Quarterly Journal of
Child Mental Health Vol. 10, No. 4, Winter 2024

Research Paper
The Effectiveness of Direct Current Transcranial Brain Stimulation and Cognitive
Rehabilitation on Working Memory and Reading Efficacy of Students with Dyslexia

Hamed Sarhangpour! ', Fereshteh Baezzat™'*', Vahid Nejati®*', Soheila Hashemi*

1. Ph.D. Student of Educational Psychology, Faculty of Humanities and Social Studies, University of Mazandaran, Babolsar, Iran
2. Associate Professor, Department of Psychology, Faculty of Humanities and Social Studies, University of Mazandaran, Babolsar,
Iran
3. Professor, Department of Psychology, Faculty of Educational Sciences and Psychology, Shahid Beheshti University, Tehran, Iran.
4. Professor, Department of Psychology, Faculty of Humanities and Social Studies, University of Mazandaran, Babolsar, Iran

Citation: Sarhangpour H, Baezzat F, Nejati V, Hashemi S. The
effectiveness of direct current transcranial brain stimulation and

cognitive rehabilitation on working memory and reading efficacy of ( D B
students with dyslexia. J Child Ment Health. 2024; 10 (4):126-140. CrossMark * 4
URL.: http://childmentalhealth.ir/article-1-1236-en.html 4.110.61186/jcmh.10.4.10
ARTICLEINFO ABSTRACT

Keywords: Background and Purpose: Dyslexia as the most common specific learning disorder is related to
Transcranial electrical working memory deficiency. In this research, the effectiveness of transcranial electrical stimulation
stimulation of the brain, of the brain (real and sham) combined with Attentive Rehabilitation of Attention and memory
cognitive rehabilitation, (ARAM) on working memory and reading efficiency in students with dyslexia was investigated.
working memory, Method: This research was a quasi-experimental study with a pre-test and post-test design and the
reading efficiency, study population includes all students with dyslexia aged 8-12 years old in north of Iran (Babol).
dyslexia Among them, 22 students were selected and randomly placed in two experimental groups (11

students in each group). After performing the pre-tests, the first experimental group was exposed to
real electrical stimulation combined with ARAM and the second group was exposed to sham
electrical stimulation combined with ARAM (for 12 sessions of 60 minutes). Working Memory Test
for Children (WMTC) (Arjamandinia, 2016) was used to evaluate the working memory of students
with dyslexia, and NEMA reading and dyslexia test (Moradi et al., 2016) was used to measure reading
efficiency. The analysis of covariance was used to analyze the data.

Results: Statistical analysis showed that the increase in working memory scores and reading
efficiency in the first experimental group was significantly higher than the second experimental group
(P<0.05).

Conclusion: Based on the findings, it can be concluded that the method of real electrical stimulation
combined with ARAM was more effective compared to sham electrical stimulation method combined
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Extended Abstract

Introduction

Dyslexia is one of the most common categories of specific
learning disorders, characterized by neurodevelopmental
origins, and its existence cannot solely be attributed to a lack of
learning opportunities or inadequate education (1). Dyslexia is
a defined learning difficulty that affects precise and fluent
reading skills, manifesting as difficulties in accurate word
recognition, phonological abilities, and weak decoding skills
(2).

Based on research, one of the fundamental challenges in
students with dyslexia is the deficiencies in working memory
(4). Working memory is a cognitive system that temporarily
stores and processes data (5). This study adopts Baddeley's
perspective on working memory (6). Research findings indicate
that efforts to reduce working memory deficits can reduce
symptoms of dyslexia (7, 8).

Among the effective methods for students with dyslexia are
cognitive rehabilitation and brain electrical stimulation, both
utilized in this study (10). Electrical brain stimulation is a non-
invasive technique for modulating brain excitability thresholds
by introducing weak electrical currents into the cerebral cortex,
thereby facilitating or inhibiting neural activities to modify
brain function (11, 12). Another effective intervention for
students with dyslexia is using cognitive rehabilitation
programs (29). Cognitive rehabilitation is a systematic
cognitive-behavioral therapy based on assessing and
understanding cognitive-behavioral impairments (29-32). This
study employed the Attentive Rehabilitation of Attention and
Memory (ARAM) package to enhance working memory
functions. Previous research has highlighted the effectiveness
of combining brain electrical stimulation and cognitive
rehabilitation in various groups (10, 13, 36-38).

This study investigates the effectiveness of the combined
brain electrical stimulation and cognitive rehabilitation
approach in enhancing working memory and reading efficiency
in students with dyslexia.

Method

The current research adopts a pretest-posttest design regarding
its applied objectives and quasi-experimental approach. The
study's statistical population consisted of all students with
dyslexia aged 8 to 12 in one of Iran's northern cities in 2020. A
total of 22 students with dyslexia were purposively selected by
visiting public schools and were randomly assigned to the first
experimental group (real electrical stimulation with cognitive
rehabilitation) and the second experimental group (sham
electrical stimulation with cognitive rehabilitation). To assess
cognitive abilities as an entry variable into the research, Raven's
Colored Progressive Matrices test for children was utilized
(40). Reading abilities were assessed using the Reading and
Dyslexia Test (NEMA) (42), and working memory in students
with dyslexia was examined using the Working Memory Test
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for Children (WMTC) (43). These tests were developed in Iran
and normalized for the Iranian population.

The selected current intensity for electrical stimulation was
one milliampere, with a duration of fifteen minutes, targeting
the dorsolateral prefrontal cortex area (DLPFC), and the
cathode electrode was placed on the right arm (17). The second
intervention method involved using ARAM. This software was
designed based on the principles of cognitive rehabilitation
(33). In the first group, students received real brain electrical
stimulation concurrently with ARAM. This was achieved by
applying electrical stimulation to the brain for a specified
period (15 minutes) while simultaneously engaging in
cognitive rehabilitation (lasting 45 minutes). In the second
group, students received sham electrical stimulation alongside
ARAM with a scheduling pattern similar to the first group.
Ultimately, the data obtained were analyzed through covariance
analysis using SPSS 26.

Results

The mean age of students with dyslexia in the ARAM-only
group (1.61 + 9.00 years) and the combined ARAM and
electrical stimulation group (1.19 £ 9.27 years) was calculated.
In terms of working memory scores, the average scores of
phonological loop, visuospatial sketchpad, and central
executive in the first experimental group in the pre-test phase
were equal to 81.00, 73.72, and 75.81 respectively, and in the
post-test phase, respectively was 82/63, 81/83 and 80/81. These
averages for the second experimental group were 78.18, 71.00
and 79.27 in the pre-test stage and 99.81, 86.63 and 95.81 in the
post-test stage, respectively.

In the reading efficiency scores, the average scores of the
components of reading words, word chaining, sound deletion,
non-word reading and category ques in the first experimental
group in the pre-test stage were 53.00, 5.36, 18.63 and 15.45,
respectively and in the post-test stage they were equal to 59.09,
5.90, 6.72, 23.00 and 19.54 respectively. These averages for the
second experimental group were equal to 75.09, 5.00, 6.09,
21.90 and 19.90 in the pre-test stage and in the post-test stage
they were 88.63, 9.72, 10.00, 23.18 and 28.36, respectively. In
other components of reading efficiency, no significant
difference was observed between the two groups.

A one-way covariance (ANCOVA) analysis was employed
while adhering to the assumptions to compare the two groups
at the inferential level. Statistical results indicated a significant
group effect on the composite components of reading efficiency
for students with dyslexia in the post-test phase (An? = 0.026, p
=0.955, F (1, 10) = 1.10). Therefore, it can be stated that there
was a significant difference in the adjusted mean scores of
reading efficiency components in the post-test phase between
the first and second groups, with 33.2% of the observed
difference in the mean reading efficiency components
attributed to the effect of the intervention. Considering the pre-
test scores, the utilization of two intervention methods led to a
significant difference between the experimental groups in
reading components such as word reading, word chaining,
sound deletion, non-word reading, and phoneme awareness (p
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< 0.05, effect sizes for word reading 40.6%, word chaining
44.2%, sound deletion 43%, non-word reading 46.3%, and
phoneme awareness 58.8%). Therefore, the first experimental
group (real electrical stimulation with the ARAM package) was
more effective than the second experimental group in
improving the reading components of words, word chaining,
sound deletion, non-word reading, and phoneme awareness in
students with dyslexia. However, a significant difference in the
effectiveness of the experimental groups in the post-test phase
was not observed in the components of rhyme, picture naming,
text comprehension, word comprehension, and symbol concept
at the 0.05 significance level (p > 0.05).

Conclusion

This research was aimed to compare the effectiveness of two
intervention methods, real electrical stimulation with cognitive
rehabilitation and sham electrical stimulation  with
rehabilitation, on working memory and reading efficiency in
students with dyslexia. The results of the covariance analysis
indicated that the first experimental method was more effective
than the second.

The results of the study showed that real electrical stimulation
with cognitive rehabilitation was more effective than sham
electrical stimulation with cognitive rehabilitation in the
working memory variables. These findings can be explained by
the fact that real electrical stimulation in the dorsolateral
prefrontal cortex region stimulates the areas of the brain related
to the phonological loop-cognitive and central executive, which
is consistent with the research of Richmond et al. (11) and Seo
etal. (12).

Furthermore, the results showed that real electrical
stimulation with cognitive rehabilitation was more effective
than sham electrical stimulation with cognitive rehabilitation in
participants' reading efficacy in some aspects. Explaining the
differences between the sub-scales in the two experimental
groups, it can be said that as cognitive effort in reading
increases, the activity of the left hemisphere also increases
significantly. Therefore, reading-related activities that
specifically involve the left hemisphere received a more
significant effect from the intervention process, while sub-tests
that required more activity from both hemispheres received a
lesser effect from the intervention. This finding aligns with
Yang et al.'s research (16).

In conclusion, this finding likely reflects synaptic plasticity
changes in the brain's neural network underlying reading,
indicating that electrical stimulation combined with cognitive
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intervention is more effective in improving reading. In other
words, combining brain electrical stimulation with tasks to
enhance working memory and reading likely associates the
increased synaptic plasticity due to electrical stimulation with
a specific activity (in this case, reading effort), which facilitates
synaptic plasticity.

Among the critical limitations of this study were limited
access to samples, the number of montages, and the type of
stimulation. It is recommended that this combined method be
implemented with different montages and different current
delivery methods, and the data obtained at the end of the
intervention should be examined for the stability of the
intervention effect through 3- and 6-month follow-ups.
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1. Interclass Correlation Coefficient (ICC)
2. Validity

3. Reading and Dyslexia Test (NEMA)

4. Reliability

5. Content validity

6. Lawshe Content Validity Index
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1. Bilateral
2. Offline Stimulation
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