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Abstract

Autism is a neurodevelopmental disorder characterized by problems in social communication,
problems in motor coordination, poor interaction, and repetitive behaviors, which negatively
affect their lives and cause them problems in adapting to their environment. The aim of this
study was to know the effect of organized motor programs that target the development of
social and motor skills in individuals with autism spectrum disorder, aged 10-16 years, by
using two scientifically approved scales to evaluate the results: the Social Responsiveness
Scale (SRS) to determine the level of improvement in social skills, and the Autism Diagnostic
Observation Schedule (ADOS) to assess the improvement in motor skills. Both structured
programs (structured physical training program and yoga training program) were
implemented over a period of three months with two sessions per week. These two programs
were implemented on a sample of 45 individuals with autism spectrum disorder, divided into
three groups. The intervention group in each study participated in a structured program based
on structured training, physical activities, group games, and various yoga exercises that aim
to develop motor coordination and balance skills and develop social skills and social
interaction for individuals. A set of tests were implemented before the start of the program
and after the end of the program, where the results showed a significant improvement in social
skills and motor skills in the yoga group, more than the physical exercise group, by 14.9%, in
the yoga group, compared to 8.8% in the physical exercise group, and only 2.5% in the control
group. In addition, the yoga group recorded the highest improvement in motor coordination,
reaching 14.9%, compared to 8.8% in the physical exercise group. The results showed
statistical significance using the analysis of variance (ANOVA) test at the significance level.
The results confirm that interventions based on physical and motor activities can have positive
results and noticeable changes in improving motor efficiency, coordination and motor
balance. They can also be a strong motivation to improve social skills and increase social
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interaction among individuals with autism spectrum disorder, which positively reflects on the
ability of this group to adapt in society and improve their quality of life and facilitate their
integration into life with others.

Keywords: Autism spectrum disorder (ASD) - - Structured motor interventions - Social skills
- Motor coordination and flexibility — Yoga.

Introduction

Autism is a neurodevelopmental disorder characterized by difficulties in multiple areas, most
notably social communication, repetitive stereotyped behaviors, and restricted interests.
Difficulties with motor coordination and balance, and problems regulating emotions. Autism
usually appears in early childhood, before the age of three, and affects the way an individual
understands and interacts with the world around them. Autism can be accompanied by
learning problems, as well as difficulties with language and communication [1] and an
estimated 1% of the population worldwide. Children with ASD face the dual challenges of
poor community awareness and limited resources for diagnosis and intervention, which can
delay the provision of appropriate support [2] Individuals with autism often have difficulties
with motor coordination, whether it is hand-eye coordination or general body movement. This
lack of motor coordination can hinder the performance of tasks that require fine motor control,
such as writing or grasping objects properly [3] Motor incoordination also affects a child’s
ability to interact in physical activities with peers, which increases their social isolation.
Disorders in large movements (such as running and jumping) and small movements (such as
writing or eating) are prominent challenges. Studies suggest that children with autism often
have challenges with motor coordination, which hinders their ability to interact socially
effectively. These difficulties include poor coordination between fine and gross motor
movements, such as walking, running, throwing, or grasping objects, leading to difficulty
participating in social activities that require these skills. In children with autism, these motor
difficulties can have negative consequences for the development of social skills. For example,
children who have difficulty performing simple coordination movements such as shaking
hands or interacting with others through group play may find themselves socially isolated.
This social isolation can make emotional and social development more difficult, leading to an
inability to understand social cues, such as facial expressions or hand gestures, which are
essential for social interaction [4-5] This social isolation may be due to difficulty
understanding social games or due to avoidance of interaction with others due to social
anxiety. Studies suggest that individuals with autism can exhibit extreme isolation, leading to
reduced opportunities to learn social skills through experience and practice [6 -7]. Physical
exercise is a modifiable risk factor for improving health outcomes. Physical activity has an
important impact on developing muscle and respiratory capacity and increasing flexibility and
strength. [8]. Working to improve or maintain these variables in daily life helps prevent life-
threatening diseases and conditions, such as cardiovascular disease, diabetes, hypertension,
and obesity (Centers for Disease Control and Prevention, 2016). Individuals with ASD are
less active than their peers with intellectual disabilities [9-10-11]. There are several barriers
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to greater participation [12-13-14-15-16] at the child/family level, with barriers reported by
parents and children including the need for supervision, behavioral problems, motor skills
[17], preference for sedentary behaviors, especially screen-based activities, and time
constraints on parents. There are also social barriers such as a lack of experts who can engage
the child, and a lack of peer training partners. Finally, societal barriers, including a lack of
opportunities and high costs, may also hinder participation [15]. Researchers have been
interested in studying the effect of sports activities on motor skills, social skills, and
stereotypical behaviors across a wide range of outcomes for individuals with autism spectrum
disorder. [18] Recent research shows that movement interventions such as yoga and physical
exercise are effective tools for improving social skills and motor coordination in children with
autism spectrum disorder.[19] Studies and research show that practicing yoga has a positive
and significant role in developing psychological balance, improving social interaction, and
increasing attention. Yoga also plays an important role in reducing repetitive behaviors,
improving motor coordination, and has an effective role in reducing anxiety and stress. It also
provides relaxation for individuals with autism spectrum disorder, which enhances their
ability to participate in daily activities. [20-21] Physical activity improves social skills as well
as motor skills, which reduces negative behaviors in individuals with autism spectrum
disorder. This study aimed to evaluate the effects of two training programs (a yoga training
program and a structured physical exercise program) that aim to improve motor coordination,
flexibility, and muscle strength as well as improve social interaction and social skills for
individuals aged 10-16 years, using two scientifically validated scales (the Social
Responsiveness Scale (SRS) to assess improvement in social interaction, and the Autism
Diagnostic Observation Schedule (ADOS) to measure behavioral changes). It is important to
highlight these structured interventions because of their impact on their mental and physical
health, which may benefit them in enhancing their ability to overcome their problems and
help them adapt to society.

Methodology

3.1 Study Design

The quasi-experimental study was designed by dividing the sample of 45 individuals with
autism spectrum disorder into 15 individuals who participated in the intervention group for
yoga training, 15 individuals who participated in organized physical exercises, and 15
individuals from the control group who did not participate in any program and practiced their
normal lives. By using the Autism Diagnostic Observation Schedule (ADOS) to measure
behavioral changes and the Social Responsiveness Scale (SRS) to assess improvement in
social interaction, this study aimed to evaluate the role of organized training programs in
developing social skills, social interaction, and motor skills in individuals with autism
spectrum disorder.

3.2 Participants
In this study, we selected 30 individuals from the Autism Association of Tunisia (19 males
and 11 females) aged 10 to 16 years, all diagnosed with autism spectrum disorder (ASD).
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Participants were divided into two groups: a physical education training group (n = 15) and a

control group (n = 15). All participants and their legal guardians were fully informed, either

in writing or orally, about the study design, including the potential risks and benefits of

participation. As a result, parents or legal guardians were given written informed consent.
Participants could withdraw from the study at any time without any penalty.

3.3 Structured training programs

The training was implemented over 12 weeks, at a rate of two sessions per week for each
group, each session lasting 30 minutes. The training programs were designed according to a
structured and guided methodology, as follows:

3.3.1 structured exercise program

Structured physical training program that includes exercises that focus on increasing motor
skills and improving motor coordination, balance and muscle strength, in addition to exercises
and training based on group play, helps individuals with ASD increase communication and
interaction among themselves and improve attention and joint cooperation, which is reflected
in the development of social skills. The program was implemented at a rate of two sessions
per week for 60 minutes for three months with the help of specialized trainers who have
extensive experience in dealing with individuals with autism and using complete tools and
equipment as shown in Table 1.

Table (1) structured exercise program

Phase Targeted Skills Suggested Activities/Exercises Duration Tools Used
(Minutes)
Physical Warm-up and Walking and stretching exercises for 10 Exercise mats,
Preparation Activation activation and preparation cones
Motor Skills Balance and Barbell exercises for balance and 15 Balance beam,
Coordination single leg stance colored cones
Social Communication  and Team games by passing balls between 10 Colored balls,
Interaction Rule Following the team (“follow the leader"), visual cues
Muscle Upper Body Strength Medicine ball exercises 10 Medicine ball,
Strength exercise mats
Endurance Cardiovascular and  Zig-zag running around Race training 15 Colored cones,
Physical Endurance with cones and short races sports field
Cool Down & Stress Reduction and Breathing exercises and meditation 5 Yoga mats,
Relaxation Focus Improvement exercises to enhance focus and soothing music

3.3.2 Yoga Training Program

relaxation.

The yoga training program was designed to improve motor coordination, balance, social
interaction, and relaxation in individuals with ASD. The program was conducted in a gym
using equipment and with the assistance of professionals in the field who have experience
working with individuals with ASD. this ensured a high level of expertise and a
comprehensive understanding of the unique needs of the participants. the structured yoga
training program for 12 weeks, with two 30-minute sessions per week. The program focused
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on developing coordination, balance, and flexibility. Yoga postures, breathing exercises, and
mindfulness techniques were gradually introduced throughout the 12 weeks (see Table 2).

Table 2: yoga sessions Program

Warm-Up 5 minutes Light jogging and jumping exercises aimed at enhancing circulation
and preparing the body for physical activity.

Yoga Postures 15 Selected poses, including Tree Pose and Warrior 111, were incorporated

(Asanas) minutes to improve balance, strength, flexibility, and coordination.

Breathing Exercises 5 minutes Techniques, such as forceful exhalation and alternate nostril breathing,

(Pranayama) were utilized to promote relaxation, reduce anxiety, and enhance
focus.

Yoga-Based Games 5 minutes Engaging and interactive activities designed to foster memory,

awareness, creativity, and social interaction among participants.
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4.1 Study Results

4.1.1 Social Responsiveness Scale (SRS) Results

Social Responsiveness Scale (SRS) scores indicated significant improvements in social
interaction skills in children who underwent yoga and fitness interventions. Among these
interventionssee table 3, the yoga group showed improvement in social skills. The mean pre-
intervention score of the group was 58.4 (£9.8), and increased to 67.8 (£9.2) post-intervention,
reflecting a 16.0% improvement (p < 0.005, Cohen’s d = 1.00). This study is consistent with
research that has shown that yoga improves emotional regulation, increases self-awareness,
and enhances nonverbal communication, leading to improved social interaction in children
with autism spectrum disorder [22—-23]. The effect demonstrated by the yoga group reflects
the effects of physical and mental health interventions in enhancing social skills and these
findings are consistent with studies by Hariprasad et al., 2013; Srinivasan et al., 2015;
Solomon, M. et al. (2014): Pavon, V. S., et al. (2015). The results also showed a significant
improvement for the group that participated in the structured physical training program, with
an improvement rate of 9.4%, as the scores increased from 59.3 + 9.5t0 64.9 £ 9.1, p < 0.05,
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Cohen's d = 0.70. The improvement in motor skills resulting from regular physical training
plays an important role in improving social communication and enhancing social interaction
in children with autism, which is consistent with recent research confirming that regular
physical activity improves social interaction, reduces repetitive behaviors, and leads to
increased social skills, which improves social adaptation in individuals with autism spectrum
disorder [24-45]. Physical activity also increases attention, helps individuals overcome
concentration problems, and enhances motor coordination, which greatly improves
cooperation between people through play and group training, thus improving their social
skills. These results are consistent with studies conducted (Rinehart et al., 2006; Kern, L., et
al., 2012; Georgieff, M., et al., 2015). The results in the control group showed a slight
improvement of 1.3%, with pre- and post-intervention scores of 60.1 + 10.0 and 60.9 £ 9.9,
respectively (p > 0.10, Cohen's d = 0.05). The slight improvement in the control group may
be due to factors such as the passage of time or spontaneous social interaction that are not
directly related to any type of targeted intervention [26]. The control group showed a limited
and slight improvement, which is indicated by the results obtained in the study, as Cohen's d
was (0.05), which is not statistically significant, which is consistent with Lindgren, S., et al.
(2013). Based on these results, which confirms that physical and motor interventions have a
noticeable effect on improving skills, as the results confirmed that (yoga training program
interventions and structured training program interventions) had a clear, positive and
significant effect on improving motor skills and improving social skills in individuals with
autism spectrum disorder. These results are consistent with studies that indicate that physical
exercise can contribute to improving emotional regulation, reducing repetitive behaviors and
enhancing social interactions [27-28]. These results also reinforce the importance of
integrating physical and mental activities into treatment plans for children with this disorder.

Table 3 show the Social Responsiveness Scale (SRS) Results

Yoga Group 58.4+9.8 67.8+9.2 16.0% <0.005 1.00
Physical Fitness = 59.3+9.5 64.9+9.1 9.4% <0.05 0.70
Group

Control Group 60.1+10.0 60.9+9.9 1.3% >0.10 0.05

4.1.2 The results of the Autism Diagnostic Observation Scale (ADOS)

The results obtained in the study after the intervention indicate that there is a significant
improvement in the tests that show a development in motor skills and balance, as well as a
clear improvement in social interaction and social and behavioral skills among individuals
who participated in the intervention, as it was noted that the yoga group showed an
improvement of 14.9%, with an increase in the group's average scores from 42.5 + 8.0 to 48.8
+7.4 (P <0.001, Cohen's d = 0.98). This is consistent with studies and research conducted in
this field, which agree that the application of yoga programs clearly affects motor efficiency,
enhances balance, and increases the ability to interact socially among individuals with autism
spectrum disorder [28-29]. Practicing yoga is also of great importance in developing executive
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skills and increasing relaxation in individuals with autism spectrum disorder [30].. While the
results of the intervention in the fitness group also showed an improvement of 8.8%, with
their scores increasing from 43.0 £ 8.2t046.8 + 7.6 (P < 0.01, Cohen's d = 0.67). These results
confirm that fitness training, strength training, and physical activity play an important role in
enhancing motor skills, motor coordination, social skills development, and social
responsiveness in children with autism [24]. However, improvement in this group was less
than in the yoga group, highlighting the effectiveness of more personalized interventions in
improving social and motor skills. The control group showed a very small improvement of
only 2.5%, with mean pre- and post-intervention scores of 44.1 + 8.5 and 45.2 + 8.4,
respectively (P = 0.40, Cohen’s d = 0.12). This modest improvement suggests that
improvement in motor and behavioral skills is limited in the absence of specialized
interventions. Current evidence suggests that behavioral and motor assessments only improve
significantly when individuals receive targeted, hands-on interventions such as yoga or
structured physical activity [31].

Table 4 show the Autism Diagnostic Observation Scale (ADOS)

Yoga 425+8.0 488+ 74 14.9% <0.001 0.98
Group
Physical 43.0+8.2 46.8+ 7.6 8.8% <0.01 0.67
Fitness
Group
Control 44.1+£85 452 +84 2.5% 0.40 0.12
Group

5-Discussion

This study aimed to investigate the role of structured movement programs such as yoga and
physical exercise in developing social skills, social interaction, and motor skills in individuals
aged 10-16 years who suffer from autism spectrum disorder. Individuals suffer from
significant problems and challenges in the areas of social interaction, communication, motor
coordination, and behavioral regulation, which directly affects their ability to adapt to their
environment and interact effectively with others. These two types of training were chosen due
to the positive effect shown by previous studies in improving social communication,
interaction with peers, and enhancing motor coordination in this group.

5.1 Improvement in Social Skills

Social Responsiveness Scale (SRS) scores showed a significant improvement in individuals’
social skills. The results showed that individuals who participated in the yoga and fitness
intervention program showed a significant improvement in social skills, according to (SRS)
Scale . The yoga group showed a significant improvement over the other groups, improving
by 16.0% indicating a significant increase in social interaction. This result is consistent with
previous research, which has shown that yoga improves emotional regulation and self-
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awareness and increases relaxation and calmness, which is reflected in the development of
their skills and thus can improve non-verbal communication in individuals with ASD. The
clear improvement in yoga exercises that combine physical movements with deep breathing
enhances stability and relaxation for individuals participating in this program, reduces their
stress, and improves their interaction. These results are consistent with those of Lessing et al.,
2018, Vidyashree et al., 2019, Leshe et al., 2015, who showed in their study that yoga
improves psychological awareness and enhances emotional balance, thus increasing stability
and social effectiveness and increasing self-confidence.
The results also showed a significant improvement for individuals who participated in the
structured physical training program. They showed a 9.4% improvement, with their scores
increasing. This result indicates that regular physical activity plays a fundamental role in
developing skills for individuals with ASD, thus enhancing the development of their motor
skills, developing their social skills, improving social interactions, and can lead to a reduction
in their repetitive behaviors, which enhances the ability of individuals with autism to adapt
socially. These results are consistent with studies conducted in this field, as they agree with
Pan et al., 2022, Tiko et al., 2018, Schmidt et al. (2014 & Garcia, J. M. (2017) Sansi, A.,
Nalbant, S., & Ozer, D. (2021). Zhao, M., & Chen, S. (2018), which confirmed that physical
activity contributes to improving children's interaction with their peers and reduces
stereotypical behaviors, such as excessive repetition of inappropriate behaviors, which
enhances their social interaction. On the other hand, physical activity contributes to improving
cooperation and participation in group activities and helps enhance social interaction in
individuals with autism by improving motor coordination and emotional interactions with
others, which contributes to reducing social isolation and increasing children's participation
in group activities.
as for the control group, it showed a slight improvement of 1.3% indicating the influence of
external factors or natural factors that may affect the results without effective intervention.
The study by Daly et al., 2015 confirmed that the slight improvement in the control group
may be due to time factors or spontaneous social interaction, as social interaction is not
expected to improve significantly without directed intervention. This suggests that specialized
interventions such as yoga and physical exercise are the main factors that lead to a significant
improvement in the social skills of children with autism.
These study support previous studies that have shown that physical activity-based or
movement-based programs contribute to improving social communication in individuals with
ASD For example, Gordon et al., 2016 showed that structured physical training can reduce
anxiety and stress levels, which promotes positive social interaction in children with autism.
Kasari et al., 2012 showed that structured physical activities contribute to the development of
social skills in children with autism, as children are encouraged to participate in group
interactions and learn to interact with others. Based on these findings, we can conclude that
movement interventions such as yoga and physical exercise are effective tools to improve
social skills in individuals with ASD and increase their ability to adapt to the surrounding
social environment.
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5.2 Improvement in motor skills

The results of the Autism Diagnostic Observation Scale (ADOS) showed a significant
improvement in the motor and behavioral skills of individuals with autism spectrum disorder
who participated in the yoga program, as the yoga group showed an improvement of
14.9%increasing their scores from 42.5 to 48.8. Structured yoga training improves executive
and motor skills, which pose significant challenges for individuals with autism spectrum
disorder, thus improving motor efficiency that enables them to deal with their life stresses and
positively reflects on their lives, social interaction, and adaptation to their environment.
Research indicates that Khanna, 2013, . According to Ozgen and Aydin, 2018, yoga has an
effective role in improving coordination between motor coordination and mental
development, thus significantly improving the relationship between body and mind. Tabata
et al., 2020, also showed that yoga contributes to improving muscle strength and motor
balance in individuals with autism, which enhances their independence in daily activities. The
motor development of individuals with autism through their participation in organized yoga
programs can be reflected in the development of their behaviors and their interaction with
society and the environment in a better and more effective way.

The results of the physical exercise group showed an improvement of 8.8% as their scores
increased from 43.0 to 46.8. These results are consistent with the research of [ Rinehart et al.,
2006 Schmidt et al., 2014, Pan et al., 2022, Zhao, M., & Chen, S. (2018) Sorensen, C., &
Zarrett, N. (2014)] which confirmed that physical activity enhances motor coordination and
contributes to improving the social response of individuals, and helps individuals with autism
improve motor coordination and develop social skills. It also confirmed that regular physical
activity improves motor coordination and enhances the ability to interact socially, which
contributes to improving children's adaptation to their social environment.

As for the control group, it showed a slight improvement of 2.5%, indicating that the
improvement in motor and behavioral skills is limited in the absence of specialized
interventions. This result supports the results of several studies that have shown that
improvements in motor and behavioral skills are only noticeable when individuals receive
targeted and structured interventions such as yoga or focused physical activity. According to
the study by Daly et al., 2015, temporal factors or spontaneous social interaction can lead to
some slight improvement in motor and behavioral skills, but significant improvements are
always the result of targeted interventions that aim to effectively improve motor and
behavioral coordination.

Based on these results, it can be said that interventions based on motor activities such as yoga
and physical exercises have a significant and clear effect on improving the social skills of
individuals with autism spectrum disorder, as these programs improve and develop
coordination, balance and motor skills in addition to their important effect on developing
behavioral and social skills in individuals, which improves their ability to interact and adapt
to the social environmentin addition to therapeutic interventions and medications, attention
must be paid to introducing physical activities and practicing yoga for individuals as an
important part of developing their motor and social skills and to enhance their social
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interaction with individuals, which leads to improving their adaptation in society and
increasing their quality of life.

6-Conclusion

Through this study, the focus was on knowing the role of organized motor interventions in
developing an important aspect for individuals with autism spectrum disorder, which is the
social aspect and social interaction, and knowing the relationship between the motor aspect
and its reflection on the social aspect, as studies have shown a noticeable effect when
practicing organized physical activities on developing motor skills, physical skills and motor
coordination, and it also has an effective role in enhancing social interaction between
individuals, developing social skills, enhancing self-confidence and reducing repetitive
behaviors through their participation in group activities, games and focused training. In
addition, the results showed a noticeable improvement when applying yoga training programs
to individuals with autism spectrum disorder, as it was noted that it contributed significantly
to improving motor coordination, improving attention, social interaction and relaxation,
which directly affects social skills. Implementing physical activity programs specifically
designed for the needs of children with autism can be an effective tool in enhancing their
social and psychological well-being.
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