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Abstract

This study provided a systematic review and meta-analysis of UCLA PEERS® for
social skills improvement in adolescents or young adults with autism. A total of 21
randomized controlled trials and 10 non-randomized controlled trials were included,
and six different outcome indicators were analyzed. The results showed that PEERS
improved participants' knowledge of social skills, ability to apply social skills, and
emotional intelligence, and the difference between caregiver-reported scores and
teacher-reported scores was statistically significant. The PEERS intervention produced
the smallest effect using PEERS in East Asia. This study discussed the significance of
PEERS on the improvement of social skills in ASD and the reasons for the results of
the subgroup analyses, and provided some recommendations for PEERS intervention

methods that may help to improve the effectiveness of the intervention.
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Introduction

Social communication and interaction disorder is very common in individuals with
autism spectrum disorders (ASD), and this is one of the core symptoms of individuals
with ASD, which are characterized by deficits in social-emotional reciprocity, deficits
in nonverbal communicative behaviors, deficits in developing, maintaining, and
understanding of relationships(Association, 2013). Individuals with ASD may
experience developmental disorders in social communication and interaction skills
early in life. Infants and young children with ASD may experience a decline in eye
contact levels at around 2 months of age, and social skills development gradually begins
to lag behind normal infants(Shultz et al., 2018). Children, adolescents, and adults with
ASD tend to have a lack of proactive socialization behaviors, have difficulty
understanding the emotions and intentions of others, and have language problems such
as delayed language development and difficulty in comprehending language; in
addition, they have poor adaptive skills and difficulty in regulating emotions in their
environment. In addition, problems such as poor executive functioning, poor adaptation
to the environment and difficulties in emotional regulation make it difficult for them to
establish and maintain good interpersonal relationships(Kim et al., 2023; Lai et al.,
2014). A study found that people with ASD were more talkative in boring situations and
less talkative when discussing topics of interest compared to the normal population,
suggesting that people with ASD have poorer ability to make self-behavioral
adjustments in different social situations and poorer ability to adapt to their
environments(Cola et al., 2022). Social communication and interaction disorder not
only affects the interpersonal relationships and friendships of people with ASD, but also
reducing their quality and ability to participate in social activities, it also makes them
vulnerable to being misunderstood by others in their social lives, and their prolonged
labeling and stigmatization can further trigger their mental health problems(Lai, 2023).

One study found that social skills struggles were significantly correlated with the level



of depression in adolescents with ASD, with lower social skills tending to have more
severe depression(Pascoe et al., 2023). Therefore, improving the social communication
and communication skills of ASD patients by providing them with social knowledge
and skills training not only contributes to helping them better integrate into social life
and participate in collective activities, but also prevents and ameliorates the abnormal
psychological problems that may exist in ASD patients, avoids the occurrence of
serious cases of self-injury and suicide(Situmorang, 2024), and further improves their

quality of life.

The Program for the Education and Enrichment of Relational Skills (PEERS) is a
social skills training intervention program for adolescents with autism (Laugeson et al.,
2010). It was developed by Elizabeth A. Laugeson and other professionals from a
research team at the Semel Institute for Neuroscience and Human Behavior at the
University of California, Los Angeles (UCLA), as well as other institutions with
professional backgrounds in child and adolescent psychology and social skills
intervention. These professionals provide expertise and practical experience to support
the development and improvement of PEERS. The PEERS intervention is a program
designed to assist adolescents in developing social skills. It is a structured curriculum
that is implemented in various settings, including clinical and institutional contexts,
with a duration of 14 weeks, and educational institutions, with a duration of 16 weeks.
The program focuses on imparting knowledge in various social skills, such as
conversational skills, peer interaction strategies, coping mechanisms for social
dilemmas, and the management of social reputations. The program encourages active
engagement in social activities, particularly in the organization and participation of
social gatherings such as get-togethers, thereby creating more opportunities for
interaction with peers. Additionally, the program emphasizes fostering young people's
capacity to establish meaningful and stable friendships with their peers, aiming to
enhance their social skills and interaction experiences(Laugeson et al., 2009). The
main purpose of PEERS is to enhance the knowledge of social skills of adolescents
with autism, increase the frequency of their participation in social activities, improve
the quality of their friendships, enhance their psychological well-being, and better adapt

to social life. Due to its excellent intervention effects, PEERS has been translated into



Chinese, Korean, Japanese, Thai, Hebrew, Italian, and Polish and has been widely used
in many countries and regions around the world(Fatta et al., 2024; Lao et al., 2024;
Napat Sittanomai, 2021; Phatos et al., 2024; Rabin et al., 2020; Yamada et al., 2019; Yoo
et al., 2014). But the actual effectiveness of PEERS interventions may vary somewhat
due to the different cultures of individual countries and regions(Kéri, 2023), in addition,
the different implementation environments of PEERS (schools or clinics) may also lead
to situations where the effect size (ES) varies greatly. We also found that many related
studies have used different types of outcome indicators reported by different reporters
to verify the effectiveness of PEERS in improving the social skills of adolescent
patients with autism from multiple perspectives. Therefore, it is necessary to explore
the effectiveness of PEERS on adolescent patients with autism through meta-analysis
and systematic evaluation methods in different outcome indicators, different
implementation environments, and different cultural backgrounds. This will provide a
reference for the future use of PEERS to intervene with adolescents with autism in
various countries and regions, and provide an evidence-based basis for the selection of
social skills training methods for adolescents with autism.
Methods

This study strictly followed the PRISMA 2020 statement to standardize the
methods of meta-analysis and systematic evaluation(Page et al., 2021), and was
registered on the international prospective systematic evaluation registration platform
PROSPERO (Identification No. CRD42024626835).
1. Search Strategy and Selection Criteria

This study searched for relevant studies in five databases: PubMed, Cochrane
Library, Web of Science, Embase and Google Scholar. The search results were
supplemented by accessing the official website of the Semel Institute for Neuroscience
and Human Behavior at the University of California, Los Angeles
(https://www.semel.ucla. edu/peers) to supplement the database search results. The time
range for searching each database was from the establishment of the database to
December 9, 2024. Studies published in English were included. The search formula was
listed in Appendix 1. The search results were imported into Endnote 21 for literature

management and processing. Two researchers (JX.S and YN.W) conducted a



preliminary screening of the included studies based on the title and abstract of each
study to exclude studies that were not related to the topic of this study. Then, the
included studies were further screened by reading the full text. In case of disagreement,
a third researcher (JC.W) was invited to intervene and a unanimous decision was
reached after discussion.

The inclusion criteria for this study were: (1) Studies in which the subject
s were patients with a clinical diagnosis of ASD. (2) Studies in which the sub
jects were adolescents or young adults over the age of 10. (3) Studies in whic
h the intervention group used PEERS for intervention and the control group us
ed a blank control or other routine intervention methods. (4) Studies that repor
ted outcome measures related to social competence, including the Test of Adol
escent Social Skills Knowledge (TASSK) (Laugeson et al., 2009), the Social R
esponsiveness Scale (SRS) (Constantino J.N., 2005) and its second edition (SR
S-2) (Constantino J. N., 2012), Quality of Socialization Questionnaire (QSQ) (F
rankel, 2008), Social Skills Rating System (SSRS) (Gresham, 1990), Quality of
Play Questionnaire (QPQ) (Frankel & Mintz, 2011), Empathy Quotient (EQ)(Ba
ron-Cohen & Wheelwright, 2004).
2. Study Risk of Bias Assessment

Two researchers (JX.S and YN.W) independently assessed the risk of bias of the
included randomized controlled trials (RCTs) using the Risk of Bias Tool 2.0 (ROB 2.0)
provided on the Cochrane website. The main areas evaluated were randomization,
concealment of participant allocation, blinding of participants and outcome assessors,
the rate of missing data, the possibility of selective reporting, and other sources of bias.
The risk of bias of non-randomized controlled trials (NRCTs) included was evaluated
using the Risk of Bias In Non-Randomized Studies-of Interventions (ROBINS-I) for
each study's potential risk of bias before, during and after the intervention. In case of
disagreement, a final decision was made after consultation with a third researcher
(JC.W).
3. Study Basic Information and Data Extraction

The basic information extracted for the study includes the first author of each study,

year of publication, country, age of participants, sample size, intervention method, and



intervention frequency. Researcher JX.S collected and organized the basic information
extracted from the studies using an Excel table (Microsoft Office). Another researcher,
YN.W, double-checked the basic information to ensure the accuracy of the information
extracted. The scores of the outcome indicators related to social skills in the included
studies were counted and classified according to types, identity of the reporters, subtests
and other factors of outcome indicators.
4, Statistical Analysis

This study used Stata 17.0 software to process and analyze the relevant data. For
the RCTs included in the meta-analysis, we used the Standardized Mean Difference
(SMD) and 95% ClI to calculate the effect size of the outcome indicators for continuous
variables. We used Hedge's g to correct the SMD, which can provide a more accurate
estimate of the effect size in small samples. When the sample size is small, the SMD
may overestimate the effect size. Hedge's g reduces this bias by adjusting for the
combined variance, making the effect size estimate more robust and accurate(Hedges,
2014). The degree of heterogeneity between studies was judged by calculating the 7 2
index. When the 72 index is less than 25%, it is considered to have low heterogeneity;
when the 7 ? index is between 25% and 75%, it is considered to have medium
heterogeneity; when the / ? index is greater than 75%, it is considered to have high
heterogeneity(Higgins et al., 2003). When [ 2 is less than 50%, a fixed-effect model is
used for analysis, and the resulting combined effect size is more reliable and can better
represent the overall effect. When I % is greater than 50%, a random-effects model is
used for analysis. The random-effects model not only takes into account sampling error,
but also considers the heterogeneity between studies. It is assumed that the true effect
size of different studies obeys a certain distribution (usually a normal distribution), and
the combined effect size is obtained by taking the weighted average of the effect sizes
of each study (the weight takes into account the variance within and between studies).
A sensitivity analysis of the results of the meta-analysis were performed using the
sequential elimination method to verify the stability of the results.The Egger test
combined with funnel plot was used to assess possible publication bias in the study. The
Egger test is based on a linear regression model, with the effect size (such as the

standardized mean difference, odds ratio, etc.) as the dependent variable and the inverse



of the standard error as the independent variable for regression analysis. Publication
bias is determined by testing whether the intercept of the regression line is significantly
different from zero. If the intercept is significantly different from zero, it indicates
possible publication bias. In addition, when the P value of the Egger test is less than
0.05, it also indicates possible publication bias.(Egger et al., 1997). For NRCTs
included in the systematic review, Hedge's g-corrected SMD was used to calculate the
within-group ES before and after the intervention. When the SMD is between 0.2 and
0.49, it is considered to be a small effect; when the SMD is between 0.5 and 0.79, it is
considered to be a medium effect; and when the SMD is greater than 0.8, it is considered
to be a large effect.(Cohen, 2013).
Results
1.Retrieved Result

This study initially retrieved 2,199 studies from five databases: 429 from PubMed,
259 from the Cochrane Library, 437 from Web of Science, 536 from Embase, and 538
from Google Scholar. Two studies that met the inclusion criteria were retrieved from
the Semel Institute for Neuroscience and Human Behavior Research Institute website
to search for and add two studies that met the inclusion criteria. A total of 31 studies
were included in the final analysis, of which 21 were RCTs that were included in the
meta-analysis, with a total sample size of 1008 ASD patients, and 10 NRCTs were
included in the systematic review, with a total sample size of 261 ASD patients. The

screening steps and reasons for exclusion of the retrieved studies are shown in Fig. 1.



Identification of studies via databases and registers

Records identified from:
PubMed (n = 429)
Cochrane Library (n = 259)
Web of Science (n= 437)
Embase (n = 536)
Google Scholar (n= 538)

Duplicate records removed (n =991}

Identification

h

l—————» Irrelevant records excluded
(n=1110)

Records screened
(n=1208)

v

Reports not retrieved

Reports sought for retrieval » (n=10)
= (n=10)
'
3 Reports excluded
3 \J No outcome indicators related fo social competence
were reported (n = 4)
Reports assessed for eligibility Outcome indicators are not related to adolescents
(n=298) or young adults autism groups (n = 14)
PEERS was not used for intervention (n = 51)
< Checked the UCLA PEERS® website to find and
— supplement studies (n= 2)
A
3 Studies included in meta-analysis
3 (n=21)
o Studies included in systematic review
= (n=10)

Fig. 1 PRISMA study selection flowchart

2.Characteristics of included studies

Of the 31 studies included in this review, five RCTs had a young adult
population(Chien et al., 2021; Gantman et al., 2012; Laugeson et al., 2015; McVey et
al., 2016; Phtos et al., 2024), accounting for 17% of the total sample size in the meta-
analysis. The remaining 16 RCTs were conducted on adolescent populations(Arias et
al., 2021; Fatta et al., 2024; Hsiao et al., 2024; Idris et al., 2022; Laugeson et al., 2014;
Laugeson et al., 2012; Laugeson et al., 2009; Matthews et al., 2018; Phtos et al., 2023;
Rabin et al., 2018; Rabin et al., 2020; Saima Khan, 2024; Schohl et al., 2013; Shum et
al., 2018; Yamada et al., 2019; Yoo et al., 2014), and all 10 NRCTs were conducted on
adolescent populations(Adler et al., 2022; Estabillo et al., 2022; Helder et al., 2024;



Hill, 2017; Hong et al., 2018; Lao et al., 2024; Lee et al., 2023; Marchica & D’ Amico,
2016; Veytsman et al., 2022; Wyman & Claro, 2020). Most of the included RCTs used
PEERS for the intervention group, while the control group was a waitlist group (WL).
After the end of the trial, the control group was given the same intervention method and
intensity as the intervention group. However, three RCTs gave the control group non-
PEERS routine treatment, and the control group was provided with active treatment
control (Regulation, Organization and Autonomy Didactics; ROAD);), a psychological
education training program used in the Netherlands for adolescents with
neuropsychiatric disorders. ROAD can help adolescents with ASD improve their daily
functioning and, in turn, improve their overall well-being and quality of life; Chien et
al. provided the control group with problem-solving supportive psychotherapy and
counseling; Laugeson et al (2014) conducted a study on the control group with a regular
social skills curriculum intervention based on the Super Skills manual. In the daily
social skills class, the teacher will explain the relevant content, guide students in
discussions and exercises, and impart social skills knowledge to students through
didactic instruction. Basic information on the characteristics of the RCTs and NRCTs

included in this study is provided in Tables 1 and 2.



Table 1 Basic characteristics of the included RCTs

Author Year Country Age Sample Intervention Method Intervention frequency Outcome
. ) I: 1 course per week, 90 minutes each time,
1:14.60(1.30) .17 I: PEERS intervention
Laugeson 2009 USA e for 12 weeks TASSK, QPQ, SSRS
C:14.60(1.60) C:16 C: waitlist o
C: waitlist
. ) I: 1 course per week, 90 minutes each time,
1:19.90(1.20) 1:9 I: PEERS intervention TYASSK, SRS, SSRS,
Gantman 2012 USA s for 14 weeks
C:20.90(2.00) C:8 C: waitlist . QSQ, EQ
C: waitlist
. ) I: 1 course per week, 90 minutes each time,
1:15.00(1.00) 1:14 I: PEERS intervention
Laugeson 2012 USA N for 14 weeks TASSK-R, QPQ, SSRS
C:14.30(1.40) C:14 C: waitlist o
C: waitlist
i ) I: 1 course per week, 90 minutes each time,
1:14.00(1.28) 1:29 I: PEERS intervention TASSK, SRS, SSRS,
Schohl 2013  USA . for 14 weeks
C:13.31(1.65) C:29 C: waitlist o QSQ
C: waitlist
I: 1 course per day, 5 days a week, 30
1:12.68(0.67) 1:40 I: PEERS intervention minutes each time, for 14 weeks
Laugeson 2014  USA . ) ) . . TASSK-R, QPQ, SRS
C:12.74(0.68) C:33 C: Routine social skills course intervention C: 1 course per day, 5 days per week, 30
minutes each time, for 14 weeks
) i i I: 1 course per week, 90 minutes each time,
South 1:14.00(1.64) 1:23 I: Korean version of PEERS intervention
Yoo 2014 L for 14 weeks TASSK-R, QPQ
Korea  C:13.50(1.50) C:24 C: waitlist

C: waitlist



Laugeson

McVey

Matthews

Rabin

Shum

Rabin

Yamada

Chien

2015

2016

2018

2018

2018

2020

2020

2021

USA

USA

USA

Israel

Hong
Kong

Israel

Japan

Chinese
Taiwan

1:21.01(1.73)
C:19.71(2.01)

1:20.92(3.31)
C:19.52(1.70)

1:15.10(1.29)
C:15.42(1.08)

1:14.03(1.83)
C:13.95(1.72)

1:13.42(0.94)
C:13.55(1.00)

1:14.35(1.81)
C:14.45(1.72)

1:13.00(1.26)
C:13.17(1.04)

1:25.30(4.50)
C:27.60(6.00)

1:9
C8

1:24
C;23

1:10
C:12

1:20
C:20

1:33
C:33

1:36
C:35

1:14
C:14

1:36
C:36

I: PEERS intervention
C: waitlist

I: PEERS intervention
C: waitlist

I: PEERS intervention
C: waitlist

I: Hebrew version of PEERS intervention
C: waitlist

I: Hong Kong Chinese version of PEERS
intervention
C: waitlist

I: Hebrew version of PEERS intervention
C: waitlist

I: Japanese version of PEERS intervention
C: waitlist

I: Taiwan Chinese version of PEERS
intervention
C: conventional therapy

I: 1 course per week, 90 minutes each time,

C: Face-to-face discussion was performed
every 1-4 weeks, 10-30 min each time.

: 1 course per week, 90 minutes each time,

for 14 weeks
C: waitlist

: 1 course per week, 90 minutes each time,

for 16 weeks
C: waitlist

: 1 course per week, 90 minutes each time,

for 14 weeks
C: waitlist

: 1 course per week, 90 minutes each time,

for 16 weeks
C: waitlist

: 1 course per week, 90 minutes each time,

for 14 weeks
C: waitlist

: 1 course per week, 90 minutes each time,

for 16 weeks
C: waitlist

: 1 course per week, 90 minutes each time,

for 14 weeks
C: waitlist

for 16 weeks

TYASSK, QSQ, SRS,
SSRS, EQ

TYASSK, SRS, QSQ,
EQ

TASSK, SRS, QSQ

TASSK, EQ, QSQ

TASSK, QPQ, SRS

TASSK, EQ, SRS-2

TASSK, QPQ, SRS-2

SRS, EQ



I: 1 course per week, 90 minutes each time,

. 1:13.32(1.39) 1:56 I: PEERS intervention
Arias 2022 USA o for 14 weeks TASSK, SRS-2, QSQ
C:13.42(1.65) C:53 C: waitlist o
C: waitlist
I: 1 course per week, 90 minutes each time,
ldris 2022 Netherl  1:14.65(1.51) 1:42 I: Dutch version of PEERS intervention for 14 weeks SRS
ands  C:14.48(1.62) C:35 C: ROAD intervention C: 1 course per week, 90 minutes each time,
for 14 weeks
. . . . I: 1 course per week, 90 minutes each time,
1:14.60(1.00) 1:12 I: Polish version of PEERS intervention
Platos 2023  Poland N for 16 weeks TASSK-R, SRS-2, QSQ
C:14.30(1.20) C:17 C: waitlist o
C: waitlist
1:15.14(2.26) 118 I: Italian version of PEERS intervention through  I: 1 course per week, 90 minutes each time,
Fatta 2024 ltaly T ' telemedicine for 14 weeks TASSK, SRS
C:15.50(1.74) C:19 o .-
C: waitlist C: waitlist
. I: Taiwan Chinese version of PEERS I: 1 course per week, 90 minutes each time,
. Chinese  1:13.70(1.52) 1:10 . .
Hsiao 2024 . intervention for 16 weeks TASSK, SRS, QSQ
Taiwan C:14.50(1.70) C:11 o o
C: waitlist C: waitlist

I: 1 course per week, 90 minutes each time,

1:22.60(2.90) 1:6 I: Polish version of PEERS intervention TYASSK, QSQ ,EQ,
Platos 2024  Poland N for 16 weeks
C:24.04(5.00) C:9 C: waitlist o SRS-2
C: waitlist
. . i . . I: 1 course per week, 90 minutes each time,
. Pakista 1:60 I: Modified version of PEERS intervention
Saima 2024 not reported . for 14 weeks QSQ
n C:41 C: not described

C: not reported

Abbreviations: I : Interventional Group, C : Control Group, TASSK/TASSK-R/TYASSK : Test of Adolescent Social Skills Knowledge/Test of
Adolescent Social Skills Knowledge-Revised/Test of Young Adult Social Skills Knowledge, SRS/SRS-2 : Social Responsiveness Scale/Social
Responsiveness Scale-2, SSRS : Social Skills Rating System, QSQ : Quality of Socialization Questionnaire, QPQ : Quality of Play Questionnaire,
EQ : Empathy Quotient.



Table 2 Basic characteristics of the included NRCTs

Author  Year Country Age Sample Intervention Method Intervention frequency Outcome
Marchica 2016 Canada  14.59(1.31) 11 PEERS (Revision) 1 course per week, 90 minutes each time, for 7 weeks QPQ
Hill 2017 USA 13.40(0.89) 5 PEERS 1 course per week, 90 minutes each time, for 14 weeks TASSK, QSQ, SRS-2
South
Hong 2018 Korea 14.50(0.50) 38 PEERS (Korean version) 1 course per week, 90 minutes each time, for 14 weeks TASSK-R, SRS
Wyman 2019 USA 18.70(NA) 63 PEERS (School version) 2 course per week, 45 minutes each time, for 14 weeks TASSK, QSQ, SRS
Adler 2022 USA 14.00(1.50) 22 PEERS (Telehealth) 1 course per week, 90 minutes each time, for 16 weeks TASSK SRS, QSQ
Estabillo 2022 USA 14.02(2.00) 31 PEERS (Telehealth) 1 course per week, 90 minutes each time, for 16 weeks TASSK, QSQ, SRS-2
Veytsman 2022 USA 14.17(2.09) 13 PEERS 1 course per week, 90 minutes each time, for 16 weeks TASSK-R, SRS-2, QSQ
Lee 2023 USA 14.83(1.47) 14 PEERS (Telehealth) 1 course per week, 90 minutes each time, for 16 weeks TASSK, SRS-2
Helder 2024  USA 17.20(1.80) 41 PEERS 1 course per week, 90 minutes each time, for 16 weeks TASSK, QSQ, SRS-2, EQ
Lao 2024  China 13.57(1.43) 23 PEERS (Chinese version) 1 course per week, 90 minutes each time, for 14 weeks TASSK, SRS

Abbreviations: TASSK/TASSK-R : Test of Adolescent Social Skills Knowledge/Test of Adolescent Social Skills Knowledge-Revised, SRS/SRS-
2 : Social Responsiveness Scale/Social Responsiveness Scale-2, SSRS : Social Skills Rating System, QSQ : Quality of SocializationQuestionnaire,
QPQ : Quality of Play Questionnaire, EQ : Empathy Quotient.



3.Risk of Bias Results

The risk of bias of the 21 included RCTs was evaluated using the ROB 2.0
assessment tool. The overall quality was relatively good, and most of the overall risks
were low risk. Some studies used teacher-reported outcome indicators, and the
participants' teachers were probably unaware of the participants' grouping and specific
interventions. However, the outcome indicators in most studies were self-reported by
the participants or reported by the parents. It is likely that the participants and parents
knew which intervention the participants received during the experiment , which may
affect the objectivity of the outcome measurement results. Therefore, most of the
outcome measurement bias was Some concerns. For specific evaluation results, see Fig.
2. The 10 included NRCTs were evaluated using the ROBINS-I assessment tool and
were found to be of average overall quality. Many of the NRCTs reported that the ASD
adolescents or adults who received the experiment may have had anxiety disorders,
depression, attention deficit hyperactivity disorder, and other conditions, rather than
just ASD. Although it is well known that ASD is prone to co-occurring other psychiatric
disorders(Hollocks et al., 2019), it is difficult to recruit participants without other
psychiatric disorders, but this situation still produces some confounding bias. See Fig.

3 for specific evaluation results.



Study

Risk of bias domains

0/0/0(0/CI0[0/0)0[ JOI0l JOIOL L I JOf I
00000000060000000060060060

®e00 000080

0000000000000000060000

~

0008600 000000000000600
00000000000006060000000

Domains: Judgement

D1: Bias arising from the randomization process. .

D2: Bias due to deviations from intended intervention. @ Hion

D3: Bias due to missing outcome data. - Some concemns
D4: Bias in measurement of the outcome.

D5: Bias in selection of the reported result. . Low

. No information

Fig. 2 Risk bias evaluation results of RCTs
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Fig. 3 Risk bias evaluation results of NRCTs

4. Meta-analysis Results
4.1 Social Skills Knowledge

TASSK was the outcome measure most frequently used in the included RCTs. A
total of 18 RCTs used TASSK or other versions of TASSK as the outcome measure to
observe the improvement in social skills knowledge. Through a meta-analysis of
TASSK scores, we found that the PEERS intervention had a significant effect on
improving the social skills knowledge of adolescents or young adults with ASD (SMD
= 2.20, 95% CI [1.91, 2.49]), and the difference in scores between the intervention
group and the control group was statistically significant (P = 0.003 < 0.05). There was
moderate heterogeneity among the ES of TASSK in each study (/2 = 55.20%). See Fig.
4.



Effect %

study (year) (95% CI) Weight
Ptatos (2023) —“-— 2.13(1.19, 3.08) 5.1
Platos (2024) —_— 1.93 (0.62, 3.24) 3.42
Rabin (2018) —:o—— 2.39(1.56, 3.22) 5.83
Rabin (2020) —— 2.82(2.16, 3.49) 7.00
Hsiao (2024) —_—— 2.80(1.53,4.07) 3.56

Shum (2018) ——
Matthews (2018)

(
(
(
(
(
1.25(0.72,1.78)  8.09
——+—— 3.85(2.34,5.36) 278
Laugeson (2012) — 3.14(1.98,4.30)  4.04
Laugeson (2015) —— 2.40(1.08,3.73)  3.37
McVey (2016) —— 2.02(1.31,2.74) 665
Arias (2022) = 2.28(1.80,2.77) = 8.45
Gantman (2012) — 1.85(0.66,3.04)  3.90
(
(
(
(
(
(
(

Schohl (2013) —— 2.67(1.95,3.38) 6.61
Laugeson (2014) + 1.83(1.27,2.38) 7.9

Yoo (2014) — 1.25(0.62, 1.88)  7.29
Yamada (2020) — 1.86 (0.95,2.77)  5.33
Fatta (2024) - 2.80(1.87,3.73) 5.18
Laugeson (2009) —_— 217 (1.29,3.06)  5.49
Overall, DL (I = 55.2%, p = 0.003) ¢ 2.20 (1.91, 2.49) 100.00
T T
5 0 5

NOTE: Weights are from random-effects model

Fig. 4 Forest plot of TASSK

4.2 Application ability of social skills
4.2.1 SRS

A total of 16 RCTs used the SRS or SRS-2 as an outcome measure to evaluate the
effect of the PEERS intervention in improving the social functioning of adolescents or
young adults with ASD. Six of these RCTs measured both caregiver- and teacher-
reported SRS scores, nine RCTs measured only caregiver-reported SRS scores, and one
RCT measured only teacher-reported SRS scores. A meta-analysis of SRS scores found
that caregiver-reported SRS improvements were more significant (SMD = -0.47, 95%
CI[-0.64, 0.31]), and better than teacher-reported SRS (SMD = -0.09, 95% CI [-0.27,
0.10]), and the difference in ES between the two types of reports was statistically
significant (P = 0.002 < 0.05). In addition, we found that there was little overall
heterogeneity among studies in caregiver-reported SRS scores (12 =0, P =0.468), while
there was moderate heterogeneity in teacher-reported SRS scores (I 2 = 40.9%, P =

0.119). See Fig. 5.



subgroup and study (year)

Caregiver report

Effect %
(95% CI) Weight

Platos (2023) s o -0.18 (-0.92,0.56) 277
Platos (2024) - 044 (-1.49,061) 1.38
Idris (2022) —— -0.14(-059,0.31) 752
Rabin (2020) ——— 012 (-058,035) 700
Matthews (2018) —_— -0.67 (-1.54,0.20) 2.02
Laugeson (2015) + . -1.26(-2.32,-019) 1.33
McVey (2016) —_— -0.58 (-1.17,0.00)  4.43
Arias (2022) —_—— -0.44 (-0.83, -0.06) 10.49
Gantman (2012) + : -1.05(-2.08,-0.02) 142
Schohl (2013) —_— 090 (-144,-035) 517
Shum (2018) —— -051(-1.01,-0.02) 6.30
Yamada (2020) —_—— -0.44 (-1.20,0.31) 269

Fatta (2024) —_—

Subgroup, IV (I° = 0.0%, p = 0.468) <

Teacher report

-0.76 (-1.43,-0.09) 3.38
-0.47 (-0.64, -0.31) 55.88

Idris (2022) — 022 (-023, 0.67) 749
Rabin (2020) —_— -0.18 (-0.65,0.28) 698
Schohl (2013) : + -0.09 (-0.60,0.43) 572
Shum (2018) | ——— 0.34 (-0.15, 0.82) 6.42
Chien (2021) —{-0-— -0.17 (-0.63,0.30) 7.08
Laugeson (2014) —0—:— -064 (-1.11,-0.16) 6.78
Fatta (2024) —_——— -010(-075,054) 364
Subgroup, IV (I2 =40.9%, p = 0.119) E‘ -0.09 (-0.27,0.10) 44.12
]
Heterogeneity between groups: p = 0.002 :
Overall, IV l[l2 =38.9%, p = 0.040) ’ -0.30 (-0.43, -0.18) 100.00
I T
-2 0 2

Fig. 5 Forest plot of SRS

4.2.2 SSRS

Four RCTs used the SSRS to measure the effect of the PEERS intervention on
improving the social skills of adolescents or young adults with ASD in family, school,
and peer interactions. Three of these RCTs reported SSRS subtest scores. We found that
the intervention group had a certain improvement in the overall SSRS score compared
to the control group (SMD = 0.97, 95% CI [0.68, 1.27]). In addition, the ES of the
cooperative skills in each subtest was the largest (SMD = 1.11, 95% CI [0.57, 1.66]),
and the ES of the self-control skills was the smallest (SMD = 0.70, 95% CI [0, 1.41]).
The differences in ES among the four subtests were not statistically significant (P =

0.774>0.05). See Fig. 6.



Effect %

subgroup and study (year) (95% CI) Weight

cooperation

Laugeson (2015) - 0.99 (-0.04, 2.01) 8.33

Laugeson (2012) _— 1.12(0.31,1.92) 13.48

Gantman (2012) — 1.25(0.18,2.31) 7.7

Subgroup, DL (1> = 0.0%, p = 0.943) I‘- 1.11 (0.67, 1.66) 29.53
1

assertion |

Laugeson (2015) — 1.30(0.23,2.38) 7.57

Laugeson (2012) —o— 0.99 (0.20, 1.78) 13.96

Gantman (2012) * 1.02 (-0.01,2.05) 8.25

Subgroup, DL (1> = 0.0%, p = 0.893) * 1.08 (0.54, 1.62) 29.78
1

responsibility E

Laugeson (2015) —_ 0.71 (-0.28, 1.70) 8.93

Laugeson (2012) —_— 0.95(0.16, 1.73) 14.11

Subgroup, DL (I2 =0.0%, p=0.710) -’ 0.85(0.24, 1.47) 23.03

self-control E

Laugeson (2015) — TV 0.44 (-0.53, 1.40) 9.36

Gantman (2012) —— 1.01 (-0.02,2.03) 8.29

Subgroup, DL (I* = 0.0%, p = 0.429) ’- 0.70 (-0.00, 1.41) 17.65

Heterogeneity between groups: p = 0.774# .

Overall, DL (I2 =0.0%, p = 0.988) ’ 0.97 (0.68, 1.27) 100.00

T T
-2 0 2

NOTE: Weights and between-subgroup heterogensity test are from random-effects model
Fig. 6 Forest plot of SSRS

4.2.3 QSQ

A total of five RCTs measured the effect of the PEERS intervention on improving
the quality of social interactions of adolescents or young adults with ASD by measuring
the scores of the intervention and control groups in the two QSQ subtests of get-
togethers and conflict. We found that the intervention group had higher scores than the
control group in get-togethers (SMD = 0.96, 95%CI [0.39, 1.54]) and conflict (SMD =
-1.75,95% CI [-2.57, -0.93]). For the get-togethers, the self-reported ES (SMD = 0.70,
95% CI [-0.01, 1.42]) was smaller than the carer-reported ES ( SMD = 1.33, 95% CI
[0.29, 2.37]), but the difference between the two was not statistically significant (P =
0.33 > 0.05). In addition, we also found that the absolute value of the self-reported ES
in the conflict (SMD = -1.64, 95% CI [-3.85, 0.56]) was also slightly smaller than the
absolute value of the ES reported by the caregiver (SMD =-1.81, 95% CI [-2.45,-1.17])
was also slightly smaller, and the difference between the two was not statistically

significant (P = 0.886>0.05). See Figs. 7 and 8.



Effect %
subgroup and study (year) (95% CI) Weight

QSQA (get-togethers)

Platos (2023) — 0.95(0.17,1.74)  20.74
Platos (2024) —— 010 (-1.13,0.94)  16.11
Laugeson (2015) — 1.16(0.11,221)  15.82
Subgroup, DL (I° = 41.4%, p = 0.182) ’ 0.70 (-0.01, 1.42) 5268

1
QSQP(get-togethers) i
1

Platos (2023) — 0.67 (-0.09, 1.44) 21.21
Platos (2024) —EO— 1.09 (-0.04, 2.22) 14.64
Laugeson (2015) | — 2.58 (1.21, 3.96) 11.47
1
Subgroup, DL I’ =64.8%, p = 0.059 1.33 (0.29, 2.37 47.32
group, DL ( op=o0se) | <@ ( )
I
Heterogeneity between groups: p = 0.330 1
Overall, DL (I2 =50.1%, p = 0.074) ’ 0.96 (0.39, 1.54)  100.00
T T
-5 0 5

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

Fig. 7 Forest plot of QSQ (get-togethers)

Effect %
subgroup and study (year) (95% CI) Weight
QSQA(conflict)

Ptatos (2023) | —— -0.50 (-1.26, 0.25) 20.12
Saima (2024) —_— -275(-3.31,-220)  21.81

QSQP(conflict)
Platos (2023) -1.16(-1.97,-0.36)  19.62
Saima (2024) -2.09(-2.64,-1.85) 21.88
Hsiao (2024) -220(-3.33,-1.07)  16.57
Subgroup, DL(\T =49.1%, p=0.140) -1.81(-245,-1.17)  58.07
Heterogeneity between groups: p = 0.886

Overall, DL (I° = 84.8%, p < 0.001) -1.75(-2.57,-0.93) 100.00

T
-5
NOTE: Weights and bety bgroup ity test are from random-effects model

Subgroup, DL (I* = 95.5%, p < 0.001) ’ 164 (-3.85,056)  41.93
.
|
|
|
:
i
: *
|
;
]
|
|
|
|
i
0

Fig. 8 Forest plot of QSQ (conflict)
4.2.4 QPQ
Four RCTs measured the effect of the PEERS intervention on improving the

quality of social interactions using an outcome measure that assessed the scores of



initiative behavior (host) of ASD adolescents or young adults in get-togethers with
others in the intervention and control groups. We found that the intervention group had
a higher QPQ (host) score after the PEERS intervention than the control group (SMD
=10.69, 95% CI1[0.46, 0.91]), and the difference between the ES reported by caregivers
(SMD =0.61, 95% CI [0.28, 0.94]) and self-reported ES (SMD = 0.75, 95% CI [0.45,
1.06]) were not statistically significant (P = 0.542 > 0.05). See Fig. 9.

Effect %
subgroup and study (year) (95% CI) Weight
QPQ-P host
Yoo (2014) ——o—:— 0.45(-0.13, 1.03)  14.99
Laugeson (2012) ——o— 0.95 (0.16, 1.74) 8.11
Laugeson (2014) —d— 0.59 (0.12, 1.08)  22.69
Subgroup, IV (I = 0.0%, p = 0.601) ‘ 0.61(0.28,0.94)  45.79
QPQ-A host .:

Yoo (2014) ——o—?— 0.42 (-0.16,1.01)  14.73
Laugeson (2012) N 0.82 (0.04, 1.59) 8.37
Laugeson (2014) —‘:'0-— 0.79 (0.31, 1.27) 21.94
Laugeson (2009) —o— 1.13 (0.38, 1.87) 917
Subgroup, IV (I” = 0.0%, p = 0.522) ’ 0.75 (0.45,1.08)  54.21
Heterogeneity between groups: p = 0.542 i

Overall, IV (I = 0.0%, p = 0.725) ’ 0.69 (0.46,0.91)  100.00

T T

) 0 2
Fig. 9 Forest plot of QPQ

4.3 Empathy ability

A total of seven RCTs used EQ as an outcome measure to evaluate the effect of
the PEERS intervention on improving the empathy of adolescents or young adults with
ASD. We found that the intervention group's empathy after the PEERS intervention was
better than that of the control group (SMD = 0.53, 95% CI1[0.29, 0.77]), and there was
little heterogeneity among the RCTs (12 =0, P = 0.776> 0.05). See Fig. 10.



Effect %

study (year) (95% ClI) Weight
Ptatos (2024) -' 0.51 (-0.54, 1.57) 5.19
Rabin (2020) ——*—v— 0.27 (-0.20, 0.74) 26.45
Rabin (2018) ——50— 0.55 (-0.09, 1.18) 14.45
McVey (2016) —i—o—— 0.67 (0.08, 1.25) 16.67
Chien (2021) —v—O— 0.70 (0.22,1.17) 2545
Laugeson (2015) -+ ‘ 0.18 (-0.77, 1.14) 6.34
Gantman (2012) : + 1.02 (-0.01, 2.05) 5.45
Overall, IV (I = 0.0%, p = 0.776) ’ 0.53 (0.29, 0.77) 100.00

T T

-2 0 2

Fig. 10 Forest plot of EQ

5. Systematic review of NRCTs

We found that the TASSK and SRS outcome indicators were reported most
frequently and had the most complete data in the 10 NRCTs, so we extracted the TASSK
and SRS data for systematic evaluation. In Hong et al.'s study, the subjects were divided
into young adolescents, middle-aged adolescents, and older adolescents. Because the
number of middle-aged adolescents accounted for the largest proportion of the total
number of subjects (39.58%), we chose to extract and systematically evaluate the data
for the middle-aged adolescent group in this study, so we chose to extract and
systematically evaluate the data of the middle-aged adolescent group in this study.
TASSK was used to evaluate the improvement in social skills knowledge in adolescents
with ASD, and SRS was used to evaluate the actual performance of social skills in
adolescents with ASD.
5.1 Social Skills Knowledge

Nine NRCTs reported TASSK scores. We found that the ES of TASSK in the study
by Veytsman et al. was the largest (SMD = 3.26), and the ES of TASSK in the study by
Lee et al. was the smallest (SMD = 1.21). It was calculated that there was a large
difference in the ESs of TASSK among the NRCTs (/2= 65.5%, y >=23.21, P=0.003).
See Table 3.



5.2 Table 3 The ES of NRCTs on TASSK

Study SMD(Hedge's ) SD
Adler (2022) 2.01 2.42
Estabillo (2022) 3.05 2.93
Helder (2024) 2.40 2.61
Hill (2017) 1.75 2.17
Hong (2018) 1.70 2.31
Lao (2024) 1.66 2.50
Lee (2023) 1.21 2.10
Veytsman (2022) 3.26 3.04
Wyman (2019) 1.41 2.20

Application ability of social skills

Eight NRCTs reported SRS scores. We found that the absolute value of the ES in
the study by Hill et al. was the largest (SMD = -1.01), and the ES in the study by Hong
et al. was the smallest (SMD = -0.28). The difference in the ESs of the SRS in each
NRCT was calculated to be very small (1= 0%, y>=4.55, P=0.715). See Table 4.

Table 4 The ES of NRCTs on SRS

Study SMD(Hedge's ) SD
Adler (2022) -0.65 2.00
Estabillo (2022) -0.81 2.04
Helder (2024) -0.74 2.04
Hill (2017) -1.01 1.39
Hong (2018) -0.28 1.21
Lao (2024) -0.32 1.26
Lee (2023) -0.45 1.16
Veytsman (2022) -0.42 1.03

5. Subgroup Analysis Results

This study used the TASSK, which was reported most frequently, as the outcome
indicator, and conducted subgroup analyses according to the different environments and
regions in which the PEERS intervention was implemented. We found that the ES of
PEERS implemented in a school environment (SMD = 2.38, 95% CI [2.03, 2.74]) was
slightly greater than the ES of PEERS implemented in a clinic or institution
environment (SMD = 2.15, 95% CI [1.76, 2.54]), but the difference between the two
was not statistically significant (P = 0.379 > 0.05). See Fig. 11. The results of the
subgroup analysis of the regions showed that the Hebrew version of PEERS, which
represented the Western Asia region, had the largest ES (SMD = 2.65, 95% CI [2.13,



3.17]), while the Chinese, Japanese and South Korean versions of PEERS represented
by the Chinese, Japanese, and Korean versions of PEERS had the smallest ES (SMD =
1.59, 95% CI [1.05, 2.14]), and the differences in ESs between the four regions on the
TASSK were statistically significant (P = 0.043 < 0.05). See Fig. 12.



subgroup1 and study (year)

School

Platos (2023)

Platos (2024)

Rabin (2018)

Rabin (2020)

Hsiao (2024)

McVey (2016)

Subgroup, DL (I2 =0.0%, p=0.580)

Clinic or Center
Shum (2018)
Matthews (2018)
Laugeson (2012)
Laugeson (2015)
Arias (2022)
Gantman (2012)
Schohl (2013)
Laugeson (2014)
Yoo (2014)
‘Yamada (2020)
Fatta (2024)
Laugeson (2008)
Subgroup, DL (I2 = 64.5%, p =0.001)

Heterogeneity between groups: p = 0.379
Overall, DL (I° = 55.2%, p = 0.003)

Effect
(95% Cl)

2.13 (1.19, 3.08)
1.93 (0.62, 3.24)
2.39 (1.56, 3.22)
2.82 (2.16, 3.49)
2.80 (1.53, 4.07)
2,02 (1.31, 2.74)
2.38 (2.03, 2.74)

1.25 (0.72, 1.78)
3.85 (2.34, 5.36)
3.14 (1.98, 4.30)
2.40 (1.08, 3.73)
2.28 (1.80, 2.77)
1.85 (0.66, 3.04)
2.67 (1.95, 3.38)
1.83 (1.27, 2.38)
1.25 (0.62, 1.88)
1.86 (0.95, 2.77)
2.80 (1.87, 3.73)
2.17 (1.29, 3.06)
2.15 (1.76, 2.54)

2.20 (1.91,2.49)

%
Weight

5.11
342
5.83
7.00
3.56
6.65
31.57

8.08
2.78
4.04
3.37
8.45
3.90
6.61
7.91
7.28
5.33
5.18
5.49
68.43

100.00

T
-5 0

NOTE: Weights and between-subgroup heterogeneity test are from random-effects model

subgroup?2 and study (year)

Europe

Platos (2023)

Platos (2024)

Fatta (2024)

Subgroup, DL U: =00%, p=0478)

West Asia

Rabin (2018)

Rabin (2020)

Subgroup, DL (\: =0.0%, p=0.420)

East Asia

Hsiao (2024)

Shum (2018)

Yoo (2014)

Yamada (2020)

Subgroup, DL U: =50.1%, p = 0.111)

North America
Matthews (2018)
Laugeson (2012)
Laugeson (2015)
McVey (2016)
Arias (2022)
Gantman (2012)
Schehl (2013)
Laugeson (2014)
Laugeson (2009)
Subgroup, DL (\: =27.7%, p=0.198)

Hetercgeneity between groups: p = 0.043
Overall, DL (I: =55.2%, p=0.003)

Effect
(95% ClI)

2.13(1.19, 3.08)
1.93 (0,62, 3.24)
(1.87,3.73)
{ )

295
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1.58 (1.05,

536
4.30
373
274
277

3.85 (2.34, 5.36)
)
)
)
)
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2.40(1.08,
2,02 (1.31,
2.28(1.80,
1.85 (0.66,
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Fig. 11 Forest plot for subgroup analysis of different environments

%
Weight

51
342
518
13.71

583
7.00
12.83

356
8.09
729
533
2427

278
404
337
6.65
845
3.90
6.61
791
5.49
49.19

100.00

T
5

NOTE: Weighis and between-subgroup heterogeneity test are from random-effects model

Fig. 12 Forest plot for subgroup analysis of different regions



7. Sensitivity Analysis Results

Since the results of the meta-analysis showed moderate heterogeneity in the ESs
of the RCTs when TASSK was used as the outcome index, it was necessary to conduct
a sensitivity analysis to test the stability of the results when TASSK was used as the
outcome index. We eliminated each study one by one using the sequential elimination
method and found that the new ES generated after eliminating any study was within the
confidence interval of the original ES (95% CI [1.91, 2.49]), and the new ES did not
change significantly compared to the original ES. This proves that the results of the
meta-analysis are relatively stable and the overall ES will not be significantly affected

by the ES from a single study. See Fig. 13.

Meta-analysis estimates, given named study is omitted
| Lower CI Limit OEstimate | Upper CI Limit

Ptatos (2023) | @) |
Ptatos (2024) | @) |
Rabin (2018) | 0 |
Rabin (2020) (@) |
Hsiao (2024) | () |
Shum (2018) )
Matthews (2018) | | o |
Laugeson (2012) | | (0] |
Laugeson (2015) | |
McVey (2016) | (@] |
Arias (2022) | |
Gantman (2012) | O |
Schohl (2013) || o
Laugeson (2014) | e} |
Yoo (2014) ) |
Yamada (2020) | (¢] |
Fatta (2024) | | ¢}
Laugeson (2009) | |

186 1.91 2.20 249 255
Fig. 13 The ES changes of TASSK after using sequential elimination method

8. Publication Bias Analysis Results

Egger's test found no serious publication bias in the RCTs for TASSK (t =2.09, P
=0.053>0.05), SRS (t=-2.00, P=0.071>0.05) and EQ (t=0.45, P = 0.67>0.05). See
Appendix 2. We found that the ES and standard error (SE) of Matthews et al. were the
largest, and the ES of Shum et al. and Yoo et al. were the smallest, among the RCTs that
reported TASSK. The ES of these three RCTs significantly exceeded the expected range
of the overall ES, which may indicate a certain degree of publication bias. See Fig. 14.
No RCTs with possible publication bias were found in the funnel plots of SRS and EQ.
See Appendix 3.



o

C\! -
§ @ snum 201 @ Laugeson Jo14 @ sz
= @ Yoo2014
° @ Mpvey 2015 .s:n&ge;tgn e
Jo
S T
-g @ vanaca gtams 2023 @ Fatta 2024
iy
0 @ Ganiman $012 @ Laugeson 2012

CD- ] .Prams s 'Laugeson 2015.H5\aa 2024

@ Vatthews 201
w_ -
T T T T ;
0 1 2 3 4
Hedges's g
Pseudo 95% ClI @ Studies
Estimated By
Fig. 14 Funnel plot of TASSK
Discussion

This study is the largest systematic review and meta-analysis to date of the effect
of PEERS on the social skills of adolescents and young adults with ASD, with the most
comprehensive analysis to date. We analyzed the effectiveness of the PEERS
intervention method in improving the social problems of the subjects on the six outcome
indicators of TASSK, SRS, SSRS, QSQ, QPQ, and EQ. These six outcome indicators
covered the three areas related to social skills levels: social knowledge, application of
social skills, and emotional intelligence. In addition, we also conducted subgroup
analyses based on different implementation environments and regions to explore the
impact of environmental and regional culture on the effect of the PEERS intervention.

The large ES shown on TASSK indicated that PEERS significantly improved the
subjects' knowledge of social skills. The improvement in social skills knowledge is due
to the comprehensive and systematic theoretical teaching content in PEERS, which
covers a wide range of social skills knowledge such as conversation skills, the use of
humorous language, and the organization of get-togethers. For example, in the teaching
of conversation skills, the key points of each step, from starting a conversation to

maintaining it and ending it, are explained in detail, providing participants with a



comprehensive framework of social skills knowledge and enabling them to
systematically learn and understand social rules and strategies, thereby effectively
improving their mastery of social skills knowledge. In addition, PEERS also uses a
combination of various teaching methods, such as role-playing, which can visually
demonstrate correct social behaviors and responses, help to visualize abstract
knowledge content, and promote the mastery of social skills knowledge.(Henning et al.,
2023). However, further research into the relationship between social skills knowledge
and the social interaction and communication impairments associated with ASD has
shown that in some areas, people with ASD have similar levels of social knowledge to
the general population. Although there are individual differences, there is no consistent
and systematic deficit in social knowledge. The relationship between higher social
knowledge scores and improved social skills may not be strong.(Gates et al., 2023),
Therefore there is also a need to analyze the application of social skills and other
outcome indicators that are closely related to the level of social skills.

The outcome indicators analyzed in this study to assess the application of social
skills included SRS, SSRS, QSQ, and QPQ. In the results of the SRS analysis we found
that PEERS was effective in improving the social skills of the participants, but there
was a significant difference between the caregiver-reported and teacher-reported results,
with the teacher-reported results showing a poorer effect of the intervention. First
reason for this may be that the teachers manage a large number of students in the
classroom, and maybe do not have enough knowledge about ASD, and thus may not be
sensitive to problems or changes that occur in the social skills of a particular student
with ASD(Liu et al., 2016), and teachers spend time with their students in a single social
scenario (mostly instructional environments), which does not allow for a
comprehensive assessment of the student's demonstrated engagement in different social
scenarios (e.g., get-togethers, field trips ) demonstrated participation, cooperation, and
ability to cope with unexpected social problems. Another reason is that because the
caregivers may be aware of the participants' subgroups, the caregivers may
unconsciously give more optimistic scores when reporting the outcome indicators
because of the expectation of seeing positive change in participants after the

intervention, in addition to the fact that caregivers may pay more attention to the



positive aspects while ignoring or downplaying any problems that still remain with the
participants in their daily observations of the participants' behavior, which may result
in caregivers report scores to be significantly higher than teachers report scores. The
objectivity and accuracy of the assessment can be effectively improved by introducing
independent observers to conduct behavioral assessment of the participants, for
example, by adopting standardized behavioral coding methods, in which specific
behaviors (e.g., number of initiated conversations, frequency of eye contact) are
recorded by independent observers using a standardized tool (e.g., Autism Diagnostic
Observation Scale, ADOS) in a natural social scenario (e.g., group activities, free
communication), and in addition an ecological momentary assessment (EMA) approach
can also be used to reduce recall bias by making full use of artificial intelligence
technology to record participants' behaviors in daily social interaction in real time via
mobile devices(Rofey et al., 2010; Wankhede et al., 2024). In the SSRS analysis, we
found that participants improved better than the control group in the three subtests of
cooperation, assertion, and responsibility after the PEERS intervention, but less in the
subtest of self-control, which may be due to the fact that the main core goal of PEERS
is to improve social interaction skills and social knowledge, with less direct training
and targeted intervention on self-control. In addition, self-control is affected by a
variety of factors, including level of interpretation, psychological distance, cognitive
processes, and individual differences(Fujita et al., 2006), and PEERS interventions are
difficult to fundamentally mitigate the effects of these deep-rooted factors, thus limiting
the effects of improvements in self-control. The results of QSQ and QPQ reflect the
participants' improvement in get-togethers and conflicts, and the results show that
PEERS can better improve the participants' social skills in attending parties and their
ability to resolve conflicts, disagreements, or clashes that arise in social interactions, in
addition to improving their social skills in taking the initiative to invite other people to
attend the party as the initiator of the party. Successfully organizing get-togethers will
give ASD patients a new understanding and affirmation of their own abilities, thus
enhancing their sense of self-worth and self-confidence, and this positive self-

perception will help them to participate more actively in social activities in the future,



forming a virtuous cycle that will further promote the development of their social
interaction skills and mental health.(Camus et al., 2024),

The phenomenon of empathy, which is mainly manifested in situational evaluation,
interpersonal relationships between empathizers and others, or perspectives adopted in
observing others, has a close relationship with the improvement of social skills(Singer
& Lamm, 2009), and the present study indirectly evaluates the effect of PEERS in
improving social skills of participants by analyzing the improvement of subjects on EQ.
We found that participants improved more significantly on their EQ scores, and that the
improvement in emotional intelligence helps ASD participants establish and maintain
good interpersonal relationships, enabling them to behave more appropriately and
friendly in social situations by understanding and responding to the emotions of others,
and increasing the acceptance and goodwill of others towards them(Ciarrochi et al.,
2017), thus facilitating the development of friendships and social integration, and
improve their overall quality of life and social functioning.

The results of the subgroup analyses for the different environments in which
PEERS was delivered indicated that interventions delivered in a clinic or institutional
environment were slightly less effective than those delivered in a school environment.
Although the difference was not statistically significant, this result still suggests that
we should try to conduct PEERS interventions in environments closer to the real
society(Kenworthy et al., 2008), in addition, caregivers, teachers and peer friends
should be encouraged to participate directly or indirectly in PEERS intervention
programs for people with ASD together, enriching the variety of roles and situational
characteristics that may lead to better intervention effects(Pickles et al., 2016; Schleien
et al., 1995). The results of subgroup analyses according to the different regions in
which PEERS was conducted showed that PEERS conducted in East Asia had the least
significant improvement effect on participants, which may be due to the fact that East
Asian culture is distinct from other regions such as Europe and the United States. It has
been shown that polymorphisms in the DRD4 gene are associated with social-cultural
differences in populations from these two regions. The VNTR polymorphism in the
DRD4 gene involves a duplication of a segment of the amino acid sequence in exon 3

of the gene, where the 2- or 7-repeat allele (2R/7R) of the DRD4 gene has been



associated with a higher level of dopaminergic signaling capacity in the brain.
Individuals who carry these alleles are are more sensitive to rewards and external
reinforcement, which makes them more susceptible to reinforcement of culturally
normative behaviors. Because individuals of European American descent carry higher
dopamine signaling alleles that predispose them to independence, Asians born and
raised in East Asian countries carrying the same alleles tend to be more
interdependent(Javanbakht et al., 2018). While European and American cultures
relatively emphasize individualism and independence, and may focus more on direct
expression and self-promotion in social interactions, East Asian cultures are more
deeply influenced by collectivism, and place more emphasis on harmony in
interpersonal relationships, linguistic subtlety of expression, and tend to be concerned
about disrupting the collective order or causing annoyance to others in their interactions,
which leads to more cautious and introverted social behaviors(Park & Chesla, 2007).
Differences between East Asian and European American cultures in the way they deal
with emotions may also have an impact on the effectiveness of PEERS interventions.
East Asian cultures tend to suppress emotions and express them less, while Western
cultures emphasize more on the expression of emotions, and the euphemistic and
indirect mode of communication in East Asian cultures may conflict with some of the
contents of PEERS in this cultural context. Some of the social skills taught in the
PEERS program that are based on American culture, such as overly direct conversation
starters or assertive self-expression skills, may not be applicable in East Asian
cultures(Falon et al., 2024). In addition the differences in the educational system and
social environment in East Asia may also contribute to the lack of effectiveness of
PEERS. The educational system in East Asia focuses more on academic performance
to some extent, and students face greater academic pressure and relatively fewer
opportunities for social practice (Barry et al., 2009; Yang et al., 2024), this may lead to
a lack of sufficient practice scenarios for East Asian adolescents to consolidate learned
social skills when PEERS is implemented, thus affecting the final effects. When PEERS
is introduced and translated in East Asian countries, it can be made more suitable for

East Asians by appropriately increasing the number of cases that fit into common East



Asian social situations (e.g., family gatherings, class cooperation) and decreasing the
number of scenarios that are specific to Western cultures (e.g., having a party).

We noticed that after more than a decade of development, PEERS has not only
been translated into multiple languages and used in many countries and regions, but
also generated a new form of online intervention (Telehealth), and a large number of
studies have shown that online PEERS interventions are also effective(Adler et al.,
2022; Estabillo et al., 2022; Lee et al., 2023), and the use of online interventions can
greatly enhance the flexibility of PEERS interventions, reduce caregiver stress, and to
some extent address regional differences in levels of treatment that result in delays in
treatment(Hermaszewska & Sin, 2021). The improvement of social skills in ASD by
PEERS is also reflected on a neurophysiological level, with studies showing that ASD
patients who received PEERS interventions had more positive changes in left occipital-
left temporal lobe (OL-TL) and right frontal-right parietal lobe (FR-PR)
electroencephalographic coherence, which were associated with an increase in the
number of get-togethers for people with ASD, implying that changes in connectivity in
these regions have a positive impact on the frequency of social interactions (Haendel et
al., 2021). Another related study found that in terms of EEG asymmetry, ASD patients
who were treated with PEERS intervention shifted from right hemisphere dominance
before the intervention to left hemisphere dominance after the intervention in the
gamma band(Van Hecke et al., 2013), which verified that the improvement effect of
PEERS intervention on social functioning of ASD patients may be achieved by
modulating the neural activity of the brain, and provided a basis for the effect of the
intervention to This provides a neurophysiological basis for the effect of the
intervention, and also provides clues for further understanding of the relationship
between the neural mechanisms and behavior of ASD. In the future, we can try to use
functional magnetic resonance imaging (fMRI) to explore the effects of PEERS
intervention on the default mode network (DMN) and mirror neuron system (MNS), or
take the approach of brain network dynamics analysis to analyze the global efficiency
and modularity changes of the functional brain networks in subjects before and after
the PEERS intervention, so as to deeply reveal the neurophysiology of the improvement

of social skills by PEERS.



The present study also has some limitations; first, subgroup analyses based on
specific language versions could not be conducted due to the paucity of RCTs on other
language versions of PEERS interventions. While subgroup analyses by region can to
some extent explore the influence of regional culture on the effects of PEERS
interventions, it is not possible to examine in greater depth the possible effects of
differences in national policies and national cultures. In addition, RCTs of PEERS
intervention were limited by the method of assessing outcome indicators, and RCTs of
PEERS intervention were not fully feasible so that subgroup information was not
known to the data measurers, and thus may created a risk of bias in the measurement of
outcome indicators.

Conclusion

In summary, PEERS showed relatively substantial improvements in social skills
knowledge, application of social skills, and emotional intelligence in adolescents or
young adults with ASD, as well as positive effects on the physiological functioning of
the brain in participants. The different language versions of PEERS showed better
effects on participants' social skills and other aspects, although there were some
differences in the intervention effects. The present study provided some suggestions for
the future direction of improvement of PEERS intervention methods that may help to
improve the intervention effect, and advocated that the relevant researchers should
select more outcome indicators covering multiple assessment aspects in future related
studies, including neurophysiological, participants' psychological, caregiver stress,
family stress and social, quality of life and other relevant endpoints, in order to
comprehensively analyze the effects of the PEERS intervention approach's potential

value and significance to individuals, families, and society.
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Highlights
e PEERS effectively improved the social knowledge and social skills application
ability of adolescents or young adults with ASD.
e The PEERS intervention had the smallest effect in East Asia.
e There was no statistically significant difference in the effect of PEERS intervention
in clinical and community environments.
e The PEERS intervention should be conducted in an environment that is closer to

real society.





