such as a personal
smartphone. Smartphones apps are almost always accessible to
users, so they can be used in any context and in almost any
enviroment [16]. Using these apps, users remmd
themsclves throughout the day of ongoing goals and motivations,
and be rewarded when they achieve goals [17].

However, many MHapps have not capitalized on the strengths
and capabilities of smartphones. Design principles that have led
to the huge success of many physical health and social
networking apps have not been utilized in the MHapp ficld.
Furthermore, cvidence-based guidelines that have been
developed for other sclf-help mental health interventions have
ot been applied to many MHapps. For example, many available
MHapps target speafic disorders and label their users with a
diagnosis. Much research has suggested that this labeling process
be harmful and stipmatizing [18].
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There also appears to be a lack of appreciation for expenmental
validation among MHapp developers. Donker et al [8] revealed
that there is a complete lack of cxpenmental evidence for many
of the hundreds of MHapps available. Their systematic review
identified only 5 apps that had supporting evidence from
randomized controlled tnals (RCTs). A search ofthe Apple and
Google app stores as of January 2014 reveals that none of these
RCT-supported apps is currently available to consumers.

For amental health intervention to be effective, there must be
a process of ngorous expenmental testing to puide development
[19]. Appropnate theones of engagement and mnplementation
should also be consulted when introducing an evidence-based
intervention to the public [20]. However, such research is
currently lacking. A senes of recommended pnnciples based
on evidence and substantiated theones would be valuable in
guiding the development of future MHapps and future RCTs.
A review of the literature highlights the numerous ways by
which the design, validation, and overall efficacy of MHapps
could be improved.

Methods

This review aims to provide a sct of clear, sound, and practical
recommendations that MHapp developers can follow to create
better, more nigorous apps. As such, this review covers work
from a number of different research fields, mcluding mental
health mterventions, preventative health, mobile health, and
mobile app design. A review of currently available MHapps
was also necessary to gain a clearer idea of where improvements
can be made.

Databases such as Psyclnfo, Scopus, and ProQuest were
consulted for peer-reviewed sources. Search terms included (but
were not restnicted to) “mhealth,” “anxiety,” “ ion," “help
secking,” “self-help,” “sclf-guided,” “smartphones,” and
“gamification.” Articles published between March 1975 and
March 2015 were considered for inclusion. Meta-analyses and
systematic reviews were sought for each relevant area of
investigation. Several synoptic texts were also consulted to
guide foundational understanding of theoretical concepis relating
to mobile apps and product design [3,5]. Sources were exduded
from the review if they did not relate directly to mental health
or computenzed health interventions. Because this was not a
systematic review, and as such was not based on a single search
of the literature, the specific number of articles found and
excluded was not tracked. Furthermore, multiple searches were
used to explore the concepts and formulate therecommendations
presented. The lead author (DB) conducted these searches and
formulated the basic recommendations. The secondary authors
provided individual feedback on the review, suggested sources,
and guided further searches that the lead anthor undertook.

Most research into mobile health has focused on validating
single entreprencunal apps, rather than pursuing nigorous RCTs
to validate principles that can guide development of future apps
[21]. Becanse of the infancy of the field, the recommendations
presented m the results of this review have not been ngorously
vahdated by RCTs in an MHapp setting. Instead, each
recommendation should be treated as a gmde for both
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development of MHapps and future research. Each
recommendation could well be the target of a future RCT.

Currently Available Apps

The recommendations explored in this review should be
considered in the context of the existing range of MHapps
available. The suggested recommendations are as follows: (1)
cognitive behavioural therapy based; (2) address both anxicty
and low mood; (3) designed foruse by nondlinical populations;
{4) antomated tailoning; (5) reporting of thoughts, feelings, or
behaviors; (6) recommend activiics; (7) mental health
information; (8) real-time engagement; (%) activities exphcitly
linked to specafic reported mood problems; (10) encourage
nontechnology-based activities; (11) gamification and intrinsic
motivation to engage; (12) log of past app use; (13) reminders
to engage; (14) simple and intmtive interface and inferactions;
{15) links to cnisis support services; (16) cxpenmental tnals to
establish efficacy. This is a recommended direction for future
research. To demonstrate the necessity of such a future review
or some form of accreditation system to ensure the quality of
health care apps [22], the lead author conducted a brief overview
of the range of currently available MHapps via a scnies of
preliminary searches of the iTunes App Store. The search terms
used incuded “anxiety,” 1on,” “low mood,” “mental
health,” “therapy,” “relaxation,” and “self-help.” Inspection and
use of the apps found in these searches revealed some major
gaps in thar capabilites when compared with the
recommendations of this review. Table 1 compares a selection
of these apps across the recommended features discussed in this
TEVIEW.

Results

The recommendations formulated by this review of the literature
arc summanzed in the following section. Recommendations
1-7 have been chiefly extrapolated from the mental health
literature, and Recommendations 8-14 have ongins in rescarch
on user engagement and designing apps for behavior change.
Recommendations 15 and 16 are recommendations specifically
rclated to MHapps.

It may not be possible to build cvery single listed
recommendation into a single app. Rather, this list has been
compiled based on the available evidence to guide decisions
when embarking on an MHapp development project. Many
currently available MHapps lack features that would greatly
improve ther functionality, or include features that are not
optimized. Thus, the purpose of this review is to collate a list
of casily followed recommendations to be used by developers
when creating future MHapps.

Some of these recommendations will be relevant to informing
both the interface design and the marketing of MHapps. It is
important to note that the marketing of an app is tied to the way
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that users will interact with it [23], in the same way that
pretherapy expectations mfluence engagement motivaion
and hopefulness [24]. For example, if a user downloads an app
becanse its description on the app store lists “relaxation,” the
user will plan to use the app for relaxation purposes. When app
design is mentioned in the recommendations, this is inchisive
of an app’s marketing.

Recommendations

Cognitive Behavioral Therapy Based

Cognitive behavioral therapy (CBT) is a type of collaborative,
individualized, psychological treatment that is recognized as
the most supporied approach to gencrate behavioral, cognitive,
and emotional adaption to a wide range of common
psychological problems [25]. The efficacy of CBT has been
supported by a comprehensive review of 106 meta-analyses
across different chinical groups [26]. Other meta-analyses have
found strong support for CBT as an cffective treatment for a
huge range of psychological disorders, including depression
[27,28], generalized anziety disorder [29], socal anxiety [30],
health anxiety [31], panic disorder [32], posttraumatic stress
disorder [33], obsessive-compulsive disorder [34], phobias, and
anxicty disorders overall [35]. Meta-analytic evidence for CBT
also exiends to anger expression problems [36], insommia [37],
pathological gambling [38], hoarding disorder [39], imtable
bowel syndrome [40], psychosis prevention [41], and
occupational stress [42].

Although CBT’s most researched application 1s as a therapeutic
technique ddivered collaboratively by a trained dinician, its
ponciples have also been used as the foundation of many
self-help support measures. Using technology is a cost-cffective
way to enhance the cfficiency of CBT treatment [43,44], and
research has already demonstrated that CBT-based
self-administered computerized interventions are successtul for
mmproving depression and anxicty symptomatology in adults.
A meta-analysis of 49 RCTs revealed a significant medmam
effect size (2=0.77, 95% CI 0.59-0.95) for computerized CBT
(CCBT) for depression and anxicty [45]. Another meta-analysis
of 22 RCTs found an even greater effect size (g=0.88, 95% CI
0.76-0.99) [46]. Similar findings for CCBT’s efficacy have
emerged from meta-analyses that have focused on anxicty [47],
depression [48], and its use with young people [49]. CCBT
interventions be admmistered by a mobile device and still
retain their therapeutic vahidity [50]. RCTs have established the
efficacy of CBT-based interventions delivered via smartphone
apps that reduce depression [50], chronic pain [51], and socal
anxicty disorder [52]. CBT-based features can also be appealing
to users. In an analysis of features used on a smartphone app
for smoking cessation, 8 of the top 10 used features were CBT
based [53], such as progress tracking and journaling (see the
“Reporting of Thoughts, Feclings, or Behaviors™ section).
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Table 1. Currently available 108 apps compared across recommended features.
App Recommended feature™
1 2 3 4 5 6 7 8 9 10 1 12 13 14 15

AnxietyCoach 4 8 8 4% 4 4 4 4 4 4 8 4 8 4 8
Behavioral Experiments 4 4 8 8 4 8 8 4 8 8 8 4 8 8 8
Breathe 8 8 4 8 8 8 8 4 8 8 8 8 4c 4 4
DBT Diary Card and Skills Coach 8 8 8 8 4 4 4 4 8 4 4 4 4¢c 8 8
Depression Prevention 8 8 8 8 8 4 8 8 8 4 8 8 8 4 8
Happify 8 4 4 4% 8 4 4 8 8 8 4 4 4 8 8
HealthyHabits 8 4 4 8 8 4 8 8 8 4 4 4 4 8 8
HealthyMinds 4 4 4 8 4 4 4 4 4 4 8 4 4c 4 4
HIAF 8 8 4 8 4 8 4 8 8 8 8 4 4 8 4
iConch CBT 4 4 8 8 4 8 8 8 8 8 8 4 8 8 8
iComnselot 4 8 8 8 4 4 8 4 ad 4 8 8 8 4 8
iMoodJonrnal 8 8 4 8 4 8 8 8 8 8 8 4 4 4 8
In Hand 8 4 4 8 4 4 8 4 8 8 8 8 8 4 4
MindShift 4 8 8 8 4 4 4 4 4 4 8 8 8 8 8
MoodK it 4 4 8 8 4 4 8 4 4 4 8 4 4c 8 8
Moodlytics 8 8 4 8 4 8 8 8 8 8 8 4 4c 8 8
Moody Me 8 8 4 8 4 8 4¢ 8 8 8 8 4 4¢c 4 8
Pacifica 4 8 4 8 4 4 8 4 4 4 8 4 8 4 8
Pocket CBT 4 4 8 8 4 8 8 8 8 8 8 4 8 8 8
SAM 4 8 8 8 4 4 4 4 4 4 8 4 8 4 8
Smiling Mind 4 4 4 4 4 8 8 8 8 8 4 4 8 4 4
Stress & Anxiety Companion 4 8 4 8 4 4 4 4 8 8 8 4 8 4 8
SuperBetter 8 4 4 4b 8 4 8 8 4 4 4 4 4 8 8
ThinkHappy 8 4 4 8 8 8 4 8 8 8 8 8 8 8 8
What’s Up? 4 4 4 8 8 4 4 4 8 4 8 8 8 4 8
WorkOut 4 4 4 8 4 4 8 8 4 4 8 4c 4 8
WorryTime 4 8 4 8 8 8 8 4 8 8 8 8 4 4 4

353ee the “Currently Available Apps™ section for the 16 recommendations.

bNot using antomated processes.
“Defantt is for reminders to be off.

dOnlybmnsetherearesepamteappsforsepamtepmblems, so each app recommends activities for that target problem.

®Accessible via forums

Hncludes separate 1Comnselor: Depression; iCounselor: Anger; and iComnselor: Anxiety apps.

Although pnmanly applied in dinical contexts, CBT is also
fundamentally a prevention techmique acting to prevent
psychological problems from precpitating or maintaning
cdimical disorders [54-56]. This means that CBT-based MHapps
have the potential to be effective for managing both chinical and
subclinical psychological problems [57], provided that such
apps avoid using CBT-based techniques that are used for very
specific chimical psychological problerns, are marketed correctly,
and employ well-designed interfaces.
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To ensure that an MHapp is indeed CBT based, it is important
to keep the core pnnciples of CBT in mind. Mennin et al [58]
summanze the unifying factors that underlic all CBT approaches
into three change pnnciples: context engagement, atfention
change, and cognitive change. Confext engagement involves
training clients in a way that promotes more adaptive associative
leamning, which involves having them learn cues for threats and
rewards that are more reasonable and lead to better functioning
than existing cues. This includes CBT techmiques that aim to
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recondition maladaptive associations, such as exposure and
behavioral activation. The app SuperBetter [59] prescnbes
“power-ups” that may incorporate these techniques. Attention
change is the ability to focus attention adaptively on relevant,
nondistressing stimuli. This includes therapeutic processes such
as attention training, acceptance or tolerance traming, and
mindfulness. These techniques are emploved in Smiling Mind
[60], and can be seen in the meditations displayed in Figure 1.
Finally, cognitive change is the ability to change one’s
perspective on an event, which then affects the emotional
significance and mesning of that event [61]. This mcludes
metacognilive awareness and cognitive distancing, which are
promoted through therapeutic processes such as decentenng or
defusion and cognitive reframing or reappraisal. An example
of this can be found in using the Thoughts tool in MoodKit [62],
as seen mn Figure 2. If these three change prnciples are being
employed to some degree by an intervention, then it can claim
to be based on CBT’s core pnnaples.

To employ these change pnnciples effectively, a therapist and
client must develop a relationship that mvolves collaborative
empincism (CE) [63]. CE refers to shared work between client
and practitioner to embed a hypothesis testing approach into
interventions [64]. CE empowers dients to explore their
behaviors and beliefs ouiside of therapy sessions using
between-session (homework) interventions [65]. A meta-analysis
of studies that compared therapy with and without homework
found an effect size of @048 in favor of using between-session
activities [66]. In the context of CBT-based MHapps, CE may
refer to how the app mnieracts with the user to complete
therapeutic tasks, and whether it docs it in a collaborative,
expenmentation-based way. This would ideally mvolve
Figure 1. Screenshot of Smiling Mind displaying meditations.
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encouraging uscrs to develop their own hypotheses about what
may happen as aresult of using the app or participating in cerfain
activitics (sec the “Recommend Activitics” section). An app
that embraces CE is Behavioral Expeniments-CBT [67], which
affords users the ability lo predict the outcomes of any
behavioral cxpenments they participate in. Behavioral
expenments are CBT-based challenges that individuals perform
to challenge their own beliefs about the negative outcomes of
vanous sitnations [68]. This process of companng predictions
with actual outcomes challenge unhelpful beliefs [69].
Self-determination theory (SDT) can aid in understanding CE’s
benefits in CBT [64]. SDT emphasizes the effects of antonomy
and mastery on intringic motivation [70]. Intninsic motivation
is the “prototypic manifestation of the human tendency toward
learming and creativity” [71]. Autonomy feeds this motivaion
by affording individuals opportunitics for sclf-direction and
choice [72], and fostenng sclf-cfficacy [73]. Sclf-efficacy and
a feeling of competency lead to a feeling of mastery, which is
an ntrnsic reward and motivator in itself [74]. CE and
between-session activiies promote autonomy and provide
opportunitics for development of competence in behavioral,
emotional, or cognitive self~management. SDT mform
MHapps on how to best engage users in CBT-based
interventions (ie, by intnnsically motivating them). Users will
be more motivated to engage with apps and products that
encourage autonomy, cmphasize user choice, and allow
opportunities for building mastery. For example, SuperBetter
[59] employs SDT-based, game-based pnnciples to intnnsically
motivate wsers to engage with the app and expenence the
well-being-promoting effects of mastery (see the “Gamification
and Intnnsic Motivation to Engage™ section).

4:06 PM CREY =)

Mindfulness 101
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Figare 2. Screenshot of MoodK it displaying thonght checker.
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Summarize a situation that bothered or ")

upset you

| left a voicemail for a friend and she hasn't

called back.

Address Both Anxiety and Low Mood

Emotional disorders (eg, anxicty and depression) are by far the
most common psychological conditions in the commumity, with
an cstimated 20.9% of US citizens cxpenencing a major
depressive episode and 33.7% suffering from an anxiety disorder
at some point throughout their lives [75]. Emotional disorders
arc also the most treatable [76], but help secking for sufferers
is very low [77]. There 1s strong supportive evidence for CCBT
as an effective therapy for reducing symptoms of the most
common anxiety disorders and depression [45,46]-

There is an extremely high comorbidity between anxiety and
depression [78], with 85% of people diagnosed with depression
problems also suffenng significant anxicty and 90% of people
diagnosed with anxiety disorders suffening significant depression
[79]. In Australia, 25% of all general practice patients have
comorind depression and anxiety [80]; whereas in Great Bntain,
half of all mental illness cases are mixed anxiety and depression
[81]. These two diagnoses share a few major underlying factors
[82]. This taises two imporiant considerations for MHapp
scl-help interventions. First, interventions designed for one
disorder are likely to have some efficacy for other emotional
disorders, and second, interventions that target shared undertying

factors across emotional disorders will be more efficacious.

Transdiagnostic CBT (TCBT) is an effective therapeutic
approach that targets the common undedymg factors shared by
different psychological disorders. A meta-analysis of RCTs
found alarpe effect size (standardized mean difference =—0.79,
95% CI —1.30 to —0-27) for TCBT across different anxiety
disorders [83]. Furthermore, TCBT has been found to be
successful in treating depression [25]. Barlow et al’s [84]
Unified Protocol (UP) is arecent TCBT treatment that focuses
on monitoring and adjusting maladaptive cogmiive, behavioral,
and emotional reactions that underlic depression and anxicty
disorders. The UP has yielded very promising results across
various emotional disorders, reducing psychopathology [85]
and improving psychological well-being [86]. It is important to
note that TCBT protocols do not imply that all emotional
disorders can be treated effectively with the exact same
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techniques [87]. The basic structure for treating different clinical
problems may be rclativedly uniform, but talonng of
interventions is still essential (see the “Automated Tailonng™
section), and the structure of TCBT affords flexibility. For
example, the UP consists of four core modules that are designed
to (1) increase present-focused emotional awareness, (2) increase
cognitive flexibility, (3) ad identification and prevention of
patterns of emotion avoidance and maladaptive emotion-driven
behaviors, and (4) promote emotion-focused cxposure [88].
This enables a presenptive approach, whereby certain modules
can be focused on more than others, depending on the needs of
the dient oruser [88]. An Internet-delivered TCBT intervention
called the Wellbeing Program used a structure of 8 lessons,
focusing on arcas such as psychoeducation, thought-monitoning
strategies, behavioral activation, and praded exposure [57]. A
clinician puided users through the program and tailored the
dehvery of each lesson to the user’s needs. An RCT supported
the efficacy of this intervention across depression and anxiety
disorders [57]. Although the Wellbeing Program was guided
by a cinician and not via automated processes, many other
self-guided CBT interventions use a transdiagnostic approach
to maximize efficiency and adaptability [89], particularly in an
automated Intemet-delivered context [90].

Despite the success of TCBT, many MHapps are designed for
the treatment of specific disorders. Some apps are marketed for
anxiety and others for depression. Few apps acknowledge that
the underying CBT pnnciples guiding self-help interventions
for anxicty and mood problems are very similar; thus,
broadening the target group of the app can be beneficial for all
users. Combining treatments for both anziety and depression
into a single app would also reduce the commitment required
for engagement. Users could consolidate their investment within
a single app, instead of dividing their effort and time engaging
with 2 separatc apps (onc for anxicty and the other for
Designed for Use by Nonclinical Populations

Many apps have been designed for use with populations who
bhave been diagnosed with a specific clinical disorder, from
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depression (eg, Optimism [21]) and anxiety (eg, SAM [92]) to
eating disorders (eg, Recovery Record [93]) and borderline
personality disorder (eg, DBT [Dialectical Behavior Therapy]
Diary Card and Skills Coach [94]). Some of these clinical
diagnosis apps are known to be effective for interventions [8],
but they do not capitalize on one of the major advantages of
smartphones: high accessibility. Smartphones arc interwoven
into the routines of millions of people all over the world, the
majonty of whom have not been diagnosed with a climical
psychological disorder but do cxpenence unpleasant
psychological distress from time to time. Targeting a specific
clinical population with an MHapp antomatically excludes the
majonty of smartphonc owners from using that app. By contrast,
an MHapp built for a population intercsted in the prevention of
emotional mental health problems increases the number of
eligible and willing users. A meta-tegression of 34 studies found
that sclf-help interventions were significantly more effective
when recrmtment occmred m nonclimical settings (effect size
P=0.66) than in dinical seltings (effect size 7=0.22) [48]. The
ficld would thercfore benefit from more MHapps with
preventative applications that are widely marketable, ngorous,
and effective.

An MHapp market saturated with clinical diagnosis apps also
has the potential to be harmful for help seckers. Users who are
expeniencing low-level symptoms of a disonder may feel labeled
by an app that assumes that they have a dinical diagnosis [95].
Self-stigma from this labeling can be hannful, lowenng
sclf-esteem and self-efficacy [96]. Intiatives that acknowledge
the continumm of mental health and the importance of well-being
promotion may reduce stigma and increase help secking for
mental health problems [97]. Programs such as Opening Minds
[98] aim to reduce mental illness stigma by adopting a
nonjudgmental, nondiagnostic, and nondlinical CBT-based
stance to mental health problems. MHapps that focus on
nondinical mental health, psychological well-being, or coping
ahilities may therefore avoid the harmful effects of labeling
mental illness [99].

CBT is built on the foundation that mental health is a contimmm
[89] and that supporting individuals in coping with nonclinical
psychological distress can prevent symptoms from reaching
cinical significance [10¢]. Furthermore, CBT-based support
help prevent relapse [101], expand an individual’s coping
skills repertoire [102], and assist individuals expenencing
psychological distress to avoid developing a dimical disorder
[103]. Bulding a CBT-based MHapp that acknowledges the
contimuum of mental health can be used by both dinical and
nonclinical populations.

CBT treatment adopts a fonmulation-based approach rather than
a diagnosis-based approach [54,104]; as such, a diagnosis is not
necessary for support to be given. Formulation involves
exploning the pradisposing, precipitating, perpetuating, and
protective factors connected to a psychological problem, and
then bulding these factors into a causal model [105].
Conversely, diagnosis relies on detecion of sympioms and
fulfillment of critena statistically linked to a particular disorder
[106]. In many cascs, a formal diagnostic label is not important
for informing real-world treatment, and it does not speaify the
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causal factors contnbuting to an individual’s unique
psychological problems. Formulation 18 much more useful
becamse it can inform cxactly which precipitating and
perpetuating factors are contnbufing to an individual’s unique
psychological problem, and which psychological techniques
can produce optimal solitions [107]. Hofmann [108] proposed
a cognitive behavioral approach for classifying dinical
psychological problems that avoids diagnostic labeling, which
18 better at mforming CBT-based support because it 1s based on
formulation. MHapp developers are encouraged to cxplore
formulation-based approaches to CBT to inform the
development of CBT-based MHapps.

Designing MHapps for nonclinical support may mean adopting
a preventative framework. There are generally three types of
preventative intervention: umiversal (ie, delivered to everyone
in the community), selective (i¢, delivered to at-nisk groups),
and indicated (ic, delivered to individuals with preclinical
symptoms) [109]. The flexiblity of MHapps means that a single
app could theoretically adapt to any of these three intervention
models, providing a universal intervention as default, and
tailonng to a selective or indicated approach if auser’s responses
suggest that they are at nisk of a certain condition.

Some mobile interventions that have been validated and tnaled
expenmentally were built for personal digital assistamts (PDAs)
and not for modemn smartphones [7,110]. This severely limits
their nonclinical use and introduces other bamers fo routine
engagement that are not expenienced by smartphone apps.
However, evidence and pnnaples from PDA-based studies
should be considered when designing smartphone apps.

Automated Tailoring

An advantage of cHealth interventions over other self-help
interventions is their capacity for tallonng [90,111]. Tailonng
in this coniext refers to the adjustment of technology-delivered
self-help programs to st the user’s needs, charactenstics, and
comorbidiics or case formulation [112] Tailored CCBT
interventions have been shown to be more efficacious than ngid
self-help interventions across a range of depressive and anxiety
disorders [112-115].

Formmlation-based taillonng improves the functionality of an
intervention and provides targeted solutions to a wuser’s
psychological problems. There 1s a large range of different
self-help mental health interventions available, and sclecting
the night intervention can be a challenging and overwhelming
process [15]. The complexity of choices can be simplified or
reduced by building an app capable of automated tailonng,
which combines elements of a large number of different
interventions and deploys them strategically depending on the
needs of individual users. A review of cumrently available
MHapps reveals, however, that many apps aim to provide a
service but donot service aneed [116]. For example, many apps
provide guided meditation, but do not guide users toward
meditation when they are fecling anxious. With tailonng, the
app can recommend users speafic soluions to their speafic
problems.

Automated talloring requires the collection of data to identify
the needs of users and develop a functional analysis or case
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formulation. This can be achieved in three main ways. First,
self-report measures can be deployed to elicit in-depth responses
about symptoms and charactenistics. Second, data from a user’s
sclf-monitonng (sec “Reporting of Thoughts, Feclings, and
Behaviors” section) be used to predict the types of
interventions that are well smted to an individual user. Third,
an app’s bechavioral usage data be used to predict which
features of that app a user is using most. If these second and
third data sources are comrectly utilized, talonng can be camed
out scamlessly, without any additional mput from the user,
which decreases users’ required effort to use the app and thereby
mcreases app functionality [3].

CBT includes a very wide range of evidence-based techmiques
that may be sdectively employed by an MHapp depending on
antormated talloning data. For example, 1f data sources suggest
that the user is expenencing significant physiological arousal,
rather than overwhelming womy or other anxiety-related
problems, CBT techniques such as breathing relaxation may be
recommended over others, based on the available evidence
[117]. Ideally, these therapeutic techniques would be employed
by the MHapp that actually performs the automated tailonng,
it restrictions may mean that the MHapp must rely on refemng
users to other apps. This is not 1deal, as it may disrupt the user’s
engagement with the MHapp. However, if necessary, any
referrals should be based on a thorough review of the other
existing apps and their supporting evidence [116].

Reporting of Thoughts, Feelings, or Behaviors

Chents who record thar own thoughts, feelings, and behaviors
as part of a CBT-based intervention are able fo reflect on their
reports and exercise sclf-monitonng [118]. Self-monitonng is
a core feature of many evidence-based psychological therapeutic
techniques, including CBT [119,120], mindfulness exercises
[121], emotion-focused therapy [122], DBT [123], and
acceptance and commitment therapy (ACT) [124].
Self-monitoning can be used to restructure maladaptive anxiety
responses  [125,126], challenge perpetuating factors of
depression [127], and sufficiently treat a small but significant
proportion of postirammatic stress disorder sufferers [128,129].

Self-monitoning i1s particularly suitable for CBT-based
mierventions that aim fto change behavior, with
self~monitoring-only treatment conditions showing benefits for
problem drinking [130] and sleep hygiene [131]. Furthermore,
self-monitoring 13 a feature of successful weight loss
mterventions [132]. Encouraging MHapp users fo report their
thoughts, feclings, or behaviors in an objective way should
therefore help promote accurate, beneficial self-monitonng.

Sclf-monitoning of mood can boost overall emotional
scif-awarcness (ESA) [133], which can in tum lead to
improvements in emotional self-regulation [134]. Emotional
self-regulation is valuable for individuals in preventing distress
from spiraling out of control and thereby culminating in cinical
problems [135]. Poor emotional awsareness is a common
underlying factor for both anxiety and depression [136]. The
ability to differentiate and understand personal emotions, an
integral process in ESA, is positively related to adaptive
regulation of emotions [137] and posiive mental health
oufcomes [138]. Self-reflection and msight comrelate positively
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with levels of positive affect and the use of cognitive reappraisal,
and negatively with levels of negative affect and the use of
expressive suppression [139]. Explicit emotion labeling shares
neurocognitive mechanisms with implicit emotion regulation
ability, suggesting that increasing ESA through practicing
labeling of personal emotions will lead to improvements in
emotional regulation and adaptation [140].

Some self-monitoning interventions are limited by problems
related to recall biases. Self-reflection at the end of a day orin
a time and placc removed from normal stressors be
mmaccurate [141]. One of the benefits of MHapps is that
smartphones are capable of ecological momentary assessment
(EMA) and experience sampling methods (ESM), which involve
measunng expenences and behavior in real time [142]. MHapp
users can record self-monitoring data on their smartphones while
they arc particapating in their usual daily routines, undergoing
challenges, or directly expenencing stressors [143]. This
help reduce bias in self-monitoning [141], thereby mmproving
the accuracy of users” reflections.

Increasing ESA should lead to greater help secking, becanse
factors preventing help secking include low emotional
competence [144] and low self-awareness [77]. Using
technology for sclf-moniftonng can increase help secking,
particularly if there is a capacity fo contact health professionals
built in to the service [145] (sce the “Links to Cnsis Support
Services™ section).

Self-monitoring via traditional means might also be less effective
for very busy individuals who do not have the time to complete
monitoring entnes [118]. MHapps reduce monitoning
demands by automating some parts of the monitoring process,
such as shifing the burden of some of the more administrative
parts of sclf-monitoning (cg, entering dates and times, formatting
monitoring entries) from the user to the smartphone [5]. Using
smartphone apps also allows for more frequent and broader
opportunities for recording reflections, such as while waiting
or traveling on public transport.

Keeping all self-reports structured and objective can help users
report quickly and in a format that faclitates data analysis by
the MHapp. It may also reduce some of the bamers to
self-monitonng: for instance, some depressed clients may find
the demands of open-ended self-monitoring overwhelming,
whereas perfectionistic or obsessive clients may spend too much
timne and effort on their monitonng [146]. MHapps with highly
structured reporting in a simple interface (sec “Simple and
Intuitive Interface and Interactions™ section) may be able to
remedy this by limiting the amount of mformation necessary
for logs, simplifying the monitonng process, reducing the
demands on users, and increasing engagement in the app [5].

Several studies support the efficacy of using app-based
interventions to increase ESA. Moms et al [147] developed an
app that prompted users to report their moods several times a
day. Users reported mcreases in their ES A, and upon reflecion
of thar ratings, some were able to recognize patterns of
dysfunction and interrupt these pattemns through modificaion
of routines. Kauer et al [133] used a mobile phone
self-monitonng program to prompt users to report thar
emotional state several imes throughout the day. Participants
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who reported on their emotional state showed increased ESA
and decreased depressive sympltoms compared with controls.
Both of these monitoning systems were, however, quite simple
and offered little constructive feedback to users about their
mood history. They were also tnaled on small samples of
individuals who had reported psychological distress. There is,
therefore, a need to further investigate the impact of
smartphone-based mood reporting on ESA and assocated mental
health outcomes, using an app that gives better feedback and is
rclevant to nonclinical users.

The reporting required for self~monitoring can also enable
feedback and evaluation of therapeutic progress. In

Figure 3. Screenshot of MoodK it displaying mood chart.

Bakker et al

psychological therapy, therapeutic outcomes can be enhanced
by providing clients and climicians with feedback conceming
treatment progress [148,149]. These positive effects have been
substantiated via a literature review [150] and a meta-analysis,
which found a notable effect size (=0.10, 95% CI 0.01-0.19)
[151]. MHapps may be able to provide feedback by presenting
auser’s own reporting databack to them, but reframed in context
with the user’s treatment goal. For example, the mood feedback
provided by MoodKit [62] can displayed as a chart, as shown
in Figure 3. This type of feedback-focused progress tracking
relates also to gamification (see the “Gamification and Intnnsic
Motivation to Engage” section) and keeping a log of past app
engagement (sec the “Log of Past App Use™ section).

Mood Chart

Recommend Activities

CBT aims to engage clients in a range of activitics that arc
congruent with its core prnnciples (ie, context engagement,
attention change, and cognitive change) [58]. This represents a
shift away from passive interventions toward ones that actively
engage chents. CBT-based activities that can be recommended
to MHapp users can be summanzed into the following
cateponies: (1) cxercise and direct mood improvement, (2)
behavioral activation, and (3) coping skills training.

Activities That Directly Enhance Mood Improvement

A range of activitics might tarpet mood directly. For example,
it is well established that increasing physical activity and
promoting exercise can reduce depressive symptoms [152-154]
and anxiety [155], and improve psychological well-being
[156,157]. A meta-analysis of 39 RCTs examined the effects
of exerase on people diagnosed with a mental illness, and found
large effect sizes for depressive sympioms (standardized mesn
difference=0.80, 95% CI 047-1.13) and schizophrenia
symptoms (standardized mean difference=1.0, 95% CI
0.37-1.64), and a moderale effect size for quality of life
(standardized mean difference=0.64, 95% CI (-35-0.92) [158].
Effective smartphone apps that promote physical exercisc have
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already been developed [7], but lack an explicit link to mental
health that mental-heal th-focused users may need to justify their
use. Motivating MHapp users to engage in physical exercise
can have abroad range of mental health benefits.

Another activity that has been directly linked to mood
improvement is music listening. Music can be a powerful tool
for evoking emotion [159]. Furthermore, relaxing music
challenge emotional recall biases [160] and decrease anxicty
[161]. Over 68% of users listen to music on their smartphones
[1], and many users use music to reach specific emotional goals
[162,163]. An MHapp that includes music listening activitics
could help users with emotional regulation.

Behavioral Activation

Behavioral activation (BA) 1s akey CBT techmique that involves
encouraging individuals to engage in physiologically activating
and psychologically rewarding activitics [164]. A meta-analysis
of 17 RCTs reported that BA for dimical depression
outperformed  control conditions (standardized mean
difference=0.70, 95% CI —1.00 to —0.39) and was as effective
as CBT-as-usual (standardized mean difference=0.08, 95% CI
—0.14 to 0.30) [165]. There is also evidence that BA help
relieve anxiety [166]. BA aims to (1) encourage the planning
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of activitics and the setting of goals so that dients move away
from relymg on mood-dependent behaviors; (2) break cycles
of avoidance behavior; and (3) deveop skills that focus attention
on the present moment to enable engagement in activitics and
associated expeniences of pleasure [167]. Motivating MHapp
users to complete BA activifies is therefore a simple and
cffecive way to immprove mental health and well-being
outcomes.

Inactivily perpetuates itself via a vicious cyde of low mood:
mactivity can lead to decreased opportunitics to expenence
pleasure or gain a sense of mastery, which in turn leads to an
ncrease in negative thinking. This leads to decreased mood,
which again leads to greater inactivity, and so forth [168]. BA
helps to break this cycle by scheduling activities and reducing
escape and avoidance behaviors [167]. Selecting activities that
mvolve mastery and promote positive feclings of selfworth is
recommended [168], as such activitics can boost motivation via
factors related to SDT as well as self-efficacy [100]. Classifying
activitics as routing, pleasurable, or necessary can be useful, as
each has different motivations and benefits to performing [169].
To maximize the likelihood that a recommended behavior will
actually be performed by a smartphone user, the behavioral
economics of the situation need to be considered [5].

Using a framework such as Fogg’s [170] behavior model, which
has been specifically designed with app users in mind, can help
in the sclection of short, tangible, and universal activitics that
will maximize user engagement. Fogg’s behavior model states
that three factors determine the likelihood of a target behavior
occurming: behavior tnggers, clements of motivation, and
clements of simplicity. Most relevant to selecting BA activitics
are elements of simplicity, which affect auser’s ahility to easily
perform the behavior, and inchude factors such as time, money,
physical effort, mental effort, soaal deviance, and roufine.
Feedback and self-reflection (see the “Reporting of Thoughts,
Feelings, or Behaviors” section) be an important part of
behavioral activation [169]. An app that promotes reflective
leaming by encoumaging an activity and then prompting
reflection on the expenience immediately after can promote
self-discovery [171].

Coping Skills Training

Coping skills training is the most direct way of improving
seli~eflicacy [172,173]. Coping self-eflicacy (CSE) is a type of
sclf-efficacy reflecting an individual’s perceived ability to
effectively cope with adversity and distress [174]. Individuals
with high CSE have confidence m their ability to cope with
adversity [175] and engage in more active coping strategics
[176]. Having greater CSE is assoaaled with better mental
health outcomes, mcluding lower likelihoods of depression
[177] and anxiety [174], lower overall psychological distress
[178-180], and pgreater psychological thnving [181]
Furthermore, CSE can decrease the negative effect of stressful
evenis on physical health [182]. The greater an individual’s
CSE, the less likely they will also be to avoid anxiety-provoking
sitnations [174]. Avoidance plays akey role in the development
of anxiety, depression, and many other psychological disorders
[183], so mierventions that boost CSE by encouraging
participation in psychologically beneficial activitics will both
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reduce day-to-day distress and help prevent disorders from
developing.

The development of coping skills is a central component in
CBT-based practices, and such skills can help clients reduce
distress that can tngger problematic mamntenance cydes
[54,106,104,184]. F or example, a core exercise in the treatment
of anxicty is the development of relaxation skills, and a
meta-analysis of 27 RCTs found a medium to large effect size
for relaxation training on anxiety (=057, 95% CI 0.52-0.68)
[117]. Relaxation tramming not only develops skills to reduce
physiological arousal, but also bumlds self-efficacy and
confidence in coping ability [185,186]. CBT for depression also
involves exploration of activities that reduce distress and
mprove scf-efficacy [187,188]. Research in  positive
psychology stresses that development of a copmg skills
repertoire is not only beneficial for those vulnerable to anxicty
or depression, but also important for individuals to function
well emotionally and achieve their full potential [189]. Offering
a range of different strategies and thereby allowing a dient to
choose which one fits them best can boost self-efficacy and
pereeived control [190,191]. Furthermore, according to SDT,
this choice and control can feed intinsic motivation foward
self-improvement [70].

Unfortunately, there is cumently a lack of technology-based
interventions designed to develop CSE in relation to mental
health. A companson of 2 Web-based interventions for diabetes
management, one mvolving coping skills traiming and the other
focusing on education, showed that although both interventions
had a positive effect on diabetes sclf-cfficacy, only the coping
skills (ie, active) intervention showed significant increases in
pnmary control coping behaviors and decreases in perceived
stress [192]. Other studies have found no advantage of coping
skills training over educational interventions [193-195], but
none has investigated the impact of the type of real-ime
engagement that smartphone apps offer Many of the coping
skills interventions investigated are limited to a semes of
educational sessions about potential coping strategies. By
contrast, smartphone approaches to coping skills interventions
could motivate participants to try a number of different coping
strategies in real-time as they go about their lives and respond
to stressors. This high level of engagement and interactivity
could yield substzntial improvements m CSE and psychological
well-being.

Mental Health Information

Psychoeducation, an integral part of CBT, presents dients with
mental health information in an attempt to teach them about the
psychological processes underlying ther distress and mform
them of resources available to manage it [196]. A meta-analysis
of 25 RCTs rcported that the “Coping with Depression™
psychoeducational intervention, developed by Lewinsohn et al
[197], was effective at treating depression, albeit with a small
cffect size (=028, 95% CI10.18-0.38) [102]. Participants who
completed the preventative version of the imtervention were
38% less likdly to develop climical depression [102].
Psychocducation can also improve mental health outcomes on
a community-wide scale. A meta-analysis of 15 studics
concluded that the Mental Health First Aid program, developed
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by Kitchener and Jorm [198], improved participants’ knowledge
{Glass’s A=0.56, 95% CI 0.38-0.74), attitudes (Glass’s A=0.28,
95% CI 0.22-0.353), and supportive behaviors (Glass’s A=0.25,
95% CI 0.12-0.38) with regard to mental health [199].

MHapps are well positioned to deliver psychoeducation, as they
engage users with a range of multimedia and audiovisual
tools to aid understanding of mental health concepts. A
meta-analysis of 4 RCTs reported a small effect size (=020,
95% CI 0.01-0.40) for passive psychoeducation induding bnief
andiovisual sources and information presented via the Internet,
demonstrating that even this minimal form of psychoeducation
is effective at reducing depressive symptoms and psychological
distress [200]. Another meta-analysis of 19 studies found a
significant but small effect size of psychocducation on stress
(standardized mean difference=0.27, 95% CI 0.14-0.40); in a
follow-up modcrator analysis, this study showed that shorter
interventions were significantly more effective than were longer
mterventions (P<05, B=0.020, 95% CI —0.024 to —0.016)
[201]. Smartphones arc well equipped to deliver this kind of
bnef, passive psychoeducation, and MHapps can offer links to
websites for more in-depth information where required [202].

Psychoeducation topics that have greater relevance to the user’s
reported problems are of greater use to the user, so MHapps
should talor psychoeducation to individual users (see the
“Automated Tailonng” section) [111]. For example, if a user
reports feclings of anxiety, delivery of information about the
physiological responses of anxiety and their relationship with
thoughts and behaviors would be more appropnate than would
ddivery of information about the physiological symptoms of
depression. Relevance and engagement may also be enhanced
by adopting a collaboratively empincal approach [64], whereby
users are encouraged to apply concepts leamed through
psychoeducation to their own arcumstances through hypothesis
testing. An app that engages users im a process of
expenmentation-based  self-discovery may  ephance
psychoeducational outcomes.

Presenting mental health mformation and engaging individuals
in psychoeducation can lead to boosts in mental health literacy
(MHL) [203]. MHL has been defined as “knowledge and beliefs
about mental disorders which aid their recognition, management
or prevention”™ [204]. Greater MHL is associated with a
reduction in stigmatizing beliefs about those with mental illness
[205] and with greater and more appropnate help secking
[144,206,207]. Known faclors preventing young people from
secking help for mental health issues include poor MHL,
preference for self-reliance in problem management, and
perceived stigma of mental illness [77]

Mental health information can also increase treatment credibility,
thercby motivating users to engapge with a given treatment [208],
and can provide evidence-based justifications for performing
recommended activitics (see the “Recommend Activiies™
section). Notably, users have a tendency to perceive health
information on the Internet as being credible [209], so this raises
the ethical imperative of ensuring that all information is stnctly
evidence based. Providing links to sources of evidence may
satisfy the needs of scientifically minded users and mental health
experts. The wealth of mental health resources already available
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online [210,211] could be utilized by MHapps. Improving MHL
may simply be a case of providing easy access to these resources
through the app.

Chnistensen et al [212] compared 2 Web-based interventions
ammed at promoting mental health. BluePages, a psychoeducation
site, and MoodGYM, a self-guided CBT site, both led to
decreases in users’ depression symptoms. MoodGYM reduced
users’ dysfunctional thinking, whereas BluePages failed to do
this. However, BluePages mproved users’ knowledge of
treatments for depression beyond what MoodGYM achieved.
This evidence suggests that both psychoeducation and
self-puided CBT interventions are needed to generate the most
substantial and stable gains in mental health and well-being. A
successful app-based intervention would combine elements of
both psychoeducation and self-gmded CBT.

Real-Time Engagement

The high engagement potential of smartphones means that users
are able to seck help for psychological challenges in the moment
they are expeniencing them or soon after. MHapps that have not
been designed to be used in real time will fail to capitalize on
valuable opportunities to engage with users.

Many CBT-based therapy programs utilize in vivo cxposurc
and between-session (homework) activities fo help clients
resolve maladaptive anxiety responses in ecologically valid
scttings [65,105]. The advantages of between-scssion
interventions are wide ranging [66] and have already been
covered in this paper under Recommendation 1 “Cognitive
Behavioral Therapy Based.” Some therapy programs have even
utilized virtual reality to hamess the power of real-ime
engagement [213,214]. These interventions acknowledge the
benefits of engaging with clients in real-world contexts in real
time.

The rationale behind real-ime engagement includes basic
behavioral pninciples of learning. It enhances the generalization
of leamed skills to new scttings, and can encourage practice of
behaviors to maintain therapeutic gains [215]. Real-time
engagement opens up more opportunities for learnmng and
applying coping strategics in ecologically valid contexts. Of the
MHapps that aim to increase users’ coping abilities, few utilize
the real-time capabilitics of smartphones [8,216]. Most deliver
long-running interventions designed to increase users’ overall
resilience or optimism, such as SuperBetter [59]. The MHapps
that do provide users with in vivo coping strategies, such as
MindShift, are very dinically focused, which restncts thar
reach (see the “Designed for Nonchinical, Nondiagnostic
Support” section). Engaging users to atternpt coping strategies
in rcal ime improves the functionality of the MHapp and
increases opportunitics for leaming,

Heron and Smyth [217] call health apps that use real-ime
engagement “ecological momentary mterventions,” and they
present evidence for the efficacy of such apps in psychosocial
applications. Depp et al [110] developed and tnaled a mobile
intervention called PRISM that used real-time data to prompt
individuals with bipolar disorder to engage in self-management
behaviors. The results from this study were promising, but this
rather clinically focused intervention was built for PD As rather
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than for smartphones, and therefore was unlikely to be as
unobtrusive in daily life as smartphone interventions.

Activities Explicitly Linked to Specific Reported Mood
Problems

Linking recommended activities to specific psychological
challenges helps tngger engagement with an intervention. Eyal
[3] emphasizes the need for successful apps to have tnggers
that fulfill an immediate and obvious need, using the metaphor
of vitamins and painkillers. Vitamin-ike products do not satisfy
mnmediate needs but are espoused as beneficial, whereas
pankillerdike products give users immediate benefits. MHapps
like SuperBetter [ 59] and Happify [218] require users fo engage
with the app regularly and encourage them to do so by reminding
them of the benefits offered by the app. However, the activities
recommended by these apps are not direcly linked to any
speaific mood problems that users may be expenencing. Using
speaific problems as tniggers strengthen engagement [3]
and can help in the leamning of targeted coping strategics.

Utlizing habit formation c¢an be a very effecive way of
guarantecing repeated engagement with an app, which in the
case of MHapps, should lead to mental health benefits. Habits
are repeated behaviors that are tngpered by cues [5]. To generate
a habit that involves using an MHapp, a cue must be selected
to associate with app use through the processes of conditioning
[3]- Using mood problems as cues can dnve real-time
engagement (see the “Real-time Engagement” section). For
example, an MHapp that is designed to be used when a user is
fecling low or anxious is better suited to habit formation
processes than is an MHapp that offers no cues for engagement
and expects users to engage with it randomly throughout the
day. Habit formation will also be driven if an MHapp is linked
to activities that decrease psychological distress, imcrease
sclf-efficacy, or reward users in some other way [5].

Encourage Nontechnology-Based Activities

When designing interventions for smartphones, it may be
tempting to buld the therapeufic activities into the app’s
mterface. However, this gocs against the ethos of CBT-based
practice, which emphasizes the important role of activities and
mterventions outside of contact with a practiioner, compuler
program, or self-help puide [120]. Encouraging users to engage
in real-world activitics, off the device they are using, respects
that ethos and fosters the environmentally valid application of
skills.

In this context, it i3 also of note that depression and lower
psychological well-being are comelated with Internet use,
especially among introverts with low levels of social support
[219]. However, this role is moderated by the function of
Internet use—for instance, Internet use for commumication has
been found to be related to lower levels of depression, whereas
Internet use for noncommunication purposes has been found to
be related to greater depression and soaal anxiely symptoms
[220]. Internet use and Intemet addiction have also been
associated with soaal anxicty [221], and positive correlations
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have been found between avoidance coping and Intemet use
[222,223]. This may also apply to Internet-enabled,
noncommunication-based mobile phone apps that distract users’
attention away from psychological challenges. Avoidance coping
has been shown to increase the likelihood of acute and chronic
life stressors and depressive symptoms over long peniods [224].
Providing users with nontechnology-based activitics helps to
balance MHapp-based technology use with positive behavior
change strafegies and limnits use of avoidance coping siralegies.

Technology can allow preater mulfimodal leaming by combining
text with spoken language, sounds, and graphics that are closer
representations of leaming in an applied setting [225]. For
example, blended leaming, which involves blending the use of
technology with applied lecaming in the classroom [226,227],
has been shown to deliver supenior leaming outcomes to
traditional teaching methods [228,229]. It has been
recommended that technology be used to enhance real-life
experniences, not replace them [230,231]. MHapps may therefore
hamess the power of blended, multtmodal methods to effectively
enhance leaming of real-world coping strategics.

Some avalable MHapps encourage users to engage i
nontechnology-based activities. SuperBetter motivates users to
engage in regular nontechnology-based resilience-building
activities [232]. Preliminary results from an RCT suggest that
SuperBetter is effective for reducing symptoms of depression
[233]: specifically, SuperBetter users expenenced a reduction
in the equivalent of 5 symptoms of depression, and waitlist
participants experienced a reduction in just 2.

Gamification and Intrinsic Motivation to Engage

The therapist plays an instrumental role in promoting dients’
motivation to engage in psychotherapy and undertake homework
actrvities [65]. This means that sclf-help CBT may be of limited
use if the user suffers from low motivation and volition, which
is common among those with mood disorders [234].
Gamification i1s a novel solution that may help counteract
problems with motivation and yicld additional well-baing
oufoomes.

To “gamify” something docs not mean to tum it into a digital
game. Gamificaion is instead the use of “game-based
mechanics, acsthetics, and game thinking to engage people,
motivate action, promote learning, and solve problems™ [17].
Many apps have employed the pnnciples of gamification to
motivate users to pursue vanous goals, but such goals are hikely
to be most motivating if they onginate from the users themsclves
[235]. Gamification can enhance a user’s motivation to pursuc
an existing goal, but it does not, m itself, create new goals for
users. These goals may require the formation of new roufines,
and gamificaion excels at motivating people to repeat tasks
until new habits arc formed [3]. Some examples include Niket
Running [236] and other fitness tracking apps that award points
for reaching fitness goals, and Smiling Mind [60], which tallics
minuies spent meditating and awards badges for specaific
meditation-related achievements, as seen in Figure 4.
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Games are abstracted, simplified versions of reality, so
gamification help users reduce reality’s complexity into a
more casily understood operating model [17]. This helps users
to quickly learn canse-and-effect inferences, without complex
extrancous factors detracting from their motivation to make
change. Gamification is also based on the pnnciple that making
something goal onented mcrease the posiive feelings
associated with it and dnve intnnsic motivation [232]. In this
context, gamification is an applied expression of the concepts
proposed by SDT [17] (see the “Cogmtive Behavioral Therapy
Based” section).

Gamification is a means of making intrinsic rewards more
obvious and tangible. Alternate reality games (ARGs) link online
or app-based events and achicvements to real-world ones [237].
By tracking and quantifying the progress of real-world goals,
users are able to reflect on their competency and expenience
mastery. Gamification also helps to break larger, more abstract
goals down into smaller, more tangible and concrete tasks. For
example, if a user’s goal is to build resilience and recover from
depression, the MHapp and ARG SuperBetier is able to break
that goal down into daily tasks of activating 3 power-ups,
batthng 1 bad guy, and doing 3 quests [59]. Although many
regular electronic games are atiractive becaunse they are escapist
[238], ARGs are antiescapist, motivating users fo deal with
rcal-world challenges and increasing the likelihood of them
obtaiming inirinsic rewards.

Individuals tend to choose more challenging activities when
these activities are framed as games and imbued with mtnnsic
mofivation [239,240], and making activities goal-directed further
enhances enjoyment of thar challenges [241]. When bilding
points and award systems for gamified solutions, it is best to
imntroduce users by awarding them some points or rewards on
sign-up or early on. The endowed progress effect means that
starting with some points rather than zero increases effort and
mofivation to engage [242].

Although fin is the pnmary reward in clectronic games,
sclf-efficacy is the pnmary reward in well-structured gamified
solutions [235]. Gamification prnciples can amphfy
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achievements by offening immediate reflections of intninsic
rewards, thercby boosting sclf-cfficacy. Badges, points, and
other gamification rewards remind users that they have achieved
something by quantifying their success and allowing users to
reflect on their own growth [232]. Even apparent failure can be
rewarding in a gamified environment, if the nght animation or
interaction—namely, one that maintamns the user’s feelings of
competency—is used [17]

Onc study found that the reward- and motivation-related
neurotransmitter dopamine was released dunng a simple,
goal-directed game-based task, presenting neurological evidence
for why game-based mechanics may yield positive well-being
effects [243]. A meta-analysis of 10 RCTs found that
clectronic-game-based depression interventions had a moderate
effect on depressive symptoms (=0.47, 5% CI —0.69 to
—0.24) [244].

Apps allow constant mmprovement through updates and
Web-delivered content [245], and this is very important for a
successful gamified solution. Not only should the gamified
structures be tweaked until users are being optimally engaged,
but also novel and untned features should be infroduced to
motivate users to mantam their engagement with the app. Apps
that sustam vanahility throughout use can maintain user interest
with the promise of new and interesting content [3].

Log of Past App Use

Gamification relics on users having the ability to record and
review their achievements. Thus, having a well-presented log
of past app use can polentially raise intrinsic motivation and
increase users’ investment i the app. Logs of past use can also
cnable antomated tallonng (sce the “Automated Tailoring”
section). If a log is being recorded for this purpose, then making
it accessible to the user should not present coding difficulties.

Narratives in games can link discrete, seemingly unrelated tasks
[232]. Namative framework embedded mto an app’s use
motivate users to do small tasks to work toward an overall goal.
Using alog that provides users with useful feedback about their
successes and challenges can provide this narmative framework.
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For example, many mental health boosting activitics, such as
exercise, relaxation, and cognitive reframing, appear to be
unrclated. However, embedding them into a namrative that has
an end poal related to boosting mental health help users
make sense of the tasks, thereby boosting users’ molivation to
achieve these poals.

Wilson’s [246] story-editing technique can be applied to apps
to enhance engagement [5]. According to Wilson’s theory,
remterpretation of a self-narmative affect future behavior.
Past failings can be reinterpreted as leaming opportunitics, and
other actions can be framed as preparations for a specific goal.
Altenng self-narmrative in this way helps users see “themsclves
as someone for whom the action is a natural, normal extension
of who they arc” [5]. For example, fitness trackers and apps
that count a user’s steps, such as the Jawbone UP [247], show
uscrs that they have already been exeraising, but may need to
mncrease their level shightly to achieve their goals.

The addition of more storyline-based game pnneiples, such as
avatars with expenence points, can further reinforee a sense of
narrative [17]. Avatars are characters within a game that are
representations of the user [248]. Bandura’s [249] social
cognitive theory states that the relatability and similanty of a
model will increase the likelihood of a leamed behavior being
performed. Fox and Bailenson [250] substantiated this m a
digital environment, with participants exercising more when
they were shown an exercising avatar that resembled them than
when the avatar did notresemble them. Furthermore, users who
are given taller avatars act more confidently and aggressively
than do those who are given shorter avatars, both virtnally and
face-to-face [251,252]. This indicates that the namrative clements
used in a gamified solution can translate to behavioral changes
in the real world. If users are capable of exercising antonomy
and customizing their avatars so that these avalars betier
resemble users' ideal state, the hikelihood of behavioral
modification should be improved.

Importantly, users must also be aware of the cognitive or
behavioral work they have completed. Investment through labor
and work increases cengagement and enjovment [253].
Understood through SDT, this may be a reflection of a user’s
desire to bld competency and mastery [254]. Therefore, users
who log the extent of their app use and receive feedback
on how much they have done or invested are more likely to
have greater, more enjoyable engagement with the app.

To maintain a log of app-based activity, users may have to create
an account to synchronize their app progress with a server. This
would allow users to use multiple devices and help them avoid
losing their progress if their app were deleted or they changed
devices. Many apps use a social networking site login, such as
Facebook, for casy account creation, but this can tngger
prvacy-telaled anxieties in users [255], so it may be best to
avoid this when creating an MHapp that collects potentially
sensitive data. Other ethical and privacy concerns anse when
recording app data to a server [256], so the integnty of storage
sites should be thoroughly evaluated, especially with regard to
obtaiming users’ informed permmission to record and access their
personal data [116].
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Reminders to Engage

Some of the most successful guided self-help Web-based
treatments for anxiety and depression use email or telephone
reminders to maintain user engagement [10]. Reminders
increase adherence and reduce dropout from self-help CBT
mterventions [24]. Push notifications are alerts that can be sent
via the Internct to apps on mobile devices [257]. MHapps that
use push notifications are similar to Internet interventions that
use short message service (SMS) reminders in that they prompt
users throughout their day to engage in the intervention. Previcus
studies have demonsiraled that mferventions with SMS
reminders be effective for diabetes management [258],
smoking ccssation [259], and weight loss [260].

Although cxtemal tnggers can be useful to remind users of an
app, too many annoying or intermuptive reminders can lead to
discngagement. SDT stipulates that anything that quashes a
sense of autonomy, such as a senes of insistent reminders,
reduce intnnsic motivation to engage [71]. Eyal [3] distingmshes
intemal and external triggers of engagement, cxtoling the
long-term benefits of the former over the latter External tnggers
may help to initiate the engagement processes, but intemal
tniggers are more reliable dnvers of long-termn hahits. Eyal cites
the example of social image-shanng app Instagram, which uses
the internal tngger “I want to share this expenence with others.”
However, if Instagram reminded users every day to post an
image, it is likely that using it would soon be percaved as a
chore with no intrinsic reward.

Although some reminders can restnict a sense of autonomy,
others can encourage it. A recent meta-analysis of 42 studics
found that phrases that emphasize an individual’s nght to refuse,
such as “But you are free to accept or refuse,” increase the
likelihood of people agrecing to requests, with an overall effect
size of r=0.13 [261]. Extemal reminders should be framed within
an SDT context to pgrant antonomy and respect intrinsic
motivators. Chaiken’s [262] heunstic-systematic processing
theory can further inform the desipn of reminder
communications. Framing reminders to satisfy the commitment
and consistency, liking, anthonty, or scarcity heunstics can aid
user engagement [263].

Simple and Intuitive Interface and Interactions

The simplicity of a program’s interface and ease of navigation
significantly influcnce user perceptions of quality in Web-based
mental health mterventions [264,265] User satisfaction and
pereeptions of credibility directly influence engagement and
therapcutic benefit [208]. Building an enjoyable app with good
graphic design and a slick, intmtive, and salisfying mterface is
necessary for an effective intervention [5,266]. Simplicity also
reduces the likelihood of technical difficulties that may dissuade
users from engaging [267].

Fogg’s behavior model (ie, the model of technology-based
behavior change [268] discussed in the “Recommend Activities™
section) emphasizes that simplicly reduces demands for
imtiating behavior outcomes, and increases the likelihood of a
behavior occurming. A simpler interface decreases the ability
required to engage with the app, and increases the likelihood
of successful engagement [3].
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No-action default (or “opt out”) options have enormous
mfluence over the use of a product or service [269]. For
example, countnes that have presumed consent organ donation
policies have 25-30% higher donation rates after all other factors
that influence rates are accounted for [270]. It has been argued
that making organ donafion as the no-action defanlt option for
Australian citizens could significantly raise donation rates and
save many lives [271] No-action defaults both preserve
antonomous decision-making and influence behavior toward
goals [272], so MHapps arc well positioned to capitalize on
these effects to guide users toward beneficial outcomes. App
settings should be customizable fo allow for autonomous use
and taillonng, but come with recommended defanlt options
preset. For example, the defalt option for reminders should be
sct to “on,” and at a frequency that is not overwhelming for the
user (see the “Reminders to Engage and External Tnggers™
section).

The language uwsed m the delivery of a mental health
intervention, particularly a self-help intervention, can also have
a major impact on engagement [273]. The language needs to
be simple, concrete, confident, and hopeful for users to
understand and engage with interventions. Language should
also be inclusive of all sexual onentations and lifestyles [274]
and be nonchnical, nonpsychopathological, and nondiagnostic
to avoid stigma [57,99]. The literacy of mtended users must be
considered, just as it is for different newspapers [275]. The
length of sentences and paragraphs is not only limited by the
constramis of a smartphone screen, but also by the working
memory of users. Making mformation meaningful to users can
help its consolidation into memorable chunks, casing the
demands on memory [276]. Using illustrations, such as faces,
for emotions, can also improve the efficiency of understanding
[277]. Decreasing load on memory is all the more important for
users suffenng from symptoms of depression or anxiety, which
restnct working memory function [278]

Although keeping information simple is necessary for mitial
understanding, enabling exploration of more m-depth
information is important to satisfy some users [202]. Building
a feature such as a “leam more” or “help” button into an MHapp
enable users to access more information about certain
content or features. Furthermore, navigation around an app can
be key to maintaining a sense of antonomy and competency.
An app that limits a user’s freedom of navigation may be
frustrating and not intnnsically rewarding to use. Features such
as an ever-present button that navigates the user back to the
home screen can remedy this.

Links to Crisis Support Services

Cnisis support services are valuable resources for vulnerable
individuals underpoing acute psychological distress [279].
Swadal callers to ensis hotlines expenence significant decreases
mn sucidality, hopelessness, and psychological pain [280].
Developing and utilizing these services has consequently
become a key area for promoting public mental health care
[281,282]. However, bamiers to help secking can prevent
troubled individuals from utilizing these supports.

Building links to cnsis support services mto MHapps may
overcome some of these barmers. Furthermore, an MHapp that
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records auser’s mood (see the “Reporting of Thoughts, Feclings,
or Behaviors™ section) may be able to unobirusively detect
indicators of depressive episodes and prompt contact of the
relevant supports. Negative attitudes toward secking help
be a major bamer to engagement [77]. However, if an app
presents support options in an attractive and casy-to-access way,
accessing those supports i1s more likely to be perceived as
acceptable and appealing [269]. Lack of awarcness of service
availahility, or the nature of support offered, can also prevent
help secking [203], as the belief that support is rarcly
available and will not help anyway [283]. An MHapp that
enables access fo information about how support services operate
and how they can help could reduce these bamiers. According
to the Fogp’s behavior model [268], accessing cnsis support
services through technology should be made straightforward to
reduce bamers to action and increase the likelihood of service
contact being made.

Importantly, Infernet supports are prefemmed to telephone
helplines in some populations, including young people [284].
Organizations such as Lifeline have an online crisis support
chat facility [285], so where these are available, links should
be offered on mobile devices. There is also growing support for
the cffectivencss of online chat options [286], which may be
better smted to how some individuals who use digital devices
tend to commumicate [287].

Experimental Trials to Establish Efficacy

A major shortcoming of currently available MHapps is the lack
of RCT evidence for thar efficacy. Although many apps use
evidence-based frameworks, like CBT, only a handful have
been expenmentally tnaled Donker et al [8] conducted a
systematic review of the hterature, searching for evidence of
effective MHapps; only 8 papers were identified as providing
scientific support for MHapps, and in these papers, only 5
scparale MHapps were descnbed. Just 1 of these 5 was a
self-contained app, with the other 4 requirng mput from a
mental health professional. Frustratingly for those who might
benefit from these apps, none of them 1s currently available on
the 108 or Android app stores.

This lack of controlled ouicome research m the fidd is
unexpected, given the ease of collecting data using mobile and
Intemet techmologies [90]. Although wvalidation of other
psychological interventions requires  time-consuming
assessments, MHapps are capable of rehably, quckly, and
antornatically collecting a mynad of self-report and behavioral
usage data [288].

‘When starting with a product vision for an app, target outcomes
should be well defined in concrete, objective, and measurable
temns [5]. These overarching goals guide development and
enable a definition of success for the app. There are three main
types of data that can be used to assess the target ountcomes of
MHapps: (1) asscssment tools administered before and after a
set period of app use, (2) EM A techniques to admimster multiple
bnefself-report questionnaires throughout app use, and (3) app
usage data. A thorough assessment of an MHapp should attempt
to use all three data sources.
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Assessment Tools Administered Before and After a Set
Period of App Use

Wendel [5] stresses that, where possible, target outcomes for
apps should avoid user “states of mind,” such as emotions and
other internal, psychological vaniables, as these are problematic
to measure. However, the main goal of MHapps is to alter the
user’s state of mind. This means the tools used to measure the
MHapp’s target outcomes should be selected carefully, keeping
in mind the ease of administration via a smartphone, the case
of integration into an MHapp’s mierface, the licensing of the
assessment tool, and the validity and reliability of the measure.

Outcome measures for MHapps should contain a suitable
assessment of emotional well-being and mental health. For
example, the 9-item Patient Health Questiornaire (PHQ-9) [289]
is a bnef, sclf-administered, valid, and rcliable measure with
88% specificity and 88% sensitivity for major depression. It is
licensed to be used frecly, and existing apps have successfully
adapted it for a smartphone interface [290]. The 7-item
Generalized Anxiety Disorder scale (GAD-7) [291] is a similar
measure for anxiety, and using both the PHQ-9 and GAD-7
together can give a balanced assessment of emotional
psychopathology [292]. To assess the languishing-flounshing
dmmension of mmental health, the 14-Likent-item
Warwick-Edinburgh Mental Well-Being Scale could be used,
as it is a bnef, reliable, and valid tool [293].

Secondary to mental health outcome measures are measures of
the MHapp’s mterventon targets. For example, a
self-monitoring MHapp should aim to assess the degrec to which
msight and ESA are being enhanced by the self-monitoning
mtervention (sec the “Reporting of Thoughts, Feclings, or
Behaviors” section). To validate their MHapp, Kaner et al [133]
used a short survey, delivered by phone, called the ESA Scale.
This tool compnses 33 items, all rated on a scale from 0 (never)
to 4 (a lot), and was adapted from the 20-item Self-Reflection
and Insight Scale [294], the 10-item Ruminative Response Scale
[295], and the 12-item Meta-Evaluation Scale [296]. MHapps
that aim to boost CSE (see the “Recommend Activitics” section)
could use the Coping Seli-Efficacy Scale [175], which is ashort
questionnaire that be admimstered wvia a smartphone.
MHapps that utihze clements of psychoeducation may require
assessments of MHL (see the “Mental Health Information”
section). There 1s no standardized assessment tool for MHL.,
bt it 13 ofien measured using self-report questionnaires and
vignettes [204], which can be adapted for smartphone-based
assessment. However, vignettes tend to be long and cumbersome
forms of assessment, and are not well-smted to the restrictions
of smartphone screens and interfaces. A well-validated,
standardized, bnef assessment tool for MHL. would benefit the
development of many self-help interventions, mcluding MHapps.

It is recommended that follow-up data are collected at several
different time poinis throughout the MHapp intervention and
after its use has been concluded. An RCT on the mindfulness
meditation app Headspace [297] found that it led to increases
i positive affect and decreases in depression, but had no effects
for measures of nepative affect, satisfaction with life, or
flounshing. This failure to uncover effects may be atinbutable
to the limited time course of the rescarch, as the intervention
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only lasted for 10 days and there was only one postintervention
measurement [298].

Ecological Momentary Assessment

Using EMA, bnef self-report questionnaires can be prompted
at various periods throughout auser’s day [ 143], with the precise
time of survey completion accurately recorded. EMA can reduce
bias in self-report data [142] and enables study of ecologically
valid contexts [141]. As descnbed in the “Reporting of
Thoughts, Feelings, or Behaviors™ section, EMA can alsobe a
valuable part of interventions.

It is important to adopt an EMA design that is most appropriate
for the types of data being collected and for the MHapp being
tnaled. EMA questionnaires should be bnef enough for
smartphone users to fecl capable of completing them without
too much interruption to their day. The aim of EMA i1s to obtain
an ecologically valid measurement, so himiting disruption
maximizes validity [217]. The design of EMAs be
event-based or ime-based, depending on whether responses are
collected following a specific event, such as an app-based
interaction, or tnggered at a given time pomt [141]. The choice
in design should also be well thought-out and justified. For
example, if a time-based EMA collects measurements at the
exact same time every day, it may not accurately capture changes
in the user’s state expenenced throughout the rest of the day.
Event-based EMA should be uwsed m an MHapp that
recommends activitics (see the “Recommend Activities™ section)
and requests a user to rate their mood before and after
performance of the activity (sec the “Reporting of Thoughts,

Feehngs, or Behaviors™ section).

App Usage Data

Ongoing monitonng of client data is valuable to the validaion
of CBT-based interventions [142], and ongoing data collection
should be a seamless and constant background process on
smarfphone apps. App usage dala are often collected
continuously by app developers to analyze user behavior and
improve app functionality. The range of data capable of being
collected in this way is very large, including measurements such
as time spent using specific features of an app, number of times
the app is used in day, and what times in the day features on the
app arc being used.

Data collected via EMA and other assessment tools may also
provide insight into user vanables that affect pattemns of app
usage. For example, it may be found that a speafic feature is
used most when users arc highly distressed. This is an important
information ito consider, for both the development of
psychological theones and the development of MHapps, as it
may be appropnate to display a link to crsis services on the
app’s interface when a specific feature is being used.

Program adherence is easily assessed with usage data, and app
design can be concurrently altered to increase adherence [24].
Although there is no doubt that these data are already bang
used by developers to improve individual MHapps, there has
scemingly been a lack of academic transparency to validate
those MHapps and aid in the development of others.
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Strength of Evidence for Recommendations

Each recommendation explored m this review is supported by
a different rank of evidence. Table 2 summanzes the 16
recommendations and ranks each according to evidence strength.
The strongest level listed includes recommendations that are
demonstrably effective, as shown by the numerous
meta-analyses and RCTs of interventions previously cited in
this review. However, more research in the form of RCTs 1s
needed for such MHapps. The next rank of evidence pertans
to recommendations that arc probably effective according to
available evidence but still require more research in the MHapp
field. The rank under this includes recommendations that appear
to be promising according to the evidence, but, again, must be
researched in more depth to validate their stated principles in
seli“help interventions, including MHapps.

Discussion

MHapps offer exciting new opportunitics to improve and
manage the mental health of smartphone users. This review has
generated 16 recommendations to be considered m the
development of future MHapps. In sumnmary, MHapps should
aim to prevent emotional mental health problems by emploving
a wide amay of CBT-based techniques that are tailored to an
individual’s needs and delivered via a simple, interactive design.
Structures of gamification and habit formation should be used
to maximize engagement in the app’s mterventions. The app
itself should be expenmentally validated, and user data should
be utilized for its ongoing improvement.

iip /mental jmir org/2016/L/7/

N

Bakker et al

It is highly recommended that MHapp developers familianze
themselves with the literature, both in the field of selfhelp CBT
and in the ficld of app-based behavior change, before embarking
on any MHapp projects. Respecting the value of both of these
research fields should enable the reliable, engaging delivery of
an evidence-based mental health intervention. This review may
help developers get started wath this familianzation process, but
further reading i1s strongly adwvised. Furthermore, a
multidisciplinary team consisting of experis in app usability
engineenng, programming, data collection and analysis, industry
and health care sector applications, chnical psychological
interventions, and any other relevant fields is strongly adwisable.

The Mobile Application Rating Scale (MARS) is a recently
developed measure enabling objective, multidimensional rating
and companson of mobile health apps [299]. Tools such as this
will be essential for the future of MHapp development, and wall
cnable dinicians and consumers to make more informed
decisions about ther choice of smartphone-based support.

There is a sk of researchers developing MHapps primanly for
rescarch needs rather than to meet the needs of end users. When
an MHapp is released to the public, it is a self-contained product
and must operate efficiently m the user’s daly routine. For
MHapp research to be ecologically valid, MHapp developers
must create self-contained apps that still function ouiside of a
research seting. Several RCTs have been conducted on MHapps
that arc not publically available [52]. This prevents researchers
and mtervention developers from analyzing and explonng
existing evidence-based MHapps. It also blocks help seckers
from finding evidence-based MHapps and benefiting from
effective support.
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Table 2. Recommendations for future mental health apps.

Bakker et al

Evidence Recommendation Details
Demonstrably effective, but 1. Cogaitive behavioral therapy based Start with an evidence-based framework to maximize effectiveness
i led i
;gl[:ppﬁeld o " 2. Address both anxjety and low mood Increases accessibility and addresses comorbidity between anxiety
and depression. Also compatible with transdiagnostic theories of
anxiety and depression
Probably effective, butmore 3. Designed for use by nonclinical populations  Avoiding diagnostic labels reduces stigma, mcreases accessibility,
research needed n MHapp and enables preventative nse
feld
4. Antomated tailoring Tailored inferventions are more cfficacions than is rigid self-help
5. Reporting of thonghts, feelngs, or behaviors  Self~monitoring and self~reflection to promote psychological growth
and enable progress evaluation
6. Recommend activities Behavioral activation to boost self-efficacy and repertoire of coping
il
7. Mental health mformation Develop mental health Fteracy
8. ReaHime engagement Allows nsers o nse in moments m which they are experiencing
distress for optimmm benchits of coping behaviors and relaxation
techniques
Supported by theory and in- 9. Activities exphcitly nked to specific reported Enhances nnderstanding of canse-and-effect relationship between
direct evidence but focnsed mood problems actions and emotions
research needed . . - . ..
10. Encourage nontechnology-based activities Helps 10 avoud potential problems with attention, ncrease opporin-
nities for mindfulness, and limit time spent on devices
11. Gamification and intrinsic motivation to en- Encounrage nsc of the app via rewards and internal triggers, and
gage positive reinforcement and behavioral conditioning. Also hinks with
flourishing
12. Log of past app nse Enconrage nse of the app throngh personal investment. Internal
triggers for repeated engagement
13. Reminders o cngage Extemal triggers for engagement
14. Simple and intnitive mterface and interactions Reduce confusion and disengagement n nsers
15. Links to crisis support services Helps nsers who are in crisis to seek help
Necessary for validation of  16. Experimental trials to establish efficacy It is important to establish the app’s own efficacy before recommend-
principles mg it as an effective mtervention

A behavioral plan is a “detaled “story’ of how the user
progresses from being a neophyte to accomphishing the action
while using the product” [5]. Any app should be designed from
the foundation of a comprehensive behavioral plan [5]. This
means that it may not be possible to incorporate all 16
recommendations listed herein into a single MHapp. To guide
development of behavioral plans and interactive frameworks,
it would be helpful to focus on specific foundations. Three of
the recommendations listed be used as foundations for
mtervention development, as they aim to target specific
psychological constructs, such as ESA, MHL,, and CSE. The
“Reporting of Thoughts, Feclings, or Behaviors™ section details
mood reporting, self-monitoring, and improving ESA. MHapps
that use this as a foundation could be referred to as
“reflection-focused.” The “Recommend Activities” section
rclates to engaging users in activitics to improve their CSE.
MHapps that use this as a foundation could be referred to as
“goal-focused.” The “Mental Heal th Information™ section relates
to mental health information, psychoeducation, and improving
MHI.. MHapps that use this as a foundation could be referred
to as “education-focused.” More research is needed to
mvestigate the different effects of reflection-focused,
education-focused, and goal-focused MHapp designs on mental
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health, and whether different users obtain different benefits
from each design.

Each recommendation explored in this review could be the
target of an RCT. RCTs that compare identical MHapps with
or without specific features could provide evidence for or against
these features m future MHapps. However, it is mmportant to
acknowledge the influence of the overall behavioral plan on the
MHapp’s effectiveness. Some features may work better in one
MHapp’s behavioral plan than in another’s, and simply incdluding
more recommended features may not improve the overall
intervention. Future MHapp and cHealth RCTs should aim to
validate underlying theones and pnnaples for intervention
improvement [21].

The World Health Orgamization [300] predicts that depression
will become the global leading canse of discase burden by 2030.
There is an enormous worldwide need for better preventative
mental health, and MHapps that target emotional well-bang
are sct to provide exciting new opportunitics in the ficld. The
evidence-based recommendations discussed herein are important
for all MHapp developers to acknowledge if better interventions
are to be developed to meet this nsing demand in the future.
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GENERAL APPROACH OF THESIS

This chapter outlines the general aims, approach, and methods used for the remainder
of this thesis. Chapter 1’s literature review concluded that more research was needed on the
use of self-contained, fully-automated MHapps in naturalistic contexts. Furthermore, work
was needed to investigate the effects of different MHapps that use different features and focus
on different mechanisms of change. The recommendations outlined for future MHapps
provided guidance for pursuing research using newly developed MHapps in this thesis. The
research aims of this thesis are summarised in Table 1.

Consumer-focussed app development is a process of iteration and experimentation
(Fling, 2009). Versions of the app are created and then tested, either by developers or
intended users. The feedback data collected about the user’s experience is used to guide
improvements to the app (Baron, Duffecy, Reid, Begale, & Caccamo, 2018; Werner-Seidler
etal., 2017; Winslow et al., 2016). Such data are often referred to as usability data, as they
assess the overall usability of an automated intervention. Given these factors, it is important to
treat the development process of MHapps as a unique form of research. These processes are

documented in Chapters 3 and 5 for MoodPrism and MoodMission respectively.
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Table 1

Summary of Thesis Aims

MHapp
Phase Reflection-focussed: MoodPrism Problem-focussed: MoodMission
Development. Develop a self-monitoring, mood-tracking app. Develop an app for providing cognitive behavioural
(Chapter 3) therapy (CBT) strategies. (Chapter 5)

Effectiveness of
naturalistic use.
Mechanisms of

effectiveness.

Efficacy in a randomised
controlled trial (RCT).

Mechanisms of efficacy.

Explore the relationships between app engagement and Explore the relationships between app engagement and
mental health and wellbeing outcomes. (Chapter 4) mental health and wellbeing outcomes. (Chapter 6)
Examine whether emotional self-awareness (ESA) Examine whether coping self-efficacy (CSE) mediates the
mediates the relationships between app engagement relationships between app engagement and mental health
and mental health and wellbeing. (Chapter 4) and wellbeing. (Chapter 6)

Compare MoodPrism, MoodMission, and one established MHapp to a waitlist control group. (Chapter 7)

Examine whether ESA mediates the effects found in Examine whether CSE mediates the effects found in the

the RCT. (Chapter 7) RCT. (Chapter 7)




GENERAL APPROACH OF THESIS

There is a distinction between studies that investigate an intervention’s effectiveness
and those that investigate intervention efficacy. While effectiveness of an intervention is
established through investigation of the naturalistic, real-world effects, efficacy is established
through comparison to a control group, such as in a RCT (Arean et al., 2016; Stoll, Pina,
Gary, & Amresh, 2017). Both categories of evidence are important to collect and review, as
each makes a unique contribution to the understanding of the intervention’s utility.
Effectiveness studies of MHapps reveal the likelihood of mental health improvement if an
individual naturalistically finds, downloads, and engages with an app. Alternatively, RCTs
guide participants within a formal research context and compare the effects of using an
intervention against an alternative, control condition. While this may reduce the influence of
placebo effects and increase clarity of efficacy (Torous & Firth, 2016), it introduces biases
like the Hawthorne effect, artificially increasing participant engagement in interventions and
biasing them to report favourable outcomes to experimenters (McCambridge, Witton, &
Elbourne, 2014).

Although naturalistic effectiveness studies lack a control group for comparison,
methods can be used to bring control to the study design. One approach used in MHapp
research involves assessing participants’ engagement with the intervention so the relationship
between engagement and outcomes can be investigated (Carpenter et al., 2016). This can
reveal the effects of engaging with an intervention, rather than just downloading a MHapp. If
the MHapp is effective, there should be a positive relationship between app engagement and
mental health benefits. This approach was used in the effectiveness investigations of
MoodPrism and MoodMission, detailed in Chapters 4 and 6 respectively.

Chapter 1 recommended that in addition to investigating MHapp effects on mental
health and wellbeing outcomes, research should explore mechanisms underlying the effects

generated by MHapps. Three psychological constructs were proposed as mechanisms for
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change; ESA (Kauer et al., 2012), CSE (Chesney, Neilands, Chambers, Taylor, & Folkman,
2006), and mental health literacy (MHL; Jorm, 2012). To achieve this investigation for
MoodPrism and MoodMission, mediation analyses were used to determine which of the three
possible mechanisms each app was utilising. ESA, CSE, and MHL were investigated as
mediators between app engagement and each mental health outcome measure. The same
analyses were used for each app in both Chapter 4 and 6 to enable comparison.

Participants and Recruitment

The age of participants was restricted to 13 years and older for all studies. The apps
were designed for a wide range of ages, and inclusion of adolescents was deemed important,
as this demographic have high smartphone usage rates and MHapps can encourage help-
seeking (Bradford & Rickwood, 2015). While MoodPrism and MoodMission are now
available on both Android phones and iPhones, two studies were restricted to participants
using iPhones. At the time of usability testing, MoodMission had not been developed for
Android, so Chapter 3’s study reports data from iPhone users only. One of the apps used in
Chapter 7’s RCT, MoodKit, was only available on iPhone, so all participants recruited for this
study were iPhone users.

The studies reported in this thesis used three different recruitment strategies. Firstly,
the development studies detailed in Chapters 3 and 5 used participants who had agreed to test
a prototype MHapp and provide feedback. This included contacts of the researchers and other
involved parties, for example, individuals who had pledged support to MoodMission’s
crowdfunding campaign. This enabled collection of constructive quantitative and qualitative
data from willing individuals. The second recruitment strategy involved collecting data from
all individuals who had downloaded MoodPrism or MoodMission to their smartphone.
Participants were not actively recruited for these studies, reported in Chapters 4 and 6, but

instead consented to provide access to their data for research purposes. This provided highly
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GENERAL APPROACH OF THESIS

naturalistic data for investigation of intervention effectiveness. The third recruitment strategy
was used for the RCT, whereby interested participants signed up to the study by providing
their email address on a webpage. Participants were then randomised to a condition and sent
instructions on how to proceed with the study. This is similar to most RCTs of digital
interventions.

Due to deidentification of data, participants were not tracked through all studies to
ensure that they were only providing data to one study. Therefore, it is possible that, for
example, an individual could have participated in both development and effectiveness studies.
However, participants in the RCT were excluded if they had used MHapps other than the one
they were allocated, and MoodMission and MoodPrism were promoted independently, so it is
unlikely that individuals provided data to multiple studies.

Materials

As several studies aimed to measure the same constructs, and each app included
surveys for built-in data collection, similar measures were utilised across the effectiveness
and efficacy studies. Measures were chosen based on: a) available psychometrics; b) how
pragmatically appropriate they were for delivery via smartphone; and c¢) freedom of licensing
to allow inclusion in apps. These measures are summarised in Table 2, and details on each can

be found where they are reported in the relevant chapters.
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Table 2

Measures Used Across Multiple Thesis Studies

Construct Name of Measure Reference

ESA Emotional Self-Awareness Scale — (Kauer et al., 2012)
Revised (ESAS-R)
MHL Mental Health Literacy No appropriate standardized
Questionnaire (MHLQ) MHL measure existed, so this
questionnaire was developed by

the researchers.

CSE Coping Self-Efficacy Scale (Chesney et al., 2006)

(CSES)
Anxiety Generalized Anxiety Scale,

7-item (GAD-7) (Kroenke, Spitzer, & Williams,
Depression Patient Health Questionnaire 2001)

9-item (PHQ-9)
Positive Wellbeing  Warwick-Edinburgh Mental (Tennant et al., 2007)
Well-being Scale (WEMWBS)
App Feedback and  Feedback Questionnaire Adapted from the Mobile
Engagement? Application Rating Scale
(MARS; Hides et al., 2014) by
Rickard, Arjmand, Bakker and

Seabrook (2016)

a4Administered only in the 30-day follow-up surveys
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Procedures

A single human ethics certificate of approval was obtained for all data collection and
research conducted in this thesis (project number CF14/968 — 2014000398; see Appendix A).
All effectiveness and efficacy studies used data from measures administered at baseline, when
the app was first used, and again after 30 days of use. This 30 day time frame was selected
because it was long enough to allow therapeutic change to occur, short enough to avoid
intervention disengagement, and had been used in other MHapp studies (e.g. Enock,

Hofmann, & McNally, 2014; Kauer et al., 2012; Roepke et al., 2015).
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DEVELOPMENT OF MOODPRISM

The literature review of Chapter 1 provided guidance for developing MHapps.
Following the formulation of these recommendations, development of an app that had both
research and mental health aims was pursued. This app was named MoodPrism by the
development team, because it converted a spectrum of inputted data into a colourful mood
diary.

The initial aim for MoodPrism was to provide researchers with ecological momentary
assessment (EMA) data on mood and other relevant activities, such as life events and social
media use. EMA, sometimes referred to as experience sampling methodology (ESM), allows
collection of ecologically valid data from participants as they continue with their daily
routines. Apps used to collect EMA data often provide very limited feedback to participants
in order to avoid data “contamination”, so the data collected is unaffected by the methodology
used to collect it (Wen, Schneider, Stone, & Spruijt-Metz, 2017). However, other unevaluated
mood-tracking apps are available to consumers on the app stores, and some research had been
conducted to validate the utility of using an app for this purpose (e.g. Kauer et al., 2012).
Therefore, it was predicted that tailored feedback provided by a mood-tracking EMA app
could be beneficial for participants, increasing both their motivation to provide EMA data and
their emotional self-awareness (ESA). As suggested in Chapter 1, such MHapps could be
designated as being “reflection-focussed”, and the increase in ESA may lead to improvements
in mental health and wellbeing.

MoodPrism was collaboratively designed and developed with the help of a
commercial digital creation studio. After downloading MoodPrism, users completed a number
of onboarding surveys with questions presented similarly to Figure 1. Completing all the
onboarding surveys unlocked the daily mood surveys, which users could complete once a day
after being notified. Daily mood surveys (see Figure 2 for example screens) opened with the

prompt, “How were you feeling just before you were prompted by this app?” and assessed
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emotional wellbeing using 12 items rated on a five-point scale from “not at all” to
“extremely”. The survey also included multiple choice items to rate the most positive and
negative events that happened in the day, and for the user to report where they were and who
was with them. Completing daily mood surveys created entries in the mood history, which
can be seen in Figure 3.

The balancing of different research questions and interests, and the nature of the
mood-tracking behavioural plan, allowed eleven of the sixteen recommendations made by
Bakker, Kazantzis, Rickwood, and Rickard (2016) to be accommodated in MoodPrism. These
are summarised in Table 1. The recommendations that were not accommodated concerned
recommending activities to users. This was not possible because MoodPrism was designed to
collect EMA mood data, and providing an “active” intervention, like engagement in coping

activities, may have invalidated data that was answering specific research questions.
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eeecO Telstra = 10:55 AM 7 % .
< Survey 1 Survey 2 Survey 3

These problems have made my work, taking
care of things at home, or getting along
with other people.

NOT DIFFICULT AT ALL

Feedback

Thank you for completing this block of
surveys, which included a music and
technolgy usage measure.
People differ in how much pleasure
they get out of music, or how

rewarding music is to them. Your music
reward score indicates that music can
be quite rewarding or pleasurable to
you.

OK

Figure 1. Example screens from onboarding surveys.
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eeeco Telstra = 7:33 PM 7 .
< HOW ARE YOU FEELING TODAY?

Feeling down, depressed or
hopeless.

NOT AT ALL
SLIGHTLY
MODERATELY

VERY

EXTREMELY

©

Figure 2. Example screen from daily mood surveys.

ssesc Telstra = 4:33 PM

= MoodPrism

eeec0 Telstra = 12:46 PM

< Mood History

SAT
27 February

L With: I'm Alone

Today's survey isn't available yet.
You will get an cation when
it's ready.

© Where: At work, uni or school
Your Mood History : ! :
(©) Feeling: Low energy, bit negative

27 (26) (25 (@ Positive mental health: Your
' ~ scores suggest you are not feeling
as positive (in control, purposeful,
lly supported) as you
h to feel. might like
to try out one of these apps which
aim to improve wellbeing, or
choose a website to read more
about this

© Links: ('Tap here for more in

Anxiety: I SC falls into the
moderate range. You might
benefit from finding out more

Figure 3. Example mood history screens.
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Table 1

How Recommendations from Bakker et al. (2016) are Incorporated into MoodPrism

Recommendation

Use in MoodPrism

1

12
13

14

15

16

Cognitive behavior
therapy (CBT) based

Address both anxiety

and low mood

Designed for use by
nonclinical
populations

Reporting of thoughts,
feelings, or behaviors
Mental health

information

Real-time engagement

Log of past app use
Reminders to engage

Simple and intuitive
interface and
interactions

Links to crisis support
services

Experimental trials

Self-monitoring of mood and activity is commonly
incorporated in CBT as a decentering and cognitive reframing
exercise, helping with the observation of and distancing from
distressing emotions (Mennin, Ellard, Fresco, & Gross, 2013).
Daily mood surveys included items relevant to anxiety (e.g.
“Nervous, anxious, or on edge”) and low mood (e.g. “Feeling
down, depressed, or hopeless”), taken from the 4-item Patient
Health Questionnaire (PHQ-4; Lowe et al., 2010).

No diagnostic labels were used, and mood feedback was able

to accommodate a wide range of positive and negative states.

Daily mood surveys allowed users to make these reports.

Links to mental health websites and other resources were
presented as part of each day’s mood feedback. Users were
encouraged to tap on these links if they wished to learn more.
Daily mood surveys were designed to be completed in real-
time, as a user carries out their daily routine.

Presented in the Mood History.

Push notifications reminded users to complete their daily
mood survey, and were made at a random time within a
window set by the user.

Care was taken to make all screens and interfaces clear and
intuitive. For example, all questions were presented one-per-
screen to avoid clutter and confusion.

Links to Lifeline and other supports were available in the
mood diary entries and throughout the app.

See chapters 4 and 7.
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Once a stable prototype of MoodPrism had been developed, the app was tested by a
small group of participants who provided quantitative and qualitative feedback data to inform
small changes and improvements. These data, along with a more detailed account of the
development process, is reported in Rickard, Arjmand, Bakker, and Seabrook (2016). This
paper is included in Appendix B. MoodPrism was released on the Australian iTunes and
Google Play app stores in September 2015 and was promoted through a variety of channels to

encourage downloads and use.
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CHAPTER 4: ENGAGEMENT IN MOBILE PHONE APP FOR

SELF-MONITORING OF EMOTIONAL WELLBEING

PREDICTS CHANGES IN MENTAL HEALTH: MOODPRISM
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Explanatory Note

The following chapter presents an original research article that first appeared online in
the Journal of Affective Disorders in November 2017 and was included in the February 2018
edition of the journal. This paper reports empirical findings from data collected by the mood-
tracking MHapp detailed in the previous chapter, MoodPrism. Analysis of data from 234
participants revealed relationships between app engagement and mental health benefits.
Mediation analyses were also used to investigate the roles of ESA, MHL, and CSE as
potential mechanisms underlying mental health effects. ESA was found to play a significant
role, supporting the hypothesis of how reflection-focussed apps, like MoodPrism, can be
beneficial.

This paper used an adjusted form of the ESA scale (ESAS; developed by Kauer et al.,
2012), referred to as the ESAS-Revised (ESAS-R). This is included in Appendix C at the end
of this thesis. The novel MHL measure, referred to as the MHL Questionnaire (MHLQ), is

also included in Appendix D of this thesis.
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Engagement in mobile phone app for self-monitoring of emotional wellbeing
predicts changes in mental health: MoodPrism

@ CrossMark

David Bakker™*, Nikki Rickard™"
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ARTICLE INFO ABSTRACT

Keywords: Background: Mobile apps are being used increasingly for mental health purposes, but evidence of their efficacy
Computer/Internet Technology remains limited. The mechanisms underlying any effects of such apps are also unclear. This study examined the
Anxiety effectiveness of a self-monitoring mobile phone app by investigating the relationships between app engagement
Depression and mental health outcomes.

Mobile

Method: Participants downloaded the MoodPrism app from the iOS and Android app stores, completing in-app
assessments at start of use and again 30 days later. The app prompted participants daily to complete a short
mood questionnaire and formulated their responses into a mood diary. Data from 234 assessment completers
(73% female; M age = 34.8 years) were analysed via hierarchical and mediation regressions.

Results: In this community sample, app engagement ratings predicted decreases in depression and anxiety, and
increases in mental well-being. These effects were mediated by increases in emotional self-awareness, but only
for participants who were clinically depressed or anxious at the time of the baseline assessment. Mental health
literacy and coping self-efficacy did not play mediating roles.

Limitations: Findings suggest that other influential mediators may have not been measured, and future studies
could verify the findings by using alternative methodologies, such as comparison with a control group.
Conclusions: Engaging with an emotional wellbeing self-monitoring app may reduce depressive and anxious
symptoms, and increase mental well-being. Increases in emotional self-awareness may mediate these changes in
clinical populations, and further research is needed to reveal other mechanisms that mental health apps can

Self-monitoring
Emotional self-awareness

utilize.

1. Introduction

Depression is the leading cause of disease burden worldwide (World
Health Organization, 2017). While many effective treatments have been
developed, the proportion of people accessing them is disappointingly
low. In Australia, where there is high mental health awareness and
access to treatments compared to other parts of the world, 65% of
people who experience a mental health issue do not access support
(ABS, 2007). Simultaneously, smartphone ownership is extremely high,
with almost 80% of Australians owning one (Deloitte, 2016) and over 2
billion owners worldwide (Statista, 2017). Smartphone apps hold im-
mense promise as cost-effective, engaging tools for improving mental
health and wellbeing (Bakker et al., 2016; Vogl et al., 2016), and can be
useful support tools for depression (Callan et al., 2017), anxiety (Sucala
et al., 2017), and other mental health issues (Van Ameringen et al.,
2017).

A growing literature has examined the efficacy of specific
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smartphone apps designed to improve mental health (e.g. Kauer et al.,
2012; Carpenter et al., 2016; Birney et al., 2016; Schwartz et al., 2016).
However, there is a need to further investigate the mechanisms by
which mental health apps (MHapps) exert their effects (Donker et al.,
2013; Dubad et al., 2017; Grist et al., 2017; Huguet et al., 2016; Van
Singer et al., 2015). Revealing the mechanisms underlying positive
outcomes of MHapp use could help designers improve the app inter-
ventions on offer, and confer lessons to non-app-based mental health
and wellbeing interventions.

Many MHapps include self-monitoring exercises, which are often
based on those used in cognitive behavioural therapy (CBT; Cohen
et al., 2013; Kazantzis et al., 2005). Self-monitoring can be used to
restructure maladaptive anxiety responses (Basoglu et al., 1992;
Huppert et al., 2006), to challenge perpetuating factors of depression
(Jarrett and Nelson, 1987), and to sufficiently treat a small but sig-
nificant proportion of post-traumatic stress disorder sufferers (Ehlers
et al., 2003; Tarrier et al., 1999). The novel experience sampling
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methods used by these MHapps can also enhance research into emo-
tional disorders (Schwartz et al., 2016), as well as outcomes of clinical
practice when used collaboratively with a mental health professional
(van Os et al., 2017).

Self-monitoring is thought to improve mental health and wellbeing
by increasing emotional self-awareness (ESA) (Kauer et al., 2012;
O’Toole et al., 2014). ESA is an individual's ability to identify their own
emotions, which can improve emotional self-regulation (Barrett et al.,
2001; Hill and Updegraff, 2012). Low ESA is a common factor in both
anxiety and depressive disorders (Suveg et al., 2009).

Several papers have detailed the development and evaluation of
MHapp interventions that target ESA. Morris et al. (2010)'s app
prompted users to record their moods several times a day. Although no
psychometric measure of ESA was used, the small group of five users
reported perceived increases in ESA in post-use interviews. Kauer et al.
(2012) developed an app for self-monitoring of current activity, stress,
mood, alcohol use, cannabis use, sleep, diet, and exercise. A randomised
controlled trial (RCT) was conducted with a sample of mild to moder-
ately depressed 14-24 year olds who were referred by their general
practitioner (GP). It was found that participants using the experimental
version of the app experienced greater increases in ESA and greater
reductions in depressive symptoms compared to those using the control
app. However, this RCT has limited ecological validity because parti-
cipants were given a mobile device with the app installed, rather than
downloading it to their own phones, and participants reviewed their
recorded self-monitoring data at several time points with their GP. The
majority of publicly available MHapps will be used on a personally
owned device without GP involvement. Therefore, more research is
needed to investigate self-monitoring MHapps in naturalistic self-
guided applications.

In addition to ESA, it has been theorised that MHapps can exert
effects on mental health and wellbeing via mental health literacy (MHL)
and coping self-efficacy (CSE) (Bakker et al.,, 2016). MHL is the
“knowledge and beliefs about mental disorders which aid their re-
cognition, management or prevention” (p. 182, Jorm et al., 1997). MHL
can be improved by giving access to mental health information and
psychoeducation, which is an effective internet-based intervention in
itself (Donker et al., 2009). CSE is a type of self-efficacy (Bandura,
1993) that gives individuals confidence in their own ability to cope
with distress and adversity (Chesney et al., 2006), and use active coping
strategies (Thorne et al., 2013). MHapps that actively focus on re-
commending wellbeing activities or coping strategies to users are most
likely to enhance CSE (Bakker et al., 2016). While self-monitoring
MHapps have been shown to increase ESA, MHapps with different in-
tervention designs may have different effects. For example, a psy-
choeducation MHapp may work primarily through increasing MHL, or a
coping skills MHapp may work primarily through increasing CSE. Any
study of the mechanisms underlying MHapps should aim to investigate
ESA, MHL, and CSE, and their mediating effects on mental health and
wellbeing outcomes.

Previous research has lacked investigation into the impact of clinical
status on MHapp use outcomes (Dubad et al., 2017). Studies that have
used nonclinical samples, with a normal distribution of mental health
status, have generally found small to no effects of MHapp use
(Bidargaddi et al., 2017; Howells et al., 2014; Whittaker et al., 2017),
whereas studies that used clinical samples, with participants who were
experiencing a diagnosable disorder, have found much stronger effects
(Kauer et al., 2012; Lauritsen et al., 2017). Baseline clinical status is
therefore an important factor to take into account when examining
MHapp engagement as certain benefits may be limited to people ex-
periencing depression or anxiety (Dubad et al., 2017).

A challenge in evaluating MHapps outside of clinical trials is using a
methodology that allows for meaningful measurement of the app's ef-
fect. As Torous and Firth (2016, p.100) note, there is a risk of a “digital
placebo effect” with MHapps, as the simple act of installing a MHapp
may bias users’ responses towards favourable mental health outcomes.
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Carpenter et al. (2016) suggest that measuring app usage variables,
such as frequency of access, can bring control to studies, and a positive
relationship between app usage and mental health and wellbeing im-
provements indicates the effectiveness of an intervention. However,
boredom, procrastination, anxiousness, desire for distraction, or high
rate of general phone use may underlie a user's frequent app access.
Instead, app engagement, rather than raw usage, may be a more useful
measure of the app's true influence. If a positive relationship is found
between therapeutic outcomes and app engagement, the MHapp has
true mental health and wellbeing effects beyond placebo effects. This is
comparable to the positive relationship between client engagement and
treatment outcomes in psychotherapy (Holdsworth et al., 2014) or
between the therapeutic relationship and treatment outcomes
(Kazantzis et al., 2015; Sucala et al., 2012). Therapeutic engagement is
measured by self-report surveys, such as the Client Evaluation of Self
and Treatment (CEST; Joe et al., 2002). In much the same way, app
engagement can be measured by questionnaire (Stoyanov et al., 2016)
and correlated with mental health and wellbeing outcomes to uncover
intervention effects.

Self-monitoring MHapps may be effective at improving mental
health outcomes, but more controlled trials are required to confirm
these effects (Versluis et al., 2016), particularly in community samples.
The aim of the current study was to evaluate the effectiveness of a self-
monitoring MHapp, MoodPrism’ (see Rickard et al., 2016), and its un-
derlying mechanisms. In addition to the self-monitoring features that
are designed to increase ESA, MoodPrism also contains smaller sub-
features that may increase MHL, such as the links to mental health
websites provided in mood entries. However, this app does not contain
behavioural interventions or coping strategies, so it was not designed
specifically with CSE increases in mind. Considering these points and
the dominant self-monitoring features of MoodPrism, an additional aim
of this study was to investigate whether ESA mediated the MHapp's
mental health and wellbeing effects. The mediation roles of MHL and
CSE were also explored as alternative mediation pathways to ESA.

It was hypothesised that after using MoodPrism for 30 days, parti-
cipant app engagement would be associated with a decrease in de-
pression and anxiety symptomatology, and an increase in mental
wellbeing. Furthermore, these predicted relationships were hypothe-
sised to be mediated by an increase in ESA that users experienced while
using MoodPrism over 30 days, rather than increases in MHL or CSE. It
was hypothesised that participants who scored in the clinical range on
the baseline depression and anxiety measures would experience
stronger mediated effects.

2. Method
2.1. Participants

The sample was drawn from data from 1349 MoodPrism users who
had completed the app's onboarding surveys, administered at the start
of use, between April 2016 and May 2017. Of those, 234 had also
completed at least one of the follow-up surveys, so data from these 234
participants were used in the current analysis. Age data were not re-
corded for 36 participants due to a technical error with the app. For the
remaining 198 participants, age ranged from 13 to 69 (M = 34.8,SD =
14.2), with 52 males, 144 females, and 2 participants who selected
other for gender. The majority of this sample lived in suburban
Australia, and the majority had completed tertiary education (65%).

2.2. Materials

MoodPrism is an iOS and Android app, freely available on the
Australian app stores, designed to: a) help users track their moods over
time; and b) collect data from users regarding their emotional states
over time in natural everyday contexts (Rickard et al., 2016). After
completing a set of surveys to obtain baseline measurements, users are
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prompted at a random time throughout their day to complete a daily
mood survey, which asks them 12 questions about how they are feeling,
where they are, and what they have been doing. This information is
formatted in a mood diary, which users can review to obtain feedback
about how they have been feeling over time and in what contexts. After
30 days users are prompted to complete a second set of follow-up
surveys, enabling collection of data to evaluate the effectiveness of the
app. The surveys involved with this study are listed below:

2.2.1. Patient Health Questionnaire 9-Item (PHQ-9)

The PHQ-9 (Kroenke et al., 2001) is a nine item measure of de-
pressive symptomatology requiring responders to identify the fre-
quency that they experienced certain depressive symptoms over the
past 2 weeks on a 5 point scale from Not At All (0) to Nearly Every Day
(4). Example items include “little interest or pleasure in doing things”
and “poor appetite or overeating”. The PHQ-9 has high internal relia-
bility, Cronbach's a = .89, and scores over 10 have good sensitivity
(88%) and specificity (88%) for diagnosis of major depression by in-
terview (Kroenke et al., 2001).

2.2.2. Generalised Anxiety Disorder Scale 7-Item (GAD-7)

The GAD-7 (Spitzer et al., 2006) is a seven item scale developed as a
brief measure for generalised anxiety symptoms and clinically assessing
Generalised Anxiety Disorder (GAD). It uses the same response scale as
the PHQ-9, Not At All (0) to Nearly Every Day (4) over the past 2 weeks.
Example items include “not being able to stop or control worrying” and
“feeling afraid as if something awful might happen”. The GAD-7 has
high internal reliability, Cronbach's a = .92, and scores over 10 have
good sensitivity (89%) and specificity (82%) for diagnosis of GAD by
interview (Spitzer et al., 2006).

2.2.3. Warwick-Edinburgh Mental Well-being Scale (WEMWBS)

The WEMWRBS (Stewart-Brown and Janmohamed, 2008) is a four-
teen item scale developed to measure the mental wellbeing of UK
adults. It requires respondents to report the frequency of positive psy-
chological experiences over the past 2 weeks on a five point scale from
None Of The Time (1) to All Of The Time (5). Example items include
“I've been feeling useful” and “I've been feeling cheerful”. The
WEMWSBS has high internal reliability, Cronbach's a = .91, and shares
high correlations with measures of life satisfaction and other measures
of wellbeing (Tennant et al., 2007).

2.2.4. Emotional Self-Awareness Scale — Revised (ESAS-R)

Kauer et al.’s (2012) 33 item ESA Scale (ESAS) was revised to 30
items to remove duplication of concepts, and the five point response
scale was changed from Never to A lot, to Strongly Disagree (0) to
Strongly Agree (4). Items for each of the five subscales of the ESAS,
including Recognition (e.g. “I frequently take time to reflect on how I
feel”), Identification (e.g. “It's important to me to understand what my
feelings mean”), Communication (e.g. “Expressing emotion is easy”),
Contextualisation (e.g. “I usually know why I feel the way I do”), and
Decision-Making (e.g. “I examined my feelings and then decided what
to do”) were included in the ESAS-R. Responses from 1327 MoodPrism
users revealed that the reliability of this revised scale was very high,
Cronbach's a = .90, and higher than that of the original scale reported
by Kauer et al. (2012; Cronbach's a = .83)).

2.2.5. Mental Health Literacy Questionnaire (MHLQ)

As no standardised measure of MHL exists, a questionnaire was
developed using elements from measures used in the literature. The
final MHLQ incorporated two short vignettes, one depicting a male with
social phobia and the other depicting a female with depression, from an
Australian government report (Reavley and Jorm, 2011). Respondents
rated eight different supports (e.g. Visiting a chemist, Vitamins and
minerals or herbal tonics, Contacting a psychologist) from Most
Harmful to Most Helpful and selected what they thought the problem
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was for the person in the vignette. In addition to these vignettes, seven
multiple choice questions were included (e.g. What is the most common
mental condition in Australia? Is anger a normal human emotion?). A
copy of the survey was distributed to 32 mental health clinicians, in-
cluding eight clinical psychologists, who were treated as a sample with
high mental health literacy. Responses were reviewed by the experi-
menters to determine appropriate scoring for the items.

2.2.6. Coping Self-Efficacy Scale (CSES)

The CSES (Chesney et al., 2006) is a well validated measure that
requires respondents to rate 26 their confidence of in their ability to do
certain actions (e.g. Talk positively to yourself, Keep from feeling sad)
on an 11 point scale from Cannot Do At All to Certain Can Do. The CSES
has high internal reliability, Cronbach's a = .95, and good validity is
indicated by significant relationships with psychological distress and
wellbeing measures (Chesney et al., 2006).

2.2.7. App Engagement Scale

A feedback questionnaire, based on items and themes from the
Mobile Application Rating Scale (MARS; Stoyanov et al., 2016), was
developed for users to complete in the final assessment (Rickard et al.,
2016). The 7 items most strongly related to app engagement were ex-
tracted and scores summed to create the measure of app engagement
(see Appendix A). This App Engagement Scale had good internal re-
liability, Cronbach's a .839, which could not be improved by re-
moving any more items.

2.2.8. Social Desirability Scale (SDS)

The Marlowe-Crowne SDS Short Form C (Reynolds, 1982) was ad-
ministered to users as a measure of truthful and considerate responding.
High scores on this measure suggest dishonest or rushed responding, as
the items require careful attention when reading. This particular SDS
has acceptable reliability, rxg-20 = .76, and very good concurrent va-
lidity with the longer Marlowe-Crowne SDS, r = .93.

2.3. Procedure

As detailed in Rickard et al. (2016), MoodPrism was developed and
released on the Australian iTunes and Google Play app stores. The app
was promoted via a multitude of means, including posts on Facebook
and Twitter, advertising on Facebook, and events at Victorian schools
and universities.

Participants downloaded the app, provided informed consent as part
of the app's onboarding, and completed the baseline assessment.
Although the full results and scores of the assessment were not made
available to participants, they did receive select feedback messages
based on their responses. For example, “Your score on our measure of
positive mental health was in the lower range of positive heath scores
(lower than 75% of people)”. Upon completion of the baseline assess-
ment, MoodPrism's mood tracking features were unlocked. Participants
were prompted via push notifications at a random time throughout
their days to complete subsequent daily mood reports. After 30 days of
use, MoodPrism prompted users to complete the final assessment.

2.4. Design and analyses

Participants who scored over 8 on the SDS were excluded from
analysis, as this indicated non-serious or dishonest responding. Some
limited data were missing for some participants due to technical errors.
Missing data were not replaced, and analyses were conducted excluding
participants with missing data in a listwise fashion. Each analysis
therefore lists the degrees of freedom or number of participants in-
cluded. However, the missing age data for 36 participants were re-
placed with the mean age to avoid loss of otherwise valid data that
controlled for this potentially confounding variable. In preparation for
the main analyses, potential confounding influences of Age and Gender
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on the outcome variables of depression, anxiety and mental wellbeing
(final scores) were investigated via a series of partial correlations, with
baseline depression, anxiety and mental wellbeing scores partialled out.
A power analysis using G*Power 3 software and based on the indirect
effect sizes reported by Kauer et al. (2012) revealed that 45 participants
would be required to detect effects at ?? = .05.

Total (unmediated) effects between app engagement and outcome
measures were investigated using three hierarchical regressions, with
final depression, anxiety or mental wellbeing scores as the outcome
variable respectively. Potential confounds identified from preparatory
analyses as well as baseline depression, anxiety or mental wellbeing
scores were entered in the first step, and app engagement in the second
step.

The PROCESS plug-in for SPSS (Hayes, 2013) was used to conduct
all mediated regression analyses, using procedures detailed in Field
(2009) and Hayes and Rockwood (2016). This is the most contemporary
approach to mediation, taking advantage of the bootstrap test. Based on
the calculation of 95% confidence intervals, the bootstrap test has su-
perior power to other methods, such as Sobel test or Barron and Kenny
(1986)'s method. Bootstrapping using 5000 samples was performed for
each analysis.

To quantify change over time between the baseline and final as-
sessments for each mediator or outcome variable, each analysis used
baseline scores as covariates and final scores as mediator or outcome
variables. This is in accordance with recommendations from Hayes and
Rockwood (2016) who advise against other techniques, such as the use
of difference scores, to avoid “self-selection”, regression to the mean,
and other biases from influencing the analyses. It is of note however,
that when baseline and final scores are highly correlated (as likely with
the outcome variables in this study over a one month period; refer to
Appendix B for correlations over time in this sample), this approach is
likely to yield the same output as using difference scores (Vickers and
Altman, 2001). For ease of interpretation throughout, the analyses refer
to ‘Depression’, ‘Anxiety’, ‘Mental Wellbeing’, ‘ESA’, ‘CSE’, and ‘MHL’
scores, but in each case take baseline scores into account and therefore
operationalize change over the 30 day app use period.

Three mediated regression models were used, each to investigate
the relationship between App Engagement and each of the three out-
come variables, which included Depression (PHQ-9), Anxiety (GAD-7),
and Mental Wellbeing (WEMWBS). The three mediating variables used
in each model were ESA measured by the ESAS-R, MHL measured by
the MHLQ, and CSE measured by the CSES. As per Zhao et al. (2010)'s
and Darlington and Hayes’ (2016) recommendations, a significant total
effect prior to addition of mediators was not a prerequisite for in-
vestigation of mediation effects. This allows the investigation of med-
iators, even if opposing or omitted mediators are cancelling out or
masking unmediated effects (Darlington and Hayes, 2016). All Beta ()
statistics reported in the regressions are standardised effect sizes.

To establish clinical and nonclinical groups, literature on the use of
the PHQ-9 and GAD-7 was investigated to find appropriate cut-off
scores for acceptance into the clinical group. The creators of the PHQ-9
have warned against using a single, rigid cut-off score for determining
the presence of a depressive disorder (Kroenke et al., 2010). This is
partly because the measure is primarily a screening tool, so commonly
used cut-offs of 10 are usually followed up with more in-depth clinical
assessment. A meta-analysis of PHQ-9 validation studies recommended
raising the PHQ-9 cut-off score to 15 to achieve specificity of 96%
(Manea et al., 2012) when using the measure as a tool to determine
clinical status. Similarly, there is debate over the most appropriate cut-
off score for the GAD-7, especially in its use to detect any anxiety dis-
order and not just GAD (Plummer et al., 2016). Donker et al. (2011)
report data from an online administration of the GAD-7 suggesting that
a cut-off score of 15 gives 80% specificity for GAD and 78% specificity
for any anxiety disorder. To maximise specificity and increase
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confidence of classification, the ‘clinical group’ was operationalized as a
score of at least 15 on either the PHQ-9 or GAD-7. To account for those
participants experiencing comorbid anxiety and depression, partici-
pants who scored over 10 on both the PHQ-9 and the GAD-7 were also
included in the clinical group.

3. Results

The data were cleaned and inspected to ensure that assumptions for
linear regression were met. Outlying cases + 3SDs from the mean were
excluded from each analysis. Durbin-Watson statistics were inspected
for all regression models and were found to be above specified limits,
suggesting the independence of errors in the models (Durbin and
Watson, 1951). No multicollinearity was detected, with all variance
inflation factors (VIFs) between 1.0 and 1.1, and tolerance statis-
tics > .9 (Field, 2013). Histograms and plots of each outcome variable's
residuals were generated to ensure that the assumptions of homo-
scedasticity and normally distributed errors were met. Correlations
between scores on all baseline measures were inspected to ensure
adequate independence for inclusion (see Appendix B).

3.1. Descriptive results

Means, standard deviations (SD), 95% confidence intervals (CI), and
baseline-final comparison t-test results for the whole sample and the
Clinical and Nonclinical subsamples are displayed in Table 1. App En-
gagement ratings for the Clinical and Nonclinical subsamples were not
significantly different, t(160) = .007, p = .994. Comparison of baseline
scores were made between participants who completed the final as-
sessments and those who did not. All comparisons were non-significant
(p > .05), except MHL scores of completers (M = 16.59, SD = 2.59)
were significantly greater than those of non-completers (M = 16.05, SD
= 2.18) t(335) = 2.88,p = .004.

3.2. Potential confounds

Age and gender were considered as potentially confounding vari-
ables for each of the regression analyses. Partial correlations (with
baseline Depression, Anxiety or Mental Wellbeing scores partialled out
respectively) revealed that Age yielded significant relationships with
Depression (PHQ-9), r (154) = —.315, p <.001, Anxiety (GAD-7), r
(154) = —.260, p < .001, and Mental Wellbeing (WEMWBS), r (157)
= .219, p = .006. No significant partial correlations were observed for
Gender and Depression (PHQ-9), ry,, (182) = .044, p = .550, Anxiety
(GAD-7), ry, (182) .093, p .208, and Mental Wellbeing
(WEMWBS), 1, (185) = —.024, p = .748. Based on these results, Age
was controlled in the first step of each regression analysis.

3.3. Total (unmediated) effects

Hierarchical regressions (controlling for the age confound, and
baseline scores) on the whole sample demonstrated that App
Engagement significantly predicted a reduction in Depression scores, AF
(1153) = 7.38,p = .007, AR? = .018, and Anxiety scores, AF (1153) =
6.55, p = .011, AR? = .020. App engagement also significantly pre-
dicted an increase in Mental Wellbeing scores, AF (1153) = 14.40,
p < .001, AR? = .037.

When split into Clinical and Nonclinical samples, App Engagement
prediction of Depression scores approached significant in both samples
(Clinical: AF (1,62) = 3.50, 95% CI [-.533, .018], p = .066, AR? =
.028; Nonclinical: AF (1,87) = 3.30, 95% CI [.—.352, .015], p = .071,
AR? .024). App Engagement continued to significantly predict
Anxiety scores in the Clinical sample, AF (1,62) 6.13, 95% CI
[-.629, —.067], p = .016, AR® = .078. but not in the Nonclinical
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Descriptive statistics for each analysis group and results from paired samples t-tests comparing baseline and final scores.

Nonclinical Clinical Whole sample

Mean (SD) 95% CI t Mean (SD) 95% CI t Mean (SD) 95% CI t
PHQ-9
Baseline 6.86 (3.43) [6.15, 7.55] 1.28 17.01 (5.10) [15.86, 18.19] 3.61 11.31 (6.59) [10.28, 12.29] 1.58
Final 7.37 (4.72) [6.41, 8.36] 15.62 (6.58) [14.14, 17.16] 10.99 (6.94) [9.89, 12.03]
GAD-7
Baseline 4.97 (2.90) [2.41, 3.28] 1.29 14.83 (3.71) [14.00, 15.66] 415 9.29 (5.90) [8.37, 10.20] 217
Final 5.44 (3.98) [4.60, 6.24] 13.01 (5.20) [11.82, 14.16] 8.76 (5.90) [7.87, 9.72]
WEMWBS
Baseline 45.70 (6.68) [44.28, 47,00] 75 33.04 (7.52) [31.26, 34.78] 3.41 40.15 (9.45) [38.66, 41.61] 2.77
Final 46.19 (8.57) [44.46, 47.96] 35.32 (9.86) [33.21, 37.58] 41.43 (10.61) [39.74, 43.13]
ESAS
Baseline 58.69 (11.24) [56.39, 60.85] .86 49.20 (11.86) [46.75, 52.06] .067 54.53 (12.41) [52.57, 56.54] .68
Final 58.47 (13.32) [55.88, 61.17] 49.03 (12.34) [46.32, 52.01] 54.33 (13.69) [52.19, 56.41]
CSES
Baseline 157.46 (30.30) [151.44, 163.69] 1.25 140.44 (33.70) [131.79, 147.97] 1.09 149.97 (32.85) [145.06, 154.73] .16
Final 162.02 (37.17) [155.24, 170.02] 136.41 (37.26) [126.66, 145.42] 150.75 (39.22) [144.62, 157.56]
MHLQ
Baseline 16.77 (1.91) [16.35, 17.23] 12 16.78 (2.04) [16.16, 17.36] 2.18 16.78 (1.95) [16.44, 17.12] 1.57
Final 16.77 (2.11) [16.31, 17.25] 16.22 (2.45) [15.54, 16.93] 16.56 (2.26) [16.15, 16.96]
App engagement
Final 26.97 (4.34) [26.03, 27.83] 27.12 (4.15) [26.11, 28.09] 27.03 (4.25) [26.37, 27.68]

sample, AF (1,87) = 1.00, 95% CI [—.246, .081], p = .320, AR> =
.008. Finally, App Engagement continued to predict Mental Wellbeing
scores in both Clinical, AF (1,62) = 8.98, 95% CI [.188, .943], p =
.004, AR? = .058, and Nonclinical, AF(1,87) = 6.03, 95% CI [.078,
.739], p = .016, AR? = .042, samples.

3.4. Mediation analyses

Mediation analyses were first performed for the whole sample (n =
114). Despite significant total effects between App engagement and
outcome variables, there were no significant indirect effects through
any of the three mediators (ESA, CSE or MHL) included for Depression
(Fig. 1A), Anxiety (Fig. 1B) or Mental Wellbeing (Fig. 1C) scores.

Mediated regressions were then pursued independently for the
Clinical (n 43) and Nonclinical (n 71) subsamples, despite the
absence of significant total effects (as per Zhao et al., 2010). In the
Nonclinical subsample, no significant total, direct, or indirect effects
were observed for depression (Fig. 2A) or anxiety (Fig. 2B), despite
significant relationships in the regression for anxiety between App
Engagement and CSE, and between ESA and Anxiety. A significant,
positive direct effect of App Engagement on Mental Wellbeing (Fig. 2C)
was observed, 3 = .238, 95% CI [.043, .433], p = .017. However, there
were no significant indirect effects, suggesting direct-only nonmedia-
tion.

In the Clinical subsample, a significant mediation effect of ESA was
observed between App Engagement and Depression (Fig. 3A), with a
standardized indirect effect of § = —.137, 95% CI [—.418, —.009],
Anxiety (Fig. 3B); p = —.211, 95% CI [—.490, —.042], and Mental
Wellbeing (Fig. 3C); B = .163, 95% CI [.018, .396]. The lack of a direct
effects between App Engagement and each outcome variable suggest
that ESA was involved in indirect-only mediation in each case (Zhao
et al., 2010). A summary of the presence of direct and indirect effects
from all regressions is presented in Table 2.

4. Discussion

The aim in this study was to assess whether engaging with the self-
monitoring MHapp, MoodPrism, predicted improvements in mental
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health (depression and anxiety) and wellbeing. The primary finding was
that app engagement ratings on the app predicted changes in depres-
sion, anxiety, and mental wellbeing ratings in a community sample.
This indicates that, in general, participants who had more positive and
engaging experiences using MoodPrism experienced greater decreases
in depression, greater decreases in anxiety, and greater increases in
mental wellbeing than those who did not rate their engagement as
highly. Secondly, each of these effects were mediated by increases in
ESA for participants who were depressed or anxious at the time of the
baseline assessment. No such mediation was observed in participants
who were not depressed or anxious at the time of the baseline assess-
ment. In contrast, changes in MHL and CSE did not help explain the
relationship between engagement with this MHapp and mental health
and wellbeing outcomes.

It was found that participants who used MoodPrism for 30 days and
completed the final assessments had initially higher MHL than those
who started using the app and did not complete the final assessments.
This suggests that individuals who already had some insight into mental
health issues were more likely to use a MHapp like MoodPrism over an
extended period of time. Therefore, additional efforts may be required
to promote regular use of MHapps like MoodPrism to the less mental
health literate, or mental health literacy interventions could be pursued
before recommendation of a MHapp.

Bakker et al. (2016) suggest MHapps are commonly one of three
broad types; reflection-focussed, education-focussed, and goal-focussed.
Reflection-focussed MHapps are designed to improve ESA by using self-
monitoring features, education-focussed MHapps are designed to im-
prove MHL by supplying users with mental health information, and
goal-focussed MHapps are designed to improve CSE by recommending
activities and active coping skills. MoodPrism's self-monitoring features
would classify it as a reflection-focussed app, which clarifies why the
hypothesised effects involving ESA were observed. This is in contrast to
apps such as Mental Health First Aid (2016) or MoodMission (2017)
which are more explicitly designed to be education focussed or goal
focussed, respectively.

Kauer et al. (2012) found that increases in ESA mediated an ob-
served reduction in depression levels in a sample of participants re-
ferred for mental health issues. The current study used a general
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A Fig. 1. Whole sample (n = 114) mediated regression model using
p= 038 p= 401 B=-268,p=.018 App Engagement ratings as the predictor and (A) Depression
95% CI [-.071, .147] 95% CI [-.489, -.047] (PHQ-9), (B) Anxiety (GAD-7), and (C) Mental Wellbeing
ESA (WEMWBS) scores as the outcome. Note: bolded coefficients in-
dicate significance, p > .05.
f=.113,p= 124 fp=-151p= 075
95% CI [-.032, .258] 95% CI [-.316, .015]
CSE
B =.030.p= 710 B=.115.p=.124
959 CI [-127 .185) 5% CI [.032, .263)
- MHL
l y
p=-114, p= 064
_ 95% CI [-.235, .007] I ;
App (PHQ-9)
B
=041, p= 458 B=-574, p<.001
95% C [-.068, .151] 95% Cl [-.798, -.350)
ESA
p=.128,p= 055 p=-039,p= 655
959 CI [-.003, .280] 95% CI [-212, .134]
CSE
B =.043, p = 590 =as2,p=
959 CI [-.114 .199] 955 CI [.001, .303]
MHL l
[ =-108, p = 088
5% CI [-. 233, .016] i
App Engag (GAD-7)
c
p=.037, p= 507 P =.366 p=.001
95% CI [-.073, .146] 95% Cl [.155, .578]
ESA
f=.108,p=.140 B=.147,p= 071
95% CI [-.036, .252] 95% CI [-.013, .307]
CSE
B=.027.p= 730 B =-077.p= 286
95% CI [-.129 .184] 5% CI[-.219, .065]
MHL
l A
B=.171, p = .004
- 95% CI [.085, .287] Mental Well-being

community sample, consisting of participants who scored both under
and within the clinical range for depression and anxiety. ESA was a
mediator for the mental health and wellbeing improvements experi-
enced by participants who had high baseline levels of depression and
anxiety, but did not play a mediation role for other participants. When
the samples were combined, mediation effects of ESA were not visible.
A possible explanation is that low ESA is a common factor in both an-
xiety and depression (Suveg et al., 2009). Self-reflection and insight,
both elements of ESA, are positive predictors of positive affect and the
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use of cognitive reappraisal. They are conversely negative predictors of
negative affect and the use of expressive suppression (Haga et al.,
2009). Therefore, improving ESA in depressed or anxious participants
may lead to mental health improvements of a greater magnitude than
for nonclinical participants. Another explanation may be due to re-
duced motivation that nonclinical participants may have experienced to
engage with the app as a mental health intervention. Although there
were no significant differences between engagement ratings for the
clinical and nonclinical subsamples, it is possible that clinical users
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A Fig. 2. Nonclinical subsample's (n = 71) mediated regression
B =-066,p=.320 f=-147,p= 431 model using App Engagement ratings as the predictor and (A)
95% CI [-.201, .068] 95% CI [-.519, .224] Depression (PHQ-9), (B) Anxiety (GAD-7), and (C) Mental
ESA Wellbeing (WEMWBS) scores as the outcome. Note: bolded coef-
ficients indicate significance, p > .05.
B =.185, p = .067 Bp=-218 p= 088
95% CI [-.013, .383] 959 C1 [-.470, 033]
CSE
B =.025, p = 804 B =147, p=.210
955 CI [-.179 .230] 959 CI [-.085, .380]
- MHL
l y
p=-119, p=.234
. 95% Cl [-.316, .079] =) ®
App (PHQ-9)
B
fi=-058, p=.387 P =-.630, p = .002
95% CI [-.190, .075] 95% CI [-1.025, -.235]
ESA
B =.196, p =.047 p=-013.p=.921
95% CI [.003, .388] 959% C [-.285, .258]
CSE
B=.022 p=.828 B =.127 p=.305
95% CI [-.182 .227) 95% CI [-.119, .373]
MHL S
[ =-.096, p =361
95% CI [-.305, .113] i
App (GAD-7)
c
pP=-073, p=.282 B = .400, p = .033
95% Cl [-.208, .062] 95% Cl [.034, .766]
ESA
B=.179,p=.078 f=.137,p=.270
95% CI [-021, .378] 95% CI [-.110, .384]
CSE
B =.010,p = 925 [ =-037.p= 745
95% CI [-.194, .214] 95% CI [-.267, .192]
MHL
l r
B=.238, p=.017
- 95% CI [.043, .433] Mental Wall-being

were motivated to use the app therapeutically, whereas nonclinical
users would have lacked this justification. Regardless of the reasons, the
findings reinforce the need to account for participants’ initial mental
health status in future studies, as mediators may only be relevant for
specific groups. Other mediators not included in this study may be in-
volved for participants outside of the clinical range.

Although a direct effect of App Engagement on Depression was not
found for the clinical sub-sample, an indirect effect mediated by ESA
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was found. There could be a number of explanations for this, including
the effect of an unmeasured, opposing mediator cancelling out the di-
rect effect (Darlington and Hayes, 2016). For example, an unknown
variable that shares a positive relationship with depression, such as
change in hopelessness, could be working in opposition to emotional
self-awareness. Both mediators working together effectively nullify the
overall direct effect (Zhao et al., 2010). Further research is needed to
investigate other possible mediators which may have aggravation
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Fig. 3. Clinical subsample's (n = 43) mediated regression model

A
p=.244,p=.024 B=-441, p=.043 using épp Engagement ratlngs as the predictor and (A)
95% CI [.034, .455] 95% CI [-.868, -.014] Depression (PHQ-9), (B) Anxiety (GAD-7), and (C) Mental
ESA Wellbeing (WEMWBS) scores as the outcome. Note: bolded coef-
ficients indicate significance, p > .05.
B =-.003, p= 981 B=-137,p= 427
95% Cl [-.262, .256] 959 CI [-482, 209]
CSE
=087, p= 521 B=.097,p= 522
95% CI [-.184, .357] 959 CI [-.200, .403]
- MHL
l y
B=-082,p= 536
_ 95% CI [-.347, .184] o ;
. (PHO9)
B
p=.262,p=.014 B =-.806, p <.001
95% CI [.055, .468] 95% CI [-1.237, -.375]
ESA
B=.020,p=.763 p=-135p=.431
95% CI [-.219, .296] 959% CI [-479, .209]
- CSE
B =.078, p = .565 p =238 p=.119
95% CI [-.196, .353] 959 CI [-.065, .541]
MHL l
B=-.120,p = .369
95% CI [-.387, .148] Ansdaty
App Engags (GAD-T)
c
p=.227,p=.032 B =.507, p=.007
95% CI [.021, .434] 95% Cl [.148, .B65]
ESA
f=-019,p= 879 =.123,p=.391
959 CI [-.273, .235] 95% CI [-.165, 411]
CSE
B=.101, p = .44 [=-128,p= 325
95% CI [-.166, .369] 95% CI [-.388, .132]
MHL
l r

B =.125, p = .256
95% CI [-.095, .344)

Mental Well-being

App

effects on depression, as MHapps should be designed to reduce their
impacts.

More research is needed to reveal why ESA did not mediate mental
health and wellbeing improvements for nonclinical participants. It is
possible that MoodPrism's intervention did not make a meaningful
difference on nonclinical participants’ ESA because they were either
already satisfactorily emotionally self-aware, or they did not learn from
the mood patterns reflected to them through the app. Furthermore,
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nonclinical participants were presumably less emotionally volatile or
unstable, so changes in their mood would not be as easily detected and
reflected by MoodPrism. In contrast, larger emotional swings that may
be experienced by clinical participants, who are more likely to have
lower emotion self-regulation (Webb et al., 2012), should be more
visible to the measures and feedback displays used by MoodPrism.
Regardless of the underlying explanation, the findings show that ESA
plays an important role in the benefits experienced by clinically
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Presence of total, direct and indirect effects of app engagement on each outcome variable for each group.

Outcome variable Total effect of App

Indirect effect via mediator

Direct effect

Engagement when mediators
(Unmediated) ESA CSE MHL added
Whole sample
Depression v X X X #
Anxiety v X X X #
Mental Wellbeing v X X X v
Clinical sub-sample
Depression X v X X X
Anxiety v v X X X
Mental Wellbeing v v X X X
Nonclinical sub-sample
Depression X X X X X
Anxiety X X X X X
Mental Wellbeing v X X X v

Note: X not significant, v significant (p < .05), # approaching significance (p < . 10).

depressed or anxious users of reflection-focussed MHapps.

While other studies have investigated the ESA mediated mental
health and wellbeing improvements of reflection-focussed MHapps
(Kauer et al., 2012; Morris et al., 2010), none have compared ESA to
other mechanisms of change, including CSE and MHL, and none have
studied a publicly available MHapp. It is important to assess publicly
available interventions, as the participants using the MHapp are more
representative of users who download MHapps naturalistically. While
RCTs collect data on the raw efficacy of an intervention, public trials
like the current study collect data on real-world effectiveness (Arean
et al., 2016; Stoll et al., 2017). In the context of MHapps where the aim
is to create attractive products that smartphone users can autonomously
seek, download, and appreciate, it is exceptionally important to in-
vestigate effectiveness.

This study suggests that engagement with MoodPrism, a reflection-
focussed MHapp, is related to improvements in mental health and
wellbeing. A mechanism underlying this effect, observed particularly in
depressed and anxious individuals, is the app's ability to improve ESA.
This is an important finding considering to the paucity of research on

the effectiveness of MHapps (Donker et al., 2013; Grist et al., 2017),
and the clinical potential of reflection-focussed MHapps (van Os et al.,
2017). However, more work is required to compare the efficacy of
MoodPrism to other MHapps and control conditions, and, more
broadly, to investigate the claims of the wide range of MHapps cur-
rently available.
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Appendix A. Feedback Questionnaire and App Engagement Scale Items

Feedback Questionnaire

Cronbach's o if deleted from
App Engagement Scale

Included in
App Engagement Scale

I enjoyed using the app

The app was interesting

The app suited people of my age

The app was interactive

It was easy to use and understand

It drained my battery

It was hard to navigate

It had a nice design and feel

It did what it said it would

It had about the right amount of information
I felt I could trust the app

Using it got in the way of my everyday activities
The alerts every day were a hassle

Using it motivated me

I would recommend it to people I know
Overall I was satisfied with this app

O ONOG A WN =

_ =
= o

e e
U WwWN

v 795
v 775
v .834
v .838
v .822
v 773
v 778
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Appendix B. Correlations between variables calculated from the whole sample

Variable 1 2 3 4 5 6 7 8 9 10 1 12 13 14
1. App Engagement r 1
P
2. Baseline PHQ-9 r .007 1
p .942
3. Final PHQ -9 r —-.133 701" 1
p 158  <.001
4, Baseline GAD—7 r .108 .713"° 5117 1
p 253 <.001 <.001
5. Final GAD—7 r —.063 .548" 746" 673" 1
p 508 <.001 <.001 <.001
6. Baseline r 008 —.777" -.662"" —.667" —.560"" 1
WEMWBS p 933 <.001 <.001 <.001 <.001
7. Final WEMWBS r .196° —.562"" —.789"" —.458"" —.656"" .710"" 1
p .036 <.001 <.001 <.001 <.001 <.001
8. Baseline ESAS-R r —.043 —.345"" —-.366"" -.357"" —.277"" 510" 465" 1
p 651 <.001 <.001 <.001 .003 <.001 <.001
9. Final ESAS-R r 006 —.329" —.477"" -.366"" —.489"" .489"" 597" 784" 1
p 952 <.001 <.001 <.001 <.001 <.001 <.001 <.001
10. Baseline MHLQ r —.093 —.07 -.038 —.045 —.027 .119 .113  .159 .163 1
p .325 .461 .686 .636 .780 206 .231  .091 .083
11. Final MHLQ r —.024 -.063 .017 -.129 -.013 .129 .081 .090 .149 577" 1
p 796  .503 .861 172 .892 171 394  .338 113 <.001
12. Baseline CSES r —.009 —.277" —.291"" —.304" —.220" .464™ .404" .330" .405" .074 .078 1
p 928 .003 .002 .001 .019 <.001 <.001 <.001 <.001 .432  .409
13. Final CSES r 097 —.349" —.451"" —.436"" —.413"" .489"" 549" 408" 538" .105 .134 591" 1
p 305 <.001 <.001 <.001 <.001 <.001 <.001 <.001 <.001 .267 .155 <.001
14. Age r .002 —.228" -.346" -.200° -.279" .080  .210° .072  .247" .178  .080 .014  .093 1
p .984 .015 <.001 .033 .003 396 .025 450  .008  .059  .398 .886  .327
*p <.05, **p <.0l.
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Explanatory Note

The development and planned evaluation of MoodPrism revealed the potential utility
of developing a second app that could recommend activities to participants in an attempt to
increase coping self-efficacy (CSE). Due to certain limitations, including its design as
primarily a research tool, MoodPrism was not able to provide activity recommendations, so
was unable to fulfil all sixteen recommendations discussed in Chapter 1. It was therefore
decided to create a MHapp that would recommend coping activities for users who were
experiencing low moods or anxious feelings. Developing a second app that included different
features to MoodPrism was also attractive because it could enable comparisons between
different types of MHapp. These comparisons are explored more in Chapter 7 and the
Integrated Discussion.

The following chapter presents a manuscript that was submitted to Cognitive and
Behavioral Practice for publication in September 2017, and following review was revised and
resubmitted in January 2018. While Rickard, Armand, Bakker, and Seabrook (2016; see
Appendix B) presented details on the development and usability evaluation of MoodPrism,
this chapter’s manuscript serves the same purpose for this new app, called MoodMission. For
more information about MoodMission, refer to www.moodmission.com, and review the
screenshots displayed in Appendix E.

To support the development of MoodMission, 44 participants tested the app in its
early, prototype stages and provided data on the usability of the MHapp. The following
manuscript presents both quantitative and qualitative data from these participants, which
revealed that MoodMission was rated higher than norms for other health apps across a variety
of domains. The manuscript serves as the basis for further evaluation of MoodMission, which

is presented in Chapter 6.
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Abstract

Given the ubiquity and interactive power of smartphones, there are opportunities to develop
smartphone applications (apps) that provide novel, highly accessible mental health supports.
This paper details the development of a smartphone app, “MoodMission”, that aims to
provide evidence-based Cognitive Behavior Therapy (CBT) strategies for mood and anxiety
related problems, contributing to the prevention of clinically significant depression and
anxiety disorders and serving as an adjunct to therapeutic interventions delivered by trained
health professionals. MoodMission was designed to deliver strategies in the form of real-time,
momentary responses to user reported low moods and anxiety. The development process
involved: 1) construction of a battery of strategies, 2) empirical evaluation, 3) a software and
behavioral plan design and testing process, 4) user feedback, and 5) a public launch. A pilot
study of 44 participants completed the Mobile Application Rating Scale (MARS; Hides et al.,
2014) for usability testing and feedback. MoodMission was rated significantly higher than
standardized health app norms on the majority of the domains, including Entertainment,
Interest, Customization, Target Group, Graphics, Visual Appeal, Quality of Information,
Quantity of Information, Visual Information, Credibility of Source, Recommendation to Use,
Estimated Frequency of Use, and Overall Rating (Hedge’s g range 0.57-1.97, p < .006). Case
examples illustrate the practical uses of the app. In addition to clinical applications,
MoodMission holds promise as a research tool either as an augmentation to clinician-
delivered therapy, or as a vehicle for standardizing client access to specific CBT strategies
(e.g., in studies intending to study different change processes).

Keywords: Mobile, App, Application, Depression, Mood, Anxiety, Cognitive behavior

therapy
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Development and Pilot Evaluation of Smartphone Delivered Cognitive Behavior Therapy
Strategies for Mood and Anxiety Related Problems: MoodMission

Given the exponential growth in smartphone use (Deloitte, 2016b), there is a potential
to increase access to and create novel delivery of mental health interventions. Data collection
capability for the expressed purpose of evaluating the stated health aims and objectives of
smartphone applications (apps) designed for mental health (MHapps) is an important ethical
and practice consideration (Luxton, McCann, Bush, Mishkind, & Reger, 2011). Despite this
opportunity to significantly transform behavioral health care, recent reviews have found a
significant number of MHapps have been developed without an empirical base or evaluation
capacity (Bakker, Kazantzis, Rickwood, & Rickard, 2016; Donker et al., 2013; Jones &
Moffitt, 2016). For the continued advancement of MHapps, there is a need for careful
evaluation that includes user feedback on intended benefits, as well as the overall interface
and design of the platform.

Cognitive behavior therapy (CBT) is an effective treatment for depression (Cuijpers et
al., 2013) and anxiety (Bolognesi, Baldwin, & Ruini, 2014), and has been translated
successfully for delivery via the internet for a range of clinical disorders (Andrews &
Williams, 2014; Déttore, Pozza, & Andersson, 2015; Kuester, Niemeyer, & Knaevelsrud,
2016; Newby, Twomey, Yuan Li, & Andrews, 2016). Many internet CBT (iCBT) programs
have been designed to include techniques that can be flexibly applied to a range of disorder
groups (Pasarelu, Andersson, Nordgren, & Dobrean, 2017), through their emphasis on core
dimensions in psychopathology and treatment processes, including: attention and other
processes of cognition (e.g., acceptance, tolerance), cognitive reappraisal (e.g., decentering,
defusion), behavior change (e.g., activation, exposure), and emotional dysregulation (Aldao,
Nolen-Hoeksema, & Schweizer, 2010; Hayes & Hofmann, 2017, 2018; and see Kazantzis,

2017 for outline of technique-process links). For example, common treatment processes in
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iICBT for anxiety and depression (Ellard, Fairholme, Boisseau, Farchione, & Barlow, 2010)
can be reliably facilitated through psychoeducation, self-monitoring of thoughts and
emotions, emotion regulation skills, and relapse prevention (Newby et al., 2016). By enabling
individuals to learn broadly relevant skills, such as the ability to identify emotions and
evaluate unhelpful thinking patterns, iCBT has the potential to be broadly beneficial, both as
an augmentation to therapy, and standalone prevention and therapeutic modality.

In traditional delivery of CBT, a therapist would guide a patient to a shared
understanding of their problems using a generic cognitive model illustrating the interactive
patterns of cognition, behavior, emotions, and physiology in problematic situations (Layard &
Clark, 2014; Westbrook, Kennerley, & Kirk, 2011). The basic CBT components involve the
construction of individualized emotion rating scales (e.g., SUDS) for the evaluation of
specific interventions focused on behavior change, and interventions focused on cognitive
change. Cognitive change is posited as the main change mechanism within standard CBT
(Beck, 2011), traditionally facilitated by techniques that involve cognitive re-appraisal or
reframing, but can also include techniques that focus on acceptance, building tolerance,
decentering, and defusion, among others (Mennin, Ellard, Fresco, & Gross, 2013; Petrik,
Kazantzis, & Hofmann, 2013). Interventions focused on behavioral exposure (e.g., in various
anxiety disorder treatments) and activation (e.g., in various mood disorder treatments) can
also facilitate cognitive change processes. Similarly, there is attention to the process of
cognition, such as noticing themes in content of underlying assumptions and core beliefs, as
well as the information processes that strengthen maladaptive beliefs and accompanying
behavioral strategies. Between sessions, clients practice strategies to consolidate cognitive
and behavioral changes, but ensuring engagement can pose unique motivational and practical

challenges (Kazantzis, Deane, & Ronan, 2005).
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Despite the conceptual clarity of and empirical support for CBT, delivery in
community settings can often suffer from low levels of engagement and high treatment
dropout (Fernandez, Salem, Swift, & Ramtahal, 2015). These factors may relate to the
significant lifestyle and other behavioral changes required by CBT. Thus, maximizing
engagement is necessary to reach the full potential of CBT (Ballegooijen et al., 2014).
Technology can play a helpful role in enhancing client experience of treatment (Andrews &
Williams, 2014), improving engagement and, in turn, accelerating treatment response. For
example, the between session practice of therapeutic skills (or homework) can be recorded,
tracked and reviewed on an app, and mapped against recordings of symptom severity and
improvement (Reger et al., 2013), though the evidence suggests there is currently an untapped
potential for apps to support monitoring (Kazantzis, Brownfield, Mosely, Usatoff, & Flighty,
2017). When apps are used, they provide both a memory aid to complete homework and have
the potential to improve motivation to experience the benefits of task completion.

A growing literature demonstrates that mobile applications may be useful adjuncts or
modes for the delivery of psychological interventions (Firth et al., 2017a, 2017b). For
example, Titov et al. (2015) compared four different variants of iCBT for depression,
including either self-guided or clinician-guided, and transdiagnostic or disorder-specific. All
variants were effective at reducing depressive symptoms and comorbid anxiety, and there
were no significant differences in effectiveness between the variants, suggesting that self-
guided, transdiagnostic iCBT can be just as effective as clinician-guided diagnosis-specific
ICBT. Dear et al. (2016) replicated these findings for participants with social anxiety disorder,
noting effects on comorbid depression, generalized anxiety disorder, and panic disorder.
Meta-analyses have found strong effect sizes for iCBT programs over both waitlist and active
control conditions (i.e., self-monitoring, discussion groups) with an overall superiority in

effect size across anxiety and depressive disorders (i.e., g = .88, 95% CI =.76-.99 in
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Andrews, Cuijpers, Craske, McEvoy, & Titov, 2010), and in transdiagnostic iCBT programs
(i.e., g =.84,95% CI = .67-1.01 for depression, ; g = .78, 95% CI = .57-398 for anxiety, : and
g = .48, 95% CI = .35-.61 for quality of life in Newby et al., 2016). A meta-analysis of 13
studies comparing iCBT to face-to-face CBT found equivalence between the two modes of
therapy (g =-0.01, 95% CI1 =-0.13, 0.12). However, iCBT programs are typically designed for
use on personal computers and may not be well suited to delivery via smartphones.

Individuals interact with smartphones and with personal computers in different ways.
For example, a person’s interaction with a therapy intervention delivered by computer in the
privacy of their own home is very different from their public use of a smartphone in transit
from one location to another. Smartphone use generally involves a greater number of shorter,
more momentary interactions than personal computer use, across a greater number of
situations and settings (Deloitte, 2016c¢). Available data suggest Americans may check their
phone 46 times a day (Deloitte, 2016a) and engage with their smartphone more than
computers (i.e., in (Google, 2016) 170 mins through the day; 12 mins in the evening).
Accordingly, there are design and feasibility issues for both the therapeutic intervention being
delivered via internet or smartphone, and the way the user interface is designed (Wendel,
2013). Although some evidence suggests that CBT programs can be delivered effectively and
equivalently via either computer or smartphone (Watts et al., 2013), further evaluating the
extent to which CBT interventions can be effectively delivered via smartphone applications is
one of the important ways in which the evidence base for technology-augmented and
delivered CBT can be enhanced.

Few available MHapps have been specifically evaluated for their effectiveness as a
mode of delivery, even if their techniques and strategies are based on a body of evidence
(Bakker et al., 2016; Donker et al., 2013; Van Ameringen, Turna, Khalesi, Pullia, &

Patterson, 2017). It is possible, for example, that some CBT strategies are effective when
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completed under the guidance of a therapist, but when incorporated into a MHapp, unique
challenges to smartphone apps may limit their utility. Similarly, smartphone apps may afford
some CBT strategies greater flexibility and enhance their effects. For example, behavioral
activation strategies and scheduling pleasant activities may be more accurately self-monitored
when tracked using a self-guided MHapp, but recording and re-appraising negative automatic
thoughts may require initial introduction and skill acquisition in a private learning
environment or therapy setting. Thus, as with iCBT, there is a need for research to address the
gap that exists regarding CBT delivered via MHapps.

This paper will outline the development and pilot evaluation of a new MHapp, called
“MoodMission”, for the delivery of CBT strategies for managing mood and anxiety related
problems. Details are given to aid practitioners in their understanding and use of the app with
clients, and to inform the development of future apps by practitioners.

Current Evidence for Smartphone Delivered CBT

Compared to other modes of delivery, such as group, phone, or internet delivered
CBT, there is currently a scarcity of published experimental evidence investigating the
outcomes of MHapps using CBT strategies (Donker et al., 2013; Grist, Porter, & Stallard,
2017; OIff, 2015). While several studies have found evidence for the efficacy of MHapp
interventions in the acquisition of specific CBT skills (e.g. Franklin et al., 2016; Kauer et al.,
2012; Roepke et al., 2015), their limitations suggest the need for more research.

Studies that have investigated MHapps have tended to focus on relatively narrow
clinical applications or have used methods that do not represent typical smartphone use. For
example, Roepke et al. (2015) found that the use of two different versions of the MHapp
“SuperBetter” decreased depression symptoms in participants experiencing depression,
compared with a waitlist control condition. However, the exclusion of participants who were

not experiencing clinical distress obstructed investigation of preventative utility. Similarly,

69



CHAPTER 5

Kauer et al. (2012) found that the use of an app to track mental health related variables
increased emotional self-awareness (ESA) and reduced depressive symptoms in depressed
participants when compared to a control group. However, participants did not download the
app to their own phones, but instead were given a device with it installed, and they reviewed
the self-monitoring data they had collected with their doctor at several time points. While this
suggests that MHapps can have impacts on depression and ESA, it does not demonstrate the
effectiveness of MHapps in naturalistic self-guided applications.

Franklin et al. (2016) designed a therapeutic evaluative conditioning (TEC) MHapp
which was effective at reducing self-cutting episodes, suicidal behaviors, and suicide plans.
While this suggests an efficacious intervention, it was for a narrow clinical purpose and 76%
of participants reported a history of psychiatric treatment. A publicly available MHapp like
this would have significant barriers to access, as the vast majority of smartphone users would
not consider downloading it, let alone using it outside of a research study context. There is a
need to study MHapps designed for nonclinical populations, as these represent the target of
the majority of MHapps available. The present study aimed to fill this gap in the literature by
developing a publicly, freely available MHapp that was useful for individuals of all mental
health statuses, adhered to latest evidence-based guidelines, and was capable of collecting
data for further experimental evaluation.

Many existing MHapps have been designed for adolescent and young adult users (e.g.
Ray’s Night Out (Hides et al., 2015), WorryTime (ReachOut, 2016)). This is understandable
given the high ownership rates in these demographics, with up to 98% of 18-24 year olds
owning a smartphone (Nielsen, 2016). However, high ownership rates are observed in other
age demographics, with 97% of 25-34 year olds, 96% of 35-44 year olds, and 89% of 45-54
year olds owning a smartphone. Furthermore, in a survey of 100 psychiatric outpatients, those

aged 30-45 were more likely to want to use MHapps (81%) than those under 30 years of age
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(78%; (Torous, Friedman, & Keshavan, 2014), and a significant proportion of patients aged
45-60 years also expressed interest in using a MHapp (71%). To meet this demand, future
MHapps should be designed for smartphone owners of all ages.

It is important for MHapps to undergo usability testing before public release (Dubad,
Winsper, Meyer, Livanou, & Marwaha, 2017). The technical justification for usability testing
is to ensure that the intervention works reliably across multiple unique devices and under a
variety of usage scenarios (Jaspers, 2009). Furthermore, novel self-guided CBT interventions
require pre-release testing to ensure that their therapeutic aims are being achieved through the
hypothesized mechanisms (Kinderman et al., 2016). This is to mitigate against the risk that
the MHapp is used in an unintended manner and gives the developers the opportunity to
adjust the intervention to realign its usage patterns with the therapeutic aims.

The MoodMission Smartphone Application

Reviewing the MHapp marketplace and literature, a gap was noted that could be filled
by an app that would meet all 16 of Bakker et al.’s (2016) recommendations. This app would
be designed for both clinical and nonclinical users, and help give direction to the question
“I’m low/anxious, what can | do right now to help?” The designed app was intended to
provide individuals with discrete, “mission”-based coping solutions for mood problems, so
was given the name “MoodMission”. MoodMission was designed to be an easy-to-use and
engaging application to enhance mental health and wellbeing for smartphone users of all ages,
adolescents and older, and all mental health statuses. It was a crowd-funded project
specifically designed to be a non-commercial product and included comprehensive data
collection strategies to facilitate evaluation. Research using this app could investigate the
utility of various, discrete strategies for reducing specific types of distress, and, more broadly,

the utility of similar MHapps across a range of clinical and nonclinical contexts.
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CBT Strategies

MoodMission was designed with three primary aims: (1) to provide self-administered
prevention and self-help strategies to reduce the risk of clinically significant mood and
anxiety disorders; (2) to support stepped-care interventions (Vogl, Ratnaike, lvancic, Rowley,
& Chandy, 2016; White, 2010) as a platform for access to low-intensity intervention for low-
level clinical symptoms or sub-clinical symptoms of depression and anxiety; and (3) as an
adjunct to psychotherapy or other face-to-face treatments for mood and anxiety disorders.
The strategies, called “Missions”, contained within MoodMission originate from behavioral
activation (Dahne, Kustanowitz, & Lejuez, 2017; Mazzucchelli, Kane, & Rees, 2009),
relaxation (Manzoni, Pagnini, Castelnuovo, & Molinari, 2008), mindfulness (Hofmann,
Sawyer, Witt, & Oh, 2010; Shipherd & Fordiani, 2015), physical exercise (Cooney et al.,
2013), cognitive reframing (Butler, Chapman, Forman, & Beck, 2006), and other activities
promoted or supported by CBT. Missions are designed specifically to be appropriate for a
self-guided smartphone app, and due to the user-friendly interface, do not require introduction
by a therapist. Time and environment constraints are also considered, with each Mission
achievable within 5-10 minutes and in most public or private spaces. Missions were only
included if they were suitable for adolescents as well as older users. Example Missions can be
seen in screenshots presented in Figure 2.

Researchers aim to pursue controlled trials for empirical validation of MoodMission,
so the app has built-in data collection, which will be collated and analyzed in time. The
current paper reports on the development process and usability testing, presenting app
functionality and data on user experience.

Interface Design and Engagement
A central consideration to the design of a MHapp is its appeal to the individual using

it, which may transfer to how engaged they are in the intervention. Engagement may be
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defined in different ways; for example, many iCBT studies report retention rates, as a measure
of how many participants did not complete all the interventions’ stages. Studies in face-to-
face CBT have assessed the amount of therapeutic interventions completed by clients, also
referred to as “homework” (Kazantzis et al., 2016). However, engagement is a broader
concept than adherence or compliance and takes into consideration the degree of difficulty
and obstacles experienced by the individual in attempting the intervention (Holdsworth,
Bowen, Brown, & Howat, 2014). MHapps may facilitate engagement, not only through ease
of access to information, automated recorded and tallying of responses, but through their
interface, and the potential for improved assessment of engagement that would not be possible
through paper and pencil worksheet completion (Kazantzis et al., 2017).

Game-inspired mechanics, sometimes referred to as gamification, can improve user
engagement and understanding in eHealth interventions (Comello et al., 2016). This can be as
simple as tracking the number of minutes spent meditating (example apps include Headspace,
2015; Smiling Mind, 2015). Gamification can be understood using self-determination theory
(SDT), which emphasizes the roles of perceived autonomy and mastery on intrinsic
motivation (Ryan & Deci, 2000). For example, the MHapp SuperBetter (SuperBetter Inc,
2014) awards users “resilience” points for completing short activities, helping users quantify
and reflect on achievements (Roepke et al., 2015). SDT principles have previously been
considered when improving client engagement and therapeutic outcomes in CBT (Tee &
Kazantzis, 2011). Gamification harnesses the same principles to improve engagement with an
app, but of the 27 MHapps in the Bakker et al. (2016) review, only 19% included
gamification.

Recently published recommendations (Bakker et al., 2016) informed the development
of MoodMission. Care was taken to keep MoodMission’s design simple, easy to use, and with

a distinct purpose so smartphone users, including adolescents and older adults, would be able
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to understand how to engage with it. Inclusive design cues were taken from broadly
accessible apps, such as those that come standard on smartphone operating systems, as these
apps are designed to be used by all potential users.

The formation of a behavioral plan for MoodMission was a dynamic process to
accommodate as many recommendations as possible without overcomplicating the users’
engagement. The Hook model of user-centered design proposed by Eyal (2014) was used to
establish triggers for engagement, the actions involved in engagement, variable rewards, and
generation of investment. As outlined in Table 1, a pre-intervention engagement plan was
formulated to cover the pathway towards engagement with the intervention. Table 2 lists how
MoodMission’s behavioral plan accommodated Bakker et al.’s (2016) recommendations, and
the phases of the behavioral plan are displayed in Table 3. The end goal of the behavioral plan
was to encourage repeated use of MoodMission so a positive habit of use forms. This is
important for MoodMission to achieve its goal of enhancing an individual’s repertoire of
useful strategies for overcoming low moods and anxiety in a variety of contexts. It is expected
that repeated use will lead to more learning opportunities.

Following formulation of a behavioral plan, the plan was converted into a series of
diagrammatic ‘wireframes’ that set out exactly how the individual would interact with the app
through the various screens. Figure 1 shows one of the initial wireframes generated for
MoodMission. These were used to approach app development firms and collect proposals and
quotes. Spark Digital was the firm chosen to build and launch the app, based on their proposal

and experience developing the MHapp Smiling Mind (2015).
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Table 1

Pre-intervention Engagement Plan for MoodMission

Stage

Details

Promotion - user learns
of MoodMission

Access - user downloads
MoodMission

Onboarding -
introducing
MoodMuission’s
interface and purpose

Completion of pre-
intervention surveys

Potential avenues included:

1. Web search is likely to be used by individuals looking for self-guided
mental health support. A well-designed website, search engine
optimization, and options such as Google AdWords (Dirmaier, Liebherz,
Sénger, Hérter, & Tlach, 2016) may increase the visibility of
MoodMission in these searches

2. Healthcare providers such as general practitioners, psychologists, social
workers, or community health organisations, may suggest self-guided
support options when they have contact with clients or patients suffering
from preclinical or clinical psychological disorders (Bower & Gilbody,
2005). MoodMission can be promoted to healthcare providers, who can
then make professional recommendations to suitable clients and patients.
3. Users promoting via their own online social networks on sites like
Facebook and Twitter can provide dissemination of products and ideas,
especially ones that are highly viral (Weng, Menczer, & Ahn, 2013).
Curation of official Facebook and Twitter pages can enable sharing.

4. Crowdfunding supporters pledged money in return for rewards to raise
the funds for the initial development of MoodMission. Pledgers are
invested in the success of the projects they support and are likely to
promote them among their own communities (Belleflamme, Lambert, &
Schwienbacher, 2014).

Considerations included:

1. Platform: iPhone development was more efficient to complete, so
Android development was postponed until it could be financed.

2. App Store Category: The vast majority of MHapps can be found in
Health & Fitness rather than Medical, Lifestyle, or others.

3. Price: Apps that are free to download are more likely to be accessed
than ones that require an initial payment, even if it is a very small fee
(Garg & Telang, 2012). There are models of revenue that do not rely on
payments for downloads, including the subscription models, freemium
models, and in-app purchases (Lambrecht et al., 2014). Adopting these
free-to-download revenue models at a later date can help cover ongoing
development and maintenance costs, while keeping accessibility high.
The onboarding process can enhance the user’s understanding of the app
and hence their engagement (Morson, 2015). Five screens of images and
text were devised to orient users to the triggers, actions, and rewards
associated with MoodMission’s use, and emphasize that MoodMission
does not replace professional help and users should consult a GP,
psychologist, or mental health professional for more support.

While compulsory completion of these surveys was predicted to be a
potential barrier to further engagement with the app, collection of the
survey data was necessary for experimental validation. A rationale was
provided to users to encourage persistence through the surveys,
emphasizing the short time that each survey would take, and the
contribution the user would be making to important research.

75



CHAPTER 5

Table 2

How MoodMission’s Features Adhere to the Recommendations Made by Bakker et al. (2016)

Recommendation from Bakker et al. (2016)

Use in MoodMlission

1

Cognitive
behavior
therapy
(CBT) based

Address both
anxiety and
low mood

Designed for
use by
nonclinical
populations

Automated
tailoring

Reporting of
thoughts,
feelings, or
behaviors

Recommend
activities

Mental
health
information

Real-time
engagement

Start with an evidence-based
framework to maximize
effectiveness

Increases accessibility and
addresses comorbidity between
anxiety and depression. Also
compatible with transdiagnostic
theories of anxiety and depression

Avoiding diagnostic labels
reduces stigma, increases
accessibility, and enables
preventative use

Tailored interventions are more
efficacious than is rigid self-help

Self-monitoring and self-
reflection to promote
psychological growth and enable
progress evaluation

Behavioral activation to boost
self-efficacy and repertoire of
coping skills

Develop mental health literacy

Allows users to use in moments
in which they are experiencing
distress for optimum benefits of
coping behaviors and relaxation
techniques

Uses a CBT-based system for
categorization of Missions.
Many Missions have origins in
CBT

Trigger for access is when
users feel low or anxious.
Treats anxiety and low mood
as two different types of
emotional distress

No diagnostic labels used.
Emphasizes the normality of
low moods and anxiety

MoodMission learns users’
coping styles by noting which
categories of Missions reduce
distress for each category of
problems

Users select whether they are
experiencing distressing
thoughts, feelings, behaviors,
or physiological responses.
They then rate their distress on
a scale 0-10

Five activities are suggested
based on the user’s report

Missions contain a “Why This
Helps” section, providing
psychoeducation and a
rationale for doing the Mission

Trigger for engagement is real-
time distress. Missions are
designed to be real-time coping
strategies, achievable in a wide
variety of situations
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10

11

12

13

14

15

16

Activities
explicitly
linked to
specific
reported
mood
problems

Encourage
nontechnolo
gy-based
activities

Gamification
and intrinsic
motivation to
engage

Log of past
app use

Reminders to
engage

Simple and
intuitive
interface and
interactions

Links to
crisis support
services

Experimental
trials

Enhances understanding of cause-
and-effect relationship between
actions and emotions

Helps to avoid potential problems
with attention, increase
opportunities for mindfulness,
and limit time spent on devices

Encourage use of the app via
rewards and internal triggers, and
positive reinforcement and
behavioral conditioning. Also
links with flourishing

Encourage use of the app through
personal investment. Internal
triggers for repeated engagement

External triggers for engagement

Reduce confusion and
disengagement in users

Helps users who are in crisis to
seek help

It is important to establish the
app’s own efficacy and
effectiveness before
recommending it as an
intervention

Missions are selected for
specific mood problems and
rationale is explained in “Why
This Helps” section

Missions are designed to be
nontechnology-based

Badge-based rewards structure
for completing certain
achievements. Rank-based
rewards for completing more
Missions

Mission Log documents all
past Missions attempted in
detail

Push notifications alert users
when they have incomplete
Missions or when they have
not engaged with
MoodMuission recently

Behavioral plan designed to be
linear and intuitive. Clean
graphic design reduces
confusion

Link to Lifeline and other
supports available throughout

app

Randomized controlled trial
planned to compare
MoodMuission against waitlist
and other MHapps
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Table 3

Outline of MoodMission’s Behavioral Plan

Phase Details MoodMission key information
Trigger How the user will be motivated to Triggered by distress associated
open MoodMission for mental with low mood or anxiety
health purposes
Action What the user will do within User inputs information about their
MoodMission once they open itand  distress and is provided with a list of
start engagement coping activities (“Missions”) to
choose from
Rewards What reinforcements will incline the  Gamified rewards are issued based
user to maintain their engagement on completion of Missions. User
with MoodMission gains a sense of accomplishment and
autonomy, and their overall distress
Is decreased
Generation How the reinforcements will lead to  Only five Missions are presented
of repeated engagements with with every engagement, drawn from
investment ~ MoodMission over time a much larger database. This keeps

each engagement fresh and the user
is constantly discovering new
content.

MoodMission learns a user’s coping
style so more engagements will lead
to better Mission selections.

Users pair MoodMission’s use with
trigger and will seek to engage with
MoodMission under future episodes
of distress.
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The researchers’ wireframes were clarified and expanded upon by the developers, and
once confirmed by all parties, MoodMission’s screens were graphically designed to be
attractive and engaging. Design inspiration was taken from several other successful apps, such
as the bright color gradients of Vent (2017), and the simple home screen of Pacifica (2016).
Several design iterations were made before the researchers and developers confirmed each
screen for the prototyping stage. Figure 2 illustrates several screens from MoodMission that
demonstrate these designs.

MoodMission was designed to collect data for intervention validation. This
accommodates Bakker et al.’s (2016) recommendation for experimental trials and enables
ongoing data collection after initial trials have been completed. As such, a battery of pre-
intervention surveys was compiled to measure variables of interest. These surveys
(summarized in Table 3) are presented to users once again after 30 days to assess the effects
of using MoodMission over that period. A demographics survey is also included in the initial

SUrveys.
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Table 4
Outcome Surveys Administered in MoodMission
Construct Name of Measure Reference Rationale
Measured
Emotional Self- Emotional Self- (Kauer et al., 2012) Assess how reflection-
Awareness Awareness Scale focused MoodMission

Mental Health
Literacy

Coping Self-
Efficacy

Emotional
Mental Health
Positive Well-

being

Demographics?

App Feedback

and
Engagement®

Mental Health
Literacy
Questionnaire

Coping Self-Efficacy
Scale

GAD-7

PHQ-9
Warwick-Edinburgh
Mental Well-being

Scale

(self-devised)

Feedback
Questionnaire

No appropriate
standardized MHL

measure exists, so this
questionnaire has been

developed by the
researchers.

(Chesney et al., 2006)

(Spitzer et al., 2006)
(Kroenke et al., 2001)

(Tennant et al., 2007)

(self-devised)

Adapted from the
Mobile Application
Rating Scale (MARS;
Hides et al., 2014) by
Rickard, Arjmand,
Bakker, & Seabrook
(2016)

is (see Bakker et al.,
2016)

Assess quality of
psychoeducation and
how education-
focused MoodMission
is (see Bakker et al.,
2016)

Assess how goal-
focused MoodMission
is (see Bakker et al.,
2016)

Assess anxiety and
depression
symptomatology
Assess positive
psychological
functioning and
flourishing

Collect information
about users’ gender,
age, education, and
employment status for
the benefit of analyses
Assess how engaged
users are with the app,
enabling analyses that
correlate engagement
with mental health and
wellbeing outcomes

2 Administered only in the initial surveys
b Administered only in the 30-day follow-up surveys
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MoodMission Usability Evaluation

Once the app’s designs were confirmed, a prototype of the app was coded and made
available to the developers for initial testing. This process included ensuring that all
components from the designs were included, that the interactions proved pleasant and
congruent, and that no significant bugs or errors were present. To test the app before it was
launched on the App Store, a group of 60 “beta-testers” were recruited to use a pre-release
version of MoodMission and provide feedback.

MoodMuission was designed to be used in-vivo as participants experienced low moods
or anxious feelings throughout their daily lives. This limited the utility of any laboratory-
based usability testing methods, in which users engage with the intervention under studied
laboratory settings (Jaspers, 2009). Collecting qualitative user reflections and responses on
validated self-report usability measures about their experiences using the app was a highly
scalable and intervention-appropriate option for informing MoodMission’s initial
development and ongoing improvements.

The Mobile Application Rating Scale (MARS; Hides et al., 2014; Stoyanov, Hides,
Kavanagh, & Wilson, 2016), which was developed to rate mobile health applications, was
used as a guide and foundation to determine usability. The guidelines for mobile health
(mHealth) evidence reporting and assessment (MERA) checklist (Agarwal et al., 2016) was
consulted to ensure that the app’s implementation was rigorous and transparently reported.

Method
Participants and recruitment

A total of 44 participants provided feedback about their use of MoodMission. Of
these, 13 were beta-testers who were given access to the app before its public release, and 31
were participants in a randomized controlled trial (RCT) who had downloaded MoodMission

from the iTunes Store. The beta-testers consisted of individuals who had pledged funds to the
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crowd-funding campaign that supported the initial development of the iOS app. The RCT
participants had voluntarily opted in to a study on MHapps by providing their email address
on an online form that had been advertised widely on social media. Like the beta-testers, RCT
participants were asked to use MoodMission for the next 30 days before providing feedback
as part of an online survey assessment. Participants were not drawn from clinical sources.
Ages ranged between 18 and 62 years (M = 36, SD = 13), and 82% were female.

Materials

The User Version of the MARS (UMARS; Stoyanov et al., 2016), is a 26-item
measure designed to rate mobile health applications in a standardized, multidimensional way,
and is designed for end users rather than experts. Items are rated on a 5-point scale from
Inadequate to Excellent, and are classified under six subscales, including Engagement (e.g., is
the app interesting to use? Does it present its information in an interesting way compared to
other similar apps?), Functionality (e.g., How easy is it to learn how to use the app? How
clear are the menu labels, icons and instructions?), Aesthetics (e.g., How good does the app
look?), Information (e.g. is the information within the app comprehensive but concise?),
Subjective Quality, and App-Specific. Norms for the MARS were developed by analyzing
ratings for 50 mental health and wellbeing apps from two expert raters (Hides et al., 2014).
Comparing obtained MARS ratings to these scores enables comparison to existing standards
for MHapps. The uMARS has high internal consistency, Cronbach’s a = .90, and good test-
retest reliability, interclass correlation coefficient = .70 after 3 months.

The Homework Rating Scale — Mobile Application Version (HRS-MA; Bakker &
Kazantzis, 2017) is a 12 item self-report scale designed to assess engagement and
theoretically derived appraisals of CBT strategies used or recommended by MHapps. The
HRS-MA contains 12 items (e.g., Quantity: | was able to do the activities, Rationale: The

reasons for doing the activities were clear to me), closely modeled on the original HRS
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(Kazantzis et al. 2005), rated on a 5-point Likert scale from 0 (not at all) to 4
(completely/extensive/ extremely). In the present study, the HRS-MA achieved acceptable
levels of internal consistency, Cronbach’s a = .77, comparable to the original (i.e.,
Cronbach’s a = .85 (Hara, Aviram, Constantino, Westra, & Antony, 2017).

App Design and Content - mERA Checklist

Access of individual participants. The use of nonclinical language in MoodMission
is designed to increase the accessibility of the app to individuals who do not identify with
having a diagnosed mental illness. However, to be motivated to download the app individuals
still have to identify that they have occasional low moods or anxious feelings, and that
strategies can help. These are potential barriers to access, so promotional efforts are aimed at
reducing them by conveying the normalization message that “everyone has low moods and
anxious feelings” and there are interventions that can help. For example, flyers for the app
featured the slogan “change the way you feel”, and social media posts used inclusive,
normalizing language to encourage a “me too” reaction and sharing of posts within
individuals’ social networks.

Cost assessment. MoodMission is free to download. The costs of maintaining the app,
including server fees and developer updates, equate to about AUD$150 per month. Zero
equity funding from a start-up accelerator program has been secured to cover these costs for
the next 12-24 months. This funding will also support the development of additional features,
which will be released as discrete, affordable in-app purchases to secure a self-sustaining
revenue stream.

Adoption inputs/program entry. MoodMission is designed to be used by novice,
untrained users after downloading directly from the App Store. A series of “onboarding”
screens educates the individual on the uses of the app. The app was promoted through social

media channels, featured online articles, radio interviews, communications from Monash
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University, and blog posts. Care was taken to ensure that MoodMission’s website was well
designed and made downloading the app very simple, as this was the site linked to from other
online promotions. Sending users notifications based on depression-screening measures can
enable help-seeking in individuals who would not otherwise seek help (BinDhim et al., 2016),
so a notification system was used to suggest mental health contacts and services to individuals
who scored above clinical cut-offs on the depression and anxiety measures. These
notifications were also delivered when individuals attempted three Missions at high distress
and their distress did not significantly decrease following the Mission.

Limitations for delivery at scale. As a completely automated platform,
MoodMission is highly accessible at scale. The main limitation to truly global scale is the use
of written language and currently only English is supported. As the intervention garners
support, the developers and researchers hope that translations can be achieved and multiple
languages supported.

Contextual adaptability. The Missions recommended by MoodMission are designed
to be achievable across many settings and contexts, and they each take about 5-10 minutes to
complete. However, many Missions may not be suitable for contexts where behavior is
restricted; for example, when an individual is unable to practice a quick yoga move or go for a
walk around the block. Offering a choice of 5-10 Missions overcomes this.

Replicability. Please refer to Figures 1 and 2 for a detailed account of the
intervention, which may aid in replicability.

Data security. All data collected by MoodMission are de-identified. Login details,
including an email address and password, are stored unlinked to other user data, including
survey answers and Mission data. User data are stored using a Firebase backend and hosted
on Google’s infrastructure. The app WordPress backend is hosted on an Amazon Web

Services ec2 server with Linux.
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Compliance with national guidelines or regulatory statutes. At the time of writing,
there is no regulatory system for MHapps. MoodMission’s design has endeavored to follow
all current evidence-based recommendations (e.g., Bakker et al., 2016).

Fidelity of the intervention. Dummy accounts were created throughout the testing
process to ensure that interactions with the app were being accurately recorded in the backend
database. The results presented in this article provide evidence for the utility of MoodMission.

Infrastructure (population level). MoodMission is aimed at engaging typical
smartphone users over the age of 12, and 77% of the US population (comScore, 2015), 79%
of Australians (Deloitte, 2016b), and 81% of adults in the UK (Deloitte, 2016c¢) use a
smartphone. A survey of Australians revealed that 76% of adult smartphone owners were
interested in using MHapps if they are free to download (Proudfoot et al., 2010).

Technology platform. MoodMission was initially developed as an iPhone app for
I0S 9 and above. It was coded using hybrid mobile app development and uses a WordPress
backend, enabling more streamlined cross-platform development than using native coding.
Development of an Android version of the app occurred after the successful launch of the iOS
version. MoodMission is now available on both i0OS and Android platforms.

Interoperability/ Health information systems (HIS) context. The current version of
MoodMission offers no direct integration into existing health systems. However, future
proposed developments for the app include a platform for psychologists and mental health
practitioners to engage with patients and clients through the app.

Intervention delivery. Individuals access MoodMission when they identify that they
are feeling low or anxious. They report how they are feeling and are supplied with 5-10
Mission options. They can review the objectives and rationale for each Mission before
accepting it. Following completing the Mission, they again rate how they feel. See Figure 2

for an illustration of this process. While it is possible that individuals may not experience a
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reduction in distress following a Mission, several design choices were made to help prevent a
loss of confidence and subsequent disengagement. Firstly, Missions are not framed as
definitive solutions, and are instead suggested as activities that may help out. Secondly, the
large diversity of Missions is intended to give individuals hope that there are many options for
coping. Thirdly, care was taken to avoid impressions of expected results, so for example,
badges and ranks are awarded for completing Missions rather than experiencing decreases in
distress. Finally, push notifications are sent to individuals who have stopped using the app
after a few days to encourage them to re-engage.

Intervention content. All Missions included in MoodMission have been taken from
evidence-based psychotherapies, including but not limited to CBT, acceptance and
commitment therapy (ACT; Brown, Glendenning, Hoon, & John, 2016), and dialectical
behavior therapy (DBT; Kliem, Kroger, & Kosfelder, 2010). For a Mission to be included, it
was required to have at least two good quality sources that established it as an effective
strategy for decreasing anxious or depressive symptoms. For example, some Missions are
drawn from behavioral activation, which has substantial evidence as an effective treatment for
depression from a meta-analysis of 34 studies (Pooled effect size = 0.78, Mazzucchelli et al.,
2009). Another meta-analysis of 20 studies found significant effects on improving
psychological wellbeing (Pooled effect size = 0.52, Mazzucchelli, Kane, & Rees, 2010).
Behavioral activation is made up of many strategies which could be appropriately translated
into the MoodMission format, so reliable therapy resources were consulted to extract
individual Missions from lists of behavioral activation strategies (e.g. Bakker, 2008; Dobson
& Dobson, 2009). Missions in the database were classified as either anxious or depressive,
depending on what evidence was available. Classification of Missions determined which were

offered when individuals selected their current problem; e.g. only Missions classified as
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anxious were offered when the individual reported that they were anxious, nervous, or
worried.
Procedures

Beta-testing participants downloaded MoodMuission to their personal iPhones using
app-testing software, before the public release of the app. The other RCT participants
downloaded MoodMission from the iTunes Store. Participants were not instructed how to use
MoodMuission by the researchers, in order to replicate the circumstances by which individuals
would naturally access the app throughout their daily routines. They were encouraged to
email the researchers if they encountered technical difficulties, such as the app freezing or
buttons being unresponsive. Care was taken to be responsive to these emails, and participants
were updated about their reported issues and the subsequent software updates that fixed them.
Several updates were released for the app throughout both beta-testing and public release
phases, but these fixed small technical errors and none altered overall design or functionality.
Thirty days after downloading MoodMission participants were emailed with a link to
complete a feedback survey, administered by online platform Qualtrics. No identifying
information was provided in this survey and because it was administered separately to the
app-based surveys, data collected via MoodMission was unable to be paired to online survey
responses. The online survey contained the uUMARS, the HRS-MA, and several optional text-
entry questions relating to the app’s specific features. Following completion of the survey,
participants were thanked for their time and were encouraged to provide any additional

feedback via online form or email.
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Results
Quantitative results for usability analysis
Scores obtained on the MARS from 44 users, including 13 beta-testers and 31 study
participants, were compared to the established norms (Hides et al., 2014). MoodMission

scored higher than the MARS norms across multiple items, as seen in Figure 3 and Table 5.
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Figure 3. MoodMission MARS scores compared to norms. Error bars represent pooled SD,
giving an estimation of 95% confidence intervals with within-subject variance removed.

*p<.0025 (Bonferroni corrected p value)
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Table 5
Means (SD) of MARS scores for MoodMission and Norms

MARS Item and Subscale MoodMission (n =44) MARS Norm (n = 50)

Entertainment 3.43 (0.81) 2.49 (0.81)
Interest 3.82 (0.78) 2.52 (0.78)
Customization 2.84 (0.80) 2.27 (0.80)
Interactivity 3.00 (0.96) 2.70 (0.96)
Target group 4.06 (0.81) 3.41 (0.81)
Total (Engagement) 3.43 (0.83) 2.67 (0.83)
Performance 4.30 (0.88) 4.00 (0.88)
Ease of use 4.18 (0.69) 3.93 (0.69)
Navigation 3.95 (0.72) 4.00 (0.72)
Gestural design 3.97 (0.67) 4.10 (0.67)
Total (Functionality) 4.10 (0.74) 4.00 (0.74)
Layout 4.18 (0.69) 3.91 (0.69)
Graphics 4.20 (0.70) 3.41 (0.70)
Visual appeal 4.04 (0.87) 3.14 (0.87)
Total (Aesthetics) 4.14 (0.75) 3.48 (0.75)
Quality of information 4.27 (0.70) 3.18 (0.70)
Quantity of information 4.27 (0.76) 2.87 (0.76)
Visual information 4.25 (0.87) 1.35 (0.87)
Credibility of source 4.41 (0.66) 2.79 (0.66)
Total (Information) 4.3 (0.75) 2.54 (0.75)
Recommend? 3.62 (1.02) 2.31(1.02)
Estimated frequency 3.18 (1.20) 2.46 (1.20)
Would you pay? 1.6 (0.77) 1.31 (0.77)
Overall rating 3.69 (0.70) 2.69 (0.70)
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Twenty Bonferroni-corrected two-way independent samples t-tests (o = .0025) were
performed for each comparison to establish significance, and Table 6 displays the results.
Hedges g was used as a measure of effect size, given the unequal sample sizes between the
normative data and the collected data (Cumming, 2011). MoodMission scored significantly
higher than the norms on the following items: Entertainment (g = 0.89), Interest (g = 1.26),
Customization (g = 0.57), Target Group (g = 0.75), Graphics (g = 0.97), Visual Appeal (g =
1.02), Quality of Information (g = 0.94), Quantity of Information (g = 1.14), Visual
Information (g = 1.93), Credibility of Source (g = 1.97), Recommendation to Use (g = 1.19),
Estimated Frequency of Use (g = 0.63), and Overall Rating (g = 1.10). No significant
differences from the norm ratings were observed in the remaining items.

Table 6
Results of t-Tests Comparing MoodMission MARS Scores to MARS Norms

t p Hedge’s ¢
Entertainment 4.39 <0.001 0.89
Interest 6.27 <0.001 1.26
Customization 2.81 0.006 0.57
Interactivity 1.33 0.187 0.27
Target group 3.65 <0.001 0.75
Performance 1.61 0.110 0.33
Ease of use 1.58 0.117 0.32
Navigation -0.27 0.787 -0.06
Gestural design -0.82 0.416 -0.17
Layout 1.70 0.092 0.35
Graphics 4.75 <0.001 0.97
Visual appeal 4.93 <0.001 1.02
Quality of information 4.74 <0.001 0.94
Quantity of information 5.72 <0.001 1.14
Visual information 9.75 <0.001 1.93
Credibility of source 9.73 <0.001 1.97
Would you recommend the app? 5.82 <0.001 1.19
Estimated frequency of use 3.02 0.003 0.63
Would you pay for the app? 2.08 0.040 0.44
Overall rating 5.48 <0.001 1.10

Note: df = 92 for all comparisons.
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Twenty-three participants completed the HRS-MA following the MARS: 96%
reported that they were able to do some or more of the activities; 91% reported that they were
able do the activities moderately well or better; 65% found the activities not at all or
somewhat difficult, and 26% rated them as moderately difficult; 70% reported that they had
no or little obstacles in doing the activities, and 22% had some obstacles; 96% reported that
they understood the activities a lot or completely; 61% understood the rationale for the
activities very or completely, with the remaining 39% understanding the rationale moderately;
78% reported that they had some, a lot, or extensive collaboration in planning the activities;
61% reported that the guidelines for carrying out the activities were very or extremely
specific, and a further 30% reported that they were moderately specific; 43% agreed a lot or
completely that the activities matched their goals for using the app, 30% agreed somewhat,
and 22% agreed a little; 43% enjoyed the activities a lot or extremely, 30% enjoyed them
somewhat, and 13% enjoyed them a little; 66% reported that the activities helped them
somewhat, a lot, or extensively gain a sense of control over their problems, and 22% reported
a little gain in control over their problems; and 78% reported that the activities helped
somewhat, a lot, or extremely with their progress in using the app.

Quialitative results

Of the 44 participants, 20 (12 beta-testers and 8 RCT participants) provided qualitative
feedback via text-entry responses on the online surveys or email. Several themes from these
messages were noted, and feedback-informed improvements were made to the app.

Surveys. Participants commented on the length of the surveys and the difficulty they
had in feeling motivated to complete them. Some participants also had problems with the
interface, as sliders and buttons behaved unpredictably. The interface issues were tuned, and
priority was given to removal of the surveys following the research phase of the app’s

development.
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Missions. Participants reported that they enjoyed the Missions, particularly their
speed, ease, and emotional relevance. Participants who had experience with mental health
services reported that the app helped them discover new mental health strategies or reinforced
existing ones. Suggestions were noted to make the Missions more interactive and illustrative
(e.g. on screen animations to guide breathing exercises).

Design. Participants reported that they liked the visual and interface design of the app.
The Achievements and Stats features were not well understood, so plans were made to make
these features more accessible. Some persisting bugs were noted, and plans made to rectify
them in future versions.

Overall Impressions. Participants reported that using the app made them more
conscious of their mental health, and using nonclinical language was helpful in making the
app’s messages accessible. However, others suggested that the lack of clinical language
avoided addressing the stigma surrounding psychiatric or medication terms, and including
psychoeducation about biological and chemical components of mental health problems may
help individuals. One participant left the following feedback: “It is really comforting to know
that I have MoodMission on my phone as a resource when things get tough. I know it's not
connecting me with a real professional/someone to actually talk to in real time, but it serves
the equally valuable purpose of just being able to find some helpful strategies to approach
challenging times without bothering friends at 1am in the morning; an app doesn't have "bed
time" nor is it judgmental. Oddly, in that respect, you can trust an app and feel free to use it
anytime. | want to keep using it and finish my goals.”

Case Examples

Two constructed case examples are presented below, based on participant reports and

the vignettes that informed the app’s design process. Each reflects how the app can be used in

a different context, but it should be noted that the app can be used in many more contexts than
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just these listed. For example, the app could be used in group therapy contexts, in hospitals, or
in workplaces.
Case 1: Use in Individual Therapy

“Jake” is a 25 year old male undergoing CBT for anxiety. Jake and his therapist decide
that it would be useful for Jake to practice progressive muscle relaxation, and Jake’s therapist
coaches him through the exercise in therapy so Jake can continue practicing at home.
However, at the next session, Jake admits that he did not practice the relaxation strategy for a
number of different reasons, including his lack of alone time, feeling too anxious to begin the
exercise, and ultimately his skepticism that it would work. The therapist could troubleshoot
these issues with Jake and develop a new plan for relaxation, or they could coach him through
the downloading and use of MoodMission.

Jake uses apps on his phone regularly so is receptive to the idea of using
MoodMission. While in the therapy session, he downloads the app and his therapist points out
the app’s features and uses. Leaving the session, Jake opens MoodMission when he’s feeling
anxious. He rates his anxiety 7/10, chooses “I can’t stop thinking about something” to indicate
his anxiety is mainly thought-based, and the app provides a tailored list of suggested
strategies. The list gives Jake a choice, so he chooses the one that he feels is most achievable
and suits his circumstances. This is the “This situation won’t last forever” Mission, which
involves him repeating the phrase in his head, applying it to his current situation, and writing
it down as a reminder. He feels like this is a little helpful, and when finished rates his distress
as slightly lower at 6/10.

The second time Jake uses MoodMission he reports feeling anxious at 8/10, again
with anxious thoughts, but this time chooses the “Sit ups” Mission, which involves him doing
20 sit ups. After completing this he rates his distress as 5/10, as performing a short burst of

physical exercise was particularly helpful for him to shake his anxious thoughts. The third
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time Jake uses MoodMission he reports 7/10 thought-based anxiety. The app suggests a few
more physical-based Missions than the other categories, as past success indicates that these
were helpful for Jake.

When Jake returns to his therapist, he opens MoodMission and shows his therapist his
Mission Log. They review each Mission completed and Jake’s therapist asks him a few
questions about his experiences performing each Mission. Jake has discovered new coping
options for him to reduce his anxiety, and his therapist has discovered that physical strategies,
such as exercise, will be particularly useful for Jake progressing in therapy.

For Jake, using an app like MoodMission helped him discover a range of alternative
coping options that were more achievable than progressive muscle relaxation. Jake’s failure in
completing the progressive muscle relaxation homework may have increased his sense of
hopelessness, reinforcing the belief that relaxing is “too hard”. Even if some of the Missions
attempted by Jake were not successful at reducing his anxiety, the broad range of strategies on
offer increase the likelihood that Jake will be hopeful to find something that works for him.
MoodMission provided him psychoeducation about each strategy, giving him a rationale to
engage. Reviewing his progress in the Mission Log, alone and with his therapist, enabled him
to gain more self-insight and motivation to continue making therapeutic change.

Case 2: Use Outside of Therapy

“Annabel” is a 19-year-old female who has just started an undergraduate university
degree. She has no history of mental health issues and does not know when or how she would
seek help if she had a mental health related problem. She has moved away from her
hometown and is now living in a residential college on campus. As she settles in to her new
routine, she realizes that some of the things she used to enjoy doing are no longer available to
her. She used to look forward to dinner table discussions with her siblings and parents at the

end of the day, and she used to play sport on the weekends. Combined with the new stresses
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of college social life, starting a degree, and being in an unfamiliar place, she starts to feel
quite down on herself. A flyer in her orientation pack mentions MoodMission as something
that may help, so she downloads the app and reports feeling low. MoodMission suggests a list
of strategies that she tries out and after a few she discovers that doing a short productive
chore, like a load of laundry or cleaning her room, helps her feel better about herself. In this
example, MoodMission has engaged Annabel in light mastery-based behavioral activation.

As the semester progresses Annabel is doing OK, but she experiences a particularly
bad episode of low mood and anxiety in the week following exams. She attempts a few
Missions on MoodMission, and due to her persistently high distress scores the app suggests
that she visit her doctor about getting support. She sees her doctor who refers her to a
therapist for treatment. With this therapist she is able to review her progress with
MoodMuission, so therapy can be efficiently tailored to her demonstrated strengths. In this
example, Annabel is introduced to concepts of mental health self-care, she discovers new
context-appropriate strategies for improving her mood, she is prompted to seek clinical
support when it would be useful, and the start of her therapy is enhanced by her Mission Log
data.

For Annabel, the mere promotional flyer for MoodMission serves as an
acknowledgment that mental health is “real”, and self-care is a helpful skill to develop. Using
the app, she is able to reframe “boring” chores as important self-care achievements. This
improves her understanding of the relationship between mood and activity levels. During her
depressive episode, she struggles to experience improvements from the Missions, but is
encouraged to seek help early, providing an earlier intervention therapeutic advantage. The
app improves her help seeking by reducing barriers of uncertainty (e.g. “Should | see a
therapist?” “How do | even arrange therapy?”), and reviewing her Mission Log improves the

efficiency of the therapist’s assessment.
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Discussion

The purpose of this paper was to outline the development phases of a CBT-based
MHapp for managing low moods and anxiety, and recommend future applications of this tool.
The app development drew on recently published recommendations (Bakker et al., 2016) to
optimize tailoring for individual users, incorporation of data collection capacity, and the use
of validated CBT principles. The resulting app, MoodMission, successfully achieved this
aim, with the delivery of an engaging CBT-based MHapp based in evidence-based principles.
This app was successfully developed, tested, and released on the Apple iTunes Store.
Preliminary testing revealed that MoodMission was rated superior to other health apps in
terms of entertainment, aesthetics, and information. MoodMission has several anticipated
applications across both clinical and research domains.

MoodMission could have many applications in both public and private health sectors
as a clinical and preventative tool. MoodMission is an easily accessible, intuitive tool that
does not require introduction by a health practitioner. General practitioners, counselors, social
workers, and other professionals are able to recommend the use of MoodMission to at-risk
populations. The flexibility of MoodMission allows it to cover most kinds of low mood and
anxious distress, and built-in alerts recommend accessing professional mental health support
if an individuals’ responses indicate sufficient severity.

Tang and Kreindler (2017) outline features of MHapps that can be used for the
tracking, encouragement, and compliance of homework activities in CBT. MoodMission has
features that meet each of the six recommendations: congruency to therapy, fostering
learning, guiding therapy, building connections, emphasizing completion, and population
specificity. Future work will focus on ways of integrating MoodMission into the practices of

CBT clinicians so the app can be used collaboratively to set and review homework.
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A firm evidence base establishing the effectiveness and efficacy of MoodMission is
required to enable adoption by health professionals. At the time of writing, MoodMission has
one RCT in progress investigating its efficacy in improving mental health, positive wellbeing,
emotional self-awareness, mental health literacy, and coping self-efficacy. MoodMission also
collects effectiveness data from every individual who completes the in-built assessment
surveys. Using frequency of use as a variable allows controlled investigation of the app’s
effects on mental health and wellbeing, as described by Carpenter et al. (2016) for analysis of
data from wellbeing app Happify. It is anticipated that future publication of the RCT and the
effectiveness data will support MoodMission and other similar MHapps as efficacious and
effective self-guided mental health tools.

MoodMission also holds promise as a way of investigating research questions beyond
the effects of the app itself. In addition to outcome data collected via surveys, MoodMission
collects data that can be used to investigate the effectiveness of specific Missions. Comparing
the pre-mission and post-mission distress scores for specific Missions may reveal how
effective they are at reducing specific types of distress. This would enable objective
comparison between two similar psychological techniques for the same type of distress.
Findings could inform therapeutic work done by clinical psychologists and guide them to
encourage the most effective evidence-based techniques for their clients’ unique distress.

A distinct benefit that MoodMission can afford researchers of different psychological
therapies is component analysis. Therapies are made up of collections of techniques and
strategies (Mennin, Ellard, Fresco, & Gross, 2013). For example, CBT interventions for panic
disorder may include components of exposure, relaxation, and cognitive restructuring (Craske
& Barlow, 2014). However, evidence for specific strategies within evidence-based
interventions is lacking. This is in part due to methodological limitations, as most studies of

CBT treat large groups of participants with different intervention variants, and variation is on
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the macro level rather than the micro, strategy-based level. MoodMission enables ecologically
valid comparisons between each of these components to identify those with the greatest
impact on distress and anxiety symptomatology. Furthermore, strategies can be assessed on
their preventative power, and their effects on individuals without identifiable clinical
disorders. In the case of panic disorder, data from users’ anxious thought-based problems
could be parceled out and distress score differences could be compared between a
mindfulness body scan meditation and a similar simple relaxation exercise. Component
analysis research is often confined to strictly controlled situations in which participants
receive slightly adjusted versions of the same therapy (e.g. Borkovec, Newman, Pincus, &
Lytle, 2002; Jacobson et al., 1996; Linehan et al., 2015). Such research is resource intensive
and is only able to compare two or three different techniques at a time. MoodMission allows
easier component analysis across a wide range of very different therapeutic techniques to find
the most efficient, effective treatments of low mood and anxiety.

The artificial or controlled settings of many laboratory- or clinic-based studies may
reduce the ecological validity of findings concerning the effectiveness of certain distress-
reduction strategies. For example, recall biases may limit participants’ ability to accurately
recall levels of distress or the effectiveness of coping strategies hours or days after
experiencing the distress (Shiffman, Stone, & Hufford, 2008). MoodMission allows
participants to record their distress in the moment that they are experiencing it and rate the
effectiveness of strategies immediately after they are used. This reduces recall biases and
provides participants with immediate feedback of how helpful strategies are.

Most studies that use therapists to deliver different modes of therapy are inherently
influenced by a practitioner’s skill level for particular modes of therapy (Lambert, 1989;
Westen, Novotny, & Thompson-Brenner, 2004). For example, one therapist may prefer

cognitive restructuring over imaginal exposure in their own practice, so when they are
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involved in a study that compares the two therapeutic modes, they are likely to present
cognitive restructuring with more skill than other experimental conditions. MoodMission
bypasses these presentation biases by presenting all therapeutic techniques in a consistent
fashion.

While MoodMission was designed to be appropriate for all smartphone users over the
age of 12, some specific age groups and demographics may derive more benefit than others.
For example, the needs of undergraduate university students aged 18-25, like Annabel from
Case 2, are particularly compatible with MoodMission’s features. These young adults are
often exposed to new, stressful situations, and relied upon coping mechanisms may have
recently become inconvenient or inappropriate. Teaching flexible, evidence-based coping
strategies may have a protective effect for this demographic, potentially preventing the onset
of mental health issues at this critical life stage. This age group also has a high rate of
smartphone usage, making MoodMission suitable for both clinical and research applications.

Research that investigates models of therapy often uses clinical samples made up of
individuals who qualify for some sort of diagnosis or achieve a certain score on a measure of
symptoms (Henry & Crawford, 2005). MoodMission allows for inclusion of both clinical and
nonclinical samples, as individuals do not need a diagnosis to engage with the intervention.
MoodMission is therefore capable of investigating both the clinical and preventative utility of
mental health interventions, as well as how different individuals engage with these
interventions.

This study was limited by the relatively small sample size and the non-invasive
assessment methods used. However, this was a pilot evaluation to prepare MoodMission for
public release, and planned future studies aim to collect data from much larger and more
representative samples of participants who are using the app in a wider variety of situations.

Future studies will also aim to collect in-depth user cases, increasing the resolution and
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comprehensiveness of the assessments to collect richer data about individuals’ experiences
using the app.

There is a balance in app development between: (a) releasing a prototype app and
making fixes as user feedback is received, and (b) conducting extensive in-house testing
before releasing it to the public. The risk with option (a) in the above is that provoking
frustration in users who are expecting a fully functional product, while the risk with option (b)
is the public may disagree with many of the choices of the in-house team, and the app may
need major adjustment. Traditionally, psychologists have designed CBT interventions with
patient feedback informing changes after implementation. However, the self-guided nature of
MHapps increases the utility of user feedback. This project aimed to achieve a compromise
between options (a) and (b), but there is a possibility that more user involvement at the very
early stages of design and development may have increased the utility of MoodMission.

In conclusion, MoodMission is a mental health smartphone app, built using evidence-
based therapeutic techniques, that aims to build its own evidence base as an effective
intervention. It was designed using recommendations from Bakker et al. (2016) informing a
behavioral plan using a trigger, action, reward, investment loop (Eyal, 2014). There are many
potential therapeutic and research uses for MoodMission, and it is anticipated that these

applications will be developed and evaluated over the coming years.
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Explanatory Note

Following the development, usability testing, and pilot evaluation of MoodMission,
the same evaluation applied to MoodPrism in Chapter 4 was also pursued for MoodMission.
The following chapter presents a manuscript detailing this evaluation, which was submitted
for publication in November 2017 and is currently under review. It reports data from 617
participants and, similar to MoodPrism, relationships were found between app engagement
and mental health benefits. Mediation analyses were also conducted, however CSE rather than
ESA was revealed to be a significant source of mental health effects. This supported the
suggestions of Chapter 1 that reflection-focused apps work via increasing ESA and problem-

focused apps, like MoodPrism, work via increasing CSE.
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Abstract
Obijective: There is an abundance of evidence supporting the efficacy of computerised
cognitive behavioral therapy (CBT), but few studies have evaluated mobile applications
(apps) that provide CBT strategies. This study investigating the relationships between mental
health outcomes and engagement with a mobile app that recommended short CBT strategies.
Method: Participants downloaded the MoodMission app from the iOS and Android app
stores, completed in-app baseline assessments, and final assessments 30 days later.
Participants reported their mood to MoodMission when they were feeling low or anxious and
received a list of short CBT strategies to choose from and engage in. Data from 617
assessment completers (71% female; M age = 27 years) were analysed via hierarchical and
mediated regressions. Results: App engagement ratings predicted increases in mental well-
being. Mediation analyses revealed that there were indirect effects of app engagement on
depression, anxiety, and mental wellbeing via the mediator of coping self-efficacy. Subsample
analyses found this only for participants who were experiencing a moderate level of
depression or anxiety at the time of the baseline assessment. Mental health literacy and coping
self-efficacy did not play mediating roles. Conclusions: Engaging with an app that provides
CBT strategies can increase mental well-being. Increases in coping self-efficacy may mediate
mental health and well-being effects of the app in individuals experiencing moderate
depression or anxiety.
Keywords: Computer/Internet technology; Anxiety; Depression; Mobile; Cognitive
Behavioral Therapy
Public Health Significance Statement: There are hundreds of unevaluated mental health apps
used by millions of smartphone users worldwide, but it is unclear whether these apps can
produce mental health and well-being benefits. This study presents evidence supporting the

effectiveness of an app that provides users with short cognitive behavioral therapy strategies.
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Engagement with a cognitive behavioral therapy mobile phone app predicts changes in mental
health and well-being: MoodMission

The ubiquity, portability, and ease of data entry of smartphones makes them ideal
tools for health and behaviour change interventions (Aung, Matthews, & Choudhury, 2017;
Dogan, Sander, Wagner, Hegerl, & Kohls, 2017; Wendel, 2013). Simultaneously, the need for
accessible mental health interventions continues to be dire. Depression has become the top
cause of disability worldwide (World Health Organization, 2017), and while effective
psychotherapies for affective disorders are available (Andrews, Cuijpers, Craske, McEvoy, &
Titov, 2010), the proportion of people who access them is disappointingly low, with 65% of
Australians who experience a mental health issue not accessing treatment (ABS, 2007).

Mental health apps (MHapps) aim to provide highly accessible mental health supports
with a wide range of smartphone-based tools, including guided meditations, thought and
mood tracking, psychoeducation, and coping skills training (Bakker, Kazantzis, Rickwood, &
Rickard, 2016). While many MHapps have been developed and released on app stores, very
few have been empirically validated (Donker et al., 2013; Grist, Porter, & Stallard, 2017;
Huguet et al., 2016; Sucala et al., 2017). The mechanisms underlying the purported benefits
of their use remain unstudied.

Cognitive behavioural therapy (CBT) is an evidence-based psychotherapy that has
been successfully translated to self-guided computer-based programs (Andrews & Williams,
2014), known as computerised CBT (cCBT) or internet CBT (iCBT). Meta-analyses have
found cCBT effective in treating a range of issues (e.g. Heber et al., 2017; Twomey &
O’Reilly, 2017) and can serve as an effective transdiagnostic treatment for both anxiety and
depression (Cuijpers, Cristea, Weitz, Gentili, & Berking, 2016; Newby, Twomey, Yuan Li, &
Andrews, 2016; Pasarelu, Andersson, Nordgren, & Dobrean, 2017). While the successes of

cCBT suggest that programs can be effectively translated to delivery via mobile devices
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(Proudfoot et al., 2013; Watts et al., 2013), the interaction style used with a mobile device is
fundamentally different to that used with a personal computer (Wendel, 2013). MHapps that
teach CBT strategies may be effective at improving mental health outcomes, but more studies
are required to confirm these effects (Callan, Wright, Siegle, Howland, & Kepler, 2017;
Sucala et al., 2017).

Among the other relevant CBT-based apps reported in the literature thus far,
Kinderman et al. (2016) presented data on the effectiveness of Catch It, a CBT-based MHapp
that coached users in a short cognitive reframing and reflection strategy. Significant increases
in positive mood and decreases in negative mood were noted when comparing the first and
second times the app had been used. However, the long term use of the app was not studied,
so it was unclear whether these effects maintained over, for example, a 30 day period.
Comparative measurements of depression, anxiety, and mental well-being were also absent.
Similarly, Meinlschmidt et al. (2016) found that a MHapp that coached 27 male participants
through CBT-based “micro-interventions” resulted in short term mood improvements, but the
long term effects of the app were unclear.

Mohr et al. (2017) reported the efficacy of a suite of “IntelliCare” apps in significantly
reducing depression and anxiety. Fourteen different apps were developed and 95% of the
participants downloaded five or more of the IntelliCare apps. Participants also received phone
calls and text messages to coach their use of the apps. While this study demonstrates the
theoretical efficacy of using MHapps, the influence of coaching calls should be considered
before concluding that consumers who independently download MHapps can receive benefits.
Furthermore, using a suite of 14 individual MHapps rather than a single multipurpose MHapp
IS inconsistent with principles of intuitive app design. It may be overly complex for users to
navigate between apps, and the prevention of intercommunication between the apps is a major

shortcoming.
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Roepke et al. (2015) found that two different versions of the MHapp “SuperBetter”,
including a version using CBT strategies and one using more general self-esteem and
acceptance focused strategies, successfully reduced depression symptoms when compared to
a waitlist group. There was no significant difference between the SuperBetter versions, but no
measures of app use or app engagement were made, so conclusions were not informed by how
engaging the participants found the different app versions.

Participants in all the studies summarized above (Kinderman et al., 2016;
Meinlschmidt et al., 2016; Mohr et al., 2017; Roepke et al., 2015) were experiencing
significant depression and/or anxiety symptoms, so it is unclear whether the MHapps would
be effective for users experiencing subclinical symptoms. This has important implications for
the recommendation of MHapps to different users. For example, if a MHapp is effective for
users experiencing mild to moderate symptoms of depression or anxiety, but not as effective
for those experiencing severe distress, alternative supports should be recommended.

Practicing coping skills is a central part of CBT (Mennin, Ellard, Fresco, & Gross,
2013). Coping self-efficacy (CSE) is a measure of an individual’s confidence in their ability
to engage in coping strategies (Thorne, Andrews, & Nordstokke, 2013) and cope with
adversity (Chesney, Neilands, Chambers, Taylor, & Folkman, 2006). CSE is positively
associated with psychological thriving (Sirois & Hirsch, 2013) and negatively associated with
depression (Philip, Merluzzi, Zhang, & Heitzmann, 2013) and overall psychological distress
(Benka et al., 2014; Pritchard & Gow, 2012; Smith, Benight, & Cieslak, 2013). While the
outcomes of using some CBT-based MHapps have been studied (e.g. Dahne, Kustanowitz, &
Lejuez, 2017; Huguet et al., 2016), the role of improving CSE to elicit mental health benefits
remains unclear. Kuhn et al. (2017) conducted a Randomised Controlled Trial (RCT)
comparing the “PTSD Coach” app, for Post Traumatic Stress Disorder, to a waitlist condition

over 3 months of treatment. Compared to waitlist participants, PTSD Coach users experienced
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greater reductions in PTSD and depression symptoms, and greater increases in psychosocial
functioning. CSE specifically related to PTSD symptoms was also assessed, but no effect of
the app was found. The authors recommended more research to be done to clarify the
potential mediating role that CSE plays in the effects of MHapps.

In addition to CSE, Bakker et al. (2016) detail two other potential mechanisms for
MHapps to exert positive effects on mental health and well-being, including emotional self-
awareness (ESA) and mental health literacy (MHL). It is theorised that CSE, ESA, and MHL
may mediate the relationship between engagement in different MHapps and mental health
outcomes. ESA refers to the ability for an individual to understand and differentiate their own
emotions, which can result in emotional self-regulation improvements (Barrett, Gross,
Christensen, & Benvenuto, 2001; Hill & Updegraff, 2012), and positive mental health
outcomes (O’Toole, Jensen, Fentz, Zachariae, & Hougaard, 2014). MHapps have been
developed with mood-tracking functionality, and a handful have been studied regarding their
impact on ESA (Bakker & Rickard, 2017; Kauer et al., 2012; Morris et al., 2010; Rickard,
Arjmand, Bakker, & Seabrook, 2016). MHL is the “knowledge and beliefs about mental
disorders which aid their recognition, management or prevention” (p. 182, Jorm et al., 1997),
which can be gained through psychoeducation interventions (Macrodimitris, Hamilton,
Backs-Dermott, & Mothersill, 2010). Internet delivered psychoeducation is effective at
reducing depressive symptoms and distress (Brijnath, Protheroe, Mahtani, & Antoniades,
2016; Donker, Griffiths, Cuijpers, & Christensen, 2009), and can be embedded into MHapps.

To measure the effect of using MHapps, some have suggested studying the
relationship between frequency of app usage and mental health outcomes (Carpenter et al.,
2016). This can help avoid digital placebo effects (Torous & Firth, 2016) and other
confounding effects present in real-world deployment studies. Bakker and Rickard (2017)

detail how app engagement may be more useful than raw usage to consider for this
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relationship. Items on a short feedback questionnaire can be used to measure a user’s
engagement with the MHapp, and if app engagement ratings are positively associated with
mental health and well-being outcomes, it suggests the MHapp has efficacy.

The current study aimed to investigate the mental health and well-being impacts of
using a CBT strategy app (“MoodMission) over a period of 30 days in a community sample,
including the underlying mechanisms that make it effective, and whether users’ mental health
status influenced the effects. MoodMission provides users with CBT strategies that they can
use to cope with low moods and anxiety. Practising such strategies may improve CSE. The
strategies also have small amounts of integrated psychoeducation, which may increase MHL.
While the app does have a rudimentary log of past use, this is not optimised in a mood diary
format, so it was not designed to increase ESA. Considering these features of MoodMission,
an additional aim of this study was to investigate whether CSE and MHL mediated the
MHapp’s mental health and well-being effects. The mediation role of ESA was also explored
as an alternative to CSE and MHL.

It was hypothesised that after using MoodMission for 30 days, participant app
engagement would be associated with an increase in mental well-being and a decrease in
depression and anxiety symptomatology. Furthermore, these predicted relationships were
hypothesised to be mediated by increases in CSE and MHL that users experienced while
using the app, rather than an increase in ESA. It was hypothesised that participants who
scored in the clinical range on the baseline depression and anxiety measures would experience
stronger mediated effects than those who scored in the nonclinical range.

Method
Participants
The sample was drawn from data 617 users who had downloaded the app between

August 2016 and June 2017, and had complete baseline and final assessment data. These
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users had downloaded MoodMission naturally off the iOS and Android app stores, so were
not recruited as part of a study and were not necessarily seeking a clinical mental health
treatment. Age ranged from 13 to 70 (M = 26.9, SD = 10.9), with 151 males, 439 females, and
27 participants who did not specify their gender. The majority of this sample had completed
tertiary education (65%) and were currently employed (29% full-time, 34% part-time).
Materials - App Description

MoodMission (2017) is an app that was developed to provide users with CBT
strategies for managing low moods and anxiety. Bakker, Kazantzis, Rickwood and Rickard
(2017) detailed the development of MoodMission and how it was designed for three primary
uses: “(1) to provide self-administered prevention and self-help strategies to reduce the risk of
clinically significant mood and anxiety disorders; (2) to support stepped-care interventions
(Vogl, Ratnaike, lIvancic, Rowley, & Chandy, 2016; White, 2010) as a platform for access to
low-intensity intervention for low-level clinical symptoms or sub-clinical symptoms of
depression and anxiety; and (3) as an adjunct to psychotherapy or other face-to-face
treatments for mood and anxiety disorders” (p. 7). When users report their low moods or
anxious feelings to MoodMission, the app provides them with a choice of five CBT strategies
called “Missions”. Missions are short, easily achievable activities and strategies, taken from
evidence-based psychotherapies, that aim to soothe users’ distress. Missions are tailored to the
problem that a user reports, so for example, if a user reports low mood, MoodMission may
suggest physical exercises (Cooney et al., 2013), behavioural activation activities (Dimidjian,
Martell, Herman-Dunn, & Hubley, 2014), or gratitude thought experiments (Lambert,
Fincham, & Stillman, 2012; Sin & Lyubomirsky, 2009). Missions are “intelligently” selected
based on an adaptive learning algorithm determined by successful past missions the user has
completed. MoodMission’s intervention therefore supports the user preference for short,

tailored modules in internet mental health interventions (Batterham & Calear, 2017).
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MoodMission collected responses from users on several self-report measures at the start of

use and 30 days later. The surveys deployed by the app are listed in Table 1.
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Table 1

Measures Included in MoodMission Assessments

Measure No of Scale Psychometrics
Items
Patient Health Questionnaire 9 5 point; Not At All (0) to Scores over 10 have good sensitivity (88%) and specificity (88%) for
(PHQ-9) Nearly Every Day (4) diagnosis of major depression by interview. High internal reliability,
Cronbach’s o = .89 (Kroenke et al., 2001).
Generalized Anxiety Disorder 7 5 point; Not At All (0) to Scores over 10 have good sensitivity (89%) and specificity (82%) for

scale (GAD-7)

Warwick-Edinburgh Mental 14
Well-being Scale (WEMWBS)

Emotional Self-Awareness Scale 30
— Revised (ESAS-R)

Coping Self-Efficacy Scale 26
(CSES)

Mental Health Literacy 25

Questionnaire (MHLQ)

App Engagement Scale 7

Nearly Every Day (4)

5 point; None Of The Time (1)
to All Of The Time (5)

5 point; Strongly Disagree (0)
to Strongly Agree (4)

11 point; Cannot Do At All (0)
to Certain Can Do (10)

Mixed

5 point; Strongly Disagree (1)
to Strongly Agree (5)

diagnosis of Generalised Anxiety Disorder (GAD) by interview. High
internal reliability, Cronbach’s o = .92 (Spitzer et al., 2006).

Shares high correlations with measures of life satisfaction and other
measures of well-being. Has high internal reliability, Cronbach’s o =
.91 (Tennant et al., 2007).

Internal reliability of this revised scale is high, Cronbach’s o= .90
(Bakker & Rickard, 2017).

Good validity, indicated by significant positive relationships with
well-being and negative relationships with psychological distress.
High internal reliability, Cronbach’s o = .95, (Chesney et al., 2006).

No standardised measure of MHL exists, so for MHapp MoodPrism
Bakker and Rickard (2017) developed a questionnaire using elements
from measures used in the literature.

Based on items from the well-validated tool for rating health apps, the
Mobile Application Rating Scale (MARS; Hides et al., 2014). Good
reliability was found in previous use, Cronbach’s a = .84 (Bakker &
Rickard, 2017).
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Procedure

As detailed in Bakker et al. (2017), MoodMission was developed and made freely
available on the iTunes and Google Play app stores. To encourage downloads of the app, a
multiformat promotional effort was made, including social media pages, news articles, blog
posts, conference and trade show presentations, school and university presentations, and
printed flyers.

Participants downloaded the app and completed a series of “onboarding” introductory
steps. This included completing the baseline assessment, containing the survey measures used
in this study. After the assessment was completed, MoodMission’s mission suggestion
features were unlocked and the app encouraged users to access the app when they were
feeling low or anxious. A series of push notifications on the days following the assessment
completion were used to remind users to engage with the app. After 30 days of use,
MoodMuission prompted users to complete the final assessment, which included the same
measures from the baseline assessment, with the addition of the App Engagement Scale.
Design and Analyses

A power analysis using G*Power 3 software and based on the smallest effect sizes
reported by Kuhn et al. (2017) revealed that 90 participants would be required to detect
effects at «=.05. Some data were missing for some participants due to partial assessment
completions. Missing data were not replaced, and analyses were conducted excluding
participants with missing data in a listwise fashion. IBM SPSS software was used for all
analyses, each with bootstrapping using 5000 samples. Preliminary analyses investigated the
potential confounding influences of Age and Gender on the analyses. For Age, a series of
partial correlations with the three outcome variables (final scores) were performed, with the
baselines scores partialled out. Gender, as a categorical variable, instead was included as a

covariate in a within-subjects ANCOVA. The results determined whether Age or Gender
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would be included in the main analyses as covariates. Three hierarchical regressions were
used to determine total (unmediated) effects between App Engagement and each outcome
measure, with final depression, anxiety and mental well-being scores as the respective
outcome variable. The first step in the hierarchical regression included entry of potential
confounds identified from preparatory analyses and baseline depression, anxiety or mental
well-being scores. App Engagement was entered in the second step.

To investigate the role of mediators, three mediated regression models were used, each
using one of the three outcome variables; Depression (PHQ-9), Anxiety (GAD-7), and Mental
Well-being (WEMWBS). Three mediating variables were used in each model; CSE measured
by the CSES, ESA measured by the ESAS-R, and MHL measured by the MHLQ. As per
recommendations from Darlington and Hayes’ (2016) and Zhao, Lynch, and Chen’s (2010), a
significant total (unmediated) effect was not a prerequisite for investigation of mediation
effects. This allows the investigation of mediators, even if omitted or opposing mediators are
masking total or direct effects (Darlington & Hayes, 2016).

All mediated regression analyses were conducted with the PROCESS plug-in for
SPSS (Hayes, 2013) using procedures detailed in Field (2013) and Hayes and Rockwood
(2016). To quantify change over time for each mediator or outcome variable, each analysis
followed Hayes and Rockwood’s (2016) recommendations to use baseline scores as
covariates and final (post-30 days of app use) scores as outcome variables. This avoids “self-
selection”, regression to the mean, and other biases found in other techniques, such as the use
of difference scores. Regardless, when baseline and final scores are highly correlated (as was
the case for this sample; see Appendix A), this approach often yields a similar output to using
difference scores (Vickers & Altman, 2001). For ease of interpretation, reported regressions

refer to ‘Depression’, ‘Anxiety” or ‘Mental Well-being’ scores, but all take baseline scores
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into account and therefore operationalize change over the 30 day app use period. All Beta (B)
statistics reported in the regressions are standardised effect sizes.

Three subsamples based on baseline measures of clinical symptomatology were
identified. The Nonclinical subsample scored 9 or under on both the baseline PHQ-9 and the
GAD-7. Guidelines for the PHQ-9 (Kroenke, Spitzer, & Williams, 2001) and the GAD-7
(Spitzer, Kroenke, Williams, & Léwe, 2006) both list 10 to 14 as in the “moderate” range, SO
the Moderate-clinical subsample scored between 10 and 14 on either the baseline PHQ-9 or
GAD-7, but not both. The Severe-clinical subsample scored 15 or over on the PHQ-9 or
GAD-7, or scored 10 or over on both PHQ-9 and GAD-7 to account for those participants
experiencing comorbid depression and anxiety.

Results

The data were inspected and cleaned to ensure that assumptions for linear regression
were met. Participants with missing data and outlying cases £3SDs from the mean were
excluded, leaving 617 participants for the subsequent analyses. Durbin-Watson statistics were
found to be above specified limits for all regressions, suggesting independence of errors
(Durbin & Watson, 1951). All variance inflation factors (VIFs) were between 1.0 and 1.1, and
tolerance statistics > .9, suggesting an absence of multicollinearity (Field, 2013). Each
outcome variable’s residuals were inspected to confirm homoscedasticity and normally
distributed errors.

Descriptive Results
Means, standard deviations (SD), and 95% confidence intervals (CI) for each

subsample and the whole sample are displayed in Table 2.
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Table 2
Descriptive Statistics for Each Analysis Group and Results from Paired Samples t-tests Comparing Baseline and Final Scores

Nonclinical (n=144) Moderate-clinical (n=123) Severe-clinical (n=350) Whole Sample (n=617)
Mean (SD) 95% ClI t Mean (SD) 95% ClI t Mean (SD) 95% Cl t Mean (SD) 95% ClI t

PHQ-9
Baseline  5.75(2.21) [6.38,6.10] 5.75** 10.76 (2.35) [10.33,11.18] 1.13 16.90(4.23) [16.46,17.34] 4.49** 13.07 (5.86) [12.60,13.53] 1.49
Final 7.72 (4.44) [6.99, 8.45] 10.28 (4.65)  [9.46, 11.11] 15.75 (5.58)  [15.16, 16.32] 12.79 (6.23)  [12.30, 13.28]
GAD-7
Baseline  4.90 (2.44) [4.49,5.29] 4.21** 7.92(2.81) [7.42,8.40] 137 1299 (4.18) [12.55,13.42] 2.45* 10.09(4.99) [9.69,10.49] 0.40
Final 6.22 (4.09) [5.57, 6.90] 8.45 (4.42) [7.66, 9.25] 12.39 (4.77)  [11.88, 12.88] 10.16 (5.26)  [9.76, 10.57]
WEMWB
S
Baseline  45.52 (6.82) [44.44,46.66] 3.82** 39.79 (6.03) [38.70,40.84] 1.17 33.64(6.71) [32.94,34.34] 5.27** 37.64(8.25) [36.99, 38.30] 2.60**
Final 43.17 (8.31) [41.79, 44.51] 40.54 (8.45) [39.07, 42.01] 35.74 (8.45)  [34.86, 36.60] 38.43(8.99) [37.72,39.15]
CSES
Baseline 162.25 (36.57) [156.38, 168.17] 0.75 149.51 (28.99) [144.42, 154.68] 0.02 129.07 (34.26) [125.54, 132.58] 0.01 140.89 (36.64) [138.02, 143.82] 0.36
Final 160.53 (35.24) [154.69, 166.22] 149.45 (34.35) [143.36, 155.54] 129.06 (37.97) [125.14, 132.97] 140.47 (39.02) [137.45, 143.60]
ESAS
Baseline 43.44 (10.64) [41.68, 45.15] 5.49** 46.07 (10.29) [44.26,47.82] 1.55 51.40(10.39) [50.31,52.46] 6.74** 48.48 (10.97) [47.58,49.32] 1.55
Final 50.64 (7.77)  [49.37,51.92] 48.19 (7.55) [46.85, 49.51] 45,90 (37.17) [45.09, 46.74] 47.47 (8.16) [46.83, 48.11]
MHLQ
Baseline  15.57 (2.44) [15.19,15.96] 0.41 15.26(2.47) [14.83,15.69] 0.35 14.77 (2.69) [14.48,15.04] 1.65 15.05(2.61) [14.85,15.25] 1.30
Final 15.64 (2.62)  [15.22, 16.05] 15.20 (2.66)  [14.72, 15.65] 14.95 (2.57) [14.68, 15.22] 15.16 (2.61) [14.94, 15.37]
App Engagement
Final 26.67 (4.44) [25.91, 27.39] 27.11 (4.02) [26.40, 27.82] 27.06 (3.94) [26.66, 27.47] 26.98 (4.08) [26.66, 27.30]

*p = .05, **p = 01
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Potential Confounds

Age and gender were considered as potentially confounding variables for each of the
regression analyses. Partial correlations (with baseline Depression, Anxiety or Mental Well-
being scores partialled out respectively) revealed that Age yielded significant relationships
with Depression (PHQ-9), r (614) = -.160, p <.001, and Anxiety (GAD-7), r (614) =-.123, p
=.002, but not Mental Well-being (WEMWBS), r (614) = .045, p = .260. No significant
effects were observed for Gender, as it was a non-significant covariate for Depression (PHQ-
9), F (1, 413) = .34, p = .563, 77,2 = .001, Anxiety (GAD-7), F (1, 413) = 1.64, p = .201, 5=
.004, and Mental Well-being (WEMWABS), F (1, 413) = 1.92, p = .167, 5, = .005.
Significance did not change with the exclusion of participants who selected “Other” for
gender. Based on these results, Age was controlled in the first step of each regression
analysis. To ensure suitability for further investigation and adequate relatedness between
baseline and final measures, correlations between each of the variables were calculated and
inspected (see Appendix A). A univariate ANOVA revealed no significant differences in App
Engagement between the Nonclinical, Moderate-clinical, and Severe-clinical subsamples, F
(2, 614) = .54, p = .586, 52 = .002.
Total (unmediated) Effects

Hierarchical regressions (controlling for the age confound, and baseline scores) on the
whole sample demonstrated that App Engagement significantly predicted an increase in
Mental Well-being scores, AF(1, 613) = 16.92, p <.001, AR?=.017. However, App
Engagement did not significantly predict changes in Depression, AF (1, 613) = .62, p = .430,
AR?=.001, or Anxiety, AF (1, 613) = .11, p = .742, AR?< .001. When split into Nonclinical,
Moderate-clinical, and Severe-clinical subsamples, the same was found, with App
Engagement significantly predicting Well-being (Nonclinical: AF(1, 140) = 4.49, p = .036,

AR?=.021 AF(1, 140) = 4.49, p = .036, AR?= .021; Moderate: AF(1, 119) = 4.75, p = .031,
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AR?=.026; Severe: AF(1, 613) = 7.013, p =.008, AR?=.014), but not Depression
(Nonclinical: AF (1, 140) = .08, p =.782, AR?< .001; Moderate: AF (1, 119) = .55, p = .458,
AR?=.004; Severe: AF (1, 346) = .54, p = .464, AR?=.001), or Anxiety (Nonclinical: AF (1,
140) = .51, p = .477, AR?= .003; Moderate: AF (1, 119) = .80, p = .374, AR?=.006; Severe:
AF (1, 346) = .27, p = .602, AR?>=.001).
Mediation Analyses

Mediation analyses were first performed for the whole sample (N=617), even in the
absence of significant total effects for Depression and Anxiety (as per Zhao et al, 2010).
There were significant standardised indirect effects of App Engagement through CSE for
Depression, p = -.063, 95% CI [-.100, -.031] (Figure 1A), Anxiety, p = -.058, 95% CI [-.094,
-.027] (Figure 1B), and Mental Well-being, = .085, 95% CI [.041, .133] (Figure 1C). A
significant positive relationship between App Engagement and MHL was also observed in

each regression. All other direct and indirect effects were not significant.
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Figure 1. Whole sample mediated regression model using App Engagement ratings as the
predictor and (A) Depression (PHQ-9), (B) Anxiety (GAD-7), and (C) Mental Well-being

(WEMWABS) scores as the outcome. Note: bolded coefficients indicate significance, p < .05
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Following the analyses of the whole sample, mediated regressions were pursued
independently for the Nonclinical (n=144), Moderate-clinical (n=123), and Severe-clinical
(n=350) subsamples. In the Nonclinical subsample, no direct or indirect effects were found to
be significant in the regressions for Depression (Figure 2A) or Anxiety (Figure 2B). However,
a significant mediation effect for Mental Well-being (Figure 2C) was found for CSE, with a
standardised indirect effect of B =.103, 95% CI [.002, .221]. No other direct or indirect

effects were significant for Mental Well-being.
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Figure 2. Nonclinical subsample mediated regression model using App Engagement ratings

as the predictor and (A) Depression (PHQ-9), (B) Anxiety (GAD-7), and (C) Mental Well-

being (WEMWABS) scores as the outcome. Note: bolded coefficients indicate significance, p <

.05
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In the Moderate-clinical subsample, there were significant mediation effects for CSE
in all three regressions, with standardised indirect effects of p =-.173, 95% CI [-.291, -.080]
for Depression (Figure 3A), p =-.195, 95% CI [-.326, -.094] for Anxiety (Figure 3B), and § =
221, 95% CI [.114, .345] for Mental Well-being (Figure 3C). No other direct or indirect

effects were found significant.
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Figure 3. Moderate-clinical subsample mediated regression model using App Engagement

ratings as the predictor and (A) Depression (PHQ-9), (B) Anxiety (GAD-7), and (C) Mental

Well-being (WEMWABS) scores as the outcome. Note: bolded coefficients indicate

significance, p < .05
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In the Severe-clinical subsample, there were no significant direct or indirect effects in
any of the three regressions. However, there were significant positive relationships observed
between App Engagement and MHL in all three regressions. There were also significant
negative relationships between CSE and Depression, and CSE and Anxiety, and a significant
positive relationship between CSE and Mental Well-being. A summary of the presence of

direct and indirect effects from all regressions is presented in Table 3.
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Figure 4. Severe-clinical subsample mediated regression model using App Engagement
ratings as the predictor and (A) Depression (PHQ-9), (B) Anxiety (GAD-7), and (C) Mental
Well-being (WEMWABS) scores as the outcome. Note: bolded coefficients indicate

significance, p < .05
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Table 3
Presence of Total, Direct and Indirect Effects of App Engagement on Each Outcome Variable

for Each Group

Indirect effect via Direct
Total effect of mediator effect when
App Engagement mediators

Outcome variable (Unmediated) ESA CSE MHL added
Whole sample

Depression X X v X #

Anxiety X X v X #

Mental Well-being v X v X X
Nonclinical subsample

Depression X X X X X

Anxiety X X X X X

Mental Well-being v X v X X
Moderate-clinical subsample

Depression X X v X X

Anxiety X X v X X

Mental Well-being v X v X X
Severe-clinical subsample

Depression X X X X X

Anxiety X X X X X

Mental Well-being v X X X X

X not significant, v’ significant (p<.05), # approaching significance (p<.10).
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Discussion

This study aimed to assess whether engaging with MoodMission, a MHapp that
intelligently suggested CBT strategies, predicted improvements in mental health (depression
and anxiety) and well-being. The primary finding was that app engagement predicted
improvements in mental well-being, and this relationship was mediated by CSE for all but the
severely clinical subsample.

It was also found that while app engagement did not directly predict reductions in
depression and anxiety, a mediated pathway was identified via CSE for the whole community
sample and the moderately clinical subsample. ESA and MHL did not act as mediators for
any of the app engagement relationships. This suggests that, for users experiencing moderate
levels of depression and anxiety, engaging with MoodMission improved CSE, which
subsequently decreased depression and anxiety. However, the lack of a direct effect suggests
that there may be other interpretations, such as the presence of an unmeasured, conflicting
mediator nullifying the direct effect (Darlington & Hayes, 2016). More research is needed to
explore other possible mediators and clarify why there was no direct effect observed.

It was noted that the depression and anxiety scores increased between baseline and
final assessments in the nonclinical group. There was no relationship between app
engagement and increasing depression or anxiety in the nonclinical group, so this difference
between baseline and final assessments should be interpreted a result of measurement effects
like regression to the mean, rather than an effect of the app intervention. The nonclinical
group was comprised of participants who initially scored low on the depression and anxiety
measures and due to floor effects in those measures, there was a much higher chance of their
score increasing rather than decreasing on a subsequent assessment. This highlights the
importance of investigating the relationship between app engagement and change in

depression or anxiety, or including some sort of control group. Many studies of MHapp
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interventions recruit participants who are experiencing clinical symptoms at baseline (e.g.
Kinderman et al., 2016; Meinlschmidt et al., 2016; Mohr et al., 2017; Roepke et al., 2015),
and due to measurement effects and regression to the mean, there is an above average
likelihood of scores decreasing rather than increasing.

These findings support the use of MoodMission to improve mental well-being,
regardless of the users’ clinical status. When accounting for clinical status, mediated effects
on depression and anxiety levels were only observed for moderately clinical users. A possible
explanation for this is that nonclinical users already had low levels of depression and anxiety,
and increasing CSE did not detectably lowered them further, and severely clinical users
required a more intensive intervention to improve their CSE and reduce their depression and
anxiety. This lack of effect on depression and anxiety for users experiencing severe levels of
these disorders suggests that MoodMission should not be recommended as a standalone
treatment, and demonstrably effective therapies such as CBT with a psychologist should still
be sought first. There may also be other advantages of using MoodMission for this subsample
that were not detected in this study. For example, MoodMission may change the attitude
towards help-seeking for severely clinical users, as they receive notifications about seeking
professional support, or it may have relapse prevention effects. In addition, the app may have
preventative effects for users who are not currently experiencing depression or anxiety, but
the 30-day window of assessment used in this study was too short to detect these.

Previously developed iCBT interventions, such as MoodGY M, were designed as
clinical interventions for diagnosed disorders. As such MoodGYM had significant treatment
effects for depression, g = 0.36, 95% CI = 0.17-0.56, and anxiety, g = 0.57, 95% CI = 0.20-
0.94 (Twomey & O’Reilly, 2017). The adherence rates for the thousands of MoodGYM users
that used the intervention outside of an experimental context was extremely low, and less than

7% of users progressed past the first two sessions (Christensen et al., 2006), compared to
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within experimental contexts when adherence ranged between 10-100%. All data collected in
the current study was outside of an experimental context, with participants naturally
discovering and downloading the app from the public app store. MoodMuission, and apps like
it, are designed to be low-intensity and preventative supports for a range of problem
severities, including routine, everyday low moods and anxious feelings. As such the expected
treatment effects are much smaller, and expected adherence rates much lower.

Bakker and Rickard (2017) conducted a study using the self-monitoring MHapp
MoodPrism with the same measures and methodologies reported in the current study.
MoodPrism enabled users to track their moods over time by completing daily surveys and
creating an interactive, colourful mood diary. Findings suggested that engaging with
MoodPrism significantly decreased depression and anxiety, and increased mental well-being.
Additionally, it was hypothesised that engaging with MoodPrism’s reflection-focussed
features would promote gains in ESA, and so ESA would serve as a mediator between app
engagement and mental health and well-being outcomes. However, it was found that this was
only the case for individuals who scored 15 or over on the PHQ-9 or GAD-7 measures, the
same as the current study’s Severe-clinical subsample. ESA was not a significant mediator for
individuals who scored under this on the depression and anxiety measures.

Bakker et al. (2016) suggests three different types of MHapps; goal-focussed MHapps
are designed to improve CSE by recommending activities and active coping skills, reflection-
focussed MHapps are designed to improve ESA by using self-monitoring features, and
education-focussed MHapps are designed to improve MHL by supplying users with mental
health information. MoodMission’s main function is the recommendation of CBT strategies,
so it best fits into the goal-focussed category. While MoodPrism was a reflection-focussed
MHapp, MoodMission contains features that lends to a goal-focussed MHapp design, so the

role of CSE as a mediator was expected. However, while the mediation effects of ESA were
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observed for MoodPrism participants in the Severe-clinical range, MoodMission participants
in this range did not experience any measured effects of engaging with the app. This suggests
that reflection-focussed features, such as those used in MoodPrism, may be better suited to
users who are severely depressed or anxious, whereas goal-focussed features, such as those
used in MoodMission, may be more useful for users who are experiencing moderate levels of
depression or anxiety. More research is needed to directly compare these features across
different groups and different circumstances. A RCT contrasting the effects of MoodPrism
and MoodMission, along with other experimental conditions, is currently underway. A
systematic comparison between these different MHapps will further illuminate the
mechanisms underlying MHapp effects.

MoodMission is designed to be accessed when the user is experiencing low moods or
anxious feelings. This may explain why there was no effect of app engagement on depression
or anxiety for participants who were not already experiencing significant depression or
anxiety symptoms. These users may not have been able to use the Missions to meaningfully
decrease their emotional distress, as they were experiencing fewer episodes of less severe
distress. There may have also been a floor effects of the PHQ-9 and GAD-7 measures to
detect further reductions in depression and anxiety. The finding that these users experienced
significant, measurable effects of app engagement on mental well-being support this theory,
as there would be less of a ceiling effect on this measure.

There is a perception among some health and mental health practitioners that
smartphone use has detrimental mental health outcomes. However, research has linked only
non-social use of smartphones to depression and anxiety (Elhai, Levine, Dvorak, & Hall,
2017), highlighting that it is not the devices themselves that cause issues, but the way they are

used. Further support for this comes from the results from this study, which suggest that using
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the features of a MHapp can result in reductions in depression and anxiety, and improvements
in mental well-being.

This study suggests that engagement with MoodMission, a goal-focussed MHapp that
intelligently suggests CBT strategies to users, is related to improvements in coping self-
efficacy, which in turn is related to improvements in mental health and well-being. This is
particularly relevant for moderately depressed or anxious users. These findings contrast with
those from reflection-focussed apps like MoodPrism (Bakker & Rickard, 2017), which work
through the mediator of emotional self-awareness. Considering the clinical potential of
MHapps (van Os et al., 2017) and the paucity of research in the area (Donker et al., 2013;
Grist et al., 2017), these findings are important for the development, promotion, and
refinement of effective MHapps. More work is required to compare the efficacy of
MoodMuission to other MHapps and control conditions, and to investigate different contexts of

its potential use.
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Explanatory Note

As detailed in Chapter 1, MHapps require thorough evaluation through experimental
trials. The papers presented in Chapters 4 and 6 investigated the relationships between app
engagement and mental health outcomes in participants who naturally found and downloaded
the apps off the public app store. The findings supported the real-world effectiveness of
MoodPrism and MoodMission. To further investigate the apps’ efficacy, a randomised
controlled trial (RCT) was designed and pursued.

The following chapter presents a manuscript submitted for publication in February
2018, and resubmitted to respond to reviewer feedback in May 2018. It details a RCT that
was conducted following the release of both MoodPrism and MoodMission. An additional
MHapp was sought to be included in the RCT to enable comparison to an existing
intervention. MoodKit was the MHapp that was chosen, based on its quality and its structure
as a “toolbox style” intervention, offering a number of tools to users in an unguided format.
MoodKit’s tools are similar to those contained within MoodPrism and MoodMission, but
they are deployed in a less directive behavioural plan, enabling comparisons to MoodPrism’s
and MoodMission’s behavioural plans. In line with journal requirements, the study adhered
to CONSORT guidelines (see Figure 1 in the manuscript).

Data from 226 participants was analysed to draw conclusions that using any of the
three MHapps provided mental health benefits, in comparison to the waitlist control
condition. Mediation analyses were also performed and resulted in different conclusions to
those of Chapter 4. CSE rather than ESA was a significant mediator for all apps, including

MoodPrism.
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Abstract
Many smartphone applications (apps) for mental health (MHapps) are available to the public.
However, few have been the subject of a randomized controlled trial (RCT), and the change
processes that are hypothesized to mediate claimed effects have not been previously studied.
This RCT compared the efficacy of three publicly available MHapps to a waitlist control
condition in a community sample, in which no MHapp was provided. The three MHapps
included cognitive behavioural therapy (CBT) toolkit app MoodKit, mood tracking app
MoodPrism, and CBT strategy app MoodMission. Participants were randomly allocated to
each condition, completed a baseline assessment, downloaded their allocated MHapp, and
completed a second assessment 30 days later, with n = 226 included in final analyses (81%
female; M age = 34 years). Compared to the control condition, all MHapp groups
experienced increases in mental wellbeing, MoodKit and MoodMission groups experienced
decreases in depression, and no groups experienced effects on anxiety. Mediated regressions
revealed that increasing coping self-efficacy, rather than emotional self-awareness or mental
health literacy, was the underlying process contributing to effects on mental health for all
three MHapps. MHapps appear to be an effective solution for improving public mental
health, notably by improving users’ confidence in their ability to cope.
Keywords: Technology; Anxiety; Depression; Cognitive Behavioral Therapy; Randomized

Controlled Trial; Mobile
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A Randomised Controlled Trial of Three Smartphone Apps for Enhancing Public Mental
Health

Depression and anxiety disorders are highly prevalent, with depression being the
leading cause of global disease burden and disability (World Health Organization, 2017).
However, treatment access is generally poor; while 18.1% of adults in the United States
experience an anxiety disorder every year, only 36.9% received treatment (Kessler, Chiu,
Demler, Merikangas, & Walters, 2005), and 4.3% are diagnosed with a Major Depressive
Episode, with 65.3% receiving treatment (Ahrnsbrak, Bose, Hedden, Lipari, & Park-Lee,
2017).

Self-guided preventative interventions, classified under the broad term “low-intensity
interventions”, use fewer economic and clinical resources which are predominantly self-
guided and can be used for preventative purposes (Bennett-Levy, Richards, & Farrand,
2010). Examples include workbooks, websites, and digital therapies, which can be efficient
and effective when core dimensions in psychopathology common to both anxiety and
depression are targeted (Barlow et al., 2017). Self-guided interventions are part of a stepped-
care approach, which prioritizes “high intensity” psychological interventions (e.g.
psychotherapy and psychoactive medications) for those with the greatest distress and clinical
need, and “low intensity interventions” for those who may not require one-on-one clinician
support (van Straten, Hill, Richards, & Cuijpers, 2015). However, emotional disorders
continue to have high prevalence and represent significant public health and global economic
burden (Whiteford et al., 2013). Low-intensity interventions show promise (Williams &
Martinez, 2008), but new modes of delivery including those that do not require clinician
support are required to increase their accessibility. Thus, smartphone applications (apps) for
mental health (MHapps) represent a compelling new delivery mode for self-guided

psychological interventions in prevention and stepped-care.
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MHapps have a number of advantages over traditional intervention paradigms,
including financial affordability, anonymity, context and geographic flexibility, and ease of
feedback data collection for the intervention developers (Vogl, Ratnaike, Ivancic, Rowley, &
Chandy, 2016). However, as more MHapps become available to the public, so does the need
to rigorously evaluate them as therapeutic tools (Donker et al., 2013). Firth et al. (2017a)
conducted a meta-analysis on 18 randomized controlled trials (RCTs) assessing 22 different
smartphone-delivered interventions for depression, and found significant reductions in
depressive symptoms for apps compared to controls across the 3414 participants (g = 0.38,
95% CI =0.24-0.52). Similar support for anxiety MHapps was found in Firth et al.’s (2017Db)
meta-analysis of nine RCTs on smartphone-delivered interventions for anxiety, with
significantly greater reductions in anxiety symptoms compared to controls across the 1837
participants (g = 0.33, 95% CI = 0.17-0.48). Sixteen of the 27 RCTs included in both meta-
analyses used waitlist control conditions, in which no alternative intervention was provided.
However, a number of limitations were noted across the existing RCTs, particularly limiting
ecological validity. These include an overreliance on clinical samples, involve clinician-
delivered feedback, or use of MHapps that are not available to the public, and a lack of
investigation into the mechanisms underlying mental health benefits. Each of these
limitations is discussed in turn to inform the design of the current study.

Clinical and Community Samples

The majority of MHapp RCTs have examined clinical samples, with elevated levels
of anxiety or depression (Donker et al., 2013). However, the main implementation strengths
and population-level utility of MHapps lie in preventative or stepped-care use (Bakker,
Kazantzis, Rickwood, & Rickard, 2016; Grist, Porter, & Stallard, 2017; Nicholas, Larsen,
Proudfoot, & Christensen, 2015), and the significant effects observed for clinical samples

may not be generalized to the broader population. Few MHapp RCTs have used community
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samples, and these have limited findings. For example, Howells, Ivtzan, and Eiroa-Orosa
(2014) found only a small effect of a mindfulness app on depression after 10 days in a
community sample (87 % female; age M = 40, SD = 11), g = 0.38', 95% CI = 0.02-0.74, and
no significant effects were found on satisfaction with life, flourishing (social-psychological
prosperity and subjective positive wellbeing) or negative affect. Larger effect sizes have been
found in RCTs using depressed clinical samples and MHapp interventions that target
psychological dysfunction (e.g., g = 1.12"", 95% CI = 0.81-1.42, Roepke et al., 2015). More
investigation is needed into the effects of similar interventions on depression and anxiety in
community samples.
Clinician Contact

Meta-analysis has revealed that MHapp interventions involving contact with a
clinician to receive in-person feedback about their use of the app have had significantly
smaller effects, g = 0.14, 95% CI = -0.08-0.35, than MHapps used as stand-alone
interventions without in-person feedback, g = 0.47, 95% CI = 0.30-0.63 (Firth et al., 2017a).
It was speculated that this is partially due to the more integrated, comprehensive nature of
apps that do not require in-person sessions. Automated stand-alone interventions, which do
not involve clinician contact, also require fewer resources to maintain, provide greater
privacy, and may encourage a greater sense of autonomy for the individual (Anton & Jones,
2017). However, the intervention paradigms used may be more experimental and novel,
warranting deeper investigation.
Accessibility of MHapps

The population-level utility and accessibility of stand-alone MHapps is maximized
when they are available to the public. While some apps are available for immediate download
and use from the iOS and Android app stores, others are only accessible through referral from

a researcher or clinical service. Of the 22 MHapps that Firth et al. (2017a, 2017b) reviewed,
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only six were available for public download on the iOS or Android app stores. There is an
ethical responsibility for app developers to demonstrate that their mental health claims are
supported by scientific and meaningful evidence, but the number of publically available
MHapps that make claims of mental health improvements far outweighs the number of
MHapps that have supporting evidence and robust experimental research studies. MHapps
are capable of automatically collecting outcome data from users, which can be used in
research and to guide improvements to interventions (Bakker et al., 2016; Nicholas et al.,
2015).
Mechanisms Underlying the Mental Health Benefits of MHapps

Most MHapp studies have focused on proximal measures of mental ill health, such as
depression and anxiety symptomatology. Fewer have incorporated measures of positive
mental health wellbeing, which is an important factor in comprehensive assessment of mental
health and functioning (World Health Organization, 2004; Slade, 2010; Hofmann, 2015).
Fewer still have investigated secondary factors that reflect common therapeutic processes in
cognitive behavioural therapy (CBT), and are malleable, such as emotional self-awareness
(ESA; Kauer et al., 2012), coping self-efficacy (CSE; Chesney, Neilands, Chambers, Taylor,
& Folkman, 2006), or mental health literacy (MHL; Jorm, 2012). ESA is an individual’s
ability to comprehend their own emotions, leading to positive mental health outcomes
(O’Toole, Jensen, Fentz, Zachariae, & Hougaard, 2014) via emotion self-regulation
improvements (Barrett, Gross, Christensen, & Benvenuto, 2001; Hill & Updegraff, 2012).
CBT commonly incorporates objective tracking of emotional states, and MHapps with mood-
tracking functionality can improve ESA (Bakker & Rickard, 2017a; Kauer et al., 2012;
Morris et al., 2010; Rickard, Arjmand, Bakker, & Seabrook, 2016). CSE is a measure of an
individual’s confidence in their coping ability (Thorne, Andrews, & Nordstokke, 2013).

Increasing CSE through practicing coping skills is fundamental in CBT (Mennin, Ellard,
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Fresco, & Gross, 2013), and has beneficial effects on psychological thriving (Sirois & Hirsch,
2013), depression (Philip, Merluzzi, Zhang, & Heitzmann, 2013) and psychological distress
(Benka et al., 2014; Pritchard & Gow, 2012; Smith, Benight, & Cieslak, 2013). MHL is an
individual’s understanding of mental disorders, which can lead to mental health
improvements via recognition, prevention, or management of dysfunction (Jorm, 2012).
Psychoeducation is the part of CBT that aims to increase MHL, and psychoeducation is
effective at reducing depressive symptoms and distress when delivered via technology
(Brijnath, Protheroe, Mahtani, & Antoniades, 2016; Donker, Griffiths, Cuijpers, &
Christensen, 2009). Investigating secondary measures, such as ESA, CSE, and MHL, may
reveal the treatment processes that underpin change in the more proximal primary measures
(Hayes & Hofmann, 2017, 2018; Kazantzis et al., in press), as they more closely represent the
skills that MHapps teach individuals (Kazantzis, 2018). While there are numerous positive
mental health factors that could mediate the effect of MHapps, ESA, CSE and MHL were
selected for investigation in the current study given their close relationships with CBT change
mechanisms (Mennin et al., 2013) and based on recommendations outlined in Bakker et al.
(2016).

MoodPrism (2016), MoodMission (2017), and MoodKit (2016) are three MHapps
that are: a) CBT-based and include features that may increase ESA, CSE, and MHL; b)
designed for transdiagnostic use, by individuals who meet partial or full diagnostic criteria
for a range of emotional disorders; c) capable of preventative and stepped-care support; d)
completely self-guided; and e) currently available in public app stores. The three apps include
different therapeutic techniques and tools that target different mechanisms for promoting
mental health.

MoodPrism is a self-monitoring mood-tracking app that prompts users to report their

emotional state daily via a short survey. Users can review their mood diary, which displays
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their mood and emotional health over time, and the app provides relevant links to mental
health resources. Bakker and Rickard (2017a) found that users who were more engaged with
MoodPrism experienced greater decreases in depression and anxiety, and greater increases in
mental wellbeing. The observed mental health improvements were found to be partially
mediated by ESA, suggesting that one means by which MoodPrism’s mood-tracking features
were beneficial to users was by increasing emotional self-reflection.

MoodMission is an app that recommends CBT strategies in response to user-reported
low moods and anxious feelings. Users input their current emotional distress and
MoodMission provides a tailored list of five CBT-based activities, called “Missions”, from
which to choose. Practicing the strategies in these Missions can improve an individual’s
confidence in their ability to cope with stressors and increase CSE (Chesney et al., 2006).
Data from 617 MoodMission users demonstrated that the mental health improvements
associated with engaging with MoodMission were mediated by gains in CSE (Bakker &
Rickard, 2017b).

MoodKit is a CBT-based app that contains four main tools: a collection of activities, a
thought checker, a mood tracker, and a journal. MoodKit’s activities are hypothesized to
engage CSE, while the other reflective features may engage ESA as a mediator for mental
health improvements. Unlike MoodPrism (Bakker & Rickard, 2017a) and MoodMission
(Bakker & Rickard, 2017b), which were recently developed and released, MoodKit was
released in 2012, and remains untested. Additionally, MoodKit uniquely deploys its features
in an unstructured, unprompted way, and was therefore included in the study as a toolbox-
style intervention, used by participants to access tools at their unguided discretion.

MoodPrism, MoodMission, and MoodKit each contain psychoeducational features
and information about mental health, so may additionally increase MHL (Brijnath et al.,

2016). Research to date has not yet identified the features or mechanisms of MHapps which
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may contribute most to mental health outcomes (Firth et al., 2017a, 2017b). Comparing the
mediating effects of ESA, MHL, and CSE across three different MHapps may clarify the
transdiagnostic mechanisms engaged by various MHapp features.

Evidence is accumulating to support the efficacy of MHapps (Firth et al., 20174,
2017b), but studies of their utility in nonclinical, community populations suffer from
shortcomings such as lack of control conditions, small sample sizes, and no investigation of
underlying therapeutic mechanisms. There is also a need to investigate the efficacy of
existing, publicly available MHapps (i.e., MoodKit, MoodMission, and MoodPrism), given
their widespread public use. As such, the current RCT aimed to evaluate the superiority of the
three available, stand-alone MHapps to a waitlist control condition, in which no MHapp
would be provided. It was hypothesized that participants randomly allocated to each of the
three app conditions would experience significantly greater decreases in depression and
anxiety and increases in mental wellbeing (primary outcome measures), and significantly
greater increases in ESA, CSE, and MHL (secondary measures and potential mediators), than
those in the waitlist condition. Comparing the three app conditions, it was hypothesized that
participants using apps that included coping strategies (i.e., MoodMission and MoodKit)
would experience a greater increase in CSE, and that CSE would mediate changes in primary
outcome measures. In contrast, it was expected that the magnitude of increase and mediating
role of ESA would be greater for apps that focused on mood-tracking functionality (i.e.,
MoodPrism).

Method
Participants

This research was reviewed and approved by the Monash University Human Research

Ethics Committee (MUHREC; Project Number: CF14/968 - 2014000398). Recruitment

occurred between August 2016 and June 2017. Participants volunteered to take part by
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providing their email address on an online form. Links to the form were advertised on Twitter

and Facebook, via accounts of various Australian mental health organizations. Participants

were randomized to one of the four conditions and sent relevant instructions. Demographic

data for the participants included in the analyses are displayed in Table 1. Chi-squared tests

and ANOVAs suggested no significant differences in age or gender between the groups.

Providing responses for both baseline and final assessments earned participants entry into a

prize draw to win an iPad.

Table 1

Participant Demographics and Data Status

Characteristic Waitlist MoodKit  MoodPrism MoodMission Total
Gender

Male (%) 14 (22) 12 (21) 4(7) 9(18) 39 (17)
Female (%) 49 (77) 42 (75) 50 (89) 41 (82) 182 (81)
Don't know/want

to answer (%) 1(1) 2 (4) 2 (4) 0(0) 5(2)
Age

Mean (SD) 33.6 (10.7) 33.8(13.6) 36.1(11.5) 33.3(12.8) 34.2(12.1)
Min - Max 18 - 64 18 -76 20 - 67 18 - 62 18 -76
Data Status

Complete Data 53 39 26 27 145
Imputed 30-day 11 17 30 23 81
Group Total 64 56 56 50 226
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A range of effect sizes have been found in the literature, depending on the clinical
status of the sample and the type of MHapp intervention used. Power analysis using G*Power
v.3 software was based on effect sizes found by Kauer et al. (2 = .54, 95% CI = .43-.64;
2012), as this study used similar measures in mediation analyses. This power analysis
suggested a minimum of 45 participants per group was required to find between and within
group effects at a = .05 in the planned analyses. Smaller effect sizes have been found in
community samples (e.g. g = 0.38, 95% CI = 0.02-0.74; Howells et al., 2014), and power
analyses suggested n = 105 per group, but n = 45 per group was decided upon to
conservatively control both Type I and |1 error rates.

Primary Outcome Measures

The Patient Health Questionnaire 9-item PHQ-9 (PHQ-9; Kroenke, Spitzer, &
Williams, 2001) and Generalized Anxiety Disorder Scale 7-item (GAD-7; Spitzer, Kroenke,
Williams, & Léwe, 2006) are extensively used assessments of depression and anxiety,
respectively. Symptoms (e.g. “Poor appetite or overeating”, “Trouble relaxing”) are rated on
frequency over the past two weeks on a five-point scale from 0 (not at all) to 4 (nearly every
day). The PHQ-9 has high internal reliability, Cronbach’s o =.89 (Kroenke et al., 2001), and
scores over 10 have good sensitivity (88%) and specificity (88%) for diagnosis of major
depression by interview. In this study, Cronbach’s a.=.90. The GAD-7 has high internal
reliability, Cronbach’s a =.92 (Spitzer et al., 2006), and scores over 10 have good sensitivity
(89%) and specificity (82%) for diagnosis of Generalized Anxiety Disorder (GAD) by
interview. In this study, Cronbach’s a = .92.

The Warwick-Edinburgh Mental Well-being Scale ( WEMWABS; Stewart-Brown &
Janmohamed, 2008) is a 14-item assessment of mental wellbeing. The frequency of positive
psychological experiences over the past two weeks (e.g. “been feeling close to other people™)

are rated on a five-point scale from 1 (none of the time) to 5 (all of the time). The WEMWBS
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shares high correlations with measures of life satisfaction and other measures of well-being,
and has high internal reliability, Cronbach’s o = .91 (Tennant et al., 2007). In this study,
Cronbach’s a = .92.

Secondary Measures - Potential Mediators

The Emotional Self-Awareness Scale — Revised (ESAS-R; Bakker & Rickard, 2017a),
is a revised version of the ESAS used by Kauer et al. (2012), and was used to assess ESA. It
uses 30 items (e.g. “I usually know why I feel the way | do”) rated from O (strongly disagree)
to 4 (strongly agree), and in this study, Cronbach’s a. = .92.

The Coping Self-Efficacy Scale (CSES; Chesney et al., 2006) was used to assess CSE,
and in this study, Cronbach’s o= .96. To complete, participants rate their confidence in their
ability to do 26 different coping actions (e.g. “Take your mind off unpleasant thoughts™) from
0 (cannot do at all) to 10 (certain can do).

The Mental Health Literacy Questionnaire developed for use in MoodPrism (Bakker
& Rickard, 2017a) and MoodMission (Bakker & Rickard, 2017b) was used to assess MHL.
This 25 item measure requires respondents to rate the appropriateness of different forms of
help-seeking for individuals described in two vignettes. It also includes multiple choice
questions to assess general mental health knowledge, such as “What is the most common
mental condition in Australia?”” Items were scored 1 (correct), 0.5 (partly correct), or 0
(incorrect) and summed, so Cronbach’s o = .53.

Procedure

Flow of the participants through the study is illustrated in Figure 1. After participant
emails were collected, allocation to condition was performed at random using a repeating
sequence on a spreadsheet. Participants were not informed of the other possible condition
assignments. Participants were emailed a link to an online Qualtrics survey which

administered the initial assessment. The assessment contained their allocated condition’s
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relevant measures and instructions; for example, how to download and set up the allocated
app. As MoodKit was a paid app, participants were provided a free download code to redeem
on the iTunes Store. Once participants completed all the steps outlined, they provided their
email address via a separate online form to indicate completion and maintain participants’
anonymity. Participants were emailed a link to the final Qualtrics assessment 30 days later.
This assessment contained the final measures. Waitlist participants were emailed with links to

the MoodMission and MoodPrism apps following the completion of the study.

312 individuals applied to participate, Excluded if
provided email address via online form. a) did not own or use an
Randomised to conditions. Apple iPhone,
b) were taking psychotropic
* medication, or
Emails sent with link to relevant online c) requested removal

survey. Assessed for exclusion criteria and

given condition instructions.

o)

v

/

v

v

Waitlist MoodKit MoodPrism MoodMission
(n=78) (n=78) (n=78) (n=78)
Completed Completed Completed Completed
baseline baseline baseline baseline
assessments assessments assessments assessments

(online) (n=64)

(online) (n=56)

(on app) (n=56)

(on app) (n=50)

v

v

v

v

Completed
30-day
assessments
(online) (n=53)

Completed
30-day
assessments
(online) (n=39)

Completed
30-day
assessments
(on app) (n=26)

Completed
30-day
assessments
(on app) (n=23)

v

v

Y

v

Imputation replaces missing data from 30-day assessments

Figure 1. CONSORT flow diagram.
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Analysis

Analyses were completed using IBM SPSS v.23. Participants were excluded if they:
(a) were missing data from their baseline assessments; (b) reported that they had used
MHapps other than the one allocated since the baseline assessment; or (¢) had not used the
MHapp at all. As is the case with eHealth research, attrition rates of up to 50-60% were
expected (Hochheimer et al., 2016). Missing data from 30-day assessments were replaced via
multiple imputation as recommended in guidelines for eHealth research (Blankers, Koeter, &
Schippers, 2010). This method was chosen because data were considered missing at random
(MAR), as attrition rates were relatively equal across groups that used the same assessment
platforms and the likelihood of a participant completing the 30-day assessment was
moderated by many random and situational factors, such as overall phone use,
conscientiousness, interpretation of the importance of completing the assessment, and
environmental distractions. The Markov Chain Monte Carlo algorithm was used with five
imputations, and all baseline measures were included as predictors to replace missing data
from 30-day assessments.

Prior to further analysis, each group was compared to the control on baseline PHQ-9
and GAD-7 scores to detect any significant differences. It was found that the MoodKit group
scored significantly higher than the Control group on PHQ-9, t(118) = -2.24, p = .027, and
GAD-7, 1(118) = -2.14, p = .035, but the differences between the Control, MoodPrism, and
MoodMission groups were non-significant.

Each app group was analysed against the control group in separate mixed design
analyses of variance (ANOVAS), independent of the other app groups. Significant Group by
Time interactions were investigated further through examination of the effects of Time for
each group. Analyses were also replicated using just the non-imputed data and no substantial

differences in point estimates were found.
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To investigate the potential mediating effects of the secondary measures on the
primary outcome measures, a series of mediated regression models were used. These analyses
were conducted with the PROCESS plug-in for SPSS (A. F. Hayes, 2013) using procedures
detailed in Field (2013) and Hayes and Rockwood (2016), which included bootstrapping
using 5000 samples. To quantify change over time for each mediator or outcome variable,
baseline scores were used as covariates and final scores as outcome variables. This follows
Hayes and Rockwood’s (2016) recommendations and avoids “self-selection”, regression to
the mean, and other biases found in other techniques, such as the use of difference scores. All
Beta (B) statistics reported in the regressions are standardized effect sizes, and confidence
intervals were inspected to determine statistical significance.

Results
Preliminary Analyses

An univariate ANOVA revealed no significant differences between groups on Age,
and a Chi-squared test revealed no significant differences for Gender (all p > .05). At
baseline, 54.7% of participants had a PHQ-9 score of 10 or over, indicating a likely diagnosis
of a depressive disorder, and 35.8% had a GAD-7 score of 10 or over, indicating a likely
diagnosis of an anxiety disorder. The WEMWABS has a normative median of 51 and inter-
quartile range of 45 to 56, and the current study found a median of 42 with an inter-quartile
range of 37 to 50, indicating lower levels of wellbeing.

Comparison of Group Effects

Means for all groups on the primary outcome measures are displayed in Figure 2.
Descriptive statistics and significant Group by Time interactions for each app group against
the Control group are reported in Table 2. MoodK:it yielded significant Group by Time
interactions for PHQ-9, WEMWBS and CSES scores. For MoodPrism, significant Group by

Time interactions were observed for WEMWABS and ESAS-R scores. For MoodMission,
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significant Group by Time interactions were observed for PHQ-9, WEMWABS, and CSES
scores. All other Group by Time interactions for each of the app analyses were non-
significant. The within group effects of Time listed in Table 2 support each significant Group
by Time interaction, with significant decreases in PHQ-9 scores for MoodKit and
MoodMission, increases in WEMWABS for all app groups, increases in ESAS-R for
MoodPrism, and increases in CSES for MoodKit and MoodMission. All analyses were
replicated using just the non-imputed data and findings were congruent with those reported.
Mediation Analyses

To further investigate the significant effects of Time for each app group compared to
the waitlist group, three sets of mediation analyses were pursued, with bivariate group as the
predictor (waitlist = 0, MoodKit/MoodPrism/MoodMission = 1), the three primary outcome
measures as the outcome and the secondary measures as mediators (see Table 3). These
revealed that CSE, rather than ESA or MHL, played a significant mediation role for each
app’s effects. Additionally, there was a significant indirect effect of App on WEMWBS
scores via ESA for MoodPrism. The confidence intervals for all indirect effects suggested that

comparative significant differences could not be drawn between them.
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Table 2
Primary and Secondary Measure Means, SDs, Confidence Intervals, and Effect Sizes and F-values for Within Group Comparisons and Group by Time
Interactions

Group by Time

Measure Group Baseline Follow-up interactions (against Control) Within group effect of Time
M (SD) 95% ClI M (SD) 95% CI 1o° F 1 F
PHQ-9 Control 8.55 (6.62) [7.04, 10.06] 7.42 (5.84) [6.12, 8.71] - - .069 4.68*
MoodKit 11.25 (6.54) [9.64, 12.86] 8.63 (5.47) [7.24,10.02] .035 4.24* 341 28.46***
MoodPrism 8.04 (4.9) [6.42, 9.65] 6.30 (3.86) [4.91, 7.69] .007 .78 .237 17.12%**
MoodMission 10.94 (6.22) [9.23, 12.65] 8.17 (5.62) [6.70, 9.64] .038 4.39* .318 22.81%**
GAD-7 Control 6.84 (5.55) [5.48,8.2] 6.25 (4.55) [5.15, 7.35] - - .020 1.28
MoodKit 9.00 (5.47) [7.55, 10.45] 7.32 (4.56) [6.15, 8.49] .017 2.10 153 9.96**
MoodPrism 6.80 (5.33) [5.35, 8.26] 5.47 (4.13) [4.30, 6.64] .009 1.11 136 8.69**
MoodMission 8.58 (5.74) [7.04,10.12] 6.89 (4.55) [5.65, 8.13] .017 1.95 146 8.39**
WEMWBS  Control 44.50 (9.44) [42.38, 46.62] 46.33 (9.82) [44.24, 48.42] - - .066 4.45*
MoodKit 40.63 (7.27) [38.36, 42.89] 46.22 (7.41) [43.99, 48.45] 074 9.47** 438 42.80***
MoodPrism 45.09 (8.21) [42.82, 47.35] 49.37 (7.93) [47.14,51.6] .037 4.59* .392 35.46***
MoodMission 41.24 (9.24) [38.84, 43.64] 46.96 (8.31) [44.59, 49.32] .089 11.00*** .558 61.91***
ESAS-R Control 58.54 (13.54) [55.21, 61.87] 59.36 (13.16) [56.28, 62.45] - - .014 .88
MoodKit 57.94 (13.28) [54.38, 61.5] 61.21 (12.48) [57.92, 64.51] .029 3.55 A71 11.36**
MoodPrism 61.38 (12.40) [57.82, 64.94] 64.64 (11.96) [61.34, 67.94] .033 4.00* 217 15.25%**
MoodMission 52.41 (14.90) [48.64, 56.17] 55.66 (12.34) [52.17, 59.15] .025 2.89 136 7.73*%*
CSES Control 159.16 (44.90)  [148.74,169.58]  162.86 (45.31)  [152.35, 173.38] - - .018 1.15
MoodKit 152.00 (45.46)  [140.86,163.14]  175.73 (41.84)  [164.49, 186.97] 112 14.95%** 406 37.59***
MoodPrism 169.75 (34.21)  [158.61,180.89]  182.48 (37.73)  [171.24,193.72] .025 3.08 169 11.15**
MoodMission 154.46 (43.37)  [142.67,166.25]  170.95 (45.28)  [159.06, 182.85] .042 4.86* 191 11.60***
MHLQ Control 16.38 (2.12) [15.82, 16.93] 16.61 (2.22) [16.05, 17.16] - - .023 1.51
MoodKit 16.40 (2.09) [15.8, 16.99] 16.26 (2.34) [15.67, 16.85] .012 1.46 .006 .58
MoodPrism 16.54 (2.42) [15.94, 17.13] 16.57 (1.83) [15.97, 17.16] .005 .58 .001 .03
MoodMission 16.20 (2.44) [15.57, 16.83] 16.28 (2.6) [15.65, 16.91] .002 18 .001 .06

Note: *p < .05, ** p <.01, *** p<.001
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Figure 2. Baseline and 30-day assessment means on the primary outcome measures.

177



CHAPTER 8

Table 3

Standardized Indirect Effects and [95% Confidence Intervals] from Mediation Analyses

Mediator
App compared Outcome
to Waitlist measure CSE ESA MHL
MoodKit PHQ-9 -.217*[-.370,-.081] -.020[-.085, .015] -.006 [-.049, .021]
GAD-7 -.206* [-.360, -.082]  -.029 [-.098,.022] .010 [-.055, .027]

WEMWBS  .238*[.101,.391]  .044[-.009, .125] .01l [-.014, .069]

MoodPrism  PHQ-9 -113* [-.261,-.007] -.011[-.099,.053] -.003 [-.049, .016]
GAD-7 -122* [-.256, -.012]  -.060 [-.189, .007] -.012 [-.061, .027]

WEMWBS  .119* [.024,.225]  .063* [.002,.160] .000 [-.017, .033]

MoodMission  PHQ-9 -.165* [-.337, -.006]  -.008 [-.053,.018] -.004 [-.063, .038]
GAD-7 -152* [-.320, -.011]  -.011[-.071,.037] -.007 [-.067, .055]

WEMWBS  .133* [.031,.241]  .020[-.029,.086] -.002 [-.032, .025]

Note: *95% CI does not contain 0, so p <.05
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Discussion

This is the first RCT to compare three different available, stand-alone MHapps with a
waitlist control condition. As hypothesized, the participants who used a MHapp for the 30-
day trial period experienced significant increases in mental wellbeing when compared to
participants in the waitlist control condition. However, only those using MoodKit and
MoodMuission experienced significant reductions in depression, and none of the apps had
significant effects on anxiety when compared to waitlist. These findings were not expected, as
all three apps were designed to reduce both anxiety and depression. There was no significant
change in anxiety for the control group and there were significant reductions in anxiety for all
three MHapps. However, the absence of any group by time interactions prevents the
conclusion that any of the MHapps performed better than the waitlist condition. The absence
of statistical significance may be due to limited power of the design and the use of a
community sample. As the first RCT of its kind, the present study makes a useful contribution
to the literature, and these findings are notable, given the adult community sample.

MoodKit and MoodMission were associated with significant increases in CSE and, as
hypothesised, MoodPrism yielded a smaller effect on CSE than the other two more coping-
focused MHapps. However, it was predicted that all apps would increase CSE by some
significant degree, and this was not found for MoodPrism. As expected, participants in the
MoodPrism group experienced significant increases in ESA, but participants in the MoodKit
and MoodMuission groups did not. Again, it was predicted that all apps would increase ESA
by some significant degree, and this was not found for MoodKit and MoodMission. While all
three MHapps allowed participants to rate their mood and review a log of their mood over
time, it was hypothesized that the MoodPrism group would experience the greatest gains in
ESA as it had the most dedicated mood-tracking functionality. The absence of ESA effects in

MoodKit and MoodMission groups may be due to participants not utilizing the mood-tracking
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features within each app. As no app usage data were collected for the present study, analysis
of the effects of each discrete tool was not possible, but points towards considerations for
future studies.

The results showed no change in MHL across any of the MHapp conditions. MHL is a
knowledge-based construct rather than a state or trait-based construct (Jorm, 2012), and
therefore measures are usually tailored to quiz participants on the specific information
contained in interventions (e.g., Reavley, Morgan, & Jorm, 2014). The current study used
three different MHapps, each with different information on mental health, so it is possible that
the MHL measure used did not adequately fit the variety of psychoeducation. Alternatively,
the MHapps may have not contained sufficient psychoeducational features to generate
changes on the measure of MHL used. For example, MoodMission’s Missions each have a
“Why This Helps” section, which explains the utility of each activity within the CBT model.
However, including more information about the rates of mental illness in the community into
the apps’ content may have had more of an impact on the measure of MHL, as questions in
the measure assess this knowledge. No suitable measures for MHL have been
psychometrically developed, so this study used the MHLQ created for other MHapp studies
(Bakker & Rickard, 2017a, 2017b). The low Cronbach’s alpha score for the MHLQ may have
also contributed to the lack of findings, but as a test of knowledge, internal reliability is less
relevant as a construct than for a single construct scale. The MHLQ was likely a
multidimensional test, with items about a range of distinct knowledge areas, so it is entirely
possible that some individuals will have knowledge of some topics tested but not others. A
psychometrically validated, multidimensional measure would have been better to include, if
one existed.

The detected depression effects and absent anxiety effects may be due to the smaller

effect sizes observed in the literature for anxiety than depression (Firth et al., 2017a, 2017b).
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There have been fewer RCTs published that have shown effects of MHapps on anxiety, and
those using community samples have not reported anxiety effects (e.g. Howells et al., 2014).
It is also possible that MoodKit and MoodMission’s behavioural activation strategies were
more effective on depression than the mood-tracking features of MoodPrism. However,
further study is required to discriminate the origins of these discrepancies by investigating
MHapp therapeutic processes in greater detail.

Depression and anxiety scores in the MoodKit group were significantly greater than
those in the control group for the baseline assessment. This should be noted, as previous
research has suggested that the effect of MHapp interventions can be moderated by baseline
depression and anxiety (Bakker & Rickard, 2017a, 2017b). Participants who are clinically
depressed or anxious may experience mental health improvements of a comparatively greater
magnitude because they a) have more scope to improve their scores to a nonclinical level, and
b) may find the interventions more applicable to their current mental state. While there is no
direct evidence that the current findings are biased in such a way, the findings for MoodKit
should be interpreted with this potential limitation.

Findings from the mediation analyses confirm that CSE played a significant role in
mediating the mental health and wellbeing effects for each of the MHapp groups. This was
found for all apps across depression, anxiety, and wellbeing, even in the absence of group by
time interactions in comparison to the control group. This suggests that a major way the
MHapp interventions worked was by increasing participants’ confidence in their ability to
cope and their overall coping skill. This finding was consistent despite the large differences in
functionality between each of the MHapps. This is supported by findings from Bakker and
Rickard (2017b), which found a mediating effect of CSE between engagement with
MoodMission and mental health outcomes, but only for participants who had subclinical or

moderate, not severe, levels of depression or anxiety. It was also found that ESA mediated
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increases in wellbeing experienced by the MoodPrism group. This too is supported by a
previous study, with Bakker and Rickard (2017a) finding that ESA mediated the relationship
between mental health outcomes and engagement with MoodPrism, as was expected from the
mood-tracking app.

The current RCT design offers different insights to Bakker and Rickard’s (20173,
2017b) investigations, as these examined the quality of engagement with the app in users who
were not specifically recruited for research purposes and had downloaded the app naturally
from the app store. The current RCT’s participants were aware that they had been recruited
into a study which may have provided a certain level of motivation at the outset, meaning that
the effects of the app were less dependent on the quality of their engagement with the app.
Furthermore, despite using a community sample, the proportion of participants who scored in
the clinical range on depression and anxiety measures was higher than community norms.
This suggests that help-seeking for current mental health problems was a factor motivating
participation. Individuals who are considering or actively seeking mental health support are
the intended market for MHapps, so the sample was appropriate to use for the current study of
self-guided MHapps.

The use of a waitlist condition should be considered when interpreting these findings.
Torous and Firth (2016) propose a digital placebo effect, in which measurable mental health
effects may be generated from the simple act of downloading a MHapp. To overcome this,
some studies have used “active” controls, with participants using a “dummy” version of the
app or some other “light touch” intervention (e.g. Arean et al., 2016). This was not possible
for the current study due to the nature of the apps, the style of recruitment that could set up
expectations for accessing a functional and interactive MHapp, and the potential frustration
this may have caused participants who were allocated the dummy app. An app that frustrates

users may even have negative impacts on measures of mental health which would arguably be
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a more serious confound as it could create false positive effects for the other apps where no
true effect occurs (Hassenzahl, Diefenbach, & Goritz, 2010). Another way to overcome this
digital placebo effect may be to use a different study design that measures the relationship
between intervention engagement and outcomes (Carpenter et al., 2016). Bakker and Rickard
reported findings that linked app engagement with mental health and wellbeing
improvements, for both MoodPrism (Bakker and Rickard, 2017a) and MoodMission (Bakker
& Rickard, 2017b). This suggests that the MHapp effects found in this study were not solely
due to the digital placebo effect, and were attributable to the interventions contained within
the MHapps.

Research on MHapps has generally used time as the independent variable rather than
usage or number of engagements (e.g., Howells et al., 2014; Kuhn et al., 2017). This is to
reflect the naturalistic use of MHapps which are downloaded and then intermittently used
throughout an individual’s daily routine. Different patterns of engagement are used by
different MHapp intervention paradigms, so often cannot be compared objectively. For
example, the daily mood surveys completed by MoodPrism participants may have involved
more “screen time” than using MoodMission to discover new coping strategies and then
completing Missions off-app. This makes time passed rather than time engaged with the
intervention a more helpful independent variable, especially when comparing across the
literature (Kazantzis, Brownfield, Mosely, Usatoff, & Flighty, 2017). This study used a period
of 30 days for the apps to exert effects, as this is a period used in other RCTs (e.g. Enock,
Hofmann, & McNally, 2014; Kauer et al., 2012; Roepke et al., 2015).

In addition to the other limitations previously noted, there were also different modes
of assessment administered across groups. The MoodPrism and MoodMission groups
completed the measures on the apps themselves, as the measures were already built into the

apps and users were required to complete them to “unlock” the intervention. In contrast, the
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waitlist and MoodKit groups completed the measures using separate online assessments.
While evidence suggests that there should not be a discernible difference between
administration of assessments via mobile app or online (Brodey, Gonzalez, Elkin, Sasiela, &
Brodey, 2017; Watts et al., 2013), there may have been small effects related to the unique
formats used by each MHapp. As the formats remained constant between the baseline and
final assessments, it is expected that these effects were minimized. Another difference
between the groups was the perceived cost of the apps. Although codes were provided to
participants to access MoodKit, it is possible that participants perceived the app to be more
valuable, in comparison to MoodPrism and MoodMission which were displayed on the app
store as free to download. This increased perception of value may have increased engagement
or perceived benefits for the MoodKit group (West et al., 2012; Zeithaml, 1988), but this was
not possible to verify using the data collected.

While the effect sizes found in this RCT appear small when compared to clinical
treatments for depression and anxiety, they are within the expected range for low-intensity,
nonclinical interventions. As Bennett-Levy et al. (2010) point out, the small effect sizes of
low-intensity interventions can translate into large public health gains. By preventing small
scale emotional problems from developing into clinical disorders, low-intensity interventions
can reduce the incidence of depression by up to 50% (Barrera, Torres, & Mufioz, 2007). This
can have exponential effects on the wellbeing of the individual and those around them, as they
are better able to maintain work obligations, emotionally support their friends and family,
respond to stressors with resilience, and reflect on their competence doing all of this.

The present RCT supports the growing literature that MHapps can effectively reduce
depression and increase mental wellbeing in a community sample. The findings suggest that
MHapps like MoodKit, MoodPrism, and MoodMission can offer effective support within a

stepped-care clinical framework and may offer preventative benefits. In addition, the present
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study contributed uniquely in the investigation of the underlying mechanisms of three
different MHapps, and suggests that despite each app’s distinct functionality, the MHapps
studied improved participants’ confidence in their ability to cope with stress and adversity by
using specific strategies. The use of a MHapp in itself may be considered a coping strategy.
The MHapp interventions currently available are not positioned to replace professional
clinical supports, but the evidence indicates that some can be useful tools for improving
mental health and wellbeing. The strengths of MHapps are being realized as more mobile-
based interventions are developed and their use becomes more commonplace among

smartphone users.
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INTEGRATED DISCUSSION

The first publicly successful online therapy programs, such as MoodGYM (Twomey
& O’Reilly, 2017), underwent rigorous research and evaluation before being released to the
public. However, when mental health apps (MHapps) first appeared on the iTunes and Google
Play app stores, they lacked any supporting evidence for the mental health improvement
claims that they made. A precedent was set that MHapps did not need to be researched before
they were released to the public (Chou et al., 2017). Now there are thousands of mental health
apps available, and only a handful have been subjected to any form of research (Firth et al.,
2017a, 2017b). Not only does this limit the number of MHapps available that are known to be
effective, but it also means that the underlying mechanisms used by MHapps have remained
unstudied, hindering future developments and improvement in the field.

This thesis aimed to progress the field of mental health apps by developing new
insights into whether they work, how they work, and how they might be improved. This was
achieved by first reviewing the field of mental health apps, then contributing to the design and
development of two new apps (MoodPrism and MoodMission), and finally evaluating the
apps’ effects on mood, anxiety, and mental wellbeing. In evaluating the apps, it was found
that participants with depression or anxiety who used MoodPrism and engaged in its
reflection-focussed, mood-tracking features experienced improvements in mental health and
wellbeing. Analyses suggested that increases in emotional self-awareness (ESA) mediated
these effects. Furthermore, participants who engaged in short cognitive behavioural therapy
(CBT) strategies to cope with distress via the problem-focussed app MoodMission
experienced increases in wellbeing. In contrast to MoodPrism, analyses suggested that
increases in coping self-efficacy (CSE) mediated these effects for participants who were
experiencing moderate symptomatology. Comparing these apps against another publicly
available mental health app (MoodKit) and a waitlist control group in a randomised controlled

trial (RCT) suggested that providing participants with an evidence-based MHapp significantly
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improved their mental health and wellbeing, potentially by increasing CSE. Across all these
studies, the effects on depression and anxiety were mixed and, in part, depended on the
clinical status of the participants, but the increases in mental wellbeing were much more
consistent across groups and apps. Overall, these findings support the efficacy of the MHapps
tested, and reveal important considerations regarding the underlying mechanisms of MHapps
in general. The main findings of this thesis’ empirical papers are summarised in Table 1.
One contrasting finding across the studies concerned MoodMission’s effect on
depression. In Chapter 6, no direct relationship between app engagement and depression was
found. However, Chapter 7°’s RCT found a significant Group by Time interaction for
depression and significant decreases in depression for the MoodMission group. The
discrepancy between the two studies’ findings could be the result of the studies’ different
methodologies. For example, the participants in the effectiveness study who naturalistically
downloaded the app from the app store may have approached the use of MoodMission
differently to those who were allocated to use the app in the RCT. Another likelihood is that
the relationship between app engagement and depression is more complicated than the
relationship between app engagement and wellbeing. This is suggested by the finding that
CSE significantly mediated the engagement-depression relationships, despite the lack of a
direct effect. Engagement with MoodMission increased CSE, which in turn decreased
depression, but overall there was no effect of engagement on depression. As speculated in
Chapter 6, this could be due to other, unmeasured mediators masking the direct effect. The
RCT found that MoodMission had efficacy in increasing wellbeing and reducing depression.
The established reliability and impact of the RCT design throughout psychological and
medical research should be accounted for when considering this evidence (Begg et al., 1996).

This, together with the indirect effect of app engagement on depression and anxiety via CSE,
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enables the conclusion that MoodMission use can be an effective tool for relieving low
moods.

The studies reported in Chapters 4 and 6 used a devised measure of engagement taken
from the feedback questionnaire administered to participants in the 30-day assessment. As
discussed in the chapters, this measure of “quality” of engagement was chosen over
“quantity” of engagement variables like number of times the app was accessed, or time spent
using the app. This was because patterns of app use could be influenced by a range of factors
independent to or confounded with app engagement. For example, an individual who uses
their phone a lot, who uses their phone for distraction from anxiety, or who requires more
time to read would show conflated engagement ratings on these variables. While the
engagement measure chosen avoids these confounds, a potential limitation to consider is the
influence of app likeability. An individual who likes the app and has a more positive attitude
to the app may be more likely to respond with a high engagement score. As discussed in
Chapter 4, the engagement measure used can be thought of as analogous to measures of client
engagement or therapeutic relationship, as these predict treatment outcomes in in-person CBT
(Holdsworth et al., 2014; Kazantzis et al., 2015; Sucala et al., 2012). Such measures could
also be confounded by how much individuals like their therapist or the content of the therapy.
However, this starts to raise questions about the nature and importance of likability in CBT
interventions and how different it really is from engagement, especially given the importance
the individual’s intrinsic motivation to commit to therapeutic change. More research is needed
to develop more reliable measures of therapeutic engagement that can be used for MHapp
interventions and are consistent with CBT models and theory.

Mediation analyses were included throughout this thesis to investigate the mechanisms
each MHapp intervention used to generate therapeutic change. The mediator variables were

chosen because they were positioned in the theoretical model between engaging with the
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intervention and the hypothesised mental health and wellbeing improvements. For example,
using MoodMission to learn and practise coping strategies should theoretically improve
confidence in coping ability and CSE. This, in turn, may help individuals cope with anxiety
and low moods. The mediation analyses supported the majority of the hypothesised
relationships but could not affirm causality for the overall hypothesised model. More research
is needed to clarify and affirm the time-order processes involved and the direction of
relationships between engagement, ESA/CSE, and mental health outcomes.

This discussion will relate the findings obtained in this thesis to theory in an effort to
provide a theory-driven understanding of MHapp effects and means for their improvement.
The methods used in this thesis will also be discussed to provide insight into methods for
future MHapp studies. Finally, broad recommendations will be made for MHapp use and
development, accounting for factors outside the scope of this thesis’ findings, such as app

promotion, accessibility, software development, and organisational guiding values.
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Table 1

Summary of Empirical Findings

Significant Effects on Outcomes

Significant Mediators

Design Chapter  App Sample Depression  Anxiety  Wellbeing  Depression Anxiety Wellbeing
Regression 4 MoodPrism  Whole v v v - - -
between app Nonclinical - - v - - -
engagement Clinical - 4 4 ESA ESA ESA
and outcomes
MoodMission  Whole - - 4 CSE CSE CSE
Nonclinical - - v - - CSE
Moderate clinical - - 4 CSE CSE CSE
Severe clinical - - v - - -
RCT ! MoodKit v - v CSE CSE CSE
MoodPrism - - v CSE CSE  CSE,ESA
MoodMission v - v CSE CSE CSE




CHAPTER 8

Theoretical Implications

The novelty of MHapp interventions means there has been limited opportunity to
establish a single theoretical framework to understand their effects. However, two well-
established theories were described in the introductory paper of this thesis as important for the
MHapp field; cognitive behavioural therapy (CBT) theory and self-determination theory
(SDT). CBT is a theory of achieving therapeutic outcomes in mental health, so it is useful to
understand the bottom-up mechanisms that MHapps use to instigate therapeutic change.
Alternatively, SDT is a theory of motivation, so it is useful for understanding top-down
interactions that enhance motivation to engage in therapeutic processes. In addition to these
two theories, Gross’ (2002) Emotion Regulation Theory can be helpful to assess the overall
direction of the intervention in the kinds of emotion regulation strategies it encourages, and
the Behavioural Health Continuum of Care model is helpful to understand the broader
population-level impacts of highly accessible MHapps. Discussion of MoodPrism and
MoodMission within each of these four theories aims to reveal: a) the theoretical mechanisms
underlying each MHapp’s effects; b) how the intervention structures that exist within other
MHapps may relate to these theories; and ¢) how MHapps can be better designed to enhance
the theory-based mechanisms of change.
Cognitive Behavioural Therapy

CBT covers a large variety of different interventions for a variety of psychological
problems. This thesis” introductory paper made reference to Mennin, Ellard, Fresco, and
Gross’ (2013) definition of the commonalities underlying CBT interventions, including a
common goal and three main change processes. Reflecting on how these relate to MoodPrism
and MoodMuission can reveal the theoretical processes that these, and other CBT-based apps,

use to generate mental health improvements.

202



INTEGRATED DISCUSSION

The common goal of all CBT interventions is behavioural adaptation (Mennin et al.,
2013). This is the process by which an organism becomes more suited to thriving in its
environment. The goals that an individual wishes to achieve become easier to pursue, and
they maximise the use of their own resources in their self-guided endeavours. Most CBT
interventions are aimed at ameliorating dysfunction, because they are treatments for
psychological disorders, but behavioural adaptation can also be achieved by improving
functioning beyond what is already achieved. This goal is shared by the majority of MHapps,
which aim to help users better deal with cognitive, behavioural, or emotional problems.
However, not all MHapps use CBT change principles.

CBT works through three basic change principles, including context engagement,
attention change, and cognitive change (Mennin et al., 2013). Not all individual aspects of a
CBT intervention need to engage all three change principles, but the intervention as a whole
should aim to utilise all three. Context engagement refers to a process of using new
experiences to alter older, more habitual, maladaptive patterns of thought, feeling, and
behaviour. For example, behavioural activation treatments aim to redirect depressed
individuals out of depressive patterns by engaging them in activities that are much more
physiologically and behaviourally exciting (Dimidjian et al., 2014). Similarly, exposure
techniques help individuals face fears that they have avoided for a long time (Peterman, Read,
Wei, & Kendall, 2015). Therefore, any MHapp that is promoting a new mode of reacting,
behaving, thinking, or feeling may be using context engagement, particularly if that new
mode is in opposition to the individual’s established routines. Apps that solely reinforce
existing behaviours or thought patterns and do not attempt to change them are not using
context engagement.

MoodPrism aims to promote an awareness for an individual of their own emotional

state and own emotional history. It also provides users with mental health information that
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they may not have considered before. The context engagement used by MoodPrism is
focussed on changing the relationship between the user and their moods. This is not as active
as MoodMission, which suggests new coping strategies and wellbeing activities to users that
they may not have considered before. Mission suggestions are tailored to an individual’s state,
so, for example, behavioural activation missions are more likely to be suggested to users
reporting depressive symptoms. Tailoring uses context engagement by suggesting Missions
that are counteractive of the user’s current state.

Attention change is the second CBT change principle outlined by Mennin et al.
(2013), and involves practising the reorientation of attention in more adaptive directions. This
allows individuals to break out of psychological vicious cycles, or “problem maintaining
circles” (PMCs; Bakker, 2008), by focussing their attention on thoughts, feelings, or
behaviours that are outside of the cycle. Acceptance strategies also involve attention change,
as an individual focusses their cognitive attention on thoughts that accept and do not
perpetuate the problem.

Using MoodPrism may foster a change in an individual’s attention onto different
aspects of their emotions and situations. For example, when a user is prompted to complete a
daily mood report, they are reminded to pay attention to their current emotional state.
Similarly, when MoodMission suggests a series of Missions to a user, this can move attention
away from the problem towards a solution. The Missions themselves also often contain
attention change components. For example, mindfulness Missions guide an individual to
attend to various physical sensations or other neutral stimuli, and thought stopping Missions
redirect attention away from unhelpful thoughts.

Cognitive change is the final change principle listed by Mennin et al. (2013), and
refers to the practice of taking different perspectives on events and generating alternative

thoughts, which may lead to alternative interpretations and beliefs. Cognitive reframing
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interventions engage cognitive change by recontextualising events in ways that lead to fewer
maladaptive emotional or behavioural responses. Many CBT techniques that focus on
cognitive change involve keeping an objective record of experiences, usually by noting down
thoughts and feelings on a worksheet or in a diary, and making numbered ratings of intensity
via subjective units of distress (SUDs) scales (Kazantzis, MacEwan, & Dattilio, 2005).

MoodPrism’s mood diary may help users change their perspective on events by
reflecting on their emotional experiences. Subjective recollection is marred by biases that may
increase maladaptive perceptions of the past (Platt, Waters, Schulte-Koerne, Engelmann, &
Salemink, 2017), so MoodPrism’s diary can help users by presenting them with a more
objective, less biased record. Furthermore, depression can negatively bias an individual’s
recollection (Becker & Leinenger, 2011), so keeping an objective account of emotional states
over time may correct those cognitive biases.

MoodMuission requires users to report their level of distress using a SUDs scale before
completing a Mission, and when they report their distress again after, they are reminded of
their initial pre-Mission rating. This may help to promote an individual’s conceptualisation of
themselves as someone who is able to lower their own distress through use of a strategy,
which in turn should improve CSE. In this way, MoodMission’s intervention structure is
promoting cognitive change. Many Missions employed by MoodMission also engage
cognitive change, such as the Missions that coach users through cognitive reframing exercises
commonly employed in CBT, or prompt users to record three good things about themselves or
their day.

The mediators investigated in this thesis included CSE, ESA, and mental health
literacy (MHL). However, only CSE and ESA significantly mediated app engagement and
wellbeing outcomes, suggesting that the apps did not exert effects by increasing user MHL.

CSE and ESA are both strongly implicated in CBT theory, and many core CBT techniques are
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aimed at improving coping skills and emotional awareness. While increasing an individual’s
knowledge about mental health may improve recognition of symptoms, increase help-seeking,
or reduce stigma (Jorm, 2012), it does not directly engage any of the three CBT change
processes. This may explain the lack of a mediating effect observed for the outcome variables.
Emotion Regulation Theory

Gross (2002) outlines a theory of emotion regulation that is compatible with Mennin
et al.’s (2013) understanding of CBT, but further emphasises the importance of emotion
down-regulation in overcoming stressors and coping with anxiety or low moods. The theory
stipulates two main kinds of strategies for down-regulating emotion; cognitive reappraisal and
expressive suppression. MHapps can aid individuals in engaging either reappraisal or
suppression strategies, and understanding the costs and benefits of each can inform MHapp
design.

Cognitive reappraisal refers to changing the associated thoughts and meanings of
emotion-triggering situations (Gross, 2002). In the CBT model, thoughts precede emotions
(Beck, 2011), so changing cognitions can change the emotions triggered. For example, if an
individual notices symptoms of anxiety, like elevated heart rate and shallow breathing, they
may worry about the symptoms and trigger an increase in anxiety, forming a “vicious cycle”
and leading to a panic attack (Clark, 1986). Alternatively, the individual could reappraise the
symptoms as evidence of excitement rather than anxiety, and down-regulate the distress
(Brooks, 2014).

Rather than modulating the cognitive interpretation of the situation, expressive
suppression strategies are used by individuals to directly restrict their emotional responses
after they have been triggered by cognitions (Gross, 2002). This is akin to maintaining a
“poker face” while experiencing emotion (Vanderhasselt, Kiihn, & De Raedt, 2013). Evidence

suggests that expressive suppression is not as effective as cognitive reappraisal in both short
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and long-term emotion regulation, and suppressive efforts can inadvertently suppress positive
emotions in addition to negative emotions.

Emotion Regulation Theory can be useful for assessing the overall direction of an
intervention towards either cognitive reappraisal or expressive suppression. For maximum
benefit, individuals who engage with a MHapp should be encouraged to reappraise the
thoughts and triggers leading up to an emotion, rather than be encouraged to actively suppress
their feelings. CBT interventions are designed with this direction in mind (Mennin et al.,
2013), as were the MHapps included in this thesis.

MoodPrism’s features may assist with reappraisal through improving ESA. An
increase in ESA allows individuals to better reflect on the precipitants, maintaining factors,
responses, and overall quality of their emotions, which can aid reappraisal in subsequent
triggering situations (Paivio, 2013). MoodMission additionally coach’s individuals in CBT
strategies that aim to intervene in emotion regulation before expressive suppression can be
used. Furthermore, increasing an individual’s CSE encourages cognitions of empowerment
and “I can deal with this situation”, which is a key reappraisal strategy (Barlow, Allen, &
Choate, 2004). Both apps avoid interactions that may lead to suppression. Both encourage
openness in reporting emotional states, with no negative consequences for reporting negative
emotions. None of MoodMission’s Missions are suppression based.

Beyond MHapps, the general use of smartphones and apps may actually decrease the
use of expressive suppression strategies. Removing an individual’s smartphone increases their
reliance on suppression strategies (J. Elhai, Hall, & Erwina, 2017; Hoffner & Lee, 2015). This
may be because smartphones are commonly used for reappraisal strategies, such as social
support and information organisation. However, apps designed for mental health purposes
may be more explicit and active in the training of reappraisal strategies as remedies for

psychological distress.
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Self-Determination Theory

Self-determination theory (SDT; Deci & Ryan, 1985) is well-suited to understanding
interventions that are self-guided or require the individual’s motivation to practise strategies
and engage in change principles (Kazantzis & L’Abate, 2005). SDT emphasises three human
needs that encourage intrinsic motivation and personal growth; the need for autonomy, for
competence, and for relatedness. An intervention should aim to foster and serve these needs,
as this will both increase an individual’s motivation to engage with it and increase the
individual’s potential for psychological thriving (Deci & Ryan, 2012).

Autonomy refers to an individual’s need to be in control of their own destiny. This
should decrease hopelessness and reinforce a belief that they are empowered to achieve their
desired goals. Interventions which are overly prescriptive and dictate behaviours to
individuals may suppress autonomy (Hagger & Chatzisarantis, 2009). Allowing an individual
to create their own goals and choose their means and methods to achieve them can foster
autonomy (Seligman & Csikszentmihalyi, 2000). Often then a collaborative therapeutic
relationship is pursued, as this creates an environment where an individual’s autonomy is
respected and fostered, but they are provided the necessary guidance to make productive
decisions (Tee & Kazantzis, 2011).

Self-guided MHapps, in a sense, already encourage autonomy by being a resource that
individuals access independently and when they choose to. However, the stricter the
interaction rules imposed by a MHapp, the more likely autonomy will be suppressed. For
example, if an intervention dictates that an individual must engage with it at a certain time
every day for a certain duration, this may decrease their self-perceived autonomy. However, if
a MHapp allows the user to choose between a range of session lengths and they can start a

session whenever they like, autonomy is being facilitated.
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The user interface and overall design of a MHapp may have impacts on perceived
autonomy of the user (Wendel, 2013). For example, if a MHapp does not allow the user to
navigate back to previous screens, or allow the user to always return to an app home screen
wherever they are in the app, the user may feel restricted and without autonomy. This may
lead to frustration and eventual deletion of the app. Alternatively, if the user is free to
navigate from section to section and screen to screen, autonomy is being facilitated. Guidance
may be provided by the app, either implicitly through choice of interactions (e.g. button
placement) or explicitly through instructions in text, but it is ultimately up to the user to
autonomously interact with the app’s interface (Galitz, 2007).

MoodPrism allows users to complete a daily mood survey once a day, at any point as
long as it is after the randomly timed push notification reminder. The user must complete all
questions in the daily mood survey for it to register and show in their mood diary. Once
unlocked, the mood diary can be opened and explored at any point, and the user is in control
of the resolution in which they view it (e.g. months, weeks, days) and the information
available for each entry. These interactional design choices give a user autonomy, but
ultimately the restrictions of the research design limit this autonomy. For example, for more
autonomy users should be able to record as many mood surveys as they like every day, at any
time, and in as much detail as they would like.

MoodMission is more flexible in its approach to interaction design, offering users the
ability to report mood and complete Missions regardless of the time. There are also options on
each of the reporting screens to effectively “skip” the step and proceed to the next screen.
Users are informed upon onboarding that the more information they provide to MoodMission,
the better the app can tailor Mission suggestions, so they are given a rationale to complete the
reporting screens. However, it is ultimately up to the user what the length or depth of their

engagement will be.
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Within SDT, competence refers to an individual’s need for self-improvement through
development of skills and mastery (Ryan & Deci, 2000). This gives the impression of
progress being made through life in pursuit of personal values. In much the same way,
interventions can give the impression of progress being made by helping individuals reflect
on their achievements and realise the developments made in their skills. For example, the
subjective outcome tracking in Feedback Informed Treatment (FIT; Prescott, Maeschalck, &
Miller, 2017) provides a way for individuals to reflect on their progress over time and realise
personal improvements.

Gamification is the term often given to app-based rewards, such as points and badges,
which are meant to reinforce to the user their achievements and progression through the app
(Kapp, 2012). To properly facilitate competence, these rewards need to be relevant and
aligned with the user’s motivations and goals (Burke, 2014). While MoodPrism does not
incorporate traditional gamification features like badges, it does give the user an impression
of progress as they complete more mood reports and fill out their colourful mood diary.
Additional feedback is also unlocked at milestones, so the more mood reports that are
completed, the more feedback is provided. In this way, the impression of progress is
completely based on quantity rather than quality of engagement, so may only be partly
aligned with the users’ goals. Alternatively, MoodMission includes a badges and ranking
system that tracks both quantity and quality of a user’s engagement. Rankings are based
purely on number of Missions completed, while badges are awarded based on how well the
Missions perform and the use of a variety of different Missions. The Mission Log also allows
users to review all their completed Missions in an autonomous fashion, so they can remind
themselves of the progress made.

Within SDT, relatedness refers to an individual’s need for connectedness to others

through trusting and caring relationships, but also encompasses a need to belong (Ryan &
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Deci, 2000). This may be a sense of belonging to social groups, to broader communities, or
even to ideals and values. This gives the individual a sense that they are not isolated, but are
instead part of something bigger and greater. Individuals experiencing mental health issues
often feel rejected by others around the, and by society based on the stigmas of mental illness
or behaviours perceived to be related to mental illness. Interventions which work against
stigmas by normalising mental health issues may therefore improve an individual’s
relatedness by reducing real and perceived isolation (Cacioppo, Hawkley, Norman, &
Berntson, 2011).

MoodPrism and MoodMission do not require or seek clinical diagnoses, reducing the
influence of stigma and increasing accessibility. Both apps use nonclinical, non-stigmatising
language in an effort to reframe mental health issues and inspire hopefulness. For example,
MoodMuission’s Missions are fairly normal, everyday activities, which makes them more
achievable, and promotes the perception that regular solutions are require for regular
problems. Alternatively, an activity like hypnosis is so unusual that individuals may perceive
it to be a “serious” treatment, which in turn may promote the belief that there is something
truly “wrong” with them. This may suppress relatedness and therefore increase the impact of
self-stigma. The relatable, commonplace activities and language used in Missions were
chosen to increase relatedness and reduce stigma. Furthermore, many Missions involve social
contact in an effort to enhance trusting and caring relationships with others.

Behavioural Health Continuum of Care

The Behavioural Health Continuum of Care model (see Figure 1) outlines the stages
of intervention for behavioural health issues, including mental health (Institute of Medicine,
1994; Rickwood, 2010; World Health Organization, 2004a). It emphasises three other stages
in addition to the treatment stage of intervention, including the promotion, prevention, and

recovery stages.
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Figure 1. Behavioural Health Continuum of Care model of interventions

Within the prevention stage, there are three different kinds of preventative
interventions. Universal prevention interventions are targeted at all or most individuals within
a population, such as promotional campaigns that deliver health messages across a wide range
of broadcast media. For example, television advertisements that quote statistics about the
prevalence of anxiety and recommend seeking support from health professionals would be
universal prevention interventions.

Selective prevention interventions are more narrowly targeted towards groups that
may be more at risk for developing a disorder. For example, a school program that aims to
increase student’s mental health literacy (MHL) would be considered selective because it is
targeting school children when they are vulnerable to developing problematic views about
mental distress (Black Dog Institute, 2016). By educating them about difficult emotions and
ways of coping with stress, the students may be better equipped to prevent small emotional
problems from developing into more complex, severe ones. This may also prevent alcohol and
drug misuse, as these substances are often used to cope with distress.

The final type of prevention interventions are labelled indicated, as these are aimed to

be used with individuals who have been specifically indicated to be at risk of developing a
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disorder requiring treatment. Indicated prevention interventions are generally more involved
than universal or selective interventions, as they can resemble a type of minimal, subclinical
treatment (e.g. P. Cuijpers, Mufoz, Clarke, & Lewinsohn, 2009). For example, brief problem-
solving therapy delivered in group settings can help reduce distress and prevent depression in
nonprofessional carers (Vazquez Gonzélez et al., 2013).

Computerised interventions usually aim to be indicated prevention interventions or,
more commonly, treatment and recovery stage interventions (Kenardy, McCafferty, & Rosa,
2003). This is because the individual must be motivated enough to engage in the intervention,
and computerised interventions require the user to become stationary and devote their full
attention to the computer for a moderately long period of time to, for example, complete a
thirty-minute module. They also have to factor this into their daily routines, often scheduling
in the sessions to ensure that they complete them. Individuals would have to be well
motivated to engage with this sort of interaction paradigm, so those that are not at risk of or
currently experiencing a mental health issue may lack motivation to engage with a
computerised intervention. In contrast, mobile interventions require a lot less time and
attention to engage with them. They can be used in almost any context throughout an
individual’s daily routine, and the limited screen size and lack of mouse and keyboard
simplify the interaction paradigm. The smaller time and attention requirements ease the
motivational burden to engage with mobile interventions, and coupled with the high levels of
smartphone ownership observed in the community, and the ease of accessing interactive
content via the app stores, mobile paradigms are better suited than computerised paradigms
for preventative interventions (Judith Proudfoot, 2013).

In the first paper presented in this thesis, the recommendation was made to target
MHapps at nonclinical populations. One of the reasons for this recommendation was to enable

the MHapp to serve as a prevention intervention. A clinical approach may be appropriate in
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treatment interventions, but is not appropriate when engaging users who may not be
experiencing any clinically significant distress. The interaction paradigms used by both
MoodPrism and MoodMission were designed to be flexible enough to allow use as universal
and selective prevention interventions. The time and attention requirements were aimed to be
low enough for engagement with users who were not motivated by a need for treatment, and
instead were looking for a tool to understand themselves better, or help in times of stress.

Although prevention of mental illness was not measured by the studies in this thesis
(partly because of the short pre-post time scale used), the findings reinforce the
appropriateness of MHapps being used for preventative purposes. All studies were conducted
with community samples, unlike past research that has recruited participants experiencing
clinical distress (e.g. Kauer et al., 2012; Kuhn et al., 2017; Roepke et al., 2015). While the
effects on depression and anxiety were mixed and, in part, depended on the clinical status of
the participants, the increases in mental wellbeing were much more consistent across groups
and apps. This suggests that despite the absence of depressive or anxious symptoms, users can
still gain benefits from using MHapps, as increased mental wellbeing can prevent mental ill
health (Slade, 2010). Another factor that supports MHapps as preventative interventions is the
presence of effects in the nonclinical and moderate clinical groups, but not in the severe
clinical group of MoodMission participants. This suggests that participants who were
experiencing more severe symptomatology were unable to derive measurable benefit from the
app, suggesting that they should be seeking treatment interventions rather than using a
preventative one.

Broader Implications for the Field

The MHapp field is evolving in important and distinct ways as it becomes more

established. This thesis has examined the entire lifecycle of a MHapp from design, to

development, evaluation, and launch, and this has enabled a comprehensive perspective on
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some of the field’s broader challenges. It is important to discuss these in addition to the study
findings, as they are influential to the future of the field.

Research paradigms are being challenged in the field of digital mental health. RCTs
have long been upheld by researchers as the gold standard of research designs. However,
RCTs neglect a lot of important metrics of intervention success. A traditional RCT is able to
provide an evaluation of an intervention’s therapeutic efficacy, but can neglect the importance
of real-world implementation, effectiveness, time and financial efficiency, and user
engagement. For example, the participants in the RCT reported in this thesis first signed up to
a research study on mental health apps, and were then given instructions on how to download
an app. This process can create sampling bias and Hawthorne effects, which can artificially
inflate engagement with the interventions (McCambridge et al., 2014). An individual who
downloads a MHapp naturally off the app store has fewer reasons to keep engaged with the
app because they do not experience pressure to satisfy researchers, and they have not made a
conscious commitment to sign up for a research study. This thesis acknowledged these
shortcomings and therefore supplemented the pursuit of an RCT with usability and
engagement studies, achieving a broad spectrum of validation across multiple methodologies
and metrics.

Great care and attention was also given to user engagement and the process of delivery
in the development of the MHapps, rather than solely focussing on the intervention content. In
the same way that therapists can become preoccupied with therapy content (which activities to
pursue with clients), rather than considering therapy process (the best way to engage the client
in therapy and build a strong therapeutic alliance; Kazantzis, Dattilio, & Dobson, 2017),
researchers can become preoccupied with the content or structure of text-based modules in
internet interventions rather than considering interface design, user experience design, graphic

design, and other aspects that influence the user’s relationship with the intervention. The
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user’s relationship does not just determine their overall level of engagement, but may
profoundly change their learning outcomes because the meaning of the content may be
altered. For example, users may be more likely to interpret their mental health issues as
clinical, medical illnesses if an intervention takes graphic design cues from clinical, hospital
environments, while an intervention that looks and feels like a video game may lighten the
user’s attitude to typically stigmatised issues.

Throughout the development process of MoodPrism and MoodMission, large
differences in approach to projects were noted between the software developers and the
researchers. These issues are typical of the field, and are evident in the differences in design
between MHapps that are directed by researchers or academics (e.g. Blue Watch; Deakin
University, 2017), and those that are directed by entrepreneurs or businesses (e.g. Pacifica;
Pacifica Labs Inc., 2016). Each party values different outcomes and uses different metrics to
track those outcomes. In broad terms, researchers, academics, and clinicians are usually
primarily motivated by therapeutic outcomes. This is why evidence from RCTs is so
dominant in clinical decision making. Alternatively, those from business professions are more
inclined to value usage, uptake, and ultimately revenue. The app’s primary purpose is to be
used, because the more it is used, the more revenue can be generated from in-app purchases,
subscriptions, advertising, and other models of commercialisation. It is therefore common for
researchers to overlook the importance of maximising usability, and common for businesses
to overlook the importance of ensuring therapeutic outcomes. However, both goals are
important. It is important for an intervention to be efficacious and usable, because without
either the intervention has limited real-world effectiveness. The evidence presented in this
thesis demonstrated the usability (Chapter 5, Appendix X), effectiveness (Chapters 4 and 6),
and efficacy (Chapter 7) of both MoodPrism and MoodMission, and hopefully more MHapps

can undergo the same multimethod evaluation process in the future.

216



INTEGRATED DISCUSSION

One frustration often reported by scientifically-minded clinicians and consumers is the
lack of clarity about which MHapps are truly evidence-based in their design, and also which
have supporting outcome study evidence for their use. At present, services like Psyberguide
(2017) and ReachOut Australia (2017) aim to evaluate the therapeutic quality of MHapps to
better inform clinician and consumer choices. However, the majority of smartphone users
may never research their choice of MHapp, instead relying on a search of the app store to
provide them with an app for “depression” or “stress”. There is currently no accreditation
system for MHapps or the claims they make. This places an important ethical responsibility
on app stores and MHapp promoters to only make claims that they can substantiate with
evidence (Grundy et al., 2017; Weckert & Lucas, 2013). However, this is rarely observed and
the majority of the top-downloaded MHapps do not have published evidence that supports
their claims.

Ultimately MHapps are developed to improve the mental health and wellbeing of
smartphone users. With this in mind, the process of choosing and downloading a MHapp is of
crucial importance to achieving the overall goal. It is therefore worth considering systems to
guide clinicians and consumers towards good decisions. For example, endorsement of certain
evidence-based MHapps could be made by peak mental health bodies, such as beyondblue or
NIH. Endorsement or financial support by organisations that enable the delivery of mental
health services, such as Medicare or the NHS, may help even more with implementation.
Preventative MHapps would benefit most from endorsement or promotion by organisations
outside of the health system. For example, schools and universities are in a position to educate
students about the importance of using preventative mental health strategies, such as
particular apps. The same could be achieved by businesses who wish to support the mental

health of their employees.
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Recommendations for Stakeholders

To conclude this thesis, a series of recommendations have been compiled for various
mental health app stakeholders. These draw from the past and current research findings, and
from the observations and experiences gleaned while undertaking this research and
development. The recommendations discussed in the first paper of this thesis apply broadly
across MHapps and helped guide the development of MoodPrism and MoodMission. The
recommendations listed here are those specific for each stakeholder group, so should be
considered in conjunction with the first paper’s recommendations. Together they guide the
practical utilisation of MHapps in various stakeholder contexts.

End Users

Finding a MHapp can be a daunting, overwhelming, or potentially unsatisfying task
for an individual roaming the app store. Many apps make claims about “curing” mental illness
or use techniques that users with average mental health literacy may not realise lack
supportive evidence. The consumer guides that rate MHapps (e.g. PsyberGuide, 2017;
ReachOut Australia, 2017), are not widely accessed by the public, so until changes are made
to introduce an official certification system within the app store or something similar, it may
be more efficient for users to be guided by certain principles when choosing MHapps.
Organisations that promote mental health information should be involved in the dissemination
of this guidance.

Users should start by checking to see whether the app refers to evidence or research
supporting its effectiveness. Users should be sceptical about any outlandish claims made, and
should turn to trusted experts for advice. If there is an absence of direct experimental
evidence, the app should be based on a supported intervention theory, like CBT. This thesis
has found support for apps offering mood-tracking and short CBT strategies, so apps with

these features should be considered. It is recommended that users seek apps that are
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comprehensive in scope, not just providing one coping strategy or targeting one mental health
issue, but offering a suite of different tools, packaged in an engaging behavioural plan.
Clinicians

MHapps can be powerful tools for clinicians to use in their clinical practice. Clinicians
may include psychologists, general practitioners, medical physicians, social workers,
occupational therapists, physiotherapists, or any health professional who works with clients,
patients, consumers, or service providers to achieve health outcomes. For the sake of brevity,
the word “client” will be used in this discussion to refer to all individuals who receive health
services.

Before recommending a MHapp to a client who may benefit, whether the app is an
appropriate intervention should first be assessed. If the client would be more comfortable with
a different intervention modality, such as pen and paper notepads or worksheets, then these
should be considered first. The client should already be motivated to use technology as part of
treatment before apps are considered.

Simply informing clients about the existence of a MHapp may not be enough for them
to take all the necessary steps to meaningfully engage with it. Attending to the client’s
motivation to use the MHapp can increase the likelihood of independent client engagement,
just like any self-guided or “homework” intervention. Motivation can be increased by
considering the SDT needs for intrinsic motivation; autonomy, competence, and relatedness.

Autonomy can be enhanced by guiding an individual to find and download the MHapp
on their own device. Furthermore, simple barriers, like finding the app on the app store and
then completing the onboarding process may prevent a client from starting engagement.
Therefore, it can be helpful to coach the client through the downloading and onboarding

process while they are present in consultation.
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Coaching the client through a few minutes of use may improve the individual’s sense
of competence, increasing motivation by improving familiarity and decreasing anxiety about
using it. While a well-designed app will guide clients into using it correctly, some clients may
need further guidance from the clinician for them to maximise the effectiveness of their
autonomous use.

As with any intervention referral or recommendation, discussing the MHapp in
inclusive, non-stigmatising terms can aid with promoting relatedness. The clinician may wish
to discuss how other people use the MHapp, or how they have used it themselves, depending
on the appropriateness of self-disclosure. Online communities of other users can also be
explored by the client to foster relatedness.

Providing good guidance requires a clinician to be familiar with the MHapp
themselves. Self-practice of CBT involves the clinician using CBT techniques themselves to:
a) improve their own behavioural, cognitive, and emotional responses while working with
clients; and b) improve their insight into the experience of using the CBT techniques
(Bennett-Levy, Thwaites, Haarhoff, & Perry, 2015). For example, a CBT therapist may record
their own negative automatic thoughts that they notice throughout their day, and challenge
them later by generating and practising alternative thoughts. In much the same way, it would
be helpful for clinicians who are recommending the use of MHapps to clients to exercise self-
practice, using the MHapp in their daily lives. Notes about any strengths or difficulties should
be made and considered when introducing the MHapp.

As clinicians note strengths and difficulties, they should consider providing feedback
directly to the developers of the MHapp. Unlike other intervention modalities, such as printed
workbooks, MHapps are more capable of adjustment and reiteration. Developers are often
eager to improve their products, and the feedback of a user, particularly one who is a health

professional, is very valuable. The rapid iteration process used by most developers allows
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small fixes to be made and updates to be released, so feedback-informed improvements can be
made quickly.

MHapps are being developed specifically as adjuncts to specific therapies. For
example, dialectical behaviour therapy (DBT) clinicians and clients can use the DBT Coach
app as part of therapy to help clients practise skills in vivo (Rizvi, Dimeff, Skutch, Carroll, &
Linehan, 2011). Acceptance and commitment therapy (ACT) is able to be similarly enhanced
using the ACT Daily app (Levin, Haeger, Pierce, & Cruz, 2017). Further work is needed to
investigate how CBT and other therapies can be enhanced with the addition of an app, so
clinicians are encouraged to pursue such studies. For example, with a few small changes
MoodMission could be used by clinicians and clients to set and track CBT homework
activities.

App Developers

As already discussed, developing a MHapp is a complex process of balancing the need
for a slick, attractive, superficially engaging product, with the need for an intervention that is
scientifically rigorous and engages psychological change mechanisms. This means that
developers should consider their expertise and motivations, decide on what side of the balance
they fall, and seek collaborators whose expertise and motivations fall on the opposite side of
the balance. For example, if a software developer with no psychological expertise wishes to
develop a MHapp, they should seek collaboration with a mental health clinician or expert.
Once a relationship is formed, clear and open communication should be maintained between
the parties to avoid misunderstandings. App developers should also be aware of the unique
legal and policy requirements of MHapps, and seek guidance in matters of privacy, security,
suitability of content, advertising, finance, and, if applicable, medical device status (Grundy et

al., 2017).
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The app development process usually has several milestones that can be treated as
review points to avoid unnecessary work in making changes. For example, once the app’s
user interface is sketched out into “wireframe” diagrams, all development parties should
confirm the wireframe before continuing to further stages, such as graphic design or building.
If decisions made early on the project are changed later in the project, all the project stages
will need to be repeated to incorporate the changes.

As there are already many existing digital treatments and MHapps available, these
should be reviewed for design inspiration. Existing apps may have features that could be
adapted, or visual designs that are particularly pleasing or appropriate. Branding principles
should be considered, and opinions sought from product design and graphic design experts.
Unless patents or trademarks have been taken against certain designs, a lot of what already
exists can be used as valid inspiration for new and improved products. Developers should not
be afraid of emulating existing designs, and if there are any areas where guidelines are not
clear, legal and expert advice should be sought.

Organisations

MHapps can be used by organisations to support the mental health and wellbeing of
their members. As discussed with reference to universal preventative interventions, MHapps
are highly scalable in the number of people they can support, the quantity and quality of the
support, and the breadth of mental health issues they can support or detect to refer users for
further help-seeking. Organisations are encouraged to seek apps that are compatible with their
organisational culture, while still retaining evidence-based and effective techniques, and
keeping the mental health and wellbeing of the user as the goal. Some writers have accused
corporate culture of encouraging the use of techniques usually used for mental health, but
instead “hijacking” them to serve corporate goals (Halliwell, 2014). For example, Target,

Ford, and Google encourage their employees to exercise mindfulness, but with an aim to
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improve the quantity and quality of their work, rather than to support mental health and
wellbeing (Pinsker, 2015). Mental health professionals may argue that, ethically, the use of
MHapps within organisations should always be first and foremost to support the mental health
and wellbeing of members, with improvements to their work or participation being a
secondary goal.

Researchers

As researchers embrace methodologies that use mobile technologies, there are a
number of unique challenges, particularly in mental health. Research aims must be achieved
while still upholding ethical obligations to participants. Some of the most pressing challenges
include data security, supporting participant welfare, recruitment strategies, participant
engagement, appropriate evaluation approaches, funding for technical development, and the
maintenance of platforms following the conclusion of research.

Maintaining the security of data collected by apps can be a confusing and frustrating
process for researchers. However, there are three steps that were noted during this project
which could simplify the process. Firstly, it should be decided whether the data set collected
needs to be identifiable. Deidentified data have fewer security and legal requirements than
identifiable data, i.e. data linked to participant names, email addresses, or other personally
identifying information. Secondly, the location of the data storage and what it entails for
security should be clarified. For example, some university ethics committees prefer data to be
stored on local servers, located on the university campus, as they assume that this is more
secure than a server located off campus. This creates technical challenges, as the server
performance then becomes reliant on campus hardware, with little scalability and often
limited maintenance. Most apps instead use leased virtual servers, leveraging the power and
scalability of the hardware located in data facilities owned by large companies like Amazon,

Microsoft, or Google. These vault-like facilities are securely encrypted, and are physically
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much more secure than a server on campus (Google, 2017). Furthermore, specific facilities
that are located within certain countries can be used to maintain legal requirements. This may
need to be explained to ethics committees to prevent misguided compromises or project
delays. Thirdly, legal and technical advice should always be sought before finalising security
plans.

It is an ethical obligation to provide appropriate support to participants who require it.
For example, researchers who are conducting interviews with participants in a mental health
setting should conduct suicide risk assessments and follow up with appropriate intervention.
While it was recommended in paper one that MHapps provide other support options,
including crisis supports, some researchers may be resistant to adding anything “extra” to the
MHapp that might act as an additional intervention to the one being studied. For example,
some ecological momentary assessment studies rely on apps to collect data in a way that does
not provide any feedback or intervention to the participant, as this may interfere with the
clarity of the ecological measurements. However, if an app takes measurements that are
linked to increased risk for suicide or self-harm, such as a measure of depression or
hopelessness, it would be ethical to reflect that back to the participant and encourage help-
seeking.

MHapps can be expensive to develop in a research context, as there is usually the need
to seek outside expert advice and hire the services of a private app development firm.
Furthermore, once the app is built, usually after extensive and unforeseeable delays, there will
be a number of ongoing costs to update and maintain the app. Coordinating all the
development tasks and involved parties can be time intensive, especially if changes are made
to the app after design milestones have passed. The field of mobile mental health app
research, and indeed the broader field of internet interventions, is currently in a transitional

state from relying strictly on research funds to being partly commercialised. The value of
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commercialisation is being realised by researchers who want the interventions they are
developing to be more widely used beyond strict research contexts. For the development of
MoodMission, the majority of funding was derived from crowdfunding, in which financial
support was sought from individuals, with reciprocal rewards delivered through the online
platform Pozible (2017). This not only made the project possible financially, but also helped
with promotion and the building of an online community to support the app. For example,
individuals who pledged to the campaign were offered the opportunity to test the app before it
was released and provide feedback to guide improvements. This online community also
helped with recruitment.

Researchers may have to rethink traditional recruitment strategies when using a
MHapp. Researchers are encouraged to investigate marketing strategies for other, similar
health apps to develop fresh strategies. For example, social media platforms are powerful
recruitment tools, but only if the strategy is carefully planned and adaptively flexible (Kaplan
& Michael Haenlein, 2010). It is recommended that social media experts are consulted to
develop a comprehensive strategy.

Once participants are recruited, they must engage with the MHapp in a way that is
satisfactory for both research needs and supportive needs. In addition to the strategies already
outlined in this thesis, it is recommended that researchers consider the length, complexity and
interactivity of the assessment process used in MHapp research. A compromise must be made
between making the assessments long enough to be useful for the researchers and short
enough to be achievable for the participant. Overly complex assessments may frustrate
participants, and administration via mobile device may pose problems for validity. It is
recommended that assessments be made as interactive as possible to hold participants’

attention and reward their engagement.
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Reporting improvements in mental health variables is one way to evaluate the
effectiveness of MHapps. However, adding economic evaluation may be more favourable to
justify future MHapp development (see Paganini, Teigelkotter, Buntrock, & Baumeister,
2018). Demonstrating the social and economic advantages of developing massively scalable
interventions that can prevent or treat mental health issues can help secure government
funding and power evidence-based policy changes (Layard & Clark, 2014).

After a MHapp is launched and research is underway, there are ongoing costs in the
maintenance of the platform. These costs will continue after the research has concluded if the
app continues to be available. It is important for successful MHapps to remain available
because: a) there are only a few MHapps available with evidence-backing; b) resources have
been devoted to establishing an intervention, which should then be shared to justify the
resources; ¢) often more research questions can be investigated using a MHapp platform, so
researchers should have the opportunity to pursue these without the trouble of developing an
entire new platform, and d) evidence-backed MHapps are valuable for enhancing public
mental health and for further research, as some questions can only be answered by using a
known-effective or known-acceptable app as an experimental or a control condition. It is
recommended that researchers investigate funding and support models that allow the ongoing
maintenance of MHapp projects.

Conclusion

This thesis reports on the development of two new publicly available and evidence-
backed MHapps that incorporated innovative mobile-optimised interactions and were based
on psychological theory, including CBT. Evaluation of these apps demonstrated that
wellbeing was promoted after 30 days’ use of either app, and while somewhat mixed,
evidence was also obtained that each app reduced depression and anxiety levels, particularly

for users who already reported moderated depression or anxiety. Considerable insight was
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also obtained into how these apps worked; the effects of the reflection-focussed app
MoodPrism were mediated by increasing ESA, and the effects of the problem-focussed app
MoodMuission were mediated by increasing CSE.

Over the coming years, more MHapps will be developed, released, and reiterated.
They have the potential to be important tools in the campaign against mental illness; the
leading cause of disability and global disease burden (World Health Organization, 2017).
Prior to the publication of the studies in this thesis, there was no compilation of evidence-
based recommendations for MHapp development, most of the empirical literature supported
interventions that were not accessible to the public, and there was little understanding of the
mechanisms underlying the effects of different MHapps. The findings reported in this thesis
advance research on MHapps by providing a blueprint for app developers and researchers to
produce evidence-based apps that are functional and engaging. Importantly, the studies
reported here demonstrate that digital technologies can significantly contribute to public
health by offering sustainable and complementary support for mental health outside

professional health care clinics.
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Abstract

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

Objective: This paper aims to descnbe the development of a mobile phone tool designed to monitor emotional changes in 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, expenience
sampling methodology (ESM), and antomated behavioral data collection.

Results: Feedback from 11 mdividuals (age range 16-52 vears; 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.

Condusions: Recommendations for future researchers and developers of mental health apps to be used for research are also
presented. The methodology described in this paper offers a powerful tool for a range 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(d):e49) doi:10.2196/mental 6202

KEYWORDS
cHealth; emotions; mental health; mobile phone; feedback

= Consistent with dual models of well-being, it encompasses both
Introduction positive functioning (happiness, a sense of control and
Background sclf-efficacy, and social connectedness) and an absence of stress

i o . . and depression [2,3]. Monitonng changes in emotional
Emotional well-being is broadly defimed [1] as, “apositive sense well-being is fundamental to mental health, with increases in
of well-bemng and an underlying belief in our own and others” | . well-being associated with resilience, creative
dignity and worth™ by the Mental Health Foundation (p- 8).  hinking, social connectivity, and physical health [4-9]. In
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contrast, significant and sustammed 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 cuaal for early detection of
mental health problems. Rapid response to carly nisk indicators
is one of the key predictors of better health outcomes, enabling
preventative health approaches to be mitiated early [10]. Regular
monitoring of emotional health indices 13 therefore
recommended by vanous national gmdelines [11,12]. In practice,
however, it remams difficult for chnicians or professional mental
health service providers to obtain frequent monitoring in real
time [13,14]. A prionty challenge facing the health care system
is to achieve practicable and sustainable means of supporting
self-management of health and well-being. Self-monitonng is
a particularly attractive goal for mental health care, given that
many individuals with mental health needs do not seck
professional health care support [15-17]. In addition,
sclif-monitoning may develop an individual’s insight into thar
need to seck help. In particular, young people consistently
indicate that they prefer nonprofessional or self-managed
strategics for addressing mental health issucs [18,19]. Obtaining
temporally sensitive (eg, daly) information on significant
changes in emotional state has the potential to profoundly
improve the capacity to promote emotional health [12].

Expenence sampling methodologies (ESMs), or ecological
momentary assessments, involve the systematic collection of
self-report data from mdividuals at multiple time points
throughout their everyday lives [20]. ESMs have been used to
monitor changes in affective state, and to predict mental health
with success to a certain extent [21,22]. In particular, the
vanahility in emotional state over time provides more substantial
mformation for understanding the canses and nature of
psychopathology than do cross-sectional “snapshof”
assessments. For example, when sampled multiple times a day
for 6 days, negative affect was found to vary more in paticnts
diagnosed with major depressive disorder than that in controls
across the day [23]. ESM assessments m individuals diagnosed
with panic disorder also revealed that the expectation of a panic
attack was a significant precursor for the occurrence of a panic
attack [24]. Ben-Zeev et al [25] also found that patients
diagnosed with a major depressive disorder retrospectively
reporied higher levels of symptoms relating to anhedoma,
suicidality, and sadness than captured m 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 an intensive
monitonng prohibitive. In addition, the use of palm pilots and
pagers (which were never as familiar to users as mobile phones
have become) to prompt users for this information be
intrusive, and makes it less likely that users will continue to use
this form of monitonng for extended penods [26].

Mobile phone technology offers an unprecedented opportunity
to unobtrusively track everyday behavior and changes in
emotional state, all in real time [27,28]. Mobile phone health
tools also offer the potential of immediale response to the

iip /fmental fmirons/201 G/4/e19/
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outcome of this monitoring via delivery of mental health
information contingent on changes in real-time emotional state
[29]- This technology has not yet been fully leveraged for these
purposes, despiie mobile phones being one of the few pieces of
technology that most people camry on their person every day
[30]- This pervasiveness means that mohile phones offer ahighly
natural and regular means by which information on emotional
state could be obtained. Mobile phones now penctrate 77%,
2%, and 68% of the Australian, US, and UK population,
respectively [31], and are a cost-cffective means of secking help
for mental health issues that may overcome socioeconomic and
geographic boundanes [32,33].

Mobile phone health technology holds great potential for
facilitating the management of emotional health through its
ahility to deliver flexible, user-onented intervention and
self~management tools; a feature particul arly relevant for young
people who often report fear of stigma associated with secking
professional services for 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, empincal support
for the efficacy of thesc apps is extremely lhimited [36]. For
imstance, i a systematic review of 5464 mental health app
abstracts, less than 5 apps were found to have expenmental
evidence [37]. In addition, a few have capitalized on the benefits
enabled by the mobile phone technology such as expenence
sampling and amutomated 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, Rad et al [28,38] found that the
majority of their adolescent sample wusing the mobile
phone-based mental health app, mobiletype, completed their
self-assessments, and that the use of the app imcreased the
practiioners’ understanding of their patients” mental health.
Hamson et al [29] reported that the use of the mobile phone
accessed Web-based cognitive behavioral therapy (CBT) course
MyCompass for 6 wecks significantly reduced symptoms of
depression and anxiety and mnproved self-eflicacy. One of the
barners to sustainability of user engagement in such programs,
however, 1s that they require extensive vohmtary 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 tnaling MyCompass reported using it
every day) [29]. Reasons for discontinued use include problems
understanding how to usc the program, invasivencss 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 challenge is to monitor indices
of emotional health using methods that require minimal msight
or subjective report from the user. Mobile phones contain a
range of embedded sensors and features, including
accelerometers and global positioning systems and apps, which
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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’
seli-reported mood. LiKamWa et al [40] found that up to 93%
of mood scores were acaurately predicted by social activity,
physical activity, and general mobile phone use data collected
from mobile phones. Assclbergs et al [41] attempted to predict
sclf-reported mood of 27 participants from metadata of 6 mobile
phone indices (phone calls, text messages, screen fime, app
usage, accclerometer, and phone camera events). Although the
accuracy of the models was no greater than models obtained
without mobile phone data, the methodology was demonstrated
to be technically feasible and to hold promise. The anthors
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
hstening, fitness, and soaial networking more than any other
demographic [42], and these are among the most effective
strategics for optimizing cmotional health [43-46]. For example,
the frequency of app-switching and the content of social network
messages were found to predict depression [43] even poior 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 people is via mobile devices
such as mobile phones [31], it 1s surpnising 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].
Monitoning a combination of behavioral indices such as physical
activity, online soaal interactions, and music choices therefore
offers a promising mecans of nonintrusive but sensitive
assessment of affective state. Advances m stafistical methods
available through machine lcamning also enable powerful
analysis of this more complex level of individualized multilevel
modding [52,54].

Another mitation of most mental healih apps currently available
is that they tend to simphify the emotional well-being spectrum,
with positive and negative affect anchors on a umdimensional
rating scale. Contemporary conceptualizations of well-being
however dearly show that optimal “ecmotional 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 posifive and negative emotional functioning
are comclated, there is substantial evidence that they are
orthogonal constructs [57]. Mobile phone technology that
differcntiates the quadrants created by categonzing according
to mental illness or languishing and mental health or flounshing
[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 a tool that has
the potential to significanily extend the understanding of
emotional health and well-being. The aim of this paper was to
descnbe the design of the mobile phone app, MoodPrism, which
was developed to monitor emotional well-being in context and
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i real time, and provide personalized feedback on the full
spectrum of emotional well-being. The paper desenbes in detail
the design and data collection functions of the app, which were
imcorporated fo address major challenges for mental health
research and practice, and presents feedback from a small sample
of tnal 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 commeraal digital creation studio, Two Bulls (Melboume,
Australia). The app was prepared for both the 108 and Android
mobhile phone platforms and was distnbuted by the Web-based
Apple and Google Play stores, respectively. The term
“MoodPrism” was sclected 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
armay of color-coded feedback to the user.

The development of MoodPrism involved designing 3 different
methods of data collection within the software: (1) automated
monitonng of selected online behavior, (2) expenence sampling
of emotional well-being self-reports, and (3) psychological
assessment questionnaires. automated monitoring of selected
online behavior, expenence sampling of emotional well-being
self-reports, and psychological assessment questionnaires. This
tnanpgulation of data collection is considered cruaal 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 continuc collecting data over
an extended peniod were also generated.

The development of MoodPrism was completed in March 2015.
The required forms of data collection were achieved by
developing a suite of app components, which were then collated
into a cohesive app. The cutcomes of this development process
are descnibed 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 general (postcode)
location. These data were then collected continuously and
without the need for user input over the month’s research penod.
Afier sign up and consent procedures, MoodPrism admimstered
the initial surveys that could be completed in multiple sittings
and required 30-60 min in fotal to complete. The participants
were then requested to use the app for at least thirty days, dunng
which they would be prompted daily to answer a set of short
questions, and weekly to complete a short andio recording. If
they were unable to respond to daily prompts, MoodPrism
advised they could complete them at a time of their convenience
till midnight that day, or altermatively to ignore them. At the
end of the 30 days, users were invited to complete a final set of
surveys, which in total required 15-30 min to complete.

Users were incentivized to contimue using MoodPrism through
3 strategics. First, daily mood and mental health feedback was
provided to the user, with additional feedback unlocked after
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sustained use (Mulimedia Appendix 2). This promoted
engagement by rewarding users and encouraging feclings of
achievement, adhenng to pnnciples of gamification [59], which
is recommended in mental health apps [36]. Second, completion
of daily reports as well as the final surveys gencrated entnes
into a draw for 1 of the 4 $AU100 (approximately US $75) pift
vouchers. Third, users were informed that thar data were
contrnibuting to research into the value of mobile phone apps for
monitoring mental health and well-being.

Auntomated Monitoring

MoodPrism acled as aportal for data accessed viaseveral mohile
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 proccss, users
were invited to give permission for the app to access Facebook,
Twalter, the user’s music hibrary, and location (postcode only).

Faccbook, 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 Faccbook
and Twitter through their relevant application programming
interfaces (APIs). This allows third-party access to selected data
collected by both Facebook and Twitter. Facebook and Twatter
content was analyzed antomatically and locally on the user’s
phone using several linguistic dictionanies from the Linguistic
Inquiry and Word Count (LIWC) [60]. Smmmnanes were obtamed
for frequencies of emotion words, which were supplemented
with a range of emoticons and Intemet slang expressions for
emotions. Social words and personal pronoun counts were also
obtained. A word count for the target categones in 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
temporanly stored by MoodPrism was then deleted.

Experience Sampling

MoodPrism utilized ESM to deliver a short set of questions to
users daily (Figure 1). Prompts were delivered at a quasi-random
time between user-defined hours (eg, %00 am-9:00 pm) for 30
days.

Figure 1. Screen shots from app showing experience sampling method.
- T secoo Tulsre ¢

? 12:26 pm om

| < mmmmm'o

MoodPrism

Nervous, anxious or on edge.

NOT AT ALL

Your Mood History

0000000

SUGHTLY

MODERATELY

VERY
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The questions captured a real-time assessment of the user’s
emotional well-baing, event-related expeniences, and their
coniext. Emotional state questions compnised 4 questions on
psychological illhealth (depression and anxiety), 4 on emotional
state (positive and negative affect, arousal, and control), and 4
on positive functioning (social cormection, motivation, meaning,
and self-esteem). Positive and negative event-related expeniences
were assessed by the type of event expenenced and a rating of
the event’s affective strength (from “shghily” 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 health, matenal
posscssions, or social expenience domain). Context was assessed
via 2 questions, 1 for social context (who the user was with at
the time of the report) and environmental context (where they
were at the time of the report). Speafic questions are given in
Table 1.

In addition, a weckly prompt was delivered that requested a
short voice recording to serve as an implicit measure of
emotional state [51,53]. Users were prompied to tead a
standardized picce of text at the start and the end of the
recording, and within that window to descnibe freely how they
were fecling at that time.

Psychological Assessment Questionnaires

A number of questionnaires were available for completion at
the onsct of the app use, providing bascline measures of
emotional well-being as well as data on pofential moderators
or confounding vanables (sec Figure 2). These questionnaires
were calegonzed into survey “blocks™ and displayed on the
MoodPrism homescreen until their completion. This served to
organize the questionnaires into manageable chunks for users
to complete m their own time. A subset of these questionnaires
was also delivered at the end of the month-long peniod to enable
assessment of whether the app may have affected the well-bemng
measures. A description of these questionnaires was provided
i Table 2.

weoos Taisha ¥ 12:27 pm om acoo Teista ® 227 pm o

HOW ARE YOU FEELING TODAY? £ HOW ARE YOU FEELING TODAY?

Socially connected and supported Who's with you?

M ALONE

MAINLY FRIENDS

MAINLY FAMILY OR MY PARTNER

MAINLY WORK COLLEAGUES

MAINLY STRANGERS

OTHER

©
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Figure 2. Screenshots showing examples of longer psychological questionnaires.
Preeer—— 201 pm - e — —— = [T ——— 12.08 pm - [r—— 12208 pm -

€ Surveyl & Surveyt

My moods are hard to describe Music comforts me.

STRONGLY DISAGREE TWITTER COM COMPLETELY DISAGRE!

DISAGREE MODERATELY IN DISAGREE

BEYONDBLUE ORG.AU

NEITHER AGREE NOI

NEITHER INACCURATE NOR ACCURATE

NEUTRAL CHANGE ORG

AGREE SPACEMEAD.ORG MODERATELY ACCURATE AGREE

STRONGLY AGREE VERY ACCURATE COMPLETELY ACREE

wes 8 sassssssssess  sesssssss sssssssannasn

@ Next @ @ Next @ @ Next @ @ Next @

Table 1. Qualitative feedback: questions gniding qualitative feedback fornms.

Broad question Prompts

Was the app easy 1o nse? Privacy issu es (eg, social networking sitex)
Was it clear to yon why yon were providing the mformation that yon did?
Why did yon opt-in or opt-ont of connecting yonr social media accounts? What things wonld be an incentive to
opt-in?
Can you imagine anyone nsing the app withont incentives?
Who do youn think wonld benefit from nsing it?
Was it clear o yon that yon were earning entries into a draw to win an iPad? Was i clear how the prize entries
were being awarded? Did this conscionsly motivate yon to use the app?
Were the colors or emoticons used in the mood feedback helpful?
How did yon find the daily Did they get in the way at all?
prompts? Were significant events captured?
What kind of event did yon feel was appropriate to report (major, minor, or both)?
How did yon find the feedback? Mood feedback
Did yon notice yonrsclf paying more attention to the way yon feel than nsnal?
When yon started nsing the app, was it made clear that reporting your mood conkl improve your mental health
and well-being?
Surveys
Mental health mfo or contacts — did yon explore any of these? Were they nsefnl?
Did yon 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 nice!

Easy fo use Seamless and smooth to nse

Daily reports quick to complete Simple set of responses takes only a few minntes daily — easy to nse daily

Feedback nsefnl and specific Targeted questions give specific feedback abont links between mood and daily activities

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

Negative feedback
Wording of some questions confusing

Some content can make yon feel negative

Feedback clarity

ESM fanctionality

Installation isues

Colored display of mood was nseful representation [sic]
Liked unlocking of content - motivated to keep nsing
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 questions in the introductory questionnaires are confusing donble-negative repeats of previons
questions, combined with putiing negative responses near the top (where yon expect positive ones)
I've never been irked when people expressed ideas very different from my own: “Yes or No™. Is it
possible to put Agree or Disagree instead?

Quite morbid things m the bist of “most negative thing to happen to yon today” — makes me imagine
some pretty terrible rare events hke “death of a loved one”, etc. — not a great thing to remind
someone with depression to think abont on a daily basis. / Many questions are quite negative like
this — yon think abont how stressed, wornied, ont of control, etc. yon are — creates a major disincentive
to participating — they're not things yon want to dwell on when yon're depressed.

The summary mformation for tracking well-bemg across times seems simplistic. For example, if I
was in a good bt deactivated mood, it said I was “on my way to thriving” - but of conrse it's not
healthy to be highly activated ALL the time.

The other thing I thonght conld be made clearer is what the numbers on the main screen mean -

they're all different colors for the different days of the month but not sure what those numbers or
colors mean

There are a couple of categories I felt were missing when logging the things that happened today.
On the “who are yon with™ screen, the option of “partner” would be nseful. The “won something™
category in the positive events screen was less nseful.

No positive event option for work

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

Location information shonld be clarified to be postcode, not specific GPS point

Hard to download

Feedback

monthly overviews were also available when multiple ESMs
were completed.

The final design feature of MoodPrism was the provision ofa  «

range of feedback to the user on their emotional well-bemmg and
mental health. This feedback was organized in consultation with
the Australian mental health orgamizations beyondbiue | 66] and
headspace [67], recsearch literature on mental health and
well-being, and expert advice on currently available mental
health apps.

The feedback was available at several 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 bnef descnption and custom emoticon
representing their emotional state on that day. Weckly and
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On completion of 1 week’s worth of ESMs, “positive mental
health” data provided individualized feedback (based on
thar positive health responses), which incuded links to
positive health websites and apps.

*  On completion of 2 weeks” worth of ESMss, depression and
anxiety dala were collated to provide imdividualized
feedback on mental illness nisk (based on their PHQ4
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 wecks.

Database Securily and Storage

With such extensive and potentially identifiable mformation
being collected by MoodPrism, data storage and data secunty
became a major prionty. 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 Practice in Psychological
Research Online as outlmed by the Bntish Psychological
Society [69].

Immediately following the survey collection, data were stored
on the user’s mobile phone prior to being uploaded encrypted
inio 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 a firewall and regularly updated
secunty protocols. The data stored were snonymized at the point
of upload. All potentially identifiable information was removed
from the data and only the device ID was retamned (functioning
as a randomly generated participant code). Data were only
accessible online by anthonzed users via Secure Shell (SSH),
which anthenticates server access with digital certificates and
encrypted passwords. All communication between authonzed
users and the server also ocaurred through HTTPS. This ensured
that all information passed between the server and the
rescarchers was encrypted and cannot be accessed or

manipulated by a third party.

With regard to social media data, expliat consent to access
Facebhook 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
Twilter posis’ 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 was initially tested by both the researchers and the app
developers for minor issues and bugs. A small convenience
sample of independent, nondinical 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 developers. They
used MoodPrism daly over a 30-day penod and kept nofes of
theiruser expenence. Information about the study was provided
to the participants and electronic consent was required before
the app could be used.

The test sample was invited to provide more intensive qualitative
feedback by either Web-based questionnaire (n=3) or via
attendance at a focus group secssion (n=6). Focus group
participants also provided quantitative feedback by completing
the Mobile Application Rating Scale (MARS)[70]. The MARS
is amultidimensional measure for tnaling and rating the quality
of mobile phone apps, and has demonstrated interrater reliability
and intemal consistency. All beta-testers were also vited to
discuss or provide emailed notes on their user expenence. Broad
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questions 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 cument
paper, the pnmary aim of which was to provide information on
the development 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
completed in 2015 and tested over Tune-Tuly 2015. The app was
then revised in response to feedback received and the final
version of the app prepared. The app was then released on the
Google Play (Android) and Apple (10S) stores. Fulure
publications will report empinical 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 a standard survey
of app usability, the MARS. The resulis arc presented in Figure
3.

MARS ratings for the MoodPrism app exceeded the average
rating for 50 apps reviewed by Stoyanov et al [70] for each
MARS subscale. Highest satisfaction ratings were obiained for
items relating to the app’s graphics quality (cg, 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 matings
were obtained for entertainment value (cg, fun to wuse),
customization options, likelihood to change behavior,
motivations to address mood and interest, and likelihood to
recommend to others.

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

The majority of issues identified by the bela-festers were
addressed in the final version of the app. For instance, the order
of positively ornegatively worded options was made consistent
across all questionnatres, additional information on how location
and social networking data will be used was provided, with
reassurance that mformation 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 integnty of psychometncally validated
questionnaires (and therefore wording could not be altered),
inclusion of negative content (which was important to the
pnmary purposc of the app), or installation difficultics (as they
related to the trial 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) snbscales (N=11).
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Discussion

Principal Findings

In this paper, we demonstrated how mobile phone technology
could be hamessed to overcome several challenges in current
mental health research and practices. Key needs we aimed to
mext by developing this tool included the following: real-time
monitonng of emotional functioning, assessing the full spectrum
of emotional well-being, confidential access to mental health
support and information when required, and to reduce
obtrusiveness of regular monitoring.

MoodPrism was devcloped on both 108 and Android mobile
phone platforms as an app to monitor emotional well-being in
rcal time. It achieved this using ESM and collection of
behavioral data via mobile phone apps (addressing challenge
1). It mcluded assessment of daily positive psychological
functioning (or “flounshang™ [55]) in addition to more traditional
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 imcorporated voice monitoring,
social networking site, and music playlist data collection as the
first steps toward less obtrusive monitoring of emotional
well-being for extended penods (addressing challenge
4)—although extensive algonthmic modeling wall be necessary
to achieve this goal. In sum, MoodPrism successfully responded
to 4 key challenges in the emotional mental health domain. A
number of important leamnings were also achieved dunng this
project, which may be helpful to outline for future researchers
considening developing a mental health app [36].
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Considerations When Developing a Research-Based
Mental Health App

Development of mental health apps is a relatively young field,
and the gmdelines to support researchers and app developers
are not yet widespread. Dunng the development of MoodPrism,
a mumber of key 18sues were 1dentified that could be helpful to
researchers developing apps for mental health research and
practice. These issucs are briefly outlined in the following and
then recommendations for consideration in future research are
summanzed in Figure 1.

First, it 1s important to recognize the different pnonties of app
developers and researchers (and mental health practitioners).
For example, the MoodPrism tescarchers’ main goals were
database mtegnty, psychometncally sound questionnaires, and
cthical administration of sensitive content. The app developers’
main goals were an enjoyable user expenence, good design,
simple user inferface, bnief page content, and anonymous data
storage. Identifying these goals and coming to an agreement on
how they should be priontized could help design an app that
optimizes functionality (and thercfore will be used by the
participants) with mtegnty (so that the data are sutable for
analysis). With MoodPrism, the rescarchers’ poionity to maintain
psychometric properties of questionnaires was m conflict with
the app developers’ pnonty for good user mnterface and design.
Administration of long questionnaires was overcome by creating
bnef checkpoints or “blocks™ of surveys to complete, cach with
a portion of feedback provided as a reward to incentivize
complction oflong surveys. Similarly, the developers’ database
pronties were guided by industry standards for data collection
and storage. At times, this conflicted with the researchers’ need
to obtzin sufficient details; for example, anonymity of social
media posts initially prevented the integnty of coding processes
from being venfied. Coding solutions were eventually achieved,
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but considerable delays could have been avoided if the database
requirecments were thoroughly discussed at the project’s outset.
‘When these conflicting prionfies were identified, a solution was
ofien achieved that produced the unexpected benefit of
optimizing outcomes for both stakcholders. For example, the
chunking of questionnaires not only improved the user
expenience, but also was likely to improve the validity of data
as participants were less likely to fatigue, or resort to nonsenous
responding.

Second, sufficent ime should be quarantined at the outset for
planming, and at the completion for beta testing and revision.
App developers’ schedules overlook the details involved
in translating research requirements mto the app space, and as
a result undercstimate the time involved. Database APIs for
cormmmeraal apps also tend to have simpler output requirements
than is often essential for advanced statistical analyses. A failure
to identify the more complex necessitics of the app’s function
at the outset can result in over simplistic transition of features
into the app, and subsequent delays in revision to meet research
needs. Time spent presenting the entire app’s contents clearly
up front to app developers will help avoid signmficant delays
dunng development. Time should also be sufficient at the outsct
for complete storyboarding and wireframing of the app to ensure
both partics agree on the app’s format and presentation.
Acsthetics that work well in commercial apps do not always
translate well for research content, which may out of a necessity
include lengthier content or inflexible formatting or labeling of
items (eg, traditional Likeri-type scales m psychological
questionnaires). Samples of similar app presentations that are
known to work effectively with this type of content should if
possible be reviewed and the best features identified. Allowing
sufficient time for planning should also cnsure that clear
milestone dates arc set, post which no further changes or
additional content can be made by researchers or practitioners
until tnaling. Ongoing modifications magnify delays for
app developers and confuse versions bemg dehivered. Sufficient
time when the app is baing finalized is also cntical. Users should
be allowed a sufficaent tnal peniod to allow testing of the app
in vanous conicxts, and the schedule should also ensure that
they are able to report back both individually, and where
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possible as a part of group discussion. Focus groups are
invaluable for identifying common themes across users, as well
as allowing more singular expenences to emerge.

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

Fourth, methods to evaluate the app should be included within
the app itsclf. Commercial apps can contain simple “thumbs
up” or star ratings, but this is unlikely to be sufficently
mformative for research or practiioner needs. Importantly, it
is helpful to obtain assessments of the vanous aspects of the
app, including commercial considerations such as acsthetics
and functionality as well as those of central interest to
researchers, such as ethics or trust and integnty. Published app
assessment measures such as the MARS for health apps should
be considered if possible. This will allow 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 ime.

Our expenences researching and developing mental health apps
have yielded a mumber of important practical insights of value
to researchers in this field. The issues highlighted dunng the
development of MoodPrism, taken together with our
recommendations documented elsewhere [36], are smmmmanized
inFigurc 4.

Potential Applications of MoodPrivm in Psychological
Research

The development of a research mobile phone tool such as
MoodPrism has enormous potential within the mental health
field. Several applications of MoodPrism curmrently in progress
are summanzed 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.
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Automated Prediction of Mental Health Risk

Onc of the most e¢xciting promiscs for data-nch apps like
MoodPrism is the development of algonthms which allow
antomated prediction of emotional health. This modeling could
determine the minimum number of constructs required to
rchiably predict significant changes in emotional well-being,
which could be used to mform a more streamlined and
userfiendly app. Importantly, it is unlikely that any 1 or 2
vanables will provide rehable prediction of such changes; a
strength of MoodPrism is that it provides a breadth of vanables
that can be used to answer diverse and important research
questions. Vanous algorithms may be identified, for instance,
which discnminate between penods 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 utihizing predictors already
established in previous research to be associated with mental
health (such as online social networking) rather than only those
mobile phone sensors that are convenient to record (such as app
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
categonzed as reflection-, education-, or problem-focused
MoodPrism is largely a reflection-focused app aimed at
mmproving a user’s emotional self-awareness by encouraging
the user to report their thoughts, feclings, or behaviors and then
reflect upon them. There is also an education component in
MoodPrism that provides access to mental health information
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and resources. Use of this type of mental health app may
therefore tesult in mmprovements in mental health and
well-being. Kauer et al [72] found evidence that using a mobile
phone app that promotes self-reflection through mood tracking
can incrcase ESA and decrease depressive symptoms.
Furthermore, ngorous study is needed to explore the mental
health benefits of MoodPrism and other similar
reflecion-focused or education-focused apps, as very few
randomized controlled tials have been conducted to investigate
the cfficacy of mental health apps [37]. Importantly, mobile
phone technology complements traditional emotion monitoning
techniques such as CBT-based recording worksheets [73,74],
by increasing recording of subtle changes in behavior in real
time. The innovative pairing of changes in emotional well-bemng
with rapid delivery of mental health information has the potential
to improve a user’s access to relevant resources such as
Web-based health portals (eg, eheadspace, eHub), or local GPs
when it is needed [75-77].

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

Users of social networking sites leave nich digital traces of their
social behavior, which includes the structure of their fiendship
networks and the wntien mieractions between commections
[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 mmay
exacerbale mental illness [81-83]. However, how certain
individual charactenistics might lead a user to gain benefit or
detnment from their SNS use is yet to be clearly descnbed [84].
This requires access to both SNS data and the administration
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of psychometncally sound surveys to profile the users of SNSs.
By profiling SNS users and better tapping into the
mienndividual vanation in SNS use, the accuracy of SNS
language models for mental health prediction could be imnproved
[85] and some of the conflicting findings around the usc of SNS
and its mental health impact could be disentangled [85].
Furthermore, apps like MoodPrism cnable 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
analysis as atool formood and mental health tracking overtime.

Predicting Resilience Patterns to Everyday Significant
Events

Event-based resilience rescarch explores individual capacifies
to maintain healthy psychological functioning in responsc to
naturally occumring siressor events [86,87]. Previous research
methodologics use cross-sectionally designed studies and
typically 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-beng, as
well as the presence or absence of stressor events, 1s therefore
pertinent to advancing cvent-based resilient research
methodologies. Such methodological approaches allow 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 evenis. Such data will permit a more accurale
exploration and identification of the heterogencous mood
trajectones that individuals display following stressor
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expenences [85,87,91-93]. Favorable pattems of responding,
reflecting the maintenance of psychological functioning,
be identified and profiled to explore important factors that
disciminate resilient individuals from other groups that reflect
less-resilient pattems of responding.

Conclusions

Development of mental health apps such as MoodPrism
maximize health mpact by hamessing the opportunitics 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 monitoning of emotional health mto routine
mobile phone apps provide a powerful and flexible
methodology for increasing personal control over one’s own
emotional health. Capitahizing on mbuilt tools within mobile
phones—such as music players, voice recorders, and social
network media—to contribute data further enhances the potential
of such apps to scnsitively monitor emotional health over
extended penods of ime, while remaining unobtrusive. People
{(particularly young people) ofien find mobile phone technologies
more engaging, anonymous, and less stigmatizing than other
means of accessing help, and therefore are much more likely to
use this methodology [16]. The new technologies descnbed 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
bamers cumrently challenging the reliable surveillance of
emotional well-being.

Details on 3 forms of data (automatic, expenence sampling, and psychological surveys) collected from MoodPrism.
[PDF File (Adobe PDF File), 55KB - mental v3ided9 appl.pdf ]

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

[PDF File (Adobe PDF File), 594KB - mental v3ided9 app2.pdf ]
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APPENDIX B

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

Feedback Trigger Scoring Sample
type

Psychological surveys

Normative When block  Scoring based on published

feedback of surveys  guidelines, and feedback based on
completed  published normative data). o o
For example: - =
(<45) in the lower range of positive Rl

OK

health scores (less than 75%
of people)

(45-50) on the lower end of the
average range of positive

health scores (less than 50%
of people)

(51-56) on the higher end of the
average range of positive
health scores (more than
50% of people)

(>56) in the higher range of positive
health scores (more than
75% of people)

Risk assessment

Prompt to Red flag PHQ or GAD score above 15 (as per
seek mental  high score  published recommendations)

health

support

Confirmation
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APPENDIX B

Experience sampling self-reports

Visual (icon,
colour) and
descriptions
of emotional
state, as well
as context
information.
Reported
either in
detailed (1
day), brief
form
(weekly), or
overview
(complete

log) format.

On user
request
from day 1.

Overview:

Based on 2-dimensional (arousal
and valence) circumplex model of
emotion (see below); color coding
based on subjective convention.

Nervous
Stressed
Upset

Negative

affect
Sad
Depressed
Lethargic
Fatigued

Low arousal

D : 0009 - -
0000000
0000000
0000000
0000000
0000000
0000000

Excited
Elated
Happy

Positive
affect

Weekly view:

Contented
Serene
Relaxed

Calm

airly low energy, quite
e.g, at ease)

30 Novemnber to
6 December
(® Feeling: Quite energetic, very

pasitive maod

16 November to
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APPENDIX B

Description ~ On user Scoring based on the sum of ESM
of positive request items reflecting feelings of: positive,
health unlocked control, social connection or
function from day 8.  support, motivation or engagement,
and meaning or purpose ' xhuhﬂmﬁ
e 5-10: Low score %ﬁ%;;?ﬁﬁ
e 11-19: Medium score i
e 20-25: High score
Further information link options
(rotating over time) include Smiling
Mind, Healthy Habits, and Buddhify
apps, and well-being websites such
as ”Authentic Happiness” and “Soul
pancake”
Description ~ On user Scoring based on PHQ or GAD
of depression  request frequency of behaviors over a 2-
or anxiety unlocked week period (none, less than half the
levels from day days, around half the days, every or
15. most of the days)

Summed to produce

e 0-2: low

Overview Weekly Daily

e 3-4: moderate
e 5-6: high

Further information link options

(rotating over time) include
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APPENDIX B

Progress
toward
entries into

prize draw

Frequency
counts and

countdowns

Day 1-7: Counts down to unlocking
further mood feedback (positive
functioning feedback)

Day 8-14: Counts down to
unlocking further mood feedback
(depression or anxiety feedback)
Every day: Counts up number of
days completed to yield number of

entries into prize-draw.
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Appendix C: Emotional Self-Awareness Scale — Revised

Labels on 5 point rating options:
0 = Never
1 = Very Little
2 = Sometimes
3 = Often
4 =Alot

Reversals: 1, 3, 7, 11, 12, 14, 15, 20, 23, 27, 29

©CoNoO~WNE

My moods are hard to describe
It’s important to me to understand what my feelings mean
It's hard for me to tell what mood I’'m in
I analyse my personality to try to understand why I’m upset
Expressing emotion is easy
I usually know why 1 feel the way | do
| often have trouble deciding what will improve my mood
I know how | feel about most things
I go away by myself and think about why 1 feel a certain way
. I can talk about my mood to others
. I don't know why I feel the way | feel
. I don't really think about why | behave as I do
. | often 'self-talk’ to think about feelings
. I’m often confused about how I feel about things
. I’m often aware of being emotional, but I can’t describe the emotion
. | often take time to reflect on how 1 feel
. | often know what caused my mood
. I’m usually aware of my emotions
. I like to go someplace alone to think about my feelings
. I don't often think about my feelings
. I often think about ways to make myself feel better
. I know exactly how I'm feeling
. Sometimes I can't figure out how to make myself feel better
. When feeling bad, I try to deal with my problems and concerns
. I can tell others how I’m feeling
. I'usually have clear idea about how my feelings affect how I act
. It’s difficult to make sense of the way | feel
. I find it easy to write down how | feel
. It's difficult to communicate what | feel
. I think about recent events to try to understand why I’m upset
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Appendix D: Mental Health Literacy Questionnaire

Correct answers (bolded) are awarded 1 point.
Some answers (italicised) are awarded 0.5 points.

Mary is 30 years old. She has been feeling unusually sad and miserable for the last few weeks.
Even though she is tired all the time, she has trouble sleeping nearly every night. Mary doesn't
feel like eating and has lost weight. She can't keep her mind on her work and puts off making

decisions. Even day-to-day tasks seem too much for her. This has come to the attention of her
boss, who is concerned about Mary’s lowered productivity.

1. What do you think is wrong with Mary?
a. Heart problems
b. Depression
c. Anxiety
d. Laziness

2. How helpful do you think each of the following would be for Mary? [rate each on a scale
of 5 point rating scale with lowest labelled “Most harmful”, then “Harmful”, midpoint
labelled “neutral”, then “Helpful” and highest labelled “Most helpful’’]

Item Correct Answers

a. Visiting a chemist (pharmacist) Neutral, Helpful, Most helpful
b. Asking help from close friends Helpful, Most helpful

c. Having alcohol to relax Most harmful, Harmful

d. Using an online or phone counselling service Helpful, Most helpful

e. Contacting a psychologist Helpful, Most helpful

f. Vitamins and minerals, or herbal tonics Harmful, Neutral, Helpful

g. Being admitted to a psychiatric ward of a hospital Most harmful, Harmful, Neutral
h. Visiting a GP Helpful, Most helpful

John is a 15 year old living with his parents. Since starting at a new school last year he has
become even more shy than usual and has made only one friend. He would really like to make
more friends but is scared that he’ll do or say something embarrassing when he’s around
others. Although John’s work is OK he becomes incredibly nervous, trembles, blushes and
seems like he might vomit if he has to answer a question or speak in front of the class. At
home, John is quite talkative with his family, but becomes quiet if anyone he doesn’t know
well comes over. He never answers the phone and he refuses to attend social gatherings. He
knows his fears are unreasonable but he can’t seem to control them and this really upsets him.

3. What do you think is wrong with John?
a. Heart problems
b. Depression
c. Anxiety
d. Laziness
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4.

How helpful do you think each of the following would be for John? [rate each on a scale
of 5 point rating scale with lowest labelled “Most harmful”, then “Harmful”, midpoint
labelled “neutral”, then “Helpful” and highest labelled “Most helpful’’]

Item Correct Answers

Visiting a chemist (pharmacist) Neutral, Helpful, Most helpful
Asking help from close friends Helpful, Most helpful

Having alcohol to relax Most harmful, Harmful

Using an online or phone counselling service Helpful, Most helpful
Contacting a psychologist Helpful, Most helpful

Vitamins and minerals, or herbal tonics Harmful, Neutral, Helpful
Being admitted to a psychiatric ward of a hospital Most harmful, Harmful, Neutral
. Visiting a GP Helpful, Most helpful

S@ o a0 o

10.

What is the most common mental condition in Australia?
o Schizophrenia

o Bipolar disorder

o Depression

o Anxiety

What is the best way of treating depression?
o Therapy with a trained practitioner

o Drinking alcohol

o Just getting motivated

o An exercise program

Which of these websites has information about mental health and where to find help?
o twitter.com

o beyondblue.org.au

o change.org

o spacehead.org

What is a headspace centre?

o A part of the hospital

o A part of the brain

o A mental health service for people of all ages

o A health service for young people and their families

Is anger a normal human emotion?

o No, and it is never helpful

o No, but it is sometimes helpful

o Yes, but it is never helpful

o Yes, and it is sometimes helpful

Is feeling anxious normal?

o No, and it is never helpful

o No, but it is sometimes helpful

o Yes, but it is never helpful

o Yes, and it is sometimes helpful
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11. Which is not a sign of depression:

o Tiredness, lack of energy and motivation
Feelings of unhappiness and irritability
Hearing things that aren’t there
Feeling worried or tense

O O O
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Appendix E: Additional MoodMission Screenshots

Figure E.1. Example MoodMission onboarding screens.

eeeec Telstra =

& SIGN IN
WELCOME TO

MoodMlission

A

MoodMission uses
evidence-based therapies and
principles to help you learn new
ways of coping with low moods
and anxious feelings.

NEXT

& SIGN IN

MOODMISSION IS NOT A
REPLACEMENT FOR
PROFESSIONAL HELP

7\

If you have been feeling persistently

low or anxious and you feel like it is
interfering with your daily life, it is
important to seek support from a
professional. Consult a GP,
psychologist, or mental health
organisation, or you can find more
information about finding support
under Find Help now in
MoodMission’s menu.

NEXT
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Figure E.2. Example MoodMission survey screens.

eseee Telstra 7 9:03 PM esee0 Telstra = 11:42 AM

< BACK POSITIVE WELL-BEING 4& < BACK ABOUT YOU
MoodMission

Group code

had energy to spare

& Qi O O @

NONE OF THE RARELY SOME OF THE OFTEN ALL OF THE

TIME i TNE If you have not been supplied with a

Group Code (by a researcher or your
organisation) please leave this blank

been dealing with problems well

been thinking clearly

What is your postcode?

been feeling good about myself

The highest level of education | have is
been feeling close to other people

| am currently studying/being trained

been feeling confident

| am currently working / volunteering

been able to make up my own mind about 3

Figure E.3. Example MoodMission Mission Log screens.

eeee0 Telstra = 3:38 PM

MISSION LOG MISSION LOG

MoodMission

IN PROGRESS © CATERPILLAR POSE

July 13,2017 Completed: 13:54 Wed Aug 17,2016

Get a massage > Mood improved by: 5 points @

November 27, 2017

Conversation with a familiar person > Hsiptiness; el

Started: 13:54 Wed Aug 17,2016

COMPLETED © You were feeling:

December 11,2017
Low, flat or depressed

Star plank >
November 27, 2017 i "
™ Objectives

Talk formally in front of a large group of people, m...

Talk formally in front of a large group of people, m...

Talk formally in front of a small to medium group o...

Talk formally in front of a small group of people, so...

Sit on the floor, legs stretched out in front of
you. Bend slowly forward in an arch, so your
head is almost touching or touchin
b Y A h
B * ¢ =] b 4 ¢

Log Achievements Stats Log Achievements Stats

Talk formally in front of a small group of people, all...
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seese Telstra 4G

< BACK

MoodMission

Total

Missions completed : 4/5 - 80%

Low, Thought-based Missions

Successful missions completed 0/1-0%

Successful with low thoughts © 0/1-0%

Low, Physical-based Missions

Successful missions completed 1/1 - 100%

Successful with low physiology @ 1/1-100%

Anxious, Emotion-based Missions

Successful missions completed

Successful with anxious emotions © 1/1-100%

Anxious, Behaviour-based Missions

Successful missions completed 1/1-100%

Successful with anxious behaviours @ 1/1-100%

®

Achievements

¢

Stats

eeee0 Telstra 7 5:35 pm

< BACK YOUR MISSION

COBRA YOGA POSE

™ Objectives

Lie down on your belly and place your
hands next to your shoulders. Keep your
elbows close to your body as you inhale, roll
your shoulders back, and lift your chest off
the floor. Do this slowly while keeping your
hips on the floor. Hold this position for 30-
60 seconds, with your upper body poised
upright and your hips flat on the floor. When
you lower you‘r upper body, exhale slowly
and return to your starting position.

@ 7 -

A
MoodMission

eeee0 Telstra =

Figure E.4. Example MoodMission Stats and Achievements screens.

4:16 PM

ACHIEVEMENTS

< BACK

YOUR RANK

Mt Kosciuszko
10 - 2228m

ACHIEVEMENTS

Y
Welcome

Complete introductory
surveys

v

First survey
Complete first survey

A

And you're off
Completed 1 mission

unded LVL 1
at least

¥

Achievements

&

Stats

B
Log

Figure E.4. Additional example MoodMission Mission screens.

o Telstra 4G 2:20 pm A B )

< BACK YOUR MISSION

MoodMission

WRITE A POEM, STORY, MOVIE, OR PLAY
ABOUT YOUR LIFE OR SOMEONE ELSE'S
LIFE

™ Objectives

Get creative and write a short passage to
tell a story.

©Why This Helps

Activities like these can help boost mood
because they promote feelings of
achievement and mastery. Rewarding
yourself for completing small tasks can
help boost confidence and self-esteem.
Plus, it's one less chore to do.

This is part of a research-backed
psychological technique called behavioural
activation, which works by breaking the
following cycle:
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