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SUMMARY

Background: Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder that affects a significant proportion of
the world's population, particularly children and adolescents. The sensory processing issues can be an evidence-based target for
therapeutic/corrective interventions by controlling the intensity and targeted replacement of maladaptive sensory stimuli with neutral
stimuli using virtual reality or augmented reality.

Subjects and methods: We searched for articles on Pubmed. The search query included ((VR or virtual reality) or (AR or
augmented reality)) and (children or adolescents) and (ASD or autism spectrum disorder or autism).

Results: Our criteria were met by 25 articles. 19 articles used VR, 5 articles used AR and 1 article used MR. Most interventions
offer children and adolescents with ASD individualized tasks. Immersive VR games developed collaborative skills. Other systems
encourage and teach directed facial gaze. Evaluation of the effectiveness of learning in VR/AR environment is carried out by means
of different scales, qualitative analysis of surveys, questionnaires and interviews, studying the number and duration of eye contacts
between the participant and the avatar. It should be noted that almost all studies were conducted on small samples, so their results
allow us to draw only preliminary conclusions about the effectiveness of VR /AR.

Conclusions: The following key areas of VR/AR technologies for children and adolescents with high-functioning ASD can be
identified: communicating with an avatar, including answering its questions, tracking the child's gaze and encouraging the child to
look at the face, placing it in social situations close to real life, practicing common everyday situations, learning to recognize
emotions. A VR/AR-based therapy approach may help children with autism spectrum disorder without cognitive impairment to
develop higher levels of adaptation in terms of social and communication skills. However, more research is needed to evaluate the
effectiveness of different methods.

Key words: adolescents - Asperger’s syndrome - AR - autism spectrum disorders - augmented reality - avatar - children - high-
functioning autism - immersive environment - mixed reality - social and communication skills - social adjustment - virtual peer -
virtual reality - VR

Abbreviations: ABC — the Autism Behavior Checklist; ADOS — Autism Diagnostic Observation Schedule; ASD — autism
spectrum disorder; AR —augmented reality; CARS-Il — Childhood Autism Rating Scale, Second Edition; MR — mixed reality;
PEP-3 — Psychoeducational Profile, Third Edition; SCQ — the Social Communication Questionnaire Lifetime; SRS-2 — Social
Responsiveness Scale, Second Edition; SSQ — Social Skills Questionnaire; VR — virtual reality; XR — extended reality
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INRODUCTION

Autism spectrum disorder (ASD) is a complex neuro-
developmental disorder that affects a significant propor-
tion of the world's population, particularly children and
adolescents. Millions of children and adolescents around
the world face the challenges posed by the disorder,
particularly the inability to master language and effective
social interaction skills (Hashim et al. 2021). Families
with patients with ASD face significant direct and indi-
rect costs, including medical therapy costs without truly

effective medications, disability, and a reduced quality of
life in general (Zhao et al. 2023). In the United States, the
prevalence of autism spectrum disorder is estimated at
23.0 per 1,000 children aged 8, with boys affected 4.2
times more often than girls (Maenner et al. 2021). The
increasing prevalence of ASD has been observed for
many years, with the Centers for Disease Control and
Prevention reporting a steady increase in the observed
prevalence of autism among children and adolescents in
the United States, which is a rate of 18.5 per 1,000 reached
children in 2016 (Cantor et al. 2021). This increase in
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prevalence can be attributed to a variety of factors, in-
cluding increased awareness/ psychoeducation, changes
in diagnostic criteria, and active research positions by
scientific groups studying ASD. Thus, solving sensory
processing problems can significantly influence the for-
mation of adaptive functions and behaviors and improve
learning ability (Hashim et al. 2021).

The sensory processing issues can be an evidence-ba-
sed target for therapeutic/corrective interventions by con-
trolling the intensity and targeted replacement of mal-
adaptive sensory stimuli with neutral stimuli in real time
using virtual reality (VR), augmented reality (AR), mixed
reality (MR) or extended reality (XR) technology — with
the important goal of development of behavioral skills,
improving social adaptation and academic performance
of children with ASD.

Cheng et al. reported AR provides increased oppor-
tunities for practice with reduced social pressure for
students with ASD (Cheng et al. 2010). Parents and edu-
cators of children with ASD report more positive social
interactions generalized into their environments from vir-
tually delivered social skill interventions than traditional
instruction from humans (Miller & Bugnariu 2016, Stich-
ter et al. 2014). In another study, it was shown that the use
of VR allowed teaching emotion recognition and commu-
nication skills to ASD patients more effectively (Miller et
al. 2020, Moon et al. 2020). AR caused a statistical
difference in the ability to identify the 6 core emotions for
all participants (Chen et al. 2015). The results showed
that it effectively attracted the attention of children with
autism spectrum disorders to nonverbal social cues, hel-
ped to retain attention, and improved understanding of
facial expressions and emotions of storybook characters
(Chen & Lin 2016). AR significantly increased students’
ability to recognize and understand relationships and ap-
propriate responses to actions (Lee et al. 2018). AR has
the potential to generalize instruction better and VR has

Records identified through
database searching
(n=644)

the potential for providing a practice environment for per-
formance deficits. Combining these two technologies may
provide a more cohesive intervention (Mosher et al. 2021).
In our study, we plan to review the existing literature
on the topic of VR and/or AR, MR, ER for the following
questions:
= What VR and/or AR, MR, ER interventions for the
development of social and communication skills in
children and adolescents exist?
= What methods are used to evaluate their effective-
ness?

= What is the existing evidence on their effectiveness?

SUBJECTS AND METHODS

We searched for articles on Medline (Pubmed) up to
and including May 30, 2024. The search query included
((VR or virtual reality) or (AR or augmented reality))
and (children or adolescents) and (ASD or autism
spectrum disorder or autism). Inclusion criteria: 1) VR
and/or AR intervention for ASD is considered; 2) the
target population is children and adolescents; 3) patients
with intellectual disabilities are not considered.
Exclusion criteria: 1) non-VR and/or AR intervention,
MR, ER (computers, mobile devices, etc.; 2) in adults;
3) there are intellectual disabilities.

We found 644 articles. After excluding articles that
did not meet the search criteria, 25 articles remained.

RESULTS

Our criteria were met by 25 articles. Among them, 19
articles used VR, 5 articles used AR and 1 article used
MR. Figure 1 depicts a flow diagram detailing the review
process and results at each stage of the literature search.
Study characteristics are shown in Table 1 in detail.

Records screened
(h =644)

Full-text articles assessed
for eligibility (n = 34)

(n = 0) Records after duplicates
removed

(n = 610) Records excluded after
screening of title and abstract

Studies included in review
(n=25)

Full-text articles excluded with reasons:

(n =7) non-VR and/or AR intervention
(n = 1) the target population is adults
(n =1) No evidence of improvement
in communication and social skills

Figure 1. Flow chart for the study selection of meta-analyses on the VR/AR technologies for children and adolescents

with high-functioning ASD
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DISCUSSION

Most interventions offer children and adolescents
with ASD individualized tasks. For example, social skills
training in social scenarios. In the work of Cai Y et al,
activities in a virtual world evolved around a set of game
and design-based social tasks situated in simulated shared
social settings such as a neighbor's house, school, amu-
sement parks, and other public places, as well as indi-
vidualized tasks (e.g., underwater laboratory, sky city)
(Cai et al. 2013). In Moon J & Ke F's study, the cafeteria
social conflict resolution task asks children to identify a
social conflict, come up with possible solutions, and
communicate with NPCS and facilitators to resolve the
problem, while the job interview scenario requires
children to practice basic social skills during a virtual
interview with avatars of school librarian candidates
(Moon & Ke 2023). Participants may be required to hold
the cursor on a target or answer questions as instructed
(Zhao et al. 2022) or ask questions of the virtual character
(Soltiyeva et al. 2023). Part of the studies used techniques
teaching the correct identification of emotions (Chen et
al. 2015, Frolli et al. 2022, Liu et al. 2017).

Immersive VR games, such as trials with puzzles, have
been developed to develop collaborative skills and encou-
rage joint problem solving; in some trials, only one user
could see the color of the pieces; others required simulta-
neous movement of the pieces to successfully place the
pieces (Zhang et al. 2020). Collaborative play can include
tasks such as doubles tennis in which both players play
on the same side, 2 vs 2 basketball in which two players
play as teammates, and a game in which two players work
together to catch villains (Nekar et al. 2022). Collabora-
tion in the game can be encouraged by receiving new
challenges or playing a fun tune, as in the virtual envi-
ronment Lands of Fog, where children work together to
catch butterflies with a net (Crowell et al. 2020). Scena-
rios can include narrative stories where adolescents work
together in the presence of a therapist to practice sustai-
ned attention, selective attention, inhibition, queuing, and
collaboration (Gabrielli et al. 2023). In addition to studies
where cooperative work was practiced between children
or adolescents with ASD, there was also one where a
neurotypical sibling played active video games in a dyad
with a child with ASD to increase mutual communication
and reduce aggression (Chung et al. 2015).

Other systems encourage and teach directed facial
gaze (Amat et al. 2021, Elkin et al. 2022, Lahiri et al.
2011b). They utilize an eye tracker. Participants need to
look at the virtual avatar of the interlocutor to make the
interlocutor “feel as comfortable as possible” (Lahiri et al.
2011a, 2013). The Brain Power System includes customi-
zed smartglasses that superimpose an augmented reality
cartoon face over detected human faces to attract the user's
attention, and when the user turns to look directly at the
augmented reality cartoon, it gradually disappears,
exposing the hidden human face (Liu et al. 2017).

Empowered Brain continuously monitors engagement
metrics such as the position of the user's head in relation
to the facilitator and aims to motivate and guide the user
to remain attentive to the facilitator. The system does this,
in part, by providing the user with augmented reality cues
that include displayed arrows pointing at the facilitator
and caricature-like masks that are superimposed on the
facilitator's face (Vahabzadeh et al. 2018).

In addition, one article trained sustained attention
through interaction with a virtual dolphin (waving, fee-
ding, gesture communication) (Song et al. 2017). Ano-
ther study investigated interpersonal interaction distance
(Simdes et al. 2020).

To assess the effectiveness of the interventions, firstly,
scales were used to quantify communication skills in
scores. In the three articles reviewed, the Social Respon-
siveness Scale, Second Edition (SRS-2) was used. The
Social Communication Questionnaire Lifetime (SCQ),
the Autism Behavior Checklist (ABC), the PEP-3, and the
social skills questionnaire (SSQ) were used in two cases.
In one study, the CARS-II scale was used and in another
study, the ADOS 2-Module 3 scale was used. Second,
specific questionnaires and questionnaires were develo-
ped: for example, a specific user experience questionnaire
or a semi-structured interview conducted with participants
after each session to collect feedback on their satisfaction
with the VR game and suggestions for improvement.
Third, the number and duration of eye contacts between
the participant and the avatar in VR was investigated, in
particular the number and duration of the child's gaze on
the avatar's mouth and facial area. Fourth, participant
engagement was investigated, such as the level of en-
gagement during a recently completed trial of the task.
Fifth, social interactions were assessed: interaction di-
stance, measures of positive affect, talk and aggression,
scoring instances of social reciprocity (initiating,
responding, continuing the conversation after two turns,
comments, questions, requests, protests and refusals),
responding to a greeting, shifting gaze in response to a
pointing, and instances of prolonged eye contact with a
person or object. Other methods may include ways to
assess anxiety and stress: pulse plethysmogram, electro-
dermal activity, and skin temperature.

It should be noted that almost all studies were con-
ducted on small samples, so their results allow us to draw
only preliminary conclusions about the effectiveness of
VR /AR technologies. However, these findings suggest
the feasibility of larger studies with a unified design.

For example, in studies that examined cognitive abi-
lities and social communication skills using the PEP3
questionnaire, after they were significantly higher than
controls (Zhao et al. 2022). In another study, on average,
children with autism improved their performance by 8§
points in the posttest, which was closer to the play score of
neurotypical children in the pretest (Amat et al. 2021). In
the Cai Y et al. study, all participants showed significant
reductions in social communication impairment from pre-
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to post-intervention (Cai et al. 2013). Self-rated SSQ sco-
res for participants 1 and 2 improved, while participants 3
and 4 decreased. The SSQ score obtained by the parents
of participant 3 increased, while the SSQ scores obtained
by the parents of the other participants decreased. There
were no statistically significant differences between pre-
and post-intervention scores on either the self-report or
parent-report SSQ scale (Moon & Ke 2023). Caregivers
reported improvements in nonverbal communication, eye
contact, and social engagement during the intervention
(Liu et al. 2017). After the intervention, an effect of the
intervention on total scores on the ABC and CARS scales
was observed, the intervention also showed a statistically
significant effect in behavioral improvement (Chu et al.
2023). In a study by Gabrielli S et al, participants demon-
strated a significantly higher frequency of positive social
interaction and communicative competence after the inter-
vention (Gabrielli et al. 2023). The results of the Lahiri U
et al. study demonstrate the ability of the system to pro-
mote improved social task performance (e.g., quantitative
improvement in performance metrics) as well as encou-
rage socially appropriate mechanisms (e.g., increased
viewing of the communicator's face) to develop effective
social communication skills among participants with au-
tism spectrum disorders (Lahiri et al. 2013). No signifi-
cant difference was found between the number of initia-
tions made by children with ASD between the Lands of
Fog play sessions and the control condition, although it
was noted that children working together on a common
task motivated children with ASD to initiate a conversa-
tion with a partner (Crowell C et al. 2020). Students in
the implementation and efficacy phases showed impro-
vements (decreases) in irritability, hyperactivity, and
social withdrawal compared to baseline and control
periods respectively on the ABC subscale (Vahabzadeh et
al. 2018). In a study by Nekar DM et al. statistically
significant improvements were observed in all subscales
of social skills and cognitive function (Nekar et al. 2022).

What about recognizing and expressing emotions?
Learning times for recognizing primary emotions appea-
red to be similar for the VR and control groups, but for
tasks involving situations involving the use of primary
and secondary emotions, mastery times were shorter with
VR (Frolli et al. 2022). Children in the training group
showed higher scores on measures of emotion expression
and regulation, as well as measures of social interaction
and adaptation after training (Yuan & Ip 2018). The dif-
ference in performance level (identify facial expressions
corresponding to emotions) between the baseline and
intervention phases was significant for all participants
(Chen et al. 2015). The results also suggest that the
physiological eye response of a participant's eyes in VR-
based social interaction may indicate whether they are
able to recognize emotions, which is similar to what was
observed in non-VR-based tasks.

The subject children's movements became more coor-
dinated and their attention span increased significantly
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(Song et al. 2017). Assessment of joint attention showed
positive changes in participants' skills related to total
number of interactions, use of eye contact, and initiating
interactions (Ravindran et al. 2019). Children showed
improvements in terms of a) longer looking at the faces
of virtual peers (avatars) and b) less prolonged looking at
non-social objects as tasks progressed (Lahiri et al. 2011b).

Parents reported that the program improved their chil-
dren's social interactions on a daily basis and expressed a
desire for their children to remain in the program even
after participation in the study ended (Moon & Ke 2023).
The virtual reality system worked best for children with
autism spectrum disorders in group 4: a girl with autism
spectrum disorders group 2 screamed and resisted the
first time she tried to put on the virtual reality goggles,
and children in autism spectrum disorders group 1 with
an anxiety disorder refused and were afraid to put on the
VR headset (Soltiyeva et al 2023). Combining VR with
risperidone therapy achieved significant differences in
social skills and behavioral symptoms compared to the
control group, although the experimental groups had no
significant differences in the posttest (Soltani Kouhbanani
etal. 2021).

CONCLUSIONS

When analyzing the literature, the following key areas
of VR/AR technologies for children and adolescents with
high-functioning ASD can be identified: communicating
with an avatar, including answering its questions, tracking
the child's gaze and encouraging the child to look at the
face, especially at its key areas, placing it in social
situations close to real life, practicing common everyday
situations, learning to recognize emotions, encouraging
interest in the interlocutor, learning to respond to the
interlocutor's behavior. Feedback includes a reward
system using sounds, scoring. Hints from leading to more
direct are given. Special mention should be made of co-
operative games of several children, where communica-
tion with a real person (another child with ASD or a neuro-
typical sibling) is initiated within the VR environment.

Evaluation of the effectiveness of learning in VR/AR
environment is carried out by means of scales (SRS-2,
SCQ, ABC, PEP-3, SSQ, CARS-II, ADOS 2-Module 3),
qualitative analysis of surveys, questionnaires and inter-
views, studying the number and duration of eye contacts
between the participant and the avatar in VR, evaluation
of social interactions.

It should be noted that almost all studies were con-
ducted on small samples, so their results allow us to draw
only preliminary conclusions about the effectiveness of
VR/AR technologies. However, these findings suggest
the feasibility of larger studies with a unified design. For
example, in studies where cognitive ability and social
communication skills were trained, they were signi-
ficantly higher after the intervention than in the control
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group, there was a significant reduction in social commu-
nication impairment from the pre- to post-intervention
stage, but in other studies there were no statistically
significant differences between pre- and post-intervention
scores, either by self-report or parental report. That said,
parents reported that VR/AR programs improved their
children's social interaction on a daily basis.

Limitations of the study

We considered studies with small samples. The small
sample was probably due to the pilot nature of the studies,
improvement of the design based on subject involvement,
and refinement of the designs. There is a need for a
unified design for such studies and a large sample study
to prove the efficacy of VR, AR, and MR interventions
for high-functioning autism in children and adolescents.
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