\\ International Journal of Educational Foundations and Management
\ ISSN (Online) 2350-1995 ISSN (Print) 2350-1812
2 | Open-Access | Volume 12, Issue 06, 2024

The Effect of Adaptive Physical Activity on the Motor Abilities of

Children with Autism Spectrum Disorder: A Systematic Review

'Gao KuiFeng, 2*Mahlen B. Antonio
12 Angeles University Foundation

ABSTRACT: Motor skill deficit is prevalent among children with Autism Spectrum Disorder (ASD), yet it
remains relatively neglected and is not listed as a core symptom or “specifier” in the DSM-5. Given the wide range of
individual differences in symptom presentation, age, and interests among children with ASD, Adaptive Physical
Activity (APA) has shown promise as a physical intervention due to its flexibility, individualization, and specificity.
In view of this, this study, on the basis of identifying the motor ability problems of children with ASD and the effects
of APA on movement disorders in this population, and based on the characteristic that ASD is a neurodevelopmental
disorder, systematically reviewed and analysed the principles of neural control of body postures in children with
ASD and the adaptive matching mechanisms of different sports with children with ASD, and proposed that in the
future, APA should be intensively carried out for children with ASD intervention studies and form specific
guidelines on the principles of intervention and adaptive matching mechanisms. Through these theoretical studies,
our knowledge in these areas can be enhanced to provide a clearer understanding of how these interventions can be
improved in order to develop more effective, individualised APA programmes that provide holistic interventions for
children with ASD that are both scientifically based and practical, and ultimately lead to better outcomes for this
population.
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1. INTRODUCTION
Autism Spectrum Disorder (ASD) is a complex neurodevelopmental condition characterized by social deficits and

repetitive, stereotyped behaviors (Gao & Chen, 2023). The DSM-5 further identifies additional aspects of ASD
through “specifiers,” which highlight disorders in areas such as communication, language, narrow interests, and
cognition (American Psychiatric Association, 2013). Typically manifesting in early childhood, ASD has seen a
significant and rapid increase in prevalence over recent decades. By 2020, the average prevalence of ASD among
8-year-olds in the United States reached 27.6 per 1,000, with California reporting the highest rate at 44.9 per 1,000
(Maenner, 2023). According to the World Health Organization (WHO), the global prevalence of ASD in children
was estimated to be 1 in 100 in 2023, though actual rates may be higher due to improved early screening and
increased public awareness. This global rise in ASD prevalence has profound implications for individuals, families,
and societies, drawing significant international and academic attention.
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Impaired motor development is prevalent in children with ASD, who often exhibit lower gross and fine motor
abilities compared to their typically developing peers. Common issues include difficulties with visual-motor
integration, dynamic balance, multi-limb coordination, and everyday functional motor skills (Bhat, 2022). In
academic contexts, these motor abilities are frequently referred to as motor skills, and deficits in these areas are often
described as motor skill deficits or dyspraxia.

Physical activity is considered an effective intervention for addressing motor skill deficits in children with ASD.
Studies have shown that appropriate physical activity can enhance the health and psychological functioning of these
children. This improvement occurs as physical activity stimulates different areas of the brain in an interactive
manner, positively influencing motor skills, social communication, stereotyped behaviors, cognition, and overall
behavior (Shahane, Kilyk & Srinivasan, 2024; Ranieri et al., 2023). It is crucial to adhere to the principle of
adaptability when implementing such activities. This principle involves designing individualized activity programs
tailored to the unique characteristics and needs of each child with ASD, ensuring they receive optimal support to

maximize the intervention’s effectiveness (Bremer & Cairney, 2020).

Currently, the relationship between motor skills and ASD remains under-researched, and the DSM-5 does not
include specifiers related to motor disability (American Psychiatric Association, 2013). On the basis of reviewing
and sorting out the motor ability of children with ASD, adaptive physical activity (APA) and its effect on the motor
impairment of children with ASD, this study systematically analyses the principles in APA intervention and the
adaptive matching between different sports and children with ASD based on the characteristic that ASD is a
neurodevelopmental disorder, and proposes the potential direction of future research. In order to promote the relevant
research in this field for children with ASD, and to provide theoretical support and practical guidance for the clinical
treatment of children with ASD, and to help them better adapt to social life.

1. Motor Skills in Children with ASD

1.1. Definition of Motor Skills

Motor ability refers to an individual’s capacity to perform a variety of physical activities, encompassing both gross
and fine motor skills. Gross motor development, which typically precedes fine motor development, involves the
coordinated use of large muscle groups in the trunk and limbs. This includes basic movements such as walking,
running, and jumping, as well as more complex actions like throwing and climbing (Newell, 2020). Fine motor skills,
on the other hand, involve the precise coordination of small muscle groups, particularly in the hands, for tasks such as
writing, holding, or manipulating objects (Collin & McDougle, 2021).

1.2. Motor impairment in children with ASD

Motor impairments are prevalent in children with ASD, with rates reaching 79-88%. Their severity increases with
other impairments such as social communication deficits, repetitive stereotyped behaviors, language, and cognitive
challenges, and these impairments can persist into adolescence and throughout life (Bhat, Boulton & Tulsky, 2022).
Additionally, Kangarani-Farahani & Zwicker (2024) reported that 92.5% of relevant studies found that 50-88% of
children with ASD exhibit severe motor impairments.

(wwwwmewoon  wem | 2


file:///C:/Users/AZEDA/AppData/Local/Microsoft/Windows/INetCache/IE/3VMSMAGH/www.ijefm.com

International Journal of Educational Foundations and Management
ISSN (Online) 2350-1995 ISSN (Print) 2350-1812

Motor ability deficits in these children are usually evident in early childhood (Stevenson, Lindley & Murlo, 2017;
Isenhower et al., 2012). Some studies suggest that children with ASD have motor abilities equivalent to those of
typically developing children only half their age (Greco, 2020). These deficits manifest as significant delays in the
development of motor abilities, including gross motor skills such as body movement coordination, motor planning,
and static/dynamic balance, and fine motor skills such as manual dexterity (precision/integration) (Bhat et al., 2022).

Motor deficits not only affect the physical health of these children but also lead to poor performance in social
situations, severely affecting their social, cognitive, language, and emotional well-being (Bhat et al., 2022). Lidstone
and Mostofsky (2021) found that motor deficits in children with ASD are closely linked to their executive
functioning, favoring proprioception (internal body feedback) over vision (external feedback) during motor learning.
There is growing evidence that the severity of other symptoms in children with ASD is positively correlated with the
extent of motor impairment (Bhat et al., 2022). Therefore, interventions targeting dyspraxia are essential not only for
improving the physical health of children with ASD but also as a crucial strategy for promoting their overall
development.

2. ADAPTIVE PHYSICAL ACTIVITY (APA)
APA (Adapted Physical Activity) is an interdisciplinary term aimed at providing adaptive rehabilitation applications
for individuals with impairments, broadly related to the fields of physical education, sport, and recreation
(International Council of Sports Science and Education, 2002). According to Winnick and Porretta (2016),
“Adaptation” refers to modifications made to meet the individual needs of specific populations. APA is a
personalized physical activity program tailored to the needs of individuals, encompassing both adaptive physical
education and adaptive sports.

Yang and Du (2020) further suggest that APA is a type of physical activity based on the knowledge systems of sports
and other multidisciplinary fields. It is specifically designed for special populations with physical, mental, and
cognitive disabilities, characterized by specificity, flexibility, and highly individualized approaches. Therefore, APA
is also a strategy and principle in the practice of physical activity, emphasizing the flexible and adaptive adjustment
of activity content, modes, environments, and methods according to the ability levels and specific needs of
individuals. The goal is to provide effective strategies and principles to promote their athletic abilities and overall
health. Additionally, APA for children with ASD should consider their age characteristics, incorporating principles
of simplicity, storytelling, fun, and parent-child interaction.

Physical activity has a positive impact on children with ASD. Given the wide range of individual differences among
these children, it is particularly necessary to develop and implement APA tailored to their specific symptoms and
individualized needs (Di Vara et al., 2024; Gehricke et al., 2020). When implementing physical activity interventions
for children with ASD, it is important to develop specific APA programs for each individual based on differences in
symptoms, age, and interests. This includes considerations of activity form, participation, and exercise load, with
flexible adjustments during implementation to meet their needs and ensure they engage in activities in the most
appropriate state to achieve the best intervention effects (Rosca, Rusu, Marin, Ene & Ene, 2022). Attention should
also be paid to the design of elements such as frequency, duration, teaching methods, and strategies (Antonio &
Santillan, 2020).
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3. EFFECTS OF APA ON THE MOTOR ABILITIES OF CHILDREN WITH ASD
Numerous studies have confirmed that physical activity is effective in improving motor ability and overall
functioning in children with ASD. This includes a wide range of activities such as general and specialized sports
games, sport-specific training (e.g., ball games, equestrian, swimming), aerobic exercises (e.g., jogging, bicycling),
strength exercises, and balance and coordination training (e.g., yoga, dance, martial arts) (Pope, Fautsch, Zeng &
Gao, 2019; Shahnaz, Kateb, Doyle-Baker & Hassani, 2023; Ruggeri, Dancel, Johnson & Sargent, 2020; Bremer,
Crozier & Lloyd, 2016; Hyne & Block, 2022; Ludyga, Pihse, Gerber & Miicke, 2021). Given the wide range of
individual differences typical of children with ASD (Di Vara et al., 2024; Gehricke et al., 2020), researchers have
utilized strategies that adapt physical activities to the specific needs of these children to improve their motor abilities
and overall functioning (Pan & Frey, 2006). APA interventions are not only effective for motor impairments in
children with ASD but also create conditions for enhanced neurological functioning and improved behavior
(Musiyenko, Chopyk & Kizlo, 2020).

APA emphasises that the content of the activity must be adapted to the age, gender, interests and physical
characteristics of those for whom the activity is carried out (Gao, Hu & Wang, 2024). Ruggeri et al. (2020) suggested
the need for strategic research on physical activity for children with ASD. A search of databases such as
ScienceDirect, PubMed, Web of Science, and CNKI revealed that the number of studies on adaptive interventions for
specific types of physical activity in children with ASD is relatively limited. However, adaptive principles and
instructional strategies have been widely represented and utilized in many studies of physical education interventions
for children with ASD. These studies emphasize pre-assessment of programs based on individual characteristics and
needs, as well as adaptive selections and adjustments to ensure the effectiveness of the interventions. Given the
age-specific characteristics of children with ASD, sports games have demonstrated good adaptability and broad
application prospects due to their fun and engaging nature. Studies have shown that scientifically evaluated and
carefully selected sports games not only help improve the attention of children with ASD but also effectively
promote the development of their motor skills and overall functioning (Pope et al., 2019).

In addition to physical games, Hayward, Fragala-Pinkham, Johnson and Torres (2016) conducted an adaptive soccer
intervention study in a community setting. The results showed significant improvements in participants’ kicking
accuracy and agility, suggesting that motor skill-based training is feasible and effective in enhancing motor skills and
overall motor competence in children with ASD. It is also important to note that different motor environments may
significantly impact intervention outcomes (Pan, 2008). Therefore, environmental factors should be considered when
designing APA interventions.

4. PRINCIPLES AND MECHANISMS BY WHICH PHYSICAL ACTIVITY INFLUENCES
MOTOR ABILITY IN CHILDREN WITH ASD
The exact etiology of ASD is not yet fully understood. It is widely recognized that ASD is a neurodevelopmental
disorder caused by a combination of environmental and genetic factors (Genovese & Butler, 2023). The nervous
system, which regulates the body’s physiological and functional activities, includes the central nervous system (brain
and spinal cord) and the peripheral nervous system (cerebral and spinal nerves) (Sports Anatomy, 2013).
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Postural control has an important place in the development of motor abilities in children with ASD, with dynamic
and static balance of the body belonging to the essential components of motor abilities (Bhat et al., 2022), both of
which are maintained by postural control, which underpins the early development of motor abilities (gross motor and
fine motor) (Date, Munn & Frey, 2024). Postural control is realized by the central nervous system through the
complex integration of the visual, somatosensory, and vestibular systems (Latash & Hadders-Algra, 2008). Postural
control deficits in children with ASD may be related to systemic deficits in the visual, somatosensory, and vestibular
systems, deficits in nonspecific channel integration of multisensory systems, or deficits in cerebellar connectivity
(Doumas, McKenna & Murphy, 2016; Chisari, Vitkovic, Clark & Rance, 2024). When multi-system sensory
integration is limited, this can lead to deficits in information input and integration between the visual, somatosensory
and vestibular systems, such as body swaying when eyes are closed or in unstable planes (Minshew, Sung, Jones &
Furman, 2004). Existing research has identified developmental problems with postural control in children with ASD,
which are often manifested by unsteady swaying of the body during stance, uneven distribution of body weight, and
a lack of ankle adjustment strategies (Chisari et al., 2024).Developmental problems with postural control in children
with ASD affect their gross and fine motor development and lead to the development of repetitive stereotypical
behaviors, which can have a negative impact on a range of issues such as motor competence, social interaction,
communication, and participation (Date & Frey, 2024). It is important to note that the development of postural
control in children with ASD typically stagnates with age (Date & Frey, 2024), and that improvements obtained
through interventions, for example, are very slow and take a long time to show significant changes (Li & Venuti,
2021), and even then, their postural control may fail to reach the normal levels of their peers in adulthood (Li &
Venuti, 2021). levels of their peers (Minshew, Sung, Jones & Furman, 2004), a characteristic that is consistent with
the developmental profile of ASD.

5. ADAPTIVE MECHANISMS BY WHICH PHYSICAL ACTIVITY AFFECTS MOTOR

PERFORMANCE IN CHILDREN WITH ASD
For children with ASD, no research has demonstrated that there is a specific form of physical activity that is most
effective (Wu et al., 2024). Ruggeri, Dancel, Johnson and Sargent (2020) conducted a meta-analysis of 41 studies
from 2000-2019 and found that various forms of physical activity improved the motor abilities of children with ASD.
They identified adaptive mechanisms by which different forms of physical activity enhanced motor performance,
suggesting an adaptive matching mechanism between specific activities and motor improvements in children with
ASD.

Specific types of physical activity can target specific impairments in children with ASD (Rosca et al., 2022), and this
area of research has become a central focus in the field. Numerous studies confirm the effectiveness of these
programs. For example, aquatic activities and KAKA techniques have been shown to improve balance in children
with ASD (Ansari et al., 2020), dance training promotes neuromuscular coordination (Arzoglou et al., 2013), and
equestrian exercises enhance balance and gross motor skills (Stergiou, 2017)

The adaptive matching of different forms of physical activity to the symptoms of children with ASD has been
investigated at a theoretical level. Early studies have confirmed that strength training enhances excitability and
improves neural drive in the corticospinal system by affecting intracortical inhibitory networks in the primary motor
cortex and corticospinal pathways (Kidgell et al., 2017; Enoka, 1988; Hickson et al., 1994; Moritani & DeVries,
1979; Narici et al., 1989).Jensen, Marstrand and Nielsen (2005) found, through a 4-week study, that visuomotor skill
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learning increases corticospinal excitability, which affects both distal and proximal finger muscle groups, and that
because the proximal muscle groups, because they are more susceptible to corticospinal control, produce greater
changes in motor performance. The positive effects of equestrian practice on children with ASD may be related to the
rhythmic vibrations of the horse. The cyclical movements produced by horses when walking are effective in
stimulating the spinal cord, which promotes the development of the rider's locomotor and balance abilities (Ohtani et
al., 2017).

6. DISCUSSION
Children with ASD commonly have motor ability disorders involving both gross and fine motor skills, which are
evident in early childhood. The severity of these disorders is closely related to other developmental challenges. There
are extensive individual differences among children with ASD in terms of symptoms, age, and interests. Due to its
core strengths of specificity, flexibility, and individualization, APA (Adapted Physical Activity) shows great
promise for physical activity interventions for children with ASD.

A customized APA program for each child with ASD ensures they receive maximum support during their
participation, resulting in the best intervention outcomes. APA interventions not only significantly improve motor
performance but also positively impact overall functioning, including social, cognitive, and repetitive stereotypic
behaviors. However, related research is still in its infancy. Future research is needed to further determine the effects
of different forms of APA on children with ASD and to develop instructional APA programs based on systematic
theories.

Motor behavior is dependent on the coordinated control of both the central and peripheral nervous systems. For
neurodevelopmental disorders such as ASD, postural control is an important basis for the development of motor
abilities in children with ASD and is realized by the central nervous system through the complex integration of the
visual, somatosensory and vestibular systems. Physical activity improves postural control in children with ASD by
facilitating neurological function and sensory integration abilities to achieve improvements in their motor abilities
and overall function. In addition, because the development of postural control in children with ASD usually stagnates
with age and the effect of intervention is slow, improvement of motor dysfunction in children with ASD requires
long-term physical intervention and support.

Different forms of physical activity can positively affect specific categories of symptoms in children with ASD, and
there are adaptive matching mechanisms for specific physical activities to enhance motor abilities in children with
ASD. In physical activities for children with ASD, producing effective exercise stimuli by rationally designing forms
of motion can help improve the motor abilities of children with ASD. Currently, the mechanisms involved in this area
are unclear, the adaptive matching mechanism between specific physical activities and the motor abilities of children
with ASD has not been fully investigated. Future research should build on existing studies to explore the intrinsic
principles of this adaptive matching mechanism in depth, aiming to form a systematic theoretical framework.

7. CONCLUSION
In summary, Adapted Physical Activity (APA) holds significant promise for improving motor abilities and overall
functioning in children with ASD. While current research has laid a foundation, it remains in its early stages,
necessitating further exploration to fully understand the effects of various APA forms and to develop comprehensive,
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theory-based instructional programs.

Future research should focus on elucidating the principles and mechanisms associated with APA, particularly the
principles of neurological control of body posture, which could provide a clearer understanding of how to improve
these interventions. In addition, investigating the adaptive matching mechanisms between specific physical activities
and the motor abilities of children with ASD will be crucial.

By advancing our knowledge in these areas, we can develop more effective, individualized APA programs that not
only enhance motor skills but also contribute to the overall well-being of children with ASD. This holistic approach
will ensure that interventions are both scientifically grounded and practically applicable, ultimately leading to better
outcomes for this population.
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