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This study was conducted to investigate the effects of neurofeedback training on qualitative EEG
baseline and sustained attention in children with ADHD. Methods: This study was an experimental
study conducted in the form of pre-test and post-test design with control group. The population of
study consisted of all second to sixth grade elementary children who referred to Psychiatric Clinics
in Shiraz city within the study time domain to receive treatment. The sample of the study consisted
of 30 children diagnosed as attention deficit/hyperactivity disorder using the clinical psychiatric
interview, determining EEG baseline, Snap V rating scale, and child behavioral checklist (parent
form) by an independent therapist. The participants were matched in terms of educational levels,

age, gender, and 1Q scores and they were randomly assigned into experimental group
(neurofeedback) and placebo group. Raven's Intelligence Test was conducted to balance the groups.
The Continuous Performance Test was conducted on students of intervention group with
neurofeedback and placebo group by a therapist. For the neurofeedback group, 30 training sessions
were hold for 15 weeks and 2 sessions per week. The placebo group also participated in 30 sessions
of the study and in each session, as neurofeedback training group, each subject was taken qualitative
EEG. After recording baseline, neurofeedback device was turned off and children watched TV
through monitor while electrodes were attached to them. EEG baseline and continuous
performance test were conducted in 2-month time interval (follow-up test) after completion of the
program on neurofeedback training intervention students and placebo students by an independent
therapist. Results: the analysis of the results of research using multivariate analysis of covariance
(MANCOVA) showed that neurofeedback training group showed significant progress in the
qualitative EEG baseline and continuous performance test in comparison with the control group,
and these progresses continued. In neurofeedback training group, theta wave activity and the ratio
of theta/beta reduced in post-test scores and the activity of beta wave and sensory/motor rhythm
increased significantly compared to pre-test score. In addition, reaction time, omission error, and
commission error of children of training group in post-test and follow-up test were significantly
lower in comparison to placebo group. Conclusion: neurofeedback training improved abnormal
qualitative EEG and it was effective in improving the sustained attention of children with ADHD.
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Introduction

Attention Deficit Hyperactivity Disorder (ADHD) is a neurodevelopmental disorder and it is one of the most common
childhood disorders that its main characteristics is continuous pattern of attention deficit and / or hyperactivity-impulsivity
that interferes with the function and development of the person. It is more severe and common compared to those who are at
the same level of development [1]. This disorder is one of the most common psychological diagnoses in children [2]. According
to the fifth Diagnostic and Statistical Manual of Mental Disorders of [1], investigations of different societies show that in most
cultures, about five percent of children suffer from attention deficit / hyperactivity disorder. This disorder is more common in
boys and its ratio compared to girls is 2:1. However, 3 to 7 percent of school-aged children suffer from this disorder [3].
According to the National Survey of Children’s Health, over the years 2011-2012, one-tenth of school-aged children received
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a diagnosis of attention deficit/hyperactivity disorder. An increase of 42% was seen between the years 2003 and 2013 [4],
which due to the high prevalence of impulsive behaviors of children with ADHD, these children are a challenge for teachers
[5].

ADHD makes children vulnerable against failure in two important areas: school performance and peer relationships. These
children may be disabled in learning in school-related functions, resulting from poor organizing, inattention, impulsivity,
hyperactivity and distraction. Students with attention deficit / hyperactivity disorder who do not receive proper treatment will
probably experience expulsion from school, low educational achievement, substance abuse, behavioral disorders and problems
of social and emotional adjustment [6-10], so that, more than a quarter of children experiences failure in their studies and half
of them renew their courses and 10 to 20% of them are expulsed from school. They obtain lower scores in intellectual tests
and their academic achievement is lower considering their age [11].

Research carried out in various behavioral, genetic, neuro-psychological, and neurological areas and the studies conducted
recently in the structural and functional imaging areas support the base of Neuropsychology, especially the role of the frontal
lobe and prefrontal lobe, basal ganglia, and cerebellum in this disorder [12-21]. Hill and Beard (2006) [22] reported that the
frontal cortex might be disrupted in children with attention deficit / hyperactivity disorder, which plays an important role in
neurological high levels of executive functions such as working memory, inhibition, attention, organization and planning.
Almost all the proposed models in attention deficit / hyperactivity consider this disorder as Executive neurological dysfunction
or frontal cortex syndrome [15, 13-25].

Barkley (1997) [26] states that the main attention problem in children with attention deficit / hyperactivity is sustained
attention. Sustained attention is one of the inhibitive behavioral functions and attention problem of children with this disorder
is caused by the inhibitive behavioral interaction with executive functions. Based on the theoretical model of Barkley, response
inhibition plays an important role in neurological executive functions and it is the ability to postpone response against
environmental events. He believes that the main problem in attention deficit / hyperactivity is the deficit in response inhibition
that is associated with four neurological executive functions that cause self-regulation. The four areas that fall in risk due to
deficit in inhibition include working memory and perception of time, internalization of speech, regulation of emotion and
reconstruction of new and complex behavioral chain [27].

In addition, researchers in neurophysiology area reported some disorders in the electronic imaging of the brain of people with
ADH since 1930. Relying on these studies, they have tried to provide evidence on diagnosis, characterization, and treatment
of attention deficit / hyperactivity. In the field of neurophysiology, the disorder is characterized by a deviant pattern of electro
cortical activity, especially at rest along with an increase in theta and reduced activity of beta [28]. Studies conducted in this
regard show the high activity of theta slow brain waves in the central and forehead areas. Increased activity of theta slow wave
is often accompanied by low activity of beta fast waves. This suggests the low level of arousal, especially in the composite
form of attention deficit/hyperactivity disorder [29,30]. Evidence shows decreased activity in regions of the frontal, central,
and middle in approximately 85 to 90 percent of patients with attention deficit / hyperactivity disorder. Electroencephalography
(EEG) indices obtained from quantitative EEG studies in patients with attention deficit/ hyperactivity disorder include:
increased relative power of theta, reduced relative power of alpha and beta and increased relative theta power / alpha and theta
/ beta, seen mainly in middle, frontal, and central regions. According to these indices, biofeedback therapy and neural feedback
were developed.

Neurofeedback logic is rooted in neurophysiologic studies that they have shown that there is relationship between EEG and
underlying talamocortical mechanisms that are responsible for EEG rhythms and frequencies. According to Sterman (1996),
nerve damage (such as attention deficit / hyperactivity) can alter these rhythms of neurofeedback training with the aim of
normalizing these rhythms can lead to clinically stable effects. By neurofeedback training, participants learn and later their
brain waves patent through the operant conditioning [31]. Neurofeedback research and executive function are conducted often
on people with attention deficit / hyperactivity disorder [32]. Therefore, neurofeedback treatment for more than a decade has
been investigated as a possible alternative treatment for children with attention deficit / hyperactivity disorder [33].
According to researchers in neurophysiology area, neurofeedback is a form of self-medication that improves the brain function
through reorganization of the networks and brain chemical effects. Participants can regulate the activities of the brain waves
with the help of special computer equipment by monitoring. The main hypothesis of neurofeedback is compatible with a model
that believes attention deficit / hyperactivity disorder is caused by the low excitation of the brain. According to this model, the
inadequate production and use of neurotransmitters cause failure of the transition among nerve cells. For this purpose, EEG
sensors during a typical neurofeedback session are placed on the head skin of the participants, and obtained electrical records
are immediately shown to participants as audio, visual, or audio-visual feedback [34]. Immediate feedback for participants is
considered important to link special senses to EEG feedback sign. In other words, neurofeedback controls a person's brain
wave activity status and trains the brain directly to produce special waves in specific areas of the brain and to change the
direction of neuronal carriers before reaching to synapses, through changing neural network. In other words, when a neuron is
altered through change in brain plasticity and this altered form of brain wave maintained its continuation, changes in mental
and behavioral related to EEG occur [35]. At first, participants might be unable to recognize the cause of changes in feedback
[36]. However, due to gradual practice and trial and error, most participants develop strategies to access different frequencies
of brain waves over time, and self-control of brain waves can be trained and even it can be accessed without immediate
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feedback [36]. In neurofeedback, the special brain waves frequencies are enhanced or suppressed in order to produce the
desired effect [37]. For example, theta wave (4 to 7 Hz) has been linked to active and beta memory (7 to 12 Hz) and to meaning
long-term memory [38]. [39] reported that the number of neurofeedback sessions in experimental studies varies and typically
it includes up to 35 sessions.

Most researchers consider 8 to 10 sessions successful. In the area of application of neurofeedback in the treatment of children
with attention deficit/ hyperactivity disorder, most of the studies conducted in this regard have shown the positive impact of
this method of therapy on the performance, sustained attention and behavior of individuals, although some studies are not in
line with them. Lee (1991) [40] in a review study analyzed 36 studies in which the effects of neurofeedback treatment
approaches in the treatment of attention deficit / hyperactivity disorder were examined. He argues that neurofeedback therapy
alone is not effective in the treatment of attention deficit / hyperactivity disorder and studies conducted in this area have mainly
methodological problems. He concludes that neurofeedback therapy in combination with other methods of treatment reduces
some behavioral symptoms of attention deficit / hyperactivity disorder and improves it. [41] in a clinical study examined the
effects of 40 sessions of neurofeedback combined with metacognitive strategies in the treatment of 111 patients with attention
deficit / hyperactivity disorder. Neurofeedback sessions were twice a week in which each session lasted 50 minutes and
metacognitive strategies were associated with academic tasks. The researchers concluded that treatment with neurofeedback
combined with metacognitive strategies is an appropriate and beneficial method in the treatment of children with attention
deficit / hyperactivity disorder. Carmody, Radvanski, Wadhwani, Sabo, & Vergara (2001)[42] examined the effectiveness of
neurofeedback in an elementary school. The experimental group received 35 to 47 neurofeedback sessions. Based on the
results, the sustained attention performance of subjects in the experimental group was improved significantly. The results of
the study conducted by [43] on children with attention deficit / hyperactivity disorder showed that neurofeedback training to
the children causes self-control and self-regulation of their behavior and this change leads to a reduction in impulsive behaviors
and increased inhibition behaviors of their response.

Bakhshayesh, Schneider, Wyschkon, Esser, & Ihle (2007) [44] examined the impact of theta/beta neurofeedback in the
treatment of children with attention deficit / hyperactivity. Based on the results obtained, a significant reduction was obtained
in the neurofeedback group compared to theta / beta during therapy sessions. The results of the tests and parents and teachers
questionnaires suggest that modifying the brain electrical waves’ functions can reduce the symptoms of attention deficit/
hyperactivity disorder, while modifying the function of muscle waves did not lead to such result and results of variance analysis
at the scale of continuous performance test showed significant differences. Steiner, Sheldrick, Gotthelf, & Perrin (2011) trained
neurofeedback in school on 41 children with ADHD within four months and 2 45-minute sessions per week. The results
showed that parents of children stated that the level of attention and hyperactivity reduced in their children, but teachers did
not report improvement in symptoms of attention deficit / hyperactivity disorder. In line with this information, results of several
studies with larger sample size have shown that children with attention deficit / hyperactivity disorder had abnormal
quantitative electroencephalography.

On the other hand, according to [34], neurofeedback provides a mechanism to children with attention deficit / hyperactivity,
who normalize their cortical profile through reducing slow wave activity and increasing the fast wave activity. It is expected
that child to have more attention and focus through compensating electroencephalography abnormality, leading to improved
academic performance. Accordingly, in [45], Lubar, & Shouse used operant conditioning to strengthen some of brain waves
in the treatment of attention deficit / hyperactivity disorder. They used audiovisual feedback for neuron responses and they
observed that we could reduce hyperactivity and improve attention with this method. Other researchers used this method for
group-controlled studies. In one of these studies, [46] replaced 46 children with attention deficit / hyperactivity disorder in two
groups of drug therapy and neurofeedback. During the three months, neurofeedback group received 20 sessions of
neurofeedback training. The results showed that both groups had significant improvement and no significant difference was
observed between the groups. In addition, this method is a treatment method with long-term effects for attention deficit disorder
/ hyperactivity [47, 48]. Several studies have shown that this training-medical method has been effective in increasing the
attention and concentration and reducing hyperactivity and impulsivity and it causes self-control and behavior inhibition in
people with attention deficit and hyperactivity [49].

Lusko et al. (2006) assigned 20 children aged 8-12 years with attention deficit / hyperactivity disorder into two neurofeedback
training group (n= 15) and waiting list. Neurofeedback training group showed improvement in assignments of Digit Span,
continuous performance scale, and parental behavior ranking. Snyder and Hall (2006) reviewed nine controlled studies
(including 1498 subjects with ADHD) in comparison with normal control group and they announced the volume effect of
neurofeedback treatment 80%, and they announced sensitivity of children behavioral ranking scales by comparing it with
results of quantitative electroencephalography about 50% to 82%. Bink et al (2014) [32] conducted a randomized controlled
study, in which participants diagnosed with ADHD underwent neurofeedback treatment, and its effects on several cognitive
function tests, including the Continuous Performance Test and Stroop were measured. Significant positive results were
obtained in continuous performance tasks and Stroop Test for participants underwent neurofeedback training. In Iran, Yaghubi
(2010)[50] compared the efficacy of Neurofeedback, Ritalin, and combination therapy in reducing symptoms of children with
ADHD. He concluded that Neurofeedback is effective in reducing attention deficit / hyperactivity disorder symptoms and
increasing the children's scores on 1Q test of Wechsler.
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In general, although studies have reported the effectiveness of neurofeedback in improving the performance of children with
attention deficit/ hyperactivity disorder, but it should be noted that nowadays neurofeedback has not been accepted as
independent or supplement method and its effectiveness as a treatment is not clear. In addition, most of the previous research
has limitations due to low sample size, inappropriate sampling, lack placebo group, and lack of randomized assignment of
subjects and intervention of treatment methods with each other. As Loo and Barkley (2005) [30] have also expressed, though
research conducted in this regard is promising, we still need rigorous and more scientific studies in order to make conclusion
in this regard. The present study was conducted to test the effectiveness of the neurofeedback treatment on baseline of
quantitative electroencephalography and sustained attention to find objective evidence to judge on confirmation or rejection
of effectiveness of this treatment method. Accordingly, it aims to facilitate the evaluation, diagnosis, and monitoring the
educational interventions and provide the conditions for educational intervention in school setting.

Hypotheses of study include:

The first hypothesis: qualitative EEG baseline of people who received neurofeedback has arousal level slightly higher
compared with the placebo group after training.

The second hypothesis: people who received neurofeedback training have better performance in sustained attention compared
with placebo group after training.

Methodology

The current study is among the experimental studies conducted in the form of pretest-posttest design with a control group. The
population of study included all second to sixth grade elementary students who referred to Psychiatric Clinic in Shiraz to
receive treatment. The sample consisted of 30 children who were diagnosed as attention deficit/hyperactivity disorder using
clinical interview based on Diagnostic and Statistical Manual of Mental Disorders of American Psychiatric Association (Fifth
Edition) by Psychiatric, determining quantitative electroencephalography baseline by an independent clinician, SNAP-IV
Classification scale and child behavioral checklist (parent form). In the next step, subjects were screened and they were
randomly (using simple random numbers table) divided into two experimental groups and neurofeedback and placebo. In this
study, each situation (neurofeedback and placebo) included 15 subjects diagnosed as attention deficit/hyperactivity disorder
and inclusion and exclusion criteria of the study included:

A) Children who had one of these conditions were not included in the sample of study:
1. Other psychiatric and neurologic disorders
2. Mental retardation

b) None of the subjects in the experimental group uses drug during the study.

The objective and method of study with details were explained for the subjects and their parents through interview and
possible side effects and lack of force to participate in the study were explained for them. In addition, company agreements
in the study were announced and confirmed by them through consent form.

Measurement tools

1) Demographic factors questionnaire

This questionnaire was developed by researchers of the current study and demographic variables such as age, gender, level
of education, parental education and parental occupation were investigated.

2) Raven's Progressive Matrices Test

Raven's nonverbal test was developed in 1938 by the British psychologist known as Raven. Revised forms of Raven test are
used to measure intelligence of people at all levels of ability from children to adults.

All of the questions raised in the matrices are the same and all of them show patterns of images or diagrams to show patterns
regulated based on particular logic. Subjects should discover the logic that based on that pattern each question is constructed.
Then, they should select the image that completes the question pattern among the images that have been placed blow each
pattern as possible option. The test questions have been developed from easy to difficult. The questions content requires the
process of mental reasoning to discover the principles and logic governing the relationship between components of patterns of
matrices. Therefore, it usually measures the fluid intelligence [51]. The test has 60 questions divided into 5 sections that each
of them has 12 questions, and each section questions are ordered from 1 to 12 and the option of each question is numbered
from 1 to 6 or from 1 to 8. The time for its implementation is 45 minutes. Reliability coefficient of test in different groups at
higher ages is between 0.70 and 0.90. Correlation of this test with other intelligence tests such as the Stanford Bineh and
Wechsler is between 0.40 and 0.75. The analysis of several factors in which Raven test was used showed that this test is one
of the best indices of the general talent or "g” factor of Spearman and perceptual and spatial factors also partly involved in it
[34,52]. Rahmani and Abedi (2004) in the normalization of Raven's Progressive Matrices test for children aged 5 to 10 years
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in Isfahan examined a sample of 2164 school and preschool students. Based on the results of the test, retest coefficient was
obtained 086 and its correlation with Wechsler children 1Q test was obtained 0.48.

3) SNAP-IV rating scale
SNAP-IV rating scale is a scale used in the diagnosis of Attention Deficit / Hyperactivity disorder that was developed for the
first time in 1980 by efforts of Swanson, Nolan, and Pelham based on the behavioral descriptions of attention deficit/
hyperactivity disorder in the third edition of Diagnostic and Statistical Manual of Psychopathy. The scale has 18 questions that
parents or teachers can respond to it. The first 9 questions assess inattention behavioral symptoms and the second 9 questions
assess behavioral symptoms of often hyperactivity/ impulsivity measure, and finally all 18 questions designed to identify the
type of combination. After the implementation, each question is scored from zero to three (never= zero, sometimes= one,
often= two, always= three). Then, individual total score is divided by 18 and it is divided in each of the nine sub-types by 9.
Cut-off point in total was determined 1.57, 1.1, and 1.9, respectively. This scale has good reliability and validity. Cronbach's
alpha coefficient for the total test was determined 0.97 and it was 0.90 and 0.76 for sub-types. Moreover, reliability coefficient
of test using test-retest, Cronbach's Alpha coefficients, and split half were determined 0.86, 0.90, and 0.76, respectively [53].
Sadrossadat, Hushyari, Zamani, and Sadrossadat (2010) [54] reported reliability of the test 0.88 by using test-retest, 0.95 by
using Cronbach’s alpha, 0.73 by using split-half, and its criterion validity was determined 0.55. They obtained cut-off point
in the total scale and each of the subscales of attention deficit and hyperactivity 2.08, 2.10, and 2.37, respectively.

In this study, this questionnaire was examined in a preliminary study on a sample of 45 members of children with ADHD and
Cronbach's alpha coefficient was used to calculate the reliability coefficient. Cronbach's alpha coefficient for inattention
dimension was obtained 0.84, 0.78 for hyperactivity/ impulsivity dimension, and 0.85 for total scale. In addition, test-retest
reliability coefficient (with an interval of two months) was obtained 0.84.

4) Child Behavior Checklist (parent form)

Child Behavior Checklist (parent form) is another tool that was used in this study. Child Behavior Checklist (Achenbach &

Rescorla, 2001) is completed for ages 6 to 18 years by parents and based on status of subject in the last 6 months. Achenbach
experience includes a set of parents, teachers, and children forms used for easy and affordable assessing of competencies
(abilities), adaptive function, and emotional-behavioral problems. Using these forms, standard data can be easily obtained on
a wide range of competencies, adoptive function, and emotional-behavioral problems. Forms of this test are typically
completed during 20.25 minutes. If time is limited, we can ask respondents to complete only those parts of the forms that
measure competencies and adoptive function or those parts that that rate the emotional-behavioral problems. Scoring the
questions is as follows: zero=incorrect, 1=relatively, 2= completely or mainly correct. Cronbach's alpha coefficient for total
score has been reported 0.97 and test-retest reliability coefficient was reported 0.94. Alpha coefficients of the scales of
competence and adaptive action were between 0.65 and 0.91 in all three forms and alpha coefficients of the scales based on
Diagnostic and Statistical Manual Psychiatric Association of America was satisfactory, and it was reported at the range of 0.92
to 0.62. Cronbach's alpha coefficients of the subscales of the problems associated with Attention Deficit / Hyperactivity
disorder was reported between 0.78 and 0.92 in all three forms. Yazdkhasti and Arizi (2011) [55] in the normalizing of Child
Behavior Checklist in Isfahan concluded that the results showed good validity and reliability of the questionnaire in the case
of Isfahan’s children, and the questionnaire was capable to group children into three groups: normal, border, and clinical on
eight behavioral and emotional problems from the point of view of father / mother, teacher and children. Therefore, its use
along with clinical interview provides the condition for the unbiased diagnosis. In examining the characteristics of the
questionnaire, the highest Cronbach's alpha in three versions of father / mother, teacher, and child, was obtained 0.90, 0.93,
and 0.82, respectively. Cronbach's alpha, correlation among peer versions, correlation among subscales, and total score of the
related section, and cut-off points suggest appropriate construct validity and reliability of these tools to assess the skills and
behavior problems in children. The cut-off point for each subscale was between 97.7 and 90% equal to score 70 to 67 T. it
means that 7 T-score lower than 67 and higher than 70 and between 67 and 70 indicates normal people, people with behavioral
and emotional problems, and people at the clinical border, respectively.

In the present study, in a preliminary study on a sample group of 45 members of children with attention deficit / hyperactivity
disorder, psychometric properties of the scale were evaluated. Cronbach's alpha for total test was obtained 0.94 and retest
coefficient (with an interval of two months) was obtained 0.91.

5) Continuous Performance Test

Continuous performance test (Cornblatt et al., 1988) is a scale for measurement of sustained attention in which a series of
number with specified time interval appears on the monitor and two stimuli are determined as target stimulus. The subjects
should press the relevant key on the computer screen while they observe the considered number. The target stimulus is
relatively scarce (Viswanath, & Reddy, 2008). The test variables are omission error (not pressing the target key in response to
stimulus), false alarm error (pressing a key in response to non-target stimuli), reaction time (mean reaction time of correct
responses to the stimuli in terms of milliseconds). Omission error and reaction time are associated with attention deficit, false
alarm error is associated with impulsivity, speed of information processing is associated with reaction time, and consistency
is associated with reaction time variability. In addition, imaging studies have shown the function of frontal lobe activity while
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testing continuous performance [56]. In its Farsi version, there are 150 numbers or Farsi image as stimulus and among them,
30 stimuli (20%) are considered as target stimulus and 80 % of them are considered as non-target stimulus. The time to provide
each stimulus is 200 ms and the time distance between stimuli is 1 second. The time to implement the test is 200 s. according
to studies conducted by [57], Farsi form of CPT has good validity and reliability. In their study, the retest reliability value for
different parts of the test was between 0.52 and 0.93. The validity of test was determined by using criterion validity and by
comparing normal group subjects (30 male school students) and attention deficit / hyperactivity disorder (25 male school
students). The statistical comparison of the mean in two groups in different parts of the test showed significant differences
between the performance of the two groups and the results of this research are in line with previous research.

In the present study, before the implementation of the research and in preliminary study, test-retest validity test was examined
a sample of 45 people suffered from attention deficit / hyperactivity disorder, commission error was 0.82, omission error was
0.79, and reaction time was 0.86.

6) Assessment of baseline quantitative electroencephalography (EEG)

Assessment of baseline quantitative electroencephalography (EEG) was conducted by using LXE3204 tool. For each
participant, reference electrode was attached to lobe part of right ear back and the main electrode was attached to lobe of left
ear back. EEG signals of both channels were taken in the sample frequency of 256 hertz, and they were passed through 0.5 to
50 hertz and they were stored using digital convertor 12 bits in computer. Brain waves of the participants were taken by open
eyes so that a situation like neurofeedback training situation to be created. Each of the participants was asked to look at black
screen to that stimulus to be neutralized. During the measurement stage, it was tried that body movements and external
environment stimuli to be minimized. EEG information was collected and analyzed using Tele Scan Version 3.10. Information
indicates digitized absolute values of theta wave (4 to 7 hertz), sensory / motor rhythm (13 to 15 Hertz) and low beta waves
(16 to 20 Hertz) for each channel as well as the ratio of theta / wave beta through power spectrum analysis.

Implementation
This study was conducted after confirmation and investigation in Faculty of Education and Psychology Review of Shiraz.
Neurofeedback training consists of 30 sessions that started from the second week of May 2016 until the first week of September
of the same year during the 15 weeks and 2 45-minute sessions per week.

In the experimental neurofeedback situation and to start training, the procedure was firstly explained for child. Then, after
regulating the chairs and installing the electrodes, brain waves baseline was recorded. After interpreting the qualitative EEG,
the waves required to be strengthened were identified and electrodes and references were attached in the desired locations
based on 10-20 system, with use of special glue. The training protocol was so that in which theta band (15 to 20 Hz) was used
increasing band firstly, and long beta and theta bands were used as decreasing bands. In the next stage that is in the intervention
stage, an animation was presented for children. By distancing brain waves of the children of the desired target, animation was
stopped and for re-movement of animation, children were forced to change brain waves in the determined target. By repeating
treatment sessions, brain is gradually conditioned to create these changes. The selection of the animations was based on the
selection of the children. It should be noted that before starting to work at all sessions, tools such as earrings, necklace, mobile
and other devices that might cause problems in the work process were eliminated.
In this study, all subjects of the neurofeedback group were participated in the 30 sessions of the study. In each session, as
neurofeedback training group, after regulating the chair, references and electrodes were attached at desired locations on the
base of 10-20 system, with special glue and baseline brain waves were recorded. After recording the baseline, neurofeedback
device was turned off and while electrodes attached to them, children watched TV only through monitor. After the training,
for all participants in both groups, the baseline qualitative EEG and continuous performance test were implemented by an
independent therapist, and these tests were implemented again as follow-up test after 8 weeks. After conducting follow-up
tests, neurofeedback group subjects (only to participate in the study) underwent 10 sessions of neurofeedback training.

Findings

In the present study, the experimental group and the control group according to the research hypothesis were examined in three
stages of pre-test, post-test, and follow-up to conclude on the effectiveness of educational intervention of neurofeedback on
qualitative EEG baseline and sustained attention according to findings of the study. In this section, first, demographic
characteristics of subjects are presented, and then the mean and standard deviation of scores of dependent variables and the
results of the using multivariate covariance analysis (MANCOVA) are presented to investigate the research hypotheses.
Descriptive data of the subjects of control and experimental groups based on gender, education level, mean and SD of age
and 1Q scores of the subjects are shown in Tablel. Based on information of table 1, experimental groups were matched in
terms of gender and educational level. In addition, the mean age difference (p<0.98 and t0.16) and 1Q mean difference (p<0.47
and t=0.72) of the control and experimental groups were not significant.
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Table 1. Descriptive data of subjects of experimental and control groups based on gender, educational level, age, and 1Q

Variables gender Education level Age (year) IQ
groups male | female| total| second | third | fourth| fifth| sixth| Mean (SD) | Mean (SD)
fl 10 | 5 | 15| 5 4| 2 | 2] 2 077
Experiment| .| ¢57 | 333 | 100| 333 | 267 133 |133| 133| (57) | (©79)10653
fl 10 | 5 | 15| 5 4| 2 | 2] 2 9.76
Control = 667 [ 333 | 100] 333 | 26.7| 133 | 133] 133| (153 | (62910493
rom |20 |10 [30] 10 8 | 4 | 4 4 9.76 5.00) 105,73
ol o 66.7 | 333 | 100| 333 | 26.7| 133 | 133 133| (153) | (600105

Effects of neurofeedback training on EEG change
Table 2 shows the mean and standard deviation of the right and left hemispheres of the brain wave activity in experimental
and control groups.

Table 2: Mean and standard deviation of the right and left hemispheres of the brain wave activity in experimental and
control groups

left hemisphere right hemisphere

Variables | groups Pre-test Psot-test Follow-up Pre-test Psot-test Follow-up

Mean (SD) | Mean (SD) | Mean (SD) | Mean (SD) | Mean (SD) | Mean (SD)

) Expreoment |(1.88) 14.25 | (1.28) 10.49 | (1.16) 10.61 | (1.60) 12.25 | (1.28) 12.00 |(1.08) 10.11
[«5)

e Control |(1.42) 14.04 | (1.25) 13.69 | (1.04) 13.69 | (1.40) 12.26 | (1.38) 12.41 |(0.64) 13/31

- Expreoment | (0.90) 5.44 | (0.83)7.73 | (0.70) 7.84 | (0.78) 4.48 | (0.79)5.02 | (0.81)5.88

@ Control | (0.68)5.27 | (0.67)5.22 | (0.62)5.30 | (0.67)4.95 | (1.25)5.13 | (1.07)4.85

o Expreoment | (0.25) 3.05 | (0.36) 3.28 | (0.34)3.23 | (0.39) 3.02 | (0.34)3.21 | (0.36) 3.29

2 Control | (0.57) 3.14 | (0.44)3.20 | (0.45)3.24 | (0.49)2.98 | (0.51)3.06 | (0.46)3.04
o

« © |Expreoment| (0.57)2.68 | (0.213)1/37 | (0.17)1.35 | (0.61)2.60 | (1.01)2.20 | (0.46)2.13
L ©

= @ Control | (0.46) 2.70 | (0.69)2.83 (0.37)2.66 | (0.46)2.51 | (1.61)4.73 | (0.54) 2.79

To determine significant effects of neurofeedback training on brain waves, MANCOVA test was used. It should be noted that
prior to conducting the analysis, some of its hypotheses were examined. According to Shapiro-Wilk test, the distribution form
of research variables was matched with normal distribution and normality of the data was achieved. Box test was used to assess
the hypothesis of equality of covariance equality matrices. Box test results show that theta waves in the left hemisphere (M
box test= 1.72, P <0.66), right hemisphere (M box test= 13.70, P <0.06), sensory / motor rhythm of left hemisphere (M box
test= 3.12, P <0.41) and the right hemisphere (M box test= 3.12, P <0.41); beta waves of the left hemisphere (M box test=
1.89, P <0.07) and hemisphere right (M box test= 10.02, P <0.26) and the theta / beta ratio in the left hemisphere (M box test=
27.52, P <0.06) and the right hemisphere (M box test= 17.94, P <0.07) are not statistically significant. It indicates that the
covariance matrices of the dependent variable to the independent variable levels (groups) are equal. Bartlett's test of sphericity
was used for correlation between the dependent sizes, that the results indicate that there was correlation between dependent
sizes for MANCOVA analysis. Accordingly, Bartlett test values for theta waves in the left hemisphere (approximate chi
square= 1.72, P <0.66), right hemisphere (approximate chi square= 14.79, P <0.0071), sensory / motor rhythm in left
hemisphere (approximate chi square= 17.44, P <0.001) and right hemisphere (approximate chi square= 9.04, P <0.01), beta
waves in the left hemisphere (approximate chi square= 9.21, P <0.01) and right hemisphere (approximate chi square= 19.81,
P <0.001) and the theta / beta ratio in the left hemisphere (approximate chi square=27.52, P <0.006) and in the right hemisphere
(approximate chi square= 39.47, P <0.001) were obtained. To determine the multivariate effect of the independent variable
on the dependent variable, Wilks Lambda test was used. Wilks Lambda test value in theta wave activity of the left hemisphere
(Partial n2=0.89 and P<0.001, and F (26, 2)=113.60) and the right hemisphere (Partial n2=0.84 and P<0.001, and F (26,
2)=69.07), beta wave in the left hemisphere (Partial 12=0.89 and P<0.001, and F (26, 2)=110.84) and the right hemisphere
(Partial n2=0.03 and P<0.63, and F (26, 2)=0.458), the sensor motor rhythm in left hemisphere (Partial n2=0.05 and P<0.44,
and F (26, 2)=0.844) and the right hemisphere (Partial n2=0.42 and P<0.001, and F (26, 2)=9.65) theta / beta ratio in the left
hemisphere (Partial n2=0.91 and P<0.001, and F (26, 2)=137.94) and the right hemisphere (Partial n2=0.72 and P<0.001, and
F (26, 2)=33.49) were obtained. After significance of multivariate tests, covariance analysis test in the context of MANCOVA
and in each of the dependent variables was used. In addition, investigating the Levene test for equality of variances of
dependent variables of the study showed that the variance of the dependent variables is not significantly different. According
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to Table 3, it can be said that in the left hemisphere by considering the pre-test scores as a covariate, neurofeedback training
intervention led to significant difference between groups in post-test and follow up. In the neurofeedback training group and
in the left hemisphere, theta wave activity and theta / beta waves ratio reduced in post-test scores (respectively, F=182.20, P
<0.001 and F=85.12, P <0.001). Differential Etta square in the theta brain wave is 0.87 and it is 0.75 in ratio of theta / beta. In
other words, 87 percent of theta variance and 75 percent of theta / beta ratio in post-test related to applying the independent
variable (neurofeedback training intervention) and the difference was found between the groups in terms of theta wave activity
and theta / beta waves ratio in scores of follow up test (respectively: F= 186.63, P <0.001 and F=264.00, P <0.001). In addition,
in the follow-up tests, differential Etta square for theta brain wave was 0.87 and it was 0.90 in the theta / beta ratio. In addition,
based on the results obtained, beta wave activity in the post-test (respectively: F=157.30, P <0.001) and in the follow-up test
(F=132.95, p<0.001) increased significantly compared to pre-test. The results of differential Etta square indicate that 85% of
the post-test variance and 87% of the variance of follow-up related to applying the independent variable (neurofeedback
training intervention). Considering the sensory / motor rhythm, results indicate that despite an increase in post-test and follow-
up test scores, there was no statistically significant difference (Table 3).

Table 3: The results of covariance analysis in the context of MANCOVA to compare the experimental and control groups
in the left hemisphere brain waves (post-test and follow-up)

scale index source Dep_endent Sum of df Mean F | Significance level| Differential Etta
of changes variable squares squares
Pre-test Post-test 31.12 | 1| 3112 | 58.52 0.001 0.68
Follow-up test| 21.79 | 1| 21.79 | 46.97 0.001 0.63
Group Post-test 96.89 | 1| 96.89 [182.20 0.001 0.87
g Follow-up test| 86.56 | 1| 86.56 |186.63 0.001 0.87
= error Post-test 14.35 | 27| 0.53
Follow-up test| 12.52 | 27| 0.46
Post-test | 4619.86| 30
Total
Follow-up test| 4627.19| 30
Pre-test Post-test 891 | 1| 891 | 33.07 0.001 0.55
Follow-up test| 6.17 | 1| 6.17 | 27.28 0.001 0.50
Group Post-test 4232 | 1| 4232 |157.03 0.001 0.85
s Follow-up test| 44.19 | 1| 44.19 |132.95 0.001 0.87
s orror Post-test | 7.27 |27] 0.27
Follow-up test| 6.11 |27| 0.22
Total Post-test 1323.54| 30
Follow-up test| 1357.82| 30
Post-test 204 | 1| 204 |20.67 0.001 0.43
IS Pre-test
o Follow-up testf 2.12 | 1| 212 | 24.19 0.001 0.47
= Group Posttest | 043 | 1| 0.135 | 1.36 0.250 0.04
g Follow-up testf 0.01 | 1| 0.012 | 0.133 0.710 0.00
E Post-test 267 |27] 0.09
> error
S Follow-up test| 2.37 |27| 0.08
3 Post-test | 321.12 | 30
2 Total
Follow-up test| 319.03 | 30
Pre-test Post-test 235 | 1| 235 |12.70 0.001 0.32
° Follow-up testf 1.06 | 1| 1.06 | 22.26 0.001 0.45
s Group Post-test 1581 | 1| 15.81 | 85.12 0.001 0.75
g Follow-up test| 12.62 | 1| 12.62 |264.00 0.001 0.90
= ortor Post-test 501 [27] 018
lé_’ Follow-up test| 1.29 |27| 0.04
Total Post-test 156.05 | 30
Follow-up test| 136.09 | 30

Based on the results presented in Table 4, it could be stated that by considering the pre-test scores as covariate, Neurofeedback
training intervention in children with attention deficit / hyperactivity leads into significant difference between control and
experimental groups in the bran waves of theta, theta/beta and sensory/motor rhythm in the right hemisphere in the post-test
stage. According to information obtained, the activity of theta wave and the ratio of theta/beta reduced in posttest scores
(respectively: F=49.79, P <0.001 and F=27.28, P <0.001). Differential Etta square shows the rate of the effect, and it is 0.64
in the theta brain wave and 0.50 in the theta / beta ratio, and the difference in follow-up test scores continued (respectively:
F=140.39, P <0.001 F=35.01, P <0.001). In follow-up tests, differential chi square for theta brain wave was 0.83 and it was
0.56 for the theta / beta ratio. In addition, based on the results, sensory / motor activity score in the post-test (P<0.01, F=7.08)
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and in the follow-up test (F=20.02, p<0.01) increased significantly compared to pre-test score. In this regard, differential Etta
square test analyses show that 21% and 42% of the variance of the post-test and 42 percent of follow-up test variance related
to applying the independent variable (neurofeedback training intervention). In the case of brain waves of beta, results indicate
that despite an increase in scores of post-test and follow-up test, the beta level was not a significantly different.

Table 4: results of analysis of variance test in the MANCOVA context to compare experimental and control groups in right
hemisphere brain waves (post-test and follow-up)

Sub-scale Source of Dept_andent Sum of df | Mean squares|  F Sig Differential
changes variable squares Etta
Post-test 26.32 1 26.32 30.34| 0.001 0.52
Pre-test I Cllow-up test| 9.98 | 1 9.98 | 2207|0001] 045
Post-test 4320 | 1 43.20 49.79] 0.001 0.64
g Group eoliow-up test| 63.48 | 1 63.48 |140.39) 0.001| 0.83
= orror Posttest | 2342 | 27 0.86
Follow-up test| 12.20 | 27 0.45
Total Post-test 3861.91| 30
Follow-up test| 4104.22| 30
Pre-test Post-test 2149 | 1 21.49 61.58| 0.001 0.69
Follow-up test| 16.42 1 16.42 49.67 | 0.001 0.64
Group Post-test 0.004 1 0.004 0.01 | 0.92 0.00
g Follow-up test| 0.179 1 0.176 0.54 | 0.46 0.02
= error Post-test 9.42 27 0.34
Follow-up test| 8.92 | 27 0.33
Total Post-test 805.20 | 30
Follow-up test| 736.27 | 30
g Pre-test Post-test 4.98 1 4.98 387.84| 0.001 0.93
= Follow-up test| 4.44 1 4.44 253.12( 0.001 0.90
; Group Post-test 0.09 | 1 0.09 7.08| 001 ] o021
=S Follow-up test| 0.35 1 0.35 20.02| 0.01 0.42
g error Post-test 034 | 27 0.01
5 Follow-up test| 0.47 27 0.01
= Total Post-test | 301.85 | 30
@ Follow-up test| 305.97 | 30
Pre-test Post-test 2.24 1 2.24 1.24 | 0.27 0.04
o Follow-up test| 4.03 1 4.03 35.71| 0.001 0.56
IS Group Post-test 49.25 1 49.25 27.28| 0.001 0.50
g Follow-up test| 3.95 1 3.95 35.01] 0.001 0.56
g Post-test 48.74 | 27 1.80
3 TOr M ollow-up test|  3.04 | 27 0.11
< p
= Post-test | 406.360| 30
Total
Follow-up test| 192.97 | 30

Continuous Performance Test

Table 5 shows the performance of experiment and control groups in subscales of Continuous Performance Test. MANCOVA
analysis was used to assess the statistical significance of the differences. Before conducting the analysis, the establishment of
some of the most important hypotheses was examined. According to Shapiro-Wilk test, distribution form of variables was
matched with normal distribution. Box test was used to assess the hypothesis of equality of MANKOVA indices. The results
showed that in the index of commission error, Continuous Performance Test (M box test= 8.77, P <0.06), omission error
(Box’s M= 8.77, P <0.06), and reaction time (Box’s M= 8.77, P <0.06) was not statistically significant. It suggests that
MANCOVA matrices of the dependent variable are equal to the independent variable levels (groups). Bartlett’s test of
sphericity was used for correlation between the sizes of the dependent variables, and the results indicate sufficient correlation
between the dependent sizes to conduct MANCOVA analysis. Accordingly, Bartlett test values were obtained for commission
error index (approximate chi square= 3.75, P <0.04), omission error (approximate chi square= 25.55, P <0.001), and reaction
time (approximate chi-square=63.39 P <0.001).

To study the multivariate effect of independent variables on the dependent variable, Wilks Lambda test was used. Wilks
Lambda criterion in the commission error of Continuous Performance Test was (Partial n2= 0.74 and P<0.001, and F (2, 26)
= 38.81), it was (Partial n2=0.51 and P<0.001, and F (2, 26)=13.74) in the omission error. It was also (Partial n2=0.89 and
P<0.01, and F (2, 26)=4.94) in reaction time. The significance of the results shows that neurofeedback treatment has been
effective on a dependent variable.
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The results of inter-group effects tests to evaluate significance of each of the dependent variables showed that by considering
pre-test scores as covariate, neurofeedback training intervention led to a significant difference between in post-test and follow-
up test. In the neurofeedback group, commission error, omission error, and mean reaction time in compared to pre-test, post-
test (respectively: F=43.04, P <0.001, F=14.83, P <0.001 and F=7.01, p<0.01) and follow up (respectively: F=63.42, P <0.001,
F=28.26, P <0.001 and F=9.38, p<0.005) showed a significant decrease (table 6).

Table 5: Mean and standard deviation of sub-scales of continuous performance test in the control and experimental groups

Sub-scales groups Pre-test Post-test Follow-up test
Mean (SD) Mean (SD) Mean (SD)
commission Experiment (2.61) 13.533 (1.81) 10.000 (1.86) 9.933
error Control (3.07) 15.000 (3.12) 14.933 (2.76) 16.266
omission error Experiment (1.78) 6.800 (1.95) 4.333 (1.38) 4.933
Control (2.41) 9.666 (2.64) 4.66 (2.37) 10.266
Reaction time Experiment (4.49) 83.066 (9.28) 77.800 (9.22) 77.800
Control (6.63) 84.933 (6/74) 86.133 (6.27) 86.733

Table 6: Results of covariance analysis test in the context of MANCOVA to compare the experimental and control groups
in the Continuous Performance Test (post-test and follow-up)

Scale Source Dept_endent Sum of df Mean F Sig Partial Eta Squared
variable squares squares
b Post-test 116.66 1 116.66 | 47.53 0.001 0.63
. e ollow-up test | 63.79 6379 | 1870 | 001 0.40
o
5 Grou Post-test 105.63 1 105.66 | 43.04 0.001 0.61
§ P Follow-up test 216.28 11 | 216.28 | 63.42 0.001 0.70
(%2}
2 Post-test 66.26 27 2.45
1S error
g Follow-up test 92.07 27 341
© Total Post-test 5028.00 30
otal
Follow-up test 56.05.00 30
Pre-test Post-test 59/28 1| 59.28 | 17.43 | 0.001 0.39
Follow-up test 38/01 38.01 15.12 0.001 0.35
S Grou Post-test 50.41 5041 | 14.83 | 0.001 0.35
g P Follow-up test 71.04 11 71.04 28.26 0.001 0.51
‘2 Post-test 91.78 27 3.40
= error
5 Follow-up test 67.85 27| 251
Post-test 1777.00 30
Total
Follow-up test 2052.00 30
Post-test 484.56 1 484.56 9.62 0.004 0.26
Pre-test
S Follow-uptest | 64222 | 1 | 642.00 | 1032 | 0.003 0.27
[«5)
g Grou Post-test 353.41 1 353.41 7.01 0.013 0.20
_5 P Follow-up test 420.47 11 | 420.47 9.38 0.005 0.25
=) Post-test 135957 | 27 | 50.35
3 error
[ Follow-up test 1209.11 27 | 44.78
Post-test 203921.00 | 30
Total
Follow-up test | 205304.0 | 30

Discussion and conclusion

This study was conducted to investigate the effects of qualitative EEG neurofeedback and sustained attention in children with
attention deficit / hyperactivity disorder. With regard to the fact that children with attention deficit / hyperactivity disorder in
comparison with normal children have higher slow brain wave activity (theta) and lower beta activity, neurofeedback aims to
train the patients to normalize their brain wave reactions to stimuli. Therefore, the main goal of neurofeedback is to change
brain performance through EEG training. In fact, the brain is trained and the focus of this training is on gradual learning of
increase in the level of some EEG components or reducing the other components.

The first hypothesis states that the qualitative EEG baseline of people underwent neurofeedback have higher arousal level
compared to placebo group after training. Based on the results, this hypothesis was confirmed. Current results are consistent
with previous findings [25, 31, 35, 44, 58] on children with attention deficit / hyperactivity disorder. Research has shown that
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increasing the slow brain waves (less than 10 Hz) in different areas of the brain is associated with foggy thinking, slow reaction
times, counting failure, poor judgment, lack of impulse control, and reduced attention and arousal in women. It is expected
that by suppression or reduction of theta wave in the central region of the skull, we can observe the change in brain waves and
change in behavior, particularly an increase in arousal and attention in people with ADHD. Therefore, it can be concluded that
neurofeedback training can help people with hyperactivity disorder in regulating brain wave activity, and thereby, improve
their problems. Similarity of the results of these results with findings of previous studies reflects the base of neurofeedback
training. Thorndike law states that positive feedback of a response increases the reaction probability occurrence. In
neurofeedback training, participants consider feedback as a positive change in the game, when reducing the theta wave activity,
the ratio of theta/ beta waves, sensory / motor rhythm improvement, or reduction in beta wave activity. Conversely, if the ratio
of beta / theta wave increases, participants in the game receive negative feedback. In this study, subjects of neurofeedback
group learned to increase the EEG activity based on positive feedback or reduce negative feedback. In neurofeedback group,
sensory / motor rhythmic wave activity on the right and left hemispheres increased. In addition, log effect after follow-up did
not lead to significant reduction at the level of brain waves and the results of follow-up test had significant difference with
results of pre-test. Yu (2015) states that longer-term training may be essential to change the effect of sensory / motor rhythm
change. Theta is associated with impulsivity, distractibility, inattention, and anxiety and investigation of brain waves of
children with Attention Deficit / Hyperactivity disorder represents the extreme theta in these children. Neurofeedback experts
accordingly train the theta reduction protocol, suppress the neurofeedback of this rhythm, and facilitate the growth of the brain.

The second hypothesis suggests that sustained attention performance test enhances with neurofeedback training. The obtained
results confirmed this hypothesis. In line with results of previous studies [32, 33, 49], this research suggests a significant
reduction in omission error, commission errors, and reaction time in the post-test and follow up tests. The main measures of
the Continuous Performance Test include omission error and commission error. Commission error assesses the impulsivity as
an error responding to non-target stimulus, and omission error evaluates the inattention as error that ignores the target stimulus.
These results can be interpreted that children with attention deficit / hyperactivity disorder have more problems in sustained
attention compared with normal children and the probability of inhibition disorder (for example, impulsivity) is more in them.
In addition, cognitive functions are associated with brain wave activity. A comparison between EEG and continuous
performance of children with attention deficit / hyperactivity disorder and normal children indicates that children with this
disorder have shown stronger activity in the theta wave and weaker activity in beta wave compared to normal children. In
addition, their performance in Continuous Performance Test has been less than that in normal children. The main symptoms
of attention deficit / hyperactivity disorder can be considered as an evidence in the objective attention test in moment feedback
based neurofeedback training that includes reduced activity in the theta wave and improved beta wave activity. Information of
the present research implies that neurofeedback training increases brain arousal by reducing the activity of theta waves and
ratio of theta / beta and increasing beta waves and sensory / motor rhythm, in children with attention deficit / hyperactivity
disorder. These changes are effective in normalizing the abnormal EEG of children with attention deficit / hyperactivity
disorder as well as improving sustained attention measured by Continuous Performance Test.

It is hoped that the current information to provide the conditions for future studies related to neurofeedback training. However,
drug therapy is an initial strategy for attention deficit / hyperactivity disorder. However, drug therapy may not be effective and
have side effects and parents due to drug prescription, parent may do not have the desire to visit psychiatrist. According to the
results of the study, neurofeedback training alone can improve brain arousal level and sustained attention in children with
ADHD. Therefore, this study is a noninvasive and easy procedure for children with ADHD.

In total, according to the results, we can say that neurofeedback training has the capability to normalize the brain waves of
children with attention deficit / hyperactivity disorder. This learning helps the brain to learn how to regulate itself and resolve
its functional problems. As a result, it can improve the performance and improve the sustained attention of the children. Studies
have shown that increased brain slow waves in various areas of the brain are associated with foggy thinking, slow reaction
time, failure in counting, poor judgment, lack of impulse control, and reduced attention, and arousal in people. Therefore, it is
expected that by suppressing or reducing theta wave in the central area of the skull, we observe change in behavior, especially
increased arousal and attention in people. Therefore, it can be concluded that neurofeedback training can help people with
attention deficit / hyperactivity disorder in regulating the activity of their brain waves and thereby improving their attention
problems.

There are several limitations to this study. First, this study evaluates only partial lobe of EEG FOR C3 and C4 regions.
However, inattention, impulsivity, and hyperactivity in attention deficit disorder / hyperactivity disorder may affect several
areas of the brain. Therefore, future research should examine the EEG related to all brain areas. Second, further research should
be conducted with more subjects to determine the effectiveness of neurofeedback treatment on different subtypes of attention
deficit disorder / hyperactivity. Finally, neurofeedback training sessions lack diversity for sensory / motor rhythm and 30
sessions in this study to improve the rhythm of sensory / motor in both hemispheres has been inadequate, so increasing the
number of sessions to 45 sessions is recommended for future research.
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