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Abstract

Introduction: The aim of this study was to investigate the effectiveness of neurofeedback on selective-
divided attention and behavioral disorders in children with hyperactivity.

Methods: The semi-experimental method with pretest-posttest and follow up design and a control
group was applied. Thirty children with ADHD symptoms were selected among the girls and boys with
the age range of 8-12 years old. Participants were randomly divided into two experimental and control
groups. Data collection was done using Selective Attention and divided Stroop task and Rutter's
Behavioral Problems Questionnaire (RBPQ).

Results: The results obtained from frequent measure analysis showed that the selective attention of
the group receiving neurofeedback has been increased, although the divided attention has been
decreased. Moreover, overall behavioral disorders and components showed significant reduction in
two steps of pretest, posttest and follow up. However, it showed no significant reduction in eating and
sleeping disorders.

Conclusion: Neurofeedback can improve selective attention among hyperactive children and can also
reduce scattered attention and behavioral disorders. Therefore, it is an effective method to enhance
attention and decrease behavioral disorders in children with ADHD.
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Introduction

One of the most common disorders in children is attention deficit hyperactivity disorder
(ADHD) (1). This disorder includes 3 groups: 1) Attention Deficit Disorder (Actually, some
children just suffer from attention deficit and some others are only impulsive. However,
some of these children have both symptoms at the same time. To diagnose ADHD based
on DSM-V criteria, 6-9 symptoms of ADHD should exist and it is required to have a clear
function disorder at least in two places (home and school) (2). The main problem with ADHD
children is their inability to preserve and regulate attention and behavior. As a result, they
are mostly unable to show good behavior adjusted with environmental conditions moment
by moment (3). According to Berkeley, ADD is a cognitive neural disorder specified through
inadequate attention skills in terms of growth, impulsion and hyperactivity in some cases.
The terms "attention deficit" and "hyperactivity with attention deficit" refer to same
conditions; although they can be used by two different groups of experts (4).

Due to neurological irregularities, it seems that ADHD may have basic symptoms in
preserving attention and dividing them (5). Attention deficit in these children is more
evident in affairs needing permanent and serious brain activity. It seems that their brain
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gets environmental information more than the required
level; meaning that they have weakness in terms of paying
attention selectively to underlying information and
eliminating inessential information (6).

Attention can be classified in two groups of selective
and divided (scattered) attention (7). Divided attention
means that the person is mostly capable to take more
than one task at the same time and transmit attention
carefully from one activity to another if needed (8).
Selective attention is that the person makes choice that
which stimulant should be considered and which one
should be neglected (9). With negligence or at least
emphasis on some stimulants, desired stimulants specially
gain attention. The attention focused on some
informative stimulants can empower the ability of
manipulating the stimuli for other cognitive processes
such as verbal perception or problem solving (10). As
people can't process all types of information, they should
be able to select the information with the highest
significance. This kind of choice can be called as selective
attention or attention control (11). Attention control refers
to the ability of conscious suppression of automated
responses to provide reasonable and purposeful
responses (12). Neurofeedback is an educational process,
in which the brain learns self-regulation. Its infrastructural
mechanism includes improvement of mechanism to
control required attention for effective function (13).

Brain controls receiving required blood through
expansion or contraction of blood vessels and the blood
flow in brain is conducted to special areas active in self-
regulation (14). Dagenais et al. [15] studied the
effectiveness of neurofeedback in attention and
academically proved that this method can be significantly
effective in the improvement of attention. Additional
experiments during 21 months after the before
mentioned study also proved the effectiveness (15)]. Arns
and Kenemans used neurofeedback to improve sleep
quality [16)]. Mann et al. also used neurofeedback to
decrease inattentiveness in children with attention deficit.
However, none of these studies have investigated
behavioral problems comprehensively (14). Therefore,
according to the difference of relevant studies and the
limitations in the selection of dependent variables such as
behavioral problems caused by neurofeedback, this study
has been conducted on ADHD children.

Method

The research method is semi-empirical pretest-posttest
and follow-up plan with a control group. Participants
consisted of 30 children (girls and boys in age range of 8-
12 years old) with ADHD who were randomly selected
from 73 children with ADHD based on diagnosis interview
of a physician and were randomly divided in 3
experimental and control groups. Inclusion criteria was
living in Tehran, literacy of parents to answer the items of
the questionnaire, participation of one of the parents in
the sessions with the child, and agreement to participate
in free sessions of training neurofeedback. The exclusion
criteria also included absence in neurofeedback sessions,
moving from one place to another or travelling to another
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place and diseases causing hospitalization. Data collection
instruments  included  Stroop's  Selective-Divided
Attention Test and Rutter's Behavioral Problems
Questionnaire (RBPQ).

Stroop test has been made by John Ridley Stroop to
measure selective and divided attention and it is a
common neuropsychological assessment method for
selective and focused attention (17). In this test, the trials
should select geometric and numerical stimulants and
letters for 56 stimulants for each step (3 steps) from 8
geometric shapes, numbers 1-8 and 8 letters (18). In this
study, a computerized type of Stroop Test was used. In
Iran, validity and reliability of the test has been confirmed
by Malek and Amiri on bilingual adolescents and the
coefficient of consistency between all the variables
forming the Stroop test were reported significant (17). The
maximum and minimum correlation coefficient on
reaction time to letter stimulant and the deviation of
numerical stimulants has been reported to 0.93% and
0.37% respectively. The results of the validity test of the
Stroop test have been also analyzed for all test stimulants
among children with hyperactivity and normal children
and the highest validity was reported for letter stimulants
at 0.54 for hyperactive children. Moreover, according to
the obtained mean value from the groups, children with
ADHD showed the weakest performance in regards to
time of response and error (17).

Rutter's Behavioral Problems Questionnaire (RBPQ) was
made by Rutter for assessment of behavioral problems of
school age children(19). The parent form of this
questionnaire contains 31 items on a 3-point scale (totally
false, relatively true and totally true) providing 7
components and 1 overall value. In Iran, Khoddam et al.
(20) conducted a study on 60 girls and boys and
compared the findings of Rutter's parent form with
psychiatric assessment. The test sensitivity was reported
to be 0.7 and diagnosis feature of test was reported to be
0.88. The validity of the test was also assessed with the
agreement of the questionnaire and diagnosis of
psychiatrist in the mentioned study. Moreover, the
reliability of the test on 36 people was reported to be 0.92
(20).

The intervention plan in this study was implemented on
the people in the experimental group. The experimental
group received 20 sessions of neurofeedback for 2
months. Each session lasted for 1 hour. Except for session
1 and the last session for pretest, the children controlled
and conducted their brain waves about games and
sounds through creating brain waves for desirable and
undesirable conditions. At the beginning of each session,
an assessment of the practices of the last session was
taken (for 2 minutes). In neurofeedback sessions, the
demography of the child used to be recorded first of all.
Then, the children sat on special and comfortable chairs.
Some sensors (electrodes) were placed on the skin of their
heads. The sensors had the ability to record electric
activity of brain and display that in form of brain waves (in
most cases simulated in frame of a computer game).
Participants were asked to rest and look at the computer
screen. Under this mode, the video was played or
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computer game was conducted without using hands and
only with the child's brain waves. In this way, children find
out about the desirable or undesirable conditions of brain
waves based on the progress or stop of game and getting
bonus or lose points or changes made in the sound or
video display and try to correct brain waves through
conducting the video or game (for example, if the person
is going to reduce alpha wave, the game is progressed in
such way that alpha wave is lower than certain level).
During training time, brain activity can be controlled with
conscious and unconscious attention control and needs
no external drug to encounter new problems and to exit
from its regulation. This is because; it can obtain new
regulation through the self-regulation process. After
several sessions of practice and iteration, brain trains the
tasks and copes with them. At the end of session,
electrodes were separated from the person and some
tasks were given as homework.

Results

The findings of the demographic information of the
sample group and their mothers showed that the mean
age of children was 10 = 1.29 and the minimum and
maximum were between 8-12 years. The mean age of the
mothers was 40 £ 1.75 with a minimum and maximum
age of 38-42 years. Also, information about the gender of
children revealed that 50% of the children were girls.

The descriptive findings related to the means of the two
experimental and control groups at the post-test and
follow-up stage compared to the pre-test showed that the
average selective attention of the experimental group had
increased from pre-test to post-test and follow-up, but
the mean of the divided attention in the experimental
group had decreased. Also, the mean of behavioral
problems decreased from pre-test to post-test. This
decrease was observed in all the components of
behavioral problems such as physical pain problems,
difficulty in controlling urine and feces, problems with
school attendance, stuttering and linguistic problems,
stealing problems, eating and sleeping problems.
Although the decrease in the follow-up phase was lower
than the post-test, however, there was a decline in all the
components of the behavioral problems of the
experimental group. Therefore, repeated measures were
used to compare the above values in three stages: pre-
test, post-test and follow-up. Before using repeated
measure analysis, assumptions were considered.

Since the Mauchly index was very low (u = 0.001) and
the high ratio of Chi-square 1447.62 was significant for
the difference of variances at the level of 0.001, it can be
said that the homogeneous assumption of the variance-
covariance matrix is not observed. Therefore, considering

the meaningful results of Mauchly’s test, we can assume
that the spatial and homogeneous assumption of the data
covariance matrix is not observed between the groups.

As a consequence of the fact that the Mauchly's
sphericity hypothesis was not provided for repeated
measures, it was necessary to take into account the other
assumptions of repeated measure analysis, such as the
equality of data variance of the Levine test. According to
the results of the research which shows that Levin's test
results were significant for most variables other than
eating problems (F = 0.622, df1 = 5, df2 = 84, sig = 0.684),
it can be concluded that the equality condition for the
variances of the two groups are not met. Therefore, it is
necessary to consider multi-dimensional tests of repeated
measurement analysis. Also, the results of the
Greenhouse-Geisser test as one of the multivariate tests
for the effect of the group for intervention were F =
159/60, Eta = 0/655 and Sig <0.001, respectively. Also, the
time effect of intervention was F = 45.12, Eta = 0/518 and
Sig <0.001 was also significant. Finally, the effect of
interaction between group and time was also significant
(intervention F = 37.72, Eta = 0.471 and Sig <0/001).
According to these results, it can be said that the effect of
intervention, time passage and the interaction between
intervention and time are significant.

Since the interactive effect of group and time was
significant, it was necessary to adopt a solution for the
separation of each one’s effect. Based on this, through the
separate analysis of the test and control groups, the
intergroup effect was eliminated and repeated
measurements were analyzed based on the effect of time.
The values of assumptions of repeated measures were
obtained for the experimental group as follows. Mauchly's
index was equal to (1 = 0/001) and the high ratio of Chi-
square 851/99 was significant for the difference of
variances at the level of 0/001. Accordingly, we can say
that the homogeneity assumption of variance-covariance
matrix of experiment group is not met. Also, the results of
Levin test showed homogeneity of variances. Values of
Levin was F = 0499, df1 = 2, df2 = 42, sig = 0/61 for
selective focus, F = 1/50, df1 = 2, df2 = 42, sig = 234 for
difficulty in going to school and F = 0 927, df1 = 2,
df2 = 42, sig = 0/40 for sleeping problems. In addition,
the results of Greenhouse - Geisser test as one of the
multivariate tests for group and time effects which were
F = 60.65, Partial Eta> = 0.75 and Sig <0.001, show its
significance. Finally, it was determined that the F-statistic
of the Mbox test was significant (M= 277.77, F = 1/62,
p <0/001). As a result, the covariance matrix of the
dependent variables in the experimental group was
unequal. Therefore, it can be said that neurofeedback
training has a significant effect on variables.

Table 1. Results obtained from repeated measures analysis to compare effect of intervention and time effect independently and
interactively

Group Source SS Df MS F Sig. Eta Power
Experiment Total effect 454867.220 1 454867.220 17781.040 .000 998 1.000
effect of time 374.253 2 187.127 7.315 .002 258 921
Error 1074.427 42 25.582
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According to the results of mean repeated
measurements of experimental group in Table 1, it can be
concluded that the effect of intervention on dependent
variables in the experimental group is significant. This
finding implies that the effect of neurofeedback training
is significant on at least some of the dependent variables,
which has been investigated for the study of each
dependent variable in order to discover this difference.

According to the results of the analysis of variance, we
can say that the effect of intervention on selected and
distributed attention was significant (p <0/001). It should
be noted that the coefficient of intervention on the
selected attention of the experimental group was 0.69 and
for the divided attention was 0.70 with the test power of
1. Also, the specific effect of intervention on the total
score of behavioral problems was significant with a
coefficient of 0.86 at test level (p <0.001). In addition, the
specific effect of intervention on most components was
significant, with the exception of eating and sleeping
difficulties. The highest effect factor was 0.89 with test
power of 1 for physical pain problems, and the lowest
effect factor was 0.01 with the test power of 0.9 for sleep
problems and eating problems (with coefficient effect of
0.02 , which the test power was 0.13 at a significant level
(p <0/604). However, despite a non-significant decrease
in the two components of sleeping and eating problems,
the total findings revealed the role of intervention in
overcoming most behavioral problems or the
effectiveness of neurofeedback on reducing problems in
both phases.

According to the results of the Bonferroni test on
comparing the average of the experimental group
variables from pre-test to post-test, it can be said that the
mean selective attention of the experimental group was
57 scores higher. Also, this increased to 71 points in the
follow-up phase. While scattered attention in the post-
test stage was reduced by 25, this decrease was reduced
to 8/46 at the follow-up stage, which was significant at the
level of 0/001. In addition, the mean of behavioral
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problems was decreased in the experimental group at the
post-test and follow-up. There was a significant decrease
in the components of behavioral problems. This
decreasing in means of scattered attention, behavioral
problems, and some components of behavioral problems
indicate the effectiveness of neurofeedback training.

Therefore, the paired comparison of the pre-test and
post-test means and the pre-test mean with the follow-
up stage in the experimental group using the Bonferroni
test showed that there was a significant difference in the
mean post-test and the follow-up of the test group
compared to the pre-test. This finding shows the
effectiveness of neurofeedback training on some
variables. Accordingly, the research hypothesis was
confirmed.

On the other hand, the separate analysis of repeated
measures based on the effect of time in the control group
was performed by removing the intergroup effects.

Regarding the repeated analysis of the results of the
control group in Table 3, it can be said that the effect of
time on dependent variables was not significant. This
finding means that there is no significant effect on the
dependent variables among the control group members.
As a result, due to insignificant changes, a paired
comparison is not necessary between the pre-test with
post-test and follow-up.

Discussion

The aim of this study was to evaluate the effectiveness
of neurofeedback on selective / distributed attention and
behavioral problems in children with hyperactivity in
Tehran in two stages after intervention and follow up. The
results of the analysis of the repeated measures of the
mean of the experimental group in Table 2 showed that
there was a significant increase in the post-test and
follow-up stages of the mean selective attention of the
experimental group with a coefficient of 0.69 and test
power of 1. However, there was no significant change in
the control group. This finding means that neurofeedback

Table 2. Bonferroni test results to compare the mean of the experimental group from pre-test to post-test and follow-up

g, <5 E ES c3 & T§
Depended variables 3 S % 3 % =] 2 8 2 3 g TE: 2

¥ 23 2x &3 =3 & S3

s (-9 B n o Lo a “n o
Selective attention 10160 15926 -57.74" 12.15 .000 17233 -70.63* 11.27 .000
Divided attention 157.20 132.06  25.16° 8.87 .000 131.67 8.46* 8.97  .000
Behavioral problems 2433 11.80 12.53" 2.88 .000 7.20 16.87*  2.274 .000
Physical pain problems 3.13 0.80 2.33 1.09 .000 .267 2.85* 457 .000
Problem with urine and stool control  2.80 1.26 154 .882 .000 .533 2.27* 516  .000
Problem with going to school 4.26 1.13 3.13° 918 .000 .546 3.48* 516  .000
Stuttering and language problems 2.86 1.66 1.20 144 ..001 .266. 2.60* 457  .001
Problems relevant to theft 5.60 293 2,52 .883 .042 2.26 3.34* 1.032 .021
Eating problems 2.73 1.40 1.33 .507 .604 1.73 1.00 7037 718
Sleeping problems 1.87 133 .54 487 .736. 1.40 A7 507 791

Table 3. Results obtained from repeated measures analysis to compare effect of intervention and time effect in the control group

Group Source SS Df MS F Sig. Eta Power
Total effect 394508.836 1 394508.836 21804.482 .000 .998 1.000
Control effect of time 116.858 2 58.429 3.229 .050 133 .585
Error 759.907 42 18.093
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training has increased the selective focus of the
experimental group. This finding is consistent with the
results of other studies, such as Dagnies et al. who
reported the efficacy of neurofeedback on selective
attention. In fact, neurofeedback has been shown to be
effective in improving targeted attention (15). Also, in line
with the effectiveness of neurofeedback, Liu et al. believe
that neurofeedback is one of the special interventions for
hyperactivity in children with hyperactivity / deficiency
(21). In explaining the effectiveness of neurofeedback on
selective attention, it can be said that its underlying
mechanism strengthens the control mechanism of
attention by increasing self-control and self-regulation to
control the attention and ability to suppress or silence
consciousness of non-radical responses in order to
provide more appropriate and targeted responses. This is
because neurofeedback is in fact an educational process
in which the brain draws attention (13).

Considering the divided attention based on the results
of the comparison of the means of divided attention of
the pre-test, post-test and follow-up of the test group in
Table 2, it was determined that the effect of intervention
with a coefficient of 0.70 and test power of 1 significantly
reduced the divided attention. However, there was no
significant change in the control group. The findings of
this study are in line with research results, such as Mann
et al. and Linden (14, 22), which used neurofeedback to
reduce the severity of children with poor concentrations
and learning disabilities. Results showed that an effective
mechanism in neurofeedback, is the ability of this method
to inhibit automatic and distracting responses. As a result,
due to decreased distraction and forgetfulness, scattered
attention is also affected by neurofeedback (23).

In addition to changes in selective and divided attention,
according to the findings of the present study, Table 3
showed a significant difference in the behavioral
problems of the experimental group in the post-test and
follow-up stages. Thus, neurofeedback training with a
coefficient of 0.86 reduced the behavioral problems of the
experimental group. This finding is consistent with the
results of Mattio et al. (24).

In addition to the mean of the total behavioral
problems, the results of repeated measurement analysis
showed that in most of the components of behavioral
problems (such as stomach ache or asthma problems with
a coefficient of 89, bladder control 0.79, escape from
school 0.64, stuttering with a coefficient of 0.29, and
robbery with a coefficient of 0.14), apart from the two
components of eating and sleeping difficulties, there was
a significant difference in post-test and follow-up
compared to the pre-test. This finding is in line with
previous studies on the efficacy of neurofeedback on
behavioral problems such as Liu et al., Rastgar et al., and
Dajinas et al. (25-27), It is also in line with the study on
the effectiveness of neurofeedback on behavioral bladder
problem control, and the treatment of urinary
incontinence caused by anxiety in children(28).

Based on these results, it can be said that in general,
children who were educated on the basis of
neurofeedback were more consistent in terms of behavior.
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Regarding the results obtained in this study, two main
hypotheses of the research were based on the
effectiveness of neurofeedback on selective / divided
attention and behavioral problems in the post-test and
follow-up stages. The components of behavioral
problems (such as physical problems, bladder control
problems, escape from school, stuttering) were
significantly influenced by neurofeedback education in
children with hyperactivity. As a result, the hypotheses of
the study were confirmed. It can be concluded that
neurofeedback improved selective attention, and reduced
components of behavioral problems such as dyslexia,
bathroom care, escape from school, robbery and
stuttering in hyperactive children.

Conclusion

In the conclusion of the research findings, the results of
this study show that high selective attention and low
behavioral problems are considered as supportive factors
in children with hyperactivity, which is better to be
considered in treating this group of children. According to
the results, neurofeedback training are considered to be
effective interventions for children with hyperactivity,
helping to improve the group through enhancing
selective attention and reducing behavioral problems. In
the present study, the effectiveness of neurofeedback
training on increasing selective attention and reducing
divided attention and behavioral problems in children
with hyperactivity were tested and confirmed. As a result,
it can be used as an effective way to help treat ADHD and
increase selective attention and reduce attention and
behavioral problems in children with hyperactivity.
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