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ABSTRACT

Aim: The present study was conducted with the aim of investigating the
effectiveness of direct current transcranial electrical stimulation on working
memory and response inhibition in children with autism in Zahedan. Method: This
research was practical in terms of purpose and quasi-experimental in terms of
method with a pre-test-post-test design with a control group. The statistical
population of this research included all children aged 10 to 12 with autism
spectrum disorder who referred to the treatment centers of Zahedan city in 1402-
1401 and 30 of these children with high performance (achieving a score above 85
in the Gilliam test and an 1Q above 85 based on the child's file in the treatment
center), were selected as a statistical sample using a targeted method and divided
into two groups of 15 people (an experimental group and a control group) were
randomly replaced. Subjects were evaluated through Gilliam Autism Diagnostic
Scale (GARS), Stroop Test (ST), Wechsler Intelligence Scale for Children 5th
Edition (WISC-5) and Transcranial Direct Current Electrical Stimulation (tDCS)
protocol. Investigating the relationships between variables was done by univariate
covariance test. Results: The results showed that there is a significant difference
between the post-test scores of working memory and response inhibition of the
experimental group with the scores of working memory and response inhibition in
the control group, and transcranial electrical stimulation with direct current is
significantly effective on working memory and response inhibition. Conclusion:
Therefore, transcranial electrical stimulation is a useful supplement to improve and
strengthen working memory and response inhibition in children with autism.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental condition characterized by
deficits in social communication and interaction, as well as restricted and repetitive
patterns of behavior, interests, or activities. Beyond social and communicative
difficulties, many children with ASD exhibit deficits in executive functions, including
working memory and response inhibition, which are crucial for cognitive control, self-
regulation, and adaptive behavior. These deficits have been linked to atypical activation
and connectivity in the prefrontal cortex, especially the dorsolateral prefrontal cortex
(DLPFC), a region implicated in cognitive flexibility, attention, and goal-directed
behavior.

Recent advances in non-invasive brain stimulation techniques, such as transcranial
direct current stimulation (tDCS), have offered promising therapeutic avenues for
neurodevelopmental disorders. tDCS involves delivering a low-intensity electrical
current (typically 1-2 mA) via electrodes placed on the scalp, which modulates
neuronal excitability in targeted cortical regions. Previous studies have demonstrated
that anodal stimulation over the DLPFC enhances neural excitability and can improve
cognitive performance, including attention, memory, and executive functions, in both
neurotypical and clinical populations. However, limited research has investigated its
efficacy in children with ASD, particularly regarding cognitive control mechanisms
such as working memory and response inhibition.

The present study therefore aimed to evaluate the effectiveness of tDCS in enhancing
working memory and response inhibition in children with autism in the city of Zahedan,
Iran. It was hypothesized that children who received active tDCS would show
significant improvements in these cognitive domains compared to a control group.

Methodology

This study employed a quasi-experimental design with a pretest—posttest control group.
The statistical population comprised children aged 10-12 years diagnosed with ASD,
who attended treatment centers in Zahedan during the 2022—-2023 academic year. After
applying inclusion and exclusion criteria, 30 high-functioning children with autism (1Q
> 85 and Gilliam Autism Rating Scale score > 85) were selected using purposive
sampling and randomly assigned to an experimental group (n=15) and a control group
(n=15).

The experimental group received 10 sessions of tDCS (10 minutes each, twice per
week), administered using a NEUROSTIM-2 dual-channel device. The anode was
positioned over the left DLPFC, and the cathode over the right supraorbital area,
following standard tDCS protocols. The control group received no stimulation during
the study period.

All participants were assessed using validated psychological and neurocognitive
measures:

Gilliam Autism Diagnostic Scale (GARS): for confirming autism diagnosis;

Wechsler Intelligence Scale for Children—Fifth Edition (WISC-V): specifically the
digit span subtest to assess working memory;

Computerized Stroop Test: to measure response inhibition, reaction time, and
interference control.

Data were analyzed using univariate analysis of covariance (ANCOVA) in SPSS v27 to
examine posttest differences between groups while controlling for pretest scores.
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Assumptions of normality, homogeneity of variance, and regression slope were tested
and confirmed.

Results

Descriptive statistics indicated that posttest mean scores of both working memory and
response inhibition were higher in the experimental group than in the control group.
ANCOVA results confirmed statistically significant effects of tDCS on both dependent
variables.

For working memory, a significant main effect of treatment was found
(F(1,27)=48.30, p<0.001, 1*=0.94), indicating a strong and meaningful improvement in
the experimental group following stimulation. Similarly, response inhibition scores
improved significantly after tDCS (F(1,27)=65.70, p<0.001, n>=0.88), suggesting
enhanced inhibitory control as measured by reduced interference and faster reaction
times in the Stroop task.

No violations of statistical assumptions were detected, confirming the robustness of the
results. Together, these findings indicate that tDCS had a large effect size on both
cognitive domains.

Discussion

The findings support the hypothesis that transcranial direct current stimulation can
significantly improve working memory and response inhibition in children with autism.
These improvements are consistent with the notion that tDCS modulates neuroplasticity
by altering resting membrane potentials and facilitating synaptic efficiency in the
prefrontal cortex.

Anodal stimulation over the DLPFC likely increased cortical excitability and
neurotransmitter release (e.g., glutamate and dopamine), enhancing neuronal
communication within networks responsible for cognitive control. Consequently,
children showed improved ability to hold and manipulate information (working
memory) and to suppress inappropriate responses (response inhibition). These effects
align with earlier studies (e.g., Fregni et al., 2005; Nelson et al., 2014; Qiu et al., 2021)
reporting enhanced executive function following DLPFC stimulation.

Moreover, the results support previous research demonstrating that tDCS is a safe,
non-invasive, and cost-effective adjunctive therapy for cognitive enhancement in
neurodevelopmental disorders. By improving executive functions, tDCS could
indirectly facilitate social communication, learning, and adaptive behavior in children
with ASD.

Nevertheless, certain limitations should be acknowledged. The study’s sample size was
small, and no follow-up phase was conducted to examine long-term retention of
cognitive gains. Future research should include larger, more diverse samples, sham-
controlled designs, and longitudinal assessments to evaluate persistence and
generalization of effects across contexts. Exploring combinations of tDCS with
cognitive training or behavioral interventions could also maximize therapeutic benefits.

Conclusion

This study provides empirical evidence that transcranial direct current stimulation
(tDCS) applied over the dorsolateral prefrontal cortex is effective in enhancing working
memory and response inhibition in children with autism. The findings highlight the
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potential of tDCS as a promising complementary approach in cognitive rehabilitation
for ASD. By targeting core deficits in executive functioning, tDCS may contribute to
improved self-regulation, attention, and overall adaptive functioning in affected
children. Further controlled studies are warranted to optimize stimulation parameters
and establish long-term efficacy.

Keywords
Transcranial Direct Current Stimulation (tDCS), Working Memory, Response
Inhibition, Autism Spectrum Disorder, Executive Function, Cognitive Rehabilitation.
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