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Introduction: The aim of this study was to compare the brain wave pattern of two groups of 
dyslexic students with perceptual and linguistic types with normal students in reading.

Methods: In this study, 27 students (24 boys and 3 girls) from first to fifth grade with an 
Mean±SD of age 8.16±10.09 years participated. Eight students with perceptual type dyslexia, 
ten students with linguistic type dyslexia, and nine normal students with reading were selected 
by purposive sampling method.

Results: After removing noise and artifacts, the data were converted into quantitative digits 
using Neuroguide software and analyzed using multivariate analysis of variance (MANOVA) 
and univariate analysis of variance (ANOVA). Based on the results, the linguistic group and 
the normal group differed in the relative power of the alpha wave in the two channels Fp1 and 
Fp2, but there was no difference between the three linguistic, perceptual, and normal groups in 
the absolute power of the four waves of the delta, theta, alpha, and beta.

Conclusion: The relative power spectrum of the alpha band in the forehead can be significantly 
related to dyslexia problems as seen in the linguistic type.
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1. Introduction

eading is a complex cognitive skill that 
serves a wide range of language and vision-
related areas. Disruption of communication 
in this network is associated with evolu-
tionary dyslexia (Hallahan, et al., 2005). 
Dyslexia is a term used mainly by neurolo-
gists; but teachers call it reading problems 

(Walker & Norman, 2006). There are several defini-
tions of dyslexia; according to the definition of the fifth 
diagnostic and statistical classification (Association, 
2013), dyslexia is a pattern of learning disorder char-
acterized by poor speech recognition, poor coding, and 
poor spelling, which is not due to sensory impairment, 
low intelligence, or inadequate educational experience. 
Dyslexia occurs in all groups of children regardless of 
gender, social group, mental level, and geographical area 
(Schlaggar & McCandliss, 2007). Papagiannopoulou 
and Lagopoulos (2016) believed that dyslexia is a neu-
rodevelopmental disorder with an unknown cause that 
affects 4-7% of the population. 

“Causation” is one of the most important challenges in 
the field of learning disabilities. Over the past three de-
cades, the neurological approach has taken more serious-
ly the weaknesses of children with dyslexia. According 
to this approach, the occurrence of this disorder is due to 
the malfunctions of the nervous system, especially the 
central nervous system (Temple, 2002).

Due to recent advances in imaging (magnetic resonance 
imaging, positron emission neurosurgery, functional 
magnetic resonance imaging, and regional blood flow) 
as well as neurophysiology (recall potentials, quantita-
tive electroencephalogram (QEEG), coherence studies, 
and magnetic resonance imaging), today, researchers are 
able to look at the normal circuits involved in reading 
and the differences between people who have difficulty 
learning to read (Abdeldayem & Selim, 2005). The re-
sults of several studies on dyslexics (Casanova, et al., 
2004; Meyler et al., 2007; Shaywitz et al., 2004) have 
shown that these individuals have poor performance in 
the temporomandibular region. There is a positive linear 
relationship between reading ability and brain activity in 
the left temporal lobes and lower parietal areas in the 
right lobe, which means that the activity of these areas 

Highlights 

• Gene expression of Reelin was significantly less in patients.

• The relative power of the alpha wave in eyes closed condition in two channels Fp1 and Fp2 for the linguistic group is 
lower than the normal group in reading.

• There are common characteristics between dyslexic and hyperactive students; One of the common features of these 
two groups is weakness in executive functions

• Students with learning disorders with ADHD have higher theta ratio and lower alpha ratio in their brain waves. Based 
on what has been said, it is possible that dyslexic students with hyperactivity are part of the linguistic subgroup.

Plain Language Summary 

In this research, the difference in executive functions in two groups of students with reading problems and normal 
students was investigated. Students with reading problems are divided into two groups: 1) linguistic and 2) perceptual. 
The first group includes students who are fast readers but make errors such as deletion, addition and substitution. The 
second group are the students whose right hemisphere is dominant, these students focus on the perceptual features 
of the text and read with a precise but relatively slow and divided style and suffer from repetition and self-correction 
errors, so their reading takes time. As a result of the present research, the prefrontal part of the linguistic group was 
different from the normal group; Based on what was said, the occurrence of this pattern of reading failure can originate 
from weakness in "executive functions" or, in other words, malfunction in the prefrontal cortex of the brain. Therefore, 
it can be said that in the treatment of dyslexic children of the linguistic type, it is better to pay special attention to the 
strengthening of the executive functions whose center is in the prefrontal area, and this result can create a valuable 
connection between the field of educational psychology and cognitive science.
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also increases following the ability to read. On the oth-
er hand, other studies (Ferrer, et al., 2010; Shaywitz et 
al., 2002) have shown that children with dyslexia have 
problems with their nervous systems; it is associated 
with dysfunction in the anterior cerebral cortex, parietal 
temporal lobes, and posterior parietal cortex. Also, the 
dysfunction of the left temporal lobe of the left tempo-
ral forehead was associated with impaired phonological 
awareness, speech perception, and direct access to speech 
(Vandermosten, Boets, et al., 2012). Based on evidence 
(Galaburda, Sherman, et al., 1985; Plante, et al, 1996; 
Rumsey, et al., 1994) on functional imaging in the field 
of reading development, defects in specific areas of the 
brain, such as planimetric symmetry or poor functional 
angular torture, are associated with dyslexia. Based on 
neurological studies (Lyon, et al., 2003; Meyler et al., 
2007; Shaywitz & Shaywitz, 2007; Spironelli, et al., 
2008) forehead areas, parietal forehead, temporal fore-
head, cortex hippocampus and right hemisphere thala-
mus, left angular gyrus, and left temporal lobe are some 
of the areas that have dysfunction in dyslexic people.

One of the tools for measuring the level of brain activ-
ity is the recording of brain waves by an electroencepha-
lographic device invented to examine the function of the 
brain (not the structure of the banana). So far, several 
studies have been done to identify the pattern of brain 
waves in dyslexic people. Scarlar et al. (1995, Cited in 
Abdeldayem & Selim, 2005) found that the EEG activ-
ity of dyslexic individuals had a significant difference in 
the higher power of tetanus band activity in dyslexics. 
Arns et al. (Arns, et al., 2007) also confirmed this result. 
The results showed that in the dyslexic group, more slow 
wave activity (delta and theta) was observed in tempo-
ral and cerebral regions of the brain and beta 1 activity 
increased, especially in the F7 region., Coherence (EEG 
correlation) in the anterior, central, and temporal regions 
also increased for all frequency bands. The weakening 
of beta strength in the central and bilateral areas in chil-
dren with dyslexia has also been reported by Gallin et al. 
(1986; cited in Papagiannopoulou & Lagopoulos, 2016). 
The difference between the beta and delta waves has been 
confirmed in at least two studies (Lavidor, et al., 2006; 
Ziegler, 2006). In one study, Fadzal et al. (2012) identi-
fied the EEG signals of dyslexic and normal children in 
two modes: rest and writing words and processed, ana-
lyzed, and compared them. Four electrodes C3, C4, P3, 
and P4 were used to record EEG signals. The recorded 
EEG signals were filtered using a bandwidth filter with 
a frequency range of 8 Hz. Analysis of EEG signals 
showed that the frequency range of EEG signals during 
writing at each electrode position at a lower beta band 
frequency is much larger for dyslexic children than for 

normal reading children. The frequency range of EEG 
signals was 20 to 28 Hz for dyslexic children and 14 to 
22 Hz for normal children. It is also reported an increase 
in alpha strength in the left hemisphere of temporal areas 
as well as the left ventricular areas of dyslexics (Bre-
teler, et al., 2010). On the other hand, Butler et al. (2010) 
stated that a significant increase in alpha coherence may 
be indicative of attention processes that improve reading 
(Breteler, et al., 2010).

There are anatomical studies (Galaburda, et al.,2000), 
which have shown the absence of the usual left-right 
hemisphere asymmetry of the planum temporale in 
dyslexia or suggested a possible role of the left inferior 
frontal gyrus in speech perception and rapid auditory 
processing, as well as in phonological aspects of read-
ing (Habib, 2000), although no strong effects have been 
reported (Habib, 2000). Eckert et al. (2003) found ana-
tomical anomalies underlying the double-deficit subtype 
of dyslexia. Their findings suggest that impairments in 
a frontal-cerebellar network may play a role in delayed 
reading development in dyslexia.

To study the neural factors of dyslexia, functional neu-
roimaging has been used. However, there is not much 
evidence with respect to developmental dyslexia since 
this research has focused on (young) adults (Habib, 
2000). Only Shaywitz and Shaywitz (Shaywitz & et al., 
2002; Shaywitz & Shaywitz, 2005) used children in their 
neuroimaging studies in order to examine the neural sys-
tems for reading during the acquisition of literacy. These 
reports show a failure of the left hemisphere posterior 
brain systems to function properly during reading (Shay-
witz & Shaywitz, 2002; Shaywitz & Shaywitz, 2005). 
The majority of studies show increased activation in the 
basal surface of the temporal lobe, the posterior portion 
of the superior and middle temporal gyri, extending into 
temporoparietal areas and the inferior frontal lobe dur-
ing tasks requiring reading and phonological process-
ing (Vellutino, 2004). Shaywitz et al. (2002) supported 
these findings; however, they show evidence of right 
hemisphere activation in the posterior temporal parietal 
regions. This could reflect compensatory processes or 
indicate that other nonlinguistic factors are related to 
reading disability (Shaywitz & Shaywitz, 2002; Shay-
witz & Shaywitz, 2005; Vellutino,2004).

Undoubtedly, the researcher’s efforts have paved the 
way for the identification of the neuropsychological 
foundations of dyslexia. But most of this research seems 
to have neglected attention to dyslexia as a heteroge-
neous disability. As Sophie and Rico (2002, cited by Hill 
& Fiurlo, 1961) have suggested, the notion of these chil-
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dren as a “common group by reading” may inadvertently 
lead to a lack of recognition of learning disabilities, pos-
sibly due to referral biases. Different diagnoses result 
from the tools used. These necessitate more detailed 
work to identify the relationships of the neuroscientific, 
physiological, and functional nerves between the types 
of dyslexia that can lead to more effective interventions 
for these children ( Spring, 2001, quoted in Hill & Fiurlo, 
1961). Significance of the Attention Deficit Hyperactiv-
ity Disorder (ADHD) was emphasized by Walker and 
Norman (2006), Breteler et al. (2010), Penolazzi et al. 
(2008), Arns et al. (2007), Papagiannopoulou and Lago-
poulos (2016), and Fadzal et al. (2012).

Accordingly, the present study aimed to identify the 
pattern of brain waves in dyslexic subgroups. For this 
purpose, one of the known divisions, namely the divi-
sion of dyslexics into two subconscious and linguistic 
subgroups, has been used. This classification is provid-
ed by Bakker (1992) and his model Brasan for normal 
reading growth as well as an explanation of dyslexia. 
According to this model, known as the Treadmill Baker 
Model, primary learning is created primarily by the right 
hemisphere of the brain, while final reading should nor-
mally be controlled by the left hemisphere of the brain 
(Bakker, 1992). According to the equilibrium model, 
reading disorders occur when a hemisphere change oc-
curs to control reading deviations (Dryer, et al., 1999).

Baker classified dyslexic readers into two categories: 
type P or perceptual, type L, or linguistic. Type P or per-
ceptual dyslexia occurs when a person in the dominant 
use of the right hemisphere reading strategy is unable to 
shift to the production of left-wing strategies in the ad-
vanced reading stages. Accordingly, the reader continues 
to focus on the perceptual features of the text, leading to 
a precise but relatively slow and divided reading; these 
types of people make a lot of time-consuming mistakes, 
such as repetition and self-correction. Another subcat-
egory, language type or L-type dyslexia, occurs when a 
person relies largely on the language strategies of the left 
hemisphere in the early stages of reading development. 
Model L has malfunctions and is used by fast readers, 
but incorrect, and also has many nominal errors, such as 
deletion, addition, and replacement (Dryer, et al., 1999).

In the present study, in order to identify the neural dys-
function pattern in the mentioned subgroups of dyslexia 
(only type L and type P), quantitative electroencepha-
lography (QEEG) dyslexia was used to answer what 
is the difference between the three groups of dyslexic, 
perceptual, and normal students in reading each other to 
examine the pattern of cerebral waves?

2. Materials and Methods

Sample

The present study is a comparative cause in terms of 
the data collection method. The statistical population in-
cluded all students in grades one to five who were illiter-
ate in special centers for learning disabilities and normal 
students who were studying at Birjand primary school in 
the academic year 2018-19. Targeted sampling was used 
to select perceptual (P) and language (L) dyslexic stu-
dents. In this study, of the 27 subjects studied, 24 cases 
(equivalent to 9.88%) were boys and three cases (equiv-
alent to 1.11%) were girls. According to the information 
obtained from the educational level, six people (equiva-
lent to 3.22%) in the first grade, eight people (equivalent 
to 6.29%) in the second grade, ten people (equivalent to 
37%) in the third grade, two people (equivalent to 4.7%) 
in The fourth grade, and one person (equivalent to 7.3%) 
were studying in the fifth grade.

Instrument

To collect information about the physical and mental 
condition of students, the Questionnaire developed by 
Tabrizi in 2012 was used (Tabrizi, 2010). This question-
naire contains 11 paragraphs that include the following 
information: general information, birth, pregnancy, neu-
rodevelopmental stages, physical health, family, child 
behavioral problems, educational problems, and the 
child’s self-concept. This questionnaire is completed by 
the mother.

The Wechsler test of this scale was developed by 
Wechsler (1969) to measure children’s intelligence. The 
Wechsler Intelligence Test is one of the most authorita-
tive and widely used tests for assessing children’s intel-
ligence (Marnat, 1996). The validity of this test has been 
reported through the two-half method to be 0.97 for gen-
eral intelligence, 0.97 for verbal intelligence, and 0.93 
for practical intelligence Tabrizi, 2010. In this study, its 
Persian form by Shahim (1994) was used to measure the 
intelligence of normalized children aged 6 to 13 years. 
The validity of this test has been reported through the 
two-factor model to be 0.94 for general intelligence and 
0.96 for non-verbal intelligence. Also, the correlation of 
the test with academic achievement and retraining rate 
was reported to be 0.88 and 0.85, respectively (Shahim, 
1994).

Disorders in reading and reading comprehension tests 
were used to identify and isolate dyslexic students. This 
test includes 11 Persian texts, each written on a card. 
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Card number one is a practice card and the results are 
not taken into account in the calculations. Two to 11 
cards are the main cards and both cards belong to the 
same base. In this way, the ability to read, understand, 
and read the speed of students in each grade is measured 
by two texts.

The validity of the structure of the test in reading accu-
racy for pair cards (story text at the relevant basic level) 
was between 0.6 and 0.9, and for individual cards (text 
of the relevant grade textbook) between 0.7 and 0.9, 
comprehension. Content for even cards is between 0.3 
and 0.6 and for individual cards is between 0.3 and 0.5. 
The reading speed for even and odd cards fluctuated be-
tween 0.8 and 0.9 separately. All coefficients were sig-
nificant at the P<0.100 level. In order to calculate the 
reliability of the test, two methods of Cronbach’s alpha 
and parallel were used. Cronbach’s alpha for reading ac-
curacy in pair cards was 0.9 and in individual cards was 
0.8. The reading comprehension score was 0.8 for even 
cards, 0.7 for individual cards, 0.9 for reading speed for 
even cards, and 0.8 for individual cards. Parallel valid-
ity in couple and individual cards in reading accuracy, 
comprehension, and reading speed was 0.9 for all (Hos-
seinilor, et al., 2005).

A small amount of electroencephalography was used in 
this study to record the brain waves of the target groups 
using the Mitsar amplifier, during which a special cap 
was placed on the patient’s head. From 19 head area F3, 
F7, Fp2, Fp1, O2, O1, T6, P4, PZ, P3, T5, T4, C4, CZ, 
C3, T3, F8, F4, and FZ waves were recorded. 

The power was calculated in the following frequency 
bands: delta (1-4 Hz), theta (4-8 Hz), alpha (8-12 Hz), 
and beta (12-25 Hz).

 The brain waves were recorded in a quiet room in both 
open and closed-eye conditions for 6 minutes at a sam-
pling rate of 500 Hz. The mean left and right ear elec-
trodes (E1 and E2) were used as reference electrodes. 
Vienna EEG software was used to record brain waves 
and NeuroGuide™ software was used to analyze brain 
waves.

To process brain signals, first, the brain signals in Neu-
roGuide software were filtered by a 1-40 Hz midpoint 
filter. Then, in NeuroGuide software, parts of the signal 
with a motion artifact, the noise of eye movements, and 
the noise of nerve stimulation of the muscle were manu-
ally deleted. Then, the power was calculated in the fol-
lowing frequency bands: delta (1-4 Hz), theta (4-8 Hz), 

alpha (8-12 Hz), and beta (12-25 Hz), and extracted and 
analyzed with the help of this software.

Design

Using this method, the city center of learning disorders 
was first referred to. Then, a list of students with reading 
disorders from first to fifth grade was provided to the 
researcher. In the next step, the parents of each of these 
students were contacted and invited to participate in the 
research. Poor-e-Etemad test was performed on dyslexic 
students who were willing to cooperate. According to 
the analysis of errors in this test, students whose basic 
errors were of the type of deletion and addition of the 
word, inversion, displacement, etc. under the linguistic 
group and students whose basic errors were mainly self-
correction, repetition and pause were placed in the per-
ceptual group. Since the study group in the present study 
was normal students in reading, an available sampling 
method was used to select this sample. For this purpose, 
a boys’ school willing to cooperate was selected. Then, 
ten students in the first to fifth grade were selected who, 
according to their teachers, were normal in reading, and 
in addition were willing to cooperate with the research. 
The criteria for entering this group other than (obtaining 
a low score on the diagnostic test) were similar to the cri-
teria for dyslexic students. The mentioned groups were 
age equivalent. Inclusion criteria in this study included 
normal IQ (95-110), the age range of 7-11 years, prima-
ry school education, lack of history of mental disorders, 
brain injury, neurological, sensory and motor problems, 
and reading problems related to emotional disorders.

The subjects were asked first to stare at a fixed point, 
while they were in a calm condition and minimize blink-
ing and extra movements of their head, hands, and feet, 
and recording was done when the eyes were open for 6 
minutes. After 3 to 5 minutes of break, the students were 
asked to return to the previously mentioned conditions 
and close their eyes. In closed-eye mode, the recording 
time was 6 minutes for each child. Then, all the encrypt-
ed information was stored separately in a folder for each 
person. Due to the small number of dependent variables 
(absolute and relative power of the waves) and the struc-
ture of the hypotheses and questions considered in the 
research, multivariate analysis of variance (MANOVA) 
and one-way analysis of variance (ANOVA) were used. 
It should be noted that data analysis was performed us-
ing NeuroGuide, SPSS software, version 25, STATA 
software, version 16, MATLAB software, and Excel 
version 2010.
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3. Results

Comparison of the absolute power of brain waves 
of study groups in closed-eye mode

Based on the findings of one-way ANOVA and the Bonfer-
roni test, a correction (0.05÷4=0.0125) was observed in all 
the brain locations considered; the difference in the absolute 
average power of the brain wave in the three study groups 
was not significant at P<0.05. It should be noted that if the 
Bonfroni test was ignored, in the FP2 brain location, the 
assumption of the equality of the absolute power averages 
of the delta wave was rejected (F(2, 13.679)=4.502, P=0.031). 
According to the Hughes Games follow-up test, the differ-
ence in the mean of the absolute power of the linguistic and 
normal groups in reading was significant (P=0.023).

In order to confirm the previous content, according to 
Figure 1, it is clear that considering the Bonferroni test, 
p-values resulting from the univariate ANOVA for all lo-
cations and brain waves were above the line 0.125 (blue 
line). Ignoring the univariate correction, it is observed 
that in the FP2 brain location, a significant value cor-
responding to the delta wave was below the 0.05 line 
(red line).

Comparison of the absolute power of brain waves 
of study groups in open-eye mode

Based on the findings of the univariate ANOVA and 
considering the Bonferroni test (0.05÷0.04=0.0125), in 
all brain locations considered, sufficient reasons were 
found to reject the assumption of the equality of absolute 
brain power averages in three study groups at P<0.05. 
According to Figure 2, it is clear that by considering the 
buffering correction, the P obtained from the one-way 
ANOVA for all locations and brain waves are above the 
line of 0.125 (blue line).

Comparison of the relative power of brain waves 
in study groups

In the open and closed eye modes for each of the del-
ta, theta, and beta waves, there was no significant dif-
ference between the study groups in terms of relative 
power. Also, based on the results obtained for the rela-
tive powers of the alpha wave in open and closed eyes, in 
the open-eye mode, there was no significant difference 
between the study groups, but in the closed-eye mode, 
there was a significant difference for some brain loca-
tions between study groups. Therefore, the output and 

Table 1. Levene’s test output and univariate one-way analysis of variance for the relative power of alpha wave by brain loca-
tions in the closed-eye state

Place

Levene’s Test Univariate Test

Levine 
Statistics

The First 
Degree of 
Freedom

Second 
Degree of 
Freedom

P F Statistics
The First 

Degree of 
Freedom

Second 
Degree of 
Freedom

P

F3 2.586 2 24 0.096 2.192 2 24 0.134

Fz 1.730 2 24 0.199 2.459 2 24 0.107

F4 1.289 2 24 0.194 2.454 2 24 0.107

T3 1.257 2 24 0.246 2.677 2 24 0.089

C3 0.114 2 24 0.893 1.098 2 24 0.089

C4 0.145 2 24 0.923 0.626 2 24 0.543

T4 0.353 2 24 0.706 2.623 2 24 0.093

T5 1.335 2 24 0.282 2.939 2 24 0.072

P4 0.0001 2 24 0.999 0.946 2 24 0.402

T6 1.790 2 24 0.189 2.010 2 24 0.156

O1 0.039 2 24 0.962 1.806 2 24 0.186

O2 0.188 2 24 0.905 2.248 2 24 0.127
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tables related to delta, theta, and beta waves in open-eye 
and closed-eye modes and alpha wave in the open-eye 
mode were omitted, and only the details related to alpha 
wave in the closed-eye mode were expressed. 

According to Figure 3, for all brain locations, the mean 
relative power of the alpha wave in the normal reading 
group was higher than in other study groups. Therefore, 
the significance of the differences was investigated. For 
this purpose, first, the natural power distribution of alpha 
wave was investigated using the Shapiro-Wilk test. In 
order to facilitate the study of significant values   obtained 

from Shapiro-Wilk tests, these values   are plotted in Fig-
ure 4.

According to the findings of Figure 4, it was ob-
served that for the FP1 brain location, the assumption 
of the natural distribution of the relative power of the 
alpha wave in the linguistic (SW(10)=0.802, P=0.015) 
and perceptual (SW(8)=0.790, P=0.022) groups was 
rejected. For FP2 brain location, the assumption of 
normal distribution of alpha wave relative power in 
linguistic (SW(10)=0.808, P=0.018<0.05) and percep-
tual (SW(8)=0.736, P=0.008<0.05) groups became 
significant. Also, for F7 (SW(8)=0.768, P=0.013) and 

Table 2. Outputs of the non-parametric cross-sectional Shapiro-Wilk test for the relative power of the alpha wave by brain 
locations in the ocular position

Location Group Average Ratings Kruskal-Wallis (KW) 
Statistics

Degrees of 
Freedom P

FP1

Linguistic 9.70

6.685 2 0.035Perceptual 13.63

Normal to read 19.11

FP2

Linguistic 8.90

8.056 2 0.018Perceptual 14.50

Normal to read 19.22

F7

Linguistic 11.10

4.781 2 0.092Perceptual 12.38

Normal to read 18.67

F8

Linguistic 10.90

3.861 2 0.145Perceptual 13.38

Normal to read 18.00

Cz

Linguistic 13.30

1.823 2 0.402Perceptual 11.75

Normal to read 16.78

P3

Linguistic 12.30

4.330 2 0.115Perceptual 11.13

Normal to read 18.44

Pz

Linguistic 10.90

5.486 2 0.064Perceptual 12.25

Normal to read 19.00
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CZ (SW(8)=0.763, P=0.011) brain locations in the per-
ceptual group, the hypothesis of normal distribution of 
alpha wave relative power was rejected. In addition, for 
the P3 sites in the normal reading group (SW(9)=0.790, 
P=0.016), the PZ in the linguistic (SW(10)=0.822, 
P=0.027) and normal reading groups (SW(9)=0.745, 
P=0.005) were assumed the medical distribution of the 
relative strength of the alpha wave. For F8 brain loca-
tion in the groups, the assumption of the natural distri-
bution of the relative power of the alpha wave in the 
linguistic (SW(10)=0.839, P=0.042) and perceptual 
(SW(8)=0.796, P=0.026) groups was significant.

Then, for each of the brain locations where all study 
groups had normal distribution, univariate ANOVA and for 
other locations, the non-parametric Kruskal-Wallis test was 
used to compare the relative powers of alpha wave in the 
closed eye state. The specific output of Levene’s test and 
univariate ANOVA is separated by brain locations.

According to the findings of Levene’s test, in all consid-
ered brain locations, there were not enough reasons to re-
ject the assumption of homogeneity of the alpha wave rela-
tive power variances in the three study groups at the level 
of P<0.05. In addition, based on the output of univariate 
one-way ANOVA and regardless of the Bonferroni test, no 
significant difference was found at the level of P<0.05 for 
each of the brain locations between study groups in terms 
of the relative power of an alpha wave in the blindfold. The 
output of the Kruskal-Wallis non-parametric test for brain 
locations was Cz, F8, F7, FP2, FP1, P3, and Pz.

According to Table 2, it was observed that in each of the 
FP1 (SW(2)=6.685, P=0.035) and FP2 (SW(2)=8.056, 
P=0.018) brain locations, the assumption of the same al-
pha wave power distribution in the study groups was re-
jected. Nonparametric pairwise comparisons were used 

to identify groups with different distributions. It should 
be noted that in this table, in order to control a type I er-
ror of 0.05, adjusted significant values were used.

According to Table 3 for the FP1 location, there was 
a significant difference in the relative power distribu-
tion of the alpha wave in the closed state between the 
linguistic and normal reading groups (P=0.030). Simi-
larly, for the FP2 locus, the assumption that the relative 
power distribution of the alpha wave was the same in 
the closed-eye state between the linguistic and normal 
reading groups was rejected (P=0.014). According to the 
mean scores provided, it was observed that in each of the 
brain locations FP1 and FP2, the relative power of the 
alpha wave in the blindfold mode for the normal group 
in reading was higher than the linguistic group.

4. Discussion

The aim of this study was to compare the brain wave 
patterns of dyslexic students in perceptual type, language 
type, and normal reading. In this study, no significant 
difference was observed in the two states of closed and 
open eyes in absolute power, but a significant difference 
was observed in the relative power of an alpha wave in 
two channels Fp1 and Fp2. Thus, in the FP1 and FP2 
brain locations, the relative power of the alpha wave in 
the blindfold mode was higher for the normal reading 
group than for the linguistic group.

Arns et al. (2007) compared the pattern of brain wave 
activity in the two groups of dyslexic and normal non-
adult years. For this reason, their results were compared 
with the present study and showed the differences and 
similarities, in which accuracy can lead to valuable 
points.

Table 3. Outputs of nonparametric pairwise comparisons for the relative power of the alpha wave to separate brain locations 
in the closed-eye state

Locations Group Test Statis-
tics

Standard 
Error

Standardized Test 
Statistics P

FP1

Perceptual linguistics -3.25 3.765 -1.043 0.892

Normal linguistics in reading -9.411 3.647 -2.581 0.030

Normal perception in reading -5.486 3.857 -1.422 0.465

FP2

Perceptual linguistics -5.600 3.765 -1.487 0.411

Normal linguistics in reading -10.322 3.647 -2.830 0.014

Normal perception in reading -4.722 3.857 -1.224 0.662

Fathi Khorasani et al. (2023). EEG-based Analysis of Dyslexia Subtypes. BCN, 14(5), 713-726.

http://bcn.iums.ac.ir/


Basic and Clinical

721

September & October 2023, Volume 14, Number 5

Difference

According to the research by Arns et al. (2007) in the 
delta wave of F7, Fp2, Fp1, and T6 regions and theta 
wave of Fp2, Fp1 and F7 regions, there was a difference 
in dyslexic and normal students, but in the present study, 
there was a difference in absolute wave power. Differ-
ent age groups in the two studies may play a role in the 

difference in results. While in the study of Arns et al. 
(2007), the age range of the sample was between 8 and 
16 years, in the present study, the age of the subjects was 
between 7 and 11 years.

Similarities

According to the research by Arns et al. (2007), Fp1 
and Fp2 are two areas, in which dyslexics and normal 

Figure 1. Significant level values of univariate analysis of variance by locations and brain waves in the closed state

Figure 2. Significant level values   of univariate one-way analysis of variance by locations and brain waves in the open-eye state
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people in reading show differences in the activity of 
waves (delta and theta). The importance of these two ar-
eas of the brain was also shown in the present research. 
The results of the present study showed that the relative 
power of the alpha wave in the closed state in the two 
channels Fp1 and Fp2 for the linguistic group was less 
than the normal group in reading. Before discussing the 
findings of the study, it is necessary to explain the alpha 
wave and the function of the prefrontal cortex.

In the study conducted by Çiçek and Nalçacı (2001) 
on right-handed subjects, they concluded that the alpha 

wavelength increased at rest and the left frontal lip alpha 
decreased significantly during cognitive tasks. In justifi-
cation of this finding, it was stated that with an increas-
ing alpha wave, the amount of cortical arousal decreases, 
thus reducing the processing of data related to unnec-
essary external stimuli, and such a strategy makes the 
subject focused on the main test and thus performance 
optimally increases.

An important part of the frontal lobe is the “prefron-
tal cortex”, which is located in front of the motor cortex 
(Santrak, 2003). From the perspective of neuropsychol-

Figure 3. The trend of changes in the mean relative power of alpha wave by brain locations and study groups in the closed-eye 
state

Figure 4. Significance level values   of Shapiro-Wilk test for the relative power of alpha wave by brain locations and study 
groups in the closed-eye state
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ogy (Brocki & Bohlin, 2004; Thorell, et al., 2009) exec-
utive functions are associated with the prefrontal cortex 
of the brain and include the highest cognitive functions 
necessary for purposeful behavior. Some neuroscientists 
consider the prefrontal cortex to be an executive func-
tion because it is involved in reviewing and organizing 
thinking (Owen, 1997, quoted in Santrak, 2003). Neuro-
logical executive functions are important structures that 
are related to the psychological processes responsible 
for controlling consciousness and thinking in action. 
These functions regulate behavioral outputs and usu-
ally include inhibition and control of stimuli, working 
memory, sustained attention, planning, and organization 
(Denckla, 2003). As mentioned, one of the most im-
portant executive functions is response deterrence and 
sustained attention. Response inhibition is the ability 
to think before acting. This skill provides the ability to 
assess posture and behavior before surgery (Dawson & 
Guare, 2004). Students whose frontal lobe (the area that 
plays a key role in attention and inhibition) is damaged 
are easily distracted by unrelated stimuli and therefore 
often cannot follow certain instructions (Santrak, 2003).

Based on the Barclay Barkley (1997) inhibition model, 
it is assumed that the proper functioning of executive 
functions depends on the proper functioning of inhibi-
tion in the frontal lobe and forehead (Alizadeh & Za-
hedipour, 2004). Behavioral inhibition patterns involved 
in the impairment of function affect the four basic ex-
ecutive functions, including working memory, internal 
speech, reconstruction, and self-regulation of motivation 
and excitement, resulting in impaired self-control func-
tion (Barkley, 1997).

5. Conclusion

Executive functions have been at the heart of recent 
theories of the neuropsychological risk of children at 
risk of disability; especially for students with learning 
disabilities (reading, dictation, and math) and students 
with ADHD. Impairment of behavioral inhibition and 
poor control can impede effective self-management, and 
impulsive behaviors are a manifestation of such a situa-
tion (Alizadeh & Zahedipour, 2004).

An important point in the present study is the existence 
of common characteristics between dyslexic and hyper-
active students; one of the common features of these 
two groups is weakness in executive functions (Master-
pasqua & Healey, 2003). Will Cut et al. (2000; quoted 
by Moradi, et al., 2014) stated that dyslexia is widely 
associated with ADHD. According to research by Clarke 
et al. (2002), students with ADHD have more theta ra-

tio and lower alpha lineage in brain waves. Therefore, 
dyslexic students with hyperactivity may be part of the 
linguistic subgroup; this statement needs to be further re-
searched in this field.

This study was associated with limitations, such as the 
low number of dyslexic girls and the age limit of sub-
jects. Therefore, it is recommended that brain scans be 
performed on girls at different age intervals. Research 
suggestions include conducting similar studies using 
larger samples for higher reproducibility, using task 
reading during EEG recording of dyslexic students, and 
evaluating the effectiveness of neurofeedback in forearm 
areas (FP1 and FP2) to increase executive performance 
and thus improve language dysfunction.
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