
ARTICLE IN PRESS 

JID: ANL [mNS; November 28, 2020;13:12 ] 

Auris Nasus Larynx xxx (xxxx) xxx 

Contents lists available at ScienceDirect 

Auris Nasus Larynx 

j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / a n l 

Original Article 

Eye movement patterns in Iranian dyslexic children compared 

to non-dyslexic children 

Fatemeh Jafarlou 

a , Mohsen Ahadi b , Farnoush Jarollahi c , ∗
a Department of Audiology, School of Rehabilitation Sciences, Tabriz University of Medical Sciences, Tabriz, Iran 
b Department of Audiology, Rehabilitation Research Center, School of Rehabilitation Sciences, Iran University of Medical Sciences, 
Tehran, Iran 
c Department of Audiology, School of Rehabilitation Sciences, Iran University of Medical Sciences, Tehran, Iran 

A R T I C L E I N F O 

Article history: 
Received 29 September 2020 
Accepted 18 November 2020 
Available online xxx 

Keywords: 
Dyslexia 
Eye movement 
Oculomotor deficiency 
Visual processing 

A B S T R A C T 

Objective: Dyslexia is the most common learning disorder that affects 5–10% of school aged 
children. Eye movement abnormalities and visual processing deficits have been reported in some 
of dyslexic children. Objective of this study is to compare the eye-movement patterns of Iranian 
dyslexic children with those of non-dyslexic children as they perform the oculomotor tests and 
to explore the relationship between their eye-movement patterns and their reading ability. 
Methods: Binocular eye movements were recorded by oculomotor subtype of videonystagmog- 
raphy (VNG) testing on 30 dyslexic children and 20 non-dyslexic age-matched children (aged 
8–12) in both genders. Dyslexic children were diagnosed with DSM-V scale by experts in read- 
ing disorder centers. Gain of the pursuit and optokinetic tests and the latency, accuracy and 
velocity of the saccade test were measured in both groups of dyslexic and non-dyslexic children. 
The independent samples t -test, Chi-square test and linear regression test in SPSS v. 21 were 
used to analyze behavioral and eye-movement parameters. 
Results: Compared to the non-dyslexic group, dyslexic children presented lower gain in pursuit 
and optokinetic tests, and increased latency with decreased accuracy in saccade test. All behav- 
ioral and eye-movement parameters without saccade velocity differed significantly among two 
groups. 
Conclusion: The atypical eye movement patterns observed in dyslexic children suggests a de- 
ficiency in the visual information processing and an immaturity of brain structures responsible 
for oculomotor skills. 

© 2020 Oto-Rhino-Laryngological Society of Japan Inc. Published by Elsevier B.V. All rights 
reserved. 
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. Introduction 

Reading is one of the most important skills that children
eed to acquire. Its development is reflected in readers’ chang-
ng eye movement patterns. However, these do not mature
∗ Corresponding author. 
E-mail addresses: fatemejafarloo@gmail.com (F. Jafarlou), 

hadi.m@iums.ac.ir (M. Ahadi), jarollahi.f@iums.ac.ir (F. Jarollahi). 

D  

r  

t  

ttps://doi.org/10.1016/j.anl.2020.11.012 
385-8146/© 2020 Oto-Rhino-Laryngological Society of Japan Inc. Published by 

Please cite this article as: F. Jafarlou, M. Ahadi and F. Jarollahi, Eye movemen
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.11.012
ompletely until age seven to eight; this suggests that the
arts of the brain that are involved in the sequential saccadic
ye movements required for reading, have to mature for it to
evelop successfully [1] . 

The specific reading disorder known as “Developmental
yslexia” is defined as a selective disability of learning to

ead despite normal nonverbal intelligence, adequate educa-
ion, and socio-cultural opportunities, without basic sensory
Elsevier B.V. All rights reserved. 
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efects in vision or hearing and often with a family his-
ory of similar problems [2] . It is a complex reading dis-
rder involving genetic and environmental factors [3] . This
isorder affects 5–10% of school-aged children [4] . The ori-
in of dyslexia is still controversial. The main hypothesis
n this regard is a phonological awareness deficit, that has
een supported by several authors [5 , 6] , but literature review
howed that the phonological theory cannot explain all de-
ciencies reported in dyslexia and other theories have been
roposed such as visual perception, working memory, audi-
ory and attentional abnormalities [7 , 8] suggesting that causes
f dyslexia could be multiple and interacting rather than only
ne clear reason. 

Some studies show that eye movement patterns in dyslexic
atients are different from normal, not only during reading but
lso in the simple tracking of sequentially moving light tar-
ets [9 , 10] . Pavlidis was the first to report a large num-
er of regressive saccades and unstable fixations in Greek
yslexic children [1] ; this was confirmed in Greek children
gain by Hatzidaki et al. [11] . Rayner likewise reported mul-
iple saccades with short amplitude and longer fixation du-
ations in English dyslexic children [12] ; similarly, De Luca
t al. observed numerous fixations with long durations in Ital-
an dyslexic children [13] . Besides, Li et al., reported abnor-
al eye movements in Chinese dyslexic children in an image

earch task, consisting of increased numbers of long fixations
nd multiple saccades with short amplitudes [14] . Again re-
ently, Trauzettel-Klosinski et al. reported reduced reading
peed and a higher number of saccades and regressive sac-
ades in German dyslexic children [15] . Although Caldani
t al. assessed pursuit eye movements in dyslexic children
nd their results showed catch-up saccades were significantly
ore frequent in the dyslexic group than in the non-dyslexic

roup of children, and they suggested a deficit in visual at-
entional processing [16] . In this regard, our group further
xplored the effect of oculomotor rehabilitation on eye move-
ent patterns of dyslexic children. Our results showed the

ositive effects of oculomotor rehabilitation on eye move-
ents of dyslexic children that confirm oculomotor abnor-
alities in dyslexic children [17] . Finally, the hypothesis of

n impairment of the visual system in dyslexia is still under
ebate given that some recent researchers think that this defi-
iency could be a consequence and not the cause of dyslexia.
everal studies reported visual deficits and oculomotor ab-
ormalities in dyslexic children, supporting the hypothesis of
eficiencies in the magnocellular system [7 , 18] and of a cere-
ellar impairment [19] . However, some others did not support
he hypothesis of deficiencies of the magnocellular system
20 , 21] . Although these abnormal eye movements are often
rgued to be a consequence of their difficulties with read-
ng rather than their cause, this could not be the case in the
tudies where they were recorded in response to sequences of
onverbal targets; rather they suggest that they can be due to
efective visual information processing in general [16] . The
bnormalities may be related to abnormal development of
he oculomotor control systems by which oculomotor coor-
ination and stabilization are achieved [11 , 17] . In general, all
f these findings suggest that abnormal eye movements ob-
Please cite this article as: F. Jafarlou, M. Ahadi and F. Jarollahi, Eye movemen
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.11.012
erved in dyslexic children can be due to poor strategy of vi-
ual information processing. Another group of researchers
uggested that these defects are related to the lack of matu-
ity of the oculomotor learning mechanisms; the mechanisms
hrough which the oculomotor coordination and stabilization
re achieved [22] . Other studies on dyslexic children, with
omparison between reading and non-reading tasks, found
culomotor defects only in reading tasks. So they suggest
hat in dyslexia, defects are found at higher levels of psy-
hological processing [23 , 24] . Of course, it should be noted
hat the presence of oculomotor disorder in dyslexic individ-
als causes higher levels of attention focus on basic oculo-
otor activity during reading ( such as intermittent focus-

ng on words ), which reduces the person’s ability for word
erception [24] . 

The present study aims to evaluate the eye movements
f Iranian dyslexic children as one of the possible causes
f dyslexia in these children. In this study, these patterns
ere evaluated using a valid electrophysiological test, namely,
ideo-nystagmography (VNG). In the present study, it is as-
umed that there is a dysfunction at the level of oculomo-
or responses in children with dyslexia, and the assessment
f eye movements can be a useful tool to assess visual atten-
ion skills in these children. Given the very close relationship
etween the mechanism of production and control of oculo-
otor responses and the ability to read, it is assumed that the

culomotor tests can be a very useful test in the evaluation
nd diagnosis of reading disorders. 

. Materials and methods 

.1. Participants 

This study is a comparative study. Fifty children be-
ween 8–12 years old consisted of thirty Dyslexic children
mean age 9.1 ± 1.24 years), including 6 girls and 24 boys
nd twenty age-matched non-dyslexic children (mean age:
.55 ± 0.94 years), including 6 girls and 14 boys participated
n this study. The ratio of boys to girls was more than three
imes (76% vs. 24%). Non-dyslexic children were selected
mong primary school students and dyslexic children were
ecruited from learning disabilities centers in Tehran based
n inclusion criteria. Sampling was done randomly. It should
e noted that dyslexia is recognized based on DSM-V cri-
eria in learning disability centers by the relevant group of
xperts (including a psychiatrist, general psychologist, excep-
ional psychologist, clinical psychologist, and counselor). 

Inclusion criteria for participants include aged 8–
2 years, diagnosis of dyslexia based on DSM-V criteria in
earning disability centers and the opinion of the expert group
n this area, normal hearing in both ears (less than 25 dB
L at frequency octaves of 250–8000 Hz ), with normal
r corrected vision, normal IQ of children based on using
he Wechsler Intelligence Scale for Children- Fourth Edi-
ion, WISC-IV), namely above 85,available in the medical
les (129), monolinguals and fluency in Persian as a mother

ongue and right-handedness based on the Edinburgh hand-
t patterns in Iranian dyslexic children compared to non-dyslexic children, 
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dness test and they did not have any physical or emotional
andicaps. 

Exclusion criteria include the requirement for the use of
italin and other medications during the test in dyslexic
hildren, associated neurological disorders, history of ear dis-
ases, head trauma or accident, brain surgery or epilepsy ac-
ording to parents’ and medical records, and the possibility
f the emotional or behavioral problems based on psychia-
ry and psychology records. Note that, about 26% of ADHD
ad a comorbid reading disability [25] , so in the present study
ny hyperactivity deficit was excluded using psychiatric di-
gnosis. This study was approved by the research assistant
epartment and the Ethics committee of Iran University of
edical Sciences (code number: 95-01-32-27836). 

.2. Study design 

This study was conducted in two parts. In the first part after
btaining written consent from the parents and case history;
asic hearing assessments (including audiometry and tympa-
ometry tests) were performed to ensure the health of the
iddle ear and the normal hearing of all participants. The

econd step was eye movement assessment. At this point, eye
ovements were evaluated with spontaneous nystagmus test

nd four oculomotor tests (Including gaze, saccade, tracking,
nd optokinetic tests). In the spontaneous nystagmus test, the
yes are covered and the child is asked to look ahead and
umbering two-by-two. The presence or absence of nystag-
us was evaluated. In the gaze test, the child will be asked to

it on a chair at a distance of one meter from the screen. Then
he child should star to gaze to a yellow circular target at the
enter, 20 º left and right, and 20 º up and down target without
oving the head. The parameter measured in this test was the

resence or absence of the nystagmus. In the tracking test, the
isual target is moving slowly at a velocity of 0.2 º per sec-
nd and the child should smoothly track the target with his/her
yes without moving of her/his head. A yellow circular tar-
et was initially placed at the center position (0 º) and then
oved horizontally to one side until reached ±20 ° location,

nd then reversed to the opposite side. The parameters mea-
ured in this test were the gain and symmetry of response.
n the saccade test, the child should follow the target moving
andomly at the velocity of 5–30 º per second. The parameters
easured in this test were latency, velocity, and accuracy. In

he optokinetic test, colored stripes are moving at velocities
f 20, 35, and 50 º per second to the left and right. The child
ill be asked to look at the middle of the screen and count

he number of stripes passing. The parameters evaluated in
his test were the gain and symmetry of response between
wo sides. 

The variables that have been evaluated in this study
re the gain of the tracking and optokinetic tests (which is
xpressed as a percentage), the saccade latency (which is ex-
ressed as a millisecond), the saccade accuracy (which is ex-
ressed as a percentage), and the saccade velocity (which is
xpressed as degrees per second). The qualitative variables
nclude the presence or absence of the spontaneous nystag-

us, the presence or absence of the nystagmus in the gaze
Please cite this article as: F. Jafarlou, M. Ahadi and F. Jarollahi, Eye movemen
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.11.012
est, and the symmetry of response between two sides in the
racking and optokinetic tests. All of these variables were

easured for all participants. 

.3. Instrumentations 

.3.1. Eye movement recording 

Eye movements were recorded with a non-invasive system
amed videonystagmography (VNG).This system consisted of
 laptop, a monitor, and a goggle with two infrared cameras
laced above the goggle to record horizontal and vertical eye
ovements independently and simultaneously. Calibration of

he eye positions was done at the beginning of each eye move-
ent recording. 

.3.2. Procedure 
Children were seated on a chair in a dark room, in front of

he flat monitor in the distance of 1 m. The targets stimulating
ye movements were displayed on the 40-in monitor. The
ead of the child should be held straight to the front and
ecording was done binocularly. 

.4. Data analysis 

Kolmogorov–Smirnov (K–S) test was applied to evaluate
he distribution of data. K–S test showed all variables have
 normal distribution. Descriptive statistics were used for the
alculation of mean and standard deviations of data and par-
icipants’ demographics. The software Eclipse (provided by
O425 VNG) was used to extract eye movement’s informa-

ion from the data. Pursuit gain was obtained by dividing eye
ovement velocity by target velocity for each trial. Gain 1
eans that eye movement velocity is as same as the target

elocity. Scores of pursuit gain and symmetry of response
etween two eyes were averaged for all participants. Statisti-
al analysis was performed using SPSS 21. For comparison of
yslexic and non-dyslexic children, we used independent sam-
les t -test, in which the dependent variable was gain of pursuit
nd optokinetic responses; latency, velocity and accuracy of
he saccades; nystagmus in gaze and spontaneous nystagmus
est; and symmetry of the tracking and optokinetic responses
nd the independent variable was the group. P -values less than
.05 were considered significant in all analyses. For compari-
on of qualitative variables of oculomotor responses, we used
hi-square test in study population. Also, linear regression
odel was used for eye movements’ parameters (gain value

f tracking and optokinetic tests and saccade variables includ-
ng latency, velocity and accuracy) with the predictor variable
eing the chronological age in order to investigate the influ-
nce of chronological age on eye movements’ performances
significant-value below 0.05). 

. Results 

Before performing statistical tests, the consistency distri-
ution of data in different variables of the pursuit and optoki-
etic tests were studied in two groups of dyslexic and non-
yslexic children with the Kolmogorov–Smirnov (KS) test.
t patterns in Iranian dyslexic children compared to non-dyslexic children, 
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Table 1 
Comparison of the oculomotor evaluations between dyslexic and non-dyslexic children. 

Oculomotor variables Normal children Dyslexic children Significance level 
(Number = 20) (Number = 30) 

Tracking gain (%) 
Mean (SD) 90.20 ( 2.87 ) 73.03 ( 7.72 ) 0.00 
Maximum 95.75 89 
Minimum 84.5 61 

Saccade latency (milliseconds ) 
Mean (SD) 205.46 ( 25.68 ) 264.82 ( 25.64 ) 0.00 
Maximum 272.25 333.2 
Minimum 166 221 

Saccade velocity (Degree / Sec ) 
Mean (SD) 461.03 ( 85.07 ) 475.25 ( 89.61 ) 0.72 
Maximum 612.75 676.75 
Minimum 291.5 310 

Saccade accuracy (% ) 
Mean (SD) 91.30 ( 8.13 ) 70.66 ( 7.33 ) 0.00 
Maximum 103.5 87.25 
Minimum 66 58.5 

Optokinetic gain (% ) 
Mean (SD) 90.72 ( 11.33 ) 78.57 ( 20.10 ) 0.02 
Maximum 110.18 141.38 
Minimum 64.93 51.35 
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esults showed a normal distribution of data for all variables
xcept the saccade velocity variable. Therefore, for analyz-
ng the results of this variable in all groups, a nonparametric
tatistical test was used. 

.1. Oculomotor results 

Table 1 shows the oculomotor test results for both groups
f children examined. The independent samples t-test re-
orted a significant group effect between the dyslexic and
on-dyslexic children. According to the results, in the saccade
est, in the dyslexic children compared to the non-dyslexic
hildren, saccade latency are increased and saccade accuracy
s decreased, but there is no significant difference between
roups in saccade velocity (see Table 1 ).This means that in
yslexic children the eyes were reached to the target later
nd with lower accuracy, so the target image does not com-
letely fall on the retina and the resulting image will be dark
nd fade. Although, in the tracking and optokinetic tests, the
esponse gain in dyslexic children was lower than the non-
yslexic children and the response between two sides was
on-symmetric and in all of these parameters, there is a sig-
ificant difference between two groups (see Table 1 ). These
esults indicate that in dyslexic children, eye movement veloc-
ty is lower than the target’s velocity, so the child is not able
o correctly follow the target. These results showed central
alfunction in dyslexics, namely oculomotor malfunction. 
Also, we analyzed the qualitative variables including the

resence or absence of the spontaneous nystagmus and gaze
est, and the symmetry of response between two sides in the
racking and optokinetic tests in all participants by the Chi-
quare test. The results are shown in Table 2 . 

Concerning Table 2 , the findings showed that out of the 20
on-dyslexic children participating in the study, 17 children in
he spontaneous nystagmus test had nystagmus and 3 children
Please cite this article as: F. Jafarlou, M. Ahadi and F. Jarollahi, Eye movemen
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.11.012
ad no nystagmus and out of the 30 dyslexic children partici-
ating in the study, 25 children had nystagmus and 5 children
ad no nystagmus. A comparison of responses showed signifi-
ant difference between two groups of children ( p = 0. 00). In
he gaze test, 22 dyslexic children and 3 non-dyslexic
hildren had nystagmus, and a comparison of the results
howed that there was significant difference between two
roups ( p = 0. 00). In the tracking test, 5 dyslexic and 3
on-dyslexic children had non-sympathetic responses. A com-
arison of the results showed that there is no significant differ-
nce between two groups ( p = 0. 25). Finally, in the optoki-
etic test, 12 dyslexic and 3 non-dyslexic children had non-
ympathetic responses. A comparison of the results showed
hat there is no significant difference between two groups
 p = 0. 059). 

Furthermore, linear regression analysis showed that there is
ot significant correlation between oculomotorresponses (de-
endent variables) and chronological age (independent vari-
ble). Results are shown in Table 3. In other words, linear
egression did not show any improvement in the oculomotor
esponses by increasing of age in dyslexic and non-dyslexic
hildren. 

. Discussion 

The main results reported in this study were: 1) Dyslexic
hildren showed a lower gain in pursuit and optokinetic tests
nd increased latency and decreased accuracy in saccade test
ompared to non-dyslexic age-matched children.2)Children
id not show any improvement in oculomotor parameters with
ge. These findings are discussed below. 

A comparison of the ratio of boys to girls in the study pop-
lation showed that the ratio in boys is more than three times.
valuation sex effect on dyslexia in studies showed that

he prevalence of this disease in boys is probably more than
t patterns in Iranian dyslexic children compared to non-dyslexic children, 
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Table 2 
Comparison of qualitative variables between dyslexic and non-dyslexic children. 

Variable Group Pearson Chi- 
Square 

P -Value 

Dyslexic Children 
( n = 30) 

Non-Dyslexic 
children ( n = 20) 

Spontaneous 
Nystagmus 

presence of Nystagmus 25 3 22.74 0.00 
Absent of Nystagmus 5 17 

Gaze presence of Nystagmus 22 3 16.33 0.00 
Absent of Nystagmus 8 17 

Tracking Systematic 25 17 0.025 0.87 
Nonsystematic 5 3 

Optokinetic Systematic 18 17 3.57 0.059 
Nonsystematic 12 3 

Table 3 
Linear regression analysis of oculomotor variables with age. 

Variable B SE Beta T P -Value 

Tracking Gain 3.18 1.24 0.34 2.5 0.14 
Saccade latency -3.90 4.84 -1.16 -80 0.42 
Saccade velocity 6.00 9.35 0.69 0.64 0.52 
Saccade Accuracy 3.05 1.54 0.27 1.98 0.06 
Optokinetic gain 4.25 1.93 0.30 2.20 0.06 
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irls [26 , 27] , however, in another study was concluded that
here is probably no difference in the incidence of dyslexia be-
ween two sexes [28] . Although the relationship between sex
nd the prevalence of dyslexia is not the aim of the present
tudy, but the higher number of male to female in this study,
s well as most other studies, reinforces this hypothesis. 

In spontaneous nystagmus examination, nystagmus was
ecorded in dyslexic children. Based on the "consensus doc-
ment of the committee for the international classification
f vestibular disorders of the Barany Society", the presence
f nystagmus in dyslexic children in dark space can be at-
ributed to particular attention problems, especially the spa-
ial attention in these children, compared with normal children
29] .In the gaze test, nystagmus was induced with fixation in
yslexic children, which was seen as Nystagmus Square Wave
erk and related to fixing neurons disorder’s in the middle lay-
rs of the upper part of the superior colliculus (SC), which
s according to the findings of Karatekin study. He observed
xation disorders in people with reading disorders [30] . 

.1. Poor tracking and optokinetic performance in dyslexic 
hildren 

A reduced gain in the tracking test can be a reason for
he risk of central vestibular disorders in the dyslexic chil-
ren. [31] , But in some studies, authors cannot find any dif-
erence maybe because of methodology differences [32 , 33] .
esearch has suggested that lower gain in tracking is be-
ause of reduced eye velocity compared to the target velocity
34] . In literature review has been shown that the cerebel-
um and parietal area are responsible for tracking eye move-
ents [35] . Based on these findings it is hypothesized that

here is a dysfunction at the cerebellar area in dyslexic chil-
ren, but to confirm our hypothesis neuroimaging studies will
Please cite this article as: F. Jafarlou, M. Ahadi and F. Jarollahi, Eye movemen
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.11.012
e necessary. Furthermore reduced gain in tracking response
ould be related to decreased visual information processing
elocity in dyslexic children. Although any deficiency in at-
ention could disturb eye movements and visual attention that
ave been shown in some studies [36 , 37] . . Moreover, Jafar-
ou et al (2017, 2020) showed that oculomotor rehabilitation
mproved eye movements and visuospatial attention process-
ng in dyslexic children [17 , 38] . According to these studies,
e could hypothesize that poor eye movement performance in
yslexic children could be due to the immaturity of cerebral
reas controlling attention capabilities spatially in tracking of
he task. 

In the optokinetic test, the gain in the assessed velocities
as significantly lower in dyslexic children than non-dyslexic

hildren. Because optokinetic function usually requires the
ormal performance of the brain stem in the pons region [30] ,
educed gain in dyslexic children can be another reason for
he dysfunction of the oculomotor system at the brain stem
evel in these children. 

.2. Poor saccadic eye movements in dyslexic children 

Since one of the important structures of the midbrain in-
olved in the production of the saccade is superior collicu-
us; saccade abnormalities observed in dyslexic children can
e attributed to central dysfunction of the vestibular system
n these children. Also, decreased saccade accuracy can be
ttributed to cerebellar and brain stem disorders in dyslexic
atients. [39] . 

Various studies have shown that eye movements during
eading are abnormal in both developmental dyslexia and ac-
uired dyslexia [1 , 40] . It seems that the cause of oculomo-
or defects and excessive fixations with long duration during
eading and visual search tasks in dyslexic children is due
o lack of maturity of visual attention strategies, thus reduces
isual information processing velocity; and this leads to an
ncrease of saccade latency and decrease of the response gain
nd thus reduce the number of letters to be processed simul-
aneously. This limitation leads to an increase in the number
nd duration of fixation, so the child reads the text analyti-
ally [24 , 41] . 

The presence of poor visuospatial function in dyslexia has
een identified for years and the abnormal eye movements
t patterns in Iranian dyslexic children compared to non-dyslexic children, 
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bserved in dyslexic children can be due to a weak visual in-
ormation processing strategy and is not related to language
erformance [42 , 43] . Articles show that attention plays an im-
ortant role at the beginning of saccade, so that increasing the
ttention can reduce the latency of saccade and increase its
ccuracy. Increasing attention in saccade has positive effects
n the representation of the environment, accurate target se-
ection in the visual memory, and reduction of internal visual
oise [44] . Although, in dyslexic children, weak binocular
oordination during prolonged fixations [45] , visual illusion
uring reading [46] , and poor eye alignment during fixation
18] have been shown. Iles et al. also reported visual search
mpairment in a group of dyslexic adults with motor deficits,
onfirming the magnocellular hypothesis [47] . Similarly, the
esults of the present study indicate that there is a dysfunc-
ion at the brain stem level and vestibular nuclei and in the
evel of oculomotor responses in children with dyslexia and
his oculomotor dysfunction causes problems in reading abil-
ty in dyslexic children in Bottom-up mode. On the other
and, given the role of Top-down processes, it seems that vi-
ual attention processes also play a role. Overall, the findings
how that probably both of Bottom-up and Top-down pro-
esses play a role in creating dyslexia. 

.3. Absence of eye movement improvement with age in 

tudy population 

Analysis of our results showed that the oculomotor pa-
ameters including tracking and optokinetic gain and saccade
atency, velocity and accuracy did not improve by age in
yslexic and non-dyslexic children.Some studiesrevealed ocu-
omotor responses are immature in the first years of life and
each to adult range with increasing age. These studies re-
orted this improvement in oculomotor skills with age is be-
ause of myelination of neurons, maturation of gray matter
nd development of cortical and sub-cortical regions corre-
ated with eye movements [38 , 48] ., The other study inves-
igated the effect of age on saccadicfunction and they re-
orted that saccade velocity or accuracy was unaffected by
ge [49] .We did not find anyimprovement, maybe because
f narrower age range evaluation. Also, the absence of eye
ovement improvement with age in dyslexic children it’s may

e because of immaturity of cortical and sub-cortical areas
esponsible for these movements.Also, Literature showed that
here is a cognitive-vestibular interaction and attentional pro-
essing is a cognitive factor that influences smooth pursuit
esponse. Also, there are abnormalities in attentional process-
ng in dyslexic children [38] . So, absence of eye movement
mprovement in dyslexic children could be due to visual in-
ormation processing deficiency in these children. 

. Conclusion 

Our data suggest that dyslexic children have abnormal
ye movement patterns (reduced gain of pursuit and optoki-
etic response and increased latency and decreased accuracy
n saccade test) compared to non-dyslexic age-matched chil-
ren, probably due to immaturity or dysfunction of brain and
Please cite this article as: F. Jafarlou, M. Ahadi and F. Jarollahi, Eye movemen
Auris Nasus Larynx, https:// doi.org/ 10.1016/ j.anl.2020.11.012
rain stem structures responsible for oculomotor eye move-
ent. It should be considered that the relationship between

yslexia and oculomotor abnormality offers an objective di-
gnostic test for dyslexia. Since oculomotor tests are not de-
ending on the reading, it offers the possibility of early di-
gnosis even before entering school. Therefore, we suggest
hat oculomotor assessments be performed for all dyslexic
hildren. 
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