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Background: Mental health problems in children and young people are common and can lead to poor long-term
outcomes. Despite the availability of effective psychological interventions for mental health disorders, only a minority
of affected children and young people access treatment. Digital interventions, such as applied games and virtual
reality (VR), that target mental health problems in children and young people may hold a key to increasing access to,
engagement with, and potentially the effectiveness of psychological treatments. To date, several applied games and
VR interventions have been specifically developed for children and young people. This systematic review aims to
identify and synthesize current data on the experience and effectiveness of applied games and VR for targeting mental
health problems in children and young people (defined as average age of 18 years or below). Methods: Electronic
systematic searches were conducted in Medline, PsycINFO, CINAHL, and Web of Science. Results: Nineteen studies
were identified that examined nine applied games and two VR applications, and targeted symptoms of anxiety,
depression, and phobias using both quantitative and qualitative methodologies. Existing evidence is at a very early
stage and studies vary extensively in key methodological characteristics. For applied games, the most robust
evidence is for adolescent depressive symptoms (medium clinical effect sizes). Insufficient research attention has
been given to the efficacy of VR interventions in children and young people. Conclusions: The evidence to date is at a
very early stage. Despite the enthusiasm for applied games and VR, existing interventions are limited in number and
evidence of efficacy, and there is a clear need for further co-design, development, and evaluation of applied games
and VR before they are routinely offered as treatments for children and young people with mental health problems.
Keywords: Mental health; qualitative methods; RCT design; treatment trials.

receiving specialist, evidence-based interventions for
some disorders (Lawrence et al., 2016; Reardon,
Harvey, et al., 2019). Digital mental health interven-
tions have been used to increase access to evidence-
based treatments for mental health problems in
children and young people (Hollis et al., 2017) and
adults (Andersson, Cuijpers, Carlbring, Riper, &
Hedman, 2014), either as fully automated interven-
tion programs or in combination with other tradi-
tional therapies. With recent advances in
computerized technologies, the range and scope of
digital health interventions have evolved and chan-
ged dramatically over the last decade (Hollis et al.,
2017). Emerging interventions include applied
games (also known as serious games) and virtual
reality (VR).

Applied games are ‘digital interventions that
employ games or substantial game elements in an

Conflict of interest statement: See Acknowledgements for full effort to educate and/or change patterns of
disclosures.

Introduction

Mental health problems in children and young
people are common, affecting approximately one in
eight 5- to 19-year-olds (Vizard, Pearce, & Dauvis,
2018). They typically have a substantial negative
impact on development and school, social, and
health functioning (Green, McGinnity, Meltzer, Ford,
& Goodman, 2005; Pompili et al., 2010), present a
risk for ongoing mental health problems (Copeland,
Angold, Shanahan, & Costello, 2014) and bring
significant social costs (Fineberg et al., 2013).
Despite the availability of effective psychological
interventions for mental health disorders, only a
minority of affected children and young people
access support or treatment (Reardon, Harvey, &
Creswell, 2019), with studies finding as few as 2%
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experience and/or behavior’ (Fleming et al., 2017).
When it comes to targeting mental health problems,
evidence-based interventions can be translated into
computer gaming formats and use features of com-
puter games (e.g., challenges and levels) to target
symptoms (Fleming et al., 2017).

On the other hand, VR is the use of computer
modeling and simulation that enables a person to
interact with an artificial three-dimensional visual or
other sensory environment. With VR, people can
enter simulations (typically delivered via a headset)
of the situations that trouble them, and so, in the
case of anxiety difficulties for example, this can give
them an opportunity to re-evaluate their fears, test
out therapeutic strategies, and acquire new learning
which transfers to the real world.

Applied games and VR have been subjected to
more extensive evaluation as treatments for mental
health problems within the adult literature (e.g.,
Freeman et al., 2017) compared to the literature
about children and young people. However, promis-
ing evidence is emerging of clinical gains using
applied games or VR for mental health problems in
children and young people (Maskey, Rodgers, et al.,
2019; Merry et al., 2012). Given that many children
and young people have grown up surrounded by and
using digital devices that often play an integral part
in their lives (Lenhart, Purcell, Smith, & Zickuhr,
2010), modern digital interventions may have par-
ticular appeal and utility amongst this population
(Bakker, Kazantzis, Rickwood, & Rickard, 2016).
Furthermore, as children and young people could
potentially access these technologies in their homes,
applied games and VR may help to overcome geo-
graphical barriers to accessing treatment, reduce
other barriers to face-to-face interventions (e.g.,
stigma), and promote the reach of interventions to
children and young people who would not normally
seek help through traditional mental health services
(Fleming et al., 2017; Freeman et al., 2017; Lau,
Smit, Fleming, & Riper, 2017).

Wider benefits of applied games and VR may also
come from their automated capability. Typically, VR
has been used by therapists as an adjunct to face-to-
face intervention, but there is a new generation of
automated VR cognitive treatments which bring the
potential to widely expand opportunities for access
to effective treatments (Freeman et al., 2018). For
example, reducing reliance on therapist delivery can
reduce health care costs (Lambe et al., 2020), and
standardized treatment approaches can be effec-
tively disseminated by making sure that key ‘treat-
ment ingredients’ are built in and always delivered
(Farrell et al., 2020; Lambe et al., 2020). While many
of these advantages will apply across different forms
of digital intervention, applied games, and VR also
bring the potential to overcome practical challenges
in, for example, exposing people to certain fears that
may otherwise be costly, difficult, or even dangerous
to reproduce in real situations (e.g., repeating
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airplane take-offs and hurricanes; Farrell et al.,
2020; Freeman et al., 2017; Lambe et al., 2020).
Furthermore, applied games and VR may overcome
some of the challenges of adherence and sustained
engagement with self-directed interventions, for
example, by offer a greater degree of support (e.g.,
from a virtual therapist). In addition, the fact that the
user has control over the frequency and intensity of
exercises and that VR and gaming environments can
be adjusted to each user’s specific needs may also
enhance treatment adherence and acceptability
(Hollis et al., 2017).

With these considerations in mind, the use of
applied games and VR to target mental health
problems in children and young people appears to
be a logical step to increase access to, engagement
with, and, potentially, the effectiveness of psycho-
logical treatments. To date, several applied games
and VR interventions have been specifically devel-
oped for children and young people. A recent review
of applied games showed moderate effects in reduc-
ing symptoms of depression in young people (Lau
et al., 2017), but less is known about their effective-
ness in targeting other mental health problems and a
systematic review of VR-based therapies in this
population has not yet been conducted.

Aims of this review

The aim of the current review is to provide an up-to-
date evaluation by means of a systematic review of
studies that have assessed the effectiveness of
applied games or VR in treating mental health
problems in children and young people. Specifically,
we aim to identify and synthesize current data on
studies that include an active intervention that
involves at least one (i) applied game element, or (ii)
VR element, which aimed to target mental health
problems in children and young people. In addition,
we set out to explore children and young people’s
experience (e.g., acceptability, adherence, expecta-
tions, and evaluations) of using these digital inter-
ventions.

Methods

The systematic review was conducted in accordance with
guidance in the ‘Preferred Reporting Items for Systematic
Reviews and Meta-Analyses’ (PRISMA; Moher, Liberati, Tet-
zlaff, & Altman, 2009) statement and the protocol was pre-
registered with PROSPERO (ID: CRD42020163056; available
from https://www.crd.york.ac.uk/prospero/display_record.
php?ID=CRD42020163056). Four electronic databases, MED-
LINE, PsycINFO, CINAHL, and Web of Science Core Collection,
were searched. Database searches were conducted on 5%
November 2019 and were limited to all papers from 1990, to
reflect the first widespread commercial release of consumer VR
headsets. No other restrictions were applied during the search
phase. Additionally, we conducted backward and forward
citation hand searches for all studies included in the review
in March 2020. The search string is available via the review’s
PROSPERO record.

© 2021 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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Eligibility criteria

The inclusion and exclusion criteria were piloted and refined
by four review authors (BH, CC, PW, and CH) using a sub-
sample of papers. Studies were deemed eligible for inclusion if
they met the following criteria:

1. The paper was available in English, in a peer-review
journal.

2. The paper reported on humans.

3. The paper reported novel findings. Papers reporting
reviews, meta-analyses, biographies, clinical guidelines,
dissertations, theses, commentaries, or summaries of pre-
vious reported research were not included.

4. The paper reported on children and adolescents up to (and
including) age 18 years. Due to the scarcity of research in
these populations, studies including participants with an
upper age limit of 21 years were included if the average age
of the sample was less than 18 years.

5. The paper reported on participants that were selected for
inclusion on the basis of meeting diagnostic criteria for a
mental health disorder or showing elevated symptoms of
mental health problem/s. In line with the typical configu-
ration of children’s services (mental health vs neurodevel-
opmental), we excluded neurodevelopmental disorders and
their symptoms (e.g., Autistic Spectrum Disorders, and
Attention Deficit and Hyperactivity Disorder) where aspects
of the neurodevelopmental disorder (e.g., social skills and
impulsivity) were the target of the intervention, although
studies in which mental health problems were targeted
amongst children with neurodevelopmental disorders were
included (so long as other inclusion/exclusion criteria
applied).

6. The paper included an active intervention involving at least
one applied game element or VR element—which aimed to
target mental health problems. Applied games were defined
as ‘digital interventions that employ games (or substantial
game elements) in an effort to educate and/or change
patterns of experience and/or behavior’. Thus, interven-
tions where the digital ‘game element’ was used to aid
treatment (e.g., to give participants a bgreak from treatment,
or to provide a reward for participating in treatment) as
opposed to directly targetting mental health symptoms
were not eligible. VR was defined as ‘the use of computer
modeling and simulation that enables a person to interact
with an artificial three-dimensional (3D) visual or other
sensory environment.

7. The paper reported outcome/s using any of the following:

a. A recognized diagnostic tool for DSM or ICD mental
health disorder (completed by child/adolescent and/or
parent)

b. A validated measure of symptoms of DSM or ICD mental
health disorders (completed by child/adolescent, parent,
and/or teacher)

c. Outcomes related to children and/or young peoples’
experience (i.e., adherence, expectations, evaluations,
and acceptability)

Note: Because of the early stage of the development of this
field, we did not restrict inclusion on the basis of study design
and therefore included both randomized controlled trials and
case studies/series. We also included studies exploring chil-
dren and young people’s experiences of VR and/or applied
game-based interventions, which included qualitative
approaches (e.g., data from interviews).

Papers were excluded if the study was a universal interven-
tion and/or in a non-clinical population without elevated
symptoms of mental health problems. Additionally, papers
were excluded if the VR or applied game element were
examined in the context of intellectual disabilities or physical
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health conditions. Finally, where studies included qualitative
data, collected through interviews or open-ended responses to
questionnaires, this was only included in the analysis if the
feedback was collected in a systematic way (e.g., if quotes were
given with information of how participant feedback was
elicited).

Study selection

A flowchart of the study selection process is shown in Figure 1.
All electronic database search results were exported to End-
note version X9 (The Endnote Team, 2013). The searcheens
retrieved 11,083 records; 7,944 of which were retained after
duplicate records were removed. For quality assurance of
study identification, two reviewers (BH and KP) screened all
titles and abstracts of identified studies. Inter-rater reliability
between the two reviewers was calculated at the initial phase
of title/abstract screening as 99%, kappa = 0.946. Where
reviewers disagreed at the title/abstract stage, papers went
through to full-text screening. Abstract screening led to the
exclusion of 7,160 articles; full-text articles for remaining 784
citations were reviewed for eligibility. A paper could be
excluded at any stage of the full-text screening process on
the basis of a ‘no’ response to any of the eligibility criteria; the
first criterion that was not met was recorded as the reason for
rejection. Duplicates were removed at both the title/abstract
and full-paper screening stages. Reference lists of retained
articles were inspected for relevant studies, and we also
conducted hand searches and citation chaining to identify
additional studies; bibliographic databases were used again to
retrieve abstracts, and, if appropriate, full-text articles. A total
of 19 studies were included in the systematic review. Inter-
rater reliability between the two reviewers (BH and KP) for the
inclusion/exclusion of full-text papers was 93.8%,
kappa = .68. For papers that were accepted via the full-text
paper screening, appropriate data were extracted by two
reviewers (BH and KP) and then reviewed to ensure accuracy.
Disagreements among reviewers were initially discussed by the
two review authors (BH and KP) and if consensus was not
reached, other review authors (CC/DF/CH) were consulted to
reach a final decision.

Data synthesis

Due to considerable heterogeneity among the studies included
in this review, we have adopted a descriptive approach to data
synthesis, whereby short summaries of included studies are
presented.

Quality rating

We assessed the quality of studies using two rating checklists
(one for quantitative and one for qualitative studies) developed
by Kmet, Cook, and Lee (2004). This is an appraisal tool
appropriate for rating studies with a variety of designs. If a
study included both quantitative and qualitative methodology,
they were rated on each scale. Each checklist item was rated
on a 0-2 scale (0 = not met; 1 = partially met; 2 = fully met).
The quantitative checklist included 13 items (maximum score
of 26) and the qualitative checklist included 10 items (maxi-
mum score of 20). On the quantitative checklist, where items
were not applicable to the study design (e.g., power analyses
for case studies), the item was not included in the calculation
of the summary score. A summary score was calculated for
each paper by summing the total score obtained across
relevant items and dividing by the total possible score giving
a score between O and 1. Therefore, the scores are adjusted
according to their study design, and, although there are no
direct benchmarks for appraising the quality, this does allow
for a direct comparison of all the studies identified in the

© 2021 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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database searching through backward and forward
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=
c
& Records screened Records excluded at screening
g (n=7944) > stage (n=7160)
l Full-text articles excluded
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(n=765)
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=z for eligibilit 1. Not available in English, in peer
= & y E— reviewed journal (n=59)
= (n=784) .
20 2. Did not report on humans
“ (n=1)
3. Did not report novel findings
(n=144)
) 4. Did not report on young
L . . people (n=207)
Studies included in review -
5. Participants were not selected
o (n=19) . . .
3 for inclusion on the basis of
_3 diagnosis or showing elevated
£ mental health symptoms
(n=65)
6. Did notinclude an active
—

intervention that included VR
or applied game aimed to
target mental health
disorder/symptoms (n=134)

7. Examined VR or applied games
in the context of intellectual
disabilities/physical health
problems. (n=1)

8. Did not measure disorder,
symptoms or experience
(n=153)

9. Could not access (n=1)

Figure 1 PRISMA flowchart of study selection process [Colour figure can be viewed at wileyonlinelibrary.com]

review. Each study was assessed and independently rated by
CH and PW, who then discussed discrepancies and agreed
consensus ratings. Twelve studies were rated using the
checklist for quantitative studies, 2 studies were assessed
using the checklist for qualitative studies, and 5 studies that
used both qualitative and quantitative methods were assessed
using both checklists. Regardless of quality classification, all
studies were included in the review.

Estimation of effect sizes

Where possible we calculated both within (e.g., pre-post) and
between group study effect sizes. It is important to note the
limitations of within-group effects (e.g., they may simply reflect
a regression to the mean) and priority should be given to the
between group effects that are reported. However, as some
studies did not include any control condition, we included the

© 2021 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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within-group effects so that we had some way of comparing
outcomes across different interventions. For continuous out-
comes, effect size calculations were was based on the reported
mean questionnaire score at pre- and post-intervention, and
their standard deviations using the following online calculator:
https:/ /www.psychometrica.de/effect_size.html. When stud-
ies were not explicit in what their primary outcome measure
was and/or used multiple measures, we selected the measure
that had been standardized in children and young people and
most in line with the study aims (i.e., if the intervention
focused on reducing anxiety problems we chose an anxiety
measure). Effect sizes were interpreted using Cohen’s (1988)
suggested reference values of 0.20, 0.50, and 0.80 as small,
medium, and large, respectively. Several studies also reported
outcomes after one or more follow-up periods, which varied
from one to sixteen months. Separate effect size calculations
were conducted for these studies where pre-treatment mean
scores and follow-up mean scores and their standard devia-
tions were used. Three studies did not provide relevant data to
allow for effect size calculations at any time-point. For one
study (Fleming, Dixon, Frampton, & Merry, 2012) Cohen’s d
was based on the Cohen’s d reported in the paper. Effect sizes
were coded as positive or negative to aid interpretation of the
data. A positive effect size for within-group differences indi-
cates an increase in symptom score. For between group
comparisons, a positive effect size indicates that participants
receiving the digital intervention had a lower symptom score.
For change in dichotomous outcomes (i.e., diagnostic status
and/or remission rates), odds ratios were transformed into
Cohen’s d—a positive effect size for diagnostic status or
remission, indicates that a higher proportion of participants
receiving the digital intervention no longer met diagnostic
status or were in remission.

Results
Study characteristics

Applied games. Sixteen (84.2%) of the 19 studies
explored children and young people‘s experience of
using applied games and/or their effectiveness in
targeting mental health problems (see Tables 1 and
2), and examined nine different applied games.

Two research groups authored ten of the sixteen
studies. Out of the sixteen studies, eight (50%) were
randomized controlled trials (RCTs; Fleming et al.,
2012; Merry et al., 2012; Scholten, Malmberg, Lobel,
Engels, & Granic, 2016; Schoneveld, Lichtwarck-
Aschoff, & Granic, 2018; Schoneveld et al., 2016;
Stasiak, Hatcher, Frampton, & Merry, 2014; Wijn-
hoven et al., 2020; Wols, Lichtwarck-Aschoff, Schon-
eveld, & Granic, 2018); six (37.5%) included
qualitative data (Bobier, Stasiak, Mountford, Merry,
& Moor, 2013; Carlier et al., 2019; Carrasco, 2016;
Coyle, McGlade, Doherty, O’Reilly, & Acm, 2011;
Fleming, Lucassen, Stasiak, Shepherd, & Merry,
2016; Schoneveld, Lichtwarck-Aschoff, & Granic,
2019); two (12.5%) were open pilot feasibility studies
(Bobier et al., 2013; Lucassen, Merry, Hatcher, &
Frampton, 2015); one (6.3%) was a controlled clin-
ical trial (Knox et al., 2011); and one (6.3%) was a
case study (Carlier et al., 2019). Out of the nine
applied games, two (22.2%) have been evaluated
more than once (i.e., MindLight and SPARX). Across
these studies, participant ages ranged from 7 to

J Child Psychol Psychiatr 2021; 62(5): 584-605

19 years. Study sample sizes ranged from 2 to 187
participants (mean = 62.06; SD = 63.48) and all
studies involved children and young people of mixed
gender except for Carrasco (2016) and Carlier et al.
(2019) which only included females. The majority of
studies were conducted in high-income countries,
including the United Kingdom, Netherlands, and
New Zealand.

Four (44.4%) of the nine applied games (i.e.,
MindLight, New Horizon, Dojo, and gNATS Island)
focused on anxiety symptoms/disorders and were
conducted with children and young people with
elevated symptoms of anxiety in general populations
(Knox et al., 2011; Scholten et al., 2016; Schoneveld
et al., 2016, 2018, 2019; Wols et al., 2018), children
and young people with autism spectrum disorder
(ASD; Carlier et al., 2019; Wijnhoven et al., 2020), or
children and young people referred for the treatment
of anxiety problems (Coyle et al., 2011). Three
(33.3%) applied games (i.e., SPARX, The Journey
and The Quest for the Rest) targeted depression.
They were conducted with children and young people
with elevated symptoms of depression (Carrasco,
2016; Fleming et al., 2012, 2016; Merry et al., 2012;
Stasiak et al., 2014) or admitted for severe psychi-
atric disorder including depression (Bobier et al.,
2013). One (11.1%) program (Rainbow SPARX)
specifically targeted elevated levels of depression in
‘sexual minority’ youth (Lucassen et al., 2015) and
one (11.1%) program (which included two games:
The Journey to the Wild Divine and Freeze Framer)
targeted both symptoms of anxiety and depression
and was conducted in children and young people
with sub-clinical or clinical levels of anxiety (Knox
et al., 2011).

Descriptions of each game are listed in Table 3.
The applied games mainly implemented CBT
through a variety of approaches, some using a
limited number of treatment components (e.g focus-
ing mainly on relaxation), and some using a range of
interventions delivered over a longer time.

Virtual reality. Three (15.8%) of the 19 studies
investigated children and young people’ experience
of VR and/or its effectiveness in targeting mental
health symptoms (see Tables 1 and 2), and examined
two VR applications. Out of the three studies, one
(33.3%) was a RCT (Maskey, Rodgers, et al., 2019);
one study (33.3%) was a pilot study without a control
condition (Maskey, Lowry, Rodgers, McConachie, &
Parr, 2014); and one study (33.3%) reported quali-
tative data (Parrish, Oxhandler, Duron, Swank, &
Bordnick, 2016). Participant age ranged from 7 to
18 years. Study sample sizes ranged from 9 to 41
participants (mean = 27.33; SD= 16.50) and all
studies involved children and young people of both
genders, except for Maskey et al. (2014) which only
included males. Studies were all conducted in high-
income countries, including the United Kingdom and
United States. The two VR applications were
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developed for targeting specific phobia (i.e., Blue
Room’; Maskey et al., 2014; Maskey, Rodgers, et al.,
2019) or social anxiety (Parrish et al., 2016). Studies
were conducted with children and young people with
autism spectrum disorder and specific phobia (Mas-
key et al., 2014; Maskey, Rodgers, et al., 2019) or
general populations with symptoms of social anxiety.
The VR components of included studies are listed in
Table 3.

Outcomes

Experience. Children and young people’s experi-
ence (i.e., adherence, expectations, evaluations, and
acceptability) of applied games or VR are summa-
rized in Table 4.

Twelve (75%) of the sixteen studies included chil-
dren and young people’s evaluations of applied
games (Bobier et al., 2013; Carrasco, 2016; Coyle
et al., 2011; Fleming et al., 2012, 2016; Lucassen
et al., 2015; Merry et al., 2012; Schoneveld et al.,
2016, 2018, 2019; Stasiak et al., 2014; Wijnhoven
et al., 2020). Overall, the majority of children and
young people completed the required treatment
modules (e.g., Fleming et al., 2016), expected the
applied games to be helpful in targeting their mental
health symptoms (prior to use; e.g., Schoneveld
et al., 2018), found them relevant (e.g., appropriately
anxiety inducing; e.g., Schoneveld et al., 2019) and
acceptable (e.g., enjoyable and useful; e.g., Bobier
et al., 2013). The two studies that also evaluated
experience of another computerized intervention,
including non-therapeutic commercial games,
reported no significant group differences in treat-
ment adherence (Wijnhoven et al., 2020) and expec-
tations for lowering fear (prior to use; Schoneveld
et al., 2016). However, one study also compared the
experience to face-to-face treatment (i.e., group CBT)
and found that children and young people rated
group CBT as significantly more relevant to their
daily lives than the applied game post-treatment and
at a 3-month follow-up (with medium to large
between-group effects, respectively), but not at a 6-
month follow-up (small between-group effect; Schon-
eveld et al., 2018). However, both groups rated their
intervention as equally appealing to themselves and
others and no group differences were found on
reported difficulty or the extent to which the inter-
ventions induced anxiety.

For VR, two of the three studies included children
and young people’s experience of the VR application,
showing that participants completed all sessions
(Maskey, Rodgers, et al., 2019) and found the VR
environments appropriately anxiety provoking (Par-
rish et al., 2016; see Table 3). Neither study com-
pared the experience of VR to a different
intervention.

Mental health symptoms. Effect sizes for the self-,
parent- and, where reported, -clinician-rated

J Child Psychol Psychiatr 2021; 62(5): 584-605

outcomes for applied games and VR are shown in
Table 5.

For applied games that focused on anxiety, four
out of six studies used MindLight and found small to
large within-group effects post-treatment and at
follow-up on self- and parent-reported symptoms of
anxiety within ASD (Wijnhoven et al., 2020) and
general populations with elevated levels of anxiety
(Schoneveld et al., 2016, 2018; Wols et al., 2018).
However, when compared to another intervention,
children and young people with autism who used
MindLight did not self-report significantly greater
symptom reduction at any time-point compared to
children and young people that played a non-ther-
apeutic commercial game (small between-group
effects; Schoneveld et al., 2016; Wijnhoven et al.,
2020). This is consistent with Scholten et al. (2016),
who also found non-significant and small between-
group effects between Dojo and a commercial game.
These non-significant group differences were corrob-
orated by parent report, except for in Wijnhoven
et al. (2020) where parents rated children and young
people who played MindLight as significantly less
anxious (with small between-group effects) at follow-
up (but not post-treatment) compared to parents of
children who played a commercial game. Notably,
however, in the only study to compare an applied
game to a face-to-face intervention, Schoneveld et al.
(2018) found that MindLight was as effective as face-
to-face CBT in reducing anxiety symptoms in a
sample of pre-adolescent children (7- tol2-year-
olds). However, notably, the within-group effect sizes
for both interventions were similar in size to that
found for the commercial game (not aimed at reduc-
ing anxiety symptoms) in Wijnhoven et al. (2020).

In the four studies targeting children and young
people with depression or elevated symptoms of
depression, three included the applied game SPARX
and found medium to large within-group effects on
depressive symptoms at post-treatment and follow-
up (Fleming et al., 2012; Lucassen et al., 2015;
Merry et al., 2012). Furthermore, at post-treatment,
adolescents receiving SPARX were significantly more
likely to be in remission (medium effect size) and
have lower depressive symptoms (effect size not
reported) than adolescents on a waiting list (Fleming
et al., 2012). When compared to treatment as usual
(face-to-face counseling), playing SPARX was asso-
ciated with similar improvements in remission rates
and depressive symptoms at all time-points (small
effect size; Merry et al., 2012). Only one study has
compared an applied game for depression to another
computerized intervention (psychoeducation). Both
interventions had large within-group effects on clin-
ician-rated depression severity. Whilst adolescents
who played The Journey were rated as significantly
less depressed at post-treatment (medium effect
size), changes in remission rates did not differ
significantly between groups (although there was a
large between-group effect size; Stasiak et al., 2014).
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Outcome variable
(reported by)

Total sample size
(% female)

Setting

Age
range
(years)

Target population

Name of intervention

Country

Study

Table 2 (continued)

© 2021 The Authors.

Applied games focusing on anxiety and depression

Symptoms severity (child/adolescent)

24 (37.5)

9to 17 Clinic

Children and

The Journey to the

USA

Knox et al.

(2011)

adolescents with sub-
clinical or clinical

Wild Divine; Freeze

Framer

anxiety problems

Virtual Reality focusing on phobia, social anxiety, and/or trauma

Symptoms severity (child/adolescent/parent); Phobic

32 (21.9)

7 to 15 Clinic

Children and

Blue Room

UK

Maskey,

behavior rating (research assistant); Treatment response

(research assistant)
Symptoms severity; Phobic behavior rating; Confidence

adolescents with ASD
and specific phobia

Children and

Rodgers,

et al. (2019)
Maskey et al.
(2014)

9(0)

7 to 13 Clinic

Blue Room

UK

ratings

adolescents with ASD
and specific phobia

J Child Psychol Psychiatr 2021; 62(5): 584-605

In the only trial of an applied game that targeted
symptoms of both anxiety and depression in a
treatment-seeking sample, the game was associated
with a significant advantage in terms of symptoms of
anxiety (large effect) and depression (small effect)
compared with a waiting list (Knox et al., 2011).

For VR, two out of three studies focused on specific
phobias. Both used ‘Blue Room’ and when evaluated
in children and young people with ASD, they found
small to medium within-group effects on child- and
parent-reported anxiety/phobia symptoms (Maskey
etal., 2014; Maskey, Rodgers, et al., 2019). However,
no significant group differences were found when
Blue Room was compared to a waiting list control
(medium effect size; Maskey, Rodgers, et al., 2019).
The third study (Parrish et al., 2016) focused on
social anxiety in adolescents, but no data were
provided for symptom outcomes (only qualitative
information was provided).

Quality ratings

Quality ratings ranged from 0.25 to 0.96 (out of a
possible range from O to 1) with an average quality
rating of 0.80 for quantitative studies and from 0.2 to
0.85 (out of a possible range of O to 1) with an average
quality rating of 0.43 for qualitative studies. For
quantitative studies, higher quality studies generally
scored highly for the research question being suffi-
ciently described, participant selection, and sample
size. Areas where studies tended to receive lower
scores were describing the sample’s characteristics,
randomizing participants to intervention groups,
reporting well defined and robust outcome measures,
and reporting of the blinding of investigators.

For qualitative studies, often the research ques-
tions, study context, and overall study design were
reasonably well described; however, most studies
were limited in terms of the connection to theory or
wider knowledge, explanation of how the data were
collected, and methods to verify the findings. Nota-
bly, none of the qualitative studies demonstrated any
evidence of reflexivity.

Discussion

This systematic review identified 19 studies that
have examined children and young people’s experi-
ence of and the effectiveness of using applied games
or VR for mental health problems. Despite the
enthusiasm and promise of this line of intervention,
it is important to highlight that the evidence to date
is at a very early stage with studies being limited to
interventions for anxiety, depression, and phobias
only. For applied games, overall, there is evidence to
suggest that children and young people find them
helpful, enjoyable, and engage with them. However,
children and young people may not necessarily find
them relevant for addressing their mental health
problems. Nonetheless, when it comes to treatment
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Table 3 Description of applied games and VR

Applied Games
Mindlight

New Horizon

Journey to the Wild Divine /
Freeze Framer 2

Dojo

gNATS island

SPARX

The Journey

The Quest for the Rest

Virtual Reality
Blue Room

Series of social-related VR
environments

A horror-themed survival video game for 8- to 12-year-old children based on CBT techniques:
relaxation through neurofeedback (the player wears an EEG headset), exposure training, and
attention-bias modification. Using these techniques, the game aims to teach children how to
cope with anxiety.

A 2D mobile Android exploration game made up of four mini-games, two of which contain CBT
techniques. The ‘Senses’ and ‘Breathing’ mini-games incorporate visualization as a relaxation
technique and focused breathing.

Journey to the Wild Divine involves an assortment of experiences in a fantasy land, for example,
the user has a goal of building a bridge across a valley. Imagery and sound are used to aid
relaxation. As the user’s breathing slows and tension decreases (measured using heart rate
variability and skin conductance), the bridge is built. If the user experience frustration or
anxiety, the bridge disappears.

Freeze Framer 2 allows the player to engage in activities such as coloring a meadow, making a
rainbow, or floating in a hot air balloon on the computer screen. Imagery and sound are used to
aid relaxation. Heart rate variability and skin conductance level are measured.

A motion management video game designed to reduce anxiety in adolescents. Dojo incorporates
two evidence-based strategies: emotion regulation training and heart rate variability
biofeedback. Emotion regulation strategies are practiced in challenges that become
increasingly difficult if the player’s heart rate increases.

A computer game designed to support face-to-face CBT interventions for adolescents aged 10—
15. While navigating through a 3D tropical island, players encounter little creatures called
gNATS which represent automatic negative thoughts (of which there are nine). Through
conversations with game characters, players are introduced to strategies for identifying and
challenging negative thoughts.

An interactive fantasy game designed to deliver CBT for the treatment of adolescent mild to
moderate depression. The player undertakes a series of challenges to restore balance in the
fantasy world dominated by GNATS (Gloomy Negative Automatic Thoughts). The content in the
seven levels include psychoeducation, relaxation skills, interpersonal skills, activity
scheduling, problem-solving, SPARX (Smart Positive Active Realistic X-factor thoughts),
cognitive restructuring, distress tolerance, and relapse prevention.

A computerized CBT program for depressed adolescents. The player follows a quest through a
fantasy environment. The game comprises seven modules, each with a different topic;
introduction to CBT model, behavioral activation, problem-solving, cognitive restructuring
(identifying and challenging unhelpful thoughts), relaxation techniques, relapse prevention.
Information is presented through interactive exercises, animations and illustrative video clips.

A video game that follows the story of a teenager called Maya who is feeling sad. The game
incorporates and scores game behavior in the areas of recognition and modification of negative
cognitive bias, interpersonal skills and interpersonal problem-solving and behavioral
activation and a healthy lifestyle. Feedback is given to reinforce positive behavior.

A fully immersive virtual reality environment (VRE) that uses interactive computer-generated
audio-visual images projected onto the walls and ceilings of a 360 degree screened room (no
need for a headset or goggles). The Blue Room is suitable for phobias that can be visually
represented and addressed. A therapist delivers CBT techniques whilst in the room with the
participant. Scenes are individualized, incorporating an exposure hierarchy related to the
feared stimulus.

VR public speaking environment: Participants were asked to give a speech in front of a virtual
audience using a head-mounted display that tracks movement. The audiences was prompted
to look sleepy, distracted, as though they disagreed, and were puzzled in a consistent manner
during the speech for each participant. At the end of the scenario, the audience was prompted
to clap politely. VR part environment: Participants start on the walkway outside a house party
where party music was playing (in the head set) and individuals can be seen visiting inside an
open front door at the party. Participants were encouraged to interact naturally with others.
This environment runs on an automatic timer, moving the participant through various parts of
the home where the participant is exposed to several social interactions with individuals.

of depression, there is some cause for optimism
about the potential for applied games as studies
reported significant group differences with medium
effect sizes for both changes in symptoms and
remission rates and with more robust support for
SPARX than any other applied game. Specifically,
remission was significantly greater among adoles-
cents that played SPARX compared to a waiting list
(Fleming et al., 2012). Furthermore, SPARX achieved
similar outcomes to an alternative, face-to-face

counseling treatment (Merry et al., 2012), with both
interventions achieving medium to large within-
group effects, which are similar to the effects found
for other face-to-face psychological interventions for
adolescent depression (Goodyer et al., 2017). When
it comes to anxiety, however, there is greater need for
caution. Here, pre-post effect sizes were typically in
the small to medium range (whereas these are
typically large for face-to-face CBT; James, James,
Cowdrey, Soler, & Choke, 2015), and comparisons to
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non-therapeutic (e.g., commercial) games failed to
identify significant differences (e.g., Wijnhoven et al.,
2020).

For VR, the limited literature on children and
young people’s experience suggests that they
adhere to VR interventions and the VR environ-
ments evoke feelings of anxiety. From the three
studies that we identified, only two reported symp-
tom outcomes showing small to medium within-
group effects for changes in fears and anxiety, but,
VR had no statistically significant advantage over
waiting list, albeit in a small trial (Maskey, Rodgers,
et al., 2019).

Limitations of the current literature

In addition to the general lack of studies to examine
the experience and effectiveness of applied games or
VR to treat mental health problems in children and
young people, interpretation of the existing evidence-
base needs to take into account several important
limitations, specifically the lack of concept clarity,
the wide variation in intervention approaches, a
failure to take in to account potential developmental
differences in terms of what works for whom, a
reliance on self- and/or parent report, a lack of
consistency in methods used, and an absence of or
lack of reporting on the co-design process (i.e., the
active involvement of stakeholders in the develop-
ment of the technology). Each of these limitations
and associated implications for future research are
now discussed in turn.

Lack of concept clarity. An important source of
variation across studies is inconsistency in how
‘applied games’ and VR’ have been defined. Applied
games comprise both ‘serious games’ and ‘gamifica-
tion’, which, as highlighted by Fleming et al. (2017),
have both been defined in various ways in the litera-
ture. There is also wide variation in terms of the type of
games that are used to deliver interventions (from
coloring tasks to engaging with characters in fantasy
game world environment). Similarly, the term VR’ is
often applied to rather different hardware and seldom
elaborated on in reports which can make it unclear
what exactly is being delivered. Furthermore, the term
VR is sometimes applied to non-interactive and non-
immersive technologies. For example, we excluded
several studies that described using virtual reality
(e.g., Dewis et al., 2001; Falconer, Davies, Grist, &
Stallard, 2019; Gutierrez-Maldonado, Magallon-Neri,
Rus-Calafell, & Penaloza-Salazar, 2009; Maskey,
McConachie, et al., 2019; St-Jacques, Bouchard, &
Bélanger, 2010) however the intervention did not rely
on VR hardware and was, for example, delivered via a
two-dimensional computer screen with, therefore,
limited immersive capability.

Variable intervention approaches. There is also
wide variation in the treatment mechanisms that

J Child Psychol Psychiatr 2021; 62(5): 584-605

have been targeted by game mechanics - that is, the
‘vehicles’ by which therapeutic change is delivered,
particularly for applied games that target anxiety
problems. Notably, exposure is considered a key
treatment ingredient in CBT for anxiety problems in
children and young people (Kendall et al., 2006;
Peris et al., 2017) and recent research has high-
lighted the limited (and potential detrimental) impact
of relaxation exercises (Peris et al., 2015; Whiteside
et al., 2020), yet the majority of applied games for
anxiety problems focused only on training relax-
ation, and only one (i.e., MindLight; Wijnhoven et al.,
2020) included exposure. In contrast, the two VR
interventions applied exposure as their main and
only treatment component. When it comes to applied
games targeting depression, the treatment content in
SPARX, particularly, was more extensive and aligned
with the mechanisms typically targeted in face-to-
face interventions (i.e., included psychoeducation,
relaxation, interpersonal skills, activity scheduling,
problem-solving, cognitive restructuring, distress
tolerance, and relapse prevention). But still here it
remains unclear to what extent the core mechanisms
are effectively changed by the intervention and the
extent to which that relates to treatment outcomes.

Lack of consideration of developmental fac-
tors. Existing applied games and VR interventions
for children and young people have been pioneering
but have so far failed to take into account possible
developmental differences in the presentation of and
what is likely to maintain mental health problems in
children and young people, particularly among the
studies targeting anxiety problems. For example,
with a few notable exceptions (e.g., Carlier et al.,
2019; Fleming et al., 2012, 2016; Wols et al., 2018),
studies have typically included children and young
people from broad age ranges (e.g., 9-17 years; Knox
et al.,, 2011), despite there being developmental
differences in both the clinical characteristics (e.g.,
baseline severity and comorbid psychopathology;
Kendall et al., 2010; Waite & Creswell, 2014) and
maintenance mechanisms (e.g., role of threat and
safety cues; Waters, Theresiana, Neumann, &
Craske, 2017; attribution and interpretation biases;
Creswell, Murray, & Cooper, 2014) of mental health
problems from childhood to adolescence. To date, too
little attention has been given to identifying evi-
dence-based and developmentally appropriate treat-
ment components to inform the development of
applied games.

Limited outcome measurements. The failure to
take into account developmental differences also
has implications for outcome measurement. The
papers included in this review largely relied on self-
and/or parent report measures to assess outcomes,
with only two studies (Maskey, Rodgers, et al., 2019;
Wijnhoven et al., 2020) including gold-standard
clinician  assessments. While  questionnaire

© 2021 The Authors. Journal of Child Psychology and Psychiatry published by John Wiley & Sons Ltd on behalf of Association for
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measures bring advantages in terms of time and
costs, the appropriateness of relying on different
reporters is likely to vary for children and young
people at different ages. For example, child report
questionnaires were commonly used to identify
research participants with elevated anxiety symp-
toms and/or measure the effectiveness of applied
games; however, the specificity and sensitivity of
child self-report questionnaires are low among pre-
adolescent children (Evans, Thirlwall, Cooper, &
Creswell, 2016; Reardon, Creswell, et al., 2019),
leading to recent recommendations to prioritize
parent/carers report for younger children (Creswell
et al., 2020). Wider issues with outcome measure-
ment included the common inclusion of a range of
different questionnaires (including unstandardized
ones) at variable time-points without defining the
primary outcome, leading to a greater risk of
overemphasizing one, potentially spurious, signifi-
cant result.

Notably, given the potential for applied games and
VR to increase the efficiency of treatment, there was
a lack of consideration of health economic outcomes
across studies. Attention should also be given in
clinical outcome studies to the potential occurrence
of adverse effects. Commercial VR head-mounted
displays are often not recommended for children,
principally it seems due to caution about having
screens close to the eyes, although this is less of a
concern for the limited time spent in therapeutic
treatments. Furthermore, the role of parents in
successful implementation of applied games and
VR is unclear. It will be essential that these issues
are addressed going forward if we want to have a
sufficiently robust evidence-base for applied games
and VR to consider integrating these approaches in
practice.

Variability in methods. In addition to the variabil-
ity in intervention approaches and assessments,
included studies also varied extensively in key
methodological characteristics. Four studies used a
computerized control group condition; three used a
waitlist control, ten had no comparison group, and
only one program (i.e., SPARX) has been evaluated
within a real-world setting. The index intervention
was compared to a face-to-face intervention in two
studies, but, again, there was variability in the
nature of the face-to-face interventions which
included, for example, a shortened version of
school-based group CBT (Schoneveld et al., 2018)
and treatment as usual (mainly school-based coun-
seling; Merry et al., 2012). Only two trials were set up
as non-inferiority trials — one finding evidence of
non-inferiority to group CBT (Schoneveld et al.,
2018) and the other finding non-inferiority in com-
parison to counseling (Merry et al., 2012). It is
important to note that the extent of change in both
conditions in the former trial was small, so we
cannot feel confident concluding that either the
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game or the group CBT was particularly effective.
Given the wide range of effect sizes and comparison
conditions found in existing studies, this research
needs to be underpinned by a priori standards for
the necessary level of evidence required in order to
claim that offering applied games/VR interventions
will make a clinically important contribution to the
settings in which they are delivered.

It was encouraging to see that researchers have
started to examine the experience of using applied
games and VR via qualitative methods to investigate
issues related to acceptability and satisfaction,;
however, future research would benefit from using
a rigorous qualitative methodology in terms of the
method of selecting participants, methods of data
collection and analysis (providing a conceptual and
critical analysis of the data), and use of reflexivity
(Braun & Clarke, 2013).

Limited co-design. It is a considerable limitation of
the studies reviewed that little reference is made to
whether the interventions presented were co-de-
signed, that is, actively involved key stakeholders
(e.g., service users, clinicians, service providers,
and researchers) in the design process to ensure
interventions meet their needs and are engaging
and usable. Recent guidance for digital mental
health innovations emphasize the importance of
co-design (Bevan Jones et al., 2020; Hill et al.,
2018; Richards et al., 2016) due to the benefits it
brings in terms of: (a) design quality (e.g., Yardley,
Morrison, Bradbury, & Muller, 2015), (b) adherence
(e.g., Howe, Batchelor, Coates, & Cashman, 2014),
(c) usability (e.g., Maguire, 2001), and (d) stake-
holder acceptance and adoption (e.g., Wolbling
et al.,, 2012). Experiencing applied games/VR as
effective and enjoyable is key for ensuring adher-
ence and ultimately successful dissemination (Read
& Shortell, 2011). Only the papers reporting on
SPARX and Mindlight make any reference to the
involvement of young people in the design of the
games, although details are limited and so it is
unclear to what extent a co-design process was
undertaken. Interestingly, the premise of one Mind-
light paper (Schoneveld et al., 2019) was to gain
feedback from children in order to inform the
redevelopment of the game due to issues with
acceptability (Schoneveld et al., 2018). This high-
lights the importance of involving the intended
users in the design and development process from
the start. One paper (Carlier et al. (2019) included
some information about clinicians having input to
inform how to make the game appropriate for
children with ASD, but again details on the process
were limited. We would strongly recommend that
future game/VR innovations for mental health are
not only co-designed, but that the development
process is published in order to allow transparency.
This principle extends to the adaptation of games
for different contexts, where we would recommend
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adapting the original game for the new intended
user group through a co-design process, as was
done for the adaptation of SPARX for ‘sexual
minority’ young people (Rainbow SPARX; Lucassen
et al., 2015).

Strengths and limitations

This systematic review has several strengths, includ-
ing its consideration of both children and young
people’s experience of and the effectiveness of using
applied games or VR for mental health problems and
quantification of the size of the effect. Furthermore,
the systematic nature of the review ensured a
rigorous approach, and the use of a quality assess-
ment tool enhanced the critical evaluation of the
findings. Nevertheless, a number of limitations must
be considered. First, our effect size calculations may
have been overinflated as we assumed statistical
independence between pre- and post-interven-
tion/follow-up scores. Second, conclusions cannot
be drawn about the effectiveness of applied games or
VR on more discrete aspects/symptoms of a condi-
tion (e.g., social skills deficits and attentional fac-
tors) as we focused on treatment studies targeting
and measuring mental health problems. Third, we
made the decision to only include studies where the
applied game or VR was considered the active part of
the treatment. This meant that, for example, studies
that described using a game as a part of computer-
ized CBT (Khanna & Kendall, 2010) were not
included. Fourth, although we used a standardized
quality rating assessment tool, the quality ratings
should be interpreted with some caution as many of
the studies were case studies and so several of the
quality rating criteria were not relevant and were
therefore excluded from the summary score calcula-
tions in line with Kmet et al. (2004). Subsequently,
although the average quality ratings suggest that the
papers reviewed are of reasonable to good quality,
this should not be interpreted as indicating a rigor-
ous methodological quality per se but rather that the
studies are of a reasonable quality for the type of
study that they are. Finally, the limited reporting in
many studies regarding the applied game or VR
elements that were applied means we may have
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missed studies altogether, further limiting the gen-
eralizability of the findings.

Conclusions

The potential for applied games and VR interventions
to effectively treat mental health disorders in CYP
makes them an appealing avenue for development
and implementation. However, despite enthusiasm
for these technologies, this review highlights the
need for further robust (developmentally informed)
theory and user-driven design, and evidence of
acceptability and clinical- and cost-effectiveness
before they can be made widely available as treat-
ments for children and young people with mental
health problems. Going forwards, the field must also
demonstrate the ability to scale and implement
effective applied games and VR within or alongside
clinical service provision.
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Key points

e Research examining children and young people’s experience of and the effectiveness of using applied games
or VR for mental health problems is in its infancy.

e Although children and young people enjoy using applied games, overall, their effectiveness in targeting
mental health problems appears limited, except for depressive symptoms.

e Very little research attention has been given to VR interventions for mental health problems in children and
young people making it difficult to draw conclusions about their effectiveness.

e Greater consideration of developmental factors, inclusion of evidence-based treatment components, and
involvement of children and young people in the development of applied games and VR is required.
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