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ABSTRACT

The aim of this study was to compare the effectiveness of transcranial direct current stimulation
and sensorimotor integration on executive functions (cognitive flexibility and response inhibition) of students
with specific learning disabilities.

The present study was an experimental one with a pretest-posttest design with a control group. The
statistical population of this study included all fifth and sixth students of elementary school who enrolled in the
centers for learning disabilities in Dezful in the academic year of 2021-2022. Sixty people were selected by
available sampling and were randomly assigned to two experimental groups and one control group (20 people
in each group). The students were measured by Wisconsin and Stroop test in the pretest and posttest stages.
Transcranial direct current stimulation was implemented in ten 20-minute sessions and sensorimotor integration
program was implemented in ten 45-minute sessions. The control group did not receive any intervention. Data
were analyzed using covariance test.

According to the results, there was a statistical significant difference between the mean scores of
two experimental groups and control group in cognitive flexibility and response inhibition of students with
specific learning disabilities (P<0.001). In addition, the results of Bonferroni test were indicative of the
higher effectiveness of transcranial direct current stimulation, compared to sensorimotor integration.

According to the results of the present study, the effect of transcranial direct current stimulation
on cognitive flexibility and response inhibition is more than sensorimotor integration. It is also suggested that
both methods (transcranial direct current stimulation and sensorimotor integration) could be used as useful
interventions in improving executive functions of students with learning disabilities by educational specialists.

Extended Abstract

1. Introduction They are a combination of genetic, epigenetic, and

earning disabilities are defined as a set environmental factors that alter the brain's ability to

of biologically based effectively and accurately recognize or process
neurodevelopmental  disorders that verbal or non-verbal information (Gkora &
cause cognitive abnormalities, as well Karabatzaki, 2023). Children with learning

disabilities experience difficulties in various areas
compared with their typically developing peers.

as symptoms associated with emotional
and behavioral disorders.
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Such children may struggle in one or more subjects, sensorimotor integration on executive functions (
including verbal expression, listening comprehension, cognitive flexibility, response inhibition) of students
written expression, reading, and mathematics (Firat & with specific learning disorder.

Bildiren, 2023). In recent decades, cognitive and

neuropsychological ~ theories  emphasize  the 2. Materials and Methods

performance of executive functions as one of the most The present study was an experimental one with a
important causes of this disorder (Afshari & Rezael, pretest-posttest design with a control group. The
2019). Executive function is considered as a set of top- statistical population of this study included all fifth
down cognitive control processes, which provides the and sixth students of elementary school who referred
possibility of adaptive behavior in many areas of life, to the Center for Special Learning disabilities in
including educational environments (Zelazo & Dezful in the academic year of 2021-2022. 60 people
Carlson, 2020). These functions refer to a wide range were selected by available sampling and were
of skills including cognitive flexibility and inhibition randomly assigned to two experimental groups and
(Conner & Maeir, 2011). Cognitive flexibility refers to one control group (20 people in each group). In this
the ability to adapt cognitive behavior in response to research, the following instruments were used to
changing concepts, tasks or types of information collect data: Wisconsin and Stroop test. The
(Andreou, Konstantopoulos & peristeri, 2022). experimental groups received transcranial direct
Response inhibition is an aspect of top-down cognitive current stimulation and sensorimotor integration
control that refers to the ability to control one's program for 10 sessions and each session lasted 45
attention, behavior, thoughts, and/or emotions to minutes. Data were analyzed using covariance
override a strong internal predisposition or external analysis.

distraction and focus on more adaptive and relevant

stimuli (Ishihara et al, 2021). Researches show that 3. Results

executive dysfunction is one of the main problems of The results of covariance analysis in Table 1 show that
students with special learning disorder and directly after controlling for pre-test effects, there was a
affects the academic performance and life skills of statistical significant difference between the mean
these students (Papanastasiou, 2017; Biotteau et al, scores of two experimental groups and control group
2023). At the present, it has been used many in cognitive flexibility and response inhibition of
interventions such as transcranial direct current students with specific learning disability (P<0.001). In
stimulation and sensorimotor integration to improve addition, the results of Bonferroni test were indicative
executive functions of students with specific learning of the higher effectiveness of transcranial direct
disorder. Therefore, the current research was current stimulation, compared to sensorimotor
conducted with the aim of comparing the effectiveness integration.

of transcranial direct current stimulation and

Table 1. Results of covariance analysis (ANCOVA) to investigate the significant difference between the three
experimental and control groups in the cognitive flexibility and response inhibition

Source | Variable SS Df MS F P | Eta
Number of categories 34/464 2 17/232 741262 0.001 0/76
Group Preservative error 30/422 2 15/211 36/791 0.001 0/62
Interference score 83/783 2 41/892 177/716 0.001 0/88
Interference time 19034/646 2 9517/323 93/583 0.001 0/80
4. Discussion and Conclusion inhibition (Floel et al, 2012). In addition to the results
The results of univariate covariance analysis showed of univariate covariance analysis showed that
that the transcranial direct current stimulation is sensorimotor integration program is effective on
effective on cognitive flexibility and response cognitive flexibility and response inhibition. These
inhibition. These results are in line with the findings results are in line with the findings of Amini et al
of Fehring et al (2019), Breitling et al (2019) & (2022), Harland, Swarbrick & Haines (2017) &
Arshadi et al (2021). In explaining this assumption, it Firouzi et al. (2021). The results of Bonferroni test
can be said that transcranial direct current stimulation showed that the effectiveness of the transcranial direct
activates dopamine neurotransmitters and increases current stimulation has been more than sensorimotor
dopamine in the brain area associated with cognitive integration. In explaining these findings, it can be said
flexibility (Rooholamini, Soleymani & VVaghef, 2018). that transcranial stimulation creates direct changes in
This method also increases the activity of the the excitability of the prefrontal cortex, and for this

prefrontal cortex and thus improves response
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reason, it has a high capacity to improve executive
functions, and the anodal stimulation of f3 area causes
the neurons that are parallel to the electric current to
accumulate over time and this will lead to more
shooting in neurons (Shahmohammadi kaleybar et al,
2019). On the other hand, sensorimotor integration
involves the whole brain and body by enriching the
environment and stimulating different senses, and then
by focusing on the elementary nervous systems such
as vestibular and deep, it causes growth, and then it
strengthens the higher levels of the nervous system
and ultimately strengthens the executive functions,
including response inhibition and cognitive flexibility.
Therefore, it seems that sensorimotor integration is a
method which requires more time for greater
effectiveness and gradually and indirectly improves
the executive functions of the brain
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