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Background and Purpose: Attention Deficit/Hyperactivity Disorder (ADHD) is one of the most
common neurodevelopmental disorders in childhood that adversely affects the executive functions
of people with the disorder. Therefore, the purpose of this study was to determine the effectiveness
and compare pharmacotherapy and neurofeedback in improving executive functions in children with
attention deficit / hyperactivity disorder.

Method: This research was a quasi-experimental study with a pretest-posttest design with two
experimental and one control groups. The statistical population included all male children with
ADHD in exceptional schools of Rasht city in the second semester of the academic year 2020-2021.
The research sample consisted of 36 children in the mentioned community who were selected by
convenience sampling method and randomly assigned to three groups (12 in the pharmacotherapy
group, 12 in the neurofeedback group and 12 in the control group). Data collection tool of this
research included Behaviour Rating Inventory of Executive Function (BRIEF) (Gioia et al., 2000).
Data were analyzed using analysis of covariance in SPSS22.

Results: The results showed that both pharmacotherapy and neurofeedback methods were effective
on improving overall executive functions in children with ADHD (p<0.001). However,
neurofeedback was more effective than pharmacotherapy on improving overall executive functions
and its components in children with ADHD (p <0.001).

Conclusions: As well as the effect of pharmaceutical therapy on brain structures, neurofeedback also
uses operant conditioning learning principles to affect brain structures, and functionally, it also
improves self-regulation skills, enhances brain function, and ultimately improves executive function
in children with attention-deficit / hyperactivity disorder as well as changes and improves brain
Wwaves.
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Introduction

Attention deficit / hyperactivity disorder (ADHD) is one of the
most common neurodevelopmental disorders in childhood.
Inattention and hyperactivity are persistent symptoms of this
disorder, unrelated to the individual's age or level of
development. This disorder is associated with a defect in
executive functions in children (6-9). Executive functions are
cognitive control skills that are part of the self-regulation
mechanism of a person. This mechanism includes processes
such as attention shifting, problem solving, cognitive
flexibility, planning, inhibition, and working memory. Drug
therapy is one of the approved treatments for ADHD and its
associated symptoms (13-16). There is significant research
support for the effectiveness of stimulant drugs in treating
ADHD (17). The use of stimulant drugs in treating ADHD has
been shown to be effective on multiple variables related to
children (18). Neurofeedback can, however, be used to treat
children with ADHD (5, 20, 23). It is a type of behavioral
therapy based on operant conditioning and is intended to train
and condition the brain with feedback from electrical waves
that regulate brain activity.

Several studies have examined the effectiveness of drug
therapy and neurofeedback on children with ADHD, with
contradictory results. The results of a number of these studies
show that both treatments have an equal impact on executive
functions in children with ADHD (30-32). The results of some
studies indicate that drug therapy is more effective than
neurofeedback (33, 34), and on the other hand, the results of
other studies indicate that neurofeedback is more effective than
drug therapy in reducing the symptoms of children with
ADHD. Consequently, research comparing the effectiveness of
drug therapy and neurofeedback on other variables related to
children with ADHD is also contradictory; therefore, a
comprehensive study is necessary to determine the
effectiveness of both drug therapy and neurofeedback on
executive functions in children with ADHD. Therefore, the
present study was undertaken in order to determine the
effectiveness of drug therapy and neurofeedback in improving
the executive functions of children with ADHD.

Method

The current study was a semi-experimental design with a pre-
and post-test with two experimental groups and one control
group. All male children with ADHD in Rasht city's special
schools in the second semester of the academic year 2020-21
were included in the statistical population. The study sample
consisted of 36 children from the aforementioned community
who were randomly divided into three groups (12 children in
the drug therapy group, 12 children in the neurofeedback group,
and 12 children in the control group). While the control group
did not receive any intervention, the first experimental group
received ten weeks of methylphenidate therapy and the second
experimental group received 30 sessions of 45 minutes of
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neurofeedback (three times a week). Among the inclusion
criteria were: gender (boy), age range (8-12 years), 1Q (85 to
115) measured by the Wechsler 1Q test, which is included in
the child's file, a diagnosis of ADHD by a pediatric psychiatrist
and a child and adolescent psychologist, the absence of
neurodevelopmental or other concurrent psychological
disorders, the absence of pharmacological and psychological
interventions within the past year, and the consent of parents
and children to participate in research. Patients were required
to withdraw from the research if they did not participate in the
intervention sessions continuously (more than two sessions),
and if they did not wish to continue treatment or participate in
the research. The Behavior Rating Inventory of Executive
Function (BRIEF) was used to collect data in this study (37).
Data were analyzed using univariate and multivariate
covariance analyses in SPSS22 after data collection.

Results

The results of the descriptive indicators of the research
demonstrate that the mean scores of executive functions and its
components in both treatment groups have increased in the
post-test stage compared to the pre-test stage. According to the
results of the univariate covariance analysis, the amount of
general executive functions differed significantly between the
three groups. (F (132=572.245, p=0.001, ). The Eta coefficient
was also determined to be 0.973. The Bonferroni comparison
test also revealed that neurofeedback intervention had a greater
effect on general executive functions than drug therapy
(p<0.001). According to the results of the multivariate
covariance analysis test to explain the intragroup differences in
executive function components, these components were
significantly different between the three
groups: inhibition (F210=222.321, p=0.001, eta=0.947),
shifting (F(10=106.341, p=0.001, eta=0.895), emotional
control  (F(210=224.400, p=0.001, eta=0.947), initiation
(F10=104.512, p=0.001, eta=0.893), working memory
(F2,10=84.449, p=0.001, eta=0.871), planning (F(,10=163.455,
p=0.001, eta=0.929), material organization (F(,10=191.382,
p=0.001, eta=0.939), and supervision (F (127=161.585,
p=0.001, eta=0.831). Furthermore, Bonferroni's comparison
test demonstrated that neurofeedback interventions have a
greater effect on the functions mentioned above than drug
therapy (p<0.001).

Conclusion

In conclusion, the present study examined the effectiveness and
comparison of drug therapy and neurofeedback in enhancing
the executive functions of children with ADHD. This study has
demonstrated that drug therapy can enhance the executive
functions of children with ADHD, which is in agreement with
various studies (13, 16) that concluded that drug therapy
significantly enhances executive functions in children with
ADHD. Children with ADHD are unable to pay attention and
concentrate due to their high levels of arousal and activity.
Therefore, methylphenidate may have contributed to this
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finding by increasing the activity of the right inferior frontal
cortex and insula. The reduction of activity and arousal is
accompanied by an increase in attention and concentration (13).
According to the results obtained in this study, neurofeedback
can improve executive functions, which is in agreement with
the results of studies (22, 26, 29) which indicated that
neurofeedback intervention improves executive functions
among children suffering from ADHD. Moreover, the findings
indicated that neurofeedback is more effective than drug
therapy in improving executive functions, which is consistent
with previous research (36, 35). Consequently, neurofeedback
treatment, in addition to the structural and chemical changes of
the brain, such as the effect of drug therapy, by altering and
rebuilding processes related to mind and cognition, causes
children with ADHD to be more active in thinking and
cognition. Due to this process of improving executive functions
in these children, they become self-aware and can prevent
themselves from getting confused.

This study is limited by the fact that it was conducted on only
one sex, the available sampling method, and the small sample
size. For future research, the use of a random sampling method
and a larger sample size is recommended. It is also advised that
therapists pay attention to this method of intervention in
children with ADHD, in order to ensure that by improving the
cognitive functions of these students during childhood, their
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ability to learn will not worsen as they progress through higher
education levels.
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10. Change attention

11. Problem solving

12. Cognitive flexibility

13. Planning

14. Inhibition

15. Working memory

16. Food and drug administration (FDA)
17. Stimulants
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. Neurodevelopmental disorders

. Attention deficit/hyperactivity disorder

. Impulsivity

. Inattention

. Hyperactivity

. Diagnostical statistical manual of mental disorders (DSM-5)
. Executive functions

. Cognitive control skills

. Self-regulation
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1. Behavior rating inventory of executive function (BRIEF)
2. Gioia
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6. Emotional control
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