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Objective: The aim of this study was to investigate the effectiveness of Transcranial
Direct Current Stimulation along with Computerized Cognitive Training on Executive
Functions and Academic Performanc of students with Attention Deficit Hyperactivity
Disorder.

Method: In term of goal, the research method was practical and semi-experimental with
a pretest-posttest design with a sham group. The statistical population of the study was
all students with SLD+ADHD in Esfahan. The sample of this research consisted of 24
students who were selected through purposive sampling and randomly divided into two
sham group (14 participants) and an experimental group (14 participants). The students
were assessed using the Wechsler Intelligence Scale for Children (WISC-1V), Conners'
Parent Rating Scale, the Learning Disability Diagnostic questionnaire. The brief
questionnaire and Farsi grades of the students of two semesters were also used in order to
check the effectiveness of the treatment in the pre-test and post-test stages.The
experimental group participated in 15 sessions of 20 minutes duration in the intervention
program.

Results: The results indicate the significant effectiveness of the intervention of tDCS
combined with cognitive computer training on improving the components of executive
functions including response inhibition (p<0.01, F=12.23, 1]2=0.42), attention (p<0.01,
F=27.18, 112=0.60), working memory (p<0.01, F=15.11, []2=0.46) and planning (p<0.01,
F=38.70, 1)2=0.66). Also, the results of the non-parametric covariance analysis showed a
significant improvement in the Farsi scores of the students in the experimental group
compared to the control group (p<0.01, F=12.13).

Conclusion: The results of this study showed that this intervention can have a significant
positive effect on improving the performance students with Specific Learning Disorders
comorbid with Attention Deficit/Hyperactivity Disorder. Therefore, it can be concluded
that the combination of brain stimulation treatment methods and cognitive training can be
a suitable option for the rehabilitation of students with Specific Learning Disorder
comorbid with Attention Deficit/Hyperactivity Disorder.
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Extended Abstract
1. Introduction

Specific learning disorders are among the neurodevelopmental conditons that most affect
early school-aged children’ academic performance, however they may not be identified
until adulthood (American Psychiatric Association, 2013). Results of various pieces of
research suggest that specific learning disorder generally coexists with various specifiers
(e.g., reading and math skill disorders), other neurodevelopmental disorders (attention-
deficit/hyperactivity, autism, motor-developmental coordination, and developmental
language disorders), and other mental disorders (anxiety disorders, depression) or
behavioral problems (Aro et al., 2023; Moll et al., 2020., 2014; Snowling et al., 2020; Aro
et al., 2019; Schieve et al., 2012). Overall, there is a wide variation of reports on the
coexistence of specific learning and attention-deficit/hyperactivity disorders suggesting
their extent of coexistence to range between 20 and 90%; however, a coexistence level of
70% has been most frequently documented in this regard (Rucklidge & Tannock, 2002).
Attention deficit/hyperactivity is a chronic neurodevelopmental disorder associated with
complex and heterogeneous clinical manifestations including disruptive and inappropriate
levels of inattention, hyperactivity, and impulsivity causing significant dysfunctions in the
mechanisms concerning hot and cold executive functions. This disorder hence directly
impacts processes such as working memory, attention, response inhibition, emotion self-
regulation, planning, cognitive flexibility, reaction time manipulation, preference for
immediate rewards, decision-making, etc. Considering the crucial role of these cognitive
skills in the development of 6-12-year-old children and their effective involvement in the
processes associated with learning, this disorder leads affected students to perform poorly
at school (5th ed.; DSM-5, American Psychiatric Association, 2013; Navarro-Soria et al.,
2019; Sanchez et al., 2019). Considering the importance of executive functions in the basic
skills of daily life and their prominent role in neuro-developmental disorders, many studies
have investigated the effectiveness of different approaches such as brain neuromodulation
techniques and cognitive training. Transcranial Direct Current Stimulation: tDCS is a brain
neuromodulation strategy with a specific active mechanism capable of modulating cerebral
cortex activity by reducing and enhancing neuronal firing threshold. Many researchers have
recently turned to the combination of this technique with strategies such as classic and
computerized cognitive training, offering evidence suggesting that combining tDCS with
cognitive training could enhance cognitive processes more effectively (Au et al., 2016; Katz
etal., 2017). Therefore, we hipothesized that the combination of repetitive sessions of tDCS
with computerized cognitive training is a promising approach to amelorate executive
functions and math skills in children with ADHD and SLD.

2. Materials and Methods

This is a randomized, sham-controlled, quasi-experimental pretest-posttest pilot trial. The
population included all students (boys and girls) studying in the academic year 1401-1402
in Isfahan city and had SLD + ADHD. after identifying students with SLD + ADHD, 24
students were randomly selected from the population, and the subjects were randomly
assigned to an experimental group and a sham one. Given that the participants were minors.
For instance, the medical history of all students was studied to ensure there were no risky
conditions concerning the reception of tDCS. Students with epilepsy, convulsions, and a
history of headaches, those with metal implants or objects in their heads or necks, and
students taking special drugs were excluded from the study. Students were assessed using
the Wechsler Intelligence Scale for Children (WISC-1V), Conners' Parent Rating Scale, the
Learning Disability Diagnostic questionnaire. The brief questionnaire and Farsi grades of
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the students of two semesters were also used in order to check the effectiveness of the
treatment in the pre-test and post-test stages. Aiming to enhance participants’ executive
functions and academic performance, the present study implemented Fifeteen consecutive
daily 1 mA 20-minute sessions of tDCS were administered using a Neuorostim-2 device
with a pair of electrodes soaked in 0.9% saline solution in the test (or experimental) group.

3. Results

Covariance analysis was used to analyze the research data and the results indicate the
significant effectiveness of the intervention of tDCS combined with cognitive computer
training on improving the components of executive functions including response inhibition
(p<0.01, F=12.23, 1]2=0.42), attention (p<0.01, F=27.18, 1]2=0.60), working memory
(p<0.01, F=15.11, I]2=0.46) and planning (p<0.01, F=38.70, I]2=0.66). Also, the results of
the non-parametric covariance analysis showed a significant improvement in the Farsi
scores of the students in the experimental group compared to the control group (p<0.01,
F=12.13).

Table 1. The Results of Covariance Analysis for the post-test Scores of Response Inhibition, Attention,
Working Memory and Planning Variables

Depe_ndent Sum of Df Mean E Sig. Eta Power
variable Squares Squares squared

Inhibitory Pre 370.89 1 370.89 13.23 0.00 0.42 0.93

control Group 358.40 1 358.40 12.78 0.00 0.42 0.92
Error 504.67 18 28.04

Pre 211.80 1 211.80 43.50 0.00 0.71 1.00

Attention Group 132.35 1 132.35 27.18 0.00 0.60 1.00
Error 87.64 18 4.87

Working Pre 93.33 1 93.33 9.96 0.01 0.36 0.85

Memory Group 141.60 1 141.60 15.11 0.00 0.46 0.96
Error 168.66 18 9.37

_ Group 461.50 1 461.50 38.71 0.00 0.68 1.00

Planning Error 415.53 1 415.53 34.85 0.00 0.66 1.00
214.61 18 11.92

Table 2. Nonparametric ANCOVA of the Independent Variable’s Impact on Academic Performance

Quade nonparametric ANCOVA Paired Sample Test
F DFH DFE Significance T Df Significance
Academic
performance 12.13 1 22 0.01 3.48 22 0.01

in mathematics

4. Discussion and Conclusion

Our study peered into the modulating effects of the dorsolateral prefrontal cortex in the
enhancement of executive functions and academic performance of students with coexistent
attention-deficit/hyperactivity disorders and specific learning disorders through
Transcranial Direct Current Stimulation coupled with Computerized Cognitive Training.
Analysis of the results obtained from the present work confirmed our hypotheses. To be
more specific, a-tDCS on the Left DLPFC coupled with CCT managed to improve the
performance of students suffering from ADHD+SLD in tasks associated which contributed
to their progress in math lessons. Results revealing the improvements in executive
performance and the effectiveness of our treatment protocol would not be surprising given
the essential and proven role of this brain region in managing several executive processes
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such as working memory, planning, and cognitive flexibility (Rubia, 2018; Salehinejad et
al., 2021). To further elaborate on the results obtained from the present work, one could
argue that the results of research performed over the recent years suggest that Transcranial
Direct Current Stimulation implemented on the dorsolateral prefrontal cortex coupled with
a cognitive task modulates brain dopamine levels by increasing the excitability of the
DLPFC region. Similar to every other scholarly research, our study faced several limitations
despite its achievements. More reliable and accurate results can be hoped to be achieved in
future research through the resolution of the limitations faced in the present work. Among
the limitations of this study, one could point to the small sample size, convenience sampling,
lack of follow-up on the results, and the single-blind design of the study. Moreover,
researchers eager to further explore this field are recommended to investigate the
neurological and physiological impacts of this protocol on the brain to avoid limiting their
results to subjects' behavioral performance as we have.

5. Ethical Considerations
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. Hyperpolarization
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. Seo & Jun
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2. David Wechsler

3. Wechsler

4. Kaufman
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