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Abstract

This study aimed to compare the effectiveness and durability of sensorimotor
integrationand cognitive restructuringinterventions inimproving executive functions
and social skills among children with autism spectrum disorder (ASD). This quasi-
experimental study employed a pretest—posttest design with a two-month follow-up
and a control group. The statistical population consisted of children aged 7—12 years
with ASD in Kerman, Iran, during the 2024—-2025 academic year. Forty-five eligible
children were selected through purposive sampling and randomly assigned to three
groups of 15 participants: sensorimotor integration, cognitive restructuring, and
control. The two experimental groups received their respective interventions in six
45-minute sessions, whereas the control group received no intervention. Data were
collected using the Behavior Rating Inventory of Executive Function (BRIEF) and
the teacher form of the Elliott and Gresham Social Skills Scale. Repeated-measures
analysis of variance and post hoc comparisons were conducted using SPSS version
26. The owerall between-group effect on the dependent variables was significant
(F=6.14,P<0.01). A significant effect of time was observed for executive functions
(F=13.90, P<0.01, n*>=0.54) and social skills (F=9.90, P<0.01, n>=0.44). The
timexgroup interactionwas also significant for both outcomes (P<0.01), indicating
different patterns of change across the groups. Post hoc comparisons demonstrated
that both interventions significantly improved executive functions and social skills
compared with the control group (P<0.05), while sensorimotor integration produced
significantly greater improvements than cognitive restructuring. At the follow-up
assessment, significant between-group differences remained for executive functions
(F=17.87,P<0.01,1>=0.45) and social skills (F=12.57,P<0.01,1>=0.37), confirming
the persistence of the intervention effects. Both sensorimotor integration and
cognitive restructuring can produce sustained improvements in executive functions
and social skills among children with ASD. However, sensorimotor integration
demonstrated greater effectivenessand durability across both outcomes, supporting
its application as a potentially useful component of educational and rehabilitation
programs for children with autism spectrum disorder.

Keywords: Autism spectrum disorder; Sensorimotor integration; Cognitive
restructuring; Executive functions; Social skills
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EXTENDED ABSTRACT

Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by persistent difficulties in
social communication and social interaction, together with restricted and repetitive patterns of behavior,
interests, or activities (American Psychiatric, 2014). Beyond these core diagnostic characteristics, children
with ASD frequently experience difficulties in higher-order cognitive regulation, sensory processing,
behavioral adaptation, and social participation. Contemporary perspectives conceptualize ASD as a
heterogeneous condition whose manifestations reflect complex interactions among neurobiological, genetic,
cognitive, and environmental mechanisms (Fouladgar, 2021). Among the cognitive domains implicated in
ASD, executive functions have received particular attention because they underlie purposeful, adaptive, and
self-regulated behavior. Executive functions encompass interrelated processes such as inhibitory control,
cognitive flexibility, working memory, planning, monitoring, and goal-directed organization (Diamond,
2013). Working memory, in particular, supports the temporary maintenance and manipulation of information
necessary for complex cognitive activities and behavioral regulation (Baddeley, 2023). Meta-analytic
evidence indicates that individuals with ASD demonstrate impairments across multiple executive-function
domains, including flexibility, planning, inhibition, and working memory (Demetriou et al., 2018). Sensory-
processing difficulties may further contribute to these deficits, as sensory-processing patterns have been
associated with executive functioning among students with autism (Asadi Gandmani et al., 2016). Social
skills constitute another central area of difficulty in ASD. Effective social functioning requires the ability to
interpret social cues, regulate emotions and behavior, cooperate with others, demonstrate assertiveness and
self-control, and flexibly adapt responses to interpersonal circumstances. Social-emotional development and
empathy are therefore closely related to successful childhood adjustment (Denham et al., 2023). Previous
intervention studies have demonstrated that social skills are modifiable and can improve through structured
behavioral, cognitive, and play-based programs (Alavi et al., 2013; Dadashzadeh et al., 2020; Rangani et al.,
2015). Sensorimotor integration represents one potentially valuable intervention approach because sensory,
motor, attentional, and cognitive systems operate interactively rather than independently. Multisensory
integration plays an important role in neurodevelopment (Dionne-Dostie et al., 2015), and sensory processing
has been associated with executive functioning in different developmental populations (Adams et al., 2015).
Evidence has shown that sensory-motor interventions can improve attention (Afrouz et al., 2014),
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neuropsychological skills (Arjmandi Rad et al., 2015), and executive functioning (Ghorbani & Pouladi,
2024; Karimzadeh & Rajabi, 2025). More specifically, sensorimotor integration interventions have been
associated with improvements in executive functioning and social interaction among children with ASD
(Almeida et al., 2022; Anderson & Miller, 2022). Cognitive restructuring provides a different therapeutic
pathway by targeting maladaptive cognitive patterns, self-regulation, problem-solving, guided self-instruction,
and behavioral control. Cognitive interventions have demonstrated effectiveness in enhancing executive
processes such as shifting, updating, and inhibition (Arghavani Pirsalami et al., 2020), while cognitive
restructuring itself has been shown to alter maladaptive cognitive-emotional responses in students (Asikhia,
2014). Nevertheless, relatively few studies have directly compared sensorimotor integration with cognitive
restructuring while simultaneously examining executive functions and social skills in children with ASD and
assessing whether treatment effects persist after intervention. Therefore, the present study aimed to compare
the effectiveness and durability of sensorimotor integration and cognitive restructuring interventions on
executive functions and social skills in children with autism spectrum disorder.

Methods and Materials

The present research employed a quasi-experimental pretest-posttest design with two experimental groups, one
control group, and a two-month follow-up assessment. The statistical population comprised students aged 7—
12 years with ASD who attended specialized autism education and rehabilitation centers in Kerman, Iran,
during the 20242025 academic year. The accessible population consisted of 60 eligible students. Participants
were screened according to predetermined inclusion and exclusion criteria, and 45 eligible children were
selected using purposive sampling and then randomly assigned to three equal groups of 15 participants: a
sensorimotor integration group, a cognitive restructuring group, and a control group. Inclusion criteria
consisted of a diagnosis of ASD by a child psychiatrist, age between 7 and 12 years, attendance at specialized
educational or rehabilitation settings for children with ASD, absence of major sensory impairments such as
blindness or deafness, absence of serious physical or multiple disabilities, adequate physical capacity for
participation in motor exercises, and the ability to follow basic instructions. Severe aggressive behavior,
medication use during the previous six months, and the occurrence of seizure symptoms were considered
exclusion criteria. Executive functions were assessed using the teacher form of the Behavior Rating Inventory
of Executive Function (BRIEF), which contains 86 items assessing behavioral regulation and metacognitive
executive processes. Social skills were measured using the teacher form of the Elliott and Gresham Social
Skills Scale, with emphasis on social behaviors such as cooperation, assertiveness, and self-control. Following
the pretest, the first experimental group received Meichenbaum-based cognitive restructuring in six 45-minute
sessions involving relaxation, identification and modification of maladaptive cognitions, problem-solving,
guided self-instruction, and consolidation of cognitive-behavioral strategies. The second experimental group
participated in six 45-minute sensorimotor integration sessions based on activities emphasizing vestibular,
proprioceptive, tactile, balance, and coordination systems. Activities included controlled rolling, balance
exercises, eye-hand coordination tasks, resistance activities, obstacle-based movement, and integrated motor
exercises. The control group received no intervention during this period. The same measures were administered
immediately after the interventions and again two months later. Data were analyzed using descriptive statistics
and repeated-measures analysis of variance. Normality, homogeneity of variances, and sphericity assumptions
were evaluated before inferential analyses. Statistical analyses were conducted using SPSS version 26 at a
significance level of 0.05.

Findings

The final sample consisted of 45 children, including 26 girls (57.77%) and 19 boys (42.22%). Twenty
participants were aged 7—8 years, 13 were aged 9-10 years, and 12 were aged 11-12 years. Descriptive findings
demonstrated improvement in both outcome variables following the interventions. For executive functions, the
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mean score in the sensorimotor integration group increased from 41.57+£6.98 at pretest to 49.98+8.26 at posttest
and remained at 50.04+8.37 at follow-up. In the cognitive restructuring group, the corresponding means were
42.25+6.67, 47.92+8.98, and 47.44+8.26, whereas the control group showed minimal change from 40.59+6.16
to 41.15+6.59 and 40.98+5.65. For social skills, mean scores in the sensorimotor integration group increased
from 23.05+3.97 at pretest to 29.12+5.65 at posttest and remained at 28.55+5.15 at follow-up. The cognitive
restructuring group increased from 22.47+3.66 to 27.17+5.28 and subsequently 27.02+5.42, while the control
group remained relatively unchanged at 22.84+3.42, 22.97+3.88, and 23.05+3.82. Preliminary analyses
supported the assumptions required for parametric testing. The overall between-group multivariate effect was
significant (Pillai’s Trace=0.53, F=6.14, P<0.01). Repeated-measures analysis revealed a significant effect of
time on executive functions (F=13.90, P<0.01, n?=0.54) and a significant timexgroup interaction (F=9.90,
P<0.01, n*=0.44). For social skills, the effect of time was significant (F=9.90, P<0.01, ?>=0.44), as was the
timexgroup interaction (F=9.90, P<0.01, n*=0.44). Post hoc comparisons at posttest showed that both
intervention groups performed significantly better than the control group on executive functions and social
skills (P<0.05). For executive functions, the mean difference between sensorimotor integration and control
was 8.83, compared with 6.77 between cognitive restructuring and control. The difference between the two
active interventions was also significant, with a 2.06-point advantage for sensorimotor integration. For social
skills, the mean difference between sensorimotor integration and control was 6.15, compared with 4.20
between cognitive restructuring and control, while the two active interventions differed by 1.95 points in favor
of sensorimotor integration. Follow-up analyses confirmed persistence of treatment effects. Significant group
differences remained for executive functions (F=17.87, P<0.01, n2=0.45) and social skills (F=12.57, P<0.01,
n?=0.37). At follow-up, sensorimotor integration exceeded the control group by 9.06 points in executive
functioning and 5.53 points in social skills, whereas cognitive restructuring exceeded the control group by 6.46
and 3.97 points, respectively. Significant differences between the two intervention groups also remained,
indicating greater durability of the sensorimotor integration effects.

Discussion and Conclusion

The findings indicate that both sensorimotor integration and cognitive restructuring can improve executive
functions and social skills in children with ASD, but sensorimotor integration produced larger and more
persistent effects. The improvement in executive functioning following sensorimotor integration may be
explained by the close functional relationship between sensory regulation, motor planning, attentional control,
and higher-order cognitive regulation. Structured vestibular, proprioceptive, tactile, balance, and coordination
activities continually require children to attend to environmental stimuli, inhibit inappropriate responses, adjust
movements, maintain task goals, and organize behavioral sequences. Repeated engagement in these demands
may strengthen the functional processes underlying inhibition, working memory, cognitive flexibility, and
planning. Better sensory regulation may also reduce the cognitive load associated with excessive or poorly
organized sensory input, allowing children to allocate more resources to purposeful cognitive and behavioral
control.

The improvement in social skills may similarly reflect both direct and indirect mechanisms. Sensorimotor
activities create opportunities for following instructions, shared attention, turn-taking, behavioral regulation,
and responding to environmental feedback. Improved sensory regulation may enable children to tolerate
complex social environments more effectively and remain engaged with others rather than withdrawing or
displaying dysregulated responses. Cognitive restructuring also produced significant gains in both executive
and social outcomes. Its effectiveness may derive from repeated practice in recognizing thoughts and emotional
responses, evaluating alternatives, solving problems, using guided self-instruction, and controlling immediate
reactions. These skills place direct demands on executive control and can also facilitate more adaptive
interpersonal behavior by helping children pause, interpret situations, and select more appropriate responses.
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The greater effectiveness of sensorimotor integration may be particularly relevant to the developmental
characteristics of ASD. Cognitive restructuring depends to some extent on verbal comprehension,
metacognitive awareness, the ability to identify internal cognitions, and the capacity to apply abstract cognitive
strategies. These requirements may limit its accessibility for some children with ASD. Sensorimotor
intervention, in contrast, relies more strongly on direct experience, movement, repetition, environmental
feedback, and embodied learning, potentially making it more compatible with the developmental profile of
younger children. Furthermore, targeting sensory regulation may influence several downstream domains
simultaneously, including attention, emotional stability, motor planning, behavioral control, and readiness for
social engagement.

The persistence of intervention effects at the two-month follow-up is clinically important. It suggests that the
observed improvements were not limited to immediate post-intervention responses. The continued advantage
of both experimental groups indicates that participants may have incorporated the acquired skills into everyday
functioning. The stronger follow-up performance of the sensorimotor integration group further suggests that
repeated sensory-motor experiences may produce relatively durable behavioral and cognitive adaptations.
Overall, the study supports the use of both sensorimotor integration and cognitive restructuring as potentially
useful interventions for executive and social difficulties in children with ASD. However, sensorimotor
integration demonstrated greater magnitude and durability of improvement across both outcomes.
Incorporating structured sensorimotor activities into educational, psychological, and rehabilitation programs
may therefore provide a particularly useful strategy for enhancing executive functioning and social adaptation
in children with autism spectrum disorder.
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