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Abstract

Background: Autism spectrum disorder (ASD) is characterized by core impairments in social interaction and communication,
with limited effective interventions to address these challenges. Traditiona therapies such as behavioral training and
pharmacotherapy often face limitations in ecological validity and side-effect profiles. Virtual reality (VR) technology has
emerged as a promising alternative, leveraging immersive and interactive environments to simulate real-world social scenarios.
However, the comparative effectiveness of different VR modalities remains unclear. This knowledge gap hinders clinical
decision-making and the adoption of VR technologies in ASD intervention, highlighting the need for systematic evaluation to
clarify the efficacy of various VR approaches.

Objective: This study aimed to evaluate the effectiveness of different virtual reality (VR) technologies in improving social and
communication skills in children with Autism Spectrum Disorder (ASD) and to determine the optimal intervention program
through a network meta-analysis (NMA).

Methods: A systematic search was conducted in PubMed, Embase, Cochrane Library, Web of Science, EBSCOhost, CNKI,
VIP, Wanfang databases for randomized controlled trials (RCTs) from January 1990 to 26 February, 2025. The overall risk of
bias of the included literature was summarized using the revised Cochrane risk of bias tool for randomized trials (RoB-2). Based
on the frequency theory framework, statistical analysis was conducted using STATA 18.0. The quality of evidence was evaluated
using the confidence in the network meta-analysis (CINeMA) framework.

Results: A total of 11 RCTs (n = 718) were included. The network evidence diagram showed that eight techniques constitute the
main comparison nodes. Compared with conventional care, HMD significantly improved social communication deficits (SMD =
8.17, 95% ClI: 2.60, 13.74), with the highest SUCRA value (82.6%), making it the optimal intervention. The risk of biasin the
included literature is relatively low, and the overall quality of evidence is moderate.

Conclusions: As an immersive VR technology, HMD can effectively improve the social ability of children with ASD and is
recommended as a first-line supplementary intervention. Further studies are needed to expand the sample size. Clinical Trial:
This study is registered in PROSPERO international system evaluation platform registered (CRD420250654696).

(IMIR Preprints 22/08/2025:82814)
DOI: https://doi.org/10.2196/preprints.82814
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Abstract

Background: Autism spectrum disorder (ASD) is characterized by core impairments in social
interaction and communication, with limited effective interventions to address these challenges.
Traditional therapies such as behavioral training and pharmacotherapy often face limitations in
ecological validity and side-effect profiles. Virtual reality (VR) technology has emerged as a
promising alternative, leveraging immersive and interactive environments to simulate real-world
social scenarios. However, the comparative effectiveness of different VR modalities remains unclear.
This knowledge gap hinders clinical decision-making and the adoption of VR technologies in ASD
intervention, highlighting the need for systematic evaluation to clarify the efficacy of various VR
approaches.

Objective: This study aimed to evaluate the effectiveness of different virtual reality technologies in
improving social and communication skills in children with Autism Spectrum Disorder and to
determine the optimal intervention program through a network meta-analysis (NMA).

Methods: A systematic search was conducted in PubMed, Embase, Cochrane Library, Web of
Science, EBSCOhost, CNKI, VIP, Wanfang databases for randomized controlled trials (RCTs) from
January 1990 to 26 February, 2025. The overall risk of bias of the included literature was
summarized using the revised Cochrane risk of bias tool for randomized trials (RoB-2). Based on the
frequency theory framework, statistical analysis was conducted using STATA 18.0. The quality of
evidence was evaluated using the confidence in the network meta-analysis (CINeMA) framework.
Results: A total of 11 RCTs (n = 718) were included. The network evidence diagram showed that
eight techniques constitute the main comparison nodes. Compared with conventional care, HMD
significantly improved social communication deficits (SMD = 8.17, 95% CI: 2.60, 13.74), with the
highest SUCRA value (82.6%), making it the optimal intervention. The risk of bias in the included
literature is relatively low, and the overall quality of evidence is moderate.

Conclusions: As an immersive VR technology, HMD can effectively improve the social ability of
children with ASD and is recommended as a first-line supplementary intervention. Further studies
are needed to expand the sample size.

Registration: This study is registered in PROSPERO international system evaluation platform
registered (CRD420250654696).

Keyword: Autism Spectrum Disorder, Virtual Reality, Social Communication Skills, Network Meta-
Analysis, Children
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Introduction

Autism Spectrum Disorder (ASD), commonly referred to as autism, is a
neurodevelopmental disorder that originates in early childhood. Its primary
characteristics include impairments in social interaction and communication,
repetitive patterns of behavior, and restricted interests or activities[1]. The global
prevalence of autism is on the rise[2]. According to the 2023 report from the US
Centers for Disease Control and Prevention, by 2020, the prevalence of ASD among
8-year-old children was approximately 1 in 36 (4% for boys and 1% for girls), which
is higher than the estimation of the ADDM network from 2000 to 2018[3]. A multi-
stage convenience cluster sampling study in China indicates that the estimated
prevalence of ASD among children aged 6-12 in China is 0.70%, equivalent to
approximately 700,000 children[4]. One of the core symptoms of ASD is social
impairment, which manifests as a lack of early social interest and motivation
compared to peers, ultimately affecting their ability to engage socially[5]. Even when
they exhibit social interest, they often lack the necessary social skills for appropriate
interaction with others[6]. This leads to difficulties in effectively communicating and
interacting with others, hindering their ability to maintain normal social relationships,
which further impacts their language skills and mental health[7]. Therefore, it is
essential to identify effective and sustainable measures to enhance social and

communication skills among individuals with ASD.

Although current medical research has made certain progress, the exact cause of the

disease has not been fully clarified. Existing studies suggest that the disorder may be
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caused by the interaction of multiple factors, such as genetic susceptibility[8],
environmental exposure[9], and abnormal changes in the neurodevelopmental
process. Due to the complexity of its pathogenesis, there is currently no specific
treatment strategy targeting the cause[10]. Currently, clinical practice primarily
employs comprehensive treatment, encompassing drug therapy, behavioral
modification, educational training, and physical therapy[11,12]. However, traditional
treatments still have some limitations. For example, behavioral training relies heavily
on the therapeutic room environment and lacks ecological validity in real-world social
scenarios, making it difficult to transfer skills[13]. Second-generation antipsychotic
drugs (such as risperidone) can alleviate aggressive behavior but cannot improve core
symptoms and carry the risk of metabolic syndrome[14]. In addition, autism is
characterized by a high disability rate and currently lacks an effective cure. Its
management primarily involves long-term, intensive professional rehabilitation
interventions aimed at enhancing the overall abilities of children with autism.
Nevertheless, these interventions impose significant economic burdens, demand
substantial time commitments from caregivers, and exert considerable psychological
pressure[ 15]. Moreover, they present formidable challenges for the allocation of social
public resources, the establishment of professional service systems, and ensuring their

long-term sustainability.

Since the 1990s, numerous empirical studies have systematically explored the
feasibility and effectiveness of utilizing virtual reality for training and intervention in

ASD individuals[16]. VR technology is capable of integrating the real and virtual
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worlds, replicating diverse scenarios via algorithms, generating immersive
experiences, and enabling human-computer interaction through controllers, thereby
embodying the characteristics of immersion, interactivity, and imagination[17]. Over
the past two decades, VR has been extensively applied in medicine and has garnered
increasing attention in clinical cognitive rehabilitation[18]. Relevant research
indicates that VR not only enhances the life skills of ASD patients[19], but also
improves their cognitive abilities[20], emotional regulation and recognition skills[21],
as well as social and communication competencies[22]. Studies demonstrate that VR
technology exhibits unique advantages in addressing core symptoms in children with
ASD through mechanisms such as neuroplastic remodeling, behavioral reinforcement

learning, and multimodal compensation[23].

Current VR intervention studies encompass desktop-based, augmented reality,
immersive, and hybrid technologies[24], with intervention content spanning areas
such as social communication and emotional cognition[25]. However, the effects of
different types and application contexts of VR technologies on the social and
communicative abilities of individuals with ASD remain ambiguous, and there is a
paucity of comparative analyses across these approaches. This study seeks to
comprehensively assess the efficacy of various virtual reality interventions for
children with autism by integrating direct and indirect evidence. It aims to compare
and quantitatively rank the effectiveness of different VR applications, thereby
addressing the central question of "which VR approach is most effective." The

findings will provide practical, reliable intervention strategies for ASD rehabilitation
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and offer robust scientific guidance for technology development and policy

formulation.
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Methods

This systematic review was conducted in accordance with the Preferred Reporting
Items (PRISMA) statement for Systematic Reviews and meta-Analyses and the
PRISMA extension of the NMA guidelines[26], the details of which can be found in
Supplement 1. This study is registered in PROSPERO international system

evaluation platform registered (No. CRD420250654696).
Search strategy and inclusion and exclusion criteria

The selection and search strategies for eligible studies were constructed based on the
PICOS (Population/Patient, Intervention, Comparator, Outcome, and Study Design)
framework. We systematically retrieved data from eight electronic databases
(PubMed, Embase, Cochrane Library, Web of Science, EBSCOhost, CNKI, VIP,
Wanfang) from 1990 to 26 February, 2025. To ensure no eligible literature was
overlooked, we also examined the reference lists of earlier systematic reviews[27—
31]and the included studies as supplementary sources. Only articles in Chinese and
English were included in the search, and the comprehensive strategy can be found in
Supplement 2. Following a thorough search of numerous databases, duplicate
publications were discarded. Titles and abstracts were then screened, and full texts
were assessed according to the inclusion/exclusion criteria. The screening and
selection process was independently conducted by two evaluators (L.W and XY.G).

Any differences are determined through consultation by a third evaluator (XM.B).

Table 1 displays the specific selection criteria. Overall, if a study meets the following

conditions, it is considered to be eligible: (1) The trial design is a randomized

https://preprints.jmir.org/preprint/82814 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wang et d

controlled trial aiming to evaluate the effectiveness of any VR intervention on
children with autism; (2) Recruitment of children diagnosed with ASD is based on
clinical assessments or the criteria from the DSM-5 or other recognized diagnostic
standards (such as the Autism Diagnostic Observation Schedule, 2nd Edition, or the
International Classification of Diseases, 10th Edition); (3) Participants in the control
group underwent non-VR interventions, non-drug treatments, or routine nursing care,
while those in the experimental group were exposed to VR interventions; (4) At least
one outcome related to social or communication function is reported in the outcome
indicators. If a study (1) is a re-published article; (2) cannot obtain the full text or has
a high risk of bias (such as an unrigorous trial design, lack of participant data, etc.);
(3) is a review, observational study, case report, letter to the editor or conference

abstract will be excluded.
Outcome

The primary outcome was social and communication skills. The efficacy was
expressed as the change in the overall social and communication symptom assessment

score after VR intervention (data before and after the intervention).
Data extraction

Two independent reviewers (NN.F and SL.L) extracted relevant information in a
standard manner, including bibliographic data (author, publication year,
country/region), participant characteristics (age, gender, sample size), intervention
components (category, frequency, duration), and immediate post-intervention primary

outcome measures. In cases where studies used two or more measurements for the
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same outcome indicator, the task most commonly utilized was included. If a single
task had multiple raw scores, the higher-quality results were preferred. The formula
from the Cochrane Handbook was used to calculate the changes in mean and standard
deviation relative to the baseline when they were not fully reported[32]. We reached
out to the corresponding author via email to gather more information if any data was
missing. The Cochrane risk of bias tool for randomized trials[33]was used to assess
the methodological quality of the included randomized controlled trials. The evidence
quality of social and communication abilities was evaluated within the framework of

Network Meta-Analysis Confidence Interval Meta-Analysis (CINeMA)[34].
Data Analysis

The data analysis was conducted jointly by two researchers (L.W and D.L). All the
measures of outcome in this study were continuous variables. In order to mitigate the
effect of baseline variations, the alteration in mean and standard deviation pre- and
post-intervention was used for effect size pooling. Because the evaluation tools and
units used in individual studies were slightly different, standardized mean difference
(SMD) was used as the effect scale to calculate the combined effect size, in which no

0 in the 95% confidence interval (CI) indicated that the difference was significant.

Network meta-statistics were performed using the random-effects-model of the
frequentist framework of Stata 18.0 software to compare relative effectiveness by
direct and indirect comparisons. The Network package was used to draw the network
evidence map. If there was a closed loop between studies, the node splitting method

was used for consistency check, and if there was inconsistency, the inconsistency
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model was used[35]. Treatment rankings were established using SUCRA, which

reflects the effectiveness of each intervention. Higher values denote better effects[36].

Additionally, heterogeneity was tested using the I* value. When P > 0.05 and F° <
50%, studies were considered homogeneous, leading to the adoption of a fixed-effect
model, whereas significant heterogeneity, with P < 0.05 and I > 50%, necessitated a
random-effect model. We used a method of eliminating articles from the literature
individually to perform sensitivity analyses, aiming to assess the robustness of our
findings and identify potential heterogeneity sources. A meta-regression analysis was
carried out to examine how sample size, intervention duration, and dosage impacted
the initial analysis. Subgroup analysis was done considering the duration, frequency,
length, and intensity of the intervention. The funnel plot adjusted was used to evaluate

the effect of small-scale studies[37].The test level «=0.05.
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Results

The retrieval of the system identified 1198 records from the electronic database. Once
duplicates were eliminated, the titles and summaries of the bar records were reviewed,
and 125 full-text articles were obtained to assess their eligibility. Another 134 records
determined from the reference list of the relevant systematic review were also
screened as qualified. The method used for literature screening is presented in Figure
1. Finally, a total of 11 studies [38—48]were included in this review, involving 718
children with ASD.

Research characteristics

Table 2 summarizes the details of each included study. Among them, all 11 studies
employed formal diagnostic criteria to diagnose ASD. In terms of intervention forms,
the experimental group involved eight virtual technology intervention methods,
namely: digital platform, head-mounted display, VR glasses, MR, CAVE, H-CAVE,
desktop VR, and magic skill training. Among them, HMD (n = 3) was the most
commonly used VR intervention method, followed by the digital platform. All studies
reported the assessment of outcome variables after the intervention. In parallel, 11
studies mentioned the duration of the intervention, the duration of the word
intervention ranging from the shortest 15 minutes to the longest 60 minutes; the
frequency of the intervention varying from once a week to five times a week; and the

duration of the intervention ranging from once to six months.
Risk of Bias Assessment

Two researchers (J.Z. and YJ.H) respectively evaluated the risk of bias in each study.

https://preprints.jmir.org/preprint/82814 [unpublished, non-peer-reviewed preprint]
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The assessment of domain level and overall risk of bias is presented in Supplement 3.
Among the five dimensions, one study was low risk, seven had some concerns, and
three were high risk, primarily due to the open-label design and randomization

process.
Assessment of quality of evidence

The quality of evidence for each comparison was rated as high, moderate, low, or very
low. The limited number of included studies increased the risk of reporting bias.
Regarding the effectiveness of VR interventions in enhancing social and
communication functions, the evidence quality ranged from very low to low
(evaluation details in Supplement 8). This downgrading was primarily due to
concerns regarding risk of bias within studies, imprecision, and heterogeneity.
Pairwise meta-analyses

Results from the pairwise meta-analysis of 11 RCTs are presented in Figure 2.
Children with ASD in the VR intervention group showed a significantly greater
improvement in social function relative to the control group (SMD=1.26, 95%CI:
0.67-1.84). This indicates that VR interventions are effective in improving social and

communication skills for children with ASD.
Network Evidence Diagram

The effective rates were reported in all 11 studies, as shown in Figure 3. In the
relationship among the intervention measures, the points represent the intervention
methods of virtual reality technology adopted, with each point assigned the total

number of participants in each study. The edges are assigned the standard errors. The

https://preprints.jmir.org/preprint/82814 [unpublished, non-peer-reviewed preprint]



JMIR Preprints Wang et d

lines between the points represent the direct comparison between the two intervention
forms. The absence of a direct connecting line between two interventions indicates
that no head-to-head comparison trials were available. Consequently, comparative
effectiveness estimates for these pairs were derived solely through indirect
comparison analysis. Furthermore, as the network geometry did not form any closed
loops of evidence, assessment of inconsistency between direct and indirect evidence

was not applicable.

The influence of different intervention forms on the social and communication
abilities of Autism Spectrum Disorder

Table 3 presents the comparative effects of eight different treatments. When
compared to conventional care, a statistically significant difference was observed in
HMD (SMD = 8.17, 95% CI: 2.60, 13.74). In contrast, no statistically significant
differences were detected among the various intervention measures. Table 4 shows
the treatment ranking of SUCRA for various intervention measures. HMD (SUCRA =

82.6%) may be the most effective. The ranking plits is shown in Supplement 4.
Other analyses

Meta-regression did not indicate the significant effects of region, intervention form,
intervention duration and intervention cycle on social and communication skills.
Meanwhile, subgroup analysis showed significant heterogeneity among different
regions and different intervention form groups. The research results are presented in
Supplement 5. The source of this heterogeneity might be due to the insufficient

sample size of the included original studies. Furthermore, in a single intervention, a
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treatment course of more than 40 minutes showed significant heterogeneity, which
might be attributed to methodological differences, individual differences among
participants, and publication bias, etc. In Supplement 6, the sensitivity analysis
demonstrated that excluding studies with a high risk of bias generally yielded results
consistent with the original findings. The funnel plot of Supplement 7 shows that the
scattered points are mainly located at the top of the funnel and present bilateral
symmetry, indicating that the studies using the Social Functioning Assessment Scale
as the outcome measurement have the least publication bias. However, three studies
were located outside the funnel and were rather scattered, indicating that there might
be a certain degree of publication bias, which could be due to the small sample size

and low accuracy.
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Discussion

This study conducted a network meta-analysis by including 11 randomized controlled
trials to systematically evaluate the effectiveness of wvarious virtual reality
technologies in improving the social and communication skills of children with ASD,
and ranked the effectiveness of different interventions through quantitative
comparison. The results indicate that head-mounted displays (HMDs) demonstrate a
significant advantage over conventional care and other VR technologies in addressing
social communication deficits, making them a promising first-line supplementary
intervention. As the first NMA study focusing on differences in VR intervention
forms, its quantitative comparison framework significantly enhances the evidence
strength compared to traditional qualitative reviews, despite the limited number of

included studies and relatively low quality of evidence.

The advantages of HMD are not only reflected in the statistical differences of
therapeutic indicators, but also stem from the targeted intervention mechanism of
HMD technical characteristics for the core defects of ASD. The therapeutic effects of
HMD align with the conclusions of Bradley and Newbutt's [49] systematic review,
which highlights the potential of individuals with ASD to use VR-HMD technology
for social skills training, daily living skill acquisition, and generalization of these
skills to real-world contexts. HMD leverages its 31 characteristics (immersion,
interaction, and imagination)[50] to construct controllable virtual social scenarios,

offering opportunities for practicing dynamic and realistic social interactions[51].
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Unlike traditional interventions constrained by venue resources and participant
motivation, HMD enhances accessibility and flexibility through customizable virtual
environments. For instance, a pilot study[52] demonstrated an acceptance rate of 86%
among individuals with ASD, with no influence of 1Q level on willingness to use or

immersive experience.

Compared with previous studies, the innovation of this research lies in its integration
of VR technology classifications through a network meta-analysis and the clear
identification of HMD's priority. Unlike early foundational studies[53] that confirmed
VR efficacy without technology differentiation, we quantified HMD superiority
through SUCRA rankings and identified a dose-effect relationship between immersion
level and therapeutic outcomes. Specifically, desktop VR ranked second (SUCRA =
77.9%, SMD = 7.65, 95% CI: 0.63, 14.66), aligning with reports of its suitability for
older/high-functioning ASD children due to lower sensory demands[54] and validated
social interaction benefits[55].Conversely, Augmented Reality (AR) exhibited
unstable effects (SMD = 6.14, 95% CI: -3.11, 15.39), attributable to environmental
noise-induced sensory overload—consistent with Kandalaft [56]. The CAVE system’s
fixed-space constraints (SUCRA = 30.4%) further limit personalized interventions for
heterogeneous ASD needs. Thus, HMDs demonstrate superior clinical utility via
flexibility and customizability. Notably, the H-CAVE system (SUCRA = 40.5%)
mitigated traditional CAVE limitations by balancing immersion with environmental

awareness, potentially benefiting ASD sensory regulation. However, our social
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interaction-focused results diverge from Cheng[57], where CAVE excelled in emotion
recognition tasks, suggesting task-dependent efficacy. Mixed Reality (MR)
underperformed (SUCRA = 28.9%), likely due to current emphasis on static object
interactions over dynamic social scenarios. Consequently, future work should

prioritize MR for complex social rule training.

Despite compelling evidence of HMD's clinical utility for ASD interventions, its real-
world implementation faces dual challenges. Although concerns regarding adverse
effects[52]persist, empirical data indicate comparable anxiety levels in children with
ASD using HMDs versus monitor-based interventions[58], suggesting potential
underestimation of HMD's clinical acceptability. Critically, studies confirm high
engagement and adaptability to HMD technology among ASD populations[49].
Nevertheless, pragmatic barriers—particularly equipment costs and specialized
training requirements—constrain broad implementation, especially in resource-limited
settings. To advance clinical translation while mitigating these barriers, we propose
integrating HMDs as advanced reinforcement tools with cost-effective mobile VR for
initial adaptation training. Concurrently, clinicians must address risks of
overgeneralization, including resistance to enclosed HMD environments or excessive
reliance on virtual interactions. Thus, intervention frameworks should incorporate a
structured "virtual-to-real transition" phase, systematically fading virtual cues while

escalating real-world social engagement.
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This study indicates that virtual reality-based therapeutic interventions can be
integrated into the multimodal framework of personalized treatment for individuals
with ASD, particularly addressing the contextual learning requirements of children
with ASD. In regions where budgets permit, priority should be given to acquiring
medical-grade HMD systems. Future research should focus on three key areas: First,
enhancing sample diversity by including subgroups from varied cultural backgrounds
and across the spectrum of ASD severity to validate the generalizability of HMD
applications.  Second, = employing  multimodal assessments, such as
electroencephalography (EEG) and eye-tracking, to elucidate the wunderlying
mechanisms of HMD effects. Third, investigating the synergistic potential between
HMD technology and behavioral therapies, potentially leveraging the Naturalistic
Developmental Behavioral Intervention (NDBI) framework proposed by Boyd[59],
wherein VR scenarios could serve as a "preparatory platform" for naturalistic teaching

contexts.

Limitations

Firstly, while the inclusion of 11 RCTs satisfied the minimum node connectivity
requirement for NMA, some comparison groups were based on only one study. This
limitation may compromise statistical power and result in unstable effect size
estimates. Future research should prioritize increasing the density of evidence through
multi-center collaborations or individual patient data meta-analyses (IPD-MA).

Secondly, approximately half of the studies exhibited a risk of bias, with 27%
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classified as high risk. However, sensitivity analyses indicated that excluding high-
risk studies did not significantly alter the stability of the effect estimates. To enhance
the overall quality of evidence, future studies should focus on improving the
transparency and rigor of reporting randomization processes, protocol adherence, and
outcome measurements. Lastly, significant heterogeneity across studies was observed,
likely attributable to variations in patient characteristics and inconsistencies in VR
intervention protocols. Although a random-effects model was employed to assess
consistency, subgroup analyses and meta-regression failed to fully elucidate the
sources of heterogeneity. Therefore, future investigations should emphasize more
comprehensive data collection strategies to refine analytical approaches and better

address these discrepancies.

Conclusion

This NMA presents a comprehensive analysis of all existing VR technologies to date
aimed at alleviating social and communication impairments in children with ASD and
evaluates their therapeutic effects. Our findings suggest that HMDs are the most
promising intervention for improving social and communication skills in individuals

with ASD.

In addition, future treatment plans for children with ASD could be refined by
leveraging the preliminary findings of this NMA, focusing on the development of
hybrid models that integrate virtual reality technology with conventional therapeutic

approaches.
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Table 1

PICOS criteria for inclusion of studies.

Parameter Criteria

Population children and adolescents under 18 years old and were diagnosed with
ASD

Intervention Research involving any type of virtual reality intervention

Comparator No limitations on the control group except virtual reality interventions,

such as no-treatment, waiting-list control, traditional care, or cannot be included in
other treatment nodes
Outcomes Any outcomes regarding social and communication skills that can be measured

Study design Randomized controlled trials

ASD autism spectrum disorder
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Table 2
Characteristics of included studies
) Samp Durati Main
Diagnos
Study(ye  Count ) le Age Treatmen Protocol Protocol Lengt on per Outco
tic . ) . ) Frequency
ar) ry o size (years,E/C) t Details (E) Details (C) h sessio me
criteria
(E/C) n index
YangYan China DSM-5 3 3 3-5 3-5 Digital  Immersive Conventiona  four 20 Five days/ ABC
g 0 0 platform VR (HLKF- 1 weeks  mins week
Wang,20 DT-01 rehabilitatio
23 platform): n—group
nine OT, ADL
modules training,
including (i) language

attention
(piano keys,
basketball),
(ii) language
shadowing
(progressive
sentence
repetition),
(iii) spatial
orientation
(virtual

classroom/str

therapy via
Orff music,
family-
guided
outdoor play
and social-
story

practice.
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navigation),
(iv)  daily-
living
rehearsal.
Table 2 Continued
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tic Frequency
ar) Iy criteria size (E/C) (years,E/C) t Details (E) Details (C) h sessio me
(E/C) n index
JunQiang China DSM-5 5 5 - 3-5 3-5 HMD Home-based Home Six 20 Two ABC
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smartphone daily
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nine-module  balanced
curriculum diet/exercise
with added plans, parent-
@A) affect- mediated
expression play, token-
tasks (avatar economy
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mimicry), system.
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tracking
games
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based).
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r Glass): applied
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Glass  and analysis
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recognition therapist-
delivered
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Table 2 Continued
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1 S
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Study(ye  Count ) le Sex Age Treatmen Protocol Protocol Lengt on per Outco
tic . ) . ) Frequency
ar) ry criteria size (E/C) (years,E/C) t Details (E) Details (C) h sessio me
(E/C) n index
Sze Ngar Hong DSM-5 3 3 31M/ 33M/ 8.97+1.1 8.73xt1.1 CAVE CAVE Wait-list six 60 One PEP-3
Vanessa  Kong, 6 6 SF 3F 0 5 projection control—no  weeks mins  session/we
Yuan,20  China system: six VR or ek
18 authentic structured
scenarios—  social-skills
(i) morning intervention
routine, (ii) during study
bus ride, (iii) period.
library rules,
>iv) tuck-
shop
conflicts, (V)
playground
consolidatio
n.
Jungiang China DSM-5 2 2  19M/ 16M/ 3-4 3-4 HMD Unity3D VR Conventiona 12wee 15 Three PEP-3
Zhao,202 2 2 3F 6F scenes: six 1 ks mins sessions/w
2 modules— rehabilitatio eek
object n—group
search, color oral
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with (i) outpatient
relaxation
Table 2 Continued
) Samp Durati Main
Study(ye  Count Dlagnos le Sex Age Treatmen Protocol Protocol Lengt on per Outco
tic Frequency
ar) ry criteria size (E/C) (years,E/C) t Details (E) Details (C) h sessio me
(E/C) n index
environment, therapy; no
(i) school VR exposure.
rule practice.
JianHui China DSM-5 3 3 19M/ 20M/  3.51+1.0 3.54+1.0 Compute VR-SST Conventiona  three  30min Three ABC
Ye,2020 2 13F 12F 3 5 r platform: 1 month S sessions/w
avatar- rehabilitatio ] eek

https://preprints.jmir.org/preprint/82814

Wang et d

[unpublished, non-peer-reviewed preprint]



JMIR Preprints
mediated n—
role-play traditional
(greeting, SST;
sharing); AI therapist-led
immediate role-play,
feedback. feedback,
homework;
30-min
sessions
covering peer
interaction,
emotion
expression.
YueJuan China DSM-4 3 3  30M/ 29M/ 4.23t1.6 3.91+14  Digital Delphin Conventiona six 45min 15 ABC
Wang,20 5F 6F 3 4 platform House AV 1 month s day/phase
system: 2-8 rehabilitatio s
kHz bionic n—table-top
dolphin social stories,
sounds and token
3D ocean reinforcemen
VR t,
Table 2 Continued
Diagnos Samp Durati Main
Study(ye  Count Sex Age Treatmen Protocol Protocol Lengt
tic le ) ) onper Frequency Outco
criteria size (E/C) (years,E/C) t Details (E) Details (C) h sessio e

https://preprints.jmir.org/preprint/82814

Wang et d

[unpublished, non-peer-reviewed preprint]



JMIR Preprints

(E/C) n index
and rhythmic therapist-
lighting guided play;
(0.5-4 Hz); no digital
tactile plush component.
dolphin
vibration.

Acoustic
intensity:
60-75 dB;
illuminance
200—400 lux.

HonK Ameri DSM-5 9 8 7M/2F 7M/1F 12.3+2.3 10.5t1.2 Compute Virtual Wait-list three  45min Three SSIS
Yuen,20 ca r magic control—1- weeks ] sessions/w
23 training via month delay eek

Zoom: OT- before
student identical
coaches virtual
teach 2-3 MTTP; no
tricks/sessio  active
n (cards, intervention
rubber during
bands, control
ropes); phase.

Hocus Focus
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evaluation
scale; mailed

prop kit.

E Experimental group, C Control group, M male, F female, DSM-5 Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition, Digital platform Digital
evaluation interactive training platform, ABC Autism Behavior Checklist, HMD Head-Mounted Display, Superpower Glass Google Glass works with smartphones,
ADOS module 3 Autism Diagnostic Observation Schedule, Module 3, VABS-II Vineland Adaptive Behavior Scales - Second Edition, MR Mixed Reality, ASS Self-made
questionnaire: Affective Slider scales, CAVE Cave Automatic Virtual Environment PEP-3 Psychological Educational Profile - Third Edition, ATEC Autism Treatment
Evaluation Checklist, H-CAVE Half Cave Automatic Virtual Environment, Computer Desktop VR common equipment, SSIS Social Skills Improvement System.
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Table 3
Paired comparison league table of the improvement effect of social function by VR intervention measures (Random Effects Model, SMD [95% CI])

Digitalplatform

-4.92 (-13.58,3.73)
-2.89 (-14.27,8.49)

3.15 (-8.21,14.51)
2.95 (-8.51,14.41)
1.45 (-10.04,12.94)
-4.40 (-14.05,5.25)
3.25 (-3.37,9.87)

HMD
2.03 (-8.77,12.83)
8.07 (-2.71, 18.85)
7.87 (-3.01,18.76)
6.37 (-4.54,17.29)
0.53 (-8.44,9.49)

8.17 (2.60,13.74)

Glass

6.04 (-7.03,19.11)
5.84 (-7.32,19.00)
4.34 (-8.84,17.52)
-1.51 (-13.12,10.11)
6.14 (-3.11,15.39)

MR

-0.20 (-13.34,12.94)
-1.70 (-14.87,11.47)
-7.55 (-19.14,4.05)
0.10 (-9.13,9.33)

CAVE

-1.50 (-14.75,11.75)  HCAVE

-7.35 (-19.04,4.35) -5.85(-17.57,5.88)  Computer

0.30 (-9.05,9.65) 1.80 (-7.59,11.19)  7.65(0.63,14.66) U

C
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Table 4
SUCRA results
Intervention measure SUCRA Rank
HMD 82.6 1
Computer 77.9 2
Glass 67.5 3
Digital platform 49.2 4
HCAVE 40.5 5
CAVE 30.4 6
MR 28.9 7
ucC 22.9 8

SUCRA The area under the cumulative ranking probability graph of virtual reality

intervention.
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Supplementary Files
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Figures
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PRISMA study selection and flow chart.
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Pairwise comparisons among direct evidence.

Etiect %
Author (Year) (85 % CI) Waight
Yang Yang, Wang (2023) '—+— 1.88 [1.26, 2.47) 8.10
Jund, Fhano (2021} + 1.10 {0.71, 1.50) 8.87
Calalin Voss {2019 4.19 (3.34, 5.04) 8.33
Batuhan Sayis (2022) -+ — 0.27 {-0.18, 0.74) 8.51
Sze Mgar Vanessa Yuan (2018} —— E 006 (-0.37, 0.55) 8.5
Jungiang Zhao {2022) —— 0.40(-020,1.00)  9.15
Miaahiao Jiang (2023 250 (1.82, 317 B8.91
Horass H.S.1g (2017) —— 0.48 {0.01, 0.85) 8.50
JianHul, Ya {2020) + 1,67 (1.10, 2.24) 8.22
YueJuan, Wang {2018) —— 0.53 {0.05, 1.01) 9.48
Honk. Yuen (2023) —n— 1.15 0,10, 2.20) 7.82
Cwerall, DL {F = 91.9%, p < 0.001) {3} 1.26 (0.87, 1.84)  100.00

NOTE: Waghls sre bom rando=-siects mocel
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Network Relationship Evidence diagram of VR Intervention Measures (Direct Comparative Evidence Based on 11 RCTYS).

Network evidence plot for VR

HKD

Compuier

HCAVE
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Multimedia Appendixes
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Supplementary materials.
URL.: http://asset.jmir.pub/assets/0e95¢5ff 7b8f820a9084826d542d1972.docx
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