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1 | INTRODUCTION

Abstract

Objective: The development of serious games for mental wellbeing is a topic of
growing interest. The increase in acceptance of games as a mainstream entertain-
ment medium combined with the immersive qualities of games provides opportuni-
ties for meaningful support and intervention in mental wellbeing.

Method: We conducted a systematic review and exploratory meta-analysis to exam-
ine if aspects of the interventions influenced outcomes as measured via overall effect
sizes. We employed a multilevel meta-analytic approach to accommodate the inter-
dependency of effect sizes (18 effect sizes from 14 studies, with 2027 participants).
Results: Overall, the main effect for gaming interventions on any outcome variable
was small to medium sized, d = .35 (confidence interval [.23, 47], p < .001). Results
revealed that the only significant moderator was the nature of the intervention. Spe-
cifically, only interventions that included a rational emotional behavioural focus sig-
nificantly predicted an improvement in depression and/or anxiety in participants.
Conclusion: The findings reveal promising effects for therapeutic games for mental
health, but replications are needed, alongside the addressing of methodological and

procedural concerns.
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the United Kingdom since 2017, from 1in 9 to 1 in 6 in 6- to 16-year-
olds, and from 1 in 10 to 1 in 6 in 17- to 19-year-olds (NHS Digital,

Both retrospective and prospective research have identified that most
adult mental health problems begin in childhood and adolescence
(Kessler et al., 2007). NHS digital mental health statistics show that
over 340,000 children and young people were in contact with mental
health services during a 1-month period (July 2021; NHS Digital,

2021a). Rates of probable mental health disorders have increased in

2021b). Anxiety and depression have been identified as the most
common mental health conditions, particularly within teenage popula-
tions: 1 in 12 teens report experiencing anxiety, and 1 in 20 report
experiencing depression (Radez et al., 2021). Understandably, preva-
lence rates of mental health problems have been exacerbated by the
COVID-19 pandemic, with 18%-60% of children and young people
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scoring above the threshold for anxiety and depressive symptoms
throughout the period of restrictions (Viner et al, 2021). Pre-
adolescents (4-10 years) were identified as having the greatest
change in mental health difficulties in line with restrictions, thought to
be linked to the lack of social spaces and companionship available for
younger children (Creswell et al., 2021).

With continuous technological advances being made, it is impor-
tant to consider approaches and modalities that children and young
people are inclined to use and engage positively with in order to
address growing mental health concerns. The benefits of digital health
interventions are vast, including increased accessibility, anonymity
and cost-effectiveness (O'Connor et al., 2016). Digital solutions can
also scale in a way that analogue (i.e., face to face) cannot. While face-
to-face interventions (delivered either in person or online) have dem-
onstrated overall efficacy on a range of conditions affecting young
people (Krzyzaniak et al., 2021; Reynolds et al., 2012), there are a
range of barriers to accessing adequate support, including concerns
about confidentiality, embarrassment and stigma, particularly in youn-
ger cohorts (Radez et al., 2021). Additionally, financial implications
and limited access to services are noted across populations and con-
stitute an ongoing issue in the United Kingdom particularly for youn-
ger generations in need of psychological support (Punton et al., 2022).
As such, many interventions have been adapted to be delivered using
digital tools, including apps, virtual reality programmes and websites.
While mental health literacy may be lower in younger children and
adolescents (Radez et al., 2021), digital health literacy in younger peo-
ple has increased exponentially over recent decades (Paige
et al., 2018). As a result, engaging people in digital modalities can help
break down barriers within engagement and understanding and
reduce disengagement from treatment (Liverpool et al., 2020).

In light of the utility of combining digital technologies with tradi-
tional interventions, there are emergent delivery methods that are
gradually becoming well-established alternatives to, or integrations of,
clinician-delivered face-to-face sessions. These include, for example,
telephone therapy (Brenes et al., 2015), therapy delivered via texting
(Snoswell et al., 2021) and internet-based therapy (Barak et al., 2008;
Vialimaki et al., 2017). As indicated in Barak et al. (2008), online psy-
chological interventions demonstrated comparative effectiveness with
more traditional methods of therapeutic activity.

Nonetheless, clinician-delivered digital interventions are not the
only form of therapeutic support available, as there is a growing inter-
est, particularly in younger generations, in new forms of digital
interventions, including ‘blended interventions’ (encompassing live
interactions with therapists and e-contents) and application-based
therapeutic activities, also known as ‘apps for mHealth’ (mobile
health) (Rasing, 2021). Smartphone apps, in specific, appear to be an
increasingly popular digital way of accessing readily available mental
health support, due to their 24-h availability, unique characteristics
and increased connectivity, have been suggested to be a beneficial
method for therapeutic delivery (Grist et al., 2017). Data from the
United Nations indicated that over 90% of the population in devel-
oped countries utilise apps daily (International Telecommunications
Union, 2016) and their use is also growing within low- and middle-
income countries (Huang et al., 2019).

Key practitioner message

e Based on the evidence presented in the current paper,
there could be some benefits to adopting serious game
for the purposes of ameliorating anxiety and depression.

e Interventions that included a rational emotional beha-
vioural focus significantly predicted an improvement in
depression and/or anxiety.

e However, caution should be exercised due to the meth-
odological issues apparent in the empirical studies con-

ducted in this area.

Specific therapeutic approaches have been highlighted as more
suitable for digital delivery, with cognitive-behavioural therapeutic
(CBT) approaches and components germane to general CBT
(e.g., behavioural activation) being widely used in digital interventions
(Christ et al., 2020) mostly due to their structure, adaptability, and
ability for personalisation (Cuijpers et al., 2016). In spite of the growth
in the range of e-health apps available, there is inconclusive evidence
on their clinical effectiveness, which is required to carefully determine
quality and applicability (Neary & Schueller, 2018).

Video games are now the most popular form of entertainment in
the United Kingdom (Dealessandri, 2023). In a recent survey of 16- to
24-year-olds in the United Kingdom, 92% of respondents in 2020-
2021 had played a video game, up from 73% in the previous year
(Ofcom, 2022). Video game users in the United Kingdom increased
from 36 million in 2020 to 44.3 million in 2021, a potential impact of
quarantine measures imposed by the COVID-19 pandemic
(Clement, 2022). It has been projected that users will increase to
51.88 million by 2025. Moreover, the number of platforms available
for game play has increased rapidly, enabling a wider reach. Distribu-
tion of game play across media varies for UK users, with mobile
phones, game consoles and tablets remaining the most popular across
age ranges (Ofcom, 2022). In sum, video gaming is an extremely popu-
lar activity with a growing market.

Play can be viewed as a window into inner experiences, which is
a potential justification for current therapeutic serious games (Martins
et al., 2011). Wilkinson (2016) notes that for a young person in partic-
ular, play is a natural behaviour, and thus engaging in therapeutic
activity through play allows for a naturalistic approach that may put a
young person at ease (Landreth, 2012). Due to the familiarity and
comfort with gaming, integrating therapeutic approaches with gaming,
as is attempted in some serious games, may allow therapeutic content
to be taken up to engage groups more readily (Brown, 2013). In sum,
drawing on people's natural proclivity to play, therapeutic games
(TGs), also known as serious therapeutic games (Hudlicka, 2016), may
provide a powerful way to engage people in psychological support.

Similar to apps, but more recent in their emergence in the field of
digital solutions for mental health, ‘serious games’ represent a novel yet
promising alternative to more ‘standard’ forms of online interventions
(Fleming et al., 2017). Serious games demonstrate increased efficacy
and effectiveness across a spectrum of conditions (Lau et al., 2017;
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McCallum, 2012) and have the potential to empower vulnerable groups
as they can be used as an independently accessible, low-cost solution
to access mental health support (van der Lubbe et al., 2021). Although
‘serious games’ and ‘gamification’ are often used interchangeably, they
relate to specific concepts. Gamification integrates characteristics of
games into non-game activities, for example, through the inclusion of
points, badges and leaderboards when levels are completed
(Sicart, 2014). Often used in conjunction with exercise games (synony-
mously known as exergames, e.g., Pokémon GO), combining gaming
notions within applications and websites has been found to aid adher-
ence to health activities (Miller et al., 2014). Often gamification activi-
ties are developed as traditional entertainment products, with game
elements added after; thus, they do not operate as full games (Sailer
et al., 2017). However, the incorporation of gamification elements is
often developed without consideration of motivation, engagement and
behaviour change theories (Seaborn & Fels, 2015). In contrast, serious
games are developed specifically with a focus beyond traditional leisure
activities (Fleming et al., 2017). Serious games used for health utilise
specific game design elements (e.g., story, mechanics and platforms) to
foster healthcare benefits. As Protopsaltis et al. (2011) noted, while seri-
ous games could be motivating, users should be encouraged to become

involved in the game in a personal, emotional and cognitive way.

2 | RATIONALE

There have been other reviews that pertain to serious games for men-
tal health, on which we wish to build. Abd-Alrazaq, Alajlani, et al.
(2022) and Abd-Alrazaq, Al-Jafar, et al. (2022) explored the impact of
a broader notion of serious games, encompassing all games that were
developed for ‘serious’ purposes, separately on anxiety (Abd-Alrazaq,
Alajlani, et al, 2022) and depression (Abd-Alrazag, Al-Jafar,
et al., 2022). The purpose of these games included brain training,
social skills development, biofeedback games, distraction of attention
and exergames along with TGs such as computerised CBT. Research
included games developed for education, prevention and treatment of
chronic conditions and mental health, encompassing a broad range
of focus. While Abd-Alrazaq, Alajlani, et al. (2022) included 33 studies,
only 8 focused specifically on anxiety, and while Abd-Alrazaq, Al-Jafar,
et al. (2022) include 27 studies, only 3 of the included in focused spe-
cifically on depression. Furthermore, Abd-Alrazag, Alajlani, et al.
(2022) did not include any follow-up data within their meta-analysis,
limiting the understanding as to the effectiveness of serious games.
All systematic reviews have limitations that serve to inform future
researchers in their work. The reviews by Abd-Alrazaq et al. are highly
valuable pieces of work; however, there are aspects of their work that
we aim to build upon. For example, Abd-Alrazag, Alajlani, et al. (2022)
and Abd-Alrazag, Al-Jafar, et al. (2022) have a broad notion of serious
games with purposes that had been adapted for therapeutic purposes,
but were not developed initially for therapeutic use, alongside games
specifically designed and developed for therapeutic purposes. In our
systematic review, we focus only on games that have been developed
for therapeutic purposes (i.e., TGs) so that we can assess the effective-
ness of those games against the purposes they were designed for. Also,

Abd-Alrazaq et al. incorporate other forms of serious games, such as
exergames (i.e., games specifically developed for physical health pur-
poses, which address mental health as secondary concerns). We focus
our review on TGs which have been developed specifically and primarily
to address mental health outcomes in order to examine whether those
games deliver on their proposed purpose. Furthermore, Abd-Alrazaq
et al. include studies which include mental health as secondary out-
comes (e.g., interventions targeting physical health conditions that con-
tribute to poor mental health). In our review, mental health outcomes
are the primary outcome because we are specifically interested in exam-
ining the evidence for the use of TGs on those outcomes.

In sum, we aim to build upon the work of Abd-Alrazaq, Alajlani,
et al. (2022) and Abd-Alrazaqg, Al-Jafar, et al. (2022) by focusing our
review on the effectiveness of TGs on the mental health outcomes
they are proposed to alleviate. In doing so, we hope to be able to offer
conclusions concerning the evidence for the use of TGs for mental
health and provide recommendations for the future development and
study of TGs. By providing a contemporary review that is specifically
focused upon serious games that have been developed to therapeuti-
cally address these conditions, we hope to inform researchers, games
developers, clinicians and mental health services as to the current
state of knowledge in this growing field. We need to capture the state
of the extant evidence with regard to serious games so that we can
inform key stakeholders of adolescent mental health with the benefits
and drawbacks of TGs for mental health.

3 | METHOD

We conducted a systematic review and meta-analysis in line with the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. The protocol was registered on PROSPERO
(International Prospective Register for Systematic Reviews; ID:
CRD42022343882).

3.1 | Search strategy

A literature search of PubMed, Web of Science, PsycINFO and
CINAHL databases was conducted. The databases were searched on
5 April 2022, with an updated search conducted on 30 March 2023,
by the first author. Forward and backward reference list checking was
additionally conducted (screening reference lists of included studies
and screening articles that cite back to included studies). Two experts
in literature searching and computer games were consulted before
developing the search string for this review. A scoping search was
conducted in March 2022, wherein subsequent adaptations were
made to the search string, ensuring relevant research was identified.
The search string was a combination of games-related terms including
‘game’ and ‘computer’ mental health-related terms, including ‘inter-
vention’, ‘therapy’ and ‘psychotherapy’, and outcome-related terms,
including ‘effect’, ‘efficacy’ and ‘outcome’. Boolean operators and
truncation were used to broaden and narrow the search, ensuring

specificity.
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3.2 | Study eligibility criteria

Quantitative studies that assessed the effectiveness of TGs in alleviat-
ing mental health symptoms were included in this review. Specifically,
the target intervention in this review was serious games that were
developed specifically for the purposes of therapeutic or prevention
of mental health symptoms (i.e., TGs). TGs were required to be deliv-
ered on digital platforms including computers, mobile phones and tab-
lets. Non-digital games, along with those used for other purposes,
including monitoring, diagnosis or screening, were excluded. The out-
comes of interest were anxiety and depression; thus, outcome data
measured immediately after intervention, along with associated
follow-up data, were included.

Research in the English language were eligible for inclusion, with
non-English articles being excluded. Research that focused on people
with comorbidities or physical health conditions where mental ill
health was a secondary condition or experience were excluded. Con-
ference abstracts and posters, proposals, commentaries and editorials
were excluded. No restrictions related to the population, country of
publication, year of publication, comparator or study settings were

applied.

3.3 | Study selection

We identified relevant studies through the following steps. First,
retrieved studies were exported into Rayyan software to identify and
eliminate duplicate entries. In the second step, seven reviewers
(authors 1, 2, 3, 7, 8, 9 and 10) screened all retrieved papers for title
inclusion. Subsequently, three reviewers (authors 1, 2 and 3) screened
the title and abstracts of the included studies. Finally, the full texts of
the studies included in the previous step were screened by three
reviewers. The three reviewers resolved disagreement through discus-
sion, with an independent fourth reviewer available if consensus could

not be reached.

3.4 | Data extraction and synthesis

Three authors (authors 1, 11 and 12) used Microsoft Excel to extract
data from the included studies. We used a narrative and statistical
approach to synthesise the extracted data. Within our narrative syn-
thesis, we describe the characteristics of included studies, population,
intervention, comparator and outcome measures using text and
tables.

3.5 | Quality assessment

The quality of research was assessed using the Effective Public Health
Practice Project (EPHPP) Quality Assessment Tool for Quantitative
Studies (Thomas et al., 1998). The tool appraises the quality of
research in six areas: selection bias, study design, confounders,

blinding, data collection methods, and withdrawals and dropouts. The
overall quality of the meta-analysed research was appraised sepa-
rately by three reviewers (authors 1, 2 and 3), and any differences in

decisions were addressed through discussion (see Table 1).

3.5.1 | Results of systematic review

Search results

As shown in Figure 1, we identified 18,351 records by searching four
electronic databases: Web of Science, PubMed, CINAHL and Psy-
cINFO. Of these records, we identified and removed 5567 duplicates
using Rayyan software. The screening of the titles and abstracts of
the remaining 12,784 records led to the exclusion of 12,613 citations.
Reading the full text of the remaining 171 publications led to the
exclusion of 157 publications for the following reasons: (1) the inter-
vention was not TG focused (n = 47), (2) it was not specific to anxiety
or depression (n = 42), (3) the intervention was not a TG (i.e., a game
not specifically designed for therapeutic use) (n = 20), (4) the article
did not test effectiveness (n = 11), (5) protocol only (n = 9), (6) qualita-
tive research (n=9), (7) the intervention was a non-digital game
(n = 9), (8) the intervention was virtual reality focused (n = 6), (9) con-
ference abstract (n = 3), and (10) the article was not in English lan-
guage (n = 1). A total of 14 articles were included in this review. We
then conducted an exploratory meta-analysis (authors 4, 5, and 6),
extracting 19 effect sizes from these 14 studies.

Characteristics of included studies

The included studies were published between 2012 and 2022
(table 1). The year that witnessed the largest number of included stud-
ies was 2018 (n = 4), followed by 2016 (n = 3). The included studies
were conducted in five different countries, as shown in Table 1. The
country that published the largest number of included studies was
the Netherlands (n =5), followed by New Zealand (n=3) and
Romania (n = 3). All included studies were published in peer-reviewed
journals. While not explicitly included in the inclusion criteria, all
included studies were randomised controlled trials (n = 14).

The sample size in the included studies ranged from 32 to
283, with an average of 144.8 (SD 66.6). The target participants
were children (aged 7-13 years) in four studies, adolescents (aged
13-20 years) in nine studies and adults (aged >20 years) in one
study. Specifically, the mean age of participants reported in the
14 studies included in this review ranged between 8.87 and
42.28 years, with an average of 15.44 (SD 8.2) years. The percent-
age of female participants across the studies reviewed ranged from
10.5% to 100%, with an average of 56.78% (SD 18.9%). The partici-
pants' mental health conditions varied, with anxiety and depression
being explored as the primary condition equally across studies
(n = 7). Depression was also explored as a secondary condition in
four included studies.

As shown in Table 2, the duration of gameplay per session ranged
from 10 to 60 min, with an average duration of 40 min (SD 15.6 min);

however, it was most commonly reported as 30 min (n = 5). The total
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TABLE 1 Characteristics of studies and populations.
Quality Study Sample Age (years), Sex Health Population
Study Year assessment Country type size, n mean (female), %  condition setting
McCashin 2022 Moderate Ireland RCT 122 13.87 42 Depression Outpatient
etal.
David & 2022 Moderate Romania RCT 165 1343 59 Depression Educational
Fodor
Schuurmans 2018 Strong Netherlands  RCT 37 15.60 16 Depression Residential
etal. care
Schoneveld 2018 Strong Netherlands  RCT 174 12.75 59 Depression Educational
etal.
David et al. 2018b  Strong Romania RCT 165 17.54 64 Anxiety Educational
David et al. 2018a  Weak Romania RCT 165 12.98 64 Anxiety General
population
Sanchez 2017 Moderate USA RCT 69 12.89 41 Depression General
etal. population
Kuosmanen 2017 Weak New RCT 146 13.97 39 Anxiety, Educational
etal. Zealand depression
Schoneveld 2016 Moderate Netherlands  RCT 136 13.02 55 Depression Educational
etal.
Scholten 2016 Weak Netherlands  RCT 138 9.95 65 Depression Educational
etal.
Poppelaars 2016 Strong Netherlands  RCT 208 8.91 100 Anxiety Educational
etal.
Roepke 2015 Moderate USA RCT 283 13.35 71 Anxiety, General
et al. depression population
Merry et al. 2012 Strong New RCT 187 9.97 66 Anxiety, Outpatient
Zealand depression
Fleming etal 2012 Moderate New RCT 32 14.90 44 Anxiety, Educational
Zealand depression

duration of the games included in the included studies ranged from
210 to 360 min, with an average total duration of 285 min (SD
64.1 min). Frequency of game play varied across studies, with an aver-
age of 8.57 sessions (SD 6.2 sessions) being played. Style of guidance
within the TG varied across studies, including 1st person gameplay
(n = 3), 3rd person gameplay (n = 6), guided gameplay (n =4) and
informational guidance (n = 1). We identified five types of TG, based
on the psychotherapeutic focus of the game elements: general CBT
(non-specific mode of CBT) games (h = 7), rational emotive behaviour
therapy (REBT) (a specific mode of CBT) (n = 3), biofeedback game
response (n = 2), social skill development (n = 1) and positive-CBT
(blend of positive psychology and CBT principles) (n = 1). While bio-
feedback was specifically focused in two studies, it was used as a tool
in four studies. For the games informed by general CBT, extant litera-
ture concerning game development does not point to a specific mode
of CBT. The exception to this is REThink, where developers specifi-
cally state that the game is underpinned by a specific form of CBT,
namely, REBT (Ellis, 1995).

As shown in Table 3, the comparison groups received inactive
interventions in 9 studies and active interventions in 10 studies.
Active comparator interventions included REBT (n = 3), Coping Cat

(h=1), treatment as usual (n=2), school-based general CBT

programme (n = 1) and non-TG play (n = 3). Note that the numbers
do not add up to total studies for comparators, as certain studies uti-
lised two comparator groups, involving both inactive and active com-
parators (n = 5). The duration of the active comparators ranged from
210 to 540 min. The outcome of interest (anxiety or depression level)
was measured using 10 different tools, but the most common tools
used by the included studies were the Spence Childhood Anxiety
Scale (n=6), and the Reynolds Adolescent Depression Scale-2
(RADS-2) (n = 6). The outcome of interest was immediately measured
after the intervention in all included studies (n = 14), and the most
common follow-up period was 3 months (n=7), followed by
6 months (n = 5). Participant attrition was reported in 14 studies,
ranging from 3.92% to 78.49%, with an average of 21.2% (SD 23.3%)

attrition of participants.

4 | META-ANALYSIS

4.1 | Coding of study characteristics

For each study, we coded the following methodological characteris-

tics: (a) bibliographic information (e.g., author, year and country of
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- Records identified from:
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= PubMed (n = 4,264) —> Duplicate records
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—
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(n=12,784) (n=12,613)
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c
[
e
3 \ 4
Reports assessed for Reports excluded (n = 157):
eligibility —_— Not therapeutic game focused (n = 47)
(n=171) Not specific to anxiety or depression (n
=42)
Not serious game (n = 20)
Not testing effectiveness (n = 11)
Protocol (n = 9)
— v Qualitative (n = 9)
Non digital game (n = 9)
Virtual Reality Focused (n = 6)
Studies included in review Conference abstract (n = 3)
(n=14) Not English language (n = 1)

publication); (b) the nature of the intervention (e.g., REBT and biofeed-
back); (c) specific outcome measures (e.g., anxiety and/or depression)
and (d) methodological quality. We also coded specific features of the
intervention sample: (a) type of sample (e.g., general population, out-
patient and residential patient); (b) average age; (c) proportion
females; (d) primary disorder (e.g., anxiety or depression); and
(e) medication status. Last, specific to the interventions we coded the
following: (a) whether biofeedback was included as an additional inter-
vention component; (b) avatar presentation or style (e.g., 1st person,
3rd person, guided and instructional); (c) the specific interventional
focus (e.g., psychological resilience, self-regulation; replacing negative
automatic  thoughts); (d) who delivered the intervention
(e.g., therapist, teacher, psychologist and research assistant);
(e) dosage of the intervention (i.e., calculated as a sum of total ses-
sions multiplied by the length of the session to give a total dosage
time in minutes); and (f) drop-out rates (i.e., a percentage of total par-
ticipants who drop-out from the beginning to the end of the interven-
tion). With the scope of the research question being broad, no
previous reviews or meta-analyses being conducted in this area and
limited number of included data points, this meta-analysis is explor-

atory in nature.

For reliability purposes, a two-step interrater analysis was con-
ducted on the categorical variables (medication, comorbidities and
quality) and the continuous variables (effect size and standard error).
Step 1: Extraction of medication, comorbidities and quality were
coded blindly and independently by a second coder (author 5) at
100% duplication. An interrater reliability analysis using Cohen's
Kappa statistic for combined categorical variable (medication, comor-
bidities and quality) showed moderate agreement k = .558 (95% con-
fidence interval [.199, .852], p < .001). Any differences were resolved
through discussion and final agreement within the team, with virtually
all discretions attributable to different perceptions on the quality of
some articles. A slight revision on categorising the use of medication
was also made with healthy participants assumed not to medicate.
Step 2: Extraction of the effect size (ES) and standard error (SE) data
were coded blindly and independently at 100% duplication. A two-
way mixed-effect intraclass correlation coefficient (ICC: type and
absolute agreement) was conducted for the combined continuous
variables standard errors and effect sizes. The average measure ICC
was .99 (95% CI [.998, .999]), p < .001, indicating excellent agreement,
with discretions attributable to slight variation in calculations

computed.
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TABLE 2 Characteristics of interventions.

Serious game Duration per Number of Total duration of

Study Serious game name type Platform session (min) sessions intervention (min)

McCashin et al. Pesky gNATs General CBT Computer and 45 7 315
(2022) game phone

David and REThink REBT game iPad 50 7 350
Fodor (2022)

Schuurmans Dojo Biofeedback Computer 30 8 240
et al. (2018) game

Schoneveld MindLight General CBT Xbox 360 60 6 360
et al. (2018) game

David et al. REThink REBT game iPad 50 7 350
(2018)

David et al. REThink REBT game iPad 50 7 350
(2018)

Sanchez et al. Adventures aboard the  Social skill Computer 25 9 225
(2017) S.S. GRIN development

Kuosmanen SPARX-R General CBT Computer 30 7 210
et al. (2017) game

Schoneveld MindLight General CBT Xbox 360 60 5 300
et al. (2016) game

Scholten et al. Dojo Biofeedback Computer 60 6 360
(2016) game

Poppelaars etal.  SPARX General CD-ROM 30 7 210
(2016)

Roepke et al. SuperBetter Positive-CBT Phone 10 30 300
(2015) game

Merry et al. SPARX General CBT Computer or 30 7 210
(2012) game phone

Fleming et al. SPARX General CBT Computer 30 7 210
(2012) game

4.2 | Computing effect sizes Where correlations between effect sizes are not known, it is

Cohen's d was calculated as a measure of effect size for the difference
in outcome measures between the intervention and control condition.
A positive effect indicated an improvement in the outcome compared
to the control condition. Where Cohen's d was not reported in the
original study, effect sizes were either converted from other effects
(e.g., F). As recommended by Assink and Wibbelink (2016), the vari-
ance was calculated as SE2. As we included five studies that provided
two effect sizes, this violates the normal requirement of independent
effect size measures in meta-analysis (Cheung, 2014). Dependency of
effect sizes normally means that effect sizes within studies are corre-
lated (as these are expected to show a certain similarity); this creates
an overlap of information and inflates information produced by the
analysis, which can result in an overconfidence in its results (Assink &
Wibbelink, 2016). Although it is possible to conduct subgroup analysis
or aggregating effect sizes, this reduces the number of effect sizes
analysed in a set, therefore limiting the power of the analysis, some-
thing that is a particular concern for an exploratory meta-analysis with
a limited number of data points such as ours (Assink &
Wibbelink, 2016).

possible to fit a three-level meta-analytical structure. This analysis
considers three levels of variance components distributed across the
model, including variance between effect sizes from the same study
and variance between studies; this therefore allows for an examina-
tion of how effect sizes vary between participants (Level 1), outcomes
(Level 2) and studies (Level 3; Assink & Wibbelink, 2016). This
approach produces a robust analysis and has been successfully imple-
mented in recent meta-analytical research (Harkin et al, 2023;
Persson et al., 2021).

The current analysis was conducted using the rma.va function in
the metafor package for the statistical software environment R
(R Core Team, 2018) and recommendations of Viechtbauer (2010). A
mixed-effects model was fitted, and estimation was based on the
restricted maximum likelihood estimator. The analysis examined
the variance distribution over the three levels, the overall effect
(i.e., outcome measures for the intervention vs. the control condition)
and the effects of a number of moderating variables. As recom-
mended by Hox (2010) and Assink and Wibbelink (2016), moderators
were first examined individually and then combined into one analysis.

This allows for initial significance screening while also accounting for
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TABLE 3 Characteristics of comparators and outcomes.
Total
Comparator (active duration Number of Outcome Attrition,
Study vs. inactive)® (min)® sessions® measures Follow up %
McCashin Waitlist (—) — — CBCL Postintervention, follow up 31.03
et al. (2022)
David and Waitlist (—), REBT (+) 350 7 EATQ-R Postintervention, 6-month follow up 11.11
Fodor
(2022)
Schoneveld Non-therapeutic 300 5 SCAS Postintervention, 3-month follow up 10.14
et al. (2018) game play (+)
Schuurmans Treatment as usual - - SCAS Postintervention 10
et al. (2018) (+)
Schoneveld Coping cat (+) 540 8 SCAS Postintervention, 3-month follow up, 16
et al. (2018) 6-month follow up
David et al. Waitlist (—); REBT (+) 350 7 EATQ-R Postintervention 11.11
(2018)
David et al. Waitlist (—); REBT (+) 350 7 EATQ-R Postintervention 11.11
(2018)
Sanchez et al. Waitlist (—) — — SASC-R Postintervention 26
(2017)
Kuosmanen Waitlist (—) — — SMFQ, Postintervention 67.4
et al. (2017) GAD-7
Scholten et al. Non-therapeutic 360 6 SCAS Postintervention, 3-month follow up 6.5
(2016) game play (+)
Poppelaars Waitlist (—); school 210 7 RADS-2 Postintervention, 3-month follow up, 3.92
et al. (2016) based CBT (+) 6-month follow up, 12-month follow
up
Roepke et al. Waitlist (—); 300 30 CES-D, Postintervention, 2 week follow up 78.49
(2015) Non-therapeutic GAD-7
game play (+)
Merry et al. Treatment as usual - - CDRS-R, Postintervention, 3-month follow up 9
(2012) (=) SCAS
Fleming et al. Delayed intervention — — CDRS, SCAS Postintervention 5
(2012) (=)
@Active comparator (+), inactive comparator (—).
BInformation available for active comparators.
the possibility of variables of interest being intercorrelated, producing 5.2 | Main and heterogeneity analyses

multicollinearity in the analyses.

5 | RESULTS OF META-ANALYSIS

5.1 | Data preparation

Based on Snyder et al. (2015), effect sizes 3 SD above or below the
mean effect size (d =.50) were considered outliers and thus
excluded. Based on this, one effect size from Fleming et al. (2012)
was removed from further analysis. Thus, in total, 13 independent
studies were included, totalling 18 effect sizes, with the mean num-
ber of effect sizes for each study at 1.4. It is important to note that
within each of the moderators only the categories with three or
more effect sizes were entered into the meta-analysis (see Harkin
et al.,, 2016).

The first step of the analysis estimates the overall effect size for the
difference between the TG intervention and the control condition,
including 19 effect sizes from 13 individual studies. Overall, the main
effect for gaming interventions on any outcome variable was small to
medium sized, d = .35 (Cl [.23, 47], p < .001). The second step of the
analysis estimated the difference between within-study (Level 2) and
between-study (Level 3) variance components, an important aspect of
a three-level meta-analysis. This is assessed through two separate log-
likelihood-ratio tests, where the original model (with freely estimated
variance at Levels 2 and 3, respectively) is compared with one where
the variance at each of the levels is fixed. The analyses suggested that
there was significant variability (p = .001) between effect sizes (Level
2) and between studies (Level 3), indicating that moderator analyses
should be conducted (Assink & Wibbelink, 2016). Based on formulas
by Cheung (2014), the total variance distribution is as follows: Level
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TABLE 4 Main and moderator Variable K d (SE) p c..ct Q)
analyses.
Main analysis 17 .35 (.06)** <.001 .23, .47 461.14 (<.001)
Variable (categorical)
Disorder type 17
Depression 9 40 (.08)° <.001 .21,.58 451.27 (<.001)
Anxiety 8 .310 (.08)° <.01 .13, .49 451.27 (<.001)
Avatar 17
Embodied 11 .34 (.08)° <.001 .18, .50 448.30 (<.001)
Guided/informational 6 .37 (.10)7 .002 16, .59 448.30 (<.001)
Biofeedback 17
Present 4 .18 (.10) .09 -.03,.39 357.07 (<.001)
Not present 13 42 (.60)° <.001 .29, .55 357.07 (<.001)
Delivery 12
Professional 2 52 (.16)* .01 .15, .88 316.98 (<.001)
Non-professional 9 .32 (.08)* .004 13,51 316.98 (<.001)
Nature of intervention 17
RBE 5 .58 (.09)** <.001 .39,.78 221.60 (<.001)
CBT 7 .26 (.07)* .015 12, .41 221.60 (<.001)
Other 5 .28 (.09)* .031 .09, .47 221.60 (<.001)
Control condition 17
Active 9 .28 (.06) <.001 15, .41 359.86 (<.001)
Passive 8 43 (.06) <.001 .29,.57 359.86 (<.001)
Variable (continuous) k B (SE) p C—-,C+ Q(p)
Age 17 —.001 (.008) .88 -.02,.02 459.30 (<.001)
Females (%) 17 —.003 (.003) 42 —.009, .004 376.32 (<.001)
Total dosage 17 .001 (.001) .57 -.00w, .003 449.23 (<.001)

Note: k = total number of studies included for each task. d (SE) = effect size in Cohen d (standard error);
S = standardised beta (standard error). p = significance. C—, C+ = confidence intervals. Q (p) = q

statistic.

2F-test non-significant (variable is only significantly different from zero).
*Significantly different from RBE at <.05.
**Significantly different from zero at <.001.

1, 3.92%; Level 2, 25.44%; Level 3, 70.64%. As recommended by
Assink and Wibbelink (2016), moderation analyses should be con-

ducted if less than 75% of the variance can be attributed to Level 1.

5.3 | Moderator analyses

The moderator analyses followed the following two-step approach.
First, we first tested if the full moderation model for each moderator
was significant, by entering all but one of the categories for each
moderator—the moderator left out is used as the reference category,
and all other categories are compared against this one.

Second, if the full model was significant (F-test), we can then
look at each individual variable and see whether they differ from
the reference category. If the full moderation model fails to attain
significance, we do not look at the individual variables. We indicate
significance of individual variables (in comparison to a reference

category as specified) within a significant full moderation model by

* and ** for a significant reference category in the d (SE) column of
Table 4, respectively. This approach allows us to identify the mod-
erators that have variables which differ from one another and
ensures statistical integrity and avoidance of over-concluding on
significant individual variables in the absence of a significant full
moderation model.

The only moderator to reveal significant differences was the
nature of intervention (coded: REBT, general CBT and ‘other’).
The overall moderation F-model is significant (p = .03), with mean
effects of REBT = .58 (significantly larger than overall mean effect
size; p < .001) whereas general CBT = .26 (significantly smaller than
mean effect size; p < .001) and other interventions = .28 (significantly
smaller than mean effect; p =.015). In other words, REBT had the
largest mean effect, and the other two effects for general CBT and
other interventions are significantly different to this. All other moder-
ators that satisfied our analysis criteria were not significant (p = .031),
that is, a type of disorder, total dosage, proportion females, age, who

delivered intervention, biofeedback and avatar type.
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5.4 | Publication bias and study quality

The Egger's regression coefficient using variance and standard error
as independent moderators were not significant (p < .05), indicating
no evidence of publication bias in this set of data points. To examine
whether study quality was associated with overall effect sizes, a mod-
erator analysis with methodological quality score was conducted and

indicated that it was not associated with overall effect sizes (p < .05).

6 | DISCUSSION

For the first time in the literature, this systematic review has sum-
marised the evidence for the use and effectiveness of TGs to reduce
and prevent anxiety and depressive symptomology. We identified
14 studies encompassing seven TGs, involving general CBT (non-
specific mode of CBT), REBT (a specific mode of CBT), social skill
development and biofeedback techniques.

This review provides a unique contribution by conducting a meta-
analysis that explores the previously unexamined link between spe-
cific aspects of TGs and their impact on psychological outcomes. The
results indicate that while most existing TGs did not show significant
improvement in mental health symptoms, there was a small to
medium effect for TGs overall, suggesting that TGs focused on mental
health could be beneficial.

Specifically, we found that TGs with a REBT focus outperformed
CBT and other TGs in effectively reducing symptoms of depression
and/or anxiety. In comparison to TGs based on a broader notion of
CBT (i.e., general CBT), the games centred around REBT were highly
specific to REBT theory and methods, explicitly targeting cognitive
antecedents to and concomitants of (i.e., irrational beliefs; Ellis, 1994)
anxiety and depression. It could be that the direct nature of the REBT
games drove the superior effects of these games. REBT is also highly
structured (Turner, 2022) and perhaps could be argued lends itself to
being integrated into a serious game. This is an interesting finding and
not one that we expected to find. However, there are some plausible
reasons for this. First, REBT is a very particular CBT that focuses spe-
cifically on the articulation and weakening of irrational beliefs, and
strengthening of rational beliefs. It also has a particular view on emo-
tion, in that negative emotions can be adaptive or maladaptive
depending on the underpinning beliefs and concomitant action ten-
dencies. As such, the TGs that use REBT as their underlying frame-
work have a specific focus and as such are perhaps more direct in
their treatment of the theoretical antecedents to mental health issues.
Second, the REBT interventions were on the higher end of the total
duration. Indeed, each was 350 min, a high relative dose compared to
the other interventions. Third, all REBT interventions were completed
using an iPad. This may indicate a more sinuous exploitation method
for participants to engage with compared to interventions using
computers and traditional video gaming devices. Lastly, the REBT
interventions used the same chief outcome measure, the EATQ-R,
and therefore, we cannot discount that magnitude of effects could be

influenced by the way the effect is measured.

Additionally, intriguing patterns emerged from the data, revealing
that interventions delivered by professionals, that did not include bio-
feedback, as well as those utilising a passive control condition, yielded
larger effect sizes compared to non-professionally delivered interven-
tions, those employing biofeedback and active control conditions,
respectively. The two studies which involved biofeedback utilised spe-
cific biofeedback techniques, namely, deep breathing, progressive
muscle relaxation, positive thinking and guided imagery. Utilising bio-
feedback hardware (IOM, Wild Divine) to monitor heart rate variabil-
ity, participant's heart rate directly impacted gameplay, with higher
heart rates resulting in increasingly difficult game play. It must be
noted that overall, the procedures that describe the development, uti-
lisation and effectiveness of the included TGs lacked clarity. It is
important to note that these patterns did not reach statistical signifi-
cance, and we highlight them as potential fruitful areas for future
research to investigate further. Additionally, it is crucial to highlight
that the procedures detailing the development, utilisation and effec-
tiveness of the included serious games lacked clarity.

We examined the effect of several moderators on the relationship
between TG usage and psychological outcomes. The moderator analy-
sis indicated that gender ratio did not influence the effect of TGs on
psychological functioning. This is inconsistent with previous research
which identified that females have greater favourable attitudes
towards psychological treatment than males (Sheu & Sedlacek, 2004).
A potential explanatory factor could be a result of the modality used
within the therapeutic delivery, with research indicating males consis-
tently engage more with game-based technologies (Clement, 2022).
As a result, males may have had increased engagement with the thera-
peutic intervention through game-based methods than traditional psy-
chotherapeutic delivery styles. Positively, the lack of effect of gender
could indicate that TGs used for therapeutic benefit can aid all
genders, particularly in light on increasing numbers of female game-
players. We suggest that further research is needed to examine gen-
der differences in the qualitative experiences and expectations of
game-based interventions.

These findings are in line with earlier reviews of Abd-Alrazaq,
Alajlani, et al. (2022) and Abd-Alrazaq, Al-Jafar, et al. (2022). While
the findings were supported, the former reviews compared compu-
terised CBT games to ‘traditional’ exergames, potentially conflating
the specific therapeutic mechanisms embedded within ‘serious
games’. The current review centred mental health as the primary
focus of included studies and only analysed research utilising TGs as
opposed to the wider notion of serious games. The broader spectrum
of game use includes exergames and massive multiplayer online
games. Such games have been found to increase social wellbeing,
reducing loneliness and increasing people's ability to form connections
(Jones et al., 2014; Li et al., 2018). However, any improvement in par-
ticipant's mental health were viewed as secondary outcomes, with the
game content and underlying mechanisms not being designed for
the purpose of therapeutic intervention.

The studies included in our review highlight several directions for
future development of serious games as a therapeutic tool. Most of

the games considered appeared to focus predominantly on one
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specific domain (cognitive, emotional or behavioural). For example,
‘Pesky gNATs’ seeks to address negative automatic thoughts, while
‘Dojo’ is classified as ‘emotion management game’ (Schuurmans
et al., 2015, p. 401). To produce tangible, long-lasting effects on anxi-
ety and depressive symptoms, TGs will need to include content that
encompasses all areas (on a cognitive, emotional and behavioural
level) underpinning the current symptomology. That is, to be optimally
effective, TGs will need to offer gamified content aimed at stimulating
awareness and eliciting change in cognitive, emotional and beha-
vioural patterns that underpin anxiety and/or depression.

Moreover, literature on internet-based CBT (e.g., Newby
et al., 2021) has pointed out the need for digital CBT interventions to
include a variety of CBT techniques and strategies to promote symp-
tomatic reduction and relapse prevention, including but not limited to
self-monitoring (e.g., monitoring of thoughts, feelings and tasks), chal-
lenging negative automatic thoughts and problem-solving activities.
To the best of our knowledge, to date, there is no CBT-based serious
game that offers users a wide range of CBT contents, making this one
of the directions for future development of CBT-based games.

One important procedural inconsistency of the studies included
in this review that needs to be considered is the wide variety in game
dosages employed. There was large variation in terms of game length
and number of game sessions, which calls into question the dosage
needed, or recommended, for TGs to be effective. It is not as simple
as ‘more is better’ because there is a limit to the extent to which
games will remain interesting to game users (i.e., patients). Based on
the studies included, seven sessions of around 30-45 min appears to
be the typical dose, but it is not possible from our analyses to discern
how much of that 210-315 min is constituted of therapeutic content
(vs. world building, exploring and action). As such, it is not clear as to
the specific dosage required to maximise the ameliorating effects of
TGs on anxiety and depression.

An additional aspect that needs to be addressed further is the
need to tailor the game content and layout to the needs of neurodi-
verse populations. For example, the general CBT-based game for anxi-
ety reduction ‘MindLight’ showed a decrease in child-rated anxiety
symptoms when tested against a control condition in neurotypical
participants, but no differences in anxiety levels were found in a sam-
ple of children with autism spectrum disorder (Wijnhoven
et al., 2022). The need to adapt TGs to different neurocognitive pro-
files and abilities has been advocated by Terras et al. (2018) who men-
tioned the need for serious games to be ‘psychologically accessible’
for users presenting with learning disabilities and/or neurodiversity.
One of the proposed ways in which this can be achieved is the
involvement, in the early stages of game ideation and throughout
game development, of ‘experts by experience’ whose inclusion can
not only foster empowerment and inclusion but also improve game
usefulness and usability (Politis et al., 2017). This is in line with what
Fleming et al. (2017) suggested as they outline the role of
co-production as a crucial aspect to maximise the potential of serious
games in clinical settings.

Various explanations are proposed as to the lack of significant

impact in regard to game design, the intervention deliverer

(e.g., teacher or self-delivery), and style of avatar within gameplay on
psychological outcomes. Potentially, the most important is the lack of
a therapeutic alliance developed as is commonly effective within tradi-
tional psychotherapeutic delivery (Catty, 2004). Recent narrative
reviews have highlighted the importance of combining digital health
interventions with human support in a bid to cultivate digital alliances,
thereby promoting engagement and effectiveness (Tremain
et al., 2020). Furthermore, the lack of ability to personalise the TG
potentially resulted in a reduction in engagement, thereby minimising
the impact of the serious game overall as users' ability to relate to the
avatars is limited overall. Future TG design would benefit from devel-
oping adaptable games to improve relatedness to the intervention.

6.1 | Limitations and future research

The current meta-analysis identified several shortcomings in the avail-
able studies. Overall, the quality of the included studies was medium-
to-poor (Table 1), with limited information available regarding how
ingrained the therapeutic modalities were to the design of the
TG. Furthermore, the research design resulted in the intervention
being used in a ‘noisy’ environment (e.g., poor intervention methods,
multiple potential confounds and low study numbers) which reduced
the impact of the intervention on the outcomes. For example, we
noted that effect sizes were greater when interventions were admin-
istered by professionals rather than non-professionals and when
active control conditions were employed instead of passive control
conditions. Such confounding factors pose challenges in isolating the
influence of individual moderators in relation to others, underscoring
the necessity for future research to precisely identify and control spe-
cific variables in randomised control trials and laboratory settings.
These controlled methods will hopefully help isolate key variables
such as those we identify and ascertain straightforward causal mecha-
nisms. Future serious game development would benefit from simple
interventions which monitor progress, frequency of intervention use
(including dosage) and repeatedly targeting core areas of cognition.
Overall, the findings suggested that psychotherapeutic interventions
utilising TGs for mental ill health are promising, but replications are
warranted, with further attention being placed on addressing

methodological concerns within the research.
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