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Objective: Attention deficit/ hyperactivity disorder is one of the most common
neurodevelopmental disorders. The purpose of this study was to compare the
effectiveness of Transcranial Direct Current Brain Stimulation (tDCS) and computer-
based cognitive rehabilitation on improving cognitive emotion regulation in children
with attention deficit/ hyperactivity disorder.

Methods: The current research design was experiment with pre-test-post-test and
control group. The statistical population included children with attention deficit/
hyperactivity disorder in Ardabil city who referred to the psychiatric center of Fatemi
Hospital in Ardabil city in 2023. From this population, 60 children with attention deficit/
hyperactivity disorder were selected by purposeful sampling and randomly replaced in
three groups: experiment 1, experiment 2, and control (20 people in each group). Data
were collected using Connors Parent Rating Scale (1978), Raven's Progressive Matrices
Test (2000) and cognitive emotion regulation scale (2002). The subjects of the first
experimental group received Transcranial Direct Current Brain Stimulation (tDCS) for
10 sessions and twice a week for 20 minutes. The second experimental group also
received Captain Log's computerized cognitive rehabilitation intervention for 10
sessions and twice a week for 45 minutes. The control group did not receive any
intervention. Data analysis was done with SPSS version 25 software and with
covariance analysis and Bonferroni's post hoc test.

Results: The results showed that there is a significant difference between the groups in
emotion regulation (P<0.05). The experimental groups of transcranial direct current
brain stimulation (tDCS) and computer-based cognitive rehabilitation had higher
emotion regulation compared to the control group. Also, by controlling the effect of the
pre-test in the two experimental groups, there is no significant difference between the
two methods of transcranial direct current brain stimulation (tDCS) and computer-based
cognitive rehabilitation (P<0.05).

Conclusions: According to the results, it can be said that the intervention of transcranial
direct current brain stimulation (tDCS) and computer-based cognitive rehabilitation

were effective in improving the cognitive regulation of emotion in children with
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attention deficit/ hyperactivity disorder. Therefore, both interventions can be used to
improve the cognitive regulation of emotions in children with attention deficit/

hyperactivity disorder.
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Extended Abstract

1. Introduction

Attention-deficit/ hyperactivity disorder is a biologically based disorder that begins in
childhood (Don Francisco, Nativio et al., 2020) and affects children with symptoms
including attention deficit, hyperactivity and impulsivity. (Liu, Hanna et al., 2020). So that
research results show that 30-70% of people with hyperactivity Active people have major
problems in emotion regulation (Shaw, Stringaris et al., 2014). These people have
problems in regulating the intensity of emotions, emotional impulsivity and controlling
negative emotional reactions and they have inefficient emotion regulation patterns
(Moradi Siah Afshdi, Amiri et al., 2023).

There are several treatment approaches for this disorder. One of the neuropsychological
tests that is used today to treat emotional disorders, especially problems with
neurodevelopmental etiologies, is transcranial electrical stimulation of the brain (tDCS)
(Thair, Holloway et al., 2017). .

Transcranial Direct Current Brain Stimulation (tDCS) is a non-invasive method that
creates a weak electric current through the depolarization of the resting membrane
potential (anodic stimulation) or the inhibition of the cortex (cathodic stimulation) which
can stimulate the brain by increasing the polarization of the resting membrane potential
(Filmer, Mattingley et al., 2020). The results of research by Arshahi, Asgari et al (2002),
Ashrafi, Arab Shibani et al (2018) show that brain electrical stimulation is effective on the
executive functions, attention, and high-risk decision-making of children with attention
deficit disorder.

Also, among the non-pharmacological interventions for the group with attention
deficit/hyperactivity disorder, cognitive rehabilitation is one of the methods that has
attracted the attention of specialists and clinical therapists today. In the cognitive
rehabilitation program, efforts are made to improve defective cognitive processes by using
different methods such as software and computer games through providing exercises and
doing homework (Fisher, Loewy et al., 2013). The findings of Nazarbland, Noha- Gari et
al. (2018), Babapour, Hashemi et al (2014) show the effectiveness of Captain Log's
rehabilitation program on improving the symptoms of children with attention
deficit/hyperactivity disorder.

Transcranial electrical brain stimulation (tDCS) and computer-based cognitive
rehabilitation are widely used by specialists and psychologists today. Therefore, the
present study was conducted with the aim of comparing the effectiveness of Transcranial
Direct Current Brain Stimulation (tDCS) and computer-based cognitive rehabilitation on
improving emotion regulation in children with attention deficit/hyperactivity disorder.

2. Materials and Methods

The current research design was experimental with pre-test-post-test and control group.
The statistical population included children with attention deficit/ hyperactivity disorder in
Ardabil city who referred to the psychiatric center of Fatemi Hospital in Ardabil city in
2023. From this population, 60 children with attention deficit/ hyperactivity disorder were
selected by purposeful sampling and randomly replaced in three groups: experiment 1,
experiment 2, and control (20 people in each group). Data were collected using Connors
Parent Rating Scale (1978), Raven's Progressive Matrices Test (2000) and cognitive
emotion regulation scale (2002). The subjects of the first experimental group received
Transcranial Direct Current Brain Stimulation (tDCS) for 10 sessions and twice a week
for 20 minutes. The second experimental group also received Captain Log's computerized
cognitive rehabilitation intervention for 10 sessions and twice a week for 45 minutes. The
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control group did not receive any intervention. Data analysis was done with SPSS version
25 software and with covariance analysis and Bonferroni's post hoc test.

3. Results

Table 1. The results of Bonferroni's test to compare the difference between the mean scores of the
cognitive regulation of emotion in the experimental and control groups

Difference of Std

Variable Comparison groups P
means Error
Transcranial Dlre(.:t.Current ].3.ra11? Stimulation & 1.02 0.49 0128
Cognitive rehabilitation
Positive emotion Transcranial Direct Current Brain Stimulation & 3 93% 0.46 0.001
Control
Cognitive rehabilitation & Control 2.97* 0.45 0.001
Transcranial Dlref:t. Current B.ran.l Stimulation & -0.28 0.62 098
cognitive rehabilitation
Negative emotion Transcranial Direct Current Brain Stimulation & 5 74% 058 0.001
Control
Cognitive rehabilitation & Control -2.46* 0.56 0.001

As can be seen in Table 1, the results of the Bonferroni test in the post-test stage
indicated a significant difference between both intervention groups and the control group
in positive and negative emotion regulation variables; However, no significant difference
was found between the two intervention groups in any of the variables; Therefore, these
two methods have the same effect on the cognitive regulation of emotion.

4. Discussion and Conclusion

The present study was conducted with the aim of comparing the effectiveness of
Transcranial Direct Current Brain Stimulation (tDCS) and computer-based cognitive
rehabilitation on improving emotion regulation 1in children with attention
deficit/hyperactivity disorder. The results of covariance analysis showed that Transcranial
Direct Current Brain Stimulation (tDCS) is effective in improving emotion regulation in
children with attention deficit/hyperactivity disorder. This finding is in line with the
results of Arshahi, Asgari et al (2023), Castellanos& Proal (2012).

In explaining this finding, it can be said that according to the position of the electrode,
the dorso-lateral frontal region is a central region of the cognitive mechanism (Pina-
Gomez, Vidal-Pinrier et al., 2011). As a result, less activity of this area is associated with
emotional dysregulation. Electrical stimulation of this area by increasing cortical activity
causes these children to have more control over their emotions, examine situations and
increase the ability to cognitively regulate emotions. In other words, when people try to
control their emotions, the activity of the frontal lobe areas involved in cognitive control,
especially the dorsal-lateral prefrontal, increases and the activity of the subcortical areas
that normally control that emotion decreases. (Buhle, Silvers et al., 2014).

Another finding of the research showed that computer-based cognitive rehabilitation is
effective in improving the emotion regulation of children with attention
deficit/hyperactivity disorder. The results are consistent with the research results of
Samnia & Hassan Pashaei (2021), Chamberlain et al. (2010).

In explaining this finding, it can be said that cognitive rehabilitation is a structured set
of therapeutic activities designed to teach skills based on memory, emotion and other
cognitive functions, which pay special attention to cognitive and emotional problems
(Perez-Martin, Gonzalez-Platas et al., 2017). The improvement of emotional performance
after cognitive rehabilitation interventions indicates the creation of changes in the nervous
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system, which can be explained based on the hypothesis of brain plasticity as a result of
neuropsychological exercises. It is assumed that the same mechanism that underlies the
experience-dependent plasticity processes leads to guided improvement through cognitive
rehabilitation (Ghorbanian et al., 2018).

The third finding of the current research indicates that there is no significant difference
between the effectiveness of two methods in improving the emotion regulation of children
with attention deficit/hyperactivity disorder. Both treatment approaches have been
effective in increasing the cognitive regulation of emotion compared to the control group.
In explaining this finding, it can be said that electrical stimulation applied to the dorsal-
lateral prefrontal cortex leads to an increase in the allocation of more cognitive resources
for emotional processing when negative stimuli are presented (Eskandari et al., 2019).
Also, the cognitive rehabilitation program to a large extent by increasing the activity of
the prefrontal cortex (Kim, 2015) and changes in the flexibility of brain neurons
(O'Connell et al., 2007) leads to the improvement of emotion regulation in children with
attention deficit/hyperactivity disorder. It becomes active. Therefore, various researches
show the targeted strengthening of different parts of the brain on cognitive and behavioral
changes such as improvement in emotion regulation (Wout, Donnell et al., 2019).
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