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ABSTRACT

The aim of this study was to compare the effectiveness of cognitive rehabilitation of inhibitory
control, electrical stimulation of the brain and the combination of inhibitory control rehabilitation and
electrical stimulation of the brain on executive functions (behavioral inhibition and cognitive flexibility)
in children with ADHD.

[VETEEE The method of the present study is quasi-experimental with an unbalanced control group. The
quasi-experimental design of the present study was pretest-posttest and follow-up (2 months) with the
control group. The population included all those with ADHD in Arak in the academic year of 2019-2020.
The sample consisted of 60 students aged 8 to 12 years old in Arak who referred to counseling centers
and student psychological services and answered the questionnaire of Attention Deficit Hyperactivity
Disorder by Swanson et al. Experimental and control groups were assigned (15 people in each group).
The Swanson et al. ADHD Questionnaire, Hoffman Go/Nero Computer Test, and Wisconsin-Grant and
Berg Wisconsin Cards were used to collect the data. The experimental group received the Negative
Inhibitory Cognitive Rehabilitation Program, and electrical stimulation of the brain on the F4 anterior
points and a combination of the two. The data were analyzed using SPSS software (version 26) and mixed
covariance analysis with repeated measures.

The results showed that inhibitory cognitive rehabilitation, extracortical electrical
stimulation of the brain and combination of inhibitory cognitive electrical stimulation of
extracortical cerebral stimulation are effective in behavioral inhibition and cognitive flexibility in
children with ADHD (p > 0.001). The results of Benferoni post hoc test showed that there was a
difference between intra-group scores of pre-test and post-test (intervention effect), pre-test and
follow-up (time effect) and post-test-follow-up (intervention stability) in scores of completion error,
completion of classes and wrong answer (p > 0.001). The results showed that there was a significant
difference between experimental and control groups (p > 0.05). However, there was no difference
between the experimental groups of cognitive inhibition rehabilitation, electrical brain stimulation
and the combination of inhibitory control rehabilitation and electrical brain stimulation.

It can be concluded that inhibitory cognitive rehabilitation, extracortical electrical

deficit hyperactivity | stimulation of the brain and a combination of the two can be used as a single treatment or in combination
disorder. with other psychological therapies for children with ADHD.
Extended Abstract (ADHD) is one of the most common psychiatric

1. Introduction
ttention Deficit / Hyperactivity Disorder
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disorders in childhood and adolescence that is
characterized by persistent symptoms of
inattention, impulsivity and hyperactivity

Address: Assistant Professor, Department of Psychiatry, School of Medicine, Arak University of Medical Sciences, Arak, Iran.

Tel: +98 (912) 6019153

E-mail: hajinokani@yahoo.com



mailto:hajinokani@yahoo.com
http://jsp.uma.ac.ir/
http://jsp.uma.ac.ir/
https://jsp.uma.ac.ir/article_1786.html?lang=en
https://jsp.uma.ac.ir/issue_272_309.html?lang=en
https://jsp.uma.ac.ir/issue_272_309.html?lang=en
https://orcid.org/0000-0002-5697-0773
https://orcid.org/0000-0003-1333-0087
https://jsp.uma.ac.ir/article_1786.html?lang=en
https://orcid.org/0000-0003-0226-175X
https://orcid.org/0000-0002-3914-7048

Autumn 2022. Vol 11. Issue 3

(Banana, Guertz, Schaefer and Baluch, 2019). Children
with ADHD may develop disorders such as low cognitive
abilities, poor social skills, behavioral concerns, and low
perceptions compared to their peers (Wilcox, 2017).
Many people with ADHD have significant problems in a
wide range of contexts and dimensions, especially those
in ADHD (Chambers, 2016). Neurological disorders are
thought to be a major part of the symptoms of this
disorder. Neurological disorders such as ADHD,
executive functions (EF), working memory (Tarlis,
Aderson, Arrington, & Robert, 2021) and self-regulation
(Shaw, Stringaris, Nig, & Liebenloff, 2014; Tarlis et al.,
2021), often in patients with ADHD has been reported
(Lou, Weibman, Halperin, & Lee, 2019). Executive
functions can in fact be considered as actions that a person
performs in order to self-regulate and regulate cognitive
output (Madani, Alizadeh, Farrokhi & Hakimi Rad, 2017;
Jahangiri, Alizadeh, Pezeshk & Farokhi, 2021). Inhibitory
control abnormalities in children with ADHD are evident
in the behavioral, structural, and functional functions of
the nervous systems that support inhibitory control (Mir,
Santi Lana, Miller, Clap, & Bridjman-Guinness, 2020).
Newer therapies tend to be non-invasive and mild stimuli
in specific areas of the brain, including transcranial
electrical stimulation therapies such as transcranial
magnetic stimulation (tPCS), extracortical electrical
stimulation of the brain (tDCS) and alternating current
excitation (tACS). Subcortical electrical stimulation of the
brain is a non-invasive tool to modulate cortical
excitability (Chash, Budivan, Carter, & Phillips, 2020).
Britling et al. (2016) in a study entitled improving
interference  control using extracortical electrical
stimulation of the brain in patients with ADHD examined
the true effect of this treatment on 42 patients. The results
of their study showed that tDCS treatment compared to
the experimental group had a significant effect on
improving interference control in patients with attention
deficit / hyperactivity disorder. In general, due to the fact
that a wide range of cognitive and psychiatric research has
examined the effectiveness of various therapies to
improve the symptoms of this disorder and inconsistent
findings have been obtained in this field; Research needs
to be done to determine which of the current scientific
developments can be one of the most effective treatments
for people with ADHD. Therefore, this study seeks to
answer the question whether there is a difference between
cognitive rehabilitation of inhibitory control, electrical
brain stimulation and the combination of inhibitory
control rehabilitation and electrical brain stimulation in
terms of effectiveness on attention and working memory
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of children with attention deficit hyperactivity disorder?

2. Materials and Methods

The method of the present study is quasi-experimental
with an unbalanced control group design. The quasi-
experimental design of the present study was pre-test-
post-test and follow-up (2 months) with the control
group. The population included all those with ADHD
in Arak in the academic year 2019-2020. Initially,
District 2 was selected from two educational districts
of Arak, using one-stage random cluster sampling, and
from all children aged 8 to 12 years with a diagnosis
of ADHD in the first quarter of the academic semester,
referred to the counseling center and psychological
services in the 2nd district of Arak (counseling center),
Swanson, Nolan and Pelham (1980) questionnaire was
administered. Among them, 60 people with purposive
sampling method had the highest score; were chosen.
Using purposive sampling with random assignmernt,
15 patients entered the cognitive
inhibition/rehabilitation program, 15 patients entered
the electrical brain stimulation program, 15 patients
entered the combined program (cognitive inhibitory
rehabilitation and electrical brain stimulation) and 15
patients entered the control group. The Swanson et al.
(1980) Attention Deficit Hyperactivity Disorder
Questionnaire, Hoffman (1984) Go/Nero Computer
Test, and the Wisconsin Grant and Berg (1948) Wards
Questionnaire were used to collect the data. The
experimental groups received the Negative Inhibitory
Cognitive  Rehabilitation Program (2015) and
electrical stimulation of the brain on the F4 anterior
points and a combination of the two. The data were
analyzed using SPSS software (version 26) and mixed
covariance analysis with repeated measures.

3. Results

The results of Table 1 show that there are no differences
between the experimental groups. However, there is a
significant difference between the experimental groups
and the control group in the variables of execution speed,
execution accuracy, restraint accuracy and completion
of classes and incorrect response (p > 0.05). The results
of Bonferroni correction level showed that between
intra-group scores of pre-test and post-test (intervention
effect), pre-test and follow-up (time effect) and post-test-
follow-up (intervention stability) in the scores of
execution accuracy, execution speed and restraint
accuracy there is a difference (p > 0.001).
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Table 1. Results of Bonferroni test to compare the mean scores of individuals in the test of behavioral inhibition and

Variable

Accuracy of execution

cognitive flexibility

Execution speed

Restraint accuracy

Staying error

Completion of floors

False answer

4. Discussion and Conclusion

Group (I Group (J Mean difference SD B
Cognitive rehabilitation Electrical stimulation -1.267 1.128 1
Cognitive rehabilitation Combined -1.733 1.128 0.780
Cognitive rehabilitation Control 1.778 1.128 0.724

Electrical stimulation Combined -0.467 1.128 1
Electrical stimulation Control 3.044 1.128 0.05

Combined Control 3.511 1.128 0.05
Cognitive rehabilitation Electrical stimulation -0.036 0.092 1
Cognitive rehabilitation Combined -0.016 0.092 1
Cognitive rehabilitation Control 0.339 0.092 P<0.003

Electrical stimulation Combined 0.020 0.092 1
Electrical stimulation Control 0.375 0.092 P<0.001

Combined Control 0.355 0.092 P<0.002
Cognitive rehabilitation Electrical stimulation 0.311 1.790 1
Cognitive rehabilitation Combined -5.111 1.790 0.05
Cognitive rehabilitation Control 4111 1.790 0.152

Electrical stimulation Combined -4.800 1.790 0.05
Electrical stimulation Control 4.422 1.790 0.09

Combined Control -9.22 1.790 P<0.001
Cognitive rehabilitation Electrical stimulation 0.578 1.059 1
Cognitive rehabilitation Combined 1.200 1.059 1
Cognitive rehabilitation Control -1.956 -1.059 0.420

Electrical stimulation Combined 0.622 1.059 1
Electrical stimulation Control -2.533 1.059 0.121

Combined Control -3.156 1.059 0.05
Cognitive rehabilitation Electrical stimulation 0.533 0.270 1.320
Cognitive rehabilitation Combined -0.111 0.270 1.320
Cognitive rehabilitation Control 1.044 0.270 P<0.002

Electrical stimulation Combined -0.644 0.270 0.123
Electrical stimulation Control P<+/+ )

Combined Control 0.511 0.270 0.382
Cognitive rehabilitation Electrical stimulation 0.333 0.906 11
Cognitive rehabilitation Combined 0.556 0.906 0.105
Cognitive rehabilitation Control -3.711 0.906 0.001

Electrical stimulation Combined 0.222 0.906 1
Electrical stimulation Control -4.044 0.906 P<0.004

Combined Control -4.267 0.906 P<0.001

stimuli. To observe improvement in response to

The aim of this study was to compare the effectiveness of
cognitive rehabilitation of inhibitory control, electrical
stimulation of the brain and the combination of inhibitory
control and electrical stimulation of the brain on
executive functions (behavioral inhibition, cognitive
flexibility and motor ability) in children with ADHD. The
results showed that cognitive rehabilitation of inhibitory
control, electrical stimulation of the brain and the
combination of inhibitory control rehabilitation increased
the behavioral inhibition of children in the experimental
group compared to the control group. Therefore, the
hypotheses of this research are confirmed. These results
are in line with the findings of other studies, for example
(Lamber et al., 2020; Renault & Devin, 2019; Nejati,
2020; West et al., 2021; Lipka et al., 2020) that brain
electrical and rehabilitation combinations received
inhibitory control and electrical stimulation were
consistent with their higher behavioral inhibition
compared to their counterparts. According to the results
of the present study and similar studies, it can be
concluded that since the response to consonant stimuli
requires less attention control than the consonant stimuli,
it seems that the amount of repetitive transcranial
magnetic stimulation in the present study was able to
control attention in response, it can improve consistent

inconsistent stimuli that are more complex and therefore
require more attention control, larger cortical stimulation
can increase the likelihood of observing improvement.
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