
Articles
eClinicalMedicine
2023;61: 102072

Published Online 5 July

2023

https://doi.org/10.
1016/j.eclinm.2023.
102072
Metaverse-based social skills training programme for children
with autism spectrum disorder to improve social interaction
ability: an open-label, single-centre, randomised controlled
pilot trial
Joo Hyun Lee,a,# Tae Seon Lee,b,c,# Su Young Yoo,d,e Seung Woo Lee,f Ji Hye Jang,a Ye jin Choi,d and Yu Rang Parka,∗

aDepartment of Biomedical Systems Informatics, Yonsei University College of Medicine, Seoul, South Korea
bDepartment of Neurosurgery, Yonsei University College of Medicine, Seoul, South Korea
cCenter for Medical Education, Graduate School of Medicine, Nagoya University, Japan
dDoBrain Co., Ltd., Seoul, South Korea
eDepartment of Digital Health, Samsung Advanced Institute for Health Sciences and Technology (SAIHST), Sungkyunkwan University,
Seoul, South Korea
fGraduate School of Information and Communication Technology, Ajou University, Suwon, South Korea

Summary
Background Autism spectrum disorder (ASD) is characterised by abnormalities in social interactions and restricted
and repetitive behaviors. Children with high-functioning ASD (HFASD), lack social communication skills, do not
interact with others, and lack peer relationships. We aimed to develop, and evaluate the feasibility of, a metaverse-
based programme to enhance the social skills of children with HFASD.

Methods This open-label, single-centre, pilot parallel randomised controlled trial (RCT) was conducted on boys aged
7–12 years with HFASD. Children were recruited from a treatment centre for children with HFASD in Korea or by
self-referral through online community webpages for the parents of children with HFASD. Participants were
randomly assigned (1:1) by a blinded researcher to receive either four weeks of a metaverse-based social skills
training programme or a control group. Randomisation was stratified by age (children aged 7–9 and 10–12 years)
using permuted blocks (block size 4). The metaverse-based social skills training programme was delivered via the
metaverse platforms (Roblox) and Zoom. Children in the intervention group completed the metaverse-based social
skills training programme at home for four weeks. The intervention consisted of four sessions, one session per
week, for 60 min each. The control group did not receive any interventions. The primary outcome measure was
the median change in the Social Responsiveness Scale-2 (SRS-2) scores from pre-to post-intervention. SRS-2 is an
assessment tool used to confirm the effectiveness of social interactions. Higher scores indicate lower social
functioning. The trial is registered with CRIS Registration Number; KCT0006859.

Findings Between February 14, 2022, and March 31, 2022, 20 participants were enrolled. Overall, 15 children (median
[Interquartile range (IQR)] age, intervention group: 9.0 [8.0–10.0]; control group: 8.5 [8.0–10.0]) participated in the
programme. The intervention group included nine participants (60%), and the control group included six participants
(40%). The SRS-2 total scores for the intervention group decreased from baseline 96.0 (IQR: 74.0–112.0) to post-
intervention 85.0 (IQR: 84.0–103.0). The group median difference in SRS-2 scores between the intervention and
control groups was 11.5 (95% CI: 8.5–14.0), with a further reduction in the intervention group. Similar trends
were seen for social cognition (group median difference, 95% CI: 2.0, 1.0–4.0), social communication (group
median difference, 95% CI: 2.0, 1.0–4.0), and autistic mannerism (group median difference, 95% CI: 4.0,
1.0–5.0). There were no adverse events related to study participation.

Interpretation The findings of this feasibility study suggest that children with HFASD can potentially be familiarised,
through metaverse-based programmes, with real-life social situations to improve sociality and reduce emotional and
behavioural problems. Such interventions could be delivered at home and possibly be extended to target groups that
have difficulty in interacting with peers offline.
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Research in context

Evidence before this study
We searched PubMed and Google Scholar for studies on
randomised controlled trials published in English using the
search terms “PEERS,” “Social Skills Training Program,” “Social
Skill Training,” “HFASD,” “High-Functioning Autism Spectrum
Disorder,” “Autism Spectrum Disorder,” “Digital Therapy,”
“Digital Therapeutics,” “Virtual Reality,” “VR,” and
“Metaverse,” with the last update on August 31, 2022. Most
social skills training for children with autism spectrum
disorder (ASD) were conducted offline. In some studies,
sociality training programmes were conducted in a virtual
environment using virtual reality (VR), but some VR devices
were manufactured for children 13 years of age or older, so
there is a limitation to this research. Socialisation
programmes for high-functioning children with ASD using
the Metaverse platform for peer-to-peer interaction in real-
world-like environments are a relatively under-researched
area.

Added value of this study
To the best of our knowledge, this is the first pilot
randomised controlled trial to demonstrate a metaverse-

based social skills training programme for children with high-
functioning ASD (HFASD). Most existing social skills training
programmes that use digital technology involve individual
children. However, in our study, we used the Metaverse
platform to create a group training programme with real
children, which may show that children with HFASD can
improve their social skills and reduce their emotional and
behavioural problems through training in social situations.
The results of this study indicate that effective social
improvement interventions can be received at home, which
could potentially be extended and applied to target groups
that have difficulty in interacting with peers offline because of
chronic diseases.

Implications of all the available evidence
This study of a 4-week intervention demonstrates the
feasibility of using a metaverse-based social skills training
programme to improve social ability and reduce emotional
and behavioural problems in children with HFASD.
Introduction
Autism spectrum disorder (ASD) is a complex develop-
mental disorder characterised by persistent challenges in
social interaction, speech, and nonverbal communica-
tion, as well as restricted or repetitive behaviors.1

Approximately 52 million people worldwide are re-
ported to live with ASD, with a prevalence rate of one in
every 132 individuals when compared to the total popu-
lation.2 Among them, in the children group classified as
having high-functioning ASD (HFASD), there are reports
that qualitative damage to social interaction may worsen
in the regular curriculum. Children with HFASD
generally recognise a lack of social interaction by
comparing self-interest with other children and are prone
to negative emotions that persist into adulthood.3 If a
child with HFASD is not exposed to proper intervention
they will most likely avoid normal social contact, whereas
an adult with HFASD is likely to have poor quality of
employment which can lead to mental disorders.4

Psychotherapeutic approaches are preferred, and
behavioural interventions are associated with positive
outcomes for children with ASD.5 Designed to treat
ASD, Applied Behavior Analysis (ABA) is a behavioural
intervention programme that focuses on observable
behaviors and aims to reinforce positive behaviors and
extinguish target behaviors,6,7 but Fountain et al. (2012)
reported little effectiveness in promoting socialisation.8

The Programme for Education and Enhancement of
Relational Skills (PEERS®) is an evidence-based pro-
gramme that was developed to mediate HFASD. The
programme was designed to help children and adoles-
cents acquire social skills and the group treated through
this programme showed improved social skills.9,10

Traditional treatment with qualified professional ex-
perts takes a long time, inaccessible, and expensive.
According to Jennifer et al. (2016), children with ASD
and their families living in rural and generally under-
served areas had difficulty accessing appropriate
behavioural treatments.11 In addition, coronavirus
disease-2019 (COVID-19) limited treatment opportu-
nities for children with ASD who needed therapeutic
interventions. Consequently, children who did not have
www.thelancet.com Vol 61 July, 2023
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access to appropriate therapeutic interventions may
have suffered from behavioural problems.12 Therefore, it
is necessary to explore alternative models of interven-
tion using digital platforms beyond traditional treatment
models. Digital interventions to improve behavior in
children with ASD have been discovered in recent
studies.13 Among the various digital technology, the
internet based virtual world game platform (metaverse,
e.g., Roblox) provides various types of cooperative ac-
tivities for children to participate creatively and socially.
The Metaverse is a virtual space that people can access
through different devices, such as computers, mobile
devices, and game consoles.14 It offers new directions
for delivering high-quality healthcare services and
treatments. In this digitally persistent environment, in-
dividuals interact and experience the shared virtual
space through avatars in real-time.15 Thus, we designed
the study to use a metaverse based social interactive
game platform (Roblox). Roblox, MineCraft, Whyville,
and Zepeto are internet-based metaverse platforms
where users can socialise, be creative, and play using
their imagination.16,17 Socialisation with peers is impor-
tant for children and adolescents with ASD to build
close friendships and engage in positive peer in-
teractions. A metaverse-based interactive game platform
can provide various cooperative activities where children
and adolescents can participate.

We aimed to (1) develop a metaverse-based social
skills training programme with a digital platform to
enhance the social interaction skills of children with
HFASD, and (2) evaluate the feasibility of the developed
programme within the metaverse as part of the PEERS,
as well as improve social interaction skills essential for
children with HFASD.
Methods
Study design
The metaverse-based social skills training programme
for children with HFASD aged 7–12 years to improve
social interaction is a parallel group, open-label, single-
centre, pilot randomised controlled trial (RCT; trial
registration: KCT 0006859). It follows the Consolidated
Standards of Reporting Trials (CONSORT) pilot check-
list.18 In this study, based on PEERS, we designed and
applied a social skills training programme for children
with HFASD that can be used within the metaverse
platform. Participants were publicly recruited through a
treatment centre for children with HFASD or online
community webpages for parents of children with
HFASD. The trial protocol was published in an online
journal.19 At Visit 1, participants were personally visited
and underwent the Korean-Wechsler Intelligence Scale
for Children-IV (K-WISC-IV) test for enrollment in the
clinical trial, as well as demographic characteristics and
pre-neuropsychology tests. The mental states of the
parents and caregivers were measured. The children
www.thelancet.com Vol 61 July, 2023
eligible for this study were randomly assigned to the
intervention or control groups at a 1:1 ratio for four
weeks. Children and their parents in the intervention
and control groups were administered the same
assessment in the pre- and post-tests, and the inter-
vention group was provided with a metaverse-based
PEERS for four weeks, while the control group did not
receive any interventions. Participants completed the
outcome measure after the intervention session. The
participants, parents, and caregivers received a post-
intervention neuropsychological test questionnaire via
mail, which they responded to at home and returned to
the research team via mail (Fig. 1A).

Written informed consent was obtained from all
children and parents who participated in this study. This
study was approved by the Korea National Institute for
Bioethics Policy (KONIBP), a public institutional review
board (P01-202202-01-017).

Participants
Children were recruited from February to March 2022
from a treatment centre for social ability development
for children with HFASD in Korea or by self-referral
through online community webpages for the parents
of children with HFASD. Inclusion criteria for chil-
dren were as follows: (a) between 7 and 12 years of age;
(b) diagnosed with ASD; (c) can understand the rules,
and have a IQ ≥ 90 according to a standardised in-
telligence test; (d) children and parents who are fluent
in the Korean language; (e) no defects in motor
function; and (e) self or guardians who can use a
tablet, PC and desktop, or laptop computer to browse
the Internet. The following were the exclusion criteria
for children: (a) speech, hearing, or visual impair-
ments; (b) history of congenital or acquired brain
damage, such as cerebral palsy; (c) difficulty in coop-
erating with programme participants because of
serious developmental delays; (e) difficulties in con-
trolling behavior; or (f) medicine intake or environ-
mental change occurred during the intervention. All
participants provided written informed consent
including children and legal guardians (see
Supplementary 2 for the consent form).

Randomisation and masking
The study randomly assigned participants (1:1) to either
a metaverse-based social skills training programme
(intervention group) or no intervention (control group).
Prior to the study, researchers conducted randomisation
among children who met the inclusion criteria. An in-
dependent statistician from a different institution
created the randomisation codes using blocked ran-
domisation (with a block size of 4) and age stratification
(7–9 years and 10–12 years) and delivered them to the
researchers as a password-protected zip file to reduce
exposure. The independent statistician used the PROC
PLAN procedure in SAS version 9.4 to generate the
3
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Fig. 1: Study profile: study design (A) and participant flow (B). K-WISC: Korean-Wechsler Intelligence Scale for Children, SRS-2: Social Responsiveness
Scale-2, K-SCQ: Korean versions of the Social Communication Questionnaire, K-CBCL: Korean Child Behavior Checklist, K-VABS-2: Korea Vineland-II,
CDI: Children’s Depression Inventory, K-MAAS: Korean version of the Mindful Attention and Awareness Scale, RCMAS: Revised Children’s Manifest
Anxiety Scale, SCL-R: Symptom Checklist Revision, ASD: Autism Spectrum Disorder, NPT: Neuropsychological test.
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randomisation codes. The researchers used these codes
to perform the randomisation.

Sample size
As this is a pilot trial, a formal calculation for sample
size is not necessary, but we did follow Whitehead et al.
(2016)20 method to calculate the sample size for the pilot
trial. We aimed for a sample size of 12 participants per
group with 80% power and a two-sided significance level
of 5%, assuming that the effect size and mean differ-
ence would be higher due to the better accessibility and
more frequent interventions compared to existing off-
line social skills training interventions and this study is
a pilot study.

Metaverse-based social skills training programme
For children with HFASD, to build friendships and
engage in positive interactions, socialisation with peers
is important. Children can participate in various group
activities on metaverse-based interactive game plat-
forms. The metaverse-based social skills training pro-
gramme implemented PEERS within the metaverse
platform for children with ASD.9,10 The programme
curriculum consisted of four sessions. The first session
was the introduction and awareness of the need for
rules and results. The second session involved under-
standing the situations based on behavior and partici-
pating in team activities. The third session included
responding appropriately to negative behavioural expe-
riences and emotions. The fourth session concerned
knowing and accepting individual differences. Each
session consisted of theoretical classes, practice of
metaverse, homework, and feedback. Details of the
programme are provided in Appendix A and B, and
Table S1 in Supplementary 1.

Procedure
The metaverse-based social skills training programme
was delivered via the metaverse platform, Roblox and
Zoom. Participants and their caregivers accessed the
study intervention using a unique username and
password. Children in the intervention group
completed the metaverse-based social skills training
program me at home in four weeks. The intervention
consisted of four sessions, one session per week for
60 min each. Each session included a target lesson,
direct instruction, and practical training (metaverse)
accompanied by homework to encourage skill gener-
alisation in real-world settings. The programme was
conducted by a clinical psychologist (main therapist)
and two nurses (assistant therapists). The main thera-
pist conducted the programme, and two assistant
therapists observed and recorded the programme.
Homework was reviewed at the beginning of each
session. After the homework review and discussion,
rules were set to be followed in the sports game on the
metaverse platform. The participants then received
www.thelancet.com Vol 61 July, 2023
didactic lessons on social skills and mindfulness from
a trained therapist. A metaverse sports game was
played to practice newly learned skills and rules. A
screenshot of the metaverse-based social skills training
programme is shown in Figure S1 in Supplementary 1.
The children in the control group did not receive any
intervention. All participants, including those receiving
the intervention, continued with their usual treatment
during the trial.

Outcomes
Neuropsychological test (NPT)
The primary outcome measure was the median change
in the Social Responsiveness Scale-2 (SRS-2) scores
from pre-to post-intervention. SRS-2 is an assessment
tool used to confirm the effectiveness of social in-
teractions.21 The secondary outcomes measured in this
study consisted of changes in the Korean versions of the
Social Communication Questionnaire (K-SCQ),22

Korean Child Behavior Checklist (K-CBCL),23 Korea
Vineland-II (K-VABS-2),24 Symptom Checklist Revision
(SCL-R),25 Children’s Depression Inventory (CDI),26

Revised Children’s Manifest Anxiety Scale (RCMAS),27

and Korean version of the Mindful Attention and
Awareness Scale (K-MAAS)28 were used to evaluate pre-
and post-interventions. The K-SCQ, K-CBCL, and K-
VABS-2 were used to assess the reduction in social
adaptation and emotional and behavioural problems in
children. CDI, RCMAS, and K-MAAS tests were per-
formed to assess improvement in children’s mental
health status. The SCL-R measured caregivers’ psychi-
atric symptoms.

Biometric information
The study involved the use of a wearable device, in the
form of a smartwatch (Fitbit charge 5), to collect bio-
metric information from all participating children. The
watch was chosen to minimise discomfort. Additionally,
a webcam was used to record the children’s behavior
and facial expressions in real-time during the
programme.

Data management
The data collected in this study were not viewed by
anyone other than the researcher in charge of the par-
ticipants’ safety, nor was it leaked. In addition, data
entered into the computerised system were kept confi-
dential with all security functions turned on. This data,
except for information supplied by research institutes,
are inaccessible and cannot be accessed, or leaked, by
anyone other than the licensed accountable researchers.
Furthermore, per Article 15 of the Bioethics Act
Enforcement Rules, all research-related records will be
kept for 3 years after the study’s conclusion, and data
relating to personal information will be destroyed per
Article 16 of the Personal Information Protection Act
Enforcement Decree.
5
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Statistical analysis
All outcomes in participants who completed the peer
programme period and assessment at baseline and
post-intervention were analysed. Participants without
protocol violations (per-protocol analysis set) were
included in the analysis.29 Non-parametric analyses
were used in this study because of the non-normal
distribution and small sample size of the data. All
baseline demographic characteristics of the partici-
pants and their neuropsychological test outcomes at
baseline and post-intervention were summarised by
randomised groups using the median (Interquartile
range (IQR)) for continuous data or count (%) for cat-
egorical data. In the statistical analysis, we assessed the
pre- and post-intervention NPT scores for the inter-
vention and control groups and calculated the median
values and IQR for each group and time point. To
evaluate the significance of the intervention, we used
the non-parametric bootstrap approach with funda-
mental bootstrap confidence intervals to estimate the
95% confidence intervals (CI) for the median differ-
ence between pre- and post-intervention in the inter-
vention and control groups. In addition, we employed a
bootstrap method to calculate the 95% CI for the me-
dian difference between the groups in terms of the
difference in pre- and post-outcomes. Non-parametric
bootstrap and 95% CI calculations were performed
using the NumPy (version 1.23.5) package in Python
(version 3.9.12). A 95% CI that includes zero indicates
a lack of statistically significant difference, while a CI
that does not include zero indicates a statistically sig-
nificant difference. This method involved resampling
with replacement from the initial dataset and deter-
mining the median for every resampled dataset. We
conducted 10,000 iterations of this procedure to
generate a distribution of median differences and
subsequently computed the confidence intervals using
the basic bootstrap method. To analyse the change in
heart rate by session, we calculated the mean and
standard deviation (SD) values for the heart rate mea-
surements in each session of the intervention group,
which were obtained using a wearable device (Fitbit
charge5). For analysis, we used pandas (version 1.1.5),
NumPy (version 1.17.0), seaborn (version 0.11.2), and
matplotlib (version 3.1.2) in python (version 3.6.8). For
sensitivity analysis, we performed stratification into
lower and higher grades to assess the feasibility of the
intervention within these subgroups. Within these
subgroups, we evaluated the pre- and post-intervention
NPT scores for each grade using a non-parametric
bootstrap method. This allowed us to calculate the
median values and IQR for each grade and time point.
By performing 10,000 iterations of resampling with
replacement from the original dataset, we created a
distribution of median differences, from which we
computed the 95% CI for these differences using the
basic bootstrap method. In addition, we computed the
CI for the median difference between pre- and post-
intervention in the lower and higher grade groups
and between the groups in terms of the differences in
pre- and post-intervention outcomes. No post-hoc an-
alyses were performed, and we did not employ any
correction methods for multiple comparisons in this
study. The choice of these statistical tests was primarily
predicated upon the small sample size and the non-
normal distribution characteristics of our data, in
addition to the necessity to estimate CIs to compare the
intervention and control groups. Data analysis was
performed using the R software (version 4.1.0) and
Python (version 3.6.8 and 3.9.12).

Role of the funding source
The funder of the study had no role in the study design,
data collection, data analysis, data interpretation, or
writing of the report.
Results
Participant characteristics
Between February 14, 2022, and March 31, 2022, 20
participants who met our inclusion criteria were
enrolled and randomly assigned to one of two groups.
One participant in the intervention group who did not
complete the recommended usage was excluded from
the analysis. In the control group, several participants
were excluded from analysis. This included one partic-
ipant who started medication along with psychiatric
treatment because they were exposed to school violence,
one who increased their medication dosage as a result of
increased symptoms due to the new environment at the
start of the school year, one who did not complete the
post-neuropsychological test, and one who changed
home or school environment during the trial period.
Finally, 15 participants overall were included in the data
analysis (Fig. 1B).

Demographic and baseline variables were compared
between the intervention and control groups prior to the
intervention. Of the 15 children, nine (60%) were in the
intervention group, and six (40%) in the control group.
Regarding sex and ethnicity, there was no significant
difference between the groups; 100% of the participants
in both groups were boys and Asians. There was no
significant difference between the intervention and
control groups in demographic variables, including age
and K-WISC-IV. Except for K-MAAS, there was no sig-
nificant difference between the two groups in the neu-
ropsychological test. The demographic and baseline
variables of both groups are summarised in Table 1. The
full table is presented in Table S2, Supplementary 1. We
have also included a supplementary 1, Table S3, which
provides demographic and baseline information for the
entire sample using an intention-to-treat (ITT) analysis
approach. The results of this ITT analysis did not reveal
any significant differences compared to the findings
www.thelancet.com Vol 61 July, 2023

www.thelancet.com/digital-health


Characteristics Group

Intervention (N = 9) Control (N = 6)

Sex, n (%)

- Male 9 (100.0%) 6 (100.0%)

- Female 0 (0.0%) 0 (0.0%)

Age, median (IQR) 9.0 (8.0; 10.0) 8.5 (8.0; 10.0)

Ethnicity, n (%)

- Asian 9 (100.0%) 6 (100.0%)

K-WISC-IV, median (IQR)

- Full scale IQ 100.0 (95.0; 101.0) 116.5 (100.0; 124.0)

- VCI (Verbal Compression Index) 104.0 (96.0; 119.0) 121.0 (112.0; 124.0)

Children measures

K-MAAS (Total), median (IQR) 71.0 (61.0; 80.0) 85.5 (79.0; 91.0)

CDI (Total), median (IQR) 14.0 (8.0; 14.0) 8.5 (5.0; 11.0)

RCMAS (Total), median (IQR) 15.0 (7.0; 16.0) 8.5 (7.0; 16.0)

Parents’ measures (for children), median (IQR)

SRS-2 96.0 (74.0; 112.0) 74.5 (59.0; 87.0)

K-SCQ (Total) 9.0 (4.0; 12.0) 6.0 (3.0; 16.0)

K-CBCL (Total) 67.0 (63.0; 78.0) 69.5 (66.0; 76.0)

K-VABS-2

- Communication 84.0 (74.5; 93.0) 81.5 (75.0; 103.0)

- Daily living skills 84.0 (77.0; 87.0) 86.5 (84.0; 89.0)

- Socialization 72.0 (68.0; 76.0) 70.5 (65.0; 75.0)

Parents’ measures (for parents), median (IQR)

SCL-R

- Depression 49.0 (41.0; 51.0) 48.0 (45.0; 54.0)

- Anxiety 52.0 (48.0; 61.0) 52.5 (45.0; 56.0)

- Panic 45.0 (45.0; 53.0) 45.0 (45.0; 45.0)

- Agoraphobia 44.0 (44.0; 50.0) 47.0 (44.0; 50.0)

- Obsessive 49.0 (49.0; 59.0) 52.5 (44.0; 57.0)

- Obsessive-compulsive personality 51.0 (49.0; 57.0) 51.0 (46.0; 57.0)

- PTSD 47.0 (42.0; 48.0) 45.0 (43.0; 48.0)

- Anger attack 54.0 (48.0; 55.0) 51.5 (44.0; 54.0)

- Somatic 47.0 (44.0; 52.0) 49.0 (38.0; 49.0)

- Mania 55.0 (49.0; 58.0) 41.0 (38.0; 44.0)

- Paranoia 46.0 (43.0; 48.0) 51.0 (44.0; 53.0)

- Psychosis 42.0 (42.0; 46.0) 48.0 (42.0; 50.0)

- Suicide 41.0 (40.0; 46.0) 46.0 (41.0; 50.0)

- Addiction 46.0 (44.0; 63.0) 46.0 (46.0; 47.0)

- Sleep disorder 56.0 (46.0; 61.0) 46.0 (41.0; 56.0)

- Interpersonal sensitivity 50.0 (47.0; 54.0) 57.5 (56.0; 65.0)

- Regulation problem 48.0 (48.0; 52.0) 52.5 (44.0; 55.0)

IQR: Interquartile range, K-WISC: Korean-Wechsler Intelligence Scale for Children, IQ: Intelligence Quotient, K-MAAS: Korean version of the Mindful Attention and Awareness
Scale, CDI: Children’s Depression Inventory, RCMAS: Revised Children’s Manifest Anxiety Scale, SRS-2: Social Responsiveness Scale-2, K-SCQ: Korean versions of the Social
Communication Questionnaire, K-CBCL: Korean Child Behavior Checklist, K-VABS-2: Korea Vineland-II, SCL-R: Symptom Checklist Revision.

Table 1: Demographic and baseline variable for intervention and control groups (a version of Per Protocol).

Articles
obtained from the Per Protocol (PP) analysis. The details
can be found in the Supplementary Materials.

Primary outcome
The results for the SRS-2 scores are shown in Table 2.
The SRS-2 indicates that the lower the score, the better
the social interaction ability. The SRS-2 total scores for
the intervention group decreased from baseline 96.0
www.thelancet.com Vol 61 July, 2023
(IQR: 74.0–112.0) to post-intervention 85.0 (IQR:
84.0–103.0). The median difference in SRS-2 scores
between the intervention and control groups was 11.5
(95% CI: −2.5 to 15.5), with further reduction in the
intervention group. Scores on social awareness, social
cognition, social communication, social motivation, and
autistic mannerism decreased post-intervention (me-
dian (IQR): 11.0 [11.0–13.0], 19.0 [15.0–21.0], 31.0
7
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Characteristics Intervention (n = 9) Control (n = 6) Median difference (Median, 95% CI)a

Baseline (Median, IQR) Post (Median, IQR) Baseline (Median, IQR) Post (Median, IQR)

Primary outcomes

SRS-2 (Total)b 96.0 [74.0; 112.0] 85.0 [84.0; 103.0] 74.5 [59.0; 87.0] 69.5 [61.0; 95.0] 11.5 (8.5–14.0)

- Social awareness 12.0 [ 9.0; 13.0] 11.0 [11.0; 13.0] 9.0 [ 7.0; 10.0] 9.0 [ 7.0; 11.0] 1.0 (0.0–2.0)

- Social cognition 20.0 [18.0; 22.0] 19.0 [15.0; 21.0] 15.0 [14.0; 18.0] 16.0 [13.0; 18.0] 2.0 (1.0–4.0)

- Social communication 33.0 [26.0; 39.0] 31.0 [25.0; 35.0] 24.0 [20.0; 30.0] 23.5 [20.0; 35.0] 2.0 (1.0–4.0)

- Social motivation 13.0 [10.0; 19.0] 11.0 [10.0; 17.0] 13.5 [ 4.0; 18.0] 13.0 [ 4.0; 18.0] 1.5 (1.0–2.5)

- Autistic mannerism 18.0 [16.0; 23.0] 16.0 [13.0; 18.0] 12.0 [ 9.0; 14.0] 12.0 [10.0; 14.0] 4.0 (1.0–5.0)

Secondary outcome

CDI (Total)b 14.0 [ 8.0; 14.0] 9.0 [ 5.0; 14.0] 8.5 [ 5.0; 11.0] 6.0 [ 4.0; 10.0] 3.0 (−1.0 to 4.0)

- Negative Self-Esteem 6.0 [ 3.0; 7.0] 7.0 [ 2.0; 8.0] 3.0 [ 2.0; 5.0] 2.5 [ 2.0; 5.0] 1.5 (−1.0 to 3.0)

- Interpersonal Problems 3.0 [ 2.0; 5.0] 2.0 [ 1.0; 2.0] 1.5 [ 0.0; 3.0] 2.0 [ 1.0; 4.0] 2.0 (1.0–3.0)

- Negative Mood/Physical symptoms 4.0 [ 2.0; 5.0] 2.0 [ 1.0; 5.0] 3.0 [ 2.0; 3.0] 1.0 [ 1.0; 3.0] −1.0 (−2.0 to 0.0)

K-MAASb 71.0 [61.0; 80.0] 66.0 [36.0; 77.0] 85.5 [79.0; 91.0] 75.5 [53.0; 80.0] −10.0 (−15.0 to −1.5)

RCMAS (Total)b 15.0 [ 7.0; 16.0] 14.0 [11.0; 17.0] 8.5 [ 7.0; 16.0] 14.0 [ 7.0; 19.0] 3.0 (0.0–4.5)

- Over worry 2.0 [ 2.0; 4.0] 2.0 [ 2.0; 4.0] 2.5 [ 2.0; 4.0] 5.0 [ 2.0; 5.0] 0.0 (−1.0 to 2.0)

- Sensitiveness 3.0 [ 1.0; 3.0] 3.0 [ 3.0; 4.0] 1.0 [ 1.0; 4.0] 2.5 [ 2.0; 5.0] 0.5 (0.0–1.0)

- Negative Emotions/Attention Problems 3.0 [ 3.0; 6.0] 4.0 [ 4.0; 5.0] 3.0 [ 1.0; 5.0] 3.5 [ 2.0; 6.0] 1.0 (0.0–2.0)

K-SCQ (Total)b 9.0 [4.0; 12.0] 7.0 [6.0; 11.0] 6.0 [ 3.0; 16.0] 5.5 [ 5.0; 11.0] 0.5 (−1.5 to 3.0)

K-CBCL (Total)b 67.0 [63.0; 78.0] 63.0 [61.0; 70.0] 69.5 [66.0; 76.0] 68.0 [61.0; 71.0] 3.5 (−0.5 to 6.0)

- Anxiety/Depression 62.0 [62.0; 75.0] 57.0 [53.0; 72.0] 67.5 [62.0; 77.0] 69.5 [59.0; 73.0] 5.5 (1.0–6.5)

- Social problems 79.0 [67.0; 79.0] 70.0 [67.0; 72.0] 67.5 [65.0; 70.0] 66.0 [64.0; 70.0] 4.0 (0.0–7.0)

- Thought problems 68.0 [63.0; 73.0] 68.0 [59.0; 69.0] 68.0 [66.0; 70.0] 67.5 [63.0; 69.0] 1.5 (0.0–3.5)

- Aggressive behavior 62.0 [50.0; 66.0] 62.0 [50.0; 66.0] 65.5 [61.0; 70.0] 62.0 [57.0; 67.0] −0.5 (−5.0 to 1.0)

- Internalizing problems 66.0 [63.0; 82.0] 62.0 [55.0; 72.0] 66.0 [61.0; 76.0] 65.0 [61.0; 74.0] 4.0 (0.5–7.5)

- Externalizing problems 62.0 [51.0; 65.0] 62.0 [48.0; 65.0] 65.0 [62.0; 67.0] 63.0 [58.0; 66.0] 2.0 (−2.5 to 3.5)

K-VABS-2c

- Communication 84.0 [75.0; 93.0] 86.0 [75.0; 97.0] 81.5 [75.0; 103.0] 89.0 [72.0; 104.0] −2.5 (−6.5 to 3.0)

- Daily living skill 84.0 [77.0; 87.0] 82.0 [80.0; 94.0] 86.5 [84.0; 89.0] 83.0 [81.0; 84.0] −5.0 (−9.0 to 2.0)

- Socialization 72.0 [68.0; 76.0] 75.0 [72.0; 81.0] 70.5 [65.0; 75.0] 74.0 [65.0; 79.0] 0.0 (−2.5 to 5.0)

Parents’ measures (for parents)

SCL-Rb

- Depression 49.0 [41.0; 51.0] 43.0 [41.0; 48.0] 48.0 [45.0; 54.0] 51.0 [47.0; 65.0] 7.0 (1.5–9.5)

- Anxiety 52.0 [48.0; 61.0] 52.0 [42.0; 54.0] 52.5 [45.0; 56.0] 52.5 [49.0; 56.0] 5.0 (1.5–8.5)

- Obsessive compulsive personality 51.0 [49.0; 57.0] 49.0 [45.0; 55.0] 51.0 [46.0; 57.0] 51.0 [51.0; 59.0] 6.0 (0.5–12.0)

- PTSD 47.0 [42.0; 48.0] 48.0 [47.0; 48.0] 45.0 [43.0; 48.0] 48.0 [48.0; 70.0] 4.5 (−1.0 to 11.5)

- Anger attack 54.0 [48.0; 55.0] 45.0 [41.0; 57.0] 51.5 [44.0; 54.0] 50.0 [44.0; 63.0] 6.5 (−1.0 to 9.0)

- Somatic 47.0 [44.0; 52.0] 39.0 [36.0; 41.0] 49.0 [38.0; 49.0] 51.5 [51.0; 52.0] 10.0 (8.0–11.0)

- Mania 55.0 [49.0; 58.0] 53.0 [49.0; 58.0] 41.0 [38.0; 44.0] 44.0 [43.0; 44.0] 5.0 (0.0–6.0)

- Paranoia 46.0 [43.0; 48.0]] 43.0 [40.0; 53.0] 51.0 [44.0; 53.0] 52.5 [47.0; 56.0] 4.0 (0.0–4.0)

- Psychosis 42.0 [42.0; 46.0] 42.0 [42.0; 49.0] 48.0 [42.0; 50.0] 44.5 [42.0; 58.0] 0.0 (−2.0 to 4.0)

- Sleep disorder 56.0 [46.0; 61.0] 41.0 [40.0; 51.0] 46.0 [41.0; 56.0] 41.0 [41.0; 51.0] 8.0 (5.0–13.0)

- Interpersonal sensitivity 50.0 [47.0; 54.0] 47.0 [43.0; 54.0] 57.5 [56.0; 65.0] 63.5 [50.0; 69.0] 8.0 (5.0–11.0)

- Regulation problem 48.0 [48.0; 52.0] 57.0 [41.0; 61.0] 52.5 [44.0; 55.0] 53.5 [44.0; 57.0] 4.0 (−4.5 to 8.0)

SRS-2: Social Responsiveness Scale-2, CDI: Children’s Depression Inventory, K-MAAS: Korean version of the Mindful Attention and Awareness Scale, RCMAS: Revised Children’s Manifest Anxiety Scale, K-
SCQ: Korean versions of the Social Communication Questionnaire, K-CBCL: Korean Child Behavior Checklist, K-VABS-2: Korea Vineland-II, SCL-R: Symptom Checklist Revision. aMedian difference score
between the intervention (baseline and post-intervention) and control (baseline and post-intervention) groups and 95% confidence interval were estimated using 10,000 bootstrap samples. bLower scores
indicate increased ability. cHigher scores indicate increased ability.

Table 2: Comparison between outcome variables for the intervention and control groups (a version of Per Protocol).
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[25.0–35.0], 11.0 [10.0–17.0], 16.0 [13.0–18.0]) compared
to baseline (median (IQR): 12.0 [9.0–13.0], 20.0
[18.0–22.0], 33.0 [26.0–39.0], 13.0 [10.0–19.0], 18.0
[16.0–23.0]). Supplementary 1 Table S4 presents the full
table, and Figure S2 presents the plot for the primary
outcome.
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Articles
Secondary outcome
The CDI, RCMAS, K-CBCL, and SCL-R indicate that the
lower the score, the better the ability, and K-VABS in-
dicates that the higher the score, the better the ability.
The results for the secondary outcomes are in Table 2.
The full table and plots are shown in supplementary 1
and Figure S2 and Table S4.

Mental health status
The Children’s mental health was evaluated using the
CDI, K-MAAS, and RCMAS. The CDI total scores for
the intervention group decreased from baseline 14.0
(IQR: 8.0–14.0) to post-intervention 9.0 (IQR: 5.0–14.0).
In comparison to the control group, the intervention
group’s median Interpersonal problems score differ-
ence reduced to 2.0 (95% CI: 1.0–3.0). And the median
difference of K-MAAS decreased by −10.0 (95%
CI: −15.0 to 1.5) in the intervention group compared to
the control group. The median difference in total
RCMAS was a 3.0 (95% CI: 0.0–4.5) decrease from the
control group in the intervention group.

Social adaptation and emotional and behavioural problems
In the intervention group, the total K-SCQ score tended
to decrease post-intervention (median (IQR): 7.0
[6.0–11.0]) compared to the baseline (median (IQR): 9.0
[4.0–12.0]). Compared to the K-CBCL total score at
baseline (median (IQR): 67.0 [63.0–78.0]), it tended to
decrease post-intervention (median (IQR): 63.0
[61.0–70.0]). However, the socialisation score of K-
VABS-2 increased from 72.0 (IQR: 68.0–76.0) to 75.0
(IQR: 72.0–81.0) post-intervention.

Caregiver’s psychiatric symptoms
The SCL-R shows the caregiver’s psychiatric symptoms.
According to the results obtained, the post-intervention
score for Depression was 43.0 (IQR: 41.0–48.0) in the
intervention group and 51.0 (IQR: 47.0–65.0) in the
control group. The estimated median difference be-
tween the intervention and control groups for Depres-
sion was 7.0 (95% CI: 1.5–9.5), Anxiety was 5.0 (95% CI:
1.5–8.5), Somatic was 10.0 (95% CI: 8.0–11.0) and sleep
disorder was 8.0 (95% CI: 5.0–13.0).

Biometric information
The mean heart rate in the intervention group during the
programme, as measured by a wearable device (Fitbit
charge5), was 87.0 (SD: 11.0) in session 1, 94.2 (SD: 13.7)
in session 2, 85.9 (SD: 9.6) in session 3, and 93.5 (SD:
11.8) in session 4 (Supplementary Figure S5). The results
indicated no significant differences in heart rate mea-
surements between sessions during the programme.

Comparison between lower- and higher-grade
groups
The results of the comparison between the lower- and
higher-grade groups of the intervention group are shown
www.thelancet.com Vol 61 July, 2023
in Tables 3 and Table S5 in Supplementary 1. The dif-
ference between pre and post SRS total scores for the
lower-grade group was −8.0 (95% CI: −12.0 to 15.0), while
the higher-grade group had a difference of −9.0 (95%
CI: −41.0 to 2.0). The median difference between the two
subgroups, Control (post-pre) - Intervention (post-pre),
was 11.5 (95% CI: 7.0–17.0). Median differences between
subgroups showed a treatment effect in the higher-grade
group for Autistic mannerism (Subgroup median dif-
ference; 95% CI, 12.0, 10.5–13.0), K-MAAS total (Sub-
group median difference; 95% CI, 21.0, 12.5–23.0), K-
SCQ total (Subgroup median difference; 95% CI, 9.0,
8.0–10.0), K-CBCL total (Subgroup median difference;
95% CI, 5.0, 3.0–7.0), Aggressive behavior (Subgroup
median difference; 95% CI, 11.0, 10.0–13.0), External-
ising problems (Subgroup median difference; 95% CI,
11.0, 9.0–14.0), and Socialisation (Subgroup median dif-
ference; 95% CI, 14.0, 11.0–17.0). However, CDI total
(Subgroup median difference; 95% CI, −11.0, −15.0
to −9.0), Interpersonal problem (Subgroup median dif-
ference; 95% CI, −4.0, −4.0 to −3.0), Negative Mood/
Physical Symptoms (Subgroup median difference; 95%
CI, −5.0, −6.0 to −4.0), and Communication (Subgroup
median difference; 95% CI, −10.5, −14.5 to −5.0) seemed
to be more effective in the lower-grade group.

Statement on harm
There were no serious intervention-related adverse
events of discontinuations due to adverse events in
either group (Table 4).
Discussion
In this study, we confirmed the feasibility of a
metaverse-based social skills training programme to
improve social abilities and reduce emotional and
behavioural problems in children with HFASD
following a 4-week intervention. Specifically, our study
demonstrated the potential of metaverse-based in-
terventions to improve social interaction skills, enhance
mental health outcomes, reduce emotional and behav-
ioural problems in children with HFASD, and alleviate
parental psychological distress. The results of this study
are consistent with those of previous offline PEERS.
Previous offline PEERS have shown significant im-
provements in social skills and frequency of social
engagement, while also reducing emotional and behav-
ioural problems.9,10 However, studies have shown limi-
tations of offline treatment, such as a long waiting time,
an imbalance between urban and rural areas, and a lack
of therapists.11 This condition has been aggravated by
the COVID-19 pandemic.12 This study attempted to
overcome the limitations of offline interventions, such
as the accessibility of using the metaverse, and
demonstrated the potential of group interventions based
on the PEERS programme using the metaverse to
improved social skills.
9
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Characteristics Lower-grade Higher-grade Subgroup median difference
(95% CI)b

Intervention (n = 5)
(Median difference
(95% CI))a

Control (n = 4)
(Median difference
(95% CI))a

Intervention (n = 4)
(Median difference
(95% CI))a

Control (n = 2)
(Median difference
(95% CI))a

Primary outcome

SRS-2 (Total)c −8.0 (−12.0 to 15.0) 3.5 (−10.0 to 8.0) −9.0 (−41.0 to −2.0) 5.0 (0.0–10.0) 11.5 (7.0–17.0)

- Social awareness 0.0 (−3.0 to 5.0) 0.0 (−1.0 to 3.0) −1.5 (−3.0 to 1.0) 1.5 (−2.0 to 5.0) 3.0 (2.0–4.0)

- Social cognition −3.0 (−6.0 to 5.0) 1.5 (−5.0 to 2.0) −0.5 (−12.0 to 2.0) 2.5 (2.0–3.0) 3.0 (1.0–4.5)

- Social communication −3.0 (−4.0 to 3.0) 2.5 (−3.0 to 5.0) −0.5 (−11.0 to 4.0) 0.0 (−2.0 to 2.0) −2.0 (−4.0 to −0.5)

- Social motivation −2.0 (−2.0 to 1.0) 1.0 (−1.0 to 2.0) −2.0 (−4.0 to 1.0) −2.0 (−5.0 to 1.0) −2.0 (−3.0 to −1 0.0)

- Autistic mannerism 0.0 (−4.0 to 4.0) −1.0 (−6.0 to 1.0) −7.0 (−13.0 to −3.0) 3.0 (2.0–4.0) 12.0 (10.5–13.0)

Secondary outcome

CDI (Total)c −5.0 (−11.0 to 3.0) 1.0 (−2.0 to 9.0) 1.0 (−6.0 to 16.0) −3.5 (−6.0 to −1.0) −11.0 (−15.0 to −9.0)

- Negative Self-Esteem 1.0 (−4.0 to 3.0) 0.0 (−1.0 to 6.0) −0.5 (−4.0 to 15.0) 0.0 (0.0–0.0) −1.0 (−3.5 to 0.0)

- Interpersonal Problems −1.0 (−4.0 to 1.0) 1.5 (0.0–4.0) −1.0 (−2.0 to 1.0) −1.0 (−1.0 to −1.0) −4.0 (−4.0 to −3.0)

- Negative Mood/Physical Symptoms −2.0 (−4.0 to 1.0) −1.0 (−2.0 to 1.0) 1.0 (−1.0 to 4.0) −2.5 (−5.0 to 0.0) −5.0 (−6.0 to −4.0)

K-MAAS (Total)c −2.0 (−26.0 to 13.0) −19.5 (−51.0 to −2.0) −5.0 (−9.0 to −5.0) −4.5 (−12.0 to 3.0) 21.0 (12.5–23.0)

RCMAS (Total)c −1.0 (−7.0 to 2.0) 2.0 (−3.0 to 4.0) 0.0 (−3.0 to 4.0) 4.5 (−4.0 to 13.0) 1.0 (−2.0 to 4.0)

- Over worry 0.0 (−3.0 to 1.0) 0.0 (−1.0 to 3.0) 1.0 (0.0–2.0) 1.0 (−1.0 to 3.0) −1.0 (−2.0 to −0.5)

- Sensitiveness 0.0 (−2.0 to 2.0) 0.5 (0.0–4.0) 0.0 (−1.0 to 3.0) 0.0 (−2.0 to 2.0) −1.0 (−2.0 to −1.0)

- Body/Sleep problem −1.0 (−2.0 to 2.0) −1.0 (−1.0 to 0.0) −2.0 (−4.0 to 0.0) 1.5 (1.0–2.0) 4.0 (3.0–4.0)

- Negative Emotions/Attention Problems −1.0 (−3.0 to 1.0) 0.0 (−2.0 to 3.0) 1.0 (−2.0 to 3.0) 2.0 (−2.0 to 6.0) 0.0 (−2.0 to 1.0)

K-SCQ (Total)c 1.0 (−2.0 to 2.0) −2.0 (−5.0 to 0.0) −2.5 (−9.0 to 2.0) 4.0 (3.0–5.0) 9.0 (8.0–10.0)

K-CBCL (Total)c −2.0 (−12.0 to 4.0) −1.5 (−7.0 to 3.0) −8.5 (−21.0 to −3.0) −3.5 (−5.0 to −2.0) 5.0 (3.0–7.0)

- Anxiety/Depression −3.0 (−9.0 to 15.0) 0.0 (−3.0 to 3.0) −12.5 (−18.0 to −5.0) −5.5 (−8.0 to −3.0) 5.0 (2.0–7.0)

- Social problems −5.0 (−12.0 to 3.0) −1.5 (−4.0 to 0.0) −6.0 (−13.0 to 3.0) −2.0 (−4.0 to 0.0) 0.0 (−2.0 to 2.0)

- Thought problems −4.0 (−5.0 to 1.0) −2.0 (−4.0 to 0.0) −4.5 (−11.0 to 3.0) −2.5 (−7.0 to 2.0) 1.0 (−1.0 to 2.0)

- Aggressive behavior 0.0 (−3.0 to 6.0) −4.5 (−12.0 to 1.0) −1.5 (−12.0 to 0.0) 1.5 (1.0–2.0) 11.0 (10.0–13.0)

- Internalizing problems −5.0 (−10.0 to 8.0) −0.5 (−4.0 to 2.0) −11.0 (−20.0 to −1.0) −8.5 (−16.0 to −1.0) −1.0 (−3.0 to 2.0)

- Externalizing problems 0.0 (−11.0 to 5.0) −2.5 (−9.0 to 3.0) −7.5 (−18.0 to 0.0) 1.0 (0.0–2.0) 11.0 (9.0–14.0)

K-VABS-2d

- Communication (−16.0 to 14.0) 3.0 (−3.0 to 16.0) 10.5 (−35.0 to 13.0) −3.5 (−15.0 to 8.0) −10.5 (−14.0 to −5.0)

- Daily living skill 2.0 (−14.0 to 10.0) −3.5 (−8.0 to 10.0) 4.0 (−35.0 to 19.0) −3.5 (−5.0 to −2.0) −5.5 (−9.0 to −2.0)

- Socialization 5.0 (−16.0 to 9.0) 0.5 (−3.0 to 4.0) 3.5 (−20.0 to 5.0) 12.0 (6.0–18.0) 14.0 (11.0–17.0)

Parents’ measures (for parents)

SCL-Rc

- Depression −1.0 (−11.0 to 0.0) 2.0 (−10.0 to 13.0) −1.0 (−8.0 to 5.0) 5.0 (−2.0 to 12.0) 0.0 (−3.0 to 2.5)

- Anxiety −1.0 (−7.0 to 0.0) 0.0 (−2.0 to 11.0) 1.0 (−10.0 to 4.0) 6.5 (0.0–13.0) 2.0 (0.0–5.0)

- Obsessive compulsive personality −6.0 (−12.0 to 6.0) −3.0 (−6.0 to 0.0) −4.0 (−25.0 to 12.0) 18.5 (13.0–24.0) 24.0 (19.5–28.0)

- PTSD 0.0 (−12.0 to 12.0) 2.5 (−6.0 to 27.0) 6.0 (1.0–7.0) 14.0 (5.0–23.0) 4.0 (−1.0 to 6.0)

- Anger attack −3.0 (−14.0 to 19.0) 10.0 (−9.0 to 12.0) 0.0 (−18.0 to 3.0) −5.5 (−11.0 to 0.0) −8.5 (−12.0 to −5.5)

- Somatic 0.0 (−7.0 to 3.0) 2.0 (0.0–5.0) −9.5 (−11.0 to −8.0) 8.5 (3.0–14.0) 15.0 (13.0–15.0)

- Mania 0.0 (−6.0 to 11.0) 0.0 (0.0–6.0) −2.5 (−13.0 to 0.0) 16.5 (5.0–28.0) 22.0 (19.5–28.0)

- Paranoia 0.0 (−4.0 to 12.0) 0.0 (−3.0 to 12.0) 0.0 (−5.0 to 7.0) 9.5 (0.0–19.0) 9.5 (8.0–12.0)

- Psychosis 0.0 (−8.0 to 12.0) −1.5 (−4.0 to 8.0) 1.0 (−4.0 to 8.0) 24.5 (0.0–49.0) 22.5 (8.0–39.0)

- Sleep disorder −5.0 (−15.0 to 0.0) 0.0 (0.0–11.0) −20.5 (−41.0 to 0.0) −7.5 (−15.0 to 0.0) 5.0 (−0.5 to 10.0)

- Interpersonal sensitivity (−15.0 to 4.0) 6.0 (−7.0 to 11.0) −5.5 (−8.0 to 15.0) 7.5 (4.0–11.0) 4.0 (1.0–6.0)

- Regulation problem −4.0 (−17.0 to 0.0) 2.0 (0.0–12.0) 13.0 (−8.0 to 21.0) −4.0 (−12.0 to 4.0) −25.0 (−29.0 to −21.0)

SRS-2: Social Responsiveness Scale-2, CDI: Children’s Depression Inventory, K-MAAS: Korean version of the Mindful Attention and Awareness Scale, RCMAS: Revised Children’s Manifest Anxiety Scale, K-
SCQ: Korean versions of the Social Communication Questionnaire, K-CBCL: Korean Child Behavior Checklist, K-VABS-2: Korea Vineland-II, SCL-R: Symptom Checklist Revision. aDifference between pre and
post within a group. bMedian difference score between lower-grade (baseline and post-intervention) and higher-grade (baseline and post-intervention) groups and 95% confidence interval were estimated
using 10,000 bootstrap samples. cLower scores indicate increased ability. dHigher scores indicate increased ability.

Table 3: Comparison of outcome variables in subgroup (Lower-grade vs Higher-grade, a version of Per Protocol).
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Group

Intervention (N = 9) Control (N = 6)

Any adverse events
- Yes 0 (0.0%) 0 (0.0%)
- No 9 (100.0%) 6 (100.0%)

Table 4: Summary of any adverse events during trial (Per Protocol
population).

Articles
Several previous studies have used digital tech-
niques, such as robots, AR, and VR, to improve the
social skills of children with HFASD.30–32 Most of these
digital techniques are only applied to a single child;
therefore, there is no peer interaction between children.
In this study, we showed the possibility of demon-
strating the effect of peer-to-peer interaction, as seen in
the traditional PEERS programme, using a Metaverse
platform that enables children to maintain social inter-
action similar to offline interactions such as playing
soccer at school. Furthermore, previous studies claimed
that the online environment provides children with a
sense of security by reducing direct exposure to contact,
sounds, and violence, which makes children with
HFASD feel uncomfortable.

Our study found that all indicators measured the
overall social features of SRS-2 total, cognition,
communication, motivation, autistic mannerism, and
the primary outcome (Table 2). This is consistent with
previous studies on social skills training, including
PEERS, which found improvements in social awareness,
cognition, communication, motivation, and autism
mannerism. Moreover, we found a tendency toward
CBCL anxiety and depression and social and internal-
ising problems, which are various areas of secondary
outcomes (Table 2). These findings are similar to those
of previous studies on PEERS, which found improve-
ments in social ability, interaction quality, and depres-
sive symptoms in adolescents who received the
intervention.9,33 This result suggests that the group
intervention for sociality had a potential effect on chil-
dren’s social competency and could also have an impact
on improving friendship. Previous studies that applied
online34 and offline9 social skills training programmes
have observed a therapeutic effect on adaptive behavior;
however, we did not observe an intervention effect on
adaptive behavior. It is believed that this is because our
intervention period was four weeks shorter than that in
previous studies.

Additionally, we observed potential improvements in
the anxiety, somatic symptoms, and sleep disorders of
the participating caregiver (Table 2). Parental or guard-
ian reporting is an important factor to consider as a
measure of clinical outcomes, as acceptance of treat-
ment suggests expectations for treatment efficacy.35

These results suggest that although the programme
was not directly applied to parents, improvements in the
www.thelancet.com Vol 61 July, 2023
measures of the children who received the intervention
can serve as an indicator of the effectiveness on the
mental health of the parents/guardians.

In our study, when the intervention group was
divided into lower- and higher-grades, items related to
children’s mental health, such as CDI (total), negative
mood and physical symptoms, RCMAS (total), and
negative emotions and attention, were found to have
better intervention effects in the higher-grade group
(Table 3). In the case of the higher-grade group, the
figures were higher in the indicators of SRS (total), so-
cial awareness, motivation, autistic mannerism, K-CBCL
(total), anxiety and depression, somatisation, social
problems, inattention, and internalising problems than
those in the lower-grade group (Table 3). Indicators that
were higher in the higher-grade group were directly
related to children’s sociality. This suggests that the
effectiveness of the social improvement programme
varies depending on children’s developmental stage and
age, and further studies are required to determine the
secondary effect of the social improvement programme
according to children’s chronological age. However,
based on the nature of our study, it should be noted that
the following conclusions should be considered as
exploratory analysis and not definitive statements of ef-
fect, as our study had a relatively short duration.
Therefore, making definitive conclusions regarding the
observed effects is not possible.

A metaverse-based social skills training programme
for children with HFASD demonstrated the potential to
overcome the limitations of offline training pro-
grammes and realise the benefits of digital in-
terventions.36 In particular, there are reports that an
imbalance in extracurricular activities other than edu-
cation causes children to lack interpersonal interactions
and delays language and social development.36,37 There-
fore, it is expected that a metaverse-based social skills
training programme has the potential to help not only
children with developmental difficulties who have dif-
ficulty accessing interventions, but also the general child
population for age-appropriate development.

This study had several limitations. First, only boys
were recruited for the study; therefore, an intervention
effect on girls was not observed. This limitation is
caused by the higher prevalence of ASD in men than in
women in Korea.38 However, in future studies, when
recruiting women, the gender balance should also be
considered. Second, technical issues were encountered
during the data collection and analysis phases. The
original plan to collect biometric data via web cameras
and wearable devices failed because of data storage
problems. As a result, time information from the web
camera data was not obtained, preventing a more thor-
ough analysis. To improve the methodology, future
research should be established and address data storage
procedures related to biometric data collection. Third,
we initially planned to recruit 12 children per group;
11
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therefore, we initially recruited 30 children, but only 20
children met our inclusion criteria. We started the study
with a total of 20 children because delaying the
recruitment of additional children would have resulted
in longer wait times for the already recruited children,
potentially leading to dropouts and depriving them of
the opportunity to receive treatment. We conducted the
programme for two groups, an intervention group and a
control group. It was not clear whether the effect of our
study was due to the contents of the PEERS programme
or the application of the PEERS programme to the
metaverse environment. Fourth, the sample size was
small;, therefore, while this study aimed to investigate
the validity of the new metaverse-based social skill
training programme, and we saw its feasibility, it is
difficult to generalise our results. A follow-up study is
required to generalise the intervention effect by
increasing the number of participating children and to
evaluate whether the metaverse programme provides
additional benefits in addition to traditional treatment
by adding a treatment-as-usual group.

To the best of our knowledge, this is the first pilot
randomised controlled trial to demonstrate a metaverse-
based social skills training programme for children with
HFASD. The results of this study suggest that teaching
real-life social situations using the metaverse, such as
playing soccer in a classroom at school, can help
improve social skills and reduce emotional and behav-
ioural problems in children with HFASD. The results of
this study indicate that effective social improvement
interventions can be received at home and that they
could potentially be extended and applied to target
groups that have difficulty in interacting with peers
offline because of chronic diseases.
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