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children with autism spectrum disorder: a randomized controlled 
trial
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Background: Peer-mediated intervention (PMI) is an intervention that teaches normally developing 
peers to help children with autism spectrum disorder (ASD) actively participate in social interactions. 
Previous studies have shown that PMI applied to school settings is effective for children with ASD, but more 
multiple-baseline single-subject design. Many questions are still not clear due to the large clinical variability 
in children with ASD. This study investigated the effectiveness of PMI on social skills of children with ASD 
at varying symptom levels and analyzed the specific changes. 
Methods: This study used a randomized, single-blind, parallel-controlled design to analyze the effect 
of PMI in a hospital setting. Fifty-five children aged 4–12 years were diagnosed with ASD by clinicians 
using the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) and stratified 
randomly allocated to either the experimental group or the control group using the envelope method. The 
experimental group utilized PMI, whereas the control group utilized behavioral therapy based on applied 
behavior analysis (ABA) [early intensive behavioral intervention (EIBI)]. This study primarily utilized the 
Social Responsiveness Scale (SRS) to evaluate the social performance of autistic children prior to and after 
the intervention.
Results: Fifty-five participants were recruited and analyzed, the experimental group (n=29; mild to 
moderate n=18, severe n=11) and the control group (n=26; mild to moderate n=15, severe n=11). After the 
intervention, the experimental group’s SRS score fell significantly more than the control group’s (t=−3.918, 
P=0.000), d=−1.043; the mild to moderate subgroup experienced the same situation (H=17.811, P=0.009), 
d=−1.642. At the same time, the decline in social communication scores was significantly greater in the 
experimental group compared to the control group (t=−3.869, P=0.000), and the 95% confidence interval 
was −10.067 to −3.193. The social motivation of the mild-to-moderate subgroup of the experimental group 
(H=16.894, P=0.011), −3.000 (25th percentile, 75th percentile: −3.000, 0.000), and the behavioral patterns 
of autism (H=18.150, P=0.006), −3.000 (25th percentile, 75th percentile: −5.000, 0.000), the decreased value 
was significantly larger. 
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Introduction

Autism spectrum disorder (ASD) is a group of lifelong 
neurodevelopmental disorders. The core symptoms are 
social communication disorders and behavioral stereotypes 
with limited interest (1). The incidence of ASD in the 
United States is as high as 2.41%, while domestic studies 
show that the incidence of ASD in China is about 1%, 
all showing an increasing trend in recent years (2,3). 
For children with ASD, their social characteristics often 
engendered avoid eye contact, no attachment relationship, 
lack of compassion and sharing capabilities, imagination 
and role-playing games. Researchers have found autistic 
individuals have a higher degree of anxiety compared to 
the normal population and have a similar level of anxiety 
as those considered anxious (4). Therefore, the application 
of scientific and effective treatment methods to improve 
the social skills of autistic children is an urgent area to be 
explored in current pediatric medical and educational areas.

There are few definitive ideal therapies for ASD’s core 
and prevalent co-behavioral symptoms. The principles of 
therapy for ASD, according to professional opinion, include 
early scientifically-based, systematic, customized, and 
family-based therapies. The primary objective of treatment 
is to maximize functions, such as social communication 
abilities, quality of life, and capacity to live independently, 
while minimizing or eliminating maladaptive behaviors 
(5,6). There is considerable evidence that applied behavior 
analysis (ABA) and ABA-based early intensive behavioral 
intervention (EIBI) for children with ASD, their families, 
and the community can lead to the best outcomes (7). EIBI 
is a comprehensive treatment model, mainly based on 
discrete trial teaching (DTT). The technique focuses on 
teaching skills by giving clear instructions in a repeating and 
succinct manner, while reducing extraneous details, thereby 
making instructions “turn-responsive”. There is compelling 
evidence that EIBI is an effective and preferable treatment 

option for children with ASD at the moment (8). However, 
many families getting this therapy cannot afford it due to 
the exorbitant expense and lack of human and financial 
resources. Throughout the implementation and promotion 
of the therapy, several researchers also have expressed 
concerns that its misuse could result in additional harm to 
children with ASD, including more severe stereotyping and 
depression (9).

For the core symptoms of children with ASD, the 
National Institute for Health and Care Excellence (NICE) 
guidelines recommend social communication interventions 
based on play strategies and peer intervention, but no 
recommendations for biomedical or pharmacological 
interventions (10). Peer-mediated intervention (PMI) refers 
to an intervention that systematically teaches normally 
developing peers to help children with ASD actively 
participate in social interactions, thereby enabling children 
with ASD to acquire appropriate social skills. A core part 
of the approach is the use of peers to facilitate interaction 
in children with ASD, and studies have shown that the 
therapy can promote the integration of children with ASD 
into the school environment (11,12). Watkins et al. in 
2015 reviewed 15 studies demonstrating the effectiveness 
of PMI in improving social interaction in ASD (13). 
However, the environments of the studies were schools, and 
mostly single-subject designs were used. PMI is frequently 
used in conjunction with other intervention tactics, 
such as peer intervention paired with game strategies, 
video demonstration, augmentative and alternative 
communication (AAC), etc. PMI began with basic free 
play between children with ASD and typically developing 
(TD) children and has evolved into a variety of types of 
intervention, including chances for peer contact, peer 
counseling, peer positive reporting, and group play (14).  
According to some researchers, although prior studies 
defined PMI approaches, the specific implementation 
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of social games or operation steps has not been clearly 
explained (15,16). 

Recently, academics have again thoroughly analyzed the 
effectiveness of PMI in children with ASD, revealing that 
the results of the analysis are consistent although there 
are still some gaps that need to be filled (17). For example, 
the current study is still planned as a multi-baseline 
single subject, lack of high-quality randomized controlled 
studies, and because of the substantial clinical variability of 
children with ASD and the limited sample size, the authors 
indicated that the results were published very cautiously. To 
fill in some of the gaps left by earlier research, this study 
used a randomized, parallel-controlled design to analyze 
the impact of PMI on social interaction in children with 
ASD at various symptom levels. We present the following 
article in accordance with the CONSORT reporting 
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-22-110/rc) (18).

Methods

Study design

This study was a single-center, randomized, single-blind, 
parallel-controlled clinical trial, and conducted from June 
2019 to August 2019 at the outpatient clinics of Shanghai 
YangZhi Rehabilitation Hospital affiliated with Tongji 
University. The research was carried out in line with 
the Helsinki Declaration (as revised in 2013). The study 
protocol had been approved by the Ethics Committee of 
Shanghai YangZhi Rehabilitation Hospital with approval 
number YZ2019-015. The experimental group was a PMI 
group, and the control group was an ABA-based behavioral 
therapy group (EIBI). The parent(s) or legal guardian(s) 
of all participants gave their written informed consent. 
According to the PMI-related literature reviewed and the 
preliminary experimental results of this study in 2017 and 
2018, the effect size d was 0.78, the two-sided test was used, 
and the type I error α was set to 0.05. Under the test power 
of 0.80, Gpower 3.1 the software estimated the total sample 
size to be 54 cases. Considering the 10% shedding rate, the 
final sample size for this study was 60 cases.

Study protocol

T h i s  s t u d y  a d o p t e d  t h e  p r i n c i p l e  o f  s t r a t i f i e d 
randomization, the subjects were randomized to either 
the PMI group or the EIBI group (1:1 ratio allocation). 

First, according to the degree of symptoms of the disease 
in children, it is classified into two types: mild to moderate 
and severe. Then, after randomization within each type, 
the final division into experimental and control groups was 
performed. The specific randomization method adopts 
the envelope method and the treatment plan received by 
each subject is coded by a random allocation sequence 
generated by a computer random number generator and 
placed in a sequential, sealed, light-tight envelope. Children 
who met the inclusion criteria can only open the envelope 
and receive the appropriate treatment when they agree to 
the trial. The research assistants who performed the data 
entry and analysis and the therapists who conducted the 
assessments were blinded to how the study subjects were 
grouped. However, due to the nature of the intervention, 
blinding the subjects and the therapists who administered 
the intervention was not possible.

Participants

Children with ASD
The study involved 110 sample children who met the 
criteria for ASD according to the fifth edition of the 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5) (19) by a child neuropsychiatrist from a local 
children’s hospital and a pediatrician of our hospital. 
Participants met the following inclusion criteria: (I) 
diagnosed with ASD; (II) aged 4–12 years old; and (III) able 
to attend sessions continuously, with no more than four 
absences. The exclusion criteria were (I) children with extra 
impairments such as psychological problems or hearing 
or vision issues, and those who had motor limitations that 
would prohibit them from engaging in social games; (II) 
frequent uncontrolled aggressive behavior involving hurting 
themselves or others; and (III) unable to attend continuous 
treatment, less than 20 sessions. 

PMI peers
Social recruitment through the form of posters and web 
platforms of our hospital was conducted for 1 month prior 
to the study commencing. A total of 28 children applied to 
attend the study, and each peer was also assessed with the 
Social Responsiveness Scale (SRS) to provide information 
on their social skills. Finally, 16 children who met the 
following inclusion criteria were selected as PMI peers: (I) 
aged 4 to 12 years old; (II) characteristics of enthusiasm, 
patient, voluntary, and had good pragmatic understanding 
and social skills based on their SRS score; and (III) able to 
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attend continuously with no more than 1-week absences. 
Most peers were the children of hospital staff members, and 
five participated in previous experiments in 2017 and 2018. 
Peers were educated and trained in both group training 
and individual training by our experimenters for about one 
week, after which they were familiar with a basic knowledge 
of ASD and their role in the experiment. 

Measures

For socia l  interact ion sk i l l s  in  ASD, one of  the 
instruments currently recommended in China is the Social 
Responsiveness Scale (SRS) (20). The Childhood Autistic 
Rating Scale (CARS) can play a vital role in detecting the 
improvement of autism symptoms, and it has a high level of 
reliability and recognition (21). As a result, SRS and CARS 
were utilized in this study to measure the performance of 
children with ASD before and after the intervention. The 
primary outcome of the study was the changes in total SRS 
scores. The secondary outcomes were the changes in CARS 
and changes in various social indicators of SRS. During 
the clinical trial intervention period, the adverse events 
that occurred were strictly recorded as required, and the 
“Adverse Event Report” was filled out, including the time 
of occurrence, progress, and processing results.

SRS
For youngsters aged 4 to 18, the Chinese SRS version was 
utilized. The SRS consists of 65-item, each of which was 
assessed on a Likert scale (22) of 0 (not at all) to 3 (almost 
always). The basic raw score may then be computed, on 
a scale 0 to 195, with a score more than 75 indicating a 
clinically significant level of autistic social impairment, and 
the higher the score, the more severe the social impairment. 
The scale contains five subscales, named social awareness, 
social cognition, social communication, social motivation, 
and autistic mannerisms (23). Internal consistency 
(0.871–0.922) and test-retest reliability (0.81–0.94) were 
determined for the Chinese form of the SRS scale used in 
mainland China-based on research (24). This research also 
highlighted the validity and reliability of the caregiver-
report SRS as a screening tool for ASD.

CARS
The CARS scale has 15 items that require a trained 
evaluator to perform while observing the child. Each item 
receives a score ranging from 1 (no abnormalities) to 4 
(severe abnormalities), with symptoms ranging between 

1 and 2 receiving a 1.5 rating, and so on. Scores range 
from 15 to 29.5 points indicating no autism, 30 to 37.5 
is classified as mild to moderate autism, and 38 to 60 is 
classified as severe autism (25). According to the research 
and analysis of CARS, the consistency reliability of raters 
was 0.796, the internal consistency reliability was 0.876, 
the consistency between CARS and the diagnostic standard 
DSM-5 was high, and the Kappa score was 0.963 (26,27). 

Procedures

Pre-intervention peer training
A week before the intervention, we held pre-intervention 
training sessions for the 16 peers who participated. They 
attended a lecture on basic ASD symptoms, watched a 
related video, and received training about how to enhance 
their positive support and reduce unexpected behavior or 
words that might appear. Peers also received training in the 
conduct of simple games from a treatment manual in which 
the experimenter taught them how to wait, cooperate, 
provide visual or physical prompts, coach, and give feedback 
to autistic children. Following the training, the trial 
therapists had individual conversations with the TD peers, 
discussing their understanding of the ASD disorder and 
explaining their roles and responsibilities in the trial. 

Experimenter training
Experimenters from different backgrounds including three 
occupational experimenters, three speech and language 
pathologists, and one special education teacher were 
involved in this study. Before the intervention, experimenter 
training also unified all games through the treatment 
manual to guide the peers during the intervention. Each 
experimenter participated in two to three small groups 
which included two same-level ASD children and four 
typical development PMI peers. Based on the two previous 
experiments, we constructed a treatment manual including 
28 social games based on evidence-based five types of  
PMI (28). We set different goals for mild to moderate and 
severe autism focused on social motivation, social awareness, 
social cognition, social communication, and social behavior, 
to improve social interaction and initiations. Contents and 
examples are shown in Table 1.

Intervention
This study was done three times a week, for 40 minutes 
each time, and the two groups had the same intervention 
frequency and treatment time.
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Table 1 Contents and examples of PMI

Levels of 
ASD

Objects Type of peer intervention Examples

Mild and 
moderate

Asking for help from peers 
actively

Peer modeling Peers demonstrate rules of the game

Observing and imitating 
others by following game 
rules

Peer tutoring Using verbal and gesture cues to assist autistic children

Sharing success with others Cooperative learning 
strategies

Copying games: respond when someone calls, observe, and imitate 
someone’s actions/language, then asking the next participant 
actively to demonstrate/speak to him/her

Peer reinforcement Verbally praising: “You are doing great! Thanks for being so helpful!”

Positive peer reporting Talking about the detailed good performance in each session and 
appreciating autistic children’s cooperation and effort

Severe Using an AAC device to ask 
for help or express needs

Peer modeling Peers demonstrate rules of game and practice once

Completing waiting and 
taking turns

Peer tutoring Hand over hand assist and wait for autistic children’s response 

Sharing food with others Cooperative learning 
strategies

Passing games: one is drumming while the others pass around a 
toy/blossom/block to the next one

Peer reinforcement Praising by clapping hands and thumbing up when appropriate 
behavior occurs

Positive peer reporting Appreciating autistic children’s cooperation and effort and giving a 
warm hug

ASD, autism spectrum disorder; AAC, augmentative and alternative communication; PMI, peer-mediated intervention.

Experimental group
The intervention sessions were conducted in the group 
training room in our hospital. We purchased and prepared 
all the materials and tools needed and stored them in a 
cabinet with some reward items. Each therapy session 
consisted of the stages outlined below (29):
	Step 1 (5 min): self-introduction (name, age), 

greeting everyone (children in the severe group 
who had difficulty in verbal communication were 
encouraged to shake hands); 

	Step 2 (5 min): the experimenter talked about 
the rules of the game and invited two peers to 
demonstrate how to play; 

	Step 3 (25 min): the game begins; peers helped the 
children with ASD in their group when using verbal 
and gesture cues or hand over hand assistance. The 
experimenter sat and assessed the interaction. When 
a project was done, the children were ecstatic and 
spontaneously celebrated by slapping their hands, 
thumbing up, and verbally praising each other. Such 

a celebration was a typical method to assist autistic 
children feel the joy of socializing and improved 
their social motivation;

	Step 4 (5 min): after completing the session, peers 
gave positive peer reporting and a warm hug to the 
autistic children to reinforce their performance (30).

Control group
The control group used ABA-based behavioral therapy 
(EIBI), with discrete trial teaching (DTT) as the main 
method, to reinforce the behavioral responses of children 
with ASD (31). In the control group, rehabilitation 
therapists blended core skills with particular training 
content, such as language expression and communication, 
gross and fine motor abilities, and social cognition. 

Statistical analysis

Data analyses were performed using IBM SPSS Statistics 
Software Version 23.0 statistical software package for data 
processing and GraphPad Prism 9 for graph creating. 
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The count data were expressed by the number of cases 
and percentage (%), and the differences between groups 
in the count data were compared by the chi-square test or 
Fisher’s exact test. The measurement data were expressed 
as mean (standard deviation), and the independent samples 
t-test was used after verifying that the data conformed 
to the normal distribution; if it did not conform to the 
normal distribution, the nonparametric test was used. Data 
comparison between different subgroups was performed 
by repeated analysis of variance, with homogeneity of 
variance test first, independent sample t-test was used for 
homogeneity of variance, and non-parametric Kruskal-
Wallis one-way ANOVA was used for unequal variance. 
Data were summarized using the mean,  standard 
deviation, median, and f test, and P<0.05 was considered 
as a significant difference to explore the effect of PMI 
on improving the social skills of autistic children. Using 
Cohen’s d or f, effect size estimates were generated for all 
mean differences (32), and 95% confidence intervals (CIs) 
or median were also reported.

Results

From June 2019 to August 2019, 55 ASD participants 
and 16 peers who met the inclusion and exclusion criteria 
were included in the study. One case in the experimental 
group dropped out owing to returning home, resulting in 
a 1.8% shedding rate. But all 55 children with ASD were 
included in the statistics, 29 in the experimental group 
(mild to moderate n=18, severe n=11) and 26 in the control 
group (mild to moderate n=15, severe n=11), following 
the intention-to-treat (ITT) principle in clinical trials (see 
Figure 1). For the result after the intervention of one ASD 
child who shed out of the experimental group, the mid-
term evaluation data was used as the final data. Children 
with ASD were stratified by symptom level and divided 
into mild-moderate and severe subgroups by CARS 
assessment. After randomization, the baseline data of the 
experimental group and the control group in terms of age, 
gender, and subgroup status are shown in Table 2. During 
the intervention, no adverse events occurred in either study 
group in terms of safety assessment.

Within-group differences at posttest

The overall social ability scores of children with ASD in 
different groups and their subgroups at admission were 
compared with the scores after 1 month and 2 months of 

intervention. There were substantial differences in the 
overall ASD children and children with mild to moderate 
ASD in both two intervention groups before and after the 
intervention (P<0.05), as shown in Table 3 and Figure 2. The 
data analysis revealed that children with mild to moderate 
ASD showed differences after 1 month of intervention, with 
the SRS score decreasing by 7.11 (8.62) points, a difference 
that was statistically significant from the baseline (t=3.502, 
P=0.003). Following the 2-month intervention, the score 
declined further, to 15.06 (10.61) points lower than it was 
prior to the intervention, a difference that was likewise 
statistically significant (t=6.022, P=0.000).

Between-group differences and changes in different levels 
of ASD

Efficacy comparison of primary outcome measures: 
SRS
According to the changes in social ability before and 
after the intervention, the experimental group’s SRS 
score declined significantly more than the control group’s 
(t=−3.918, P=0.000), d=−1.043; the mild to moderate 
subgroup experienced the same situation (H=17.811, 
P=0.009), d=−1.642, as shown in Table 4. There was no 
significant difference in SRS score reduction between the 
experimental group’s severe subgroup and the control group 
(H=10.127, P=0.838), indicating that there was a significant 
difference in social skill improvement between the overall 
ASD children and the experimental group’s mild-to-
moderate subgroup. PMI group outperformed the EIBI 
group.

Efficacy comparison of secondary outcome measures: 
CARS
According to the changes in autism symptoms before and 
after the intervention, the experimental group’s CARS 
score declined significantly more than the control group’s 
(t=−2.812, P=0.007), d=−0.750, as shown in Table 5. There 
was no significant difference in the reduction of CARS scores 
both between the mild to moderate and severe subgroups 
of the experimental group and the control group (P>0.05), 
indicating that only the overall ASD children had significant 
differences in the improvement of autism symptoms, and 
the PMI group was better than the EIBI group.

Efficacy comparison of secondary outcome measures: 
changes in different aspects of social skills
According to the change values of various social abilities 
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Figure 1 CONSORT flowchart. CONSORT, Consolidated Standards of Reporting Trials.

Analyzed (n=29) (based on intentionality 
analysis, one participant of missed visits was 
carried forward using the last observation)

Analyzed (n=26) (analyzed with training 
group)

• Excluded from analysis (n=0)

Assessed (n=28)
• Lost to follow-up (n=1) (1 dropped out at 

the end of the last week due to back to 
hometown)

• Discontinued intervention (n=0)

Assessed (n=29)
• Lost to follow-up (n=0)
• Discontinued intervention (n=0)

Allocated to training group (n=29)
• Received intervention (n=29)

Assessed (n=26)
• Lost to follow-up (n=0)
• Discontinued intervention (n=0)

Not assessed (n=0)
• Lost to follow-up (n=0)
• Discontinued intervention (n=0)

Allocated to control group (n=26)

Analysis

Post 8 weeks intervention

Post 4 weeks intervention

Allocation

Randomized (n=55)

Assessed for eligibility (n=110)

Excluded(n=55)
• Did not meet inclusion criteria (n=15)
• Unable to persist participation (absent 

>4 times (n=40)

before and after the intervention, the comparison between 
the groups showed that the social communication score 
of the experimental group decreased significantly larger 
than that of the control group (t=−3.869, P=0.000; 95% 
CI: −10.067, −3.193); the social motivation of the mild−to−
moderate subgroup of the experimental group (H=16.894, 
P=0.011), −3.000 (25th percentile, 75th percentile: −3.000, 
0.000) and the behavioral patterns of autism (H=18.150, 
P=0.006), −3.000 (25th percentile, 75th percentile: −5.000, 

0.000), the decreased value was significantly larger than that 
of the mild to the moderate subgroup of the control group; 
and no significant difference between severe subgroups 
(P>0.05), as shown in Figure 3.

Discussion

The randomized controlled trial results indicated the 
effectiveness of a 2-month PMI intervention in a hospital 
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Table 3 SRS of children with ASD in each group before, during, and after intervention

Groups
Pre-intervention,  

mean (SD)
4-week intervention,  

mean (SD)
8-week intervention,  

mean (SD)

Trial group’s ASD kids (n=29) 102.07 (20.52) 94.35 (21.45)** 89.97 (21.41)**

Control group’s ASD kids (n=26) 111.92 (23.58) – 110.73 (25.50)*

Trial group’s mild to moderate subgroup (n=18) 94.33 (21.65) 87.22 (19.55)** 79.28 (18.07)**

Control group’s mild to moderate subgroup (n=15) 104.80 (28.53) – 102.60 (29.19)*

Trial group’s severe subgroup (n=11) 114.72 (9.91) 109.64 (18.33) 107.46 (13.62)

Control group’s severe subgroup (n=11) 121.64 (8.41) – 121.82 (12.66)

*, P<0.05; **, P<0.01. ASD, autism spectrum disorder; SD, standard deviation; SRS, Social Responsiveness Scale.

Table 2 Demographic characteristics

Characteristics
Training group (n=29) Control group (n=26)

P
N %/mean (SD) N %/mean (SD)

Gender 0.171

Male 27 93.10 21 80.77

Female 2 6.89 5 19.23

Subgroups 0.741

Mild to moderate 18 62.07 15 57.69

Severe 11 37.93 11 42.31

Age (months)

Mild to moderate 18 77.83 (30.10) 15 63.93 (18.36) 0.129

Severe 11 72.27 (17.44) 11 74.64 (20.74) 0.775

Total 29 75.72 (25.81) 26 68.46 (19.74) 0.251

P>0.05 means there is no statistical difference between the two groups. SD, standard deviation.

0	 2	 4	 6	 8	 10
Months

Trial group’s ASD kids

Control group’s ASD kids

Experimental group’s mild to 
moderate subgroup

Control group’s mild to moderate 
subgroup

Trial group’s severe subgroup

Control group’s severe subgroup

SRS

S
co

re
s

150

100

50

0

Figure 2 Within-group differences in pre-intervention, mid-
intervention, and post-intervention. ASD, autism spectrum 
disorder; SRS, Social Responsiveness Scale.

environment for enhancing social skills in children with 
ASD. Through the evaluation and comparison before and 
after the intervention, it was determined that children 
with mild-to-moderate ASD in the PMI group had greater 
improvements in overall social skills than in the EIBI group. 
Notably, after a 1-month PMI intervention for the mild-
to-moderate subgroup, social skills had been substantially 
different from those before the intervention, and the 
improvement was greater after 2 months of intervention.

In our study, peers were taught how to wait, cooperate, 
provide visual or physical prompts, coach, and give feedback 
to autistic children, and were presumed to be an active 
treatment mechanism. A new study from Westby indicates 
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Table 5 CARS changes in the experimental, control, and subgroups following intervention

Variation in CARS N Mean (SD) t/H P d/ ɳ2 Differences of group mean of 95% CI/M (P25, P75)

Total −2.812 0.007** −0.750 −5.370, −0.899

Trt*Posttest 29 −3.50 (3.29)

Ctrl*Posttest 26 −0.37 (4.90)

Mild to moderate −0.691 1.000 0.960 −1.000 (−2.500, 0.000)

Trt*Posttest 18 −2.42 (2.98)

Ctrl*Posttest 15 −0.87 (1.09)

Severe 16.455 0.094 −0.966 −3.250 (−6.125, −1.250)

Trt*Posttest 11 −5.27 (3.12)

Ctrl*Posttest 11 0.32 (7.57)

**, P<0.01. CARS, Childhood Autism Rating Scale; CI, confidence interval; M, median; SD, standard deviation; P25, 25th percentile; P75, 
75th percentile; Trt*Posttest, treatment group post-test; Ctrl*Posttest, control group post-test.

Table 4 SRS changes in the experimental, control, and subgroups following intervention 

Variation in SRS N Mean (SD) t/H P d/ɳ2 Differences of group mean of 95% CI/M (P25, P75)

Total −3.918 0.000** −1.043 −16.211, −5.197

Trt*Posttest 29 −11.90 (12.80)

Ctrl*Posttest 26 −1.19 (6.87)

Mild to moderate 17.811 0.009** −1.642 −3.000 (−5.000, 0.000)

Trt*Posttest 18 −15.06 (10.61)

Ctrl*Posttest 15 −2.20 (3.17)

Severe 10.127 0.838 −0.456 −2.000 (−12.250, 0.000)

Trt*Posttest 11 −6.73 (14.83)

Ctrl*Posttest 11 0.18 (10.03)

**, P<0.01. CI, confidence interval; M, median; SD, standard deviation; SRS, Social Responsiveness Scale; P25, 25th percentile; P75, 75th 
percentile; Trt*Posttest, treatment group post-test; Ctrl*Posttest, control group post-test.
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that peer demonstration and imitation encourage child-led 
play and natural interactions between kids (33). The social 
games used to intervene in the study included “rotating 
games” and “imitation games”. In the rotating games, one 
child is drumming while the others pass around a toy/
blossom/block to the next one or they may compare the 
speed of passing all items to determine the winners. As they 
sat at a certain distance, the whole game requires children 
to respond and ask the name of the child nearby and could 
improve their social initiation and interaction skills. In 
the imitation games, children sat facing one direction 
one by one and observed and imitated someone’s actions/
language, then demonstrated/spoke and repeated this to 
the next child. Children with autism exhibit significant 
deficits in imitation skills, which impedes the acquisition 
of more complex behaviors and socialization (34).  
According to Ingersoll (35), low-intensity, targeted 
imitation interventions can significantly improve persistent 
social deficits in ASD. Multiple studies have demonstrated a 
substantial association between imitation abilities and social 
behaviors in children with ASD, such as social reciprocity 
and the beginning of joint attention (35-37). However, it is 
still unknown whether imitation deficiencies are the cause 
or result of social impairment in ASD. Combining highly 
effective social imitation techniques with PMI therapy 
can enhance the social behavior of children with ASD 
and increase the likelihood of natural interactions, such as 
peer responses (38). Thus, social communication, social 
initiation, and social interaction could be improved by 
playing these games, and the more familiar and skillful the 
peers, the better. In these environments, children with ASD 
have the chance to interact socially with a large number of 
children their age, which enhances the possibility that they 
will acquire social skills that are generalizable (39).

To investigate the effectiveness of PMI in children with 
ASD more accurately, we conducted stratified research 
based on the severity of the children’s ASD symptoms. In 
comparison to EIBI, the results demonstrated that children 
with mild-to-moderate ASD showed a greater improvement 
in social skills. Before the official start of this study, the 
research team drew on the previous pre-experiment to 
design social games of varying degrees of difficulty based 
on the five intervention types in PMI therapy, taking into 
account the characteristics of ASD children with varying 
levels of symptoms and formed a treatment manual. 
However, we found children in the severe level small groups 
could not participate well through the same social games 
used in mild to moderate level groups, as they could not 

comprehend the meaning of games, which made it difficult 
to cooperate and complete them successfully. Moreover, the 
PMI peers also felt frustrated and had less positive behavior 
and emotions toward severely autistic children. A treatment 
manual and improved implementation fidelity may be 
required in such cases (40).

Because PMI is primarily an intervention strategy to 
enhance the social skills of children with ASD, we did 
comparison research on the indicators of various social 
skills in each subgroup of children with ASD. The study 
showed that the PMI group was significantly better than 
the EIBI group in the improvement of autism symptoms 
and social communication skills in overall ASD children, 
and the improvement of social motivation and autistic 
behavior in children with mild to moderate autism. 
According to research, social difficulties in ASD are mainly 
caused by abnormalities in social motivation and/or social 
cognition (41). Some researchers suggest that persons who 
do not have cognitive impairments should first work on 
strengthening their social motivation before gaining social 
skills (42). The theory of social motivation states that weak 
social motivation can make people change their attention 
to social information and disrupt the seeking of social 
experience, thereby triggering the knock-on effect of poor 
social learning (43). In this study, therapists instructed peer 
children to use methods preferred by children with ASD to 
engage their attention, follow the rules of play for various 
social interactions, and provide timely feedback, thereby 
reducing the occurrence of negative behavioural patterns 
in children with ASD. In addition, there is evidence that 
timely rewards in social encounters can increase social 
motivation (44). We found that increased social motivation 
had a significant impact on overall social competence. 

Although most studies investigated PMI in inclusive 
settings or school settings, it is still important and 
meaningful to explore its effectiveness in a hospital setting 
as many autistic children receive initial services in hospital 
or rehabilitation centers (13,45). This setting could be an 
important foundation to establish basic social skills before 
children enter the school context and promote better 
performance for school participation and daily life. In 
some developing countries, including China, there are few 
therapists or special education teachers working in schools, 
and children with ASD even cannot attend normal schools 
due to a lack of support and effective approach to help  
them (46). The improvement of their social skills in 
the hospital setting will provide more opportunities 
for children to be admitted to school, improving their 
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performance.
Based on the above analysis, we also identify several 

flaws in this work. First, a bigger sample size is required 
to investigate the influence of PMI on the various social 
functions of ASD children. This study is influenced by the 
actual scenario, and the smaller sample size is insufficient to 
accurately reflect the variations in each index of the severe 
subgroup. Second, the primary and secondary indicators 
of this study are semi-quantitative scales and insufficiently 
objective. In the future, testing can consider more objective 
quantitative indicators. Third, ASD requires long-term 
intervention, and the observation time of this study is 
limited. In order to obtain more sufficient evidence, real-
world studies may be considered in the future. 

Conclusions

According to the findings, PMI therapy can increase 
social motivation in children with mild to moderate 
ASD, minimize undesirable behavior patterns, effectively 
improve overall social skills and enhance effective social 
communication with others. After expanding the sample 
size, improving social games, or increasing the duration of 
the intervention, the efficacy of children with severe ASD 
has to be further investigated. 
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