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stimulation on attention and working memory of students with dyslexia.

The method of this research was a semi-experimental type of pre-test, post-test and control
group. The statistical population of the present study consisted of all dyslexic children who referred to the
learning disorders center in Ardabil city in 2022. The sample of the present study was 20 people from the
above statistical population who were selected by available sampling method and randomly assigned to
two experimental (20: n) and control (20: n) groups. In order to collect data in the pre-test and post-test
stages, the scale of the second version of continuous performance test and N-back working memory test
was used. The experimental group received the tDCS protocol for 10 weeks every week, 2 sessions of 20
minutes each session, and the control group did not receive any intervention. Multivariate analysis of
covariance (MANCOVA) was used to analyze the data.

The results of covariance analysis showed that there is a significant difference in attention
and working memory between dyslexic and normal children (P<0.05).

Considering the effectiveness of transcranial direct current stimulation, this technique may
actually be a neurobiologically based, low-cost and easy treatment option with long-term effects for
children and adolescents with dyslexia.

Extended Abstract

1.

Introduction

tudents with learning disabilities make
up more than 50% of those who need
special education. The most common
learning disability, dyslexia or a
specific difficulty in reading, negatively
affects the academic life of learners
(Cortiella & Horowitz, 2014). Because
they experience problems at the level of
phonological awareness that interfere
with reading comprehension, fluency,
and completing reading assignments
(Fletcher, et al., 2019).

Another of these factors is the attention process.
Attention is conceptualized as a limited and
selective cognitive process (Mole, 2017).
Attentional processing includes a set of
processes that manage the flow of information
through the nervous system and allocate
attentional resources appropriately to relevant
stimuli. Working memory is another prominent
cognitive process that is investigated as a
plausible cause of dyslexia in this research
(Varvara, et al., 2014).

Memory, including the ability to store memories,
is a primary function in brain development and
the ability to reason, understand, and of course
learn (Protopapas & Parilla, 2018).
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Recent research has shown that transcranial direct
electrical stimulation of the brain can be a useful
therapeutic tool to improve performance in cognitive
tasks including arithmetic processing, verbal working
memory, attention skills, and language reconstruction
networks (Shah& et al, 2013). This method may
improve reading (Thomson& et al 2015). Therefore,
according to the issues raised and the research
conducted on the treatment of direct transcranial
electrical stimulation on executive functions and
considering that so far there has been no research on
the treatment of direct transcranial electrical
stimulation on children with learning disorders
(dyslexia). The present study was conducted with the
aim of evaluating the effectiveness of transcranial
direct electrical stimulation of the brain on attention
and working memory of students with dyslexia.

2. Materials and Methods

The current research method was a semi-experimental
design. In this research, a pre-test-post-test design with
a control group was used.

The statistical population of the present study
consisted of all dyslexic children who referred to the
learning disorders center in Ardabil city in 2022.
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Using the available sampling method, 40 people (20
people in each group) were selected from among those
who referred to the learning disorders center in
Ardabil after reviewing their files in the center and
interviewing them. Then the subjects were randomly
assigned to 2 experimental and control groups. As a
pre-test, the scale of the second version of continuous
performance test and N-back working memory test
were implemented.

3. Results

40 students with dyslexia participated in this study in
two experimental and control groups, 20 each. The mean
and standard deviation of the age of the experimental
group are 10.55 and 1.34, respectively, and the control
group are 10.30 and 1.43, respectively.

According to Table 1, the results of the multivariate
analysis of covariance test show that after controlling the
effects of the pre-test, there is a significant difference
between the average scores of the two groups in the
variables of Error providing response (p<0.01;
F=23.511), omission error (0.001 p>0; F=11.506),
confirmation error (p>0.001; F=3.699), correct answer
(p>0.001; F=7.537) and reaction time (0.001 >p;
F=3.212) (p<0.05)

Table 1. The results of multivariate covariance tests to compare the scores of continuous performance test variables and

N-back working memory test in the post-test of two groups

Source \ variable SS Df MS F P Effect size
Error providing response 9.323 1 9.323 0.118 0.08 0.05
Omission Error 1.795 1 1.795 5.535 0.06 0.01
Pre-test Confirmation Error 3.338 1 3.338 0.652 0.425 0.01
Correct answer (N-Back) 0.145 1 0.145 0.09 0.92 0.001
reaction time(N-Back) 3.363 1 3.363 0.20 0.56 0.06
Error providing response 27.363 1 27.363 23.511 0.001 0.42
Omission Error 3.731 1 3.731 11.506 0.002 0.26
Group Confirmation Error 19.219 1 19.219 3.699 0.05 0.10
Correct answer (N-Back) 122.151 1 122.151 7.537 0.01 0.19
reaction time(N-Back) 20.125 1 20.125 3.212 0.05 0.10

4. Discussion and Conclusion

The results of covariance analysis showed that direct
transcranial electrical stimulation of the brain is
effective in improving attention.

This finding can also be explained by the fact that
electrical stimulation causes changes in the function of
neurons and increases the surface sensitivity in the
cortex to increase the release of dopamine. As stated
by Clark&Noudoost (2014), dopamine enhances
cognitive ability and visual attention processes are
listed among executive and cognitive functions. As a
result, this process increases learning.

The results of covariance analysis showed that direct
transcranial electrical stimulation of the brain is
effective in increasing working memory.

In explaining this hypothesis, it can be said that it is

generally believed that direct transcranial electrical
stimulation of the brain causes depolarization of the
subthreshold membrane, and it has been suggested that
direct transcranial electrical stimulation of the brain
modulates the mechanisms of metaplasticity of the
cerebral cortex, which in turn modifies the synaptic
connections between neurons and since direct
transcranial electrical stimulation of the brain
modulates the plasticity of the cerebral cortex, the use
of direct transcranial electrical stimulation of the brain
has the potential to modulate learning and memory
(Liebetanz& et al, 2002).

Considering the effectiveness of direct transcranial
electrical stimulation of the brain, direct transcranial
electrical stimulation of the brain may actually be a
neurobiologically based, low-cost and easy treatment
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option with long-term effects for children and
adolescents with dyslexia.

5. Ethical Considerations

Compliance with ethical guidelines

Ethical principles are fully observed in this article.
Participants were allowed to withdraw from the study
at any time. Also, all participants were aware of the
research process.
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