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Introduction: The present study aimed to determine the effects of a selected group exercise on 
motor skills and cognitive function in children with Autism Spectrum Disorders (ASDs).

Methods: Forty children with ASD aged 5-12 years participated in this quasi-experimental study. 
The Bruininks–Oseretsky Test of Motor Proficiency (BOTMP), and the Wisconsin Card Sorting Test 
(WCST) were performed in 3 assessment stages of baseline, pretest, and posttest in Sports, Play, 
and Active Recreation for Kids (SPARK). The repeated-measures Analysis of Variance (ANOVA) and 
Analysis of Covariance (ANCOVA) were used for analyzing the collected data.

Results: The current research results demonstrated that the selected exercises presented positive 
effects on motor skills (P<0.05) in the studied subjects; however, they indicated no significant 
effects on their cognitive function (P>0.05).

Conclusion: According to the present study results, the SPARK’s training is effective on children with 
ASDs and severe mobility limitations; however, it presented no cognitive function improvement in 
the study participants.
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Introduction

he Centers for Disease Control and Pre-
vention (CDC) has recently estimated 
that 1 in 59 children in multiple states 
in the united states has been diagnosed 
with Autism Spectrum Disorders (ASDs) 
[1]. According to the Diagnostic and Sta-

tistical Manual of Mental Disorders, Fifth Edition, Text 
Revision (DSM-V-TR), the core characteristics of ASDs 
include impairments in language and communication 
skills, as well as the presence of restricted and repeti-
tive behaviors and interests [2]. These characteristics 
are associated with challenging and disruptive behav-
iors that prevent children with ASD from usual physi-
cal activities; therefore, they deprive them of learning 
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and acquiring normal levels of social and motor devel-
opment in addition to the main existing symptoms [3]. 
The most prominent problem of ASD is disconnection 
from the social world and finally deficits in executive 
functions. Executive dysfunction has consistently been 
reported in individuals with ASDs [3]. Executive func-
tions include a set of cognitive processes that involve 
distinct yet highly-organized components, such as cog-
nitive flexibility, inhibitory control, attention, and work-
ing memory [4]. A main executive function is cognitive 
flexibility, i.e., related to switching attention between 
tasks, initiating new actions, and impulse control [5]; 
eventually, the regulations of thought and action [6]. 
Pan stated that exercise training could improve cogni-
tive flexibility in children with ASDs [7].

In addition to cognitive dysfunction, motor actions 
seemed to be intact in children with ASDs; motor diffi-
culties are among the other major problems of these 
children. Ozonoff et al. reported some special features 
in the gait pattern of children with ASDs, including 
shorter stride length, more flexed knees, abnormal up-
per trunk movements, and limited range of motion in 
elbows during gait [8]. Moreover, studies administered 
daily video and motion analysis of children with ASDs 
reported abnormal movements and delayed starting 
their motor actions [8, 9]. Interestingly, these abnor-
mal movements have been reported to be associated 
with poor cognition functions [8, 9]. Moreover, the lack 
of bilateral coordination between hands and legs, bal-
ance problems, as well as delayed performance levels 
are other essential examples of motor difficulties in 
children with ASDs [10-12]. To explain the possible 
underlying mechanisms, Minshew et al. argued that 
maintaining and controlling an upright posture results 
from the integration and coherence of sensory inputs 
[13]. Children with ASDs experience deficits in central 
coherence and sensory integration; therefore, they en-
counter difficulties in maintaining and controlling an up-
right posture as well as motor coordination [13]. More-
over, Fournier et al. suggested that poor coordination 
observed in children with ASD is due to poor sensory 
integration of visual inputs [12]. Fundamental motor ac-
tions, such as locomotion, stabilization, and “give and 
take” exercises are associated with several sensory in-
puts or sensory stimulation [9, 14]. Subsequently, they 
may play an important role in improving and enhancing 
balance and motor ability. Motor dysfunction, as well 
as impaired cognitive flexibility, could lead to numerous 
physical and cognitive limitations for children; especially 
accomplishments in school and office and preventing 
inappropriate behaviors. In addition to restricting physi-

cal activities and learning new motor skills, poor motor 
abilities in the long term could considerably affect the 
development of cognitive components. Thus, providing 
opportunities for children with ASD to engage in physi-
cal activity programs as well as improving their motor 
challenges seems necessary and effective. The current 
study aimed to survey the effects of the Sports, Play, 
and Active Recreation for Kids (SPARK) program on the 
motor and cognitive functions in children with ASDs. 
SPARK was planned by a multidisciplinary group to de-
velop physical activity in schools [11]. Besides, it is con-
sidered simple, regular, and predictable play for children 
with ASDs. This exercise program can be useful for ac-
tivities related to health-fitness and skill-fitness [3]. The 
main purpose of the present study was to investigate 
whether this exercise could improve motor skills (fine 
& gross motor skills) and cognitive flexibility in children 
with ASDs.

Materials and Methods

We assigned a convenience sample of 40 children with 
ASDs aged 5-12 years to this study from psychological 
clinics in Tehran and Qom Cities, Iran. The inclusion 
criteria for the participants were as follows: the study 
participants were supposed to be inspired enough to 
participate and tolerate a 45-minute exercise program 
and follow instructions and commands necessary for 
acceptable performance. The exclusion criteria were 
having medical contraindication (e.g. orthopedic or 
any acute conditions) to participate in the exercise pro-
grams. They were also excluded if they had a recent (<4 
weeks) administration of any psychotropic medication. 
Patients and their families provided a written informed 
consent concerning the process and aim of the study 
prior to entering the study. The study protocol was ap-
proved by the Institutional Review Board at the Univer-
sity of Tehran and it was compliant with the Declaration 
of Helsinki. 

The following measures were employed in the present 
research: Bruininks-Oseretsky test of motor proficiency 
(BOTMP): Bruininks provided the test using revising Os-
eretsky’s motor skills test in 1978. BOTMP test is a valid 
instrument, including 8 subscales (53 separated parts) 
to assess motor functions, such as motor skills or fine 
and gross motor disorders in individuals aged 4-20 years 
[15]. The abbreviated form of the test consists of 8 sub-
scales, including 14 separated parts [16]. Four of the 8 
subscales assess gross motor skills, 3 subscales assess 
fine motor skills, and the remaining one subscale evalu-
ates gross and fine motor skills. The test-retest reliability 
of the BOTMP test has been reported as 87% [14]. 
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For assessing executive function, we used the comput-
er version of the Wisconsin Card Sorting Test (WCST) [7]. 
The WCST includes 4 stimulus cards and 128 response 
cards. One red triangle, 2 green stars, 3 yellow crosses, 
or 4 blue circles are demonstrated in the stimulus cards. 
The 128 response cards contain pictures combining dif-
ferent shapes (triangles, stars, crosses, & circles), colors 
(red, blue, yellow, & green), and numbers (1, 2, 3, or 4). 
The cards are presented on a screen in the computer 
version of the WCST. The participant has to choose an 
answer card for matching with one of the 4 key cards 
based on its potential characteristics with 4 cards. 

The SPARK program involves 24 sessions (three 45-
min sessions per week) at an indoor gym. Four trained 
coaches with 2-year experience and an expert psycholo-
gist managed sessions based on 10-min warm-up activi-
ties, 25-min basic exercise, and finally 10-min cool-down 
activities. The SPARK discipline is based on National 
Association for Sport and Physical Education (NASPE) 
guidelines. A standard SPARK program has two parts; a 
health-fitness activity and a skill-fitness activity. Aerobic 
dance, running games, and jump ropes are related to 
health-fitness activities, such as cardiovascular endur-
ance exercise and abdominal and upper body strength. 
The soccer, basketball, Frisbee games, football, and kick-
ball that have the improving potential are examples of 
skill-fitness activities.

Children who met the eligibility criteria for the study 
enrollment entered the study. Following the initial as-
sessment, the research participants were randomly sep-
arated into two groups of treatment and control (n=20/
group). The treatment group received SPARK programs 
three times per week for two months (24 sessions), in-
cluding stability and locomotion exercises. Each session 
which started at 9 AM before lunchtime, lasted 30-45 
minutes; the first and last 10 minutes of each session 
belonged to warm-up and cool-down states. The waitlist 
control group served the purpose of providing untreat-
ed participants and received their routine programs, ex-
cept for the SPARK program. All study participants were 
assessed by the BOTMP test and WCST in three sessions 
(basic, before the start point, & 2-7 days after the final 
session) by the same examiners.

We used SPSS for analyzing the collected data. Shap-
iro–Wilk test was used for examining the normality of 
the obtained data. To determine the influence of the in-
tervention on test performance across the study groups, 
repeated-measures Analysis of Variance (ANOVA) and 
Analysis of Covariance (ANCOVA) were applied. The sig-
nificance level was considered statistically P<0.05. 

Results

A total of 40 children with ASDs aged 5-12 years were 
assigned to the study. The treatment and control groups 
consisted of 20 participants each. Table 1 presents the 
descriptive data of the study participants. Table 2 indi-
cates the mean scores of the BOTMP test at the base-
line, pre-, and post-treatment in the research groups. 
The BOTMP test data indicated that in the total value 
of the motor skill subscale, there was a significant dif-
ference between the treatment and control groups 
in the discrepancy of the pretest, and posttest scores 
(F=57.42, P=0.001). There were also significant differ-
ences in the fine motor skill (F=32.80, P=0.001), man-
ual coordination (F=28.91, P=0.009), body coordina-
tion (F=43.28, P=0.005), as well as strength and agility 
(F=32.89P=0.001) subscales between the study groups. 
Moreover, as per Table 2, data analysis respecting cogni-
tive flexibility measures indicated no significant differ-
ences in the total correct subscale (F=19.84, P=0.53), 
perseverative responses (F=14.21, P=0.024), persevera-
tive errors (F=19.98, P=0.08), non-perseverative errors 
(F=19.45, P=0.34), conceptual-level response (F=21.47, 
P=0.07), and categories completed (F=5.59, P=0.06) be-
tween the treatment and control groups in the baseline, 
pre-test, and post-test scores. 

Discussion

Our findings indicated that the motor skills of children 
with ASDs were affected by the SPARK. Children with 
ASDs encounter problems with fine and gross motor 
skills [17]. The current study results indicated that the 
SPARK has the potential to improve both types of motor 
skills in children and adolescents with ASDs. Moreover, 
our results were consistent with those of Yilmaz suggest-
ing that 10-week swimming and aqua exercises could 
improve motor skills among 9-year-old children with 
ASDs [9]. The ability to control and maintain balance 
and perform exercise is a crucial element to successfully 
execute almost all daily physical activities. Researchers 
have highlighted the role of the complex interaction 
among skeletal, muscular, and nervous systems in con-
trolling and maintaining the body for conducting exer-
cises. Scholars have indicated that the importance of 
each system in controlling balance depends on the spa-
tial situation as well as the purpose of the activity [18, 
19]. In this model, the central nervous system makes use 
of proprioception, vestibular, and visual systems to be 
informed of the body’s Center of Gravity (COG) relative 
to the body’s Base of Support (BOS) through processing 
an appropriate response [20]. Furthermore, there also 
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Table 2. The Mean±SD values of the BOTMP test and the WCST at the baseline, pretest, and posttest in the study groups

Variables Group
Mean±SD

F P 
Baseline Pre-test Post-test

Fine motor skills
Treatment 45.00±11.64 45.18±17.43 50.55±12.60

32.80 0.001
Control 45.36±11.94 44.91±16.89 45.64±17.70

Manual coordination
Treatment 47.27±10.56 48.00±11.83 55.00±11.23

28.91 0.009
Control 44.64±10.48 43.09±11.32 47.00±11.40

Body coordination
Treatment 41.91±9.62 42.91±10.63 58.73±10.98

43.28 0.005
Control 47.91±9.42 48.00±8.75 45.73±10.58

Strength and agility
Treatment 67.36±5.99 69.64±9.71 73±9.47

32.89 0.001
Control 65.36±11.75 66.00±9.71 66.27±8.33

Total motor composite
Treatment 49.73±8.39 60.09±10.11 63.64±10.95

57.42 0.001
control 48.48±8.51 49.82±5.86 61.55±8.61

WCST

Total correct
Treatment 72.64±10.51 81.73±9.37 79.73±8.97

19.84 0.53
Control 71.00±7.17 72.09±6.12 75.00±5.42

Perseverative 
responses

Treatment 26.00±15.50 15.36±12.58 16.64±12.81
14.21 0.24

control 18.55±9.26 16.27±8.44 12.82±9.50

Perseverative 
errors

Treatment 22.36±17.81 17.18±11.73 11.91±11.55
19.98 0.08

control 16.82±10.31 12.63±10.28 8.00±9.77

Non-perseverative 
errors

Treatment 14.64±8.95 12.45±8.63 8.18±7.55
19.45 0.34

control 15.36±7.55 17.27±14.95 6.00±3.61

Conceptual-level 
response

Treatment 56.36±23.19 66.55±10.42 62.27±15.02
21.47 0.07

control 55.45±9.83 54.00± 11.48 74.09±7.42

Categories com-
pleted

Treatment 5.09±2.26 4.18±1.60 3.91±2.02
5.59 0.06

control 4.55±1.04 6.41±1.26 6.00±0.00

Table 1. Descriptive data of the study participants in both research groups

Mean±SD
No. Group

Height (cm) Weight (kg) Age (y)

120±1.0722.83±6.58.08±2.0620Treatment 

122±1.532.07±8.077.14±2.2320Control 
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exist some other investigations, revealing that individu-
als who regularly perform physical activities or sports 
for a specific time indicated stronger ability for control-
ling the total body. For example, studies reported that 
walking regularly on an even surface-enhanced dynamic 
balance [21].

Besides, the current study results suggested that the 
SPARK also positively affected manual coordination, 
strength, and agility. This finding was consistent with 
Hodg’s study [22]. However, the current outcome failed 
to support a previous finding demonstrating that coor-
dination is strongly associated with the speed and preci-
sion of the action as well as fine and gross motor skills; 
generally, it results from a complicated motor ability. It 
is assumed that exercise has inadequate potential to 
make a significant change in improving coordination. 
Accordingly, McCleery et al. suggested that children 
with ASDs have poor cognitive and motor ability; there-
fore, this condition undoubtedly affects learning in this 
population. They also explained that the type of physi-
cal activity and exercise used also impact the acquisition 
of coordination following physical exercises [23, 24].

Unexpectedly, our findings revealed no change in 
executive function among the explored children with 
ASDs following the SPARK. This outcome was inconsis-
tent with several previous findings; they indicated that 
physical exercises improved the cognitive flexibility of 
individuals with ASDs [25]. The authors had explained 
that increased cognitive function following a physical 
exercise is possibly due to tiredness, adequate motiva-
tion for motor actions, and the similarity between cog-
nitive function and physical exercises. However, in the 
current study, fatigue could not influence stereotypical 
behaviors. This is because the posttest had been per-
formed a week after the final session. Moreover, the 
SPARK exercises used in our study were not similar to 
cognitive flexibility behaviors in individuals with ASDs. 

Courchesne et al. investigated the postmortem cer-
ebellum of individuals with ASDs, aged 6-30 years [26]. 
The authors reported that in 95% of the samples, the 
cerebellum had no normal anatomical structure. Such 
studies indicated several deficits in the cerebellum of 
individuals with ASDs, including the lack of purkinje and 
granular neurons and deficits in the posterior hemi-
sphere as well as vermis development [12]. Moreover, 
the vital role of the cerebellum in controlling motor ac-
tions, such as a fine and gross motor is well-evidenced 
and supported. Cerebellum serves as a bidirectional 
pathway between visual, auditory, and somatosensory 
cortices [12]. Levisohn et al. reported that the symp-

toms and behavioral features of ASDs, including bal-
ance disorders, repetitive behaviors, and social isolation 
were observed [27]. Furthermore, Schmahmann et al. 
claimed that the main symptoms of the cerebellar cog-
nitive-affective syndrome are balance disorders, prob-
lems in cognitive functions, problems in visuospatial 
memory, as well as behavioral challenges, including mal-
adaptive social behaviors and communicating skills [28]. 
Qiu et al. also proposed that motor and social deficits 
are associated with the atypical structure of basal gan-
glia [29]. Therefore, a possible explanation for our find-
ings is that the stability and locomotion exercises of the 
SPARK, as activities requiring learning skills, motor con-
trol, and social engagement, positively influence corti-
cal, subcortical, and cerebellar functions. In the current 
study and other investigations, no direct measurement 
was considered for cerebellar function; however, the re-
sults of these studies support our interpretation. Thus, 
it is logical to attribute the prominent improvement of 
the social interaction of our participants to the improve-
ment of cerebellar function following the SPARK. 

However, there were some limitations in the current 
study that might limit the generalizability of the find-
ings. First, the number of studied females was limited. 
Second, regarding the behavioral context of the inter-
vention, it was impossible to ensure the blinding of the 
study participants. Finally, there were different motiva-
tion levels in our participants with ASDs and there was 
a variety in the extent to which they engaged in physical 
activities. 

Conclusion

Generally, the selective SPARK exercises have the po-
tential to enhance motor ability in children with ASDs. 
The SPARK could positively influence major motor 
limitations and challenge cognitive skills. Furthermore, 
these exercises are supposed to be conducted regularly 
to be effective in the long term. 
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