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Abstract

This study identifies eye movement differences amongst dyslexic and non-
dyslexic groups during varying visual reading stimuli. Four ocular metrics are
investigated: fixation duration, regression count, blink count and blink dura-
tion. In this study, 24 participants were divided into two groups dyslexic (n =
11) and non-dyslexic (n = 13) to read an electronic reading stimulus under
different visual typographic conditions. A t-test analysis of each group was
conducted for each ocular metric. Significant differences were observed
amongst three of the four ocular metrics: fixation duration (p < 0.001), re-
gression count (p < 0.000), blink count (p < 0.000) and blink duration (p <
0.162). These results outline a difference in dyslexic and non-dyslexic fixation
and blink behaviour during reading. Contributing that, under different visual
stimuli conditions, dyslexic and non-dyslexic eye movements significantly
differ. Therefore, providing understanding into the cognitive processing of
dyslexic readers and insight into preferences of optimal visual settings for
educational purposes. Further research is required to establish the aetiology
of the differences, such as investigation into the typographic modifications
used and their individual impact. The observed eye movement differences can
also be used as a distinguisher between dyslexic and non-dyslexic individuals
during the screening process of dyslexia in academia.

Keywords

Eye Tracking, Ocular Metrics, Reading, Dyslexia, Dyslexia Screening, Visual
Stress

1. Introduction

There are several known variables that have been found to impact dyslexic read-
ers eye movements, however, there seems to be little literature on the investiga-

tion into subconscious eye movements such as blink behavior, or appropriate
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sample sizes. The intent of this paper is to investigate fixation and blink eye
movement behavior between dyslexic and non-dyslexic English readers. This is
achieved through exploring several typographic modifications made to the visual
stimuli. Although at this point visual stimuli differences are not specifically cor-
related during this study, exploration and establishment into variables that can
illicit differing eye movements are explored. At present, there is a current need
for further research within the field of reading and dyslexia. Dyslexia is the most
common learning difference, affecting around 10% of the population, with 4%
having severe dyslexia (British Dyslexia Association, 2018). It primarily affects
linguistic fluency, spelling and word reading. Further characteristics involve dif-
ficulties in phonological awareness, verbal memory and verbal processing speed.
Dyslexia is best thought as a continuum of symptoms rather than a simple func-
tional deficit (Rose, 2009). The ill-defined nature of dyslexia has led some theor-
ists to question its existence.

It has been difficult to provide a clear definition of dyslexia due to the com-
plexity of symptoms and the many opposing theories (Hayes, 2018). Subse-
quently, the diagnosis of dyslexia has proven problematic, with individuals
“falling through the net” without a diagnosis or being diagnosed incorrectly
(Verpalen et al.,, 2018). This problem is common within the higher education
sector, where many dyslexics students only receive a dyslexia assessment post-18
years of age, after arriving at university. By this point, individuals have often
adopted coping strategies to compensate for their perceived deficits progressive-
ly throughout their time within education. Aresti Bartolomé (2012) estimated
that approximately 65% of academic failures can be attributed to dyslexia or at-
tentional deficit disorders.

It is well established that eye movements in dyslexic individuals differ com-
pared to non-dyslexics (Fischer et al., 1993; Rayner, 1985; Breznitz et al., 2013).
This has led to eye tracking, as an unobtrusive and reliable method of collecting
ocular metric data, being used to gain a deeper understanding of the processes
and relationships between eye movement control and reading in dyslexic indi-
viduals (Paracha et al., 2016). Significant findings have been found for fixation
data during reading (Rayner, 1998; Hyond & Olson, 1995). Fixation data in-
cludes the point of which an individual focuses and stabilises the eye on a target
momentarily, be it word, object or person (Krauzlis et al., 2017). This can also
include how many fixations are made (count), how long for (duration), which is
the length of the fixation. Considering the length of time of a fixation, fixation
duration studies have shown that dyslexic individuals will tend to spend longer
focusing on one specific point than those without dyslexia (Franzen et al., 2021)
(Prabha & Bhargavi, 2020). Relating to regression count, it is the number of
backward fixations that are made during reading. Research has shown that these
have also been reported as higher in dyslexic individuals during reading (Navya
et al., 2019; Diirrwachter et al., 2010).

In relation blink behaviour, it is observed for many reasons, namely due to its
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moment-to-moment properties that can provide understanding of cognitive de-
cisions and demands within the brain (McMonnies, 2020). Furthermore, inves-
tigation into blink behaviour alone can indicate levels of engagement, fatigue
and stress levels (Zhan et al., 2016). These variables are useful when drawing
conclusions about dyslexic readers and the difficulties they may face. Blink count
is the number of blinks that are made during viewing visual stimuli, and blink
duration is how long the blink has taken. At this point is seems that there is a
lack of literature reviewing blink count and correlations amongst dyslexic read-
ers. In relation to blink duration, it was identified by Hari et al. (1999) that blink
durations were longer in dyslexic adults than controls. Although the study was
not specific to a reading task, it could be an indication that blink behaviour is
affected in dyslexic adults.

In relation to the typographic modifications explored within this research,
visual aspects and notions have long been associated with dyslexia and recorded
historically (Stein, 2017). Research by Brotherton et al. (2021) found visual de-
fects faced by a dyslexic individual are due to a lack of congruent eye movement
control; also known as binocular instability and/or perceptual instability (Stein,
2001). A dyslexic individual may experience a variety of symptoms including:
the letters on the page appearing distorted, a difficulty locating words and keep-
ing text in place and possibility of experiencing eye strain and headaches (Stein,
2018). A common aspect associated with dyslexic readers is visual stress, syn-
onymous with Meares-Irlen Syndrome and scotopic sensitivity syndrome (Caskey
& Freney, 2019). It is a perceptual processing disorder where an individual has
difficulty processing the light presented from the reading material, resulting in
negative symptoms such as headaches, nausea and eye strain. The condition
does not always co-occur with dyslexia and can occur as a singular entity; how-
ever, it is commonly associated with it (Alanazi et al., 2016). Tooze (2022) argues
that differing typographic modifications may further affect eye movement beha-
vior amongst readers. Therefore as a point of exploration it is included within
this research.

Similar works that have been conducted in relation to the topics within this
paper are presented below. A study by Rello et al. (2016) suggests that several
parameters influence readability for dyslexic individuals. These include font size
and type, text colour and background colour. These claims have been quantified
using ocular metrics, specifically focusing on fixation duration and fixation
count. In one study by Rello & Yates (2013), it identified that reading time for
italic fonts were longer than Roman fonts, confirming that fonts with serifs are
harder for dyslexic readers, and longer fixation durations were also identified
with one of the serif fonts. This indicates that these eye movement behaviours
reflect difficulty in the dyslexic reader. Interestingly, it was also established that
fonts specifically designed for dyslexia did not lead to a better or worse readabil-
ity.

In another study Rello & Bigham (2017) established that warm background

colours led to shorter reading times, and a shorter mean fixation duration in
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readers with dyslexia. This result is consistent with the colour recommendations
of the British Dyslexia Association (2018). A study by Ikeshita et al. (2018) found
that dyslexic individuals preferred text that had a blue or yellow coloured band
on the font, it found the material presented easier to read. Relating to line spac-
ing, a study by Venturini & Gena (2017) noticed that line spacing was strongly
correlated with reading performance, as the narrower the space between the
lines the slower the participants read. It has also been discovered that back-
ground colour can impact dyslexic readers regarding sensitivity to light with
dyslexic individuals have difficulty reading based on certain light frequencies
emitted (Jakovljevi¢ et al., 2021).

The purpose of this paper is to establish significant differences amongst dys-
lexic and non-dyslexic readers. This paper describes experimental work per-
formed to investigate the interaction between several of typographic modifica-
tions and four ocular metrics to explore the potential for using ocular metrics to
support the existing dyslexia screening process (Rello & Ballesteros, 2015). Fur-
thermore, this paper builds on the foundations of previous work and contributes
alternative ocular metrics with typographic modifications that have yet to be ex-
plored in relation to dyslexic and non-dyslexic readers.

2. Methodology

The experiment required the participants to perform a silent English reading
task from a computer screen. The reading materials were presented as Power-
Point slides. These slides showed texts using differing combinations of four
presentation variables: font colour, background colour, line spacing and font
type. As the participants read each slide their eye movements were recorded, and
from these four ocular metrics were calculated:

1) Fixation duration

2) Regression count

3) Blink count

4) Blink duration

2.1. Apparatus

An Applied Science Laboratories (ASL) D6 High Speed Eye Tracking system is
used to record participant’s eye movements at 120 Hz. Analysis on oculomotor
events were performed using the ASL Results Plus analysis package. A chin rest
device was used to help secure the participants’ heads to improve the accuracy of
the data recorded. The computer screen for displaying the stimulus was position

approximately 24 cm from the participant.

2.2. Calibration

Participants were calibrated using ASL calibration software, based upon 9 points
spread across the computer screen. Each participant was individually calibrated
using right eye calibration. PowerPoint slides were displayed on a 19” flat panel

monitor with a resolution of 1024 x 768 pixels.
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2.3. Stimulus

The stimulus was based on the Adult Reading Test “News” passage that is used
to screen of dyslexia. This test is manually used to provide measures of reading
accuracy, reading comprehension, speed of reading and speed of writing, using
centile scores (Pearson Education Ltd., 2019). It was presented ten times in total;
first a baseline pair of slides were shown, then slides were grouped so that each
pair of slides showed variation in one of font type, background colour, para-
graph spacing and font colour. Each pair of slides was followed by a blank blue
rest slide, providing fourteen slides in total. Table 1 illustrates the variations

used and sequence of slides.

2.4. Participants

The participants were staff and students at the university aged 18 - 44, with 20
males and 4 females. The participants included 1 Iranian, 1 African Caribbean
and 22 Caucasian British Participants. All participants but 1 spoke English as
their first language. 11 out of the 24 participants identified as dyslexic, all of
whom were diagnosed within the university. Various participant areas were
represented across the participant pool, including Psychology, Sport, Engineer-

ing, Art and Computing. All participants had volunteered for the experiment.

Table 1. Sequence of slides and their content.

Slide Number Variable Stimulus Formatting

1 Baseline Times new roman, 24, left justified 1.5 space
2 Baseline Times new roman, 24, left justified 1.5 space
Rest Blank

3 Font Type Garamond font 24, left justified 1.5 space

4 Font Type Dyslexie font 24, left justified 1.5 space

Rest Blank

5 Background Colour Black background, white font

Times new roman, 24, left justified 1.5 space

Red background, black font

6 Background Colour
& Times new roman, 24, left justified 1.5 space
Rest Blank
Double spacing
7 Paragraph Spacin
graph p J Times new roman, 24, left justified 1.5 space
Multiple spacing
8 Paragraph Spacin
PR SPACE  Times new roman, 24, left justified 1.5 space
Rest Blank
White background, red font background
9 Font colour ) o
Times new roman, 24, left justified 1.5 space
White background, yellow font
10 Font colour . o
Times new roman, 24, left justified 1.5 space
DOI: 10.4236/jss.2022.1012001 5 Open Journal of Social Sciences
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2.5. Procedure

The participants were split into two groups, the dyslexic group (n = 11) and the
control group (n = 13). For each participant, demographic data and information
about any registered learning difficulties were recorded before they undertook
the reading task, during which eye movement data was recorded as x y coordi-

nates for point of gaze and pupil diameter (mm).

3. Results

The experimental results for the four metrics are given below in Table 2. T tests
showed statistically significant differences in three out of the four metrics; fixa-
tion duration, regression count, and blink count each of these will be discussed

in detail below.

3.1. Fixation Duration

As illustrated within the results, Figure 1 shows that fixation durations are longer
in dyslexic participants than in the control group. The dyslexic group is more
compact but has a high value outlier. The dyslexic participants with shorter fixa-
tion durations are not as spread out from the mean as are the control group. Al-
though the difference in means is statistically significant the overlap in the two
distributions is large enough that in practise it would be difficult to distinguish
between the two groups using this metric. The exception to this is that a low value
would suggest that the participant would be a member of the control group. Fur-
thermore, as demonstrated in Table 3, from the t-test results it shows that there is
a statistical difference between the dyslexic and non-dyslexic groups. With a re-
ported value of p < 0.00 this result is below the recommended 0.05.

Table 2. Summary of statistical results.

Mean Mean  Significant at . o p(T<y)
(Dyslexic)  (Control)  p=0.05?2 tStat - tCrit two-tail
Fixation Duration 0.261 0.234 Yes 3.433 1.970 0.001
Regression Count 11.573 6.715 Yes 5.441 1.972  0.000
Blink Count 4.282 2.308 Yes 5.350 1.976 0.000
Blink Duration 0.151 0.164 No 1.402 1.971 0.162
Table 3. Fixation Duration t-test results.
Metric Fixation Duration
Dyslexic Non-Dyslexic
Mean 0.26 0.23
SD 0.06 0.06
t 3.43
t Crit 2 tail 1.97
p(T<t)2tail 0.00
Significant? Yes
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Figure 1. Fixation Duration ranges for dys-
lexic and control groups.

3.2. Regression Count

Evidenced in Figure 2, it illustrates that the mean for dyslexic participants is
significantly higher than the control group. The control group is relatively com-
pact, with a larger distribution of results from the dyslexic group. The extent of
the upper range suggests that any value above 16 would be a strong indicator
that the participant is dyslexic. In addition, as shown in Table 4, from the t-test
results, it highlights that there is a statistical difference between the dyslexic and
non-dyslexic groups. With a reported value of p < 0.00 this result is below the

recommended 0.05.

3.3. Blink Count

As seen in Figure 3, it shows a near uniform spread across the range in the
results in the control group with the largest count in this group being lower
than the mean value for the dyslexic group. The results from this experiment
display the greatest difference between the two groups. The upper range for
dyslexics is wide, as shown by the existence of the outlier. It is suggested that
any result above a blink count of 4 warrants further investigation as an indica-
tor of dyslexia. In addition, as shown in Table 5, from the t-test results, it
highlights that there is a statistical difference between the dyslexic and non-
dyslexic groups. With a reported value of p < 0.00 this result is below the rec-

ommended 0.05.
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3.4. Blink Duration

For the final eye parameter reviewed Figure 4 displays the mean values from the
dyslexic and control group. The differences are not statistically significant. Al-
though there is a tendency for dyslexics to group within a certain range, this
range is within that of the control group and therefore no strong indicator of
dyslexia can be identified. In addition, as shown in Table 6 from the t-test re-
sults, it highlights that there is not a statistical difference between the dyslexic
and non-dyslexic groups. With a reported value of p < 0.16 this result is above

the recommended 0.05.

Table 4. Regression Count t-test results.

Metric Regression Count
Dyslexic Non-Dyslexic

Mean 11.57 6.72

SD 7.82 5.60
t 5.44
t Crit 2 tail 1.97
p(T<t)2tail 0.00
Significant? Yes

Group
25

20

-
[$,]

= =

I
L)

Control Dyslexic

Regress ion Count

-
o

Figure 2. Regression count ranges for dys-
lexic and control groups.
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Figure 3. Blink Count ranges for dyslexic and
control groups.

Table 5. Blink Count t-test results.

Metric Blink Count
Dyslexic Non-Dyslexic
Mean 4.28 2.31
SD 3.53 1.72
t 5.35
t Crit 2 tail 1.98
p(T<t)2tail 0.00
Significant? Yes

Table 6. Blink Duration t-test results.

Metric Blink Duration
Dyslexic Non-Dyslexic
Mean 0.15 0.16
SD 0.05 0.09
t -1.40
t Crit 2 tail 1.97
p(T<t)2tail 0.16
Significant? No
DOI: 10.4236/jss.2022.1012001 9 Open Journal of Social Sciences


https://doi.org/10.4236/jss.2022.1012001

L. Tooze

Group

0.20

0.15

Blink Duration

0.10

0.05

0.00
Control Dyslexic

Figure 4. Blink Duration ranges for dyslexic
and control groups.

4. Discussion

The focus of this paper was to further establish differing eye movements between
dyslexic and non-dyslexic English readers. Focus was given to previously under-
represented blink behavior eye movements in combination with well renowned
fixation data. Additional typographic modifications were made to the text, how-
ever these were not explicitly investigated. The results reveal that three out of
four ocular metrics tested displayed a statistically significant difference between
the dyslexic and control groups. Fixation duration was identified to be longer in
the dyslexic group than in the control; this result is in line with research within
the area (Rello et al., 2016; Rello & Yates, 2013). Regression count displayed that
the dyslexic group on average made more regressions than the control group,
although the data was more condensed in the control group than the dyslexic
group, these findings are consistent with current literature (Rayner, 1985; Rayn-
er, 1998). Blink count displayed the greatest difference between the dyslexic and
control group and is the most statistically significant of the results. Finally, blink
duration was shown not to be statistically significant, and while there was a ten-
dency for dyslexics to fall within a specific range, this range was within that of
the control group and as a result the two groups could not be uniquely identi-
fied. This finding contrasts with the work of Hari et al. (1999) where a longer
fixation duration has previously been observed. The results outline that typo-

graphic modifications can impact dyslexic and non-dyslexic eye movements,
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though further research is required to identify each individual typographic ef-
fect. Furthermore, it contributes that as well as the established fixation beha-
viour, blink behaviour is statistically different in those with dyslexia than those
without. Therefore, providing a pathway to investigation cognitive functions
during reading further.

In line with Andreou & Baseki (2012) it should be noted that participants who
did not speak English as a first language took part within this study. It was found
that the eye movements of these participants showed behaviours tended towards
those of dyslexics. It is probable that reading a text in a non-native language led
to an extra cognitive load upon the reader, which then manifests in the eye
movements recorded. This suggests that dyslexic screening should always be
done in the participant’s native language. Presenting a silent reading passage us-
ing different font and background variables when presenting a silent reading
passage could be utilised as a method of distinguishing between dyslexic and
non-dyslexic readers. In agreement with (Rello & Ballesteros, 2015) the combi-
nation of eye movement and blink behaviour when reading is a strong marker to
separate dyslexic from control groups, and can provide a non-intrusive, and
rapid test as part of the dyslexia screening process. Identification of the atypical
eye movements can be used in addition to current screening data and methods

to create a novel approach to screening for dyslexia.

Recommendations of the Study

The following recommendations based on the research results are presented be-
low:

1) When conducting a reading assessment as part of a screening of dyslexia,
typographic modifications should be implemented to the text to further illicit
differing eye movements behavior between dyslexic and non-dyslexic readers.
Such conditions reinforce accommodating behaviors which may be used as part
of the assessment criteria. These can include, number of reading mistakes, time
taken to read and word recognition.

2) Ensure that the language of the reading is native to that of the participant.
It has previously been identified that the differing syntax of languages are to af-

fect how second language texts are read.

5. Conclusion

The purpose of this paper was to identify differences amongst dyslexic and
non-dyslexic eye movement behavior during reading. This paper focused on fix-
ation duration, regression count, blink count and blink duration. The results
have shown that there are statistically significant differences between the dyslex-
ic and control group ocular metrics recorded during the computerised reading
task. Blink count shows the most significant difference, which suggests that fur-
ther investigation into blink behaviour in dyslexic adult readers should be car-

ried out. The result from this paper provides evidence of the usefulness of ocular
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metrics to supplement the screening of dyslexia and suggests that continued in
adults and further research in this field is recommended. In line with the work of
Tooze (2022), it contributes valuable information into the reading preferences of
those with dyslexia in relation to different typographic modifications; therefore,
aiding in the attempt to reduce visual stress experienced by some dyslexic read-
ers. Finally, it contributes to previously unexplored blink behaviour data analysis
amongst typographic modifications for dyslexic readers. As the end goal is to
improve current dyslexia conditions for readers in education and improve the
current screening process, further work is required to establish what extent these
and other ocular metrics are capable of reliably identifying dyslexia in partici-
pants as an adjunct to existing diagnostic processes. Before this can be put into
use as part of the standard dyslexia screening then a larger scale investigation
with a greater sample size will be required to quantify the thresholds at which a

participant would be referred for further diagnostic investigation in academia.

Limitations of the Study

This experiment has been conducted only in English and may not be applicable
for use in some other languages. Furthermore, this study would benefit from an
increased cohort of participants. Due to the small sample size, it is recognised

that it is not a reflection of the true sample size.

Acknowledgements

The authors would like to extend gratitude to University of Wales Trinity Saint
David for the use of the equipment and facilities, and to all individuals who par-

ticipated in this study.

Conflicts of Interest

The author declares no conflicts of interest regarding the publication of this pa-

per.

References

Alanazi, M. A., Alanazi, S. A., & Osuagwu, U. L. (2016). Evaluation of Visual Stress
Symptoms in Age-Matched Dyslexic, Meares-Irlen Syndrome and Normal Adults. /n-
ternational Journal of Ophthalmology, 9, 617-624.

Andreou, G., & Baseki, J. (2012). Phonological and Spelling Mistakes among Dyslexic and
Non-Dyslexic Children Learning Two Different Languages: Greek vs English. Psychol-
ogy, 3, 595-600. https://doi.org/10.4236/psych.2012.38089

Aresti Bartolomé, N., Méndez Zorrilla, G., & Garcia Zapirain, B. (2012). Dyslexia Diag-
nosis in Reading Stage through the Use of Games at School. In 17th International Con-
ference on Computer Games (CGAMES) (pp. 12-17). IEEE.
https://doi.org/10.1109/CGames.2012.6314544

Breznitz, Z., Shaul, S., Horowitz-Kraus, T., Sela, 1., Nevat, M., & Karni, A. (2013). En-
hanced Reading by Training with Imposed Time Constraint in Typical and Dyslexic
Adults. Nature Communications, 4, Article No. 1486.
https://doi.org/10.1038/ncomms2488

DOI: 10.4236/jss.2022.1012001

12 Open Journal of Social Sciences


https://doi.org/10.4236/jss.2022.1012001
https://doi.org/10.4236/psych.2012.38089
https://doi.org/10.1109/CGames.2012.6314544
https://doi.org/10.1038/ncomms2488

L. Tooze

British Dyslexia Association (2018). Dyslexia and Co-Occurring Difficulties.
https://www.bdadyslexia.org.uk/dyslexic/dyslexia-and-specific-difficulties-overview

Brotherton, R, Seini, L., Li, L., & Ensmann, S. (2021). Improving Reading Speed for Dyslexic
Readers. In B. Hokanson, et al (Eds.), Intersections across Disciplines (pp. 135-145).
Springer. https://doi.org/10.1007/978-3-030-53875-0_11

Caskey, J., & Freney, P. (2019). What Is the Effect of Dyslexia and Meares-Irlen Syndrome
in Adult Vocational Students? European Journal of Education Studies, 6, 145-156.

Diirrwichter, U., Sokolov, A. N., Reinhard, J., Klosinski, G., & Trauzet-tel-Klosinski, S.
(2010). Word Length and Word Frequency Affect Eye Movements in Dyslexic Child-
ren Reading in a Regular (German) Orthography. Annals of Dyslexia, 60, 86-101.
https://doi.org/10.1007/s11881-010-0034-9

Fischer, B., Biscaldi, M., & Otto, P. (1993). Saccadic Eye Movements of Dyslexic Adult
Participants. Neuropsychologia, 31, 887-906.
https://doi.org/10.1016/0028-3932(93)90146-Q

Franzen, L., Stark, Z., & Johnson, A. P. (2021). Individuals with Dyslexia Use a Different
Visual Sampling Strategy to Read Text. Scientific Reports, 11, Article No. 6449.
https://doi.org/10.1038/s41598-021-84945-9

Hari, R., Valta, M., & Uutela, K. (1999). Prolonged Attentional Dwell Time in Dyslexic
Adults. Elsevier. https://doi.org/10.1016/50304-3940(99)00547-9

Hayes, C. (2018). Developmental Dyslexia from Birth to Eight: A Practitioner’s Guide.
Routledge. https://doi.org/10.4324/9781315211350

Hyo6ni, J., & Olson, R. K. (1995). Eye Fixation Patterns among Dyslexic and Normal
Readers: Effects of Word Length and Word Frequency. Journal of Experimental Psy-
chology: Learning, Memory, and Cognition, 21, 1430-1440.
https://doi.org/10.1037/0278-7393.21.6.1430

Ikeshita, H., Yamaguchi, S., Morioka, T., & Yamazoe, T. (2018). Effects of Highlighting
Text on the Reading Ability of Children with Developmental Dyslexia: A Pilot Study.
International Journal of Emerging Technologies in Learning, 13,239-251.
https://doi.org/10.3991/ijet.v13i09.8736

Jakovljevi¢, T., Jankovié, M. M., Savi¢, A. M., Soldatovi¢, 1., Coli¢, G., Jakulin, T. J., Kovi¢,
V. et al. (2021). The Relation between Physiological Parameters and Colour Modifica-
tions in Text Background and Overlay during Reading in Children with and without
Dyslexia. Brain Sciences, 11, Article No. 539. https://doi.org/10.3390/brainscil 1050539

Krauzlis, R. J., Goffart, L., & Hafed, Z. M. (2017). Neuronal Control of Fixation and Fixa-
tional Eye Movements. Philosophical Transactions of the Royal Society B: Biological
Sciences, 372, Article ID: 20160205. https://doi.org/10.1098/rstb.2016.0205

McMonnies, C. W. (2020). The Clinical and Experimental Significance of Blinking Beha-
vior. Journal of Optometry, 13, 74-80. https://doi.org/10.1016/j.0ptom.2019.09.002

Navya, Y., SriDevi, S., Akhila, P., Amudha, J., & Jyotsna, C. (2019). Third Eye: Assistance
for Reading Disability. In V. Sivakumar Reddy, V. Kamakshi Prasad, J. C. Wang, & K.
T. V. Reddy (Eds.), Soft Computing and Signal Processing (pp. 237-248). Springer.
https://doi.org/10.1007/978-981-15-2475-2_22

Paracha, S., Takabara, T., & Inoue, A. (2016). Interactive Screening of Learning Issues via
Eye-Tracking Technology. In 2016 13th Learning and Technology Conference (L&T)
(pp. 1-6). The Institute of Electrical and Electronics Engineers.
https://doi.org/10.1109/LT.2016.7562858

Pearson Education Ltd. (2019). Adult Reading Test (ART). Pearson.
https://www.pearsonclinical.co.uk/Psychology/AdultCognitionNeuropsychologyandLa

DOI: 10.4236/jss.2022.1012001

13 Open Journal of Social Sciences


https://doi.org/10.4236/jss.2022.1012001
https://www.bdadyslexia.org.uk/dyslexic/dyslexia-and-specific-difficulties-overview
https://doi.org/10.1007/978-3-030-53875-0_11
https://doi.org/10.1007/s11881-010-0034-9
https://doi.org/10.1016/0028-3932(93)90146-Q
https://doi.org/10.1038/s41598-021-84945-9
https://doi.org/10.1016/S0304-3940(99)00547-9
https://doi.org/10.4324/9781315211350
https://doi.org/10.1037/0278-7393.21.6.1430
https://doi.org/10.3991/ijet.v13i09.8736
https://doi.org/10.3390/brainsci11050539
https://doi.org/10.1098/rstb.2016.0205
https://doi.org/10.1016/j.optom.2019.09.002
https://doi.org/10.1007/978-981-15-2475-2_22
https://doi.org/10.1109/LT.2016.7562858
https://www.pearsonclinical.co.uk/Psychology/AdultCognitionNeuropsychologyandLanguage/AdultLanguage/AdultReadingTest(ART)/AdultReadingTest(ART).aspx

L. Tooze

nguage/AdultLanguage/AdultReadingTest(ART)/AdultReadingTest(ART).aspx

Prabha, A. J., & Bhargavi, R. (2020). Predictive Model for Dyslexia from Fixations and
Saccadic Eye Movement Events. Computer Methods and Programs in Biomedicine,
195, Article ID: 105538. https://doi.org/10.1016/j.cmpb.2020.105538

Rayner, K. (1985). Do Faulty Eye Movements Cause Dyslexia? Developmental Neuro-
psychology, 1, 3-15. https://doi.org/10.1080/87565648509540294

Rayner, K. (1998). Eye Movements in Reading and Information Processing: 20 Years of
Research. Psychological Bulletin, 124, 372-422.
https://doi.org/10.1037/0033-2909.124.3.372

Rello, L., & Ballesteros, M. (2015). Detecting Readers with Dyslexia Using Machine
Learning with Eye Tracking Measures. In Proceedings of the 12th International Web
for All Conference (pp. 1-8). The Association for Computing Machinery.
https://doi.org/10.1145/2745555.2746644

Rello, L., & Bigham, J. P. (2017). Good Background Colors for Readers: A Study of People
with and without Dyslexia. In The 19th International ACM SIGACCESS Conference
(pp. 72-80). The Association for Computing Machinery.
https://doi.org/10.1145/3132525.3132546

Rello, L., & Yates, R. B. (2013). Good Fonts for Dyslexia. In Proceedings of the 15th In-
ternational ACM SIGACCESS Conference on Computers and Accessibility (pp. 1-8).
The Association for Computing Machinery. https://doi.org/10.1145/2513383.2513447

Rello, L., Pielot, M., & Marcos, M.-C. (2016). Make It Big! The Effect of Font Size and
Line Spacing on Online Readability. In 2016 CHI Conference on Human Factors in
Computing Systems (pp. 89-96). The Association for Computing Machinery.
https://doi.org/10.1145/2858036.2858204

Rose, J. (2009). Rose Review Expert Advisory Group, Identifying and Teaching Children
and Young People with Dyslexia and Literacy Difficulties. Department for Children,
Schools & Families. http://dera.ioe.ac.uk/id/eprint/14790

Stein, J. (2001). The Magnocellular Theory of Developmental Dyslexia. Dyslexia, 7, 12-36.
https://doi.org/10.1002/dys.186

Stein, J. (2018). What Is Developmental Dyslexia? Brain Sciences, 8, Article No. 26.
https://doi.org/10.3390/brainsci8020026

Stein, J. F. (2017). A Visual Defect in Dyslexics? In Dyslexia in Children (pp. 137-156).
Routledge. https://doi.org/10.4324/9781315504773-7

Tooze, L. (2022). The Effect of Typographic Modifications on Pupil and Blink Behavior in
Dyslexic and Non-Dyslexic Readers. Open Access Library Journal, 9, 1-16.
https://doi.org/10.4236/0alib.1109238

Venturini, G., & Gena, C. (2017). Testing Web-Based Solutions for Improving Reading
Tasks in Students with Dyslexia. In Proceedings of the 12th Biannual Conference on
Italian SIGCHI (pp. 1-8). The Association for Computing Machinery.
https://doi.org/10.1145/3125571.3125573

Verpalen, A., Van de Vijver, F., & Backus, A. (2018). Bias in Dyslexia Screening in a
Dutch Multicultural Population. Annals of Dyslexia, 68, 43-68.
https://doi.org/10.1007/s11881-018-0155-0

Zhan, Z., Zhang, L., Mei, H., & Fong, P. S. (2016). Online Learners’ Reading Ability De-
tection Based on Eye-Tracking Sensors. Sensors, 16, Article No. 1457.
https://doi.org/10.3390/s16091457

DOI: 10.4236/jss.2022.1012001

14 Open Journal of Social Sciences


https://doi.org/10.4236/jss.2022.1012001
https://doi.org/10.1016/j.cmpb.2020.105538
https://doi.org/10.1080/87565648509540294
https://doi.org/10.1037/0033-2909.124.3.372
https://doi.org/10.1145/2745555.2746644
https://doi.org/10.1145/3132525.3132546
https://doi.org/10.1145/2513383.2513447
https://doi.org/10.1145/2858036.2858204
http://dera.ioe.ac.uk/id/eprint/14790
https://doi.org/10.1002/dys.186
https://doi.org/10.3390/brainsci8020026
https://doi.org/10.4324/9781315504773-7
https://doi.org/10.4236/oalib.1109238
https://doi.org/10.1145/3125571.3125573
https://doi.org/10.1007/s11881-018-0155-0
https://doi.org/10.3390/s16091457

	Fixation and Blink Eye Movement Behavior in Dyslexic and Non-Dyslexic English Readers
	Abstract
	Keywords
	1. Introduction
	2. Methodology
	2.1. Apparatus
	2.2. Calibration
	2.3. Stimulus
	2.4. Participants
	2.5. Procedure

	3. Results
	3.1. Fixation Duration
	3.2. Regression Count
	3.3. Blink Count
	3.4. Blink Duration

	4. Discussion
	Recommendations of the Study

	5. Conclusion
	Limitations of the Study
	Acknowledgements
	Conflicts of Interest
	References

