

[image: image1]
The effect of game-based interventions on children and adolescents with autism spectrum disorder: A systematic review and meta-analysis












	
	TYPE Systematic Review

PUBLISHED 04 April 2025
DOI 10.3389/fped.2025.1498563






[image: image2]

The effect of game-based interventions on children and adolescents with autism spectrum disorder: A systematic review and meta-analysis

Jiaxin Gao1,2†, Wei Song2†, Dunbing Huang2, Anren Zhang2* and Xiaohua Ke2*

1School of Health and Rehabilitation, Chengdu University of Traditional Chinese Medicine, Chengdu, China

2Department of Rehabilitation Medicine, Shanghai Fourth People’s Hospital Affiliated to Tongji University, Shanghai, China

EDITED BY
Peter Kokol, University of Maribor, Slovenia

REVIEWED BY
Momcilo Jankovic, Fondazione MBBM, Italy
Heather Kuhaneck, Southern Connecticut State University, United States

*CORRESPONDENCE Anren Zhang anren0124@tongji.edu.cn
Xiaohua Ke kxh22@tongji.edu.cn

†These authors share first authorship

RECEIVED 19 September 2024
ACCEPTED 18 March 2025
PUBLISHED 04 April 2025

CITATION Gao J, Song W, Huang D, Zhang A and Ke X (2025) The effect of game-based interventions on children and adolescents with autism spectrum disorder: A systematic review and meta-analysis.
Front. Pediatr. 13:1498563.
doi: 10.3389/fped.2025.1498563

COPYRIGHT © 2025 Gao, Song, Huang, Zhang and Ke. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



Purpose: The purpose of this meta-analysis was to conduct a comprehensive evaluation of randomized controlled trials (RCTs) of game-based interventions (GBI) for children and adolescents with autism spectrum disorder (ASD) to identify the clinical efficacy of GBI on core symptoms and other concomitant symptoms of ASD.



Methods: PubMed, Web of Science, Embase and the Cochrane Library were systematically searched for articles published until July 2023.



Results: Twenty-four studies with 1,801 patients met the inclusion criteria. The results showed that GBI had a significant positive effect on social skills (g = −0.59, p = 0.004), social behaviors (g = 0.45, p < 0.001), and cognition (g = 0.57, p < 0.001) in children and adolescents with ASD, while the effects of language expression (g = 0.15), anxiety (g = −0.13), and parenting stress (g = −0.51) were small and nonsignificant.



Conclusions: The results of the current meta-analysis showed that GBI was effective in improving social skills, social behaviors and cognition in children and adolescents with ASD in the existing studies and was not significant in improving language skills, anxiety and parental stress, but due to the limited number and low quality of the included studies, the above conclusions need to be validated by conducting more large-sample, high-quality RCTs.



Systematic Review Registration: www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023390793, identifier: CRD42023390793.
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1 Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder that is characterized by social deficits and repetitive stereotyped behaviors, and most children with ASD have difficulty acquiring language skills and communicative gestures (1, 2). However, recent studies have gradually revealed that individuals with autism not only face these challenges but also exhibit numerous unique strengths. For example, they often demonstrate strong memory abilities, keen observational skills, a heightened focus on specific areas of interest, and exceptional performance in logical reasoning and systematic thinking (3–5). A 2012 review commissioned by the World Health Organization estimated the global prevalence of ASD to be approximately 1% (6), and a 2017 study reported prevalence rates in developed countries to be at least 1.5% (7). The prevalence of ASD has shown an increasing trend from year to year (8). ASD is often accompanied by physical, mental, neurodevelopmental, and functional conditions, such as attention deficit hyperactivity disorder, intellectual disability, emotional disorders, speech and language delays, learning difficulties, and different forms of anxiety (9–11), with significant and negative impacts on the well-being of the child or adolescent and his or her family (12), which is a cause for widespread concern in the whole community. In addition, some children with ASD have social disorders that may persist into adolescence or even adulthood, affecting their schooling and employment (7, 13). Therefore, early intervention and treatment for children and adolescents with ASD is critical.

ASD, as a complex neurodevelopmental disorder, requires a comprehensive, multidisciplinary intervention strategy to meet the unique needs of this population. These strategies should not only focus on symptom reduction but also fully leverage the strengths of individuals with ASD to promote their overall development. Treatment strategies include behavioral interventions, speech and language therapy, occupational therapy, social skills training, and game-based Interventions (GBI) (14–16). Behavioral interventions, represented by applied behavior analysis, shape target behaviors through reinforcement mechanisms and reduce maladaptive behaviors (14, 17). Speech and language therapy focuses on enhancing verbal and non-verbal communication (18, 19), techniques may include using augmentative and alternative communication systems, such as picture exchange communication system, especially for non-verbal children (16). Occupational therapy enhances children's independence in daily activities through sensory integration training and fine motor skills training, improving sensory processing and motor coordination (20, 21). Social skills training helps children understand social rules, improve social interaction abilities, and reduce feelings of loneliness through group activities or one-on-one guidance (22–24). GBI have gained increasing attention in recent years as a person-centered approach (25). This intervention encourages active participation through play activities, not only improving core symptoms but also leveraging the strengths of individuals with ASD through its flexibility and fun, making it increasingly valued in ASD treatment.

GBI are systematic interventions implemented through play mediums, aimed at improving the social, communication, emotional regulation, cognitive development, and behavioral management skills of individuals with ASD (25, 26). These interventions leverage the strengths of individuals with autism, combining interest-driven and task-oriented approaches to provide a safe and motivating environment that fosters holistic development (27, 28). For example, many individuals with autism excel in rule-based activities and logical reasoning, and structured play, such as board games or puzzles, effectively stimulates their systematic thinking abilities while enhancing social interactions and emotional expression (29–31). Free play provides children with space for self-directed choices, encouraging spontaneity and creativity. This unstructured form offers opportunities for observation and guidance, helping to enhance an individual's initiative and social skills (32, 33). Digital game-based interventions, such as virtual reality (VR) and gamified platforms, use multisensory experiences, including visual and auditory stimuli, to assist children in learning emotional recognition and social interaction skills in areas of interest (34, 35). Furthermore, therapeutic play, designed and implemented by professional therapists according to individual needs, provides in-depth interventions targeting specific developmental areas, these games may utilize an individual's sensitivity to details to support progress in emotional regulation and task completion (36, 37). Compared to other forms of intervention, GBI also provide immediate feedback and reinforcement mechanisms, which can help individuals with autism build confidence and a sense of self-efficacy (38). In the game, their strengths can be fully recognized and utilized, further motivating their performance in other life situations (39). In this field, play therapy, as a subfield of GBI, demonstrates higher levels of professionalism and standardization. According to the definition by the Association for Play Therapy, play therapy is provided by professionally certified therapists, based on specific theoretical frameworks, and utilizes play as a medium to help individuals prevent or resolve socio-psychological difficulties while promoting their optimal growth and development (40). The forms of GBI intervention include one-on-one GBI, led individually by a therapist, focusing on specific goals for the child, such as language development or social skills (26, 41); group games involving multiple children, with the goal of promoting social skills through cooperative play (42, 43); gamified digital technologies, such as VR games and interactive applications, which enhance the intervention's fun and technological appeal while providing real-time feedback; and natural environment-based play, where interventions are conducted outdoors or in family settings, helping children transfer skills to real-life situations (41).

A large amount of research has reported significant improvements in social skills, social behaviors, cognition, language functioning, and emotion in children and adolescents with ASD who undergo GBI (30, 44–46), initially suggesting a positive effect of GBI on children and adolescents with ASD. However, the strength of the evidence is insufficient due to limitations in sample sizes as well as trial designs. There is no high-level meta-analysis evidence to validate the effectiveness of GBI for ASD; therefore, the purpose of this study was to provide a comprehensive overview and evaluation of randomized controlled trials (RCTs) of GBI for children and adolescents with ASD and to conduct a meta-analysis of outcomes in the domains of social, cognition, language, emotion and parenting stress.



2 Method

Our protocol was registered on the International Prospective Register of Systematic Reviews (PROSPERO) and assigned registration number CRD42023390793. To take the highest quality approach, we followed the Cochrane Handbook guidelines (Version 6.2) for conducting “Overview of Reviews” and the PRISMA statement in reporting our meta-analysis.


2.1 Criteria for selecting meta-analyses


2.1.1 Types of studies

Studies eligible for inclusion were RCTs published in English.



2.1.2 Types of participants

Participants were children and adolescents who had been definitively diagnosed with ASD by a medical professional or school psychologist using a recognized diagnostic procedure, did not have any intellectual disability and were younger than 18 years of age; those younger than 10 years of age were considered children, and those 10–18 years of age were considered adolescents (47, 48).



2.1.3 Types of interventions

The treatment group received a game-based intervention, which included the following categories: structured play, games with specific goals and rules, such as role-playing, puzzles, etc.; free play, where children could freely choose their play activities; digital GBI, such as gamified digital platforms or virtual reality technology; and therapeutic play, designed and implemented by professional therapists for in-depth intervention in specific developmental areas. The control group received therapies other than play or was placed on a waitlist control.



2.1.4 Types of outcome measures

Our primary outcome measure was the social skills score, and secondary outcome measures included the AODS scale, social behaviors, cognition, language understanding and expression, anxiety, and parenting stress. When more than one continuous measure was described for the same outcome in the same study, the primary outcome was used. For studies that met the inclusion criteria, postintervention means, standard deviations, and sample sizes of participants who completed the studies were extracted.




2.2 Search strategy

We conducted a systematic literature search in PubMed, Web of Science, Embase and the Cochrane Library for all published studies up to July 2023 on the effects of GBI on children and adolescents with ASD. The following terms were used as text words and key words: (Autism Spectrum Disorder OR Autism Spectrum Disorders OR Autistic Spectrum Disorder OR Autistic Spectrum Disorders) AND (children OR Child OR adolescent OR Adolescents OR Adolescence OR Teens OR Teen OR Teenagers OR Teenager OR Youth OR Youths) AND (play therapy OR game therapy OR Play Therapies OR Therapies, Play OR Therapy, Play OR Play-based Mental Health Intervention OR Play based Mental Health Intervention OR Sandplay Therapy OR Sandplay Therapies OR Therapies, Sandplay OR Therapy, Sandplay OR Sandplay).



2.3 Data extraction

All retrieved literature was first imported into EndNote X9, and duplicates were removed using this software. Four evaluators (JXG, WS) then independently conducted literature screening, data extraction, and exclusion of literature that did not meet the inclusion criteria, and the results were cross-checked between evaluators. Study characteristics and outcome measures were extracted by JXG and checked by WS. The following data were extracted into a table: author, year of publication, country, sample size, age range, interventions in the treatment and control groups, intervention duration, evaluation measures and intervention outcomes. If data relevant for our analyses were missing in the included meta-analyses, we attempted to contact the corresponding author of the published meta-analysis up to three times to seek the required data from the author. If data remained unavailable, that meta-analysis was excluded.



2.4 Quality of included meta-analyses

Quality and risk of bias were assessed using the Cochrane Collaboration “Risk of Bias” tool (49), including (i) random sequence generation; (ii) allocation concealment; (iii) blinding of participants and personnel; (iv) blinding of outcome assessment; (v) incomplete outcome data; (vi) selective reporting; and (vii) other bias.

Two evaluators (JXG and WS) individually assessed the quality of the selected studies, including “low-risk”, “high-risk” and “unclear” judgments, with cross-checking at the end of the process, and the divergent literature was reviewed with the assistance of XHK. The risk of bias was assessed in RevMan 5.4 software, and the summary of risk bias in the included studies was plotted as well as the single study bias risk analysis.



2.5 Meta-meta-analytic procedure, data synthesis, and statistical analysis


2.5.1 Meta-meta-analytic procedure

The meta-analytic procedures used in this paper adhered to all applicable Preferred Reporting Items for Systematic Reviews and Meta-Analyses guidelines for meta-analysis (50).



2.5.2 Calculation of effect sizes

Comprehensive meta-analysis (version 3.0, Biostat Inc.) was used to calculate individual study and pooled effect sizes. The effect sizes were represented using Hedges' g, which was calculated by dividing the difference between the means of the treatment and control groups by the standard deviation and weighted according to sample size to correct for small sample bias (51). The 95% confidence intervals for the effect sizes were reported. Effect sizes of 0.2, 0.5, and greater than 0.8 were considered small, medium, and large effects, respectively (52). A random-effects model was used in all calculations.



2.5.3 Testing homogeneity

The Q test informs the presence vs. the absence of heterogeneity, and the I2 index is proposed to quantify the degree of heterogeneity. The Q test indicates the presence of heterogeneity by summing the squared deviation of each study's effect size from the overall effect size and weighing each study by its variance, the I2 quantifies the degree of heterogeneity by providing the percentage of the amount of variance attributable to between-study variability (53). A value of 0% indicates no heterogeneity, while 25%, 50% and 75% indicate low, moderate, and high heterogeneity, respectively. If heterogeneity was high, we conducted sensitivity analyses using leave-one-out analysis, and we assessed the influence on the remaining heterogeneity of overall effects. After identifying outliers, we calculated the effect size again with those outliers removed.



2.5.4 Subgroup analysis

In the meta-analysis of primary outcome indicators, subgroup analysis was performed by age of the participants, and meta-analysis was performed for the two subgroups of children and adolescents in social skills scores. In the meta-analysis of cognition, subgroup analysis was performed by the cognitive type of the participants, which was categorized into the two subgroups of attention and facial memory.



2.5.5 Testing for and managing publication bias

We detected publication bias by funnel plots (54) and Egger regression tests (55). If the funnel plot visually shows some asymmetry and Egger's regression test results are significant, this indicates publication bias (56). In cases of publication bias, we utilized a “trim and fill” procedure to derive adjusted effect size estimates. This procedure provided the best estimates of unbiased effect sizes to address potential publication bias and selective outcome reporting bias. If the effect is no longer significant, then publication bias is suspected (57).





3 Result


3.1 Study selection

A total of 982 studies were retrieved from the database, duplicates (n = 187) were excluded, and the remaining (n = 795) studies were screened by reading the abstracts. After screening, 707 studies did not meet the inclusion criteria for this meta-analysis and were therefore excluded. Subsequently, the full text of the remaining 88 studies was screened, of which 64 studies did not meet the inclusion criteria and were excluded. Finally, 24 studies were included in the meta-analysis. The specific flow chart is shown in Figure 1.


[image: Figure 1]
FIGURE 1
Flow chart of the literature search and screening process.




3.2 Descriptive characteristics

The main characteristics of the included studies are summarized in Table 1. For the 24 studies included in the overall meta-analysis, publication years were from 2006–2023. Of these, 12 were from the United States, 4 from China, 3 from the United Kingdom, 2 from Australia, and 1 each from the Netherlands, Canada, and Serbia. All data were collected from 1,801 participants. The sample size ranged from 10–290 participants, the age range of the participants was 2.8–18 years old, and the duration of the intervention ranged from 4 weeks–12 months. The interventions in the treatment group were all game-based (e.g., video games, symbolic games, role-playing, sandplay therapy), and the interventions in the control group were either interventions other than game therapy or wait-list control. For outcome measures, 9 studies evaluated social skills using SRS scales (25, 26, 58–64), 2 studies reported ADOS scores (65, 66), 10 studies evaluated social behaviors (25, 61, 62, 65, 67–72), 6 studies evaluated cognitive level (27, 61, 63, 70, 73, 74), 3 and 5 studies evaluated language understanding (65, 70, 74) and language expression (63, 65, 68, 70, 74), respectively, and 3 studies each evaluated emotions (67, 75, 76) and parenting stress (60, 70, 74). Only 1 study in the final outcome reported no visible impact, and the remaining studies reported positive effects of GBI on social, emotional, language or cognition in children and adolescents with ASD.


TABLE 1 Characteristics of included studies.

[image: Table 1]



3.3 Risk of bias

The quality and risk of bias of each study was assessed using the Cochrane Collaboration “Risk of bias” tool. Ten studies reported randomization and explicitly reported methods of randomization (e.g., random number table method, random number generator, etc.) that ensured comparability between groups. The remaining study 1 (62) did not have enough details to assess how groups were randomized, and 13 did not explicitly mention randomization methods. Similarly, 16 studies (67%) demonstrated appropriate concealment of allocation, suggesting that 33% of studies did not report enough information to determine whether subjects and researchers could have predicted the outcome of the intervention's allocation. None of the studies were blinded to the subjects but were judged to be “low risk” because it was unlikely that the outcome would be affected by the absence of blinding. Nine studies reported that outcome assessment was conducted by a completely uninformed third party, 14 studies did not mention whether outcome assessment was blinded, and in 1 study, both the outcome assessment and the intervention were conducted by the same therapist, which was a process judged to be “high risk”. Six studies (25%) with a high risk of incomplete outcome data did not specify the reason for their missingness, and the remaining 18 studies (75%) were either not missing or the reason for their missingness was clear and unlikely to be associated with the true value of the outcome. Selective reporting had a low risk of bias in 22 studies (92%), and 2 studies that did not report all of the prespecified outcome indicators were judged to be high risk. There was insufficient information to evaluate whether there were other significant risks of bias, so “other bias” was judged to be unclear. The risk of bias graph in the included studies and the risk of bias summary in the included studies are shown in Figure 2.


[image: Figure 2]
FIGURE 2
Risk of bias graph.




3.4 Meta-analysis

The current study included six independent meta-analyses, including the primary outcome indicator of social skills score, as well as other secondary measures such as ADOS scores, social behaviors, cognition, language understanding, language expression, anxiety and parenting stress. Table 2 provides a summary of each outcome's results.


TABLE 2 Summary of each outcome's results.

[image: Table 2]


3.4.1 Social skills

Nine studies reported on the social skills of children and adolescents with ASD by SRS scores (see Figure 3). The negative effect suggests that the improvement in social skills, and the effect sizes ranged from g = −1.47 to g = 0.14. Participants treated with GBI had significantly improved social skills scores compared to the control group [g = −0.59, K = 9, 95% CI (−0.99, −0,18), Z = −2.85, p = 0.004]. Moderate heterogeneity was noted across studies (I2 = 77.84). Sensitivity analyses identified three studies (25, 62, 63) that were considered outliers with the greatest impact on interstudy heterogeneity. Excluding three studies resulted in a significant reduction in heterogeneity (I2 = 8.33%). The effect sizes were again recombined [g = −0.98, 95% CI (−0.27, −0.70), Z = −6.68, p = 0.000]. The nine studies were categorized into child and adolescent groups according to age, and subgroup analyses were conducted by group, which showed significant improvement in social skill scores in the child group [g = −0.81, K = 6, 95% CI (−1.28, −0.33), Z = −3.31, p = 0.001, I2 = 69%] and no statistically significant improvement in social skills in the adolescent group [g = −0.16, K = 3, 95% CI (−0.63, 0.32), Z = −0.64, p = 0.52, I2 = 59%].


[image: Figure 3]
FIGURE 3
Forest plot of meta-analysis of social skills.




3.4.2 ADOS

Two studies with 161 participants reported the effect of GBI on ADOS scores (see Figure 4), but because one study reported scores on only two domains of ADOS, social affect (SA) and restricted and repetitive behavior (RRB), and not total ADOS scores, we conducted independent meta-analyses of the ADOS SA and ADOS RRB domains. SA domain score effect sizes ranged from g = −0.21 to g = −0.36, and RRB domain score effect sizes ranged from g = 0.004 to g = 0.16, with negative effects representing improvements in ADOS scores. Compared with the control group, participants who received treatment had improved ADOS SA scores [g = −0.11, K = 2, 95% CI (−0.66, 0.43), Z = −0.41, p = 0.68] but not ADOS RRB scores [g = 0.05, K = 2, 95% CI (−0.25, 0.36), Z = 0.339, p = 0.74]. Heterogeneity was tested for ADOS SA (I2 = 63.42%) and ADOS RRB (I2 = 0%), and although mild to moderate heterogeneity existed for ADOS SA, the study sample was too small to allow sensitivity analysis.


[image: Figure 4]
FIGURE 4
Forest plot of the meta-analysis of ADOS.




3.4.3 Social behaviors

Ten studies with 894 participants reported on the effects of GBI on social behaviors (see Figure 5). Effect sizes ranged from g = 0.07–g = 1.04, with positive effects indicating increased social behaviors. Compared to the control group, participants treated with GBI achieved significantly greater improvements in social behavior scores [g = 0.45, K = 10, 95% CI (0.27, 0.63), Z = 4.86, p = 0.00]. Heterogeneity test (I2 = 37.77%), mild to moderate heterogeneity. Sensitivity analyses identified 1 meta-analysis (67) as an outlier, and when the study was excluded, heterogeneity (I2 = 1.61) and reanalysis of the results were observed [g = 0.36, K = 9, 95% CI (0.22, 0.50), Z = 4.96, p = 0.00].


[image: Figure 5]
FIGURE 5
Forest plot of the meta-analysis of social behaviors.




3.4.4 Cognition

Six studies with 418 participants reported on the effects of GBI on cognitive performance (see Figure 6). Effect sizes ranged from g = 0.15 to g = 0.95, with positive effects representing cognitive improvement. Compared to the control group, participants who received GBI achieved significantly greater improvement in cognition [g = 0.57, K = 6, 95% CI (0.38, 0.77), Z = 5.68, p = 0.00], heterogeneity test (I2 = 0%), indicating no heterogeneity. Three of the six studies reported levels of attention (27, 70, 74), two reported levels of facial memory (61, 63), and one reported levels of imagination (73), which were analyzed in separate subgroups. The results showed significant improvements in the patients' attention [g = 0.66, K = 3, 95% CI (0.35, 0.96), Z = 4.20, p = 0.00] and facial memory [g = 0.57, K = 2, 95% CI (0.07, 1.06), Z = 2.25, p = 0.03] levels. There was no heterogeneity for attention (I2 = 0%) and mild heterogeneity for facial memory (I2 = 45.47%), but sensitivity analysis could not be performed due to the sample size of only two articles.


[image: Figure 6]
FIGURE 6
Forest plot of meta-analysis of cognition.




3.4.5 Language

Five studies reported on the effects of GBI on the language skills of a child or adolescent with ASD (see Figure 7). Among them, 3 were on language understanding (65, 70, 74) and 5 on language expression (63, 65, 68, 70, 74), and an independent meta-analysis was conducted on language understanding and language expression. Language understanding effect sizes ranged from g = −0.18–g = 0.07, and language expression effect sizes ranged from g = −0.18–g = 0.47. The results showed that GBI did not improve language understanding [g = −0.02, K = 3, 95% CI (−0.24, 0.21), Z = −0.14, p = 0.89], but it did improve language expression [g = 0.15, K = 5, 95% CI (−0.05, 0.35), Z = 1.45, p = 0.15], although neither was significant. The test for heterogeneity in language understanding (I2 = 0%) indicated no heterogeneity, and language expression (I2 = 9.58%) showed very little heterogeneity.


[image: Figure 7]
FIGURE 7
Forest plot of meta-analysis of language understanding and language expression.




3.4.6 Anxiety

Three studies with 203 participants reported levels of anxiety in children and adolescents with autism following GBI treatment (see Figure 8). Effect sizes ranged from g = −0.06 to g = −0.44, with negative effects representing improvements in anxiety. Compared to the control group, participants who received GBI experienced a reduction in anxiety [g = −0.13, K = 3, 95% CI (−0.40, 0.15), Z = −0.90, p = 0.37], but it was not significant. The heterogeneity test (I2 = 0%) indicated no heterogeneity. No statistical outliers were detected in the sensitivity analysis.


[image: Figure 8]
FIGURE 8
Forest plot of the meta-analysis of anxiety.




3.4.7 Parenting stress

Three studies with 186 participants reported on the effects of play therapy on parenting stress (see Figure 9), with negative effects indicating a reduction in parenting stress. The effect size ranged from g = −1.20 to g = 0.25. Compared to the control group, play therapy reduced parenting stress [g = −0.51, K = 3, 95% CI (−1.24, 0.32), Z = −1.34, p = 0.18], although not significantly. There was high heterogeneity across studies (I2 = 75.90%). One study (Guihua Liu 2023) was identified as the outlier that contributed most to the between-study heterogeneity, and excluding that piece of research reduced the heterogeneity to 0. The effect sizes were again recombined [g = −0.26, 95% CI (−0.59, 0.08), Z = −1.49, p = 0.14].


[image: Figure 9]
FIGURE 9
Forest plot of the meta-analysis of parenting stress.





3.5 Publication bias

Publication bias was detected by plotting funnel plots (see Figure 10) as well as Egger's regression test, which visually showed that the funnel plots were roughly symmetrical, and Egger's regression test showed the following: social skills (p = 0.056), social behaviors (p = 0.055), cognition (p = 0.482), language understanding/expression (p = 0.429/0.742), anxiety (p = 0.369), and parenting stress (p = 0.976) were all >0.05. After trim and fill, social behaviors went through 5 iterations, and the 4 effect sizes were imputed on the left side of the funnel plot (i.e., smaller/negative effect sizes), which suggests that the average effect size may be an overestimate of the effect, with a post trim and fill effect size of 0.286. Cognition went through 3 iterations, and the 1 effect size was imputed on the left side of the funnel plot (i.e., smaller/negative effect sizes), indicating that the average effect size may be an overestimate of the effect, with a post trim and fill effect size of 0.543. Regarding parenting Stress, after 2 iterations, 1 effect size was estimated on the left side of the funnel plot (i.e., smaller/negative effect sizes), suggesting that the average effect size may be an underestimation of the effect, and the effect size after clipping was −0.558.


[image: Figure 10]
FIGURE 10
Funnel plot of publication bias.





4 Discussion

This study is the first comprehensive meta-analysis of GBI for children and adolescents with ASD, including 24 RCTs that quantified the effectiveness of GBI interventions for children and adolescents with ASD. The main findings support significant positive effects of GBI on patients' social skills, social behaviors, and cognition. However, there were no significant effects of GBI treatment on children and adolescents' language skills, anxiety, or parental parenting stress.


4.1 Effects of GBI on socialization in children and adolescents with ASD

We evaluated the social skills of individuals with ASD by SRS scores, and the total effect of GBI on the improvement of participants' SRS scores was significant (g = −0.59, p = 0.004), which shows that GBI significantly improved the social skills of children and adolescents with ASD. GBI is a patient-centered, nondirective, unstructured, and free-form therapy (77) that creates opportunities for children to express their feelings, explore relationships, and describe their experiences (78), which in turn promotes skills such as concentration/attention, efficiency, organizational skills, dexterity, and working memory (79). In the subgroup analyses, the improvement effect was significant in children (g = −0.81, p = 0.001) but smaller and not statistically significant in adolescents (g = −0.16, p = 0.52). This result may be attributed to the fact that childhood is a period of rapid brain development and basic acquisition of cognition (i.e., working memory, attention, and inhibitory control) compared to adolescence, their brains and behaviors are more malleable (80, 81). ADOS-2, as a standardized ASD diagnostic tool with high specificity and sensitivity, is the gold standard for ASD diagnosis (82). The ADOS-2 outcome showed improvement in scores on the social affect domain (g = −0.11) but not on the restricted and repetitive behavior domain (g = 0.05), but the strength of the evidence for the results was low due to the small sample size as well as the heterogeneity of the studies. Two studies reported completely opposite ADOS-2 outcomes, possibly due to differences in the duration of intervention as well as treatment measures. The Gerald Mahoney study was conducted over a 12-month play session (66), whereas the Sue Fletcher-Watson study was conducted over a 2-month video game therapy (65), and the skills learned in the 2D animated game were challenging to generalize to real-world scenarios (83). GBI significantly improved social behaviors in children with ASD (g = 0.45, p = 0.00), and the results of a past clinical study similarly validated this finding. This study found that as GBI progressed, children slowly made more eye contact, approached the play therapist more frequently, and showed a desire to participate and build connections (84). GBI meets the child's developmental level, in which the child expresses him/herself in the most comfortable way and can enjoy the feeling of complete acceptance, thus establishing safe social relationships with a high potential for generalization to social interactions in nontherapeutic environments (26). However, there was mild to moderate heterogeneity in our study, and sensitivity analyses excluding one study (67) reduced the heterogeneity to close to zero and reduced the effect size, suggesting that this study may have amplified the effect size. The result may be because parents were both the intervention-delivery agents and evaluators, making them more susceptible to responder bias.



4.2 Effects of GBI on cognition and language in children and adolescents with ASD

At the cognitive level, GBI significantly improved attention and facial memory in children and adolescents with ASD. Attention and facial memory are critical for building and maintaining social relationships, and they tend to represent more social behaviors as well as fewer ASD symptoms (85–88). Patients are more concentrated when they are free to choose games of interest during play. Additionally, parents report that their children are able to play and concentrate for longer periods when playing app-based games (65) and that their eyes are more sensitive to cues in serious games (25). The use of role-playing treatments in both studies targeting facial memory improvement showed that during active role-playing, children can experience a variety of elements that contribute to increased awareness and interest in social stimuli, increased facial salience, and improved face memory (61). After the GBI intervention, although not significantly, the child's language expression was improved. In the play process, children's attention to and engagement with others increases, improving mutual verbal communication (63). However, our study found suboptimal improvements in language understanding, demonstrating that while most children's language skills are first receptive and then expressive in manner, children with severe ASD may learn words by saying them before understanding them (89).



4.3 Effects of GBI on anxiety in children and adolescents with ASD and on parental parenting stress

Three studies reported improvements in patient anxiety, yet the overall effect was not significant. Improvements in anxiety symptoms can be explained by the overall positive impact of play on children's mental health (90, 91). Children can project their anxieties into play elements and cope with these anxieties through relaxation during play (Ferguson & Olson, 2013). However, due to the small sample size involved in the analysis, statistical significance was not reached at this time. In addition, we conducted an analysis of parental stress, and there is no doubt that raising a child with ASD increases parental parenting stress (92), GBI designed for children with ASD typically focuses not only on the child's social, emotional, and behavioral development but also aims to improve family relationships and parent-child interactions. While play therapy can have positive effects on the child, it also helps reduce the behavioral challenges parents encounter in daily caregiving. When parents are able to manage their child's behavior more effectively, reduce frustration, and enhance their confidence, their stress levels tend to decrease (66). Although improvements in the child's symptoms following GBI treatment may alleviate parenting stress to some extent, our study did not find a significant reduction in parenting stress. This result may be attributed to the limitations of the sample size or variations in the level of parental involvement in the treatment.



4.4 Advantages of GBI and clinical application recommendations

GBI have shown significant potential in the treatment of individuals with ASD due to their interactivity and flexibility (26, 93). Compared to traditional interventions, GBI not only improve the core symptoms of ASD but also effectively utilize the individual's unique strengths, creating personalized and engaging intervention experiences that promote comprehensive development in cognitive, emotional, and social abilities (26). GBI leverage the interests of individuals with ASD to stimulate their motivation to engage (39). Individuals with autism often demonstrate intense focus in specific areas of interest. By designing game activities that align with these interests, participation can be significantly enhanced. For example, if an individual is interested in transportation vehicles, puzzles or role-playing games designed around this interest can not only increase engagement but also provide opportunities for social interaction. The task-oriented nature of the games can also improve cognitive abilities, particularly in areas such as systematic thinking and problem-solving. Many individuals with autism have a natural preference for rules and structure. Through structured games, they can develop their logical thinking and strategic planning skills while adhering to rules. Moreover, GBI can also help improve sensory regulation abilities in individuals with ASD. ASD individuals often experience difficulties in sensory processing, but they may have heightened sensitivity to certain sensory inputs, such as visual or auditory stimuli (3). Through digital platforms (such as VR or augmented reality technology) and multisensory interactive devices, games can provide personalized sensory support, helping individuals gradually adapt to complex sensory stimuli (34, 35). This technological intervention not only effectively enhances the intervention outcomes but also provides a safe learning environment, reducing overreactions to external stimuli and improving sensory integration abilities (35). In terms of social interaction and emotional expression, GBI have also shown significant advantages. Individuals with ASD often face difficulties in social interactions, and through cooperative games or role-playing games, they can learn and practice social skills in a non-threatening environment. Role-playing games, in particular, provide an opportunity to simulate social situations, allowing children to understand and adapt to social rules while playing different roles (63, 68, 75). At the same time, these games enhance individuals' self-confidence and emotional expression abilities through immediate feedback and the accumulation of a sense of achievement, thereby contributing to their emotional regulation and social interactions in real life (75). GBI also have a high degree of personalization, allowing them to be tailored to the interests and needs of each individual with autism. Through personalized design, the intervention content can better align with the individual's cognitive level, social needs, and emotional expression, thereby more effectively promoting overall development. Particularly in the treatment of ASD, intervention design should fully consider the individual's strengths, such as potential in task orientation and detail analysis, helping them achieve a sense of accomplishment in areas of interest, which in turn enhances their overall abilities.

GBI in clinical applications should follow the principle of precise assessment. Before starting the intervention, standardized assessment tools should be used to systematically understand the strengths and needs of each individual with ASD, providing a scientific basis for the design of game activities. This assessment process not only helps the treatment team develop personalized intervention plans but also provides a basis for adjusting the content of the games. During the intervention, game-based approaches need to collaborate with a multidisciplinary team to ensure the effectiveness of the intervention. Psychologists, therapists, educators, and parents should all be involved, providing professional support and feedback. Therapists can adjust the game content based on observations of the individual's performance in the games, ensuring that it both stimulates the individual's interest and effectively promotes their development. The use of technology is also an important complement to GBI. Digital games, virtual reality(VR), and augmented reality(AR) technologies offer more innovative possibilities for interventions (65, 67, 79, 94). These technologies not only provide personalized game content based on individual needs but also allow real-time data recording and feedback mechanisms to monitor the effects of interventions and dynamically adjust them. Therefore, therapists can precisely assess the progress of interventions through technological means, adjusting intervention strategies in a timely manner to improve the accuracy and effectiveness of treatment. Active involvement of the family is equally crucial in GBI (66, 95). When parents understand the design intentions and implementation process of the games, they can extend the intervention into daily life, improving the consistency and effectiveness of the intervention. Providing training and support to parents, enabling them to guide and support the child's play activities in the home environment, is key to enhancing the intervention's effectiveness (96). Additionally, regular communication between therapists and parents can ensure the proper implementation of intervention measures, further promoting progress in children with ASD. GBI provide a therapeutic platform for individuals with ASD that both leverages their strengths and improves core symptoms. Through precise assessment, personalized design, multidisciplinary collaboration, and the use of technological tools, GBI can not only enhance individuals' engagement and effectiveness but also promote the comprehensive development of their social, emotional, and cognitive abilities.

The practical implementation of GBI encompasses clinical rehabilitation centers, schools, and home settings. In clinical rehabilitation centers, professional play therapists can utilize structured play training to enhance the social interaction skills of children with ASD. For instance, social story games can guide them in understanding social norms, while cooperative games (e.g., LEGO Therapy) can strengthen teamwork abilities. Additionally, the application of VR and AR technologies can create controlled and safe environments, allowing ASD children to engage in immersive social interactions and improve their real-world adaptability. Although these technologies require a higher initial investment than traditional intervention methods, they offer personalized training programs, reduce labor costs, and enhance intervention efficiency in the long run. In school environments, educators can employ gamification strategies to increase the learning motivation and social adaptability of ASD children. For example, embedding a point-based reward system in the classroom can encourage them to initiate greetings or participate in group activities. Role-playing games can further help children practice real-life social scenarios, fostering empathy and problem-solving skills. School-based intervention programs generally offer high accessibility and can be implemented within existing educational resources, ensuring cost-effectiveness and broader benefits for ASD children. In home settings, parents can facilitate communication through parent-child interactive games (e.g., board games) and create more opportunities for natural interactions in daily life, thereby helping ASD children develop social skills in a familiar environment. Traditional tabletop games or structured training approaches are cost-effective and easy to implement. Moreover, integrating mobile applications (such as Mindreading or Social Express) can further enhance intervention effectiveness. Although the efficacy of GBI in ASD interventions has been supported by emerging evidence, further optimization of individualized game-based programs is necessary to align with the specific interests and developmental levels of ASD children. Additionally, enhancing the training of parents and educators to effectively guide ASD children in engaging with games is a crucial strategy for ensuring the sustainability of interventions. Overall, by improving accessibility and cost-effectiveness, GBI can play a significant role across various settings, providing comprehensive and personalized support for ASD children while offering practical guidance for professionals, educators, and caregivers.




5 Limitations

The results of this meta-analysis need to be interpreted in the context of several limitations. Firstly, although the ADOS is considered the gold standard for evaluating ASD, the studies included in our analysis did not report total ADOS scores, and the limited number of studies made it impossible to conduct a comprehensive assessment of the overall impact on ASD levels. Secondly, while this study included both children and adolescents with ASD, there were noticeably fewer studies on adolescents compared to children. However, the research suggests that during adolescence, when social demands exceed social skills, the symptoms of autism may become more pronounced (13). Future research should further focus on the effects of GBI on adolescents with ASD to prevent continued impairments into adulthood. Thirdly, through the trim-and-fill method, we found evidence of potential publication bias in the areas of social behavior, cognition, and parenting stress, which suggests that the true effect might be lower than what we have reported. Nevertheless, overall, the results of the current meta-analysis indicate that GBI is valuable for children and adolescents with ASD. Fourthly, play therapy must be delivered by trained play therapists following established therapeutic protocols. However, current research in this area often lacks consistency in how “play therapy” is implemented, with many studies involving interventionists who do not meet the qualifications of certified play therapists. To enhance the effectiveness and reliability of play therapy interventions, future research should adopt more standardized protocols. It is essential that practitioners delivering play therapy undergo formal training to ensure fidelity to the intervention model. This will not only improve the quality of the research but also contribute to the broader development and refinement of the field of play therapy. Fifthly, the diagnosis and treatment of ASD are influenced by age and cultural factors (1, 97). Children of different ages exhibit variations in social, language, and behavioral expressions. Early interventions in infancy focus on language and social skills, while school-age children focus on social skills training and emotional regulation. In adolescence, the emphasis shifts to emotional understanding and self-regulation. Moreover, cultural background also affects the recognition of autism symptoms and intervention methods, as different cultures may have varying expectations of behavior, which in turn can influence treatment outcomes. Therefore, treatments should take cultural differences into account and develop individualized plans (97, 98), For example, in GBI, structured play can promote interaction in early childhood, role-playing can enhance social abilities in school-age children, and complex games can improve emotional management and social skills in adolescence. Finally, RCTs are widely regarded as the gold standard in clinical research, providing valuable insights into the effectiveness of interventions. All studies included in this article are RCTs. However, when applied to the ASD population, RCTs have limitations in fully capturing individual differences. ASD is a spectrum disorder, and individuals exhibit a wide range of abilities, challenges, and responses to interventions. Averaging data from a diverse population may obscure cases where certain interventions are effective for some individuals but not for others. This oversimplification of treatment outcomes may overlook subtle variations in intervention effects. In contrast, single-case design (SCD) studies offer a more personalized approach to intervention evaluation by conducting in-depth analysis of individual participants. By tracking changes in individual responses over time, SCD can capture individual differences and subtle effects of interventions, making it particularly useful for understanding personalized treatments such as play therapy. Therefore, for future research, we recommend adopting a mixed-methods approach that combines RCTs and single-case designs, ensuring conclusions that are broadly applicable while also providing an in-depth analysis of the effects of individualized interventions, thus offering a comprehensive understanding of the diversity and personalized needs in ASD interventions.



6 Conclusion

Our analysis indicates that GBI can effectively improve social skills, social behavior, and cognitive abilities in children and adolescents with ASD. However, its effects on language skills, anxiety, and parenting stress were not statistically significant. While these findings highlight the potential benefits of GBI, the current meta-analysis is limited by sample size and study quality, which may affect the strength of the evidence.

To optimize the clinical application of GBI, future research should focus on developing structured implementation guidelines, including standardized assessment tools to tailor interventions based on individual strengths and needs. Furthermore, multidisciplinary collaboration among therapists, educators, and caregivers is essential to ensure intervention fidelity and effectiveness. Given that individuals with ASD often exhibit strong motivation when engaging in activities aligned with their interests, future GBI should incorporate personalized content and task-oriented elements to enhance engagement, cognitive development, and social skills. In practical settings, GBI should be integrated into clinical rehabilitation centers, schools, and home-based programs to maximize accessibility and real-world impact. In clinical environments, interventions should be delivered by certified play therapists to ensure treatment efficacy. Schools can adopt gamification strategies to increase engagement in social skills training, while families can incorporate interactive games into daily routines to extend therapeutic benefits. Additionally, training programs for caregivers and educators should be implemented to ensure proper guidance and long-term sustainability of interventions. By refining intervention protocols, expanding research methodologies, and fostering interdisciplinary collaboration, GBI can become a scalable, personalized, and effective intervention, ultimately enhancing the overall well-being of individuals with ASD.
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