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Il ntroducti on

Problem Statement

An increase in problems rebaitrg EIt ametmitalO0heal
coupled with a |l ack of access to supports (Twenge
l ess than 35% of the population in need of interyv
Barriers to access incdadrcenafdrrgmadevdéi mmaamct 1l am
care systems and the inability for individuals to

(Kazdin, 2017) .0sQtchtherasi mfulrmdnddsri ng, sti ginad,s oand
hinder od hagn wil ®e people from receiving ment al heal

access to care has been a growi ng -1p9 opba nedre niiocr |seodm

spi ke in mental il lness [5, 6], r esuwldtiarcg eisrmsian ea
ment al health supports, in particular those that
adol escents, and young adults are a particularly

growing needs for mental ahlelayl tahl acrantien g 9bJe.c aTuhsies mesn

di agnosed in adol esdenmaene exan ulse ad tfo olmomregucati on,
[10], with a devastating effect on the adolescent
These facts highlight an urgent need for affor

that do not relydarcet ntckirtaipareasl. f ace
I n addition, research indicates that preventio

keeping people healthy and equipping them with th

and emotional stress in a benefici@adn walysarsi qoitf i
| ower the suffering and emotional burden of manag
I n recent years, studies have emerged that sho
treat ments, sdelhi vaesr a dibt eclor gnveito u v & | therapies and a
nongui ded therapies, produce a si gnpitfoimsante srpeeccu atl
depression and anxiety [12]. Although promising,

individuals to own or have access to a computer o

is not al ways possi klhe, ndiembrirt eo fi rhoruesaeesheod disn owni n
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computer [13]. However, a greater proportion of i

presenting a more accessible and convenient modal

of interventions in the form g, modbol esaempt $ caandad
adults appear to respond positively to digital re
resonates with their daily habits, needs, and dig

Today, the market is oversaturated with digita
only 2% of products have undergone clinical trial
and effectiveness [17]. A recgatedetvhewusé &P gam
remote therapy for common ment al health probl ems

studies had no active colhitgtolc @gmadiutpi,orl,6 %2 L% ews ead wi
remote therapy com,t reond gomoluyp 1clodw d(i2t isot udi es, whi ct
i nterventi end)a e eidntfearceent i ons [ 18, 19]. The effect
was | argest when they were compared with nonactiyv
evenenostent, when there was an ac tanvael ycsoersp atrhaatto rt
specifically explored studies involving mobile ph
suggested that they have the potentiatohbrokduce
[22,23]. Unfortunately, only a few studies have i
when researching the effect of a particular inter
studies were underpowereds tasupfomoeaeatf aamplt abke
interventions [ 24, 25, 26], reducing the Ilikeliho

effect [27].

The evidence base also tells us that there is
digital ment al health products: attrition. Althou
form of ment al heal th interverntwiotnh [QRi0Ogi,t alatmen tagl
products [sources]. This iIis concerning because ma

in order to get across their content or to give t
The Problem Statement can therefore be distil]l
1.Ment al il Il ness is on the rise.

2. Access tdatacetherapeutic interventions r eme
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3.Most dnogiitleel remote therapies are inadequat
4 Most digital mobile remote therapies fail t

i mpact on their mental health.

erall Theory

The Gesamttheorie of t-basegapaerd gamihibéededi dien
terventions delivered by phones can be shown to
e hypothesis idganotbh d te &pdhleol ngehwssd § ammadmo naf f or dabl e, a
ivate service, and clinical trials prove their

allenges, at |l east for certain targeted audienc

t est State of t he Research

Al t hough tlWe | ®@WKIdbwn periods, and the restrict
at came with them, has had an i mpact on the ris
e struggling to find conclusi weedsawene &$imbiw
fore the pandemic hit [29]. Whereas some sugges
eling a vicious cycle of mental ill health [30]
ing more sedemedig pBliecbhoobalin general [ 32],
younger generations [33] that may or may not b
ither of these hypotheses alone can itgelf expl
Il ected continuously, and many of the hypothese
vernmental guidelines as well as edtbedithigrdg i nst
actices. The health care sphteessaalblsoegatavéebn
tive calls for more funding of health care serv
Despite fundinhaeéfohesapyacemains accessible

ng waiting times [36] or considerable personal

st from 600 to over 4000 [37] Evemi d¢éhH wainongf aa

e not | imiting factors, for young adults there

set &€l i ance and the desire to avoid perceived stig



t h

Of

me

As a response to the gl ar i ngdenneaendd fnoern tneolr eh eaaclc
e private sector has created thousands of mobil
the more than 10,000 health, ppyctlosiomimad ,tanal

nt al di stress available in app stores, only 2%

(RCTs) to prove their effectiveness and feasibil:@i

ap

Et

ag

me

i n

co

on

p is effectivelbuwts aMigd tehati ciatl aoemul ati ons and

hics Application to a certified body whose purp
ainst harmful or negligent practice. Most of th
di t aptpiloincaat i ons, such as Headspace and Cal m; and
v ol vseetgtoiang and | oumonmailtionrgi nagn dt onoolosd; as wel |l as
nnectedl itfoeatmemaapi st or an Al Dboti,orsucwe rass SWyusd
33r opweieewed publications that covered only 21 aj
adspace alone, which would rettacedt appactval5nu

udi es were published bentswesetne d2 00lf5 eafnfdi c2aOc2y0, afnneda s
udies; 2 were combined efficacy and feasibility
i debomesed care and hi ghipirgahcttsi cae lgaarpg.e r esear ch

Most studies have revealed small to moderate e

uld be due to the fact that trials without sign

mmer ci al interests prohibit tthe pebli ¢datwi of ohe
i scussed partici parnetvireew esnttu doine s atnhdatmediiad ment i or
ry high attrition rates of up to 99% [39]. Not

ithin the remti&kar amod fldfr omanber s are omitted, the t

tervention tool cannot be assessed because it i
tervention. Even the app with the highest 6possi
ick with it | ong enough to reap the benefits.

This | atest state of research indicates that t
nt al health solutions is developing, but there

errepresentation of specific and aunndi gau d aacpkp so ft hf

uptake and retention as well as extremely ardu



di fficult for mobil e ment al health car-batedl deve

products that consumers will wuse enough to reap m

Mi ssion Statement

While | -wiame astfwdént at the Ludwig Maxi milian
hi story of psychology, diagnostic tools, statisti
deeply enough to prepare me fereaathrebe barmesrta

face when tryin cess the care they need. I

«Q
-
(@)
o))
(@]

of up to 6 months are considered normatlt hresleol d ho
symptoms oftemd dowmlachcmatlt fsiupport from insurance ¢
they answered questionnaires citing symptoms stro
because they were worried that care would other wi
ment al health care centre, NELFT [40], I woul d as
to see me, suffering in the meanwhil e, with their
than not. They reported the ficrosnts isdyemrpetdo mso oykeianrgs f
health care, and | was profoundly struck me by th
with me if they had | earned the psychological ski
(a Cognitive Beli&Bildeuwr plr blgh ey had devel oped t he
symptoms. |t was then that | decided to contribut
foreseen for myself: Rather than helping a privil
deicate my academic and private career to the mis
the new world technology of apps and video games
captivate young adults and teackdthembuhédpseshodli
as preclude developing anxiety and depression and
believe that the journey of-updesehahdgngwthn beab

fuwdespite menetianllg iilmMpmaesrsi nbg and painf-hbw Whyt het |

gaming industry to ethically develop an intervent
habits of young adults? Thus, I began the journey
am developing an effective and reliable tool that



that youn
been tran

undergoin

g people do n
slated into f
g ités third

ot also have to carry the f
our |l anguages, has more tha

RCT as well as multiple ind

Presentation of Wo r k

This dissertation

subsequen

6effectiwv

enough to

r

tly proposes

evfofl emsntaloumalalthke ¢ ac&k m©és

and tests an affordabl e, ef

enesso, I predominantly mean ment al heal

e X p eme retnacle hpeoaslitthi vcehanges.

This thesis outli

nes my academic journey and f

gami fied mobile ment al health tool called eQuoo,
and 3 (V3). In Paper 1, tweel, Quolmmecdel RRCAZI 5vE ¢ st ed i
participants; it signi-becagtimgtriacsedeshkei emeaealp

positive
attrition

(Paper 1:

relationships

with ot hewesek oxerweldl, a9 olwd

, i ndicating n hnaetn ttahle hueseel tohf tgoaomisf iicsata mo

6Gami ficat.i

Mobil e Ment al Heal t h

Gami fi ed Neormti d | Heal t

o

h

n as amBeApmr aaaadh Rted ulcrep rAd @ &
nterventions: A Randomised

App [eQuoo] on Resilience

Popul ati ®ralleaRgeadomi sed Contr-opledi &lrj awid)clh sexp

current eQuoo game, V3, which has undergone subst

t housands

week RCT

wa s me as u

achieved

of players

a

with 1,165 st

red, with at

significant

t

o

s wel | as my ownarumedee,r s& and
udent participants, the gam
riti oncobneei.ngT haen tirmpaolr tsaunctc ess

n all, such as Last Observa
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i n

t h
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per 1: 6Gamification as an APerowgcand oRédpcevAat:

Mobil e Ment al Health Interventions: A Randomis
I partnered wiibhsadLgamAndelbesopment company t
me that allows players to |earnras#écpbawtice ps
vironment .

eQuoo V1 was an interactive mobile game that c
me was divided into five chapters (one chapter

ychological skills. Each skil!l i s ietmpve imgsaydliyolbe
d systemic psychology, including generalisation
re taught by the gamebés avatar, Joy, at the beg
stered, the user waasmdverd advwerutglhr ea game sien whi ct
eded to i mplement the skills in order to gain c
from a different genre and takes an average 15

A t haarereed RCT was conducted with 358 par4icipal

ek period. The trial investigated whether the t
eir resilience, interpersonal rleolwaetri otnhsehiirp asnkxiile
eatansesttal control group was given a CBITi satppgrau |

ceived no treatment over the 5 weeks.

The Adult Resilience Meiatsaam eArn XAiReM)y [4ilHer tt h®c @
rsonal Growth Initiative Scale (PGBS)ngahpBPRS$)Y f
3] were administered to all/l p ar imiecs yraenst sa manl yDsaeys
riance (ANOVAs) revealed statistically signific

mpared with bothltbhe gooupesl oard whet5 weeks. T

creased personal gorowt Wi amdotplhearnds i ard rledwened al
herence, eQuoo V1 retained 21% molriestpagrtawp p.antt
tervention delivered via eQubei ¥ andnidéccaaseéed

ported aerhathgi whgi hdherence compared with-the ¢

asures ANOVA of the primary outcome (ARM score)
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i n

i n

2.

t er vR(2t, i3bM,) p< .80, . 46, and a significant inte
terventi®BmM,an9d8 )tpEme30?8,4, 19, but not & Mal3moeffe
6p6=, . Q’=, .BH15) .

Despite attrition not being a primary outcome,
tention in a digital ment al health intervention
st dgarnouwpnusually | arge number i nr ocugpmpraertiesnan owi trh
monstrating that gamification and/or gamifying

herence.

The RCT also raised more qgquestions with its [|i
|l atively advanced digital tool, the data coll ec
ch as on individual user engagementcameést hdé&si mp
st interventions, with eQuoo V1 there is a 6bl a
ychological skills taught in the game have the

vestigate the eff ectopafl aetQuoono usli nogn aa ncolrien isceanls i

asurement .

per 2: The |I mpact of a Gamified Mobile Mental H

nt al Heal th in a St uSecalte PRgpud amii vend damrrtgreol | ed

This paperup sstaudy | wiotwh t he updated and curren

The updates were primarily player and user dat
terface issues as well as addi ngwenek eprrcogit @mme t
i st of game changes included

T 47 more |l evels of game play, reaching 52 | €

T 5+ new stories of di fferent genres that cor

1T a weekly |l ock that excludes players from pl
all owing for skill adoption during the | ock
game does not allow for potentially addict.i

1T a customi sable avatar so that players woul c
fictional <c¢character presented by eQuoo V3;

11
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(0]

c

n

(0]

T i-app «miames to play during the main game | o¢
T 42 additional psychol ogical skills, all b as
Psychology; and

1T an extensive I|ibrary of every skill explair
eQuoo V3 continues to be available on the Goog
vels of free game play before t he -ppayaeyresr kwoeuw dwh
e game was about before purchasiong eanas winb socnr it phtei
ores despite the business model being business
condary school s, coll eges, and universities. Th
s made after | deciddeend aofhapayl twoanbtee dc arhrei ebdurby s
ung clients themselves.

A t hareme d -d aalge RCT was supported by Uni Days [ 4
atform that gave me access to more than 3 mil/l.
re than 1,09001lst@8)enftsofm more than 180 universi:
e of three groups: (1) eQuoe@sNs3uals eaishd gdRge user

gnitive behaviour al heal t hi mtper warl tlieadn Sveadvte | |l ios t

Resilience Scale [45] r d&e nedr6al,i zaendd APnaxtiieetnyt8 CHesaol t h

(

PH®) [47] were administered to all participants

c

h

V3

n

n

A repenetasdires ANOVA revealed statistically sigd
ores in tpe t@081) gcompaned with bop=h .clodt mpwdi tgrl
.82) over 5 weeks. The app also significantly d
.001). With 64.5% (251/389) adherence, the eQuo
an the control groups.

The RCT outcome clearly indicates that gamifie

are effecti vecosstcasloalbultei,onasndf olrowsupporting youn

al | l eading mobile platfor ms.

Not al l questions and | imitations raised in Pa

es were raised. The i ndeusvueanlt iaornm aorfm tahned R G Tesa tam

omparable because they are two rdibfufte rdei nstt idnicgti tianlt

12



techniques. A better compari sasns walul gr bep ta mo vega |

version of eQuoo V3 insteadgameoplheyerl idettatwerne il
exact game interactions. Rel yid gt oexpcrlouvse veenl gya goenmegr
sufficiently nuanced approach to give insights 1in
Last, but not | east ;sealelc tpeadr,t iacnidp atlnhtesrt emfeonreeb issaetl ffma
crept into tmee.study outco

Despite these | imitations, the results and t he
all ow for population generalisation and offer pro
ment al heal th i s, i ndeed, a good idea.

Overall Di scussi on
As established in the introducti on, af fordabl e

interventions are emerging as solutions fit to su
fadae ace therapy. I am on an «croge®irryg jaour ndyraft irne
i mpl ementation of fi ndi fdgndolwa nudn faam hl oenvaebrlaeg i ghuga natni tuy

design more effective intervention tool s.

Findings of the Randomised Controll ed

The RCTs established that the mobile intervent

in |l owering anxiety and depression i n a nboenichg ni c
metrics such as resilience. Poolrl erede nftaro nmahkaisl a it
general, and gamification was explored as a remed
The metrics were all sigdifé6¢cant, with effect siz

The Onem Anxiety Likert Scale: PsycAppsE: eQuo

T ARM
T RPRS
1T PGI S

T Attrition in the eQuoo V1 and V3 test grourg
1T GAD7Y

13



1T PH®8

Conclusi on

The I mportance of Engaging Mobile Interventions

Al t hough early digital interventions successfu
tdace therapies to a digital platform, attrition
when supporting motivators,, sarcd @met thepltheecdpwiutt |
that supports adherence. I f a client is strugglin
and take a shower, for example, we cannot expect
course onlinee Irtemembelré daltdatba mental health ap
with other ment al heal th applications but al so wi
phones, many of which have had millions lod Wedt ar
ment al health app iIis not going to help anyone i f
amount of ti me. Each target audience is different
behaviour s, and thus respondsf merenbrméebsesd$ aveead
engaged. Because 70% of t he peotpou-y3a5eil adrs )e Qu eo cvassu a
gamers [48], it was probable that gamifying thera

adherence.

Future Steps in Providing Effective Mobile Interyv

Foll owing the Food and Drug Administrationés a
which report high effect sizes that rival other t
popul ation, mobile therapitmer oiuntde rovee mtuiidns tfoo ro u:
human capital and financial <cost. I't is my furthe
data collection methods thati mé¢ | davt adt horceseasrah c

features amothhmenglbdpgvelttherefore continuously bei
enhance effect sizes. Because traditional RTCs ar

l i ke -RMGTcsr,o0 coul d be a way to collect amalpryoweadloc

14



fashion, allowing faster and

upcoming next generation vers

will deliver voluntary qluastb

before and after any ot heti me

effect size of the correspond

|l eadingi v®e enkamc¢ement of the

featur es. The user data coll e

gaming experience, raising re

Finall vy, al | the above data ¢

model | i algorithms and ear|

ng

according to the playewdlsl men

experience, further enhanci

ng

Al r eadlyedul edp follil miwcal tri

those with access to eQuoo.

15

more effective itera

ion of eQuoo, V4, th

onhhroeghta thatpbay

atdate wnlthbegamees§d
ing feature, which c
effect size through

cted also provide

p |
tenti o, s twhdrcderalil ropwe

an | ead to the estab

y machine | eaning to
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Abstract

Forty percent of all general-practitioner appointments are related to mental illness, although
less than 35% of individuals have access to therapy and psychological care, indicating a
pressing need for accessible and affordable therapy tools. The ubiquity of smartphones
offers a delivery platform for such tools. Previous research suggests that gamification—turn-
ing intervention content into a game format—could increase engagement with prevention
and early-stage mobile interventions. This study aimed to explore the effects of a gamified
mobile mental health intervention on improvements in resilience, in comparison with active
and inactive control conditions. Differences between conditions on changes in personal
growth, anxiety and psychological wellbeing, as well as differences in attrition rates, were
also assessed. The eQuoo app was developed and published on all leading mobile plat-
forms. The app educates users about psychological concepts including emotional bids, gen-
eralization, and reciprocity through psychoeducation, storytelling, and gamification. In total,
358 participants completed in a 5-week, 3-armed (eQuoo, “treatment as usual” cognitive
behavioral therapy journal app, no-intervention waitlist) randomized controlled trial. Rele-
vant scales were administered to all participants on days 1, 17, and 35. Repeated-measures
ANOVA revealed statistically significant increases in resilience in the test group compared
with both control groups over 5 weeks. The app also significantly increased personal growth,
positive relations with others, and anxiety. With 90% adherence, eQuoo retained 21% more
participants than the control or waitlist groups. Intervention delivered via eQuoo significantly
raised mental well-being and decreased self-reported anxiety while enhancing adherence in
comparison with the control conditions. Mobile apps using gamification can be a valuable
and effective platform for well-being and mental health interventions and may enhance moti-
vation and reduce attrition. Future research should measure eQuoo’s effect on anxiety with
a more sensitive tool and examine the impact of eQuoo on a clinical population.
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Introduction

Mental disorders are highly prevalent and are a major contributor to years lived with disability
[1]. Indeed, depression ranks as the single greatest contributor to disability worldwide [2].
Beyond individual burden, mental disorders entail considerable economic costs exceeding
expenditures for other common diseases, such as cardiovascular diseases [3]. With the increas-
ing trends in psychological distress, suicide, and self-harm among young people [4], effective
treatment and prevention are urgently needed. Despite the high demand and need for services,
the majority of individuals in need of mental health services receive no treatment [5, 6]. More-
over, although mental health promotion has long been advocated as a means of preventing
mental disorders, prevention has been neglected [7, 8]. This is somewhat surprising given the
fact that prevention reduces both economic costs [3] and risk of recurrence of symptoms [9].
This discrepancy between evidence-based interventions for serious mental health conditions
and their lack of delivery and implementation in the healthcare system has been referred to as
the “research-practice gap” [10].

mHealth (mobile health care), the delivery of mental health treatment using smartphones
and wearables, presents an opportunity to narrow the research-practice gap by addressing bar-
riers to treatment at the individual level. Indeed, recent research suggests that the most com-
mon reasons for not seeking mental health treatment are respondents’ desire to manage their
problems on their own, stigma associated with seeking psychological help, and perceptions of
treatment as inconvenient or ineffective [11-13]. On the other hand, mobile health apps incor-
porate unique features that have the potential to circumvent the aforementioned barriers.
Apps enable users to help themselves in a self-selected and anonymous setting, thereby
enhancing empowerment and reducing stigma. In 2018, approximately 2.9 billion people
owned a smartphone worldwide [14], making smartphones a promising and convenient plat-
form from which to provide telemedical care, especially to those who have no or little access to
conventional treatment. Consequently, the market for health-related mobile applications is
rapidly expanding, with more than 318,000 health apps available when last counted [15].

Despite the utility of mobile health apps as a low-threshold mechanism to deliver treatment
having been frequently praised [16], evidence for the efficacy of commercially available apps is
scarce [10]. The paucity of such data notwithstanding, there is a growing body of randomized
controlled trials (RCTs) showing the potential of mobile mental health apps to reduce symp-
toms of depression, anxiety, and stress [17, 18]. Further, many individuals show interest in
technology to deal with health-related conditions. For example, survey data indicate that
roughly three-quarters of psychiatric patients expressed an interest in using a smartphone to
monitor their mental health and willingness to do so [19, 20]. However, translation from inter-
est to actual use of apps to manage health-related concerns remains a challenge, as patients
tend to use apps only rarely in their daily routine [21]. Examining objective app usage data, a
systematic review by Baumel et al. revealed that only a small portion of individuals actually use
apps targeting depression, anxiety, and emotional well-being over a long time period [22].
Moreover, smartphone-delivered interventions for mental health problems suffer from low
engagement, with mean attrition rates ranging from 9.6% for interventions targeting general
stress to 50.0% for apps focusing on insomnia relief [23]. High attrition rates have previously
been reported for both web-based interventions and app-based interventions [24-27], impli-
cating attrition as a considerable issue in remote healthcare delivery. Given the potential for
mobile applications to restore and maintain mental health, it is vital that the research commu-
nity investigate means of improving engagement and adherence.

Gamification (i.e., the application of game design elements and mechanisms in non-game
contexts) [28-30] is an emerging field in the context of e-Health. There are a number of game
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elements, and the most commonly used features in mental well-being apps are levels/progress
feedback, points/scoring/ranks, rewards/prizes and narrative/theme [30]. With respect to the
aim of this study, gamification has been acknowledged as a promising strategy to increase
engagement with an intervention and thereby to reduce attrition and augment the intended
treatment effects [28, 30, 31]. Although the specific psychological and neural mechanisms
require further research, it is assumed that gamification enhances intrinsic motivation by satis-
fying basic psychological needs of autonomy, competence, and relatedness [30, 31]. Indeed,
playing video games is related to fulfilment of these needs [32]. However, game elements, such
as point accumulation are linked to socially mediated reinforcement, (i.e., obtaining a goal
involves motivation via extrinsic factors). There is limited research on the impact of gamifica-
tion on attrition in mobile health apps. In an RCT with type 2 diabetes patients, Hochsmann
et al. [33] found significant increases in motivation and adherence to physical exercise in a
gamified health app intervention group compared with a control group (one-time lifestyle
counseling). Interestingly, the intervention group reported significantly higher enjoyment and
perceived competence, which lends support to the assumption that gamification influences
behavior change via intrinsic motivation. In contrast, a systematic review by Brown et al. [34]
could not find a positive effect of gamification on program adherence to web-based mental
health intervention. It is important to note, however, that in contrast to mobile mental health
apps, most web-based interventions in the literature incorporated only one game element and
that adherence has shown a positive correlation with number of game elements. Further,
research on the effect of gamification in well-being interventions is scarce. A recent trial
showed that playing a videogame may reduce treatment-resistant depressive symptoms in
patients receiving antidepressant medication [35]. However, participants were not randomized
in that trial, and the sample involved only a subgroup of those with major depression. To our
knowledge, there is only one study directly testing the impact of gamified versus non-gamified
versions of the same web-based-intervention on well-being [36]. Results of that study showed
no difference between interventions on positive affect. However, participants in the gamified
intervention group did exhibit elevated involvement, flow, interest, and inspiration.

Another factor to consider in the development of a mental health app is its purpose. Foster-
ing mental health includes not only treatment but also prevention (universal, selective, and
indicated) and maintenance interventions (relapse prevention and after-care) [7]. Although
mental health, defined as hedonic and eudaimonic well-being [37], is not the opposite of men-
tal illness, the two are interrelated [38]. This becomes more obvious when looking at the vari-
ous features that constitute well-being (e.g., positive affect, personal growth, positive relations
with others, and social integration) [38]. By contrast, negative affect and dysfunctional social
relations have been identified as factors contributing to the development of mental disorder
and to the persistence of symptoms. For instance, trait negative affect predicted symptoms of
depression, social anxiety, panic, and worry in a momentary assessment study [39]. Depression
has also frequently been linked to maladaptive social functioning [40, 41], and the risk of
depression is significantly negatively correlated with social support and relationship quality
[42]. On the other hand, a recent systematic review indicated that social support and a large,
diverse social network serve a protective role against depression [43]. Resilience is an indivi-
dual’s ability to adapt and recover following adverse events [44] and is another psychological
construct besides well-being worth considering in the context of mental health apps. Resilience
may reduce susceptibility to depression and improve stress regulation [45]. Moreover, resil-
ience has been linked to superior mental health and lower self-reported stress [46]. In sum-
mary, it is reasonable to assume that promoting well-being and resilience is relevant in the
prevention of psychological burden and clinical symptoms.
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Objectives and hypotheses

The purpose of this study was to examine the impact of gamification in a mobile mental health
well-being app on self-reported resilience among those using mobile mental health services.
Furthermore, we aimed to explore the effect of gamification on measures of well-being (posi-
tive relations with others, personal growth, and anxiety as a marker of negative affect) as well
as attrition, in the context of a mobile mental health app. To achieve this goal, we conducted a
randomized controlled trial in which participants used a gamified mobile mental health app,
used a non-gamified mobile mental health app, or were assigned to the waitlist group.

The app eQuoo was designed to utilize the influence of gamification on psychoeducation,
the internalization of learned concepts and their implementation in real-life settings, which is
a large part of the therapeutic process [27]. The leap from learning psychological concepts
within a game to learning the skills needed to enhance the user’s well-being within a psycho-
logical intervention is not that broad [47]; thus, we hypothesized that users completing all ele-
ments would also benefit significantly from gamified interventions. In eQuoo, 8 gamification
elements were implemented, as defined by Tondello and colleagues [48],: (1) Levels: one level a
week where the player has to learn two skills and implement them correctly in a choose your
own adventure story in order to unlock the following level; (2) progress feedback in the form of
a “progress island map”; (3) points as coins; (4) varying narratives for each level; (5) personali-
zation as generalized feedback of their Big Five personality type; (6) customization in allowing
users to choose their own mini-avatar; (7) mini games where players can deepen skillsets, and
finally (8) badges ranging from “beginner” to “self-aware”. These are the same gamification
tools used in video games and, increasingly, in mobile health technology [30]. These tools have
been shown to enhance exposure to digital therapies, which has a direct link to effectiveness
[49]. Thus, we hypothesized that participants in the eQuoo group would exhibit significantly
increased self-reported resilience in using the mobile mental health game relative to partici-
pants in the cognitive behavioral therapy (CBT) app group. We further hypothesized signifi-
cantly increased personal growth, positive relations with others, as well as decreased anxiety
and attrition, in those receiving the eQuoo intervention compared to the control conditions.

Materials and methods
Sample and setting

Participants in this study were identified from among the population of Bosch UK employees
and were recruited as part of their well-being benefit program between June 1 and July 30,
2019. To estimate the required sample size and a priori power calculation was conducted using
G*Power software for a 3 (between-subjects) x 3 (within-subjects) design with an a priori effect
size estimate of f = 0.1 (small) for the primary outcome (resilience, see below) and an achieved
power of 0.80. The calculation indicated that an overall sample size of at least 327 participants
would be needed to detect a time x group interaction effect with 80% probability if one was
present. Considering the high rate of attrition reported in internet-based interventions [25]
which is on average between 43-99%, emails were sent out to 2,500 participants with an invita-
tion to participate in the study. This recruitment procedure was designed to best ensure that at
least 327 participants would complete the 5-week trial, taking potentially low uptake and high
attrition into consideration. In addition to the email, posters containing a QR code leading to
the study’s landing page were hung in the cafeterias of 20 Bosch UK locations.

This RCT was approved by the Ethics Committee of Ludwig Maximilian University of
Munich, Germany, and is registered as trial DRKS00016039. The study was conducted accord-
ing to the principles expressed in the Declaration of Helsinki.
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Eligibility criteria

For the participants to be as representative of the general population as possible, the only eligi-
bility criteria were (a) access to a smartphone or tablet device, (b) ability to read English, and
(c) an iTunes or Google Play account. Information about previous mental health difficulties
and previous treatment or use of well-being apps was not obtained. Only participants who
completed the final assessment were included in the presented analyses.

Data collection

Data were collected using LimeSurvey, which is a highly certified and secure open source
online scientific data collection software. All data collection processes were reviewed and
approved by the Ethics Committee of Ludwig Maximilian University of Munich, Germany.

Measures

Well-being. To capture a range of constructs that have been related to well-being, we used
a range of validated measures to capture resilience, personal growth, interpersonal relationship
skills and anxiety.

Resilience Research Centre—Adult Resilience Measure. The Resilience Research Centre—
Adult Resilience Measure (RRC-ARM), Section C is a 12-item scale developed by Ungar in
2002 [50]. The test offers ratings on a 5-point Likert-type scale (1 = Not at All, 2 = A Little,

3 = Somewhat, 4 = Quite a Bit, 5 = A Lot), and is a screening tool designed to measure the
resources (individual, relational, communal, and cultural) available to individuals that may
bolster their resilience. Resilience has been identified as one of the major factors in maintain-
ing mental well-being and dealing with stressors in a healthy way, as well as reducing risk-tak-
ing behaviors [51]. Because 4 questionnaires were to be administered and questionnaire
fatigue was to be avoided, the short version was chosen, rather than the longer 28-item version.
From that, the 5-item Likert scale was chosen, rather than the 3-item Likert scale. Cronbach’s
alpha reliability = 0.953 [52]. The ARM was considered the primary outcome in this study.

Positive relations with others subscale. Ryff’s Scales of Psychological Well-Being (PWB) was
developed in 1989 [53], and is a 6x14-item scale of psychological well-being (84 items total)
designed to measure the dimensions of autonomy, environmental mastery, personal growth,
positive relations with others, purpose in life, and self-acceptance. The test offers ratings on a
6-point Likert-type scale with positively and negatively scored items (1 = strongly disagree,

2 = disagree somewhat, 3 = disagree slightly, 4 = agree slightly, 5 = agree somewhat, 6 = strongly
agree). The subsection “Positive Relations with Others” was selected to avoid questionnaire
fatigue while still addressing the isolation and feelings of personal disconnect that have been
reported to be major factors in mental unhappiness [54] in the population targeted in this trial.
Additional factors include inability to connect and build meaningful relationships, which
raises doubts about the ability of an individual to make meaningful contributions to their com-
munity. Cronbach’s alpha reliability = 0.88 [55].

Personal growth initiative scale. The Personal Growth Initiative Scale (PGIS) was designed
by Robitschek in 1999 [56]. It is a 9-item Likert-type scale with 6 possible answers to each
question (1 = Definitely disagree, 2 = Mostly disagree, 3 = Somewhat disagree, 4 = Somewhat
agree, 5 = Mostly agree, 6 = Definitely agree). One element of being a well-adjusted, functioning
adult able to contribute to society is personal growth. Positive personal development allows
people to achieve goals they have set, such as finishing college, maintaining employment, and
advancing in their career. Cronbach’s alpha reliability = 0.89 [56, 57]

One-item anxiety scale. The one-item anxiety scale measures the current anxiety level by
asking how anxious someone feels at the moment [58]. The scale exhibits a high correlation
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with the State-Trait Anxiety Inventory [59], which is a commonly used measure to assess state
and trait anxiety [60]. The scale can be administered as a visual analog scale with higher scores
indicating greater anxiety or a 5-point Likert scale (1 = not at all anxious, 2 = a little anxious,

3 = moderately anxious, 4 = very anxious, 5 = extremely anxious). In this study we used the
5-point Likert scale.

Attrition. Attrition was defined as not completing the assessments at both day 17 (t2) and
day 35 (t3) of the trial. This is in line with previous research according to which attrition
occurs when a participant fails to complete the study protocol associated with the intervention
[24, 61].

Test group intervention

The test group was asked to download a free app called eQuoo, available on all major app plat-
forms. The app has 5 levels and is intended to be used over a 5-week period. For each level, the
player learns two psychological skills extracted from CBT therapies, positive psychology thera-
pies, and systemic therapies. Each skill is taught in a tutorial format by an avatar named “Dr.
Joy”, who introduces the player to the game, and explains the processes and skills involved.
Each skill is introduced in 3 steps: 1) Dr. Joy explains a skill while cartoon stick figures help
visually represent the concepts, 2) possible reactions to the skill are laid out and explained by
Dr. Joy using the stick figures, and 3) the player’s knowledge of the skill is tested by two charac-
ters, Jasmine and Noah, who remain the same throughout the tutorials. Tutorials progress
across a series of real-life scenarios such as applying for a job or feeling insecure about a rela-
tionship. Once the player masters two skills, a choose-your-own-adventure story opens up
where the player is confronted with helping the story’s characters complete a challenge. The
stories are presented in different genres, including a fantasy story, a sci-fi story, an office story,
a love story, and a family holiday story. Each story has two types of questions with three
answers to choose from. The first type of question is the “concept question”, which tests an
individual’s mastery of the skills learned in the tutorial, and the second is a personality ques-
tion based on the Big Five Personality Test [62]. The concept question can be answered incor-
rectly twice before the story ends in a humorous disaster with feedback as to why the choices
resulted in failure of that level. The OCEAN questions lead to feedback about the player’s per-
sonality. The skills taught in eQuoo are as follows: emotional bids [63], generalization [64],
action bias [65], confirmation bias [65], catastrophizing [66], halo effect [67], reciprocity [68],
expectancy effect [69], courtesy bias [70], and self-serving bias [71]. Details of each skill and
instance of personality feedback can be read in a library feature within the app.

Control group intervention

Different CBT techniques and positive psychology methods have been linked to mental well-
being [72], including the constructs tested in this paper: resilience [73], interpersonal relation-
ships skills—even in settings as dire as domestic abuse [74], personal growth and various types
of anxiety [75]. The control group was asked to download a free app called CBT Thought
Diary, which was developed by MoodTools, is an evidence-based tool and is available on all
major app platforms. As there are currently no evidence-based mental health games targeting
mental well-being, CBT Thought Diary, based on CBT and Positive Psychology, was chosen as
“treatment as usual”, being representative of the majority of existing mobile mental health
apps. In the app, the client can track their mood by choosing one of 5 smiley icons, label their
emotions, identify negative and distorted thinking patterns, perform a typical CBT exercise,
and maintain a mood diary and gratitude journal [76]. Because the eQuoo group would be
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spending an average of 10-15 min in the game each week, the control group was asked to use
the CBT Thought Diary for 10 min per week.

Waitlist group

The waitlist group received no intervention but completed the questionnaires at the same time
points as the control and test groups. After completion of the trial, they were debriefed on the
trial results and were given a link to both eQuoo and the CBT Thought Diary app.

Design

A mixed factorial 3 (condition) x3 (time) repeated measures design was applied. Participants
were randomly assigned to a condition (test group vs. control vs. waitlist group). Across the
study period, measures were conducted at the beginning (t1), and again at 17 (t2) and 35 (t3)
days after the trial began.

Procedure

Two weeks before starting data collection, we sent a recruitment email to 2500 Bosch UK
employees using their work email addresses provided by the company’s HR department.
Three days later, a reminder email was sent. The email contained a link to sign up for the trial
that led to a landing page where the consent form was presented. Below the form was a button
stating, “I understand and accept”. When the button was clicked, participants were randomly
assigned the test, control, or waitlist control group. Random assignment was achieved using a
randomization generator provided by random.org. The randomness comes from atmospheric
noise, which for many purposes is better than the pseudo-random number algorithms typically
used in computer programs [77]. Moreover, the first enrollment form asked participants for
their demographic data, as well as an email address so that they could be contacted at the
beginning of the study. After a 2-week sign-up period, the study was launched, and 3 different
emails were sent to each group asking them to download the app and fill out the 4 question-
naires. The test group was specifically asked to play only one level per week.

Each week, the test group was sent an email requesting them to play a single level of eQuoo,
and the control group was asked to use the CBT Thought Diary for 10 min. This resulted in the
test and control group receiving a total of 5 emails over the 5-week trial period. The waitlist
group only received an email with the questionnaires alongside the other two groups: at the
beginning (t1), on day 17 (t2), and on day 35 (t3) of the trial.

Statistical analyses

Statistical analysis was performed with SPSS 25.0 software. Characteristics of the three groups
were compared using chi-square independence tests for categorical variables and one-way
analysis of variance (ANOVA) models.

To evaluate the impact of the intervention conditions on changes in the primary outcome
(resilience-ARM), as well as secondary outcomes (PRWO, PGIS, and Anxiety), 3 (interven-
tion) x 3 (time) repeated-measures ANOVA models were conducted. Bonferroni-corrected
pairwise comparisons were conducted to explore the differences between interventions. Paired
sample t-tests (two-tailed) were conducted using pre-post (t1 vs. t3), as well as mid-point and
post (t2 vs t3) data within each intervention to explore the impact of the interventions on
change in the measures of interest and effect sizes (Cohen’s d) were calculated. The odds of
attrition were calculated for each intervention, and odds ratios (as well as the p-value and 95%
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confidence intervals) were estimated by comparing the odds between interventions. A p-value
of less than 0.05 was considered statistically significant.

Results
Participants

Details of enrollment organized according to the CONSORT guidelines are shown in Fig 1.
Descriptive statistics of participants who completed the final questionnaire administration are
presented in Tables 1 and 2. Most participants were 35-44 years of age, male, and white.

Effects of treatment

Primary outcome. To test the effect of the intervention on resilience, 3 (intervention
groups) x 3 (time points) repeated-measures ANOVA was performed. Bonferroni-corrected
post hoc tests were conducted to explore the differences between the interventions.

The repeated-measures ANOVA of the primary outcome (ARM score) yielded a significant
main effect of intervention (F(2,350) = 8.51, p < 0.001, np2 = 0.046) and a significant interac-
tion between intervention and time (F(4,698) = 3.34, p = 0.01, np2 = 0.019), but not a main
effect of time (F(2,350) = 2.66, p = 0.07, np2 = 0.015). Mean ARM scores over time for each
intervention group are presented in Fig 2. eQuoo participants exhibited greater increases in
scores compared with the CBT journal and waitlist control groups. Bonferroni-corrected post
hoc comparisons indicated a significant difference in means between the eQuoo and waitlist
group (p < 0.001), but not between eQuoo and the CBT journal group, or the waitlist control
and CBT journal group. Within intervention pre (t1)-post (t3) effect sizes were calculated,
indicating a small effect for the eQuoo group (M(SD)pre = 49.32(5.60), and M(SD)
post = 50.87(5.31), dyy, = -0.37), compared with a limited effect for the CBT journal (M(SD)
pre = 48.56(6.68), and M(SD) post = 48.82(6.70), d,, = -0.06) and waitlist groups (M(SD)
pre = 47.35(7.36), and M(SD) post = 47.08(7.51), d,.,, = 0.06). Further Bonferroni-corrected
post hoc tests indicated significant differences in scores between the eQuoo group and the
waitlist group at t1 (p = 0.049), t2 (p < 0.001), and t3 (p < 0.001), whereas the difference
between the CBT journal and eQuoo (or the waitlist group) was not statistically significant at
any time point (p > 0.05).

Secondary outcomes. Repeated-measures ANOVAs were also conducted for each of the
three secondary outcome measures (personal growth, interpersonal relationship skills and
anxiety). For each outcome 3 (intervention groups) X 3 (time points) repeated-measures
ANOVA was performed., with bonferroni-corrected post hoc tests were conducted to explore
the differences between the interventions.

ANOVA of Ryff’s Scales of Psychological Well-Being (RPRS) score yielded a significant
main effect of intervention (F(2,342) = 3.26, p = 0.04, np2 = 0.019) and a significant interaction
between intervention and time (F(4,682) = 6.73, p < 0.001, np2 = 0.038), but not a main effect
of time (F(2,341) = 2.82, p = 0.06, np2 = 0.016). Mean RPRS score over time for each interven-
tion group is presented in Fig 3. Results indicated that eQuoo participants displayed greater
increases in scores compared to the CBT journal and waitlist control groups. Bonferroni-cor-
rected post hoc comparisons showed that the main effect of intervention came from the signif-
icant difference in means between the eQuoo and waitlist group (p = 0.03), but not between
eQuoo and the CBT journal group or the waitlist control and CBT journal group. Within inter-
vention pre (t1)-post (t3) effect sizes were calculated, indicating a small effect for the eQuoo
group (M(SD)pre = 61.67(11.73), and M(SD) post = 64.53(10.74), d,,, = -0.42), compared to a
limited effect for the CBT journal (M(SD)pre = 61.08(12.18), and M(SD) post = 61.15(12.71),
dym = -0.01) and waitlist groups (M(SD)pre = 58.88(13.93), and M(SD) post = 58.35(13.111),
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Fig 1. CONSORT flow diagram for a 3-arm study.

https://doi.org/10.1371/journal.pone.0237220.g001
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Table 1. Outcome measures of the sample.

Outcome Measures Mean Sd Mean Sd Mean Sd p-valuer
ARM Time 1 49.32 5.60 48.56 6.68 47.35 7.36 0.051
Time 3 50.66 5.53 48.79 6.16 47.13 7.45 <0.001
Time 5 50.87 5.31 48.82 6.70 47.08 7.51 <0.001
RPRS Time 1 61.61 11.79 61.08 12.18 58.82 13.89 0.180
Time 3 61.89 11.11 61.00 11.89 59.29 13.85 0.231
Time 5 64.53 10.66 61.15 10.66 58.44 13.11 <0.001
PGIS Time 1 38.43 8.07 37.21 8.88 36.41 7.74 0.129
Time 3 39.51 6.90 37.82 8.23 37.02 8.15 0.030
Time 5 42.15 6.43 39.42 7.78 37.70 7.99 <0.001
Anxiety Time 1 1.05 0.96 1.07 1.15 1.32 1.15 0.078
Time 3 0.90 0.96 0.99 1.00 1.25 1.00 0.012
Time 5 0.88 0.98 0.88 0.85 1.21 1.07 0.011

ARM, Adult Resilience Measure; Anxiety, a One-Item Likert Scale; PGIS, Personal Growth Initiative Scale; RPRS, Ryff’s Scales of Psychological Well-Being; SD,
standard deviation.

*From chi-square tests of independence.

AFrom one-way ANOVAs.

https://doi.org/10.1371/journal.pone.0237220.t001

dym = 0.09). Further Bonferroni-corrected post hoc tests indicated significant differences in
scores between the eQuoo group and the waitlist group at t3 only (p < 0.001).

ANOVA of the PGIS score revealed a significant main effect of intervention (F(2,348) =
5.81, p = 0.003, np2 = 0.03) and time (F(2,347) = 40.32, p < 0.001, np2 = 0.19) and a significant
interaction between intervention and time (F(4,694) = 3.99, p = 0.003, np2 = 0.02). Mean PGIS
score over time for each intervention group is presented in Fig 4. These data suggest that
eQuoo participants had greater increases in scores compared with the CBT journal and waitlist
control groups, and Bonferroni-corrected post hoc comparisons showed that the main effect
of intervention came from the significant difference in means between the eQuoo and waitlist
group (p = 0.002), but not between eQuoo and the CBT journal group or the waitlist control
and CBT journal group. Within-intervention pre (t1)-post (t3) effect sizes were calculated,

Table 2. Characteristics of the sample.

Demographics eQuoo(n = 135) CBT Journal(n-95) Waitlist(n = 130)
n % n % n % p-value*

Age 16-24 20 14.8% 11 12.4% 14 10.8% 0.43
25-34 27 20.0% 21 23.6% 41 31.5%
35-44 46 34.1% 22 24.7% 35 26.9%
45-54 33 24.4% 28 31.5% 29 22.3%
55-64 9 6.7% 7 7.9% 10 7.7%
64+ 0 0.0% 0 0.0% 1 0.8%

Gender Female 60 44.4% 26 29.2% 54 41.5% 0.119
Male 74 54.8% 63 70.8% 76 58.5%
Missing 1 0.7% 0 0.0% 0 0.0%

Ethnicity White 119 88.2% 78 87.6% 113 86.9% 0.769
Asian 7 5.2% 5 5.6% 8 6.2%
Black 2 1.5% 1 1.1% 0 0.0%
Other 7 5.2% 5 5.6% 9 6.9%

https://doi.org/10.1371/journal.pone.0237220.t002
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