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to inflexibility and discomfort with change (Munakata et 
al., 2011). Early targeted interventions are essential for 
long-term outcomes (Corsello, 2005). 

No core pharmacological treatments exist for ASD; 
medications address associated symptoms (e.g., irritability, 
attention deficit hyperactivity disorder), complementing 
behavioral and educational strategies (Lin et al., 2024). 
Physical activity interventions improve motor skills, social 
behaviors, and reduce stereotypies (Ruggeri et al., 2020), 
while fitness deficits increase obesity risk in ASD (Healy & 
Marchand, 2020). Motor difficulties warrant consideration 
in diagnostic criteria (Licari et al., 2020). The current study 
examines the integration of SPARK exercises with pivotal 
response treatment (PRT) as the independent variable to 
enhance physical activity and responsive learning in chil-
dren with high-functioning ASD. SPARK, developed by 
a cross-disciplinary team for school-based physical activity 
promotion (Dowda et al., 2005), offers simple, reliable, 
everyday play suitable for children with autism (Najafabadi 
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Abstract
Background: Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by impairments in social communica-
tion and interaction, repetitive behaviors, and strong genetic associations. Objective: This study examines the impact of SPARK exer-
cises combined with pivotal response treatment (PRT) on enhancing executive function and balance in children with high-functioning 
ASD, who are faced with challenges in communication, cognition, and motor skills. Methods: A total of 24 boys aged 7–10 years with 
high-functioning ASD were randomly divided into two groups of 12. The experimental group participated in 18 sessions of SPARK 
exercises using child-led, interest-based PRT over a period of six weeks (3 sessions/week, 45 min/session), while the control group 
was provided with SPARK exercises with instructor training under the same schedule. Static balance was measured by the stork test, 
modified dynamic balance by the heel-to-toe walk test, cognitive flexibility by the Wisconsin Card Sorting Test, and working memory 
by the n-back test. Pretest, posttest, and 2-month follow-up tests were conducted. Results: Cognitive flexibility revealed a statistically 
significant improvement for the experimental group (p = .026, ηp

2 = .15), which was maintained at follow-up two months later. The 
group × time interaction for static balance, dynamic balance, and working memory were not significant for the pretest, posttest, or 
follow-up (all ps > .05). Conclusions: The effectiveness of the PRT intervention, when used in conjunction with SPARK-based activities, 
was substantial for the improvement of cognitive flexibility for children with high-functioning ASD. Such improvements could explain 
the enhanced behavioral adaptability of this group. However, the effectiveness of the intervention was limited for balance and work-
ing memory, suggesting specific rather than general benefits. Further studies with larger and more diverse samples are needed to 
increase external validity, replicate these findings, and improve the intervention protocol.
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Introduction
Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder characterized by impairments in social commu-
nication and interaction, repetitive behaviors, and strong 
genetic associations (Baio et al., 2018). It affects approxi-
mately one in every thirty-six children, with boys 3.8 
times more likely to be diagnosed than girls (Maenner et 
al., 2023). The core symptoms emerge in early childhood 
and disrupt daily functioning (American Psychiatric Asso-
ciation, 2013). In addition to social and communicative 
challenges, ASD often involves motor impairments (e.g., 
balance deficits) and executive function (McDaniel et al., 
2020) difficulties, leading to problems in adaptive behav-
ior, academics, and social participation (Lord et al., 2018). 
Motor skill dysfunction persists in 50–85% of high-func-
tioning ASD (Alschuler et al., 2009), increasing injury risk 
(Lim et al., 2017; Travers et al., 2018). Executive function 
deficits primarily affect planning, working memory, and 
cognitive flexibility (Demetriou et al., 2019), contributing 
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et al., 2018). Tailoring activities to children’s interests 
supports enriching, developmentally relevant experiences 
(Voigt et al., 2011). PRT, a Naturalistic Developmen-
tal Behavioral Intervention, targets pivotal areas such as 
motivation, multi-cue responsiveness, self-management, 
and social initiation rather than isolated behaviors (L. K. 
Koegel et al., 2016). Key PRT procedures include follow-
ing child interests, gaining attention, using clear prompts, 
providing immediate contingent reinforcement, and alter-
nating maintenance and novel tasks, with parent training 
promoting generalization across settings (R. L. Koegel & 
Koegel, 2006). Empirical evidence shows SPARK improves 
balance, bilateral coordination, and social interaction in 
autistic children through structured, game-like activities 
(Najafabadi et al., 2018). PRT yields consistent gains in 
language and communication, with variable improvements 
in other domains, confirming its evidence-based status and 
potential synergy with movement-based programs (Hardan 
et al., 2015; McDaniel et al., 2020). 

Current literature demonstrates that physical activ-
ity programs like SPARK enhance motor skills and social 
behaviors in high-functioning ASD (Najafabadi et al., 
2018; Pan et al., 2017), while PRT facilitates skill acqui-
sition across contexts (Vismara & Lyons, 2007). A study 
combining aquatic exercises with PRT reported improve-
ments in motor skills and executive function in high-
functioning ASD, though long-term sustainability was 
not explored (Faraji et al., 2023). Despite robust separate 
evidence for SPARK and PRT, few studies investigate their 
combined effects on balance and executive functions in 
high-functioning ASD, particularly with follow-up assess-
ments to evaluate sustainability. SPARK primarily targets 
motor development and may indirectly benefit balance and 
executive functions through physical activity (Healy et al., 
2018), whereas PRT emphasizes social and communica-
tion skills (Mohammadzaheri et al., 2014). The synergistic 
impact of this integration remains under-researched, repre-
senting a key gap in the literature.

The aim of this study is to evaluate an integrative inter-
vention combining SPARK exercises with child-directed 
PRT to improve balance and executive function in children 
with high-functioning ASD – an area that remains quanti-
tatively under-investigated.

Methods
Participants
The study included 24 boys aged 7–10 years (mean age 
8.5 ± 1.2 years) diagnosed with high-functioning ASD, 
recruited from a specialized autism school in Tehran, 
Iran. Inclusion criteria were operationalized as follows: 
confirmed ASD diagnosis via the Gilliam Autism Rating 

Scale-Third Edition (GARS-3) with Autism Index scores of 
70–85 (indicating high-functioning status, IQ > 70 from 
school records); no co-occurring neurological or physical 
disorders precluding physical activity; ability to follow basic 
instructions; and parental consent (Yazdani et al., 2020). 
Exclusion criteria included recent participation in struc-
tured physical or behavioral interventions (past 3 months), 
severe sensory processing issues interfering with testing 
(parent report), or use of medications affecting motor/cog-
nitive function (unless stable > 6 months).

Participants were randomly assigned to experimental 
(n = 12) or control (n = 12) groups using simple random-
ization via computer-generated random numbers. Alloca-
tion concealment was achieved through sequentially num-
bered, opaque sealed envelopes prepared by an independent 
assistant. Groups were matched on age and ASD severity. 
Demographic characteristics are presented in Table 1. The 
study was approved by the University of Tehran Ethics 
Committee (IR.UT.SPORT.REC.1404.099), and written 
informed consent was obtained from parents or guardians. 

Measures
Standardized tests of balance and executive functions were 
selected for their established reliability and validity in chil-
dren with autism, particularly in Iranian contexts where 
applicable. The assessor was trained for about 3 months 
in all assessments and had specialized expertise in working 
with children diagnosed with ASD. For screening, the Gil-
liam Autism Rating Scale-Third Edition (GARS-3; Gilliam, 
2014) was used to assess ASD likelihood across six subscales 
(Restricted/Repetitive Behaviors, Social Interaction, Social 
Communication, Emotional Responses, Cognitive Style, 
Maladaptive Speech) based on behavior frequency. It dem-
onstrates high validity, reliability, and sensitivity (r = .89 
in Iranian samples), see Minaei and Nazeri (2018). In this 
study, static balance was measured using the Modified Stork 
test in which participants stood on one leg, keeping the 
other leg bent at the ankle and arms placed at their sides, 
while the duration of maintaining balance without falling 
was recorded. The best performance of the two trials per 
leg was used for analysis. The test demonstrates a validity 
ranging from 64% to 79%, and a reliability between 93% 
and 99% (Lahtinen et al., 2007).

Dynamic balance was assessed with the heel-to-toe 
test, where participants walked 15 steps along a straight 
line. The best score of the two attempts was considered. 
The test has been shown to have a validity of 91% and a 
reliability coefficient of .94 in ASD populations (Pan et 
al., 2017). Cognitive flexibility was evaluated using the 
Wisconsin Card Sorting Test (WCST), with the primary 
indicator being the number of correct answers and second-
ary measures including perseverative errors and completed 

Table 1 Demographic characteristics (mean ± SD) of participants

Variable Experimental group Control group p

Body height (cm) 149 ± 12.80 143 ± 11.70 .233
Body mass (kg) 46.00 ± 10.15 49.33 ± 12.47 .611
Body mass index (kg/m²) 22.44 ± 2.19 22.05 ± 1.83 .403
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categories. The WCST assesses the ability to shift cognitive 
sets, particularly relevant for high-functioning ASD, and 
has a reported validity of over 86% for assessing cogni-
tive impairments (Lezak et al., 2004). Working memory 
was measured using a computer-based n-back task in 
which participants were asked to identify whether the 
current stimulus matched one presented previously. Task 
performance was calculated as the percentage of accurate 
responses for matching stimuli (visual/auditory). This 
measure has demonstrated high reliability (r =  .91) in Ira-
nian samples (Taghizade et al., 2014).

Intervention
Participants were randomly assigned to experimental 
(SPARK + PRT) or control (SPARK alone) conditions. 
Height and weight were measured at baseline with stan-
dardized equipment. Data were collected in three phases: 
(1) pretest (baseline), (2) posttest (2 days after the final 
intervention session), and (Dowda et al., 2005) follow-up 
(2 months post-intervention). All sessions and assessments 
occurred in the school’s naturalistic playroom, equipped 
with toys (e.g., ball pits, sand pits) to support a child-cen-
tered approach.

The intervention consisted of 18 sessions over 6 weeks 
(3 sessions/week, 45 min each). Each session followed a 
structured format: 10-min warm-up (e.g., light stretching, 
marching in place, arm circles); 25-min main activities; and 
10-min cool-down (e.g., relaxation breathing, group review 
of achievements). Concrete examples of SPARK activi-
ties included ball-tossing games, jumping jacks, obstacle 
courses with cones, and balance drills (e.g., standing on one 
foot while catching/throwing a ball). For the experimental 
group, key PRT components were integrated: 

Children were afforded opportunities to select their 
preferred equipment, game rules, and activities. This 
autonomy-promoting approach fostered greater perceived 
autonomy and intrinsic motivation. Activities were indi-
vidualized and carefully aligned with each child’s persevera-
tive interests, thereby enhancing intrinsic motivation and 
active participation. Contingent and immediate reinforce-
ment was delivered following appropriate responses or 
sincere attempts, which served to encourage participation 
and further strengthen intrinsic motivation. The interven-
tionist delivered contingent attention, followed the child’s 
lead in activities, and provided positive reinforcement for 
high-quality attempts, including partial or approximate 
successes. This approach enhanced intrinsic motivation and 
helped reduce performance-related anxiety in the children 
(Chiva-Bartoll et al., 2021; Najafabadi et al., 2018).

The control group received identical SPARK activities 
delivered via traditional instructor-led training without 
PRT elements (Chiva-Bartoll et al., 2021; Najafabadi et 
al., 2018). Interventions were delivered by certified physi-
cal education instructors with specialized training in ASD 
interventions, including a PRT certification workshop 
and prior experience in adapted physical activity. All 
intervention sessions were directly supervised by a senior, 
highly experienced research team member with extensive 

specialized expertise in working with children diagnosed 
with ASD.

Statistical analysis
Sample size was determined a priori using G*Power soft-
ware based on an expected large effect size (Cohen’s d ≈ 
1.2 for balance outcomes, which provided the minimum 
required sample for conservative powering). This estimate 
was derived from a recent meta-analysis showing standard-
ized mean difference (SMD) = 1.19 (95% confidence 
interval [0.79, 1.58]) for balance improvement in exercise 
interventions lasting > 8 weeks in children with ASD (Li & 
Zhang, 2025). For the primary outcome (cognitive flexibil-
ity), expected effect sizes from related meta-analyses range 
from medium (g ≈ 0.3–0.5; Hou et al., 2024; Liang et al., 
2022) to large in combined interventions; thus, the calcu-
lated sample (n = 12 per group, total 24) ensured adequate 
power (>.80) for large effects across domains. With α = .05 
and a repeated-measures design, this total sample was 
required. Although this provides adequate power to detect 
large effects, the study may have limited power to detect 
smaller effects; this is acknowledged as a limitation.

All statistical analyses were carried out using IBM SPSS 
Statistics (Version 27; IBM). Cognitive flexibility (number 
of correct answers on the WCST, with perseverative errors 
and completed categories as secondary measures) was pre-
determined as the primary outcome measure because it 
is considered particularly sensitive to the child-centered, 
motivational, and naturalistic components of PRT. Static 
balance (Stork test), dynamic balance (heel-to-toe walking 
test), and working memory (n-back accuracy) were prede-
termined as secondary outcome measures.

Data were tested for normality (Shapiro-Wilk) and 
homogeneity of variances (Levene’s). These tests showed 
normal data distribution and homogeneity of variances 
for all variables. The primary approach was a 2 (group: 
experimental vs. control) × 3 (time: pretest, post-
test, follow-up) repeated-measures analysis of variance 
(ANOVA), chosen because it accounts for within-subject 
correlations, providing greater power than separate tests – 
especially advantageous with modest sample sizes (n = 12 
per group). Mauchly’s test assessed sphericity; violations 
prompted Greenhouse-Geisser correction. Partial eta 
squared (ηp

2) reported effect sizes. Significant group × time 
interactions or time main effects were followed by Bonfer-
roni-corrected post-hoc pairwise comparisons to control 
family-wise error rate for multiple comparisons. All tests 
two-tailed, α =  .05.

Results
Twenty-four participants completed the study with no 
dropouts (flow diagram in Figure 1). Demographic charac-
teristics showed no significant between-group differences at 
baseline (Table 1). 

For static and dynamic balance (Table 2), repeated-
measures ANOVA indicated no significant group × time 
interactions or main effects of group (all ps > .05, ηp

2s rang-
ing from .03 to .17). For the primary outcome – cognitive 
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Figure 1 Flow diagram of the study

flexibility (number of correct answers on WCST) – repeated-
measures ANOVA (Table 2) revealed a significant main 
effect of time (F(2, 44) = 5.97, p = .005, ηp

2 = .21) and 
a significant group × time interaction (F(2, 44) = 3.99, 
p = .026, ηp

2 = .15). The interaction effect size (ηp
2 = .15) 

is large, indicating that 15% of the variance in cognitive 
flexibility improvements over time is attributable to the 
intervention. Post-hoc Bonferroni comparisons (Table 3) 
indicated significant improvements from pretest to post-
test (p = .031) and pretest to follow-up (p = .024) in the 

experimental group, with no significant change from post-
test to follow-up (p = .648). The control group showed no 
significant changes over time. 

Secondary outcomes for perseverative errors and 
completed categories on WCST showed significant time 
effects (errors: F(2, 44) = 6.39, p = .004; categories: 
F(2, 44) = 4.17, p = .022), but non-significant group 
effects (errors: p = .136; categories: p = .315). The time 
effects for errors (ηp

2 = .22) and completed categories 
(ηp

2 = .15) represent moderate effect sizes, reflecting 
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improvements in both groups over time regardless of inter-
vention. Detailed post-hoc results are in Table 3.

Working memory showed significant time 
(F(2, 44) = 10.92, p < .001, ηp

2 = .33) and group 
(F(1, 22) = 7.74, p = .011, ηp

2 = .26) effects, but no 
group × time interaction beyond baseline differences (Table 2). 

The time effect size (ηp
2 = .33) was large, indicating substantial 

improvements in working memory performance across both 
groups over time. 

Overall, the integrative SPARK + PRT intervention 
produced significant and sustained improvements in the 
primary outcome (cognitive flexibility), while secondary 

Table 2 Means, standard deviations, and ANOVA results for study variables

Variable Experimental group Control group ANOVA

M SD M SD Effect F ratio df p ηp
2

Static balance
Pretest 5.00 1.69 7.00 1.66 T 11.90 2, 44 .001 .35
Posttest 17.70 6.99 10.58 6.32 G 0.72 1, 22 .404 .03
Follow-up 16.58 5.73 11.08 1.47 G × T 2.94 2, 44 .063 .11

Dynamic balance 
Pretest 20.42 5.48 20.00 8.72 T 7.85 2, 44 .001 .26
Posttest 23.75 4.73 23.58 5.21 G 0.39 1, 22 .530 .17
Follow-up 25.67 4.12 22.50 5.11 G × T 1.20 2, 44 .310 .05

Cognitive flexibility 
Pretest 21.33 7.39 22.17 5.25 T 5.97 2, 44 .005 .21
Posttest 29.33 8.46 24.50 9.40 G 3.71 1, 22 .067 .14
Follow-up 33.59 9.73 23.08 9.09 G × T 3.99 2, 44 .026 .15

Error response in cognitive flexibility
Pretest 38.67 7.39 37.83 0.25 T 6.39 2, 44 .004 .22
Posttest 30.67 8.46 34.93 10.65 G 2.13 1, 22 .136 .09
Follow-up 25.67 10.65 35.50 12.11 G × T 2.92 2, 44 .064 .11

Completed categories in cognitive flexibility
Pretest 1.25 0.97 1.58 0.79 T 4.17 2, 44 .022 .15
Posttest 2.33 1.23 2.00 1.86 G 1.05 1, 22 .315 .04
Follow-up 3.08 1.83 1.75 1.76 G × T 2.71 2, 44 .078 .11

Working memory 
Pretest 53.43 15.39 40.25 8.97 T 10.92 2, 44 < .001 .33
Posttest 65.25 13.14 54.50 13.34 G 7.74 1, 22 .011 .26
Follow-up 75.00 22.49 62.58 23.91 G × T 0.03 2, 44 .966 .00

Note. ANOVA = analysis of variance; T = time; G = group.

Table 3 Bonferroni post-hoc tests results for the experimental group

Variable Mean difference SE 95% confidence interval p

Static balance
Pretest vs. Posttest –7.87 2.13 [–13.40, –2.35] .004
Pretest vs. Follow-up –7.83 2.14 [–13.38, –2.29] .004
Posttest vs. Follow-up 0.04 1.42 [–3.63, 3.71] > .99

Dynamic balance
Pretest vs. Posttest –3.46 1.15 [–6.45, –0.47] .020
Pretest vs. Follow-up –3.88 1.21 [–7.00, –0.75] .012
Posttest vs. Follow-up –0.42 0.82 [–2.54, 1.70] > .99

Cognitive flexibility 
Pretest vs. Posttest –8.00 2.99 [–16.44, 0.44] .031
Pretest vs. Follow-up –12.25 4.06 [–23.69, –0.81] .024
Posttest vs. Follow-up –4.35 2.77 [–12.07, 3.57] .648

Error responses in cognitive flexibility
Pretest vs. Posttest 5.46 1.93 [0.46,10.46] .029
Pretest vs. Follow-up 7.67 2.63 [0.86,14.47] .024
Posttest vs. Follow-up 2.21 1.99 [–2.96, 7.38] .841

Completed categories in cognitive flexibility
Pretest vs. Posttest –0.75 0.33 [–1.42, –0.08] .031
Pretest vs. Follow-up –1.00 0.41 [–1.85, –0.15] .024
Posttest vs. Follow-up –0.25 0.34 [–0.95, 0.45] .468

Working memory 
Pretest vs. Posttest –11.83 10.35 [–26.93, 3.27] .014
Pretest vs. Follow-up –21.58 9.84  [–46.54, 3.34] .049
Posttest vs. Follow-up –9.75 6.70  [–28.67, 9.17] .522
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outcomes (balance and working memory) showed improve-
ments over time in both groups without differential inter-
vention effects.

Discussion
The study demonstrated significant and sustained 
improvements in cognitive flexibility (primary outcome) 
in the experimental group, which was maintained at the 
2-month follow-up. These behavioral changes provide 
direct empirical support for the motivational and natural-
istic mechanisms of PRT, which appear to enhance adap-
tive cognitive processes in high-functioning ASD. The 
findings align closely with Diamond’s executive function 
framework (2013), which positions cognitive flexibility as 
a core higher-order process enabling goal-directed behav-
ior, inhibitory control, and set-shifting in novel contexts. 
Similarly, they are consistent with Cognitive Complex-
ity and Control Theory (Zelazo & Müller, 2011), which 
emphasizes hierarchical prefrontal-mediated control over 
thought and action, particularly in response to changing 
demands. By embedding PRT’s child-centered elements 
(choice, motivation, contingent reinforcement) within 
structured SPARK activities, the intervention likely facili-
tated neuroplastic changes at the functional level, support-
ing experience-dependent restructuring of neural pathways 
in ASD (Dawson & Bernier, 2013). However, without 
neuroimaging, these interpretations remain at the behav-
ioral level and do not extend to direct claims of structural 
brain changes.

This pattern of improvement shows clear similari-
ties with prior research on combined interventions. For 
example, Faraji et al. (2023) reported enhanced executive 
function when combining aquatic exercises with PRT in 
high-functioning ASD, although long-term sustainability 
was not assessed. Likewise, network meta-analyses indi-
cate that multi-component physical activities (including 
SPARK-like programs) produce moderate to large effects 
on cognitive flexibility (SMD ≈ 0.79–0.94; Hou et al., 
2024), which parallels the sustained gains observed here. 
The addition of PRT’s naturalistic and motivational com-
ponents may explain the domain-specific advantage over 
standalone SPARK studies, which often show variable 
or smaller cognitive effects in children (Najafabadi et al., 
2018). In contrast, broader executive improvements have 
been reported with exergaming or mind-body exercises 
(e.g., SMD = 0.92–1.91 for overall executive function 
(Tao et al., 2025), suggesting that the child-led nature of 
PRT may be particularly effective for flexibility but less so 
for other executive function subdomains.
 Although significant main effects of time and group were 
observed for working memory (p < .001 and p = .011, 
respectively), the non-significant group × time interaction 
(p = .966) suggests that these overall effects do not indicate 
a specific intervention benefit. It should also be noted that 
the significant time effects observed across both groups may 
reflect practice effects or natural maturation, which were 
not controlled for in this design. This pattern is consistent 
with several lines of evidence. Network meta-analyses show 

that SPARK or similar fixed-exercise programs frequently 
fail to yield robust working memory gains, often due to 
insufficient targeting of visuospatial or verbal components 
and short intervention durations (Hou et al., 2024; Liang 
et al., 2022). Similar null results have been reported in 
reviews where exercise protocols ≤8 weeks limit cognitive 
consolidation (Li & Zhang, 2025), which aligns with our 
6-week timeline. Positive effects on working memory are 
more commonly seen with martial arts, Neiyang Gong, or 
rhythmic/sensory-integrated exercises (Heidari et al., 2024; 
Hou et al., 2024), which involve greater repetition and 
memory-specific demands. The lack of effect in the present 
study may be attributed to several factors: individual vari-
ability in ASD cognitive profiles, co-occurring conditions 
such as attention deficit hyperactivity disorder that moder-
ate outcomes (Rabiee et al., 2020; Schuh & Eigsti, 2012), 
the n-back task’s limited sensitivity to subtle naturalistic 
changes, and PRT’s primary focus on motivation and flex-
ibility rather than repetitive memory training. These null 
findings underscore that while physical activity can support 
executive function broadly, domain-specific tailoring is 
necessary for working memory gains.

Similarly, static and dynamic balance showed no sig-
nificant group differences, despite meta-analytic evidence 
of large effects from exercise interventions (SMD = 0.86 
overall; 1.19 for protocols > 8 weeks; Li & Zhang, 2025). 
Similarities exist with SPARK-specific literature, where 
many studies report balance improvements (Najafabadi et 
al., 2018), but differences emerge in our null results, likely 
due to PRT’s cognitive emphasis diluting motor-specific 
training intensity. Comparable non-significant findings 
appear in aquatic or exergaming studies (Faraji et al., 2023; 
Hou et al., 2024), often attributed to insufficient dura-
tion or specificity for postural stability (SMD = 0.72 in 
motor meta-analyses; Ji et al., 2023). Possible explanations 
include the short 6-week intervention (versus 12–16 weeks 
in positive SPARK trials (Najafabadi et al., 2018), sample 
homogeneity (urban, male-only participants), unaccounted 
environmental or cultural factors affecting measurement in 
Iran (Samadi & McConkey, 2015), and potential ceiling 
effects in baseline balance among high-functioning chil-
dren. Overall, these secondary null outcomes highlight the 
domain-specific nature of the intervention: PRT integra-
tion appears to preferentially benefit cognitive flexibility 
over motor or memory domains, suggesting that longer 
durations or more targeted motor components may be 
required for broader effects.

Limitations of the study include the small sample size 
(N = 24, male-only) from a single urban school, which lim-
its statistical power for smaller effects and generalizability; 
lack of trial registration, increasing risk of selective report-
ing bias; reliance on behavioral measures without neuroim-
aging or cultural adaptations for Iranian children (Samadi 
& McConkey, 2015); and the relatively short 6-week dura-
tion, which may have been insufficient for motor consoli-
dation or working memory transfer.

Future research should recruit larger, more diverse 
samples, extend intervention periods, incorporate neuro-
imaging to clarify underlying mechanisms, and compare 



7

Arefinia et al. Acta Gymnica, 2026, 56, e2026.008

different motivational variants to refine ASD intervention 
protocols. Combining motivational behavioral strategies 
with structured physical activity holds strong promise for 
targeted cognitive enhancements in children with high-
functioning ASD.

Conclusions
The research findings confirmed the primary hypothesis 
that the integrated treatment approach produces lasting 
improvements in cognitive flexibility for children between 
7 and 10 years old who have high-functioning ASD. How-
ever, for static balance, dynamic balance, and working 
memory, the absence of significant group × time interac-
tions, combined with uncontrolled learning effects, pre-
vents any strong claims of intervention efficacy. The study 
answers its research questions through evidence that shows 
that personalized interventions combining structured phys-
ical activities with motivational approaches lead to specific 
executive function improvements in high-functioning 
ASD.
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