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BACKGROUND: Presently, some treatments such as neurofeedback therapy (NFT) have become of great
importance in the treatment of psychological disorders. Therefore, the aim of this study was to determine the
effectiveness of NFT on attention and working memory, processing speed, and anxiety of dyslexic children.
METHODS: The research design was a quasi-experimental unbalanced control group with pre-test, post-test and
follow up. The statistical population was all dyslexic children of 7-10 years of age in Karaj, Iran, from December
2021 to January 2022. The participants included 45 dyslexic children who were randomly divided into
3 groups of 15 people. The first and second groups received cognitive rehabilitation and NFT, respectively, and the
third group received no treatment (control group). NFT was presented in 15 sessions (30-minutes) in the
experimental groups. The instruments included the Integrated Visual and Auditory Continuous Performance Test
(IVA+Plus), Wechsler Memory Scale (WMS), Clinical Q Assessment, and the Spence Children's Anxiety Scale (SCAS).
SPSS software was applied for data analysis.

RESULTS: The findings showed that after NFT, the scores of the experimental group in all outcomes decreased in
the posttest and follow-up phases (P < 0.0001).

CONCLUSION: It can be concluded that the educational content of NFT can be used to increase attention, working
memory, and processing speed, and to reduce anxiety in dyslexic children. Therefore, it is suggested that the
results of such studies be applied in educational fields.

KEYWORDS: Neurofeedback; Attention; Memory; Anxiety

Date of submission: 19 Jan. 2023, Date of acceptance: 06 June 2023

Citation: Chegini R, Taghiloo S, Peymani J, Hassani-Abharian P. The effectiveness of neurofeedback on
attention, working memory, processing speed, and anxiety in dyslexic children. Chron Dis J 2024; 12(2):
76-85.

A\

"pand Apaadoud si xaom Jeulbiio ayr papinoid ‘winipaw Aue

Introduction
Undoubtedly, reading is the most important
and complex educational activity for children
in the early years of school. Dyslexia is one of
the most common types of Specific Learning
Disabilities (SpLDs). In English-speaking
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countries, it is estimated that 10 to 12% of
students have this disorder.! One of the
important cognitive components that is
effective in reading performance is executive
functions. Executive functions, in particular
the constituent components, can predict to
some extent the development of individuals'
academic skills.2 It is believed that learning
disabilities in SpLDs are caused by defects in
the information processing system of people
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Effectiveness of neurofeedback

with this disease, which include areas such as
attention, memory, organization or other
cognitive processes, inhibition, working
memory, planning, and attention. As
components of executive functions, they play
an important role in the development of
academic skills and, in particular, the
performance of the individual in school.?
Theoretically, Wankat argues that students
with dyslexia have a short attention span.
Their poor cognitive processing is associated
with poor frontal lobe function. Decreased
synaptic communication is another reason for
poor cognitive processing.2 Based on the
theoretical framework, frontal and prefrontal
areas are responsible for regulating sustained
attention and cognitive processing of
high-level functions.! Historically, research has
shown that a large number of dyslexic
students suffer from internalized and
externalized disorders such as withdrawal,
physical complaints, anxiety and depression,
social problems, thinking disorders,
aggression, and delinquent behaviors.*
Attention is the directing of resources to a
subset of existing information that is necessary
for perception and without which there would
never be sensory information.® Sustained
attention refers to the maintenance of attention
over time, which is the most basic and simplest
level of attention and other types of attention
need it. For this reason, a possible defect in it
can indicate a defect in other types of
attention.” Another factor that seems to be a
major barrier to learning for children with
learning disabilities is anxiety.l® Anxiety has
many negative effects on children. One of
these effects is that working memory function
decreases in children with high anxiety. As
children with learning disabilities have poor
learning skills and working memory function,
it is likely that they have higher levels of
anxiety than their healthy counterparts.!!
Based on the literature, Becker et al. found
abnormal brain activity, mostly in the
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amplitude of theta and alpha waves, in
children with learning disabilities. The brain of
these people goes to theta waves when
performing cognitive tasks such as reading,
calculating, or listening. Slow waves, such as
theta, indicate disturbed brain activity,
distraction, and lack of concentration.’? Many
researchers consider emotional disorders to be
a direct consequence of dyslexia and its
resulting failures, so dyslexia has an
undeniable role in the development and
exacerbation of mental disorders, but it is very
difficult to determine its direct or indirect
consequences. For these children, dyslexia is a
type of failure that affects their emotional state
and causes a range of anxiety and mood
disorders.>

Numerous studies have shown that
learning disabilities are related to how
information is processed and cognitive
processes in the brain.é Among the
components of executive functions, working
memory is a part of the high-level cognitive
actions that are responsible for selecting,
actively manipulating, and temporarily storing
information input in the cognitive system
using processing systems.”

Various methods can be used to examine
brain waves and measure them, including
Clinical Q. Clinical Q is a two-channel
brainwave recording method that records EEG
data in a series of steps and during several
activities, including open eye, closed eye, and
performing cognitive activity. The advantage
of this method is the extraction of information
from Clinical Q and their use in determining
the neurofeedback treatment protocol, and
finally, the treatment of clients. The
information obtained from it is a guide to
identifying the problems and characteristics of
the individual .’

Students with dyslexia have many
problems in the field of education, so there is a
need to improve and increase their abilities
with effective educational and therapeutic
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methods. One of the relatively new methods in
this field is neurofeedback therapy (NFT).14
This approach is presented as a non-drug
treatment strategy and a new self-regulatory
approach that serves to increase self-control
and self-regulation.’> Theoretically, in the
field of cognitive rehabilitation, NFT is a type
of operant conditioning that teaches a person
to increase or decrease their brain activity.
Lubar as a pioneer of this approach argues
that cognitive rehabilitation is achieved
through making changes in the frequency of
brain waves.1¢

Wang and Hsieh found that NFT is effective
on beta/beta ratios, theta/beta ratio, beta
balance, increase in alpha (Clinical Q) and
attention, sequential processing, concurrent
processing, and mathematical skills.? In
another research on the effect of NFT on
attention and working memory, the results
showed that, in the educational group,
attention scores increased significantly, and in
the experimental group, NFT increased the
performance of working memory.!8 The results
of another research on NFT in elementary
school students or children with specific
disorder suggest that this treatment has a
significant effect on improving their attention
span and working memory.

Dyslexia is prevalent in around 8% of
children according to statistics, and this issue
affects  their  other educational and
developmental dimensions. In addition, 25% of
students experience interpersonal problems
and academic failure. Moreover, most of them
are weak in other personal and social areas.
The parents of these children also complain
about their aggression and impulsivity at
home.’5 Psychologically, helping to alleviate
the problems of these students will improve
their educational, interpersonal, and social
levels. It also improves their self-esteem and
emotional problems.!2 In sum, this disorder
can affect other individual and social functions
of children and cause emotional problems for
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children. Furthermore, NFT is a non-invasive
and very low-risk treatment option in
therapeutic situations. Moreover, a large body
of research has shown the effectiveness of NFT
on increasing executive functions. In addition,
due to the novelty of this study, most previous
studies have focused on the effect of
neurofeedback on improving attention and
processing speed, and it seems that there are
no detailed experimental studies on the effect
of this new treatment in dyslexic children.
Therefore, the field of NFT in increasing
executive functions and reading levels in
children with reading disorders has not been
studied thus far. Thus, this research can help to
expand the understanding of experts,
including psychologists, counselors, and
education specialists, in solving children's
cognitive problems and ultimately help
these students.

Thus, the aim of this study was to
determine the effectiveness of neurofeedback
on attention, working memory, processing
speed, and anxiety in dyslexic children.

Methods

The design of the present study was a
quasi-experimental group of unbalanced
control groups with pretest, posttest, and
follow-up. The statistical population of the
study included all dyslexic children in schools
in Karaj, Iran, who were referred to the Irana
Counseling Center from December 2021 to
January 2022. All participants were matched in
terms of age, educational status, economic
status, and other socio-economic variables.
They were matched in three groups (Exp 1:
cognitive rehabilitation, Exp 2: NFT, and
Control group). Moreover, SPSS software
(version 22, IBM Corp., Armonk, NY, USA)
was applied for the analysis of the data. In
addition, the significance level was considered
less than 0.05.

To determine the sample size, the following
formula was used:

78 Chron Dis J, Vol. 12, No. 2, Spring 2024

http://cdjournal.muk.ac.ir, 03 April



Effectiveness of neurofeedback

(sf+322)(zl_ Hl )"

!

oo

T

X1=275,X2=244,51=0.7,52=0.4,

Z1-a/2=1.96, Z1-B = 0.84, a(alfa) = 0.05,
B(beta) = 0.2, N =45

The inclusion criteria for the intervention
program were receiving a diagnosis of dyslexic
disorder, no history of psychosis and disorder
according to the psychiatrist, age range of 7 to
10 years, not receiving medication or other
psychological treatment at the time of
diagnosis, lack of acute psychiatric disorder and
other comorbidities, and not having the consent
and declaration of conscious and voluntary
readiness to participate in the research. The
exclusion criteria were lack of exposure to drug
poisoning or drug withdrawal.

Written informed consent was obtained from
parents in their native language. All activities of
this trial from the beginning to the end have
been approved by the ethics committee of Karaj
Islamic Azad University, Iran. Moreover, its
process was in accordance with the Declaration
of Helsinki and its principles.

Integrated Visual and Auditory Continuous
Performance Test (IVA+Plus): Integrated Visual
and Auditory (IVA) + PLUS test is based on
the DSM-IV Diagnostic and Statistical Manual
of Mental Disorders and is used to diagnose
and distinguish attention deficit hyperactivity
disorder (ADHD) types including ADHD
(Impulsive), combined type and type
unknown (NOS). In addition, this test is used
to examine other problems and disorders such
as self-control problems related to head
injuries, sleep disorders, depression, anxiety,
learning disabilities, dementia, and other
medical problems. This test is applicable for
people 6 years and older and adults. The
duration of this test (including the training
section) is about 20 minutes. The test task
includes answering or not answering (inhibiting
the answer) to 500 test stimuli. Each stimulus is
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delivered for only one and a half seconds.
Therefore, the test requires maintained
attention. The results of studies show that the
IVA + PLUS test has sufficient sensitivity (92%)
and correct predictive power (89%) to correctly
diagnose ADHD in children. The validity of the
test in the open test method shows that the
22 IVA scales have a direct and positive
relationship with each other (88%-46%). In
general, the findings show that this test has
good and high validity and validity in assessing
attention, accuracy, and diagnosis of ADHD.
Wexler working memory software: This
software was designed by Wexler in 2003
based on a subscale of the Wechsler Memory
Scale (WMS) with the ability to measure
general verbal comprehension, perceptual
reasoning, working memory processing speed,
and overall IQ, and can be used to measure
memory in children and adults. The internal
consistency coefficient of the WMS is very high
and has a validity coefficient higher than 90.
Test validity was assessed using pretest-
posttest assessment, and showed a validity
coefficient of 80-89.20 In Iran, the reliability of
this test was 0.74 using Cronbach's alpha
method and 0.75 using the halving method.13
Clinical Q Assessment: Clinical Q is a
method of evaluating and determining the
treatment protocol for neurofeedback. This
method is not weaker than Quantitative
electroencephalography (QEEG), 19 channels,
the purpose of using clinical Q is to make the
neurofeedback treatment process more
effective, using this method reduces the
number of neurofeedback sessions.2? The
advantage of this method is that in the process
of evaluation and treatment, harmonies are
played and the brain's response to them is
measured. The four harmonies of CERN,
SWIP, Mozart, and Amen are used in this
process. The recording process is done in 4
steps through 2 channels; in addition, 2
electrodes are installed on the head and 2
electrodes are installed on each ear. In the first
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stage, the electrode of channel A is on F4 and
channel B is on CZ. Clients were told to count
down from 1 to 20, and then, open their eyes
for 15 seconds and play the harmony for 30
seconds. In the second stage, the electrode of
channel A is fixed and channel B is transferred
to O1, and the first 30 seconds of open eye, the
next 20 seconds of closed eye, and the last 20
seconds of closed eye are recorded. In the third
stage, channel A is fixed and channel B is
transferred to point 3 F, and the blindfold
recording is performed for 45 seconds. In the
fourth stage, channel A is fixed and channel B
is transferred to point Z F and the blindfold
recording is performed for 45 seconds. The
whole process takes 5 minutes and 20 seconds.
Spence Children's Anxiety Scale: The Spence
Children's Anxiety Scale (SCAS) was
developed by Spence et al. and has been
translated into Persian by Mousavi et al.2224
and has 39 questions that the educator or
parents must answer.>?” This questionnaire
has four factors, which are thoughts of general
unhappiness and social inadequacy, worrying
about others' awareness of anxiety, fear of
negative evaluations, feeling of involuntary
arousal and performance anxiety. The internal
consistency of this questionnaire is 95% and
the validity is consistent. The score of the
Anxious Thoughts Inventory (AnTI) is 58%,
and the Fear of Negative Evaluation Scale
(FNE) of Watson and Friend is 60%.28298 These
factors are positively and significantly
associated with depression, anxiety, and
indicators of mental distress in the General
Health Questionnaire (GHQ). The internal
consistency and the test-retest reliability of this
scale were also desirable and satisfactory.3
Mousavi et al. reported a Cronbach's alpha
of 87% for the Iranian version of the SCAS.
They used two main tools of the metacognitive
model, namely the Thought Control
Questionnaire (TCQ) and the Anxiety
Thoughts Questionnaire.?> In another study,
the Beck Depression Inventory-Second Edition
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(BDI-II), Beck Anxiety Questionnaire (BAI),
Mental Health Questionnaire, TCQ, and
Anxiety  Thought Questionnaire  were
distributed among Students of Qazvin
University; 528 students participated in the
retest process after 2 weeks. Using exploratory
factor analysis, the 5 interpretable factors of
distraction, anxiety, social control,
punishment, and re-evaluation were identified
for the TCQ. Distraction was inversely related
to the symptoms of depression, anxiety,
physical symptoms, and social dysfunction.
The factors of worry and punishment had a
direct and significant relationship with the
scores of depression and anxiety and all
subscales of public health. Moreover, the
internal consistency of the questionnaire
factors and their test-retest reliability were
satisfactory.

Neurofeedback training: In neurofeedback,
sensors called electrodes are placed on the
patient's scalp. These sensors record the
electrical activity of a person's brain and show
it in the form of brain waves (often in the form
of a simulation, in the form of a computer
game, or video film). In this case, playing a
movie or directing a computer game is done
without the use of hands and only with a
person's brain waves. In this way, by seeing
the progress or stopping of the game, receiving
rewards or losing points, or changes that occur
in the sound or play of the film, the person
discovers the favorable or unfavorable
conditions of his brain waves and tries to
direct the game or film. For example, if the
person is going to reduce their alpha wave, the
game is played if the alpha wave is less than a
specified limit. In this method, the child sits in
front of a monitor and the electrode on the
child's head receives the brain waves and
directs them to the computer. The child can
adjust and control the brain waves by seeing
them on the monitor screen, and in all these
steps, the therapist sits next to the child and
gives the child instructions on how to do
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this. Students are treated in 15 to 30-minute
sessions.®

Cognitive  Rehabilitation: ~ The — Cognitive
Rehabilitation Training Package in this study
was based on the 2010 Cognitive Rehabilitation
Computer Program, which includes working
memory enhancement, selective attention
enhancement, sustained attention enhancement,
and transitional attention enhancement. This
program is a kind of software program that
includes a group of hierarchically organized
tasks that strengthen the various dimensions of
working memory, including storage, transfer,
instantaneous, and information control.
Working memory tasks included the 3 types of
updating, maintaining and transferring, tasks of
searching for house stimuli to enhance selective
attention, and tasks of finding similar images to
enhance sustained attention, and tasks of
sorting faces based on emotional manifestations
to enhance transitional attention. The program
was performed in 16 sessions of 31 minutes 2
days a week.22

All activities of this trial from the beginning
to the end have been approved by the ethics
committee of the Islamic Azad University, Karaj
Branch (Approval ID: IR KIAU.REC.1399.876).

Results

In total, 45 children (children of 7-10 years of
age) were screened. The students were of both
sexes. There is no significant difference in
baseline characteristics of patients in term of
age between the 3 groups (2 experimental
groups and 1 control group). In order to
evaluate the effectiveness of neurofeedback
therapy on increasing attention, working
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memory, and processing speed, and reducing
anxiety in dyslexic children, multivariate
analysis of covariance (MANCOVA) was used.
The significance level was considered to be
0.05. The results of MANCOVA along with the
examination of its assumptions (Box’s M test)
were as Box's M = 15.014, F = 1.328, degree of
freedom-1 (df1) = 10, df2 = 3748.207, P = 0.241.

Since Box’s M test value (0.241) was greater
than the significance level (0.05) required for
rejecting the mnull hypothesis, the null
hypothesis is confirmed based on the
homogeneity matrix of covariance.

The Levene's test results are not significant
in any of the variables. Therefore, the null
hypothesis for the homogeneity of variance of
the variables is confirmed (Table 1).

Table 1. Levene's test results in examining
the homogeneity of variances

Variable F dfl  df2 P

Attention 0.076 1 28 0.785
Working memory  0.967 1 28 0.334
Processing speed  3.350 1 28 0.078
Anxiety 3.651 1 28 0.066

df: Degree of freedom

Table 2 shows the results of the analysis of
covariance (ANCOVA).

Table 3 shows the results of the inter-subject
effects test regarding the comparison of
attention, working memory, processing speed,
and anxiety in the control and neurofeedback
groups in the posttest stage.

According to the results presented in
table 4, the value of F is significant for all
variables at the level of 0.01 (P < 0.01).
Therefore, the null hypothesis is rejected and
the research hypothesis is confirmed.

Table 2. The results of multivariate analysis of covariance in the comparison of attention, working
memory, processing speed, and anxiety in control and neurofeedback groups in the posttest stage

Effect Tests Amounts F df effect Degree of error freedom P Effect size
Group Pillai's effect 0.827 25.132 4 21 0.001 0.827
Wilks’ Lambda 0.173 25.132 4 21 0.001 0.827
Hotelling's effect 4.787 25.132 4 21 0.001 0.827
The largest root on 4.787 25.132 4 21 0.001 0.827

df: Degree of freedom
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Table 3. Test of inter-subject effects in the comparison of attention, working memory, processing

speed, and anxiety in the control and neurofeedback groups in the posttest

Variable Source Total squares
Attention Between groups 61.277
Error 39.864
Working memory  Between groups 483.627
Error 347.286
Processing speed  Between groups 33.411
Error 18.347
Anxiety Between groups 64.130
Error 40.495

df
1

24

1

24

1

24

1

24

Average squares F P Effect size

61.277 36.891 0.001 0.606
1.661
483.627 33.422 0.001 0.582
14.470
33.411 43.706 0.001 0.646
0.764
64.130 38.008 0.001 0.613
1.687

df: Degree of freedom

Comparison of the mean scores of the two
groups showed that in the neurofeedback
treatment group, compared to the control
group, there was an increase in scores of
attention, working memory, and processing
speed, and in contrast, a further decrease in
anxiety scores in the posttest stage.

Discussion

The aim of the present study was to determine
the effectiveness of NFT on attention and
working memory, processing speed, and
anxiety of dyslexic children. Findings showed
an increase in scores of attention, working
memory, and processing speed, and in
contrast, a decrease in anxiety scores in the
neurofeedback experimental group. The
results of the follow-up test also showed that
neurofeedback training led to significant
differences in attention, working memory,
processing speed, and anxiety of the tested
group, indicating the continuation of the
effectiveness of NFT. This finding is in line
with the findings of Abbasi et al. (2020),1
Wang and Hsieh (2013),"7 Crandon et al.
(2022),2¢ Smid et al. (2020),%” and Singh et al.
(2020).31  Moreover, these results are
inconsistent with that of some previous studies
by Karamalian et al. (2020),> Sorrells and
Dennis (2020),> Rahmani et al. (2022),5 and
Gordon et al. (2020).13

To explain the results, it must be
acknowledged that the human brain is capable
of self-healing, that is, the ability to learn or

re-learn the self-regulating mechanisms of
brain waves that play a key role in the normal
functioning of the brain. Abbasi et al. (2020) on
an Iranian sample of 25 children with dyslexia
showed that brain waves are regulated after
rehabilitation exercises.’® Furthermore, Wang
and Hsieh (2013) by examining the executive
functions in 45 Chinese students with learning
disabilities confirmed their emotional and
cognitive dysfunction, and neuro-
rehabilitation with the help of neurofeedback
was able to help improve their cognitive
functions.’” Moreover, Singh et al. showed in a
clinical study of 35 Singaporean students with
hyperactivity and impulsivity symptoms that
neurofeedback can help improve executive
function by regulating brain waves by giving
feedback to the student.3! Thus, NFT actually
strengthens the underlying self-regulatory
mechanisms for effective functioning by giving
feedback to the brain about what the person
has done in the past few seconds and what the
normal bioelectrical rhythms of the brain were,
modifying the brain to correct its rhythms and
encouraging the maintaining of proper
activity. As a result, the brain is asked to
manipulate different brain waves by
producing more of some waves and producing
fewer of others.?® Rivera Perez et al, in an
experimental study on 30 participants with
dyslexic disorder, have suggested that the
regulation of brain waves is the main
component of NFT.10 It should be noted that
the findings of some studies have been
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inconsistent with the results of the present
study and have shown that neurofeedback is
not effective in improving the executive
functions of people with dyslexia. For
example, Rahmani et al. (2022) in a meta-
analysis in Iranian students found no
significant benefits for NFT compared with
other treatments or control conditions.® In
determination of these findings, it should be
noted that this study examined the evaluation
of parents and teachers, and the undeniable
point is that there may certainly be errors,
misconceptions, and unrealistic expectations in
their assessments.8 Furthermore, in a 2020
study on a sample of 45 students with
dyslexia, Gordon et al. (2020) did not confirm
the effectiveness of neurofeedback in 10
sessions.’> One possible explanation for this
ineffectiveness could be sample heterogeneity
and limited number of neurofeedback
sessions.> The underlying mechanism of this
change may be explained by the theory of
factor conditioning, so that if a change in
stimulus (amplitude of brainwaves) based on a
predetermined contract is accompanied by the
desired outcome (motion of video images or
sound production), it will lead to learning, and
this learning will be more effective when it
uses simpler stimuli (such as NFT) that lead to
receiving reinforcement. NFT alters the frontal
lobe, affecting the cortex, motor sensory, and
cingulitis in three parts. Sensory cortical action
is more than just guiding sensory-motor
functions, and it helps the cortex to encode
cognitive and physical activity. Thus, people
with cognitive tasks can benefit from the
effects of neurofeedback on the left motor
sensory cortex.?? Rahmani et al., using an
experiment design on 40 students with
dyslexia disorder, have shown cognitive tasks
and cognitive educations can be a practical
part of NFT. Neurofeedback can also help the
brain function properly by altering the profile
of brain waves. This compensation for the
abnormality helps the individual become more
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alert and able to increase his/her attention,
and thus, show better cognitive function.
Moreover, using an experimental design for
evaluating working memory and executive
functions in dyslexic children, Finell et al.
(2021) have confirmed the effectiveness of
NFT. Neuropsychological studies have shown
that people with ADHD show deficiencies in
the development of synapses and neural
connections. Thus, proper stimulation of the
brain can help them to expand their synapses,
establish normal activities, and improve their
cognitive functions.?* The results of another
study showed that in clients with more severe
social anxiety disorder who probably had high
resistance to performing techniques and
coping with anxiety situations, neurofeedback
changed the expectation of clients, caused
them to face anxious situations, and with
reduced their anxiety symptoms.18

The present study had some limitations,
that is, lack of a placebo-controlled trial. These
limitations should be addressed in future
trials. As a result, future randomized placebo-
controlled trials can conduct more rigorous
evaluations of patients during the process of
treatment. Given the role of executive
functions and attention and information
processing in the creation, persistence, and
exacerbation of dyslexia, it is recommended
that children be examined for these structures
before entering school. In addition, due to the
effectiveness of NFTs in the treatment of
dyslexia, it is suggested that treatment centers
for learning disorders be equipped with
neurofeedback and counselors and educators
in the field, and have these therapies in their
agenda. In future research, it is suggested that
the effect of this treatment method on other
groups of learning disabilities such as visual
and auditory processing disorders and writing
disorders be examined, or instead of
examining the primary school level in general,
a specific year group (such as the third year
etc.) be researched.
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Conclusion

The present study findings showed that after
NFT, the scores of the experimental group
compared to the control group were associated
with increased attention, working memory,
and processing speed, and decreased anxiety
scores in the posttest and follow-up phase
compared to the pretest. Therefore, based on
the obtained results, NFT can be relied on as a
complete and comprehensive treatment in the
treatment of dyslexia symptoms.

Conflict of Interests

Authors have no conflict of interests.

Acknowledgments

We would like to express our appreciation to
all of the participants who made this study
possible.

Financials support and sponsorship

This study was done as self-financed.

References

1. Wagner RK, Zirps FA, Edwards AA, Wood SG,
Joyner RE, Becker BJ, et al. The prevalence of
dyslexia: A new approach to its estimation. J Learn
Disabil. 2020; 53(5): 354-65.

2. Ten Braak D, Lenes R, Purpura DJ, Schmitt SA,
Storksen I. Why do early mathematics skills predict
later mathematics and reading achievement? The role
of executive function. J Exp Child Psychol. 2022;
214: 105306.

3. Karamalian M, Haghayegh SA, Rahimi Pardanjani S.
The effectiveness of child-centered game therapy on
working memory and processing speed of children
with learning disabilities. Journal of Learning
Disabilities. 2020; 9(2): 95-115.

4. Wangchuk J. Learning disability among the school
going children: A cross-section survey in the
community of Bangladesh [PhD Thesis]. Dhaka,
Bangladesh: Bangladesh Health Professions Institute,
Faculty of Medicine, the University of Dhaka,
Bangladesh; 2020.

5. Sorrells A, Dennis M. Equity and opportunity in
intervention  research'intervention in  context:
introduction to the special Series. Learn Disabil Q.
2022; 45(1): 3-5.

Chegini et al.

6. Lucke AJ, Wrzus C, Gerstorf D, Kunzmann U,
Katzorreck M, Schmiedek F, et al. Between-person
and within-person associations of sleep and working-
memory in the everyday lives of old and very old
adults: Initial level, learning, and variability. Sleep.
2022; 45(1): zsab279.

7. Verissimo J, Verhaeghen P, Goldman N, Weinstein M,
Ullman MT. Evidence that ageing yields improvements
as well as declines across attention and executive
functions. Nat Hum Behav. 2022; 6(1): 97-110.

8. Rahmani E, Mahvelati A, Alizadeh A, Mokhayeri Y,
Rahmani M, Zarabi H, et al. Is neurofeedback
effective in children with ADHD? A systematic review
and meta-analysis. Neurocase. 2022; 28(1): 84-95.

9. Finell J, Sammallahti E, Korhonen J, Eklof H,
Jonsson B. Working memory and its mediating role
on the relationship of math anxiety and math
performance: A meta-analysis. Front Psychol. 2021;
12: 798090.

10. Rivera Perez JF, Creaghead NA, Washington K, Guo
Y, Raisor-Becker L, Combs SG. The relationship
between  perceived  assertiveness/shyness  and
emergent  bilinguals'  vocabulary intervention
outcomes: A preliminary investigation. Commun
Disord Q. 2022; 44(1): 14-22.

11. Werneck-Rohrer SG, Lindorfer TM, Waleew C,
Philipp J, Prillinger K, Konicar L. Effects of an
intensive slow cortical potentials neurofeedback
training in female and male adolescents with autism
spectrum disorder: Are there sex differences? Wien
Klin Wochenschr. 2022; 134(Suppl 1): 60-8.

12.Becker M, Litkowski EC, Duncan RJ, Schmitt SA,
Elicker J, Purpura DJ. Parents' math anxiety and
mathematics  performance of pre-kindergarten
children. J Exp Child Psychol. 2022; 214: 105302.

13.Gordon S, Todder D, Deutsch I, Garbi D, Alkobi O,
Shriki O, et al. Effects of neurofeedback and working
memory-combined training on executive functions in
healthy young adults. Psychol Res. 2020; 84(6):
1586-609.

14. Corominas-Roso M, Ibern I, Capdevila M, Ramon R,
Roncero C, Ramos-Quiroga JA. Benefits of
EEG-neurofeedback on the modulation of impulsivity
in a sample of cocaine and heroin long-term abstinent
inmates: A pilot study. Int J Offender Ther Comp
Criminol. 2020; 64(12): 1275-98.

15. Peeters F, Oehlen M, Ronner J, van Os J, Lousberg R.
Neurofeedback as a treatment for major depressive
disorder--a pilot study. PL0S One. 2014; 9(3): e91837.

16. Abbasi Fashami N, Akbari B, Hosseinkhanzadeh AA.
Comparison of the effectiveness of cognitive
rehabilitation and neurofeedback on improving the
executive functions in children with dyslexia. J Child
Ment Health. 2020; 7(2): 294-311.

84 Chron Dis J, Vol. 12, No. 2, Spring 2024

http://cdjournal.muk.ac.ir, 03 April



Effectiveness of neurofeedback

17.Wang JR, Hsieh S. Neurofeedback training improves
attention and working memory performance. Clin
Neurophysiol. 2013; 124(12): 2406-20.

18. Ghayour Kazemi F, Sepehri Shamloo Z, Mashhadi A,
Ghanaei Chamanabad A, Pasalar F. A comparative
study effectiveness of metacognitive therapy with
neurofeedback training on anxiety symptoms,
emotion regulation and brain wave activity in female
students with social anxiety disorder (Single subject
study). Neuropsychology. 2018; 4(12): 77-100.

19. Spence SH, Rapee R, McDonald C, Ingram M. The
structure of anxiety symptoms among preschoolers.
Behav Res Ther. 2001; 39(11): 1293-316.

20. Mousavi R, Moradi AR, Farzad V, Mahdavi S, Spence
S.H. Psychometric properties of the Spence children’s
anxiety scale with an Iranian sample. International
Journal of Psychology. 2007; 1(1): 17-26.

21.Hill AP, Hall HK, Appleton PR, Kozub SA.
Perfectionism and burnout in junior elite soccer
players: The mediating influence of unconditional
self-acceptance. Psychology of Sport and Exercise.
2008; 9(5): 630-44.

22.Aktar E, Nikolic M, Bogels SM. Environmental
transmission of generalized anxiety disorder from
parents to children: Worries, experiential avoidance,
and intolerance of uncertainty. Dialogues Clin
Neurosci. 2017; 19(2): 137-47.

23.Russo GM, Balkin RS, Lenz AS. A meta-analysis of
neurofeedback  for  treating  anxiety-spectrum
disorders. J Couns Dev. 2022; 100(3): 236-51.

24.Crandon TJ, Scott JG, Charlson FJ, Thomas HJ. A
social-ecological perspective on climate anxiety in
children and adolescents. Nat Clim Chang. 2022;

Chegini et al.

12(2): 123-31.

25.Shao YK, Mang J, Li PL, Wang J, Deng T, Xu ZX.
Computer-based cognitive programs for improvement
of memory, processing speed and executive function
during age-related cognitive decline: A meta-analysis.
PLoS One. 2015; 10(6): e0130831.

26.Rahmani m, Rahimian Boogar |, Talepasand S,
Nokani M. The effect of combined cognitive
rehabilitation interventions (Computer and manual)
on improving the information processing speed and
psychological status of women with MS. Journal of
Cognitive Psycholoy. 2018; 6(3): 41-50.

27.Smid C, Karbach J, Steinbeis N. Toward a science of
effective cognitive training. Curr Dir Psychol Sci.
2020; 29(6): 531-7.

28.Westwood SJ, Bozhilova N, Criaud M, Lam SL,
Lukito S, Wallace-Hanlon S, et al. The effect of
transcranial direct current stimulation (tDCS)
combined with cognitive training on EEG spectral
power in adolescent boys with ADHD: A double-
blind, randomized, sham-controlled trial. IBRO
Neurosci Rep. 2022; 12: 55-64.

29. Rajabi S, Pakize A, Moradi N. Effect of combined
neurofeedback and game-based cognitive training on
the treatment of ADHD: A randomized controlled
study. Appl Neuropsychol Child. 2020; 9(3): 193-205.

30. Kodish I, Rockhill C, Varley C. Pharmacotherapy for
anxiety disorders in children and adolescents.
Dialogues Clin Neurosci. 2011; 13(4): 439-52.

31.Singh F, Shu IW, Hsu SH, Link P, Pineda JA,
Granholm E. Modulation of frontal gamma
oscillations  improves working memory in
schizophrenia. Neuroimage Clin. 2020; 27: 102339.

Chron Dis J, Vol. 12, No. 2, Spring 2024 85

http://cdjournal.muk.ac.ir, 03 April



