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Keywords: Background: Specific learning disabilities are a set of heterogeneous disorders that are severely
neurofeedback, manifested in the learning and application of listening, speaking, reading, writing, and math skills
Brain Waves, and can have neurological roots. One of the therapies used in this field is neurofeedback, but a review
Executive functions, of the history of neurofeedback and learning disabilities shows that there are many contradictions
Special learning about the effects of neurofeedback on brain waves in children with special learning disabilities.
disabilities Aims: The aim of this study was to evaluate the effect of neurofeedback on the modulation of brain

waves and basic executive functions in children aged 8 to 12 years with special learning disabilities.
Methods: This research was a quasi-experimental study with a pretest-posttest design and a control
group. The statistical population of this study included all boys and girls with dyslexia and dysgraphia
introduced to centers for learning disabilities in Kermanshah. Sampling Method of this study is
convenience sampling. For this purpose 20 students aged 8 to 12 years were selected and randomly
divided into two groups of 10 people. The experimental group received neurofeedback intervention
for 20 sessions of 40 minutes. In order to record the brain waves, a two-channel neurofeedback device
was used and to measure the active memaory, change the attention and inhibit the response, Wechsler
memory software(Khodadadi, Amani, 2014), Wisconsin(Khodadadi et al, 2014) and Stroop
cards(Khodadadi et al, 2014) were used. In order to analyze the data, univariate analysis of covariance
and multivariate analysis of variance were used.

Results: the present protocol can suppress the ratio of theta waves to alpha(n2= 0.821) and improve
the executive functions of attention change(classes(n2= 0.320), in place(n2= 0.544)), response
inhibition(Concordant Time(n2= 0.434), Inconcordant Time(m2= 0.536)) and active
memory(Auditory memory Span (n2= 0.515), Visual memory Span(n2= 0.536) in children with
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Accepted: 14 Nov 2021 Conclusion: Neurofeedback through the conditioning is likely to lead to the formation of new
Available: 22 Jun 2022 synaptic connections, ultimately modulating brain waves and improving basic executive functions.
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Extended Abstract

Introduction

Specific learning disabilities are a set of
heterogeneous disorders that are severely manifested
in the learning and application of listening, speaking,
reading, writing, and math skill(Orbach, Gross,
Manor & Shallow, 2008). in order to identify the
causes of these disabilities, their physiological
underpinnings have been studied in several studies
(Rams et al., 1997; Basra, Fernandez, Harmony,
2006). For example, in children with dyslexia,
abnormal brain activity is seen, which is mostly in the
range of theta and alpha waves(Basra et al., 2006).
Another issue that can occur in the continuation of
problems in brain waves is problems in executive
actions(Barbosa, Rodriguez, Mello, Benoit, 2019).
Executive actions are a set of cognitive processes that
are essential for successful selection and monitoring
of behaviors that facilitate the achievement of
selected goals (Diamond, 2013). One of the most
important models of executive actions is the model of
Miyak et al(2000) that research has emphasized the
validity of his three-dimensional model as the main
factors involved in executive actions(Hizinga, Dolan,
Wondermolen, 2006).

Short-term verbal memory and working memory is
one of the three components of Miyak et al(2000)
model. In this regard, research has shown the
relationship between poor working memory and
short-term verbal memory with specific learning
disabilities(Zhao, Yang, Song, B, 2015; Sangani,
Jangi, Ramak, Ahmadi, 2019). Skilled readers mainly
use phonological information of visual and auditory
stimuli to achieve short-term verbal memory of
letters(Martinez Perez, Majraz, Punklet, 2012), Thus,
these representations, which include semantic and
visual information, must be inhibited so that
phonological  representations are  sufficiently
activated without the involvement of another
process(Engel, 1996; cited by Zhao et al., 2015).
Therefore, the second executive function that will be
focused on in this study is the inhibition of dominant
responses. The third executive function examined in
this study is the shift between mental tasks or
attention change. Executive-focused attention
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changes may be regulated primarily by the frontal
lobes(Miam et al., 2000). In rehabilitating children
with special learning disabilities, evidence suggests
that noninvasive brain stimulation can improve
reading abilities in children and adolescents with
dyslexia(Castanzo et al., 2016).

One of the most effective non-invasive treatments for
children with special learning disabilities is
neurofeedback(Fernandez et al., 2007). In this
method, in order to teach self-regulation of brain
function, the electrical activity of the brain is instantly
measured and displayed(Allenson, Fireclo, 2004) and
people learn to voluntarily change their brain
waves(Decker, Sitscorn, & Dennis, 2014). Many
studies have examined the effect of neurofeedback on
a wide range of issues including visual-spatial focus
in children with special learning disabilities(Sadeghi,
Nazari, 2015), reduction of symptoms associated with
attention deficit / hyperactivity disorder(Delami et al.,
2016), Cognitive function of children with attention
deficit (Riano — Garzon et al., 2018), attention,
executive actions, electrocortical behavior and
function(Whiton, Kribam, 2015), visual and verbal
memory(e.g., Mirzaei, Mokhtari, 2018) but in many
of these studies, there is no control group that can be
compared to the experimental group. Also, most of
this research is limited to issues such as reading and
writing that seem to be secondary to executive
actions. Also, most studies have not mentioned
changes in brain waves after the intervention(Jacobs,
2005; Raisi et al., 2016; Dana, Rafiei, Gholami, 2019;
Nazir et al., 2018; Azizi, Derkund, Sepahvandi, 2018;
Shin and Et al., 2016; Jirayucharvinsak, Asrasna,
Pan-Gam, Hamrangron, May, 2019) and only a few
studies have focused on this issue, which have also
reported contradictory results on changes in brain
waves after neurofeedback intervention(Sadeghi,
Nazari, Alizadeh Zarei, Kamali, 1392; Fernandez et
al., 2003, 2007; Breitler Et al., 2010; Nazari, Musa
Nejad, Hashemi, Jahan, 2012). In order to respond to
the contradictions and also to test a protocol based on
a basic model, the purpose of this study was to
investigate the effect of a neurofeedback protocol on
brain waves and basic executive functions based on a
classical model.
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Method

The present study was an applied research and the
design used in this research was a quasi-experimental
design with a control group, using pre-test and post-
test. The statistical population of the present study
consisted of all 8 to 12 year old students with special
learning disabilities in the academic year 1399-1400.
20 girls and boys were selected as the sample using
available sampling. In this study, Wechsler active
memory tests(Khodadadi, Amani, 2014), Wisconsin
cards(Khodadadi, Shahgholian, Amani, 2014),
Stroop(Khodadadi, Mashhadi, Amani, 2014) and
neurofeedback device were wused to collect
information. After conducting a diagnostic interview
based on DSM-5 and ensuring the existence of special
learning disabilities in students, a written consent was
obtained from their parents stating their full consent
to participate in the study and participants were
randomly divided into experimental and control
groups. Using neurofeedback, the amount of theta and
alpha brain waves was recorded at the CZ point. Brain
waves at CZ were recorded once with the eyes open
and once with the eyes closed, each for 90 seconds.
Finally, the average of the obtained data was obtained
in two modes(open eye/closed eye) and then the ratio
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of theta to alpha was calculated for each
person(Fernandez, 2003, 2007, 2016). This was done
once before the intervention as a pre-test, and after the
intervention as a post-test for both experimental and
control groups. In this study, the alpha-to-theta ratio
suppression protocol was used, in which the
experimental group was exposed to 20 sessions of
neurofeedback. Meetings were held twice a week and
each session lasted 40 minutes(Fernandez et al.,
2016). In order to analyze the data, univariate analysis
of covariance and multivariate analysis of variance
were used.

Results

In order to perform univariate analysis of covariance,
the condition of homogeneity of regression slope
must be established. In this regard, the results showed
that the interaction of pre-test with grouping variable
in post-test stages was not significant in the ratio of
theta waves to alpha. This means that the assumption
of homogeneity of the regression line slope is
established in this component(p= 0.072, F= 3.708).
As can be seen in Table 2, after controlling the pre-
test scores of the theta-alpha ratio, there is a
significant difference between the post-test of the
experimental and control groups.

Table 1. Results of univariate analysis of covariance to investigate the difference between the post-test theta-alpha ratio in the experimental
and control groups

Source SS df MS F sig n2
Group 0/476 1 0/476 77/752 0/001 0/821

Pre-test 0/268 1 0/268 43/745 0/001 0/720
Error 0/104 17 0/006 - - -
Total 38/190 20 - - - -

Table 2. Results of post hoc test in multivariate analysis of variance to investigate the differences between post-test of active memory
components, attention change and response inhibition in'experimental and control groups

Variable sub scale SS MS F sig n2
Classes 12/800 12/800 8/471 0/009 0/320
Wisconsin Test in place 61/250 61/250 21/491 0/001 0/544
True 266/450 266/450 11/141 0/004 0/382
Concordant True 423/200 423/200 5/502 0/031 0/234
Strop test Concordant Time 322580/00 322580/00 13/805 0/002 0/434
Inconcordant True 168/200 168/200 8/340 0/010 0/317
Inconcordant Time  161640/200  161640/200 8/88 0/001 0/536
Wechsler Memory Test Vis_ual Span 14/450 14/450 20/808 0/001 0/536
Auditory Span 6/050 6/050 19/105 0/001 0/515

As can be seen in Table 2, there is a significant
difference between the scores of all components,
between the experimental and control groups, at least

at the 5% level. Therefore, the experimental group
significantly improved in all components compared
to the control group.
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Conclusion

The main purpose of this study was to test the effect
of the theta-alpha ratio suppression protocol at the Cz
point on brain waves and executive functions in
children aged 8 to 12 years with special learning
disabilities according to a basic model. The results of
this study showed that neurofeedback can modulate
brain waves by suppressing the ratio of theta waves
to alpha at the Cz point and also improve some basic
executive functions such as working memory,
Shifting attention and response inhibition in children
with special learning disabilities. The results of this
study in relation to the effects of neurofeedback on
executive functions are consistent with the results of
research by Sadeghi, Nazari(2015), Riano-Garzon et
al. (2018), Whiton, Kribam(2015), Nazir et al.
(2018).The results of this study in relation to the
effects of neurofeedback on brain waves are
consistent with the results of research by Whiton,
Kiribam(2015), Moin, Asadi Gandmani,
Amiri(1397), Narimani, Abolghasemi, Rajabi,
Nazari, Zahed (2012), Fernandez et al. (2016) And
Rajabi, Pakizeh, Moradi(2019).

Neurofeedback may create effects at the synaptic
level by strengthening neural circuits and directly
modulating abnormal brain oscillations (Ghaziri et
al., 2013; Rose et al., 2013). In fact, the changes are
not limited to the area in which neurofeedback is
applied, so brainwave changes are likely to be the
result of a complex reorganization of brainwave
activity (Fernandez et al., 2007).

The findings of this study on the effects of
neurofeedback on brain waves were inconsistent with
the findings of Sadeghi et al. (2013), Fernandez et al.
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(2007), Nazari et al. (2012), Fernandez et al. (2003).
One reason for the discrepancy between the present
study and that of Fernandez et al. (2007) may be that
they first examined the abnormal ratio of theta to
alpha for each participant in most parts of the skull.
The region with the highest theta-to-alpha ratio was
then selected for intervention. Other reasons for the
discrepancy between the results of this study and the
results of Fernandez et al. (2007) include the small
sample size and non-random assignment of subjects
in that study. In general, one of the reasons for the
discrepancy between the results of the present study
and the results of similar studies is the type of design
and the Sample size. For example, in the research of
Sadeghi et al. (2013), a single-subject design with
only 12 neurofeedback sessions was used. Also,
Nazari et al. (2012) used only a group of 6 people in
their research. One of the limitations of the present
study is the lack of use of more advanced devices such
as functional magnetic resonance imaging and it is
suggested that such a tool be used in future research.
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