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Purpose: The present study aimed to examine the effectiveness of a cognitive
rehabilitation-based intervention on cognitive flexibility and stereotyped behaviors
in children with autism spectrum disorder.

Methods and Materials: This study employed a quasi-experimental design with a
pretest—posttest control group framework. The statistical population included all
children aged 9 to 12 years with autism attending rehabilitation centers in Tehran
in 2024. From this population, 30 participants were selected through convenience
sampling and were randomly assigned to experimental and control groups. The
research instruments included the Cambridge Neuropsychological Test Automated
Battery (CANTAB) and the Gilliam Autism Rating Scale (GARS). The
experimental group received cognitive rehabilitation intervention over eight
sessions, while the control group received no intervention during the study period.
Data were analyzed using analysis of variance (ANOVA) and the Kolmogorov-
Smirnov test.

Findings: The findings indicated that the cognitive rehabilitation intervention
significantly increased cognitive flexibility (p < 0.01) and decreased stereotyped
behaviors (p < 0.05) in the experimental group compared to the control group.
Conclusion: These results support the effectiveness of cognitive rehabilitation in
enhancing cognitive and behavioral functioning in children with autism spectrum
disorder and suggest its potential use as a complementary method in therapeutic
programs for these children.
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1. Introduction

utism or Autism Spectrum Disorder (ASD) is one of the most
Aprevalent neurodevelopmental disorders, characterized by

atypical behavioral patterns, social difficulties, and deficits
in communication skills (Karna & Stefaniuk, 2024; Ramezani &
Zangeneh Motlagh, 2023; Rashmani & Mojtabaie, 2023). This
disorder typically manifests during early childhood (Hillman,
2021) and can significantly impact a child's developmental, social,
and cognitive abilities (Amiri, 2024). According to the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition (DSM-
5), the diagnostic criteria for autism include deficits in social
communication and restricted, repetitive behaviors. These are
marked by a wide range of impairments in social interaction and
limited interests that emerge early in development (Miller et al.,
2015).

The global prevalence of autism continues to rise, deeply
affecting families and primary caregivers. According to estimates
from some reputable sources on autism, the global prevalence is
approximately 1 in 68 individuals. Epidemiological studies of ASD
in Iran have reported a range from 1 in 150 to about 0.1% of school-
aged children and adolescents diagnosed with autism (Jafari &
Yousefi, 2023; Jafari et al., 2022).

Children with ASD exhibit significant difficulties in executive,
cognitive, and behavioral functioning. These challenges include
impairments in planning, emotional regulation, and control over
complex behaviors (Olivares, 2021), which are attributed to deficits
in various brain regions, especially the prefrontal and medial
temporal areas (Bazrafshan & Sadeghi, 2021). One such area of
difficulty leading to numerous challenges in children with ASD is
cognitive flexibility. Cognitive flexibility refers to the ability to
shift between thoughts or responses when encountering
environmental changes (Wolff et al., 2018). As a component of
executive functioning, it plays a crucial role in adapting to new
conditions, learning, and academic performance because it enables
individuals to modify their behavior and thoughts effectively in
response to new situations (Yousefi Kalehkaneh et al., 2017). In
this regard, the study by Miller et al. (2015) indicates that children
with autism struggle with tasks requiring the shifting of cognitive
sets. This deficit is a contributing factor to repetitive and
stereotyped behaviors. Similarly, the study by De Vries et al.
(2015) demonstrated that cognitive flexibility deficits in children
with ASD lead to increased stereotyped behaviors. De Vries et al.
(2015) further asserted that improving cognitive flexibility can
reduce stereotyped behaviors in this group of children (De Vries et
al., 2015).

Stereotyped behaviors are among the common issues in children
with autism and are considered one of the core features of the
disorder. These behaviors include repetitive movements such as
hand-flapping, hand-twirling, biting hands, or repeatedly opening
and closing doors and switching lights on and off; having restricted
interests; and insistence on sameness (Ansari et al., 2019; Emad et
al., 2023). This group of behaviors does not have any adaptive or
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stimulating function (Chester et al., 2019; Akbari Beyatiani, 2018).
Stereotyped behaviors may result from neurocognitive disorders
and deficits in social learning processes (Lord et al., 2018; Pickles
et al., 2016), and are observed in over 80% of individuals with
ASD. These behaviors are often considered indicators of sensory
processing disturbances in children with ASD. On the other hand,
stereotyped behaviors may serve as coping mechanisms in response
to anxiety or environmental changes (Olivares, 2021;
Zwaigenbaum & Penner, 2018).

These problems exacerbate social interaction difficulties in
individuals on the autism spectrum and may lead to greater social
isolation and communication challenges for children with autism
and their families (Zhang et al., 2024). Consequently, various non-
pharmacological therapeutic methods have been utilized to address
stereotyped behaviors, such as sensory integration therapy, use of
social robots (Emad et al., 2023), and music therapy (Hyun & C,
2016).

In the area of cognitive flexibility, studies have shown that
training and practice through specific exercises—such as video
games or simulation-based tasks (Bazrafshan & Sadeghi, 2021),
occupational therapy strategies, and neurofeedback (Hadjkacem et
al., 2016)—nhave been relatively effective.

In this context, cognitive rehabilitation is considered one of the
effective methods for treating children with autism spectrum
disorder. It focuses on enhancing executive functioning and
strengthening cognitive abilities. This form of intervention includes
various techniques aimed at improving brain function and altering
brainwave patterns (Vosoughi Fard et al., 2013). Cognitive
rehabilitation emphasizes the flexibility of neural networks and
seeks to repair and enhance impaired capabilities through
continuous training. Through these exercises, an individual's neural
networks are reconstructed, and learning abilities across multiple
domains are enhanced (Khaleghi et al., 2023).

Accordingly, previous studies have shown that this form of
rehabilitation is effective for children with various disorders,
including symptoms of attention-deficit/hyperactivity disorder (van
Dongen-Boomsma et al., 2014), learning disorders (Wilkey et al.,
2020), and hearing impairments. However, different studies have
yielded inconsistent results. The study by Varanda and Fernandez
(2017) indicated the effectiveness of cognitive rehabilitation on
cognitive flexibility in children with autism (Varanda & Fernandes,
2017). Similarly, Jafari and Yousefi (2023) reported the
effectiveness of this intervention on stereotyped behaviors in this
group of children. However, Miller et al. (2015), in their
randomized trial, reported that cognitive rehabilitation had no
significant effect on the cognitive flexibility of children with autism
(Jafari & Yousefi, 2023). Furthermore, a review of national and
international research revealed no studies simultaneously targeting
both cognitive flexibility and stereotyped behaviors. Therefore,
given the existing contradictions and the lack of sufficient
information in this area, there is a notable research and knowledge
gap. As such, the present study aims to answer the following
question: Does cognitive rehabilitation have a significant effect on
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cognitive flexibility and stereotyped behaviors in children with
autism spectrum disorder?

2. Methods and Materials
2.1.  Study Design and Participants

This study employed a quasi-experimental design with a
pretest—posttest control group format. The statistical population
included all children aged 9 to 12 years diagnosed with Autism
Spectrum Disorder (ASD) who were receiving education and
rehabilitation services at special education and rehabilitation
centers in Tehran in 2024. From this population, 30 children were
selected through convenience sampling based on specific inclusion
and exclusion criteria and were randomly assigned to two groups:
experimental (15 participants) and control (15 participants).

The inclusion criteria consisted of a confirmed diagnosis of
autism, age between 9 and 12 years, parental willingness for the
child's participation in the intervention sessions, absence of severe
intellectual disability, and no major sensory impairments such as
blindness or deafness. These criteria were verified through
observation, interviews, and review of medical records. The
exclusion criteria included withdrawal of parental consent for
continued participation, absence from more than two sessions,
initiation of pharmacological treatment during the intervention
process, or severe reluctance or resistance by the child to attend
cognitive rehabilitation sessions. It is worth noting that all ethical
considerations were observed in this study. Specifically,
participation in the sessions was conditional upon obtaining written
informed consent from the parents. At any time, parents were free
to withdraw their child from the sessions. Participation was also
provided free of charge to families.

2.2. Measures
2.2.1. Autism

The Gilliam Autism Rating Scale (GARS) is a standardized
checklist used for diagnosing individuals with Autism Spectrum
Disorder and comprises five distinct subscales. The GARS was first
normed in 1994 on a sample of 1,094 individuals from 46 U.S.
states, the District of Columbia, Puerto Rico, and Canada. It was
developed based on the definitions provided by the Autism Society
of America and aligned with the Diagnostic and Statistical Manual
of Mental Disorders. This tool is suitable for assessing individuals
aged 3 to 22 years and can be completed by parents or professionals
in either home or school settings. The test consists of four
subscales, each containing 14 items. In this study, the primary focus
was on the subscale related to stereotyped behaviors, which
includes 14 items assessing various repetitive and unusual
behaviors in children. The validity of the GARS has been
confirmed through numerous studies. Findings suggest that: (a) the
GARS effectively identifies core features of ASD; (b) test scores
show high inter-correlations and correlate significantly with
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performance on other autism screening tools; (c) the GARS can
distinguish individuals with ASD from those with other severe
behavioral disorders; and (d) test scores are not correlated with age,
though individuals with different personality types yield different
scores on the GARS (Aghili et al., 2022). In the study by Akbari
Beyatiani (2018), the reliability of various components of the
GARS—stereotyped behavior, communication, social interactions,
developmental disorders, and total score—were reported using
Cronbach's alpha coefficients as 0.90, 0.93, 0.88, and 0.96,
respectively, indicating high reliability of the tool in assessing
children with ASD.

2.2.2.  Cognitive Flexibility and Stereotyped Behaviors

The CANTAB is an advanced tool for assessing various aspects
of executive functioning, developed by the University of
Cambridge in 1980 and continuously enhanced since then. This
computerized battery is designed for simple, flexible, and user-
friendly cognitive assessment, independent of time and location,
and allows for the isolated evaluation of executive functions. In this
study, the "Cognitive Flexibility" subtest was utilized. The
CANTAB has been widely used in studies assessing cognitive
functioning in individuals with ASD, and its validity is well
established. The cognitive flexibility subtest, which is sensitive to
the prefrontal cortex, evaluates an individual’s ability to shift
cognitive strategies and respond to changing demands. For children
aged 2 to 14 years, the internal reliability of this test ranges from
0.73 t0 0.95. In the study by Khaleghi et al. (2023), the Cronbach’s
alpha coefficient was reported as 0.88 for reaction time in the five-
choice movement test and 0.79 for visual processing speed,
indicating acceptable reliability (Khaleghi et al., 2023).

2.3.  Interventions
2.3.1.  Cognitive Rehabilitation-Based Intervention

This program was designed as an adaptive and integrated
approach based on authoritative sources in the fields of cognitive
rehabilitation, ASD treatment, and task-based training programs.
Sources included studies by Ghasemi et al. (2019), Kaplan and
Sadock (2015), and principles of cognitive-behavioral
interventions for children with autism (Ghasemi et al., 2019;
Kaplan & Sadock, 2015).

The cognitive rehabilitation-based intervention for children
with Autism Spectrum Disorder was delivered over eight structured
sessions, each designed to build cognitive flexibility and reduce
stereotyped  behaviors  through playful, engaging, and
developmentally appropriate activities. The first session aimed to
create a sense of safety and introduce the concept of cognitive
flexibility through light movement games, visual aids depicting
change, and creative tasks like drawing alternative endings to
everyday scenarios. The second session focused on understanding
rule flexibility using games with shifting rules and card-sorting
tasks that required switching categorization strategies. In the third
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session, children were taught coping strategies for unexpected
situations using visual schedule alterations, deep breathing with
calming phrases, and therapeutic storytelling. The fourth session
emphasized flexible and creative problem-solving through
interactive stories, construction toys, and role-playing exercises.
The fifth session strengthened attentional shifting through sound
identification games, multi-step instructions, and color-coded
command cards. In the sixth session, stereotyped behaviors were
identified and replaced with constructive alternatives like using a
“calm-down box,” learning the “stop + choose” strategy, and
engaging in structured physical activities. The seventh session
focused on improving role-switching and interpersonal adaptability
through turn-taking games, puppet scenarios illustrating social
challenges, and emotion recognition cards to practice appropriate
social responses. The final session reviewed previously learned
skills through visual prompts, evaluated progress, and introduced a
home-based practice booklet including alternative behaviors,
attentional shifting exercises, and a flexible daily schedule to
support skill generalization beyond the therapeutic setting.

Shahla Ramezani.

Table 1

Descriptive Findings of Study Variables
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2.4.  Data Analysis

For data analysis, both descriptive and inferential statistical
methods were employed. At the descriptive level, indicators such
as frequency, percentage, mean, and standard deviation were used.
At the inferential level, after confirming the normality of the data
using the Kolmogorov-Smirnov test, analysis of variance
(ANOVA) was conducted using SPSS version 24 to test the study
hypotheses.

3. Findings and Results

The majority of participants in both the experimental and
control groups were boys and belonged to the 11-12 age range.
Table 1 presents the descriptive statistics of the study variables for
both groups.

Variable Phase Experimental Group Control Group
Mean Standard Deviation Mean Standard Deviation
Cognitive Flexibility Pretest 31.27 4.12 30.93 4.08
Posttest 39.6 3.85 32.07 3.94
Stereotyped Behaviors Pretest 24.53 3.76 25.00 3.94
Posttest 194 3.15 24.17 4.02

As evident from Table 1, the experimental group scored higher
in cognitive flexibility and showed a reduction in stereotyped
behaviors in the posttest compared to the control group. To
examine the statistical significance of these differences, an analysis
of variance (ANOVA) test was conducted. However, before

Table 2

ANOVA Results for Hypothesis Testing

proceeding with ANOVA, the Kolmogorov—-Smirnov test was used
to verify the normality of data distribution.

Given that the Kolmogorov—Smirnov test statistics for the
variables in both stages were greater than 0.05, the assumption of
normal data distribution was confirmed, making it appropriate to
use parametric tests.

Variable Sum of Squares Degrees of Freedom Mean Square F Significance Level Effect Size
Cognitive Flexibility 36.269 1 26.269 25.03 0.000 0.174
Stereotyped Behaviors 1.825 1 1.825 20.305 0.002 0.242

As shown in Table 2, the significance level for stereotyped
behaviors is less than 0.05, and for cognitive flexibility, it is less
than 0.01. Accordingly, the study hypothesis was confirmed.
Therefore, it can be concluded that the effectiveness of the
cognitive rehabilitation-based intervention in increasing cognitive
flexibility and reducing stereotyped behaviors in children with
Autism Spectrum Disorder is statistically significant.

4, Discussion and Conclusion

The present study aimed to investigate the effectiveness of a
cognitive rehabilitation-based intervention on cognitive flexibility
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and stereotyped behaviors in children with Autism Spectrum
Disorder. The findings of this research indicated that the cognitive
rehabilitation intervention led to a significant improvement in
cognitive flexibility in children with ASD. This result was
confirmed at the 0.01 significance level, indicating a high degree of
effectiveness. The findings are consistent with previous studies
(Jafari & Yousefi, 2023; Jafari et al., 2022; Kenworthy et al., 2014;
Mahdavi et al., 2019; Varanda & Fernandes, 2017).

In explaining this finding, it can be stated that cognitive
rehabilitation, through structured exercises in areas such as
working memory, response inhibition, and mental flexibility, aims
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to enhance the functioning of neural networks related to executive
functioning. These exercises are typically delivered gradually,
repetitively, and with feedback and reinforcement, resulting in
more effective neural connectivity in the prefrontal cortex—the
brain region responsible for controlling executive behaviors and
cognitive flexibility (Stuss & Levine, 2002). Kenworthy et al.
(2014) also argued that targeted cognitive exercises can help
children with autism switch between different mental strategies and
demonstrate greater flexibility when encountering novel situations
(Kenworthy et al., 2014). These trainings not only improve
cognitive functioning but also reduce anxiety caused by
environmental changes.

Furthermore, the findings revealed that cognitive rehabilitation
had a statistically significant effect on reducing stereotyped
behaviors in children with ASD, with this result reaching the 0.05
significance level. This finding is consistent with prior studies
(Boyd et al., 2011; Fathi et al., 2018; Rahman et al., 2017; Wong et
al., 2015).

In explaining these findings, it can be said that stereotyped or
repetitive behaviors often arise in response to deficits in cognitive
processing, mental inflexibility, and difficulties in emotional
regulation. Considering the role of executive functioning in
behavioral regulation, impairments in this domain may contribute
to the increase in stereotyped behaviors. The cognitive
rehabilitation intervention, by training skills such as response
inhibition, cognitive flexibility, selective attention, and working
memory, supports the development of cognitive self-regulation and
thereby facilitates the reduction of stereotyped behaviors (Wong et
al., 2015). Such interventions help the child focus on novel stimuli
and exhibit more flexible and adaptive responses to the
environment, gradually reducing their reliance on repetitive
behaviors.

In sum, the findings of this study, along with existing evidence
in the research literature, underscore that cognitive rehabilitation is
not only effective in enhancing cognitive skills but can also
indirectly contribute to reducing certain challenging behavioral
characteristics such as stereotyped behaviors. Therefore, given the
cognitive and behavioral challenges faced by children with ASD,
the use of targeted cognitive interventions can play a vital role in
improving their individual and social quality of life. Overall, this
study provides evidence in support of the efficacy of cognitive
rehabilitation, which may be of particular interest to professionals
in psychology, rehabilitation, and special education.

It is worth noting that despite its important findings, this
study—Ilike all research—has certain limitations that should be
considered when generalizing the results. These include the lack of
long-term follow-up to examine the persistence of intervention
effects, reliance on parental reports and behavioral observations as
assessment tools that may be prone to bias, and limited control over
intervening variables such as type of school education or family
psychological status, which may have influenced the outcomes.
Therefore, it is recommended that future research utilize
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neuroscience-based tools and include multi-month follow-ups to
examine the long-term effects of the intervention.
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