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Abstract

Objective: Augmented reality (AR) is a relatively new technology that merges virtual and physical environments, augmenting
one’s perception of reality. AR creates a computer-generated environment that evokes a unique perception of reality, where
real and virtual objects are registered with one another, which operates interactively and in real time. Recently, the medical appli-
cation of AR technology has dramatically increased with other assisted technologies, from training to clinical practice. The ability to
manipulate the real environment extensively has given AR interventions an advantage over traditional approaches. In this study,
we aim to conduct a systematic review of the use of AR to have a better understanding of how the use of AR may affect patients
with mental health-related conditions when combined with gamification.

Method: This systematic review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines by searching Pubmed and Web of Science databases.

Results and Conclusion: We identified 48 relevant studies that fulfill the criteria. The studies were grouped into four categor-
ies: Neurodevelopmental disorders, anxiety and phobia, psychoeducation & well-being, and procedural & pain manage-
ment. Our results revealed the effectiveness of AR in mental health-related conditions. However, the heterogeneity and
small sample sizes demonstrate the need for further research with larger sample sizes and high-quality study designs.
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Introduction
Augmented reality (AR) is a relatively new technology that
blends virtual and physical environments, enhancing one’s
perception of reality.1 Unlike virtual reality, which creates a
computer-generated environment that evokes a unique per-
ception of reality, real and virtual objects are registered in
AR, which operates interactively and in real time.2

Recently, the medical application of AR technology has
dramatically increased, as demonstrated in the increased
number of publications,3 with various assisted technologies
used for training and clinical practice such as surgical pro-
cedures,4 psychiatric treatments,2 and nursing practices.5

The ability to manipulate the real environment extensively
has given AR interventions an advantage over traditional
approaches. This technology is easily gamified, especially

for children, which can increase their attention span and
enthusiasm for using it.

AR has become a helpful tool for diagnosis, treatment,
and management in the mental health area due to its flexi-
bility and increased accessibility. It can be conveniently
delivered through various platforms, including smartphones
and tablets.6 Integrating this technology into mental health
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encompasses a wide range of fields. For instance, AR has
been used for phobia exposure therapy with similar efficacy
and lower refusal rates.7 Additionally, AR has been used
for general well-being via serious games, exercise, and psy-
choeducation interventions.8 However, Although the use of
AR is promising, the updates take time to follow. The
devices are diverse in hardware and software, which can
affect the study results.9 The application of AR requires a
multidisciplinary team that includes clinicians, engineers,
and software developers.10 Besides, cybersickness, tiredness,
and dizziness have been reported in previous studies.11

In the pediatric population, AR and new technologies
were studied for the intervention of neurodevelopmental
disorders that include autism spectrum disorder (ASD),
attention-deficit hyperactivity disorder (ADHD), and intel-
lectual disabilities (ID). Studies demonstrated that serious
games and virtual reality interventions could improve the
daily functioning of children and enrich their academic
learning experience.12,13 Although AR is relatively less
studied than other technologies, its gamification and easy
application to traditional management modalities have
made it a focus of research.14 AR technology has the poten-
tial to enhance various cognitive and emotional processes,
social communication, and theory of mind skills, including
facial emotion recognition and attention, as well as functional
and motor abilities.6 The other important area for AR in pedi-
atric populations is procedural and pain management.
Children usually experience significant anxiety while encoun-
tering medical professionals and undergoing procedures.15

Although the mainstream management is sedation and anal-
gesia for pediatric procedures, the literature has demonstrated
that children who participated in psychological programs
were better able to control their anxiety and display lower
levels of worry.16 Studies have shown that new technologies,
such as virtual reality, can be an effective tool for pediatric
hospital settings compared to standard care; however, they
are still not frequently used in routine practice.17

This study aims to determine the extent of AR usage in
mental health conditions and evaluate its effectiveness in
treating such conditions. Based on our investigation of
the current literature, AR has primarily focused on specific
mental health-related areas. Therefore, we classified our
findings into four main areas: 1. Anxiety & Phobias,
2. Neurodevelopmental Disorders, 3. Psychoeducation &
Well-being, and 4. Procedural & Pain management in this
review. We hypothesize that when used in conjunction
with evidence-based approaches, AR is an effective inter-
vention tool in the mental health area with significant poten-
tial for growth and many advantages.

Methods
This systematic review was conducted following the
PRISMA guidelines.18 The protocol of this systematic
review was not registered.

Search strategy

The bibliographic search was conducted on two databases
by two independent authors, Web of Science and
Pubmed, on 28th April 2022. The search terms used
included phrases such as: ((“augmented reality”) OR
(“mixed reality”) AND (storytelling OR gaming OR play
OR intervention OR therapy OR psychotherapy OR psy-
choeducation OR psychiatry* OR treatment OR relaxation
OR psychosocial OR “procedural support”OR consultation
OR support OR “child life” OR “play therapy” OR
“medical play” OR “cognitive behavioral therapy” OR
CBT OR Emotion* OR therapeutic* OR psychology* OR
mental) AND (Child* OR Adolescent OR Teenage* OR
adult OR patient OR individual OR participant OR parent)).

Eligibility criteria

Articles in English that meet the following criteria were
included without publication date limit in April 2022:
Treating or alleviating a mental health condition with AR
or improving well-being; Symptoms controlled with
before and after the use of AR or compared control group
when possible.

Our exclusion criteria include reviews that did not
present original research; Studies that included geriatric
population; Conference abstracts, editorials, commentaries
or opinion pieces, case reports, preprints, and study proto-
cols; Studies that are not published in a peer-reviewed
journal; Studies that are not written in English.

Two independent authors screened and selected the
studies that are eligible for inclusion, the final selection of
the articles was determined through a joint meeting involv-
ing all authors to reach a consensus for conflicts.

Data extraction

Two independent authors extracted the following relevant
data from the eligible studies: The author, year, title, the
study’s aim, design, sample size, groups, age range,
intervention, assessment tools, and outcome.

Quality assessment of the studies

We used The Joanna Briggs Institute (JBI) critical appraisal
tools to assess the quality evidence of the included studies.19

We used JBI Critical Appraisal Checklist for Randomized
Controlled Trials, JBI Critical Appraisal Checklist for
Quasi-Experimental Studies, and JBI Critical Appraisal
Checklist for Cohort Studies tools according to the design
of the study. Two independent reviewers performed a critical
appraisal of the included studies. In cases of disagreement, a
third author made the final decision following a discussion to
reach a conclusion. The critical appraisal results are given in
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Supplementary Tables 1 and 2. The studies with survey
design were not included in the quality assessment.

Results

Study selection

2191 articles from Pubmed and 1151 from Web of Science
were extracted. After removing duplicate records, 3061 arti-
cles were extracted for screening. Two researchers screened

the abstract of every article; in case of conflict, a third
researcher made the final decision. Two hundred eleven
studies were selected for full-text reading, and an additional
17 articles were added, which were not identified in the
initial search but were mentioned by other systematic
reviews and meta-analyses. After full-text analyses, 180
articles that did not meet the eligibility criteria for this
review were excluded. The flowchart below shows that
48 articles were included in the qualitative summary
(Figure 1).

Figure 1. Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flowchart of the study selection process for this
systematic review.
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Summary of the main study results

Figure 2 demonstrates the number of studies that found AR
interventions effective. The studies on ASD focused on
increasing socio-emotional skills, the ability to function
independently, and joint attention. Most studies that inves-
tigate the effectiveness of ASD have experimental study
designs with small sample sizes (Table 1). All studies
demonstrated AR as an effective tool; one study by
Lorenzo et al. found no difference compared to the
control group.31 AR was less studied in ADHD than in
ASD (Table 2). One of the two studies found AR to be
attention tasks,37 and one study did not find improvement
in reading abilities38 (Table 2). Besides ASD and ADHD,
AR was mainly studied in ID in neurodevelopmental disor-
ders; eight studies were included in this paper (Table 3).
These studies primarily focused on improving the ability
of individuals with ID to function independently, thus
increasing their quality of life (Table 3). Studies found
AR as an effective tool that enabled individuals with ID
independent performance in daily tasks and provided a
better learning environment (Table 3).

Research on anxiety & phobia included studies with
relatively larger sample sizes and qualified research

designs as randomized controlled trials (Table 4). Nine of
the 10 studies integrated exposure therapy to AR and
found satisfying results similar to in vitro therapy but
with higher user acceptability (Table 4). The other study
focused on anxiety and did not find any effect.47 In psy-
choeducation and well-being, we included the nine
studies that use AR to improve physical health, emotional
well-being, and cognitive performance (Table 5). Except
for one study that used an AR book,48 all studies used
online video games as the intervention tool; AR effectively
increased physical activity, cognitive performance, and
emotional well-being. One study that took place in the
office reported the number of patients lost due to patients’
refusal to come or the researcher being unable to reach
the patient.49 The number of patients lost during the inter-
vention in the AR group was similar to the in vivo treatment
group.49 The adherence data could not be collected from
other studies. Only three studies were included in proced-
ural & pain management; two were conducted in the pedi-
atric group (Table 6). AR tools decreased anxiety, increased
procedural knowledge, and improved pain management
(Table 6).

The tables below provide details of the study character-
istics. (Tables 1–6).

Figure 2. Number of studies that found AR effective and not effective.
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Discussion
In this systematic review, we extracted studies that investi-
gate the efficacy of AR in a wide range of mental health
conditions. We demonstrated that the research focused on
specific areas, guiding us in this review. We found that
AR research in mental health focuses on four domains: neu-
rodevelopmental disorders, anxiety & phobia, psychoedu-
cation & well-being, and procedural & pain management.
To our knowledge, there is no systematic review or
meta-analysis this comprehensive; nevertheless, we found
complementary results with other systematic reviews on
specific areas.6,68 After examining numerous studies, we
have found a wide range of variables, including study
design, sample size, age range, and assessment methods.
Our research revealed that AR can be a valuable interven-
tion tool when used in conjunction with evidence-based
practices, particularly in cases of autism and phobias.
However, we cannot generalize these findings due to the
variety of diagnosis and management approaches. As a
result, we discussed each group separately to provide
more insightful conclusions for our readers.

Neurodevelopmental disorders

According to the DSM-5, Neurodevelopmental Disorders
are a category of conditions that start during the develop-
mental stage and cause deficiencies that result in functional
limitations. Neurodevelopmental Disorders include ID,
communication disorders, ASD, ADHD, and neurodeve-
lopmental motor disorder.69 The management of neurode-
velopmental disorders is difficult due to the complexity of
the disorders, which include conditions that affect each
other.70 The evidence-based treatment of autism is based
on CBT, focusing on improving social skills, language
use, and managing challenging behaviors.71

Most of these studies that investigated the use of AR in
ASD had low sample sizes with experimental case designs.
Since these studies investigated a newly developed techno-
logical device, they focused on both feasibility and efficacy
(Table 1). Due to the investigation of new
perception-altering technology in such a diverse popula-
tion, an experimental case design is acceptable. In contrast,
double-blind, randomized controlled trials are challenging
to apply.36 Studies focused on facial emotional recognition,
daily life skills, attention, social interaction, and functional
and motor abilities. Most of the studies indicated an enjoy-
able experience that can be individualized (crucial in a
wide-spectrum condition) and effective in the long
term.21,24,27–29,33 Studies demonstrate that AR provides
an intervention that can be implemented in many environ-
ments delivered by people other than therapists increasing
ecological validity and cost-effectiveness.33 Besides, it ben-
efits instructors and parents by collecting quantifiable data,
increasing quality time spent on tasks, and demonstrating

advances in real-world abilities at home.34 AR tools can
be utilized to attract attention to the area that is intended
to improve and restrict it there. For instance, one study
where AR and video modeling technologies are combined
to teach, recognize, and understand facial emotions gave
augmented cues for facial expressions.24 Therefore, chil-
dren gave attention to expressions instead of unnecessary
details, increasing their correct facial expression assessment
rate afterward.24 Similarly, with augmented cues that
increase children’s attention, AR gamification improves
children’s reaction time with ASD related to higher cogni-
tive and motor performance.25

Many studies focused on social interaction. Lee et al.
have developed a system that combined AR and Kinect
Skeletal Tracking that allowed therapists to control the
movements and expressions of the virtual characters in
real time.27 This enables children to interact with virtual
characters, which gives them appropriate emotional and
verbal responses helping them to comprehend the situation
they are observing.27 Vahabzadeh et al. designed a compu-
terized smartglasses intervention as behavioral and socioe-
motional support for students with ASD resulting in
improved irritability, hyperactivity, and social with-
drawal.35 Chung et al., while studying the effect of active
videogame play on the social behaviors of children with
ASD, found consistent improvements when AR is
added.22 Considering that difficulty in social interactions
impacts the daily functioning of children with ASD, these
studies are valuable and can be life-changing. Overall,
similar to a previous systematic review conducted in
2020, we demonstrated that the majority of the studies
enhance a variety of cognitive and emotional processes,
social communication, and theory of mind skills, including
facial emotion recognition and attention, as well as func-
tional and motor abilities.6 Since AR technology has
various implementations with different applications and
software, the studies that use AR for children with ASD
must be replicated and standardized with evidence-based
therapies with proven superiorities.

AR is less frequently studied in ADHD compared to
other neurodevelopmental disorders. Tosto et al. investi-
gated the effect of a web-based AR learning environment
on reading and spelling performances.38 They found no sig-
nificant difference between the already-proven approach
and AR adjoined.38 Kim et al. also worked on a game
that helps children with ADHD to pay attention and
sustain interest in the treatment.37 Children’s attention
and impulsivity improved based on the advanced test of
attention and interactive metronome.37 Although the
number of studies on ADHD is small, the results are
promising.

The studies that could not be evaluated under ASD and
ADHD were investigated in the “others” group, which
included eight studies. Studies are composed mainly of
people with ID and improving their daily life skills such
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as navigation, cash withdrawal, and personal hygiene
(Table 3). All studies have found that AR is a useful tool
for individuals with ID to help them practice daily life
more independently.39–46 Parents and teachers of intellec-
tually disabled children express that they recommend AR
and find it beneficial.44 Because the samples are diverse
and generalizability is problematic due to the small
sample sizes of experimental case designs, more studies
are needed for these promising AR tools to overcome the
barriers to the independent living of individuals with ID.41

The research of AR on neurodevelopmental disorders
mainly consists of preliminary studies, and the results are
promising. Individualized experiences for individuals with
special needs renders AR a useful tool.

Anxiety and phobia

According to our review results, it is seen that “Anxiety
Disorders” is the area where AR is most commonly inte-
grated and research is conducted. Regarding Anxiety
Disorder subtypes, it is seen that the treatment of phobic
conditions is the most frequently investigated (Table 4).
When used in vitro, exposure therapy has proven efficacy
for treating specific phobias. Its adaptability to new tech-
nologies, such as VR and AR, rendered it a research
focus. A previous systematic review that included VR and
AR in phobia exposure therapy stated that VR was
widely used in treating various phobias.68

In contrast, the research on AR is somewhat restricted to
animal phobia, and there are few studies.68 All the studies
we included have significantly improved symptoms of
phobia with AR exposure therapy. However, the studies
which compared in vivo and AR exposure therapies did
not find any significant differences in outcomes.51,57

Although studies found no advantages in treatment efficacy,
AR has many advantages, including the ability to apply a
wide range of situations, enjoyment of exposure therapy
games, and a less aversive option.51,57

One of the studies utilized AR to orient nursing students
to the clinical environment, investigating the effect of AR
on anxiety.47 Although they found no effectiveness com-
pared to routine orientation, they indicated other advan-
tages, such as saving faculty time and conventional
standardized content.47

Overall, AR interventions offer a safe and controlled
environment for exposure-based treatments, which may
be more practical and agreeable for some patients than in
vivo exposure therapy.

Psychoeducation and well-being

AR is not only valuable for specific mental health disorders
but also for physical and emotional well-being. The poten-
tial of AR for general well-being was recognized with the
emergence of “Pokémon Go,” in which players use their

cell phones to search for virtual Pokémon characters.59 It
required players to walk through neighborhoods, increase
social interactions, and create new friendships.59 Its potential
for increment in well-being was enhanced during the
COVID-19 pandemic and lockdown. It was demonstrated
that adolescents had increased cognitive performance in add-
ition to increased physical exercise and socialization.64

During this period, video games provided people with an
escape from the depressing COVID-19 news, entertained
them by keeping them busy, relieved their stress, and strength-
ened their social connections.61 Studies showed that AR was
related to increased physical wellness and self-reported phys-
ical activity.59–61 One study using a built-in mobile phone
accelerometer did show a trend for increased daily physical
activity following the use of Pokémon Go; however, the dif-
ferences did not reach statistical significance.63 AR was
found effective in mental well-being for the domains of
increased positive mood, social connectedness, friendship for-
mation, decreased hopelessness, and reduced emotional
stress.8,60 Alarcon-Yaquetto et al. compared the effect of a
regular book with an AR book on emotional stress and saliv-
ary cortisol levels of hospitalized children and showed that the
AR book was more effective than the regular book for redu-
cing self-reported emotional stress in children, but the salivary
cortisol difference between groups was not significant.48

The AR games were effective on cognition, memory, and
attention when assessed by validated tests.62,64 The sample
sizes of studies using physiological measures were relatively
small.48,63 There were no studies investigating the long-term
effects of AR on physical and mental well-being. Improving
well-being is a public health approach with a preventive poten-
tial, and AR was consistently found effective in well-being.
However, there is a need for studies investigating the effect
of AR on well-being using objective physiological measures
on large samples.

Procedural and pain management

Two of the three studies on procedural and pain manage-
ment focus on children with increased anxiety in hospital
conditions.65,67 Mott et al. conducted an RCT for children
undergoing burn dressing where they all were administered
usual analgesics but randomized into the AR group and
basic multidimensional cognitive techniques.67 They have
demonstrated a significant decrease in pain for burning
dressing time over 30 min, reported by children and per-
ceived by parents.67 They have also mentioned a reduced
association with negative emotions compared to the
control group.67 Another study to increase the procedural
knowledge of children was conducted with a digital thera-
peutic program called Xploro, which administered informa-
tion through gamification and AR avatar.65 Children’s trait
anxiety and self-reported procedural anxiety decreased
while their knowledge about the procedure and satisfaction
increased through the intervention.65
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AR devices are demonstrated to attract children’s atten-
tion, decrease hospital anxiety, and improve procedural
knowledge. AR devices are easy to use, entertaining, and
portable, and they have great potential for procedural and
pain management, although the number of studies is
small, and there is an extensive research gap.

Limitations

In this study, we tried to gather studies from many disci-
plines that complicated the overview of AR in mental
health. The quality of the studies, sample characteristics,
and interventions are diverse, which handicapped the con-
clusion. The small sample sizes of most studies and
newly developed devices created a challenge in the gener-
alizability of the effectiveness. Another limitation of the
studies is the various study designs that could not be
grouped. The number of studies that used both a scale
and behavioral analysis was limited. We could not
include studies that are not English, not in the Web of
Science, or Pubmed index (if not referenced in a review
article), which are missed for results. Additionally, adher-
ence to AR applications is not discussed in detail in the
studies, which is an important issue that could affect the
results considering that delivery method and place of the
intervention can impact adherence.72

Conclusion
Our results demonstrate heterogeneity in terms of study
designs, intervention tools, and sample sizes among
studies investigating the effectiveness of AR in mental
health conditions. The heterogeneity is incredibly high
among neurodevelopmental disorders with different
sample sizes, study designs, and scales, and many studies
have low quality. AR has shown to be efficacious for
anxiety and phobia, whereas comparison with traditional
treatment has no significant advantage for treatment
response. The research gap is significantly high in psychoe-
ducation and well-being studies (focusing primarily on
Pokémon Go) and procedural and pain management (the
number of studies is minimal).

Most studies point out promising results regarding inte-
grating AR in treating mental health conditions. AR, which
is easy for gamification, increases children’s enthusiasm to
enhance treatment engagement. Although AR is a new tech-
nology still in development, the devices are portable, cost-
effective, and easy to use. AR provides a personalized inter-
vention tool that enables patients to enhance treatment
options for time and environment, allowing them to con-
tinue at their own pace. We need further studies with high
sample sizes, complete demographic information, and vali-
dated questionnaires with high diagnostic values to inte-
grate AR to present evidence-based treatments.
Additionally, it is essential to ascertain the extent to

which the connection between using AR applications and
intervention outcomes is influenced by adherence and
whether this adherence persists over time. Studying what
increases participants’ adherence can help researchers
design easily applicable follow-up studies. We believe
that investing more to create engaging and user-friendly
content can help people’s willingness to participate in
more longitudinal studies.
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