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ABSTRACT

Youth with Autism Spectrum Disorder (ASD) tend to be more socially avoidant and emotionally 
dysregulated. Combined with their more sedentary lifestyle, these factors contribute to their higher rates 
of loneliness and lower quality of life. Physical activity intervention (PAI) is increasingly used to address 
these deficits. However, research comparing characteristics of PAI, such as group versus individual 
setting, remains limited. The review investigates and compares the behavioral and emotional outcomes 
of individual- and group-based PAI for youth with ASD. A systematic review across PubMed and 
ScienceDirect was used to identify relevant studies. Following PRISMA guidelines, 326 studies were 
assessed for potential eligibility, and 11 studies written in English from 2005 to 2025 were extracted to be 
analyzed. Findings show that group- PAI consistently improved pattern-based behaviors, mood stability 
and reactivity, while individual PAI more consistently improved arousal control behaviors. Group PAI 
was found to more consistently improve overall behavioral and emotional outcomes than individual PAI 
does. Furthermore, longer duration and higher complexity were associated with group PAI, which could 
explain these findings. Future research can investigate the independent influences of these specific PAI 
characteristics on outcomes to pinpoint how they can be optimized in a PAI setting.
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INTRODUCTION

Autism spectrum disorder (ASD) is a developmental 
disability characterized by early-appearing social, 
communication, and sensory-motor deficits. As of 2022, 
ASD affects 1 of 31 eight-year-olds, and the prevalence 
of ASD among youth has been increasing (1). According 
to the DSM-5, the diagnosis of ASD is based on two 

factors: persistent deficits in social communication and 
social interaction in multiple contexts and restrictive 
or repetitive behaviors, interests, or activities, such as 
stereotyped or repetitive motor movements. (2). Nurturing 
youth with ASD also poses challenges for caregivers and 
teachers, particularly in fostering social, emotional, and 
behavioral skills (3). Youth with ASD also struggle with 
loneliness, difficulties in communication, and low social 
support (4). Additionally, they are prone to academic 
underperformance and to exhibiting higher levels of 
emotional and behavioral difficulties in school compared 
to their typically developing peers (4). These issues are 
intensified when youth with ASD are placed in inclusive 
classrooms, where they tend to feel even lonelier (5). 
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Furthermore, youth with ASD tend to be more sedentary 
and are 40% more likely to have obesity (6, 7).

Physical activity interventions (PAIs) have proven to 
be an effective practice for behavioral, social, motor, and 
emotional deficits that those with ASD have at a low cost. 
Pan found that youth with ASD who participated in a 10-
week swimming intervention significantly improved their 
physical functioning, social competence, and aggressive 
behaviors (8). Similarly, Tse found that youth with 
ASD who participated in 12-week jogging intervention 
significantly improved their externalizing behavior, total 
problem scale, and emotional regulation (9). In fact, these 
studies align with Wu’s synthesis of 28 studies assessing 
the effects of PAI on youth with ASD, which found that 
PAI significantly enhances motor function and reduces 
the overall severity of ASD symptoms compared to those 
with ASD who do not participate (10). These symptoms 
include social impairment, repetitive stereotyped 
behavior, and lack of inhibitory control (10). Beyond 
PAI, research on peer-mediated interventions indicates 
improvements in social engagement and social skills for 
youth with ASD (4). 

Although numerous studies have examined the 
behavioral and emotional effects that PAI has on those 
with ASD, there are gaps in knowledge comparing group 
and individual PAI on sociobehavioral and emotional 
gains. Existing studies assess group and individual PAI 
separately or compare youth with ASD to neurotypical 
peers, rather than directly comparing the effects of group 
and individual PAI. This study implements a systematic 
review to compare the impact of group and individual PAI 

on the behavioral and emotional skills of youth with ASD. 
Furthermore, this study compares how characteristics 
of PAI (duration, complexity, and consistency) correlate 
with whether a study is a group or individual PAI. The 
goal of this review is to provide guidance on which forms 
of PAI may yield the greatest benefits to youth with 
ASD and provide practitioners with insights to support 
long-term development of youth with ASD. Ultimately, 
this knowledge may provide more insight for more 
personalized, effective support for youth with ASD.

Guided by Bandura’s Social Learning Theory, 
group PAI was expected to yield greater behavioral and 
emotional gains than individual PAI because of higher 
social interaction, positive reinforcement, and better 
sociability among other group participants (11).

METHODS AND MATERIALS

Study Design
The systematic review was conducted following 

PRISMA guidelines (12) to examine and compare 
the effects of group- and individual-based PAI on the 
behavioral and emotional outcomes of youth with 
ASD. A completed PRISMA checklist is not provided 
as Supplementary Tables. Randomized controlled 
trials, quasi-experimental designs, pilot designs, and 
feasibility studies were included in which intervention 
groups received additional PAI (Table 1). Furthermore, 
interventions had to be of at least light-to-moderate 
intensity (e.g., walking, dancing, and vestibular and 
proprioceptive exercises).

Table 1. Systematic review inclusion and exclusion criteria for Systematic Review of PAI (Physical activity intervention)
Domain Inclusion criteria Exclusion criteria

Study design Studies must contain empirical data and primary or secondary 
analyses of these data. Randomized controlled trials, quasi-
experimental designs, pilot designs, and feasibility studies were 
included

•	 Any format not providing sufficient 
information to allow for data extraction

•	 Reviews

Participants Youth with primary diagnosis of ASD under the age of 18 years •	 Studies focused on adults or studies focused 
on those without ASD 

•	 Participant does not have a diagnosis of ASD
Exposures PAI of mild-high intensity, consisting of any kind of exercise 

(running, swimming)
Needs to specify if it is a group or solo PAI:
•	 Group: involving intentional social interaction from mentor, 

interventionists, or other teammates
•	 Solo: does not involve intentional social interaction
Needs control group that does not do PAI

•	 PAI of low intensity (ie: yoga)
•	 Involves multiple forms of intervention along 

with PA (ie: music therapy)
•	 Does not have control group
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Studies with participants under 18 years old were 
included. No restrictions were imposed on genders, 
races, or demographics. Studies were required to have 
confirmation of patient ASD diagnosis, through validated 
assessment tools or medical reports. Studies in which 
ASD was not the primary diagnosis were excluded. 
Additionally, mention of PAI format (group or individual 
setting) was required. Outcomes needed to assess the 
behavioral and/or emotional well-being outcomes of PAI 
of participants. Studies that assessed additional outcomes 
such as motor control and cognition, were included, 
though such metrics were not recorded or noted. Studies 
that did not assess either measure were excluded. The 
use of reliable behavioral and emotional assessment tools 
for youth with ASD, such as the Go/No-Go Task (GNG; 
13), Autism Behavior Checklist (ABC; 14), and Gilliam 
Autism Rating Scale-Third Edition (GARS-3; 15), was 
required to measure outcomes of PAI.

Search Strategy 
A search across PubMed and ScienceDirect was 

conducted to ensure comprehensiveness and reliability 
of search results. The search was limited to English-
language articles written from 2005 to 2025. Search 
terms included four primary categories: disorder, 
intervention, target audience, and outcomes. Search 
terms were combined using Boolean operators (Table 2).

In the first phase, two researchers removed duplicates 
and then independently screened the titles of retrieved 
articles using the Rayyan software (16) to identify 
potentially relevant studies. In the second phase, they 
screened the full texts of eligible articles for inclusion 

Continued Table 1. Systematic review inclusion and exclusion criteria for Systematic Review of PAI (Physical activity intervention)
Domain Inclusion criteria Exclusion criteria

Outcomes Assess behavioral and/or emotional wellbeing of participants.
•	 Has reliable measures that assess the quality of wellbeing of 

control and intervention group before and during intervention. 
Preferred if assesses quality of wellbeing after intervention too, 
but is optional

•	 Comparable with results from other studies
•	 Can assess other factors, as long as it assesses social or 

emotional wellbeing

Does not assess social and/or emotional 
wellbeing of participants
•	 Measures are notcomparable with other 

studies’ measures
•	 Measures are not recognizable or reliable
•	 Does not assess before and after intervention
•	 Has missing data

Timing Since 2005  Before 2005
Setting A setting fit for performing physical activity in (school gym, 

playground, soccer field.)
 A setting that is unfit or may hinder the quality 
of physical activity

Language English  Language other than English

Table 2. Search strategy and number of results (hits) for 
emotional and behavioral outcomes of pai in youth with ASD 
in PubMed and ScienceDirect since 2005. The table lists the 
search strings used for both databases, along with the number 
of hits in both databases.

Search String
HITS 

PubMed 
(since 2005)

HITS 
ScienceDirect 
(since 2005)

Autism AND “physical 
activity”

1480 5403

Autism AND “physical 
activity” AND social

614 4227

Autism AND “physical 
activity” AND group

590 4962

Autism AND “physical 
activity” AND “social 
interaction”

134 1357

Autism AND “physical 
activity” AND emotional

196 2783

Autism AND “physical 
activity intervention” AND 
emotional

111 96

autism AND “physical 
activity intervention” AND 
social

385 2783

autism AND social AND 
emotional AND “physical 
activity”

112 2542

autism AND social AND 
emotional AND “physical 
activity intervention”

61 91
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(participants not ASD-focused, n=51; intervention not 
PAI-focused, n=43; participants were not solely youth 
under 18 years of age, n=11; other reason, n=8; more than 
one reason, n=195). Following the full article screening, 
11 articles met the criteria, while the remaining 9 were 
excluded (participants not ASD-focused (n=2); no PAI 
(n=4); no child participants (n=1); other reason (n=2); 
more than one reason (n=0; Figure 1).

criteria. Articles that met research criteria were included, 
and then data were recorded in an Excel sheet to note 
relevant information and outcomes. The articles that 
did not fully meet research criteria were excluded. 
The percentage agreement was calculated to assess 
consistency. Disagreements among researchers during 
the screening or data extraction were solved through 
discussion.

The search retrieved 326 articles (Table 2). 5 
duplicates were identified and removed, leaving a 
remainder of 321 non-duplicate articles for potential 
eligibility. Following the initial screening, 20 articles 
met the criteria, while the remaining 301 were excluded 

Figure 1. PRISMA flowchart of study selection showing 
the different phases of the systematic review process: 
Identification, screening, eligibility, and inclusion. Note: 
ASD = autism spectrum disorder.

Continued Table 2. Search strategy and number of results 
(hits) for emotional and behavioral outcomes of pai in youth 
with ASD in PubMed and ScienceDirect since 2005. The table 
lists the search strings used for both databases, along with the 
number of hits in both databases.

Search String
HITS 

PubMed 
(since 2005)

HITS 
ScienceDirect 
(since 2005)

autism AND “physical 
activity intervention” AND 
emotional AND social 
NOT “systematic review”

57 25

autism AND group 
AND “physical activity 
intervention” AND 
emotional AND social 
NOT “systematic review”

31 23

autism NOT group 
AND “physical activity 
intervention” AND 
emotion NOT “systematic 
review”

52 25

“autism spectrum 
disorder” AND “physical 
activity intervention” AND 
emotion NOT “systematic 
review”

67 9

“autism spectrum 
disorder” AND (“physical 
activity” OR “exercise 
therapy”) AND children 
AND emotional AND 
social AND behavioral 
NOT review

146 180 Ultimately, six group and five individual studies were 
included (Table 3). Although the article criteria included 
articles after 2005, all the articles were from 2018 or 
later (Table 3). There were 7 types of PAI used in the 
11 articles included in this review: dancing, swimming, 
jogging, martial arts, proprioceptive/vestibular exercises, 
cycling, and mini basketball. The majority of studies 
took place in indoor facilities such as martial arts 
academies, judo practice facilities, physical activity 
rooms, gyms, and indoor pools (n=9). Few (n=2) were 
facilitated in outdoor areas (Table 3). All of these studies 
included a control group. Some studies’ control groups 
participated in regular therapy, while others participated 
in no activity. 

Data Analysis
Analysis was refined as new data were analyzed using 

an inductive coding approach (Supplementary Table 1) 
to allow themes to emerge directly from the included 
studies rather than being predetermined. Analysis was 
refined as new patterns emerged until thematic saturation 
was reached, and were evaluated against existing 
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The general outcome type of the studies varied 
from one another, and most consisted of more than one 
measured outcome type. The vast majority of studies 
examined behavioral outcomes (3, 8, 17, 18, 19, 20, 21, 
22, 23, 24, 25). On the other hand, six studies examined 
the emotional outcomes (3, 8, 17, 18, 21, 22, 25).

Caputo et al., Ludyga et al., Marzouki, Morales et 
al., Toscano et al., Tse, and Zhang et al.’s methods of 
diagnosis were derived from DSM-5 criteria (2, 3, 9, 
17, 18, 20, 23, 25); Eri’k et al. from DSM-5 (2, 22) and 
Childhood Autism Rating Scale (CARS; 26); Phung et al. 
from Autism Diagnostic Observation Schedule (ADOS-
2; 27); and Lindor et al. from unspecified preference with 
just a report from a medical or health practitioner (21).

Thematic Analysis

Emotional and Behavioral Outcomes
PAI produced varied emotional benefits depending on 

exercise type (Supplementary Table 2 for extracted data 
on emotional outcomes). Individual PAI, which tended to 
be more repetitious and less complex, primarily improved 
emotional regulation. Group PAI, which tended to be 
more complex and socially engaging, primarily improved 
emotional reactivity and mood stability. 

Overall, group PAI saw more consistent improvements 
in emotional outcomes, specifically in response and 
mood. Morales et al. saw fewer temper tantrums, extreme 

evidence to ensure consistency and transparency. In 
addition to the study’s focus on emotional and behavioral 
outcomes, studies were read closely and coded manually 
to capture recurring concepts and trends across group- 
and individual-based PAI.

Ultimately, five primary themes were identified: 
emotional, behavioral, duration, complexity, and 
consistency (refer to codebook appendix material 2). 
Emotional and behavioral outcomes were assessed to 
examine and compare the effectiveness of group and 
individual PAI, and duration, complexity, and consistency 
were analyzed to understand how they varied in relation 
to these PAI settings.

RESULTS AND DISCUSSION

Most participants were in the age range of 6-13 
years. However, one study included participants from 
2.3 to 17.3 years of age, which accounts for the wider 
age range observed in the dataset. There were a total of 
524 participants throughout the 11 studies, consisting of 
431 males and 93 females. There was a wide range in 
the length of the total interventions, with studies ranging 
from 3 days (18) to 48 weeks (23), while PAI session 
duration varied from 20 minutes (18) to 75 minutes (24). 
Additionally, both group- (17, 19, 11, 20, 21, 25) and 
individual-based (18, 22, 23, 9, 24) PAI were represented 
(Table 3).

Table 3. Study Characteristics of Year of Publication, PAI Setting, PAI Type, Gender and Format
Date of 

Publication
Reference 
Number Setting Physical Activity Type Sex Emotional 

Assessment
Behavioral 
Assessment

August 30 2024 18 Indoor Cycling 29 male, 1 female yes yes
25 June 2019 19 Indoor Mixed Martial Arts 28 male, 6 female no yes
12 August 2021 3 Indoor Judo 7 male, 4 female yes yes
21 January 2025 20 Indoor Mini Basketball 28 male, 0 female no yes
November 2023 21 Indoor Dance 13 male, 14 female no yes
1 May 2025 22 Indoor Vestibular and 

Proprioceptive Exercise
17 male, 5 female yes yes

Dec 22 2022 23 Both Jogging 196 male, 33 female no yes
01 November 2020 9 Both Jogging 23 male, 4 female yes yes
2024 Feb 24 Indoor Cycling 52 males, 12 girl no yes
2022 Apr 25 25 Indoor Aquatic Games and 

Swimming
21 males, 7 girls yes yes

8 January 2018 17 Outdoor Swimming 17 males, 9 females yes yes
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reactions, negativity on the Gilliam Autism Rating 
Scale, Third Edition (GARS-3; 15), while Tse saw less 
impulsiveness, emotional flatness, clinginess with adults 
on the Emotional Regulation Checklist (ERC; 9). These 
exercise settings generally had higher levels of social 
interaction and collaboration, such as judo oppositional 
games and partner judo technique practice (3), and the 
aquatic practice involved activities and games, such as 
noodle kicking and hula-hoop swimming, designed for 
cooperation and teamwork (17). Individual PAI still 
saw improvements, mainly in emotional regulation, 
though noticeably less consistently. They tended to be 
more structured and strictly aerobic-based exercises 
that provided less freedom for communication and 
collaboration.

Across studies, PAI improved behavioral well-being 
at a more consistent rate than emotional well-being in 
both group and individual PAI studies (Supplementary 
Table 2 for extracted data on behavioral outcomes). 
Still, group PAI saw more consistent improvements 
in behavioral regulations than individual PAI. Group 
PAI improvements were mainly associated with 
improvements in rigid, pattern-based behaviors like 
repetitive behaviors (judo, 3; basketball, 20; aquatic 
therapy, 17) and restrictive behaviors (judo, 3). These 
effects may have result from stronger behavioral 
activation elicited from the sequencing, imitation, and 
motor planning, reflected by the judo oppositional 
games and partner judo technique practice (3); the peer 
coordination training, catching, and relay racing in a 
basketball PAI (20); and aquatic activities and games, 
such as noodle kicking (17). In contrast, individual PAI 
targeted arousal control, reflected in self-regulation (24), 
reactivity (23), and hyperactivity (22), though these gains 
were less consistent. These effects corresponded with the 
cognitively simpler, repetitive nature of individual PAI.

These findings suggest that group PAI may hold 
promise in fostering positive outward emotional 
responses and pattern-based behaviors through 
shared activities that promote social interaction and 
connectedness through more opportunities to socially 
acquire desirable emotional responses. In contrast, 
individual PAI may target emotional regulation 
improvements and arousal control behaviors by reducing 
overstimulation and allowing predictable, structured 
activity. The differences in the reliability of behavioral 
and emotional improvements may be explained by the 
social learning theory. Pro-social traits from group PAI 
may influence and encourage participants to strive for 
improvements in behavior and emotional regulation and 

control. Similarly, the lack of group- and people-oriented 
emotional and behavioral outcomes from individual PAI 
may be explained by the absence of social learning, as 
there was no collaboration or communication from other 
participants to incentivize such improvements.

Ultimately, group and individual PAI targeted 
different aspects of emotional and behavioral well-being. 
Furthermore, though they are distinct, they appeared 
to be similarly affected by the level of complexity and 
social invitingness of a PAI setting, as group PAI tended 
to improve overall emotional and behavioral outcomes 
on a more consistent basis than individual PAI because 
of its more complex and social setting.

Duration
Longer-duration PAI produced more stable 

improvements in behavioral outcomes. Specifically, 4 of 
the 5 studies with high duration in both session length 
and time saw improvements in behavioral outcomes (17, 
19, 20, 23). Similarly, the only study with high duration 
in session length and time that assessed emotional 
well-being saw improvements in emotional response 
(17), which is insufficient to demonstrate consistent 
emotional improvements resulting from PAI with high 
duration. This trend of behavioral improvement aligns 
with the more consistent behavioral improvements of 
group PAI over individual PAI, as a significantly higher 
percentage of high-duration PAI were of higher-duration 
interventions in session length and time (4/6; 17, 19, 20, 
21) than individual PAI (⅕; 23).

Overall, these findings suggest a strong association 
between behavioral improvement and PAI duration, likely 
due to sustained routines and reinforcement of socially 
desirable behaviors. The higher duration of group PAI 
could explain its more consistent behavioral outcomes, 
instead of the more collaborative nature of group PAI. 
However, the effects of duration on emotional well-being 
are not clearly explained, given the small sample size of 
high-duration studies that analyzed emotional outcomes.

Complexity
Group PAI tended to be higher in complexity than 

individual PAI. For instance, Morales et al. involved 
practice involving judo oppositional games involving 
body contact, where participants worked in pairs to 
build each other’s touch tolerance. Caputo et al. involved 
various aquatic activities (e.g., noodle kicking and hula-
hoop swimming) to foster group integration, cooperation, 
and social interaction while also building up participants’ 
swimming skills and comfort. Additionally, Lindor et 
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al. involved group dance practice and performance, 
where participants synchronized their movements and 
positioning. Overall, all group PAIs were complex (6/6; 
3, 17, 19, 20, 21, 25). Individual PAI tended to be lower in 
complexity than group PAI. These included cycling (18), 
basketball skills (20), jogging (9), and a variety of basic 
vestibular/proprioceptive, strength, or balance training 
(22; 23). Overall, ⅕ of individual PAI studies were 
complex in their PAI (24), and the other ⅘ studies were 
basic (9, 18, 22, 23, 24). 

The complexity of PAI could help explain the more 
consistent emotional and behavioral improvements of 
group PAI. Complex PAI tended to prompt more social 
learning, coordination, and mutual feedback than 
with individual PAI. This trend is reflected by the vast 
majority of complex PAI, such as by Morales et al., 
Caputo et al., and Lindor et al. (3, 17, 21). However, basic 
PAI was often repetitive and monotonous. All basic PAI 
were structured around instinctual motor actions such as 
jogging (9) or the isolated movements in proprioceptive/
vestibular exercises (22). Therefore, basic designs may 
provide fewer opportunities for targeting behavioral and 
emotional deficits characteristic of individuals with ASD. 

Overall, complexity appeared to favor group PAI 
for behavioral and emotional outcomes, as evidenced 
by the consistently greater improvements reported 
across complex group PAI compared to their basic, 
individually delivered ones. These results suggest that 
the sociobehavioral and emotional demands necessary 
for developing these improvements are more abundant in 
complex PAI, giving group PAI a significantly stronger 
foundation for generating both behavioral and emotional 
improvements.

Consistency
Across studies, greater consistency was associated 

with more sustained behavioral and emotional benefits. 
For example, Morales et al. found improved repetitive 
behaviors and emotional responses (3); Phung et al. found 
better problem behavior management (19); and Tse found 
improved external behavior composition, total problem 
scale, and emotional regulation (9). 

However, inconsistent PAIs produced more variable 
outcomes. For example, Ludyga et al. found worsened 
emotional judgement and no changes in behavioral face 
fixation; Lindor et al. found no significant changes in 
repetitive and restrictive behaviors; and Caputo et al. saw 
improved emotional response and behavioral adaptation 
to change and activity level. Additionally, though 
Morales et al.’s judo PAI saw behavioral and emotional 

improvements through a consistent PAI design, there 
was a dip in behavioral and emotional outcomes below 
baseline level after a 10-week COVID-19 lockdown 
that halted PAI. While this study was not labeled as 
inconsistent, the decline demonstrates that disruptions 
can cause gains to regress, though the unique impacts of 
pandemic-related isolation complicate this interpretation 
(21).

The level of consistency didn’t have a strong 
correlation based on group or individual study. ⅘ 
individual studies were high consistency, and ⅕ (20%; 
18) were low consistency, while 4/6 group studies were 
high consistency (3, 20, 19, 25) and 2/6 of group studies 
were low consistency (33.3%; 17; 21). This suggests that 
more reliable behavioral and emotional benefits of group 
PAI over the individual PAI were not likely attributable 
to a higher consistency. While consistency may support 
the growth of PAI outcomes, it does not appear to be 
influenced by PAI type.

Summary, Strengths and Limitations
Ultimately, group PAI is associated with 

improvements in pattern-based behaviors, mood 
stability, and emotion reactivity, while individual PAI 
is associated with improvements in arousal-control 
behavioral regulation and emotional regulation. As with 
behavioral and emotional outcomes, group PAI saw more 
consistent gains than did individual PAI. These more 
consistent behavioral and emotional improvements of 
group PAI may be attributable to the social demands, 
shared goals, and more socialization present in group 
PAI, though these results remain inconclusive. Group 
PAI often demands participants continually coordinate 
actions, adjust to the needs of peers, and engage in 
socially cooperative routines, which further reinforce 
behavioral and emotional improvements. 

These trends may also be explained by the higher 
complexity and duration that support the more consistent 
emotional and behavioral effects yielded by group 
PAI over individual PAI, as these domains were more 
prevalent in the group PAI studies than the individual PAI 
studies. However, these differences were not attributable 
to consistency, as there were no major differences in the 
level of consistency in group and individual PAI-based 
studies. 

One strength of the study was the level of detail in 
the coding. Through examining duration, complexity, 
and consistency across group and individual PAI, 
possible influences of the behavioral and emotional 
outcomes beyond the nature of group and individual 
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PAI alone were identified. For the evaluation of the 
duration and consistency domains, two components 
were assessed. Duration was measured through the 
length of PAI sessions in weeks and minutes per PAI 
session. Consistency was assessed through the changes 
in frequency of PAI sessions and weeks of PAI up to 
two weeks. This coding approach invites more precision 
and depth to descriptions, analysis, and interpretations, 
which is particularly important in PAI research, where 
study characteristics (e.g., duration, complexity, and 
consistency) vary widely. Therefore, standardizing and 
examining these features alongside comparisons of 
group and individual PAI helps create a clearer basis for 
comparison across a diverse set of PAI routines.

However, the higher average duration and complexity 
observed in group PAI may serve as a confounding 
variable and a limitation of the study. Because the 
duration and average complexity of a group are higher 
than in individual PAI, the extent to which the PAI 
format affects the behavioral and emotional gains of 
youth with autism is inconclusive. Instead, emotional 
and behavioral gains may be primarily influenced by 
duration and complexity, which leaves this relationship 
difficult to isolate and attribute specific outcomes to the 
PAI type. Furthermore, only 11 studies were included for 
analysis, all of which relied on qualitative analysis rather 
than quantitative measures. The limited sample size 
and lack of quantitative measures reduce the reliability 
of the study’s findings. These studies were also from 
published literature, which risks introducing publication 
bias. Additionally, throughout studies, traits such as 
PAI type, the capabilities of participants, and the type 
of guidance instructors increased the heterogeneity, 
perhaps independently influencing each study’s results 
and comparability across all studies. 

Ultimately, PAI has increasingly been used as a 
supplement and replacement for the traditionally more 
costly social skills training to improve symptoms and 
practice behavioral and emotional skills (31). Still, 
information on PAI remains limited, particularly 
regarding the specific characteristics of PAI needed to 
achieve the best outcomes, due to a lack of unbiased, 
high-quality research and standardized findings (29, 30).

These findings provide a detailed overview of 
numerous PAI-based studies, helping to clarify their 
behavioral and emotional effects. Furthermore, the 
effectiveness of group and individual PAI on outcomes 
was compared, which no previous study has done 
before. This comparison helps narrow what constitutes 
an optimally effective PAI for youth with autism. 

Furthermore, these results may guide future research to 
explore how the duration and complexity of PAI affect 
such outcomes, given their strong correlation with 
group PAI. Ultimately, the results may provide a clearer 
understanding of the variables that affect behavioral 
and emotional gains in youth with autism, although the 
specific influence and severity of each remain uncertain.

CONCLUSION

Through a systematic review of 11 articles, the study 
examined the effects of group and individual PAI on the 
behavioral and emotional outcomes of youth with autism. 
The findings reveal that group PAI was associated with 
improvements in pattern-based behaviors, mood stability, 
and reactivity, while individual PAI was associated 
with improvements in arousal control behaviors and 
internal emotional regulation. Overall, the behavioral 
and emotional gains in group PAI were more consistent 
than those in individual PAI. Furthermore, group PAI 
saw a consistently higher duration and complexity 
than individual PAI, which could also help explain the 
more consistent gains in group PAI. Ultimately, these 
findings suggest that group PAI shows potential for 
improving behavioral and emotional outcomes in youth 
with autism, although the evidence remains inconclusive. 
These findings can guide future research by narrowing 
the scope of the characteristics of PAI not exclusively 
through PAI design, but also through duration and 
complexity.

Future research should investigate the individual 
influences of the behavioral and emotional outcomes 
of specific PAI characteristics to pinpoint which can be 
optimized for maximum gains. These characteristics 
may perhaps be tested through head-to-head trials that 
manipulate intervention format (group and individual), 
duration, and complexity separately to determine the 
extent to which each of these factors affects outcomes. 
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Supplementary Table 1. Codebook Definition of Emotional Outcomes, 
Behavioral Outcomes, Duration, Complexity, and Consistency.

Code Emergent Definition (from data) Examples / Coding Rule Analytic Purpose
Emotional Captures how emotional regulation 

or related outcomes (e.g., mood, 
lability, self-awareness, negativity) 
changed as a result of the 
intervention.

Marked as improved, no change, or 
worsened and add any quantitative 
reported subscale results or qualitative 
descriptions.

To understand how PAIs 
influence emotional regulation 
and effective well-being.

Behavioral Refers to reported changes in 
adaptive or maladaptive behaviors, 
such as reductions in repetitive 
behaviors or improved social 
interaction.

Marked as improved, no change, or 
worsened based on study findings 
describing observable behavioral shifts; 
and add any quantitative reported subscale 
results or qualitative descriptions.

To assess the behavioral 
benefits of PAIs and links to
 social functioning.

Duration The total length and intensity of the 
intervention, derived from reported 
weeks and total minutes.

Add coding rule: 
Short intervention: 8 or less weeks PAI
Long intervention: 9+  weeks PAI

Short exercise: 20 min or less
Moderate exercise: 21-40 min
Long exerise: 40+

To explore how intervention 
length and exposure relate 
to observed effects.

Complexity Emerged from descriptions of skill 
difficulty and level of supervision 
required.

Basic = simple, independent tasks learned 
relatively quickly

Complex = difficult skills requiring 
extensive practice.

To interpret whether the 
cognitive or physical 
challenge 
of the intervention influences 
engagement or outcomes.

Consistency The regularity and persistence 
of PAI practice/games over time, 
including how often(at least two 
weeks) and how little break the 
activity was performed.

low consistency = at least one substantial 
variability in outcome measures in either 
regularity or persistence metric

high consistency = infrequent 
inconsistencies in frequency or duration

To examine whether 
intervention regularity 
contributed 
to sustain emotional and 
behavioral improvements.
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Supplemental Table 2. Recorded Code Outcomes and Characteristics of Included Studies. 
Ref. Emotional Outcome Behavioral Outcome Duration Complexity Consistency
18 Mixed: worsened go-trial 

accuracy; no change in no-go 
or reaction time

No clear behavioral 
improvement

2 sessions; 
40 min total

Basic (cycling) Low (2 sessions, 
5-day gap)

19 Not assessed Improved problem 
behavior (SSIS scores ↓)

13 weeks; 
585 min

Complex (MMA training) High (2×/week)

3 Improved emotional response 
(GARS-3); declined post-
lockdown

Improved repetitive 
behavior; declined post-
lockdown

8 weeks; 
600 min

Complex (judo, partner 
interaction)

Mixed 
(intervention 
high; disrupted 
by COVID)

20 Not assessed Reduced RBS-R total 
score; improvements in 
restricted/self-injurious 
behavior

12 weeks; 
2400 min

Complex (team 
basketball)

High (5×/week)

21 Not assessed Minimal, non-significant 
improvement

10 weeks; 
~8–10 h

Complex (group dance) Low (irregular 
sessions)

22 No significant emotional 
change

Improved hyperactivity/
impulsivity; no overall 
behavioral change

8 weeks; 
640 min

Basic (vestibular/
proprioceptive)

High (2×/week)

23 Not assessed Partial improvements 
(reactivity, stereotypes, 
sleep); others unchanged

48 weeks; 
2880 min

Basic (multi-exercise) High (2×/week)

9 Improved emotional 
regulation; no change in 
negativity/lability

Improved external 
behavior; no change in 
internal behavior

12 weeks; 
1440 min

Basic (jogging) High (4×/week)

24 Not assessed Improved self-regulation 
(bike training group)

2 weeks; 
600 min

Mixed (basic cycling vs 
complex bike learning)

High (5×/week)

25 No significant emotional effect Reduced stereotypical 
behavior (GARS-2)

8 weeks; 
800 min

Complex (aquatic 
training)

High (2×/week)

17 Improved emotional response 
(CARS)

Improved adaptation to 
change and activity level

~10 months; 
4320 min

Complex (aquatic + 
social integration)

Low (variable 
frequency)

Note: PAI = Physical Activity Intervention; GARS = Gilliam Autism Rating Scale; ERC = Emotion Regulation Checklist; CARS = 
Childhood Autism Rating Scale; RBS-R = Repetitive Behavior Scale–Revised.


