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ABSTRACT

EYE MOVEMENT CONTROL IN PERSIAN:
A CORPUS-ANALYTIC APPROACH

Soleymani, Fatemeh
M.Ss. Cognitive Science
Supervisor: Assoc. Prof. Dr. Cengiz Acartlrk

September 2018, 82 pages

In the Latin script languages, specifically the English language, there exist studies on
the eye movements’ pattern during reading. Thus, this study was conducted in order
to investigate eye movement patterns in Persian. From these sentences, taken from the
Bijankhan Persian Corpus, a number of eye movement measures were analyzed. The
eye movement measures were first fixation landing position, first fixation duration,
gaze duration, first run fixation count, regression in count, and regression out count.
The word properties in this study were word length, word frequency, word
predictability, word type (opacity and transparency), and phonemes. In order to control
variances of random effects which were subject, sentence, and words, the linear mixed
model were utilized in the analysis.

The results show that word length has an effect on first fixation landing position.
Furthermore, the preferred viewing location (PVL) analysis showed that first fixations
landed close to the end of short words, close to the center of medium-long words and
close to the beginning of long words. These results are in line with former studies. In
the first fixation duration analysis it was found that medium-long words were fixated
shorter than short words. Moreover, it was found that longer gaze durations (GD) and
higher first run fixation count (FRFC) corresponded with longer words. Also, a
relationship between regression in count (RIC) and phonemes was obtained.

Key Words: Persian Reading, Eye movements, First Fixation Landing Position, First
Fixation Duration, Linear Mixed Model
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FARSCA OKUMADA GOZ HAREKETLERI KONTROLU:
DERLEM-ANALITIK BIR YAKLASIM

Soleymani, Fatemeh
M.Sc. Bilissel Bilimler
Danigsman: Dog. Dr. Cengiz Acartiirk

Eylul 2018, 82 pages

Latin dilleri ve 6zellikle Ingilizce i¢in okuma sirasinda goz hareketi oriintiilerini
arastirma c¢alismalar bulunmaktadir. Bu c¢alismanin amaci Farsca okumada goz
hareketlerinin arastirilmasidir. Bijankhan Fars¢ca derleminden segilen cilimleler
iizerinde bir dizi g6z hareketi metrigi analiz edilmistir. Bu metrikler arasinda ilk
sabitmele konumu, ilk sabitleme siiresi, toplam bakis siiresi, ilk gegis sabitleme sayisi,
iceri geridoniis sayisi, disar1 geridoniis sayis1 bulunmaktadir. Bu ¢alismadaki kelime
ozellikleri ise kelime uzunlugu, kelime sikligi, kelime tahmin edilebilirligi, kelime tiirti
(opasite ve saydamlik), ve fonemlerdir. Katilimci, climle, kelime gibi rastgele
istatistiksel etkilerdeki varyansi kontrol edebilmek amaciyla analizlerde LMM (Linear
Mixed Models) kullanilmstir.

Sonuglar1 kelime uzunlugunun ilk sabitleme konumu iizerine etkisi oldugunu
gostermektedir. Bunun yaninda, tercih edilen gézleme konumu (PVL) analizleri ilk
sabitlemelerin kisa kelimelerin sonuna, orta uzunluktaki kelimelerin ortasma ve uzun
kelimelerin basina oldugunu ortaya koymaktadir. Bu sonuglar literatiirde raporlanan
sonuclar ile uyumludur. ilk odaklanma siiresi analizinde orta uzunluktaki kelimelere
kisa kelimelerden daha kisa siireyle sabitlendigi bulunmustur. Bunun yaninda, uzun
gakis siirelerinin (GD) ve daha yiiksek ilk gecis sabitleme sayilarinin (FRFC) uzun
kelimelerle iliskilendirilebilecegi gdzlenmistir. Iceri geri doniisler ile fonemler
arasinda da bir iliski gézlenmistir.

Anahtar Kelimeler: Farsca Okuma, Goz Hareketleri, Ik Sabitleme Konumu, Ilk
Sabitleme Siresi, Linear Mixed Model
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CHAPTER 1

1 Introduction

1.1 Reading

Post publication of Charles Darwin’s manuscript On The Origin of Species (1859),
apes has in a humorous way been caricatured to be reading this very famous book
(Kutschera, 2009). However, the human phenomenon of extracting information from
printed symbols, aka. reading, is not merely old but a complex process as well. It
involves basically three types of processes, which are called perceptual, attentional,
and oculomotor (Kliegl et al., 2003) which guides readers in the extraction of
information, either for pleasure or gaining knowledge (Wotschack, 2009).

It is generally viewed that there are five elements of knowledge and skills, which need
to be mastered for a person to successfully extract information from a text. These are:
1) Phonemic awareness - which is the capacity of hearing, identifying and
manipulating various types of sounds (phonemes) as building block of spoken words,
2) Phonics — the correlation between the spelling in written words and their spoken
counter parts, aka. how graphemes correlate to phonemes, 3) Vocabulary - knowledge
of the glossary (or words) which are used in language, hence both oral vocabulary
(spoken or listened to words) as well as written vocabulary (words printed or
recognized in text), 4) Fluency - the capability to quickly and correctly read through a
text, and finally 5) Comprehension — to be able to comprehend or understand, not only
individual words, but the greater content of text itself. Thus, to understand a written
language, all these elements must be learned (Armbruster, H., Bikfalvi, A., Kinkel, S.,
& Lay, G., 2008).

Moreover, a noteworthy aspect of information extraction through reading is that
despite a person reading has many correlative processes with a person listening, the
reader unlike the listener has the capability to adjust the speed of information input to
align it with the processes of his/her internal comprehension. In contrast to the listener
the reader is able to pause, skip segments of text or re-read what he or she previously
has read. These processes of internal comprehension may be studied by investigating
the occurrence of these pauses which the reader makes while reading (Just, M. A. &
Carpenter, P. A., 1980). Hence, studying eye movements in silent reading is a not only
possible, however, but the preferred approach to investigating the processes of internal
comprehension (Rayner, K., Pollatsek, A., Ashby, J., & Clifton Jr, C., 2012).
Moreover, usual eye movement patterns can be gained from eye movement studies on
reading where these patterns are connected to the comprehension of what is read
(Hayhoe, 2004). In the following section | will outline the goals of this study.
Afterwards, | will discuss my hypothesis.



1.2 Aim of the Study

By examining various types of eye movement measures (variables properties) with
respect to their occurrence during silent reading of Persian sentences, and in relation
to a number of word (fixed) properties, this thesis study aims to investigate eye
movement patterns that occur during the course of silent reading Persian sentences.
The eye movement measures and the word properties used in this study are listed

below:

Eye movement measures

First Fixation Duration (FFD): The duration of the first fixation in the current
interest area.

Gaze Duration (GD): The total duration of all fixations on the current interest
area.

First Run Fixation Count (FRFC): The total number of fixations in the first run
of the current interest area in a trial.

Regression-in Count (RIC): Number of times the interest area was entered from
the left in Persian.

Regressions-out Count (ROC): Number of times the interest area was exited to
the right in Persian, before the upcoming fixated word in the trial.

Fixation Landing Position (FLP): The character of the word on which the first
fixation is made.

Word properties

Word length: The length of a word with the following parameters:

o The number characters in a word by including zero-width space as one
independent character.

o The number characters in a word by excluding zero-width space as an
independent character.

o The sum of pixels by using a mono-spaced font where each character is set
to 14.03 pixels.

Word Type: Phonologically transparency/opacity examines whether a word's
spelling corresponds to its sound or not, respectively (Baluch, B. & Besner, D.,
1991).

o Opacity/transparency of the word by excluding Ezafeh affix as a single
phoneme.

o Opacity/transparency by including Ezafeh affix as a single phoneme.
2



e Word Frequency: The number of times whole-word occurs in the Bijankhan
Corpus (Amiri, H., Hojjati, H., & Oroumchian, F., 2007)

e Phonemes: The number of phonemes including by Ezafeh affix as a single
phoneme.

e Word predictability: Predictability of a word in a sentence by seeing the
preceding part of the sentence (Taylor, 1953), and measured the fraction of the
participants who accurately predicted the whole-word in question (Nilsson,
2012).

What the general aim of this study encompass is described above, in the following
section the aspects of hypotheses, motivations and expected results will be described.

1.3 Hypotheses, Motivation and Expected Results

1.3.1 Hypotheses

In this thesis, the central question around which the research was built is as follows:
How do word length, word frequency, word type, word predictability, and number of
phonemes affect eye movement measures such as first fixation duration, first run
fixation count, gaze duration, first fixation landing position, regression-in, and
regression-out counts during silent reading of Persian sentences?

On this follows a set of hypotheses which are assumed to be observed during reading
of Persian sentences:

i. The initial hypothesis states that word length has an effect on first fixation landing
positions, first fixation durations and gaze durations. It is also expected that these first
fixations will have a landing position near the centers of short to average words, except
for long words. It is hypothesized that the gaze duration will increase as the word
length increases, due to that the total number of fixations would increase. Also,
regression-ins will be expected to increase with longer words, as suggested by the
previous literature on reading in other languages.

ii. The second hypothesis assumes that a word’s opacity and transparency will affect
both the first fixation duration as well as the gaze duration. It is further expected that
since as a word is opaque, including the Persian Ezafeh affix (addition, adjunction), a
vowel that can be found in the space after the word but is not represented (Samvelian,
2007), regression in count happens to the earlier word due to the Persian Ezafeh affix..

iii. The third hypothesis considers the effect of word frequency on first fixation landing
position, first fixation duration, and the gaze duration. We assume that the fixation
durations will increase on low frequent words in comparison to high frequent words.
It is also expected that low frequency words will tend to have more regression-ins, as
also suggested by the previous literature on reading in other languages.



iv. The final hypothesis considers the effect of word predictability. We expect to
observe the effect of word predictability on first fixation durations, gaze duration, first
run fixation count, as well as regressions-in count. Furthermore, highly predictable
words will tend to have less first run fixation count as well as shorter first fixation
duration.

In the subsequent section we will shortly state the general motivation for this study.

1.3.2 Motivation

In the Latin script languages and specifically the English language there are studies on
eye movement patterns in reading. Various word properties and eye movement
measures have been investigated in different combinations, with different aims in
understanding the underlying cognitive processes. However, there is a lack of studies
on eye movements in the reading of Persian script-based languages such as Farsi, Dari
and Baluchi. With this thesis we aim to fill this gap by investigating the previously
mentioned eye movement measures in relation to the word properties in question based
on the chosen research question. Moreover, we aim to investigate the effects of some
word properties specific to the Persian language, such as zero-width space and Persian
Ezafeh suffix in order to see how they affect various eye movement measures. While
the motivation stated above describes the reason for conducting this study, the
following general results are assumed to be obtained.

1.3.3 Expected Results

Nevertheless, in a general sense it is reasonable to find certain intertwining relations
between the eye movement measures and the word properties studied. Moreover, we
may expect similar results as previous and comparable eye movement reading studies
performed on various languages such as Uighur language, which uses Arabic alphabet
as Persian language (Yan et al, 2014). However, since the Uighur language is a Turkic
language and the Persian language is an Indo-Iranian language with certain
morphological differences, this may cause significant differences in the results.



CHAPTER 2

2 Background

2.1 History of reading

2.1.1 Early texts and writings

One of the oldest writings, which to some extent could be viewed as writing, were the
cave paintings found in caves of southern Europe, such as the Lascaux caves. These
are estimated to be around 20,000 years old (\Valladas et al., 2001; Rayner et al., 2012).
However, the earliest types of writings, or what we would now view as writings, are
much younger and are estimated to be up to 5,500 years old and are from Mesopotamia.
Some of the oldest scripts of this time was the Sumerian proto cuneiform (arrow head),
Sumerian cuneiform, and slightly later on Akkadian cuneiform (Jagersma, 2010;
Rayner et al., 2012). Later in history, the Persian empires also used the cuneiform
script (Rayner et al., 2012). A more recent one is the Persian script, which is used in
modern Persia (Iran). In today’s world, the Latin script and the Persian script are both
commonly used scripts for reading and writing. Moreover, Persian script is composed
of Arabic letters but also have alterations in some of the letters and addition of some
more recent letters (Izadi, S., Sadri, J., Solimanpour, F., & Suen, C. Y., 2008).

A short description of the history texts and writings was given above, and in the
subsequent sections a short introduction to early studies on the human eye is given.

2.1.2 Early studies on human eye and its functions

The human eye is the major anatomical tool for visual information extraction from
text. The anatomy of the eyes and its functions have, for a long time been, investigated
in various levels by philosophers and scientists. Aristotle and Galen were some of the
first philosophers and physicians to study and examine the eye. While the latter was
more interested in the anatomy of the eyes, Aristotle focused more on gaining a basic
knowledge of eye’s functions, which was further elaborated upon by Ptolemy, Ibn al-
Haytham, Bacon and many others (Wade, 2010).

In the previous section | introduced the early period of studies on eyes and their
function. In the next section I introduce eye movement studies conducted post Middle
Ages.



2.1.3 Eye movement studies in the post middle ages

In the post middle ages and during the Renaissance, the number of scientists who
studied how eyes work increased. Jan Purkinje, William Charles Wells and Johannes
Muiller were among those scientists who studied eye anatomy and its functions in early
times (Wade, 2010).

In the 19th century, Wells studied voluntary versus involuntary eye movements by
using afterimages. The research of Charles Bell drew the following conclusions (cited
in Wade, 2010):
When an object is seen, we enjoy two senses; there is an impression upon
the retina; but we receive also the idea of position or relation which it is
not the office of the retina to give. It is by the consciousness of the degree
of effort put upon the voluntary muscles, that we know the relative position
of an object to ourselves... (Bell, 1823)

In essence, Bell found that eyes do not only view objects but also the object’s position
relative to the eyes of the observer. An early 20th century psychologist, Leonard
Carmichael, named Charles Bell the pioneer of eye movement research saying (cited
in Wade, 2010):

He made contributions to the study of the organs of sense, and did work
upon the reciprocal innervation of antagonistic muscles. In the scientific
study of the expressions of the emotions Bell's treatise is a classic which,
according to Darwin, laid the foundations of the subject as a branch of

science. (Carmichael, 1926)

Nevertheless, the topic of who pioneered eye movement research has been a
controversial one with no consensus on who it was. Other researchers, such as Edwin
G. Boring stated that the founder of eye movement studies was Johannes Miuller,
crediting Miiller’s book (monograph) On Imaginary Apparitions, published in 1826
(cited in Wade, 2010).

Recently, William Charlse Wells has been considered the founder of eye movement
research (Wade, N. & Tatler, B. W., 2011). They base this claim on Wells’
investigations on induced vertigo in healthy subjects while using the means of
afterimages as an index. These afterimages served as a way for the retina to gain
stability and to discern between the movement of the eyes versus the environment
(Also see Tatler, B. W. & Wade, N. J., 2003; Wade, N. & Tatler, B. W., 2005).

Another eye movement researcher from the 19th century was Jan Evangelista Purkinje.
He used the light reflected from the eye as a basic method for eye tracking. For this,
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he utilized the natural ability of the cornea and lens to reflect visible light to accurately
detect the position of the eye fixations. The image reflection on the eye was named the
Purkinje Image in honour of him (Wade, 2010).

Figure 2.1 A spinning cylinder cage (or centrifuge) used by J. E. Purkinje, and a Purkinje portrait.
(Adjusted from Figure 10, Wade, 2010).

Purkinje also used a device which was invented by Erasmus Darwin (grandfather of
Charles Darwin). E. Darwin developed a spinning cylinder cage in an attempt to treat
mental illnesses (see Figure 2.1). Purkinje used the spinning cylinder cage to induce
vertigo in his subjects in order to study involuntary eye movements such as nystagmus
(cited in Wade, 2010). The spinning cylinder was later utilized by the Austrian
otologist Robert Barany (cf. Barany’s chair) for his study of the vestibular system and
its correlation with post-rotational nystagmus. Nevertheless, it is generally accepted
by scientists in this field that Jan Evangelista Purkinje is the founding researcher who
studied the connection between the vestibular system and eye movements (Wade,
2010).

In the previous section | discussed the various aspects of the history of reading and
introduced the field of eye movement research. In the following section I will describe
the early period of eye movement studies with the focus on reading.

2.2 Initial Research on eye movements in reading

Late into the 19" century, a novel interest amongst many scientists formed. This
interest focused not only on investigating the anatomy of the eyes, or the eye
movements in general, but also studying how the eyes move while reading. For
instance, the physician William Porterfield, the ophthalmologist Louis Emile Javal,
and the physiologist Karl Ewald Konstantin. Hering was among the researchers who
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investigated eye movements in reading during the 19th century (Wade, 2010). A
notable researcher was L. E. Javal, who coined the phenomena of “saccades” in 1879
to describe an eye movement in which the eyes simultaneously moved between
multiple phases of fixation while looking in the same direction (Wade, 2010).

Another scientist who studied eye movements that occurred while reading was Karl
Ewald Konstantin Hering. Hering noticed that eye movements were not continuous
but instead jump from one point to another point of fixation (Hering, 1942, a
translation of Hering, 1879 into English by Carl A. Radde, cited in Wade, 2010).

This was supported by Edward B. Huey who, 30 years later, stated:

As you watch the reading [of another person], you notice, too, that the
eyes do not move continuously from left to right along the line, but
proceed by a succession of quick, short movements to the end, then
return in one quick, usually unbroken movement to the left. (Huey,
1908)

Hering later continued his research on eye movements by listening to sounds in the
eyes by using a rubber tube put on the eye lid. He then drew the conclusion, after
conducting similar experiments on curare-treated animals that the sounds that he heard
were not made by blood flowing in veins but rather actions of muscles in the eye. He
then, as a subsequent step preformed the same experiment for research on open eyes
combined with the use of afterimages while reading. He found a relationship between
short movements of the eyes and the sounds of the muscles he heard (Wade, 2009,
2010).

One can observe the clapping sounds very clearly during reading.
Although the eyes appear to glide steadily along the line, the clapping

sounds disclose the jerky movement of the eyeball (Hering, 1879b, cited
in Wade, 2010)

After Hering, Lamare reported that the eyes do a saccade once every 15" to 18" symbol
in a row of text. Hence, Lamare and Hering may jointly be attributed to that the eyes
do not move uninterrupted or smoothly across a sequence of words on a page, but
rather makes leaps while reading (Wade, N. J., & Tatler, B. W., 2009; Wade, 2010).

Before proceeding with the development in research on eye movements in reading in
the 20th Century, we first present basic characteristics of eye movements in the
following section.



2.3 Characteristics of eye movements in reading

2.3.1 General characteristics - Eye movements and visual field

Eye movements may be divided into four main categories based on their roles in the
human visual sensory system:

e Saccades are the most commonly studied eye movement, a ballistic type
that changes the fixation point rapidly.

e Smooth pursuit movements aim to slowly change the focus of the fovea
in a gradual manner.

e Vergence movements are utilized when focus is needed on an object
further away, by aligning the fovea accordingly.

e Vestibulo-ocular movements are needed to reimburse movements of
the head, and there are stabilizing the eyes versus the external world
(Purves et al., 2004).

Anatomically, there exist three major components of the eye: The fovea, the parafovea
and the peripheral fields (Candy, T. R., Crowell, J. A., & Banks, M. S., 1998; Rayner
et al., 2012; Moll, K., & Jones, M., 2013). Hence, they correspond with various spans
of the visual field. First, the fovea covers a span of 2 degrees of the visual field relative
to the point of fixation, while secondly the parafovea spans 10 degrees around the
fixation point and from there the peripheral field starts (Rayner et al., 2012) (see
Figure 2.2).

P _T-r’":.“_‘_ —— Fovea
i Fowveal &ngle
1 ~N" Parafoveal Region
= Paraforveal Angle
AA— Retina
Viewer <@ Periphery Angle

Figure 2.2 The boundaries of acuity in the visual field with respective angles (from figure 2 in Biswas
et al., 2008).

The retina consists of two specific types of receptors that are sensitive to light stimuli.
These are cones and rods, where the former is responsible for discriminating between
different colors (different wave length in the visual light spectra) as well as acuity or
details, while the latter determines various shades of grey (white to black), detection
of various levels of brightness as well as detection of movement. The fovea, which is
the center of the visual span, is composed almost entirely of cones that aids in the focus
on words or parts of words, which demands detail. However, the concentration or
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density of cones decreases the further from the center of the fovea one looks, with a
medium concentration in the parafoveal area and low concentration in the peripheral
area. The nature of the concentration of rods is almost completely the opposite, as can
be viewed in Figure 2.3 (Rayner et al., 2012).
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Figure 2.3. A displaying of the relative visual field density as solid line (for cones) and as dashed line
(for rods), and with the dotted line as the percent of accuracy in the visual field, with the highest at the
fovea center (from figure 1.2 in Rayner et al., 2012).

We previously described some general and important characteristics of eye movement
in reading research. Below we will describe the two most important eye movement
measures in reading, fixations and saccades.

2.3.2 Fixations and saccades

When measuring eye movements in reading, two main eye movement measures are of
interest for systematic investigation. The first is when the eyes are resting or fixating
at a point in the text, this is called fixations. Fixations may on average occur between
200-350 ms (milliseconds) but may range all from 100 ms to up to 500 ms or longer.
These fixations are of importance since information is extracted from the text during
fixations. They are then subsequently ended by a specific type of ballistic jumps, called
saccades. Saccades are what move the eye focus from one point of fixation to the next
point of fixation. Saccades are much faster than fixations, and they are generally as
fast as 15 ms up to 40 ms (Reichle, E. D., Pollatsek, A., Fisher, D. L., & Rayner, K.,
1998).

There are further eye movement measures that are important in reading research. For
instance, a return sweep is a combination of a long saccade and a short correcting
saccade, that is made when the focus changes from the end line of a text (right side of
a paper in Latin scripts and vice versa in Persian scripts) to the beginning of the next
or lower line of text (left side of a paper in Latin scripts and vice versa in Persian
scripts). Another eye movement measure is regression. Regressions are backward
saccades to previously fixated words. Finally, skipping describes not conducting a
fixation on a word that is usually adjacent to an already fixated word (Reichle et al.,
1998; lIzadi, 2008) (see Figure 2.4).

10



In Figure 2.4a series of measures are shown, where a number of adjacent words (n,
n+l & n+2) are viewed. How the reader saccades its point of fixation (a ring with a
number) in various ways is described with bold arrows: A first saccade is made to
fixation number one, which is left of the center of word n, followed by a refixation to
the right of the center. This is followed by a skipping to word n +2 to fixation number
3 where the word n+1 is skipped. A subsequent regression to fixate (number 4) at the
left of the center of the skipped word is made, followed by a longer saccade to fixate
at the right of the center of word n+2.

Regression

Refixation

Skipping
== Saccade O Fixation

Figure 2.4 A picture showing some of the most common characteristics measured in eye movement
reading research (Adjusted from figure 2.1 in Wotschack, 2009).

In the previous section various eye movement measures were briefly described. In eye
movement research related to these eye movement measures two basic research
problems which are where the eye will move and when the eyes will move. These
issues are explained in concisely below.

2.3.3 Where to move the eyes

According to Clark and O’regan (1999; also see O’regan et al., 1984, 1987), there is a
position in words that is ideal to fixate on for easier processing of the word. This point
of fixation is called Optimal Viewing Position (OVP). According to Clark, O’regan
and colleagues, the OVP is very close to the center of the word. They reported that if
the initial fixation was at the Optimal Viewing Position, not only the probability of
refixation on the word but also gaze duration and the total fixation time on the word
decreased (Clarke et al, 1999). A contrasting finding to the Optimal Viewing Position,
was reported by Rayner (1979). He found that during reading, the fixation which most
often occurred was at a point left of the OVP. When this point was fixed it reduced the
recognition time of the word in question. This position was named the Preferred
Viewing Location (PVL) (Reichle, E. D., Rayner, K., & Pollatsek, A., 2003).

In summary, according to previous research, there is a locational difference between
where it is optimal to fixate on in a word and where it is preferred to. As part of the
aim of this investigation, in the result section we will describe where the fixation
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occurs for readers of Persian text. In the next section the second research issue of when
to move the eyes is described.

2.3.4 When to move the eyes

Reichle et al. (1998) proposed that various factors influence eye movement patterns in
reading. One of them is word predictability (i.e., predictability of a word in a sentence,
aka. sentential predictability). Highly predictable words attract not only shorter gaze
duration but also first fixation duration. It was also found that in general, words with
higher frequencies are fixated at shorter times. Lexical, syntactic, and semantic
characteristics also have various effects on the duration a word is fixated. However,
these higher-level influences are usually conceived as beyond the scope at the current
state of reading research.

As described there are various fixed effects affecting the question of when to move the
eyes. How this occurs for Persian text reading will be discussed in the result section as
part of the goal of this study. In the subsequent section I will give background on how
eye movements in reading have been measured historically.

2.4 How to measure eye movements during reading

Huey (1908) adopted a crude mechanical technique of measuring eye movements,
which was first developed by E. Raehlman for investigations of nystagmus and by A.
Ahrens to investigate the eyes while reading. Huey used this technique himself,
however he found that it had shortcomings despite getting the same results as the
previous two researchers. Upon inspection he improved not only the method but also
controlled the recording better with an individual/exchangeable biting-bar as well as
with a clamp or fixation holder, in order to keep the head still. This, along with a
calibration run improved the technique. However, the technique was still crude and
put pressure on the eye lid which still limited its utilization as eye movement
measuring in reading (Wade, 2010). Still, this was a genuine attempt of measuring eye
movements in reading in a systematic manner (Kasprowski & Ober, 2004).

Huey drew important conclusions, such as the finding that word skipping was common
in reading. He also found that regression of the eyes to parts of text which has already
been fixated was common. Additionally, he also discovered that focus was often on a
few letters of a words rather than on the entire word. Furthermore, he noted that the
last word in a sentence is almost never fixated on, and that the first and sometimes the
second word in a new line is skipped as well (Walczyk, J. J., Tcholakian, T., Igou, F.,
& Dixon, A. P., 2014).

According to Rashbass (1961), Raymond Dodge took a previous technique further for
eye movement measurement, which was based on recording light reflected on a small
mirror. He subsequently developed a new technique which was based on photography.
This technique had several advantages, compared to the previous one in terms of being
comfortable to use. It also had no physical connection to the eye lid or any part of the
eye. Moreover, Dodge employed an assistant to watch his eye movements while
reading (cited in Wade, 2010). Dodge’s method set a starting point of techniques
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elaborating further on photographic-bases eye tracking (Richardson, D. C. & Spivey,
M. J., 2004).

The eye tracking by photography invention is generally viewed as the spark which
took eye tracking from its first wave into its second wave of research. The first era of
eye tracking, which started by research in 1879, progressed until 1920s, when the
ingenuity of photography-based eye tracking became common in many laboratories.
The second wave, which focused more on application based aspects of eye tracking
rather than on further developments of the techniques, is synonymous with Guy
Buswelland, Alfred Yarbus. Yarbus did not only apply photography based eye tracking
to textual reading, but also on picture viewing (Rayner, 1998; Duchowski, 2002;
Wade, 2010).

Yarbus (1967) created improvements on previous eye tracking techniques and
developed novel devices that has become famously known for over time (see
Figure 2.5) (DeAngelus, M. & Pelz, J. B., 2009).

Figure 2.5 Front and side view of the Alfred Yarbus supporting device/apparatus (adjusted from figure
3 of (DeAngelus & Pelz, 2009)).

Yarbus also developed suction “caps” to project images from the retina of the eye in
order to be recorded (see Figure 2.6) (DeAngelus & Pelz, 2009).

Figure 2.6 A diagram of one of the suction caps used by Albert Yarbus (adjusted from figure 1 of
(DeAngelus & Pelz, 2009)).

13



The third era of eye-tracking took place from the end of the 1960s (Yarbus publication
in 1967) to the end of the millennia. According to Rayner (1998), the fourth (i.e., the
recently present) wave of eye-tracking research got its start (Rayner, 1998;
Duchowski, 2002; Bax, 2013) at the end of 1990s.

Today’s eye-tracking techniques or systems may be categorized into two major groups,
such as computer vision based eye tracking and sensory-based eye tracking. In
computer vision based eye tracking, specialized cameras are employed to trace the
movement of one or both eyes. The sensor-based eye tracking systems use electrodes
with which electrical potential is measured, and are fixed at various points around the
eyes. The latter group of eye-tracking systems is far less common than the first one
(Al-Rahayfeh, A. & Faezipour, M., 2013).

The scientific driving force of eye movement investigations is to understand the
underlying processes in reading. These processes can be categorized as orthographic,
lexical, syntactic, and semantic and results in a vast field of studies. In order to conduct
such an investigation | will describe some underlying aspects in eye-tracking research
in the following section.

2.5 Underlying aspects of eye-tracking research

2.5.1 Eye movement and cognitive processes

Cognitive processes may be conceived as inner processes that steer physical or other
mental activities. In terms of eye movements in reading, Reichle (2006) states that one
such major cognitive process is word identification. He goes on to say that this
cognitive process steers when the eyes are to be moved, and that on a narrow “moment-
to-moment™ occurrence.

Eye movements in general (when a person is reading), as described by Wotschack
(2009, viae.g. O’Regan, 1979), is influenced by various aspects of the text. Wotschack
(2009) states that one of the most important reasons for studying eye movements in
reading is gaining an understanding of the features that control the guiding process of
eye movements, and the relevant cognitive processes like word identification. The link,
as described by Reichle (2006), between these cognitive processes and eye movements
in reading is a relevant model that enables a comprehensive understanding of the
reasons behind why we move our eyes the way we do during reading (Wotschack,
2009).

2.5.2 Eye movement control models in reading

There exist two broad types of initial eye movement control models in reading
research: cognitive-control models and oculomotor-control models. Some examples of
each are the Morrison model and the READER model versus the O"Regan model,
respectively (Thibadeau, R., Just, M. A., & Carpenter, P. A., 1982; Morrison 1984 via
Reichle, 2006; Rayner, K. & Raney, G. E., 1996; Reichle, 2006). As evident by their
names their focus on describing the eye movement controlling issues are different. The
first assumes that some type of cognitive occurrence (or event) indicates the eyes to
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move, while the models of the latter group states that the oculumotor system is what
guides the eye through a text (O’regan 1990, 1992 via Reichle, 2006; Rayner & Raney,
1996).

For example, in the Morrison’s model (of the first group), the cognitive event is
initially a combination of both eye gaze and visual attention aimed at the foveal word
(wn). During the same fixation, when at some level of processing enough information
is starting to be attained, the focus changes to the next foveal word (wn+1). Hence,
this allows the parallel processing of a word along with the preparation for a “motoring
program” of moving the eye to the next fixation point. However, O regan (of the latter
group) describes the cognitive occurrence as being determined largely due to the
landing position (of the fixation) in a word. This landing position guides where the
next fixation is made and for how long the present fixation is held (Morrison, 1984,
and Rayner & Raney, 1996).

More recent models have been proposed such as the SWIFT model (Engbert, R. &
Kliegl, R., 2005) and the E-Z reader model (Reichle et al, 1998). These two models
contend that cognitive (of higher level) and oculumotor (of lower level) aspects are at
play during eye movements when reading. The first model claims that issues with the
processing of lexical material may inhibit the otherwise randomly started saccades,
while the latter model says that during an early phase of lexical programming the
oculumotor system in preparing for the subsequent saccade to occur (Reichle, 2006).

While SWIFT and E-Z reader share many aspects in their models, they also differ in
numerous ways, such as their underlying assumptions on word identification. The
former believes that many words are processed simultaneously, while the latter
indicates that during each fixation two or more words are processed, not
simultaneously, but rather on some one-by-one procedure (Rayner et al., 2012).

In this section, various theoretical control models that which are used in eye movement
studies, has been described. In the subsequent section a data analysis approach, the
linear mixed model, is presented.

2.5.3 Data analysis with the linear mixed model (LMM)

The utilization of liner mixed models (aka. multi-level models), for statistical data
analysis, in this study is based their relevance of being able to incorporate two basic
types of parameters in the investigation. Their parameters are; fixed-effects parameters
as well as random-effects parameters. While the nature of the former describes effects,
which has an application relevance to parts of, or even encompass relevance of the
effects of a complete population, but the latter types of parameters has effects which
are related to the units of the experiment.

Hence, the term mixed, just as in the two related types of models; the nonlinear mixed
models and the generalized linear mixed models they all encompass fixed-effects
parameters along with random-effects parameters, respectively. This leads to the
ability of studying the inter-dependency on a parameter-by-parameter approach of the
previously named types of parameter groups.
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Furthermore, due to the nature of these models, the occurrence of variation is found
both in the per-observation noise (which is commonly found in less complex models
e.g. linear regression models) as well as in the random-effects parameters (Bates,
2007). Thus, this model will be employed in this study. The effects of interest are
found below (Table 2.1).

Table 2.1 The various types of effects looked at in the linear mixed model (LMM).

Fixed effects Random effects
Word length Subjects

Word type (Opacity/Transparency ) Sentences

Word frequency Words

Word predictablity

Phoneme

The data analysis model (linear mixed model), that is utilized in this thesis study has
briefly been described above. Moreover, it’s common to apply some kind of general
outline of how a study will be conducted. This will be addressed in the subsequent
section, where | briefly scribe the cornerstones of the corpus analytic approach.

2.5.4 A corpus analytic approach

In general the corpus-based analytic approach has four main attributes (Biber, D.,
Conrad, S., & Reppen, R., 1998; Wang, 2005);

e Studying the definite patterns of natural texts, in an empirical manner.

e The unitization of an encompassing collection of natural texts is used.

e Automatic as well as interactive computer techniques are broadly applied in
the investigation.

e Qualitative along with quantitative analytical techniques are used and applied
mainly on functional interpretations of the usage of language (Biber et al.,
1998; Wang, 2005).

The corpus (dbrg.ut.ac.ir/Bijankhan/) used in the present investigation was created by

the Database Research Group (at the faculty of Literature and Human Sciences) at the
University of Tehran.
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CHAPTER 3

3 Methodology

3.1  Participants

This study was conducted at the Middle East Technical University, Turkey. Sixty
students participated in this study, fifty participants spoke both Azari and Persian while
the remaining ten only spoke Persian. There was an even gender split among the
participants with thirty females and thirty males, whose ages ranged between twenty-
two and forty-one (M=29.6, SD=4.03). Before initiating the experiment, the
participants were asked to read and sign a form of informed consent that gave them
details of the study as well as informing them that they could leave the experiment at
any time and for any reason. Post experiment the participants were asked to fill out a
demographic data form which gathered personal details as well as inquiries on their
use of the language. It could be concluded from this information that none of the
participants had previously been diagnosed with any language disorders, such as
dyslexia. One of the participants did have difficulty pronouncing the letter “R” in some
words. Furthermore, none of the participants wore any type of contact lenses.
Nonetheless, sixteen participants (eight males and eight females) did wear glasses
during the experiment and as such their test scores were removed from the study. One
student was automatically aborted from the test and needed to retake the test. Due to
this, we had to remove twenty-six sentences from this respondent’s test during the data
analysis, which were sentences that the respondent had previously seen. In summary,
this study was left with forty-four participants, twenty-two females and twenty-two
males. This resulted in the new age range being from twenty-four to forty-one
(M=29.81, SD=4.09). Each experimental session lasted thirty minutes.

An independent group of one hundred and twenty Persian speaking students from the
Islamic Azad University’s Pharmaceutical Sciences Branch (IAUPS), located in
Tehran, Iran, have participated in this study as well. Of these one hundred and twenty,
sixty of these students were female and the remaining sixty were male, with an age
range between eighteen and thirty-eight (M=23.66, SD=5.03). These students
participated in a predictability test that help determine the predictability of words
within the sentences. This type of experimental session took an average of fifteen
minutes.

3.2 Materials

This study had a total of ninety-nine one-line sentences which were chosen from the
Bijankhan Persian (Farsi) Corpus, which is a collection of 2.6 million manually tagged
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words. There are forty Persian POS (part of speech) tags within the Bijankhan Persian
Corpus. This collection was gathered from daily news articles and other various
common texts. In this collection the documents are categorized into different subjects
such as politics and culture. Inthis collection there was range of a total of four thousand
three hundred various subjects (Amiri et al, 2007). The following criteria were utilized
in order to choose which sentences would be used:

* The shortest sentences were merely nine words long while the longest was
twelve words long (excluded zero-width space) (M=10.27, SD=1.01). The size
of the characters was modified in order to fit into a line on the screen. Thus,
the character sizes were no greater than 69 (M=55.76, SD=6.74). The font
chosen for the experiment was Courier New with a font size of eighteen. This
resulted in each character corresponding to a 0.42 degree of visual angle®.

» None of the sentences used hyphenated words or numbers. In addition, no
punctuation marks were utilized within the sentences themselves with the
exception of a full stop at the end of a sentence.

» No abbreviations were used.
« l[dioms were not used.

* Questions and interjective sentences were not used.

When counting the word length without a zero-width space as an independent
character the length of the words ranged between one to twelve characters (M=4.78),
SD=1.76). When counting the word length with counting zero-width space as an
independent character ranged from one to thirteen (M=4.85, SD=1.9).

3.3 Apparatus

The subjects eye movements were tracked monocularly with an EyeLink 1000 Plus
system (1000 Hz). A desktop mount with a chin and forehead rest was used in order
to reduce any head movement. The sentences were printed out as a single line on the
screen and were aligned on the right-hand side of the screen. They were displayed one
at a time with a 1/3 vertical position from the top of the computer screen. The
computers ran on Windows 7 professional with a 3.6 Ghz processor and a 24” HDMI
monitor with a display resolution of 1024 x 768. The participants were seated 73 cm
from the screen with their head positioned on the forehead and chin rest. The camera
was positioned 66 cm in front of them. The texts displayed with a black font on a white
background with each character corresponding to 0.42 degrees of visual angle. There
were 14.03 pixels (see Figure 3.1).

! Multiply one character’s size (i.e. 14.03pix*(390 mm (screen width)/1024 pix)) by 0.5 (i.e. 0.5A),
and divide that by the viewing distance (730 mm) in the same units to find the tangent of the angle 0.56
: 0.5A/D = tan (0.56 ). Arctan (0.003659)= 0.2096 multiply by 2 (0.2096*2= 0.4192 rounded up to
0.42) to get 6 in degrees or fractions of degrees.
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Figure 3.1 Eyelink 1000 Plus desktop mount (Source: Eyelink 1000 Plus user manual 1.0.6, 2015)

3.4 Procedure

All participants signed an informed consent form that outlined the purpose of this
study. They were also informed that this study may result in academic publications.
The participants were also told that their personal identities would be kept confidential.
Finally, this study was approved by the Middle East Technical University ethics
committee.

3.4.1 Eye Tracking Experiment

The participants were instructed to read the sentences silently at their normal reading
pace in order to make sure they comprehended each sentence. After some trials they
were presented with a series of yes or no questions. A Logitech Gamepad F310 was
used for the responses. The right button was used to answer “Yes” while the left button
was used to answer “No”. 89% (SD=0.3) accurately answered the questions. The
participants were given breaks during the experiment and were allowed to rest for as
long as they needed. In total there were 127 trials including 99 sentences, 4 practice
trials, 4 practice questions and 20 questions.

General instructions were given before initiating the experiments. Pre-experiment a
calibration was conducted for each participant using a standard nine-point grid. A
bull’s eye was displayed on the right of the screen. Once the subject fixated on the
bull’s eye during 500ms the sentence was displayed with the first letter of the sentence
at the same point as the bull’s eye. The same process was repeated but with a bull’s
eye displayed on the lower left side of the screen and post 500 ms fixation the screen
would go blank and the sentence would be displayed at the same eye level as the first
right bull’s eye.

Before starting the experiment each participant read four practice trial sentences with
two follow up questions, after which there were nineteen trials made up of sentences
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and followed by random questions. At this point in time the participants were given
their first break. This process was repeated an additional four times containing twenty
trials. After each break participants were recalibrated and validated for accuracies. The
questions and sentences used were randomly presented for each participant.

3.4.2 Corsi Block and Digit Span Experiments

The participant’s working memory was tested using the Corsi Block test and the Digit
Span test. These tests were administered after the eye tracking experiment. Thirty
participants took the Corsi Block test first and then the Digit Span test second. The
other thirty took the Digit Span test first and the Corsi Block test second. The
instructions for each test were given in Persian.

The Corsi Block test is administered by touching at max nine similar looking spatially
separated blocks. The test starts out with two blocks and the difficulty continues to
increase until the participant gets two sequences wrong. The Digit Span test is
conducted by presenting a sequence of numerical digits that the participants are asked
to recall in the order they were presented. The test starts with two digits and then
becomes increasingly complex as the test progresses. After failing two consecutive
sequences the test ends.

3.4.3 Predictability Experiments

A Cloze task (Taylor, 1953) test was used in order to test the predictability of the words
used in this experiment. The sentences were divided into conditions, with the shortest
and longest having seven and ten words, respectively. A total of ten conditions. While
each word in a sentence results in a different condition, the first and last words were
removed and thus the predictability scores for these words were not calculated.

Consider the following sentence: “cuwl saé Al b laallaokn 38 s2alia 5 us G Souli,”
meaning “A new telescope has been designed for accurate observing black holes”.
The sentence was truncated in this manner:

e Sl

Telescope...

s Sl

A new telescope...

sl s @Sl

A new telescope for...

serobliia (gl suan Sl

A new telescope for observing...

oo paliie (g) s Sl

A new telescope for observing precise...

Lo allaebin (383 saalie (51 saa Sl

A new telescope for accurate observing black holes...
e b Lol (380 o3 liia (51 s Sl

A new telescope for accurate observing black holes design...
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The above is an example of how the sentences were truncated and how the sentences
were put together in each condition. Therefore, this gives an idea of the manner in
which the experiments were conducted. Hence, there were ten separate experiment
sessions encompassing ninety-nine trials. Each participant was presented with a
different set from the total of the available trials. The participants were asked to add
the word that they thought fit the context of the sentence in the blank spaces. They
were asked to use their intuition rather than thinking long on each sentence. By giving
different conditions to the various participants, each word was tested by twelve
participants. In case a participant predicted a word correctly they were given a score
of 1. Any other response was scored as a 0. This resulted in a blind score in which
only the actual word was scored as a 1, while any derivatives of that word were scored
as 0. One such failure could be to choose the word “completely” instead of the word
“complete”. The predictability score of each word was presented as a proportion of the
number of times the word was correctly predicted.

3.5 Eye Movement Data Analysis

The EyeLink Data Viewer was used for the purpose of data analysis, a software
package utilized to view, process, and filter data collected using the EyeLink system.
Furthermore, the program does also display auto segmented interest areas® (see
Figure 3.2).
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Figure 3.2 A sample eye movement data in DataViewer. The blue circles denotes fixations where the
numbers are fixation durations, and the rectangles are interest areas.

Fixation Report and Interest Area Report from DataViewer are the output data from
this investigation. First fixation durations (FFDs) along with gaze durations during
first pass (GDs) from the Interest Area Report for interest areas were directly acquired.

IA_FIRST_FIXATION_DURATION and IA FIRST RUN_DWELL_TIME, was
the names they were given in the data viewer, respectively. IA_FIRST_FIXATION_X
was also rendered in the report resulting in the pixel position of the first fixation along
the x-axis, inside of the current interest area.

To obtain the first fixation landing positions (FLPs) in terms of characters, then the
following calculations were conducted:

2 Date viewer works by truncating sentences in a word-wise manner which creates interest areas, which
is conducted so that each word is associated with an interest area. By this follows that the Interest Area
Report in describing the fixation properties within the related interest areas.
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Initially, the empty characters on the right side of the sentences along x-axis, composed
of 42 pixels, were subtracted from the value of fixation position. Subsequently, this
new obtained value was divided by 14.03 which correspond to one character in pixel.
This results in the pixel value being converted into character unit. In the next step, the
sum of word lengths as well as the number of spaces before the current word was
subtracted for each word. The final value resulted in a fractional number, however it
does not make sense to talk about fractional character indices; therefore, it was checked
and observed carefully in order so that the rounding up of these values resulted that it
landed in the exact character position; hence, they were rounded up in order to get the
FLP value.

In the same manner, the total number of fixations in a trial in the first run of the current
interest area, the number of times the interest area was entered from a higher 1A_ID
(from the left in Persian), and the number of times interest area was exited to a lower
IA_ID (to the right in Persian) before a higher IA_ID was fixated in the trial were
obtained directly from the Interest Area Report. They were named in Data Viewer
as IA_FIRST_RUN_FIXATION_COUNT, IA REGRESSION_IN_COUNT, and
IA_ REGRESSION_OUT_COUNT respectively.

The Interest Area Report also provided information on whether the current word had
been skipped or not during first pass reading. The words which have blinks or not
during first pass reading have been acquired via Fixation Report.

By following the approach of the analysis found in the literature (Kliegl, Nuthmann,
&Engbert, 2006; as cited in Yan et al., 2014) log10 transformation was applied on
word frequency which ranges from 1 to 120,558 per million while log2 transformation
was applied to word length values. Furthermore, the natural logarithm transform was
applied on the first fixation duration along with gaze duration, which deleted the skew
in the distributions. Also, logit transformation was applied for predictability values
(Kliegl, R., Grabner, E., Rolfs, M., & Engbert, R., 2004).

3.6 Data Selection

Before the data was analyzed, several exclusion criteria were applied. The first is that
the first word and the last word were removed. As Yan et al. (2014) state this is a
common practice for research conducted over reading. Second, all of the data was
checked manually to make sure there was no loss of data and to correct for any issues.
Trials that displayed any loss of data or had offset issues were excluded from the
experiment. Lastly, words with shorter and longer first fixation duration (FFD) than
30 ms and 1000 ms, respectively, were removed. The same was done with gaze
durations (GDs) longer than 1500 ms along with words which was blinked at during
fixation (Kliegl et al, 2004). Any fixation made prior to the words on the empty space
was excluded from the analysis, as well.
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3.7 Linear Mixed Model (LMM) Analysis

Random effects structure was controlled and the fixed effects were defined by the
utilization of the linear mixed model (LMM). The effects of the following variables
were investigated:

Word length

Word type

Word frequency
Word predictability
Phonemes

The effects of previously described factors were investigated the eye movement
parameters below:

First fixation duration (FFD)

First run fixation count (FRFC)
Gaze duration (GD)

First fixation landing position (FLP)
Regression in count (RIC)
Regression out count (ROC)

It should be noted that the results from the FLP was added to the FFD, FRFC and GD
models since these parameters follows the FLP parameter (Yan et al., 2014).

The optimal models for each dependent variable in LMM rejected to keep the word
length excluding zero-width space (as an independent character) and pixel variables
due to collinearity error. Therefore, in the present study word length variable contains
only characters including zero-width space. Regarding word type
(transparency/opacity including Persian Ezafeh suffix (as a phoneme)) | decided to
discard the variable due to lack of significance and to keep word type
transparency/opacity excluding Persian Ezafeh suffix in the all models.

One of the important assumptions of linear models is regarding the independence
assumption. In the case of behavioural studies, they generally violate the independence
assumption due to the same subjects giving rise to multiple responses during the
experiment. In such a setting, it is impossible to evaluate each response as independent
(see Figure 3.3).
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Figure 3.3 Quantile-quantile plot for FLP responses among subjects. x axis is log2(wl0), y axis is
log2(flp), each subgraph belongs to different subjects.

As Figure 3.3 shows, it is possible to detect individual variations during the
experiment. Therefore, to deal with the violation of the independence assumption in
this study, | added a random effect for each subject which helped in creating different
baselines for each of the subjects (Winter, 2014).

The addition of the random effect for each subject is a special feature of the linear
mixed model, which we utilized. Unlike regular linear models, the linear mixed models
not only deal with fixed effects but also with random effects as well, which captured
individual differences. There is also the issue of by-sentences and by-words variations
which violated independence assumptions. To overcome these issues, | added
additional random variables to the models. Thus, by applying these aspects we have
different intercepts for different subjects, sentences, and words which capture
variations in dependent variables.

Thus far, we have only considered the random intercept model, however the fixed
effects are not the same for all the subjects. Moreover, the slopes should also be
adjusted for the random slope model. As an example, (1+wl|sub) infers that we have
different baselines (or intercepts) as well as different responses relate to word length.
Before | could construct the models, the outliers and missing values had to be
examined. Due to no missing values in the data set occurred, no imputation methods
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were applied. However, outliers were remove based on two main criteria (Kliegl et al.,
2004):

1. Gaze duration (GD) records that are higher than 1500 ms are removed.

2. First fixation duration (FFD) records that are higher than 1000 ms or lower
than 30 ms are removed, as well.

Furthermore, a log transformation is applied to normalize the dependent and
independent variables in a manner as follows (Kliegl et al., 2004):

— The natural logarithm of skewed FFD and GD variables are used.
— The log2 of skewed FLP, PHON, and WL variables are used.

— The log10 of skewed WF and PIX values are used.

— A logit transformation is applied on the WP values.

As a result, my models are built following the standard modelling procedures as
described below (Yan et al, 2014; Kliegl, R., Wei, P., Dambacher, M., Yan, M., &
Zhou, X., 2011; Baayen, 2008a; Baayen, R. H., Davidson, D. J., & Bates, D. M.,
2008b; Hohenstein, S. & Kliegl, R., 2014).

The application of random effects in the Linear Mixed Model (LMM):

— Initially, random intercepts were added for the subjects, sentences, and words.
— Secondly, random slope factors were added exclusively for the subjects.

The independent variables (word length, word frequency, word predictability, word
type, and phonemes) features were the same within the sentences and words for all the
subjects. Thus, it would not be sensible to add these variables into the random slopes
of sentences and words.

In this study, | utilized the Imer function of the Ime4 package according to the R.
Modelling steps, as described below:

1. A dependent variable was chosen. This first dependent variable chosen was
First Fixation Landing Position (FLP).

2. Secondly, the base model was constructed as simple as possible. Based on the
methodology, | only utilized the word length for this.

3. An alternative model was constructed by adding an additional covariate to the
base model.

4. These two models were subsequently compared by using the ANOVA test. In
the case that a new term does give a significant result, i.e. additional power to
explain a dependent variable, the new variable was kept. In case the alternative
model failed to produce a significant result, the covariate was omitted, and a
new covariate had to be added to the base model.
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5. Step 3 and step 4 were repeated until all the independent variables are added to
the models.

In addition, it should be stressed that in step 4 a log probability test using ANOVA
function was conducted. By comparing the probability of the two models (reduced and
full model) with each other | obtained a p-value from the ANOVA test. If the
comparison proved to be significant (i.e. the p-value is less than 0.05 (p-value <0.05)),
it would lead us to continue with the full model.

In summary, the present chapter has given a description of important information
related the methodology utilized in this study. This methodology, consisting of
materials, apparatuses, subjects, data analysis and data selection, as well as procedures
with the latter being the application of the linear mixed models (LMM).
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CHAPTER 4

4  Results

In this part of the thesis I present the results from the eye movement measures: first
fixation duration (FFD), first run fixation count (FRFC), gaze duration (GD), first
fixation landing position (FLP), regression in count (RIC) and regression out count
(ROC) from the runs of the liner mixed models (LMMs). For convenience follows a
short recapitulation, describing the individual eye movement measures prior to
reporting their results.

e First Fixation Duration (FFD): The duration, measured in units of milliseconds
[ms], of the first fixation in the current interest area.

e Gaze Duration (GD): The total duration, measured in units of milliseconds
[ms], of all fixations on the current interest area.

e First Run Fixation Count (FRFC): The total number of fixations, in the first
run of the current interest area in a trial.

e Regression-in Count (RIC): Number of times, the interest area was entered
from the left in Persian.

e Regressions-out Count (ROC): Number of times, the interest area was exited
to the right in Persian, before the upcoming fixated word in the trial.

e Fixation Landing Position (FLP): The character of the word (i.e. character
based measuring) on which the first fixation is made.

4.1 Fixation Landing Position (FLP)
In this section I present the results from the fixation landing position (FLP). The word

length, word type, word frequency, and word predictability will be shown and how
they relate to the fixation landing position.
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Mean FLF by Word Length
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Figure 4.1 The word length (WL) plotted against the mean first fixation landing position (FLP).

Figure 4.1 (shown above) shows the lengths of the words against the mean of the first
fixation landing position (FLP). This is shown as red dots and a blue trending line.
From word length one until nine a logarithmic increase of the fixation landing position
is seen. Post word length nine the advent of a fluctuation is observed. However, if
looking at word length between one and five an almost liner increase in mean first
fixation landing position is viewed in the graph. This linear increase of the mean FLP
prior to word length five as well as the fluctuation in mean FLP post word length nine
may both be explained by the higher and lower number of each word length,
respectively (Appendix A;Error! Reference source not found.).
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Figure 4.2 Thirteen graphs, one for each word length, 1 to 13, respectively, display the first fixation
landing position for each word length relative to the fixations count, which results in that the graphs
show the preferred viewing location (PVL) for all the word lengths.

In the Figure 4.2 above the preferred viewing location (PVL) in relation to the word
length of the Persian words is shown. Hence, since Persian script is read from right to
left, these results must be interpreted in an opposite manner versus Latin script words.
This means in word length two and three PVL was found to be mainly at end or left
side of the word. In words with length four and five PVL seems to be situated in the
center or slightly right of the word. However, for words with length six to nine PVL
seem to be found more towards the beginning of the words, hence to the right. For
word length ten to thirteen the data points are too few to make any reliable
interpretation. Hence, it seems that with increasing word length the PVL travels from
the left to the right on those words.
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Figure 4.3 A graph displaying the relationship between word length and word frequency.

The relation between word length and frequency can be displayed with a trend line
(See Figure 4.3). This figure shows that with increased word length the less frequent
the word is.

A summary of the general effects of the independent variables on the eye movement
measure first fixation landing position (FLP) from the linear mixed model analysis
(LMM):

Random effects:

e It was found that the variance between the subjects is greater than the variance
between sentences. However, it was also found that the highest variance was
found to be between words.

Fixed effects:

e Regarding fixed effects, various effects were observed. A statistically positive
effect of word length (WL) on the first fixation landing position (FLP) was
found in that higher FLPs correspond with longer words (b = 0.63, SE = 0.06,
t = 9.43) (see Figure 4.1).

e Inregards to word frequency (WF) a similar positive effect was found. Hence,

higher FLPs corresponds with higher WF, i.e. with more frequent words (b =
0.103, SE = 0.02, t = 4.88) (see Figure 4.4).
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Mean FLP by Word Frequency

Mean FLP

Word Frequency

Figure 4.4 A graph showing the word frequency (WF) plotted against the first fixation landing position
(FLP).

e However, no significant effect was found between first fixation landing
position and each independent variable: word predictability, word type
(opacity, transparency) and phonemes.

e Lastly, an interaction displayed a positive effect on the first fixation landing
position with regards to word length and word type (transparency). This means
that with an increasing word length and if the word is transparent the results
indicated an increase in FLP (b =0.13, SE = 0.06, t = 2.21).

4.2 First fixation Duration

The results for how the independent variables affect the First Fixation Landing
Position analyzed by Linear Mixed Model (LMM) was shown in the previous part. In
the present part the result of the same variables’ effect on the First Fixation Duration
will be provided.
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Mean FFD by Word Length

240 P
* 5 .
730 L] L]
. W P

oy : L ]
Ma L]
- 210
<
1
Z

I_I_I

L ]
190
B0 *
1 2z i 5 6 8 | 11 12 13
Word Length

Figure 4.5 The word length (WL) plotted against the mean first fixation duration (FFD).

The word length has been plotted against the mean for First Fixation Durations (FFDs),
shown in the Figure 4.5. Initially it can be observed that between the word lengths 1
and 4 the fixation duration increases almost proportionally, and post word length 4 the
fixation duration starts to decrease. This decrease in the first fixation duration occurs
until word length 11 where that the first fixation duration starts to increase until word
length 13.
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Figure 4.6 The fixation landing positions (FLP) plotted against the first fixation durations (FFD) in
three graphs based on word length category, which are 1 to 5 (short), 6 to 9 (medium) and 10 to 13
(long), respectively.

The general effects of the independent variables on the First Fixation Duration (FFD)
from the running of the linear mixed model (LMM):

Random effects:

e The largest variance is found between subjects, which may be attributed to the
personal traits of the subjects. Furthermore, it was found that the second highest
variance is found between words, while the lowest variance is found between
the sentences.
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Fixed effects:

It was found that medium long words (in the span between 5 and 11 in character
length) were fixated shorter compared to that those of short word length (1 to
4). This may be explained by high refixation rates for medium-long words (b
=-0.052, SE = 0.016, t = -3.15)

With regards to word frequency it was found that a disproportionate relation
exists between WF and the first fixation duration. This could be explained in
that a word more commonly seen need less time of fixation to be processed,
which even seems intuitive. (b =-0.048, SE = 0.005, t =-9.69) (see Figure 4.7).

Mean FFD by Word Frequency
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Figure 4.7 The word frequency (WF) is plotted against the mean first fixation duration (FFD).

Also, the fixation landing position and its relation to the first fixation duration
was investigated. It was found that these eye movement measures are
proportionately related to each other, hence if the landing position increases so
does the fixation duration as well. (b =0.014, SE = 0.001, t = 9.436)

The interaction between two independent variables have a negative effect on
the first fixation duration. This interaction when occurred between the word
length and the phoneme has this effect. Hence, when the word length increases
and the phoneme increases the first fixation duration decreased (b = -0.076, SE
=0.014, t =-5.26).

Another interactive effect was between word length and word type, which
resulted in a decrease in first fixation duration. The decrease occurs when the
word length increases and the word is transparent, and this has a negative effect
on the first fixation duration (b = -0.046, SE = 0.014, t = -3.13).

Lastly, no significant effect was found on first fixation duration with respect to
word predictability, word type, and phonemes.
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4.3 Gaze Duration

In the previous section the results regarding the first fixation duration (FFD) were
described, and in this section the results of the subsequent eye movement measure,
Gaze Duration (GD), will be presented.
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Figure 4.8 The word length (WL) is plotted against the mean gaze duration (GD).

In Figure 4.8, word length is plotted against the mean gaze duration. Through most of
the graph we see a strong proportionality between the word length and the mean gaze
duration i.e. that an increasing word length is resulted in a long gaze duration time. It
is plausible to assume that this is in part caused by a high fixation counts during the
reading. However, a slight fluctuation can be seen from word length nine and onwards.
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Figure 4.9 The fixation landing positions (FLP) plotted against the gaze durations (GD) in three
different graphs based on word length category, which are 1 to 5 (short), 6 to 9 (medium) and 10 to 13
(long), respectively.

A summary of the general effects of the independent variables on the eye movement
measure Gaze Duration (GD) analyzed by the linear mixed model (LMM):

34



Random effects:

Three random effects have been observed in the model: The variance between
words displays the highest variance as a random effect followed by the variance
between subjects, while the variance between sentences have shown the lowest
variance of these three random effects

Fixed effects:

Mean GD

A consistent and proportionate relation has been found in that increasing word
length resulted in longer gaze durations. This could be hypothesized to be
caused by a high fixation counts during the readings (b = -0.23, SE = 0.02,t =
10.44).

It was also found that with increasing word frequency, shorter gaze durations

were observed, hence, there is a negative effect of word frequency on gaze
duration (b =-0.08, SE = 0.006, t = -13.085) (see Figure 4.10).

Mean GD by Word Frequency

Word Frequency

Figure 4.10 The word frequency (WF) is plotted against the mean gaze duration (GD).

In the manner as with word frequency, a negative effect of word predictability
on gaze duration was observed i.e. when the word predictability is high the
gaze duration is short (b = -0.027, SE = 0.009, t = -3.01).

In relation between the eye movement measures fixation landing position and
gaze duration it was found that when the fixation landing position
increased, the gaze duration decreased. Hence these two measures show a
disproportionate relation as well (b = -0.058, SE = 0.001, t = -30.814).

It was found that the interaction between word length and word frequency
resulted in a negative effect on the gaze duration, i.e. with elevated word length
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and frequency the value on gaze duration decreased (b =-0.033, SE=0.01, t =
-3.34).

e The same type of negative effect on the gaze duration was found in the
interaction between world length and fixation landing position i.e. when the
two latter variables was elevated the gaze duration decreased (b = -0.029, SE
=0.003, t =-9.02) (see Figure 4.6).

e There was not any significant effect on GD respect to word type and phoneme.

4.4 First Run Fixation Count

In the previous section the results of the linear mixed model for the gaze duration was
described. In this section the First Run Fixation Count (FRFC) results will be displayed
as effected by the independent variables.

The general effects of the independent variables on the eye movement measure First
Run Fixation Count (FRFC) analyzed by a linear mixed model (LMM):

Random effects:

e |t was found that a higher variance existed between subjects than the variance
between words in a sentence, but the variance between sentences was the
lowest.

Fixed effects:

e Regarding fixed effects, the first run fixation count displayed a proportionate
relation i.e. a positive effect of word length, i.e. with increasing word length
corresponds an elevated first run fixation count (b = -0.48, SE = 0.025, t = 18.8)
(see Figure 4.11).
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Mean FRFC by Word Length
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Figure 4.11 A graph showing the word length (WL) plotted against the first run fixation count (FRFC).

e The effect of word frequency on first run fixation count was found to be
negative, hence that with a higher word frequency yields a lower first run
fixation count (b = -0.068, SE = 0.008, t = -8.34) (see Figure 4.12).

Mean FRFC by Word Frequency
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Figure 4.12 A graph showing the word frequency (WF) plotted against the first run fixation count
(FRFC).

e In the same manner, with an elevated word predictability corresponds a
decreased first run fixation count, as per negative effect (b = -0.035, SE =
0.008, t = -4.08).

e A negative effect of fixation landing position on first run fixation count was

also found, hence an increase in the former resulted in a decrease in the latter
(b =-0.108, SE =0.002, t = -47.53).
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The interaction between word length and word frequency was found to display
a negative effect on the first run fixation count (b = -0.051, SE = 0.01, t = -
4.95).

The same type of effect was found when word length interacted with word
predictability on first run fixation count (b = -0.022, SE =0.011, t = -1.995).

The interaction between word length and phonemes showed a positive effect
on the first run fixation count (b = -0.14, SE = 0.019, t = 7.48).

An interaction between the fixation landing position and word length showed
a high negative effect on the first run fixation count (b = -0.06, SE = 0.003, t =
-15.305).

There is no significant effect on first run fixation count with respect to word
type and phoneme

4.5 Regression in Count

In the previous section the results from the linear mixed model for the first run fixation
count was described. In this section the findings of the Regression in Count (RIC)
analyzed by linear mixed model (LMM) with be described.

Mean RIC
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Figure 4.13 A graph showing the word length (WL) plotted against the regression in count (RIC).

A summary of the general effects of the independent variables on the eye movement
measure Regression In Count (RIC) analyzed by linear mixed model (LMM):

Random effects:

The most notable random effect was that the highest variance between words,
the second highest variance was that between subjects while the lowest
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variance was found between sentences. Noteworthy is that the latter variance
was expected to be the lowest amongst the three types of random effects.

Fixed effects:

Mean RK

. .‘. "o uﬁ

Initially, it was found that a negative relation existed between the regression in
count (RIC) and word frequency, i.e. that with frequent words in the text the
RIC value was found to be lower (b = -0.022, SE = 0.008, t = -2.6) (see
Figure 4.14).
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Figure 4.14 A graph showing the word frequency (Wf) plotted against the regression in count (RIC).

A negative effect of word predictability on regression in count was observed,
hence with more predictable words the RIC values decreased (b = -0.076, SE
=0.011, t =-6.46).

Thirdly, it was found that transparent words and regression in count expressed
a positive relation with each other. Hence, with a transparent word the value of
RIC increased (b =-0.053, SE = 0.021, t = 2.49).

Another positive effect was found, this time effect of phoneme on regression
in count. This means that when the number of phonemes increased the values
of RIC increased as well (b =-0.08, SE = 0.032, t = 2.44).

Lastly, it was found that the interaction between word length and word
predictability had a negative effect on regression in count. Hence, when word
length increased and word predictability increased the RIC decreased (b = -
0.049, SE = 0.014, t =-3.37).

There is no significant effect on RIC respect to word length and first fixation
landing position.
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4.6 Regression Out Count

In the last section the results of the linear mixed model on the eye movement measure
regression in count (RIC) was discussed. In the present section the results of the LMM
for Regression Out Count (ROC) will is displayed.

A summary of the general effects of the independent variables on the eye movement
measure Regression Out Count (ROC) from the linear mixed model (LMM):

Random effects:

e Similar to the random effects in the latter section (i.e. the regression in count
results) it was found that the highest variance was found between words, the
second highest variance was found between subjects and the lowest variance
was found, as was expected between sentences.

Fixed effects:
e A positive effect of word length on regression out count (ROC), thus with

elevated word length an elevated value on the ROC was found (b = -0.05, SE
=0.023, t = 2.13) (see Figure 4.15).

Mean ROC by Word Length

Mean ROC
.

2 3 4 5 & 7 B8 9 10 11 12
Word Length

Figure 4.15 A graph showing the word length (WL) plotted against the regression out count (ROC).

e Incontrast to the previous fixed effect, a negative effect of word frequency was
seen on the regression out count (ROC). This means that an increase in word
frequency resulted in a decrease in ROC value (b = -0.014, SE = 0.007, t = -
1.94) (see Figure 4.16).
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Mean ROC by Word Frequency

Mean ROC

Word Frequency

Figure 4.16 A graph showing the word frequency (WF) plotted against the regression out count (ROC).

e A negative relation was observed between phonemes and regression out count
(ROC). Consequently, with increasing numbers of phonemes the ROC value
was found to be decreased (b = -0.07, SE = 0.026, t = -2.68).

e It was found that an interaction between the number of phonemes and the word
length had a negative effect on the regression out count. Accordingly, with
higher number of phonemes and with longer word length the ROC value
decreased (b =-0.075, SE = 0.02, t = -3.58).

e Lastly, it was found no significant effect could be found by first fixation
landing position, word predictability and word types on the regression out
count value.

4.7  Result Summary

In this result section we have described the findings of all the eye movement measures,

Fixation Landing Position (FLP)
First Fixation Duration (FFD),
Gaze Duration (GD),

First Run Fixation Count (FRFC),
Regression in Count (RIC),
Regression out Count (ROC)

and how these eye movement measures have been affected by the independent
variables,

Word Length (WL)
Word Type (WT)

Word Frequency (WF)
Word Predictability (WP)
Phonemes (PHON)
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and all of their relations or their lack that of. To describe their relations in an overview
table, and their correlations they have been summarized and plotted in a correlation
matrix, respectively. This correlation matrix, (see Figure 4.17) incorporates colors’
(blue and red) shades in its display, as can be seen below. The information of effects
can be viewed in Table 4.1.

Table 4.1 Displaying the relations between the eye movement measures and the independent variables.

Independent Eye movement measures

variable (FLP) (FFD) (GD) (FRFC) (RIC) (ROC)
(WL) Positive Negative Positive Positive - Positive
(WT) - - - - Positive -
(WF) Positive Negative Negative Negative Negative  Negative
(WP) - - Negative Negative Negative -

Phonemes - - - - Positive Negative
(FLP) - Positive Negative  Negative - -

FFD FRFC GD

WL

O PHON

WP T ROC RIC

FLP

413 014 013 |44 L16 Ho06  H03 016 014 017

WF

GD FRFC FFD WL PHON O RIC ROC T WF FLP WF

Figure 4.17: In this correlation matrix the linear relations between the variables is described in terms of
shades of colors. The darkest blue color (+1) indicates a strong positive correlation which decreases
with decreasing shade of blue until it reaches white (0) which indicate a lack of correlation. The darkest
brown color (-1) indicates a strong negative correlation which decreases with decreasing shade of brown
until it reaches white (0) which indicates a lack of correlation.
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CHAPTERS

5 DISCUSSION & CONCLUSION

In the present study | investigated how five independent variables relate to six eye
movement measures during reading of Persian script, by native Persian speakers. The
eye movement measures examined were first fixation landing position (FLP), first
fixation duration (FFD), gaze duration (GD), first run fixation count (FRFC),
regression in count (RIC), and regression out count (ROC). My independent variables
were: word length (WL), word type (WT), word frequency (WF), word predictability
(WP), and phonemes (PHON). These measures and variables were selected due to their
appearance in literature related to similar studies as this one. This study was conducted
based on the principles of corpus-based analytical approach, which incorporates four
basic aspects which were outlined in the background in Chapter 2. The linear mixed
model was chosen as the most suitable model with respect to its ability to control the
random effects (subjects, words, and sentences) with respect to the eye movement
measures and including individual differences in the analysis of experimental effects
(Kliegl et al., 2010).

Initially, in regards to the first fixation landing positions (FLP), it was found that a
logarithmic increase was seen between the mean FLP and the word length. However,
this was specifically for word lengths from one to nine, but after that point a fluctuation
starts which could be the result of much lower number of counts of longer words in
the stimuli. One may also spot an almost linear relation between word length of one
character and word length of five characters. These results are in line with what has
previously been found in related studies (Yan et al., 2014; Nuthmann, A. & Kliegl, R.,
2009; Deutsch, A. & Rayner, K., 1999; Rayner, K. & Raney, G. E., 1996; Rayner,
1979.) Regarding the preferred viewing location (PVL) it was found that the location
seems to be different as a function of the word length of the word. The results showed
that shorter words were focused near the end of the word (left - as per Persian script),
while longer words close to the beginning (right - as per Persian script), but those of
medium length were focused closest to the center. Thus, the PVL seemed to shift from
left to right as the word length increases. This is in good agreement with the
hypothesized effect that medium (or average) long words have their FLP near the
center of the word. A positive relation was also found between the mean FLP and word
frequency for low to medium frequency words. In the present study values of whole-
word frequency were utilized, and it was observed that longer words have less
frequency values. Therefore, the frequency effects are likely influenced by word length
due to the close relationship between word length and frequency.
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Regarding the results of first fixation duration (FFD), we see a mainly positive effect
of word length on FFD. However, after word length six or seven until thirteen a slight
fluctuation is seen. This means that short words result in shorter durations, medium-
long words result in longer durations and the longest words result in long durations as
similar to medium-long words. Furthermore, the inverted optimal viewing position
effect was observed in this study: The longest durations were observed neither at the
beginning nor at the end of the words but close to the center of the words, but with a
slight shift to the beginning (right — as per Persian script). These findings are in line
with what has been reported in previous studies (Vitu, F., McConkie, G. W., Kerr, P.
& O'Regan, J. K, 2001; Nuthmann, A., Engbert, R., & Kliegl, R., 2005; Hyona, J. &
Bertram, R., 2011; as cited in Yan et al., 2014). Lastly, it was found that a negative (or
disproportionate) effect of word frequency on FFD was found, which has been
hypothesized. We found that lower frequency words have a higher FFD while more
common words had a lower FFD. Hence, this hypothesis has been confirmed by the
results, as well.

Gaze durations (GD), which is the sum of all the fixation durations when they are read
for the first time, i.e. during the first-pass reading are found to be positively related
with word length in what seems to evolve into an almost exponential increase with
increasing word length. That is in line with the hypothesis on the relation between GD
and word length. It was also found that fixations were longer when fixation landing
position was in the beginning (right - as per Persian script) of the words in all the word
lengths categories. Furthermore, it was observed that with increasing word
predictability, as well as with increasing word frequency decreasing GD followed.

Regarding the eye movement measure first run fixation count (FRFC), it was found
that the same relations was found towards word length, word frequency, and word
predictability as between these independent variables and the previous eye movement
measure gaze duration (GD), i.e. positive, negative, and negative, respectively. Hence,
the hypothesis regarding that the effect of the word predictability on first run fixation
count will be negative was found to be true.

As with the previously discussed eye movement measures a negative effect of word
frequency and word predictability was found on regression in count (RIC). Which was
hypothesized, as well. However, a relation was found between RIC and word length,
which displayed a positive relation from length one to seven and a negative from nine
until thirteen. It could be speculated that the latter relation between RIC and word
length could be explained in part due to the negative effect found in the RIC when
word length and word predictability interacted. Moreover, a significant effect of
phonemes was found for the first time on an eye movement measure (regression in
count), which was a positive effect. The Persian Ezafeh affix might be the explaining
factor here, which is an enclitic vowel linked to the head noun as related modifiers and
possessor noun phrase (Samvelian, 2007) and has very two types, i.e. adjectival and
nominal Ezafeh (Perry, J. R. & Kaye, A. S., 2007), Below a schematic structure of an
example of Persian noun phrase is shown:
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N-EZ AP-EZ PP-EZ PP-EZ PP-EZ NP(Poss)
sibha-ye  ghermez-e abdar-e bagh-e pedarbozorg-e Arash
apples-EZ red-EZ juicy ezgarden-EZ grandpa-EZ Arash

‘red juicy apples from Arash’s grandpa’s garden’

Therefore, we could extract that participants showed regression ins for text integration
(annexation, suppletion) and comprehension as the very affix links the head noun and
the possessor NP (e.g. Arash) together along with the all elements.

With regard to regression out count (ROC), a positive effect of word length on ROC
was found. In addition, phonemes on their own proved to affect ROC negatively, as
did word frequency.

Finally, during reading of Persian sentences by native Persian readers, various
properties of words have been shown to correspond, and in some cases in an interactive
manner with each other, with different aspects of eye movements during the reading
process. Moreover, most of the findings in this study are in line with the results in
previous studies on eye movement measures in reading when word related independent
variables have been utilized. Thus, this seems, as per the existing scientific literature
on eye movements during reading, to be the first study focusing on eye movement
during silent reading of Persian sentences.

There are, however, a number of limitations that warrant mention and consideration.

An aspect which may influence the cognitive ability of information processing is the
phenomena of bilingualism, or the ability of communicating via more than one
language. It has been shown; however not conclusively, that bilinguals may have an
advantage over monolinguals in that their cognitive abilities is elevated. The latter case
has been true when bilinguals learn a novel language. In a study by Mokhtari Khiyavi
et al. (2016) on EFL (English as a Foreign Language) learners, it was shown that
Turkish-Persian bilinguals outperformed their Persian monolinguals peers in English
reading comprehension. However, Jalalipour et al. (2017) observed that the opposite
was true when Arabic-Persian bilingual and Persian monolingual fifth grade peers
were reading Persian. In this study, which was focused on reading accuracy and
reading comprehension, it was found that the monolinguals in general excelled over
their bilingual peers in both areas of reading. Thus, the number of languages which the
reader knows and masters influences not only the reading process of texts in one of
those languages, but also the reading process while learning a novel language. The first
limitation to the present study is related to the number of bilingual subjects, 32 subjects
out of 44, in total, were bilingual, which includes native speakers of Persian and Azari.
Azeris (an ethnic group of Iranians who live in northern Iran), in Iran, are generally
fluent in Persian. However, it is good to consider that Azari is a Western Oghuz Turkic
language while Persian is and Indo-European language (Rashidvash, 2012). This could
have unintended effects which should be considered for future research. Such a study
could focus on the possible effects of bilingualism between two languages from two
different language families might have on the reading process. In the present study any
effect due to bilingualism is outside its scope, and hence has not been investigated in
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this master thesis. However, in future investigations this phenomenon ought to be
addressed, and perhaps incorporating various bilingual variations in various studies,
such as Azeri-Persian, Kurdish-Persian, Arabic-Persian, or Armenian-Persian
speakers along with Persian monolinguals.

The second limitation to the present study is related to generalization of the results;
how and to what extent the results are applicable to the Persian language. The stimuli
were chosen from a corpus but to what degree it represents the Persian language is
unclear.

Thirdly, the study of morphological complexity (affixation) such as suffixes, prefixes,
and infixes were beyond the scope of this research but do open up an additional avenue
of study of this topic. By considering a target-word approach it opens the possibility
to observe morphological aspects. By this follows that word frequencies and
predictability tests may be added, in future investigations, in the affixation level.
Moreover, it should be noted that this study did not encompass the Corsi Block and
Digit Span tasks into the eye movement measures analysis. Hence, future
investigations would be better suited to address these tasks.

One of the interests which could be considered in Persian reading studies is comparing
its results with a different language which uses the same alphabet. One such language
could be Arabic. The Arabic morphology is a non-concatenative morphology as
opposed to the Persian morphology which is based on an affixal system. While the
Persian language is utilizing the Perso-Arabic alphabet, the Arabic language is using
the Arabic alphabet. Both these alphabets have their origin in the Aramaic alphabet,
but have evolved in slightly different directions (Healey, J. F. & Smith, G. R., 2012).
Hence, it would be constructive to compare the findings of eye movement control
during reading from these two different languages, which encompasses different
morphologies, while similar orthographical characteristics. Various investigations
have been conducted in Arabic. In one of these studies Hermena, Liversedge, and
Drieghe (2017) found that native Arabic readers tend to fixate words close to the
respective word center, or more precisely prior to it in all conditions including 5 and 7
character long words. Moreover, FLP were more likely to land closer to the beginning
of longer words in comparison with shorter words. Consequently, these findings, as
well as the results of the present study, are in line with the classic findings.

Moreover, the results of the present study is in line with the findings of Hermena et al.
(2017) with regards to first fixation duration and gaze duration, i.e. longer fixations
on longer words. The authors also found longer first fixation duration on shorter words,
spatially, rather than longer words which are in line with the findings in the present
study.

According to what has been described above, it could be stated that findings of two
different languages of the same non-Latin alphabet with the same orthography, are
both in line with the literature. However, there is a big vacuum, specifically, for
comparative future works which investigates both languages within the same study.
Moreover, as a plausible future aims, studies should consider suffixation effects on
OVP and IOVP measures by using further paradigms such as the boundary paradigm,
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as described by Hyona, Yan, and Vainio (2017) in their study within the Finish
language. Such future investigations could illuminate information regarding
morphological, typographical and lexical aspects and their effects on eye movement
measures in reading.

Nonetheless, it should also be stressed that it would be of high interest for future
investigations in similar eye movement experiments as the present, to incorporate and
consider words with similar orthography but with differing pronunciations.

This thesis aimed at contributing to reading research by reporting findings of a
relatively less-studied language, namely Persian. It is necessary to conduct further
studies with broader stimuli, with alternative paradigms (e.g., the target-word
approach), as well as with a larger population.
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APPENDICES

Appendix A

Table A.1 Means (standard deviations) for eye movement measures according to word length

WL N FFD  FRFC  GD FLP  RIC ROC
1 21 182(59) 1(0.07) 182(59.7) 1(0)  0.12(0.34) 0.09(0.28)
2 154 196(63) 1(0.17) 201(75.1) 1.5(1) 0.11(0.36) 0.1(0.31)
3 99 229(79) 1.1(0.38) 255(107) 1.8(1.1) 0.15(0.41) 0.15(0.42)
4 182 229(79) 1.1(0.43) 264(113) 2.2(1.2) 0.19(0.48) 0.14(0.4)
5 166 229(77) 1.2(0.48) 274(119) 2.6(1.4) 0.22(0.53) 0.14(0.41)
6 89 230(76) 1.3(0.55) 295(131) 2.7(1.5) 0.24(0.56) 0.17(0.45)
7 48 225(72) 1.4(0.59) 311(136) 2.8(1.5) 0.27(0.57) 0.11(0.35)
8 25 225(74) 1.5(0.66) 336(142) 2.7(1.6) 0.4(0.72) 0.17(0.42)
9 18 225(69) 1.8(0.71) 379(149) 2.9(1.6) 0.23(0.52) 0.12(0.35)
10 10 215(61) 1.8(0.72) 368(156) 3.1(1.7) 0.19(0.47) 0.1(0.31)
11 4 210(58) 2.3(0.77) 466(148) 2.4(1.6) 0.2(0.44)  0.04(0.21)
12 2 222(51) 2.3(0.76) 499(152) 3.4(15) 0.18(0.42) 0.1(0.3)
13 1 232(51) 2(0.75)  440(170) 2.1(1.4) 0.21(0.47) 0.21(0.41)

Note: WL: word length (characters including zero-width space as an independent
character); N: number of words; FFD: first run fixation duration; FRFC: first run
fixation count; GD: gaze duration; FLP: first fixation landing position; RIC: regression

in count; ROC: regression out count.
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Appendix B

Table B.1 Linear mixed model estimates for first fixation landing position (FLP)

Fixed effects Estimate SE t-Value

Grand Mean(GM) 2.488 0.05 47.90

Word Length (WL)  0.636 0.06 9.43

Frequency (WF) 0.103 0.02 4.88

Predictability (WP)  0.02 0.02 0.89

Word Type (WT) 0.06 0.05 1.24

Phoneme (PHON) 0.08 0.07 1.11

WL x WF 0.03 0.03 1.21

WL x WP 0.04 0.03 1.19

WL x WT 0.13 0.06 2.21

WL x PHON -0.03 0.05 -0.60

Random Effects Variance SD Correlation

Words (GM) 0.128 0.35

Sentences (GM) 0.004 0.069

Subjects (GM) 0.098 0.313

Subjects- WL 0.031 0.177  0.94

Subjects- WF 0.002 0.053  -0.15 0.20

Subjects- WT 0.011 0.108  -0.02 -0.27 -0.74
Subjects- WP 0.0001 0.012 -0.91 -0.87  0.08 -0.12
Subjects- PHON 0.008 0.091 0.75 0.64 -0.29 047
Residual 1.555 1.247
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Table B.2 Linear mixed model for first fixation duration (FFD)

Fixed Effects Estimate SE t-Value
Grand Mean (GM) 5.344 0.018 285
Word Length (WL) -0.052 0.016 -3.15
Frequency (WF) -0.048 0.005 -9.69
Predictability (WP) -0.001 0.007 -0.26
Word Type (WT) -0.015 0.012 -1.25
Phoneme (PHON) 0.015 0.017 0.88
First Fixation Landing Position 0.014 0.001 9.43
(FLP)
WL x WF -0.007 0.007 -0.97
WL x WP 0.007 0.008 0.87
WL x WT -0.046 0.014 -3.13
WL x PHON -0.076 0.014 -5.26
WL x FLP 0.006 0.002 2.38
Random Effects Variance SD Correlation
Words (GM) 7.465 0.086
Sentences (GM) 4.341 0.006
Subjects (GM) 1.367 0.116
Subjects- WL 6.689 0.025 -0.30
Subjects- WF 1.266 0.011 -0.25 -
0.85
Subjects- WF 4.812 0.021 -0.10 054 -
0.50
Subjects- WT 2.968 0.017 0.30 - 0.26 -
0.42 0.54
Subjects- PHON 6.620 0.025 -0.14 - 0.74 -
0.66 0.92
Residual 1.015 0.318

Note: WL.: log2 values of word length; WF: log10 values of word frequency; WP: logit
transformed values of word predictability; WT: word type including opacity and
transparency; PHONE: log2 values of phonemes; FLP: first fixation landing position.
Log Likelihood: -8631.8; REML Deviance: 17264; Number of observations: 28998,
N of sentences: 99, N of subjects: 44.
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Table B.3 Linear mixed model for First Run Fixation Count (FRFC)

Fixed Effects Estimate SE t-Value

Grand Mean (GM) 5.673 0.021 260

Word Length (WL) 0.237 0.022 10.44

Frequency (WF) -0.087 0.006 -13.08

Predictability (WP) -0.027 0.009 -3.01

Word Type (OTZT) -0.020  0.018 -1.14

Phoneme (PHON) 0.025 0.024 1.04

First Fixation Landing Position -0.058 0.001 -30.81

(FLP)

WL x WF -0.033 0.010 -3.34

WL x WP -0.009 0.010 -0.89

WL x OTZT -0.023 0.020 -1.14

WL x PHON 0.005 0.018 0.29

WL x FLP -0.029 0.003 -9.02

Random Effects Variance SD Correlation

Words (GM) 0.0127 0.112

Sentences (GM) 0.0003 0.019

Subjects (GM) 0.0180 0.134

Subjects- WL 0.0032 0.056 0.25

Subjects- WF 0.0002 0.017 -0.32 -
0.09

Subjects- WP 0.0007 0.028 -0.23 0.37 0.28

Subjects- OTZT 0.0004  0.021 -0.90 - 0.38 -
0.51 0.14

Subjects- PHON 0.0021 0.045 -0.24 - - -
0.65 0.10 0.85

Residual 0.1494 0.386

Note: WL.: log2 values of word length; WF: log10 values of word frequency; WP: logit
transformed values of word predictability; OTZT: word type including opacity and
transparency including Persian Ezafeh Suffix; PHONE: log2 values of phonemes;
FLP: first fixation landing position. Log Likelihood: -14313; REML Deviance: 28625;
Number of observations: 28998, N of sentences: 99, N of subjects: 44.
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Table B.4 Linear mixed model for Regression in Count (RIC)

Fixed Effects Estimate  SE t-Value

Grand Mean (GM) 0.199 0.018 10.64

Word Length (WL) -0.034 0.026 -1.31

Frequency (WF) -0.022 0.008 -2.60

Predictability (WP) -0.076 0.011 -6.46

Word Type (WT) 0.053 0.021 249

Phoneme (PHON) 0.080 0.032 244

WL x WF -0.004 0.013 -0.34

WL x WP -0.049 0.014 -3.37

WL x WT 0.019 0.025 0.75

WL x PHON -0.008 0.024 -0.32

Random Effects Variance  SD Correlation

Words (GM) 0.0235 0.153

Sentences (GM) 0.0039 0.062

Subjects (GM) 0.0105 0.102

Subjects- WL 0.0007 0.026 -0.60

Subjects- WF 0.0001 0.012 -0.22 -0.29
Subjects- WP 0.0006 0.026 -0.95 0.66 0.38
Subjects- WT 0.0008 0.029 0.99 -0.59 -0.16 -0.93
Subjects- PHON 0.0068 0.082 0.88 -0.77 026 -0.76
Residual 0.2166 0.465

Note: WL.: log2 values of word length; WF: log10 values of word frequency; WP: logit
transformed values of word predictability; WT: word type including opacity and
transparency; PHONE: log2 values of phonemes. Log Likelihood: -19729; REML
Deviance: 39458; Number of observations: 28998, N of sentences: 99, N of subjects:
44,

60



Table B.5 Linear mixed model for Regression out Count (ROC)

Fixed Effects Estimate  SE t-Value

Grand Mean (GM) 0.230 0.012 18.18

Word Length (WL) 0.050 0.023 2.13

Frequency (WF) -0.014 0.007 -1.94

Predictability (WP) 0.018 0.010 1.71

Word Type (WT) -0.025 0.018 -1.40

Phoneme (PHON) -0.071 0.026 -2.68

First Fixation Landing Position (FLP)  -0.026 0.001 -14.48

WL x WF -0.025 0.011 -2.26

WL x WP 0.011 0.012 0.97

WL x WT -0.007 0.021 -0.33

WL x PHON -0.075 0.020 -3.58

WL x FLP 0.004 0.003 1.43

Random Effects Variance  SD Correlation

Words (GM) 0.018 0.135

Sentences (GM) 0.000 0.000

Subjects (GM) 0.003 0.062

Subjects- WL 0.001 0.041 0.83

Subjects- WF 0.000 0.015 -0.39 -
0.20

Subjects- WP 0.001 0.036 0.37 075 -

Subjects- WT 0.001 0.032 -0.66 : 8% i
0.67 0.38

Subjects- PHON 0.002 0.053 -0.72 - 049 -
0.90 0.65

Residual 0.140 0.375
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Appendix C
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Figure C.1 X axis shows word length, y axis shows how many times each word length occurs in the
dataset. The distribution is right-skewed which means the mean is on the right side of the peak or

median. We should apply log2 transformation on WL values to resemble it a normal distribution.
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Figure C.2 X axis shows each word’s FFD value, Yy axis shows how many times each first fixation
occurs in the dataset. The distribution is right-skewed which means the mean is on the right side of the

peak or median. We should apply natural logarithm transform for FFD values to resemble it a normal
distribution.
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Figure C.3 Histogram of FFD after applying natural logarithm transformation

Figure C.4 Distributions of FFD (after natural log transformations) among subjects. It shows how each
subject responds to the same task. We could say that there is a high variance between subjects.
Therefore, we prefer Linear Mixed Model to Linear Regression since the former helps us to assign
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Figure C.5 Histogram of GD values before applying natural log transformation. X axis shows GD
values, y axis shows how many times each GD occurs in the dataset. The distribution is right-skewed

which means the mean is on right side of the peak or median. We should apply natural log
transformation on GD variable to resemble it a normal distribution.
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Figure C.6 Histogram of GD after natural log transformation.
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Figure C.7 Distributions of GD (after log transformations) among subjects. It shows how each subject
responds to the same task. We could say that there is a high variance between subjects. Therefore, we
prefer Linear Mixed Model to Linear Regression since the former one helps us to assign unique intercept
& slope to each subject
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y axis shows how many times each FRFC occurs in the dataset.
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Figure C.9 X axis shows Regression in Count, y axis shows how many times each RIC occurs in the
dataset.
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Figure C.10 X axis shows Regression out Count, y axis shows how many times each ROC occurs in the
dataset.
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Appendix D

Sentences used in the predictability and eye tracking experiments

Luod S 5o ) ga> l_.sw“;_{_?_,olol_%_"s)l Lr{_bi_,o sladaol sy slblasl
Lol

Watching religious programs linked positively with attendance at the church.

— oLy 4 o8 gSwao Ho Ol ol !l sy sga P_l_g:J an .2
. A

Islamic republic of Iran’s film week in Moscow comes to an end tomorrow.

034 HdSogy o Low lJ_“sJ_,oT oY Lol ode !l o Jluwsel yley Juasd.3

O !

Spring season in the United States of America fleeted this year.

cowl owd >l b Laddlaolyw a8y odmLie sl o saods> wsSwlid.
A new telescope has been designed to observe black holes.

Sy p3de glays Gloa Swdlo 0590 5o s @iy Oleyd.d

O

The cure for hair loss at menopausal period is the same as cure for menopausal
symptoms.

A0S syl ooer pSd pegat 4 La Jdoad dlo) yooldie Byao ) .6
Avoid consuming excessive sweets especially sugar.

iy g2 Jold ol 351 Gwl S yloaSly slag)ylany.’

Contagious diseases could have remarkable effects.

cow ! S0 Hlaws pole b 4o el g3 s 31 54851 o7 .8
Grapes juice is very close to breastfed milk in the terms of virtues.

23S > o lSog b a3 Ty pdse 2 s el 9
Police removed people from the airport band quickly.

CpSee 0SS (I e S slgd S 4 Gl g e L. 10
| am watching cross-country gillyflowers enthusiastically.

cow !l YLy abw o gl ol o odB ol y Lo y Lol 11
Heart disease patients’ statistics are high in Iran.
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Cow ! Ladwdy aowd @) gewsa Syl syl sleasblas HI So.12
One of the signs of Parkinson is drastic shaking hands.

SOl LSS Ty sioeal ealhsl o bl I S saoad 413 15,13
A strong earthquake fluttered one of the remote areas in Indonesia.

) cowl SogS sble o gy by 4o LSy S uy 45,14
S Lwy

Corporal punishment of children harms mental and emotional growth of the kid.
cosdge Qlbyw 4o i Sd0) g el HLSaw 5505.15
Cigarette smoke causes genetically mutation which leads to cancer.

DS Jxo Ho glbyw clibSolayl Jole oS dwl H) L8 w 540.16

O |
Cigarette smoke is the main cause for cancer at the work place.

Olo=! 1 Swyols Ol ysas lJ_“U_oT paio Gladl yol 5 sy bows. 17
Ay Y gyl

Most of the people living in the USA have false beliefs about modern Iran.

D18 S oa S gl le HLS HeSws o @lhoy ¢S e .18
ol

Physical education organization is up to make sports scientific.

Owl G048 GsSs> slaogad o JexS g xS dre 4o oMol W19
Reformation means to change the way of governing.

JETo Gyae HI ary ol |y Sadiwlsd 5 485y slal de.20
S IS Jle

Put the cooked and putrefying food in the fridge immediately after consuming.

Gl b oduad oo 4o i 0L e Ho coliias g S 21
R

Anger leads to arteriosclerosis among the young people.
owl yaae oo sl ol lEy Jlaxdw! ol a4 H LS L. 22
Work pressure harms health as much as smoking tobacco.

olebw! (Sl Loyl 5o wlbidgl ol s ey gLy waya5.23
coo b

Persian language and Iranology tuition have an strong basis in the USA
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w5 LSyl slea LSS yo Ledlw wyld wisls laglo).24
R )

Languages like Persian has been being taught in American universities for years.
LS04 S pde ) Sld e Iy yhieS da bedw ale GlwlidyLS.25
Experts declared technical defect is the cause of helicopter fall.

09 e Jab bwalo oyloys byl 33 Sl adlagn glo)lw. 26
O S yadde LaygaS

World Health Organization published a report on lifetime in countries.
cow !l g adeo dew 4 Loy o o) S S0 bl .27
Close relationship between Tehran and Riyadh helps world peace.

Y oy OWASds GoxSde !l Wi ‘_é_"; g 4 dlale! Grb.28
COw !l 4=l

Low self-confidence is one of the common psychological problems in the society.

Sezs oo Ol 0L e G 00 sulaso Ly 4o sl .29
ool

Enthusiasm for weight lifting is high among Iranian youth.

plail ogaro Juad 5 ole 50 43555 Glanly 5 suyloylo ofe2.30
.JA_JjJu_A_;

Fertility and childbirth of Zebras does not happen in especial month and season.

Gole soinS wydls gl wlel s (obabd glaile Ho Siaw).31

O |
Adjudication follows the former rules of penalty.

ly Lol Ologey stod 8 ab geie dxdlhs Ly oMl o) Liad Sl 5. 32
A0S Jwels

Islamic scientists completed the ancient Greek medical texts by studying them.

03,5 iy 1) o 0o ob Sl odwl ob g8l 50.33

O |
In fact Islamic medicine created the modern western medicine basis.

U sl laas saSdoy o3 Jole o Spgn HBSaw Jlesiw! .34
O QLA.) 9

Smoking cigarettes is one of the preventable causes of mouth and gum diseases.

Ll g S e G lbeadgy lde sladasl yly goadn poyw b y.35
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Most of the people cannot survive without government nutritive subsidies.

0338 adyiy eladsl slagslS HwSd Lo ddaes So)y p_l_c.36

|
Medical science has improved with breaking social taboos.

slayeaS sl ogo adluwse |y cubel adlws s)ygga>pisy.37

w0 4 9o

The presidency declared the safety issue as an important issue for the region’s
countries.

Ol o=l !l s Lo bl gy slLidyl glal s (LSS0 .38

Ol
Uzbekistan wants to promote relationships with Iran.

ool J|JJ MHC&J_)“ |J UL@_} J_u.)')_u) Lx_“sm L:)LJOMJ' LT)){_E_H.:Bg

Ow |
Revolution of communication influenced all of the world.

Oy slaysdS Lo 553 bl J1 sdod> sy 5,0 of 401 .40

Ow o b
Iran has trod to a new level of its relationships with other countries.

st se sloliS jwewls> 4 Glegie sl o U_ﬁalﬁ_”s)_oT slbeplzlz.41

American rabbis have demanded amnesty for the accused people for spying
COwo acde o pr Ol Wi adle o syl Lo Yo e HLics.42
High blood pressure or the unsigned disease is not that unsigned.

el a5 Lea LKAy 40 xdws slagyas dgy9 Guseginn z3b.43
R

The idea of prohibition of entering armed forces to the universities offered to the
parliament.

Oy Jowax s gile Leod!l o553 Gblis Sy Ho 4liwlio.44
Unfortunately in some regions families hold their children up from education.

JleT eSS Glwy U . dl_{quT e L La 1 ol U“u‘)._i_,oT.45
PRIy - 0 L

Hybridizing of Iranians with the region of Anatolia started from Cyrus era.
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4>y e 4 Alise slayed S gle ) ST 4y Suwd o)yl LS .46

Ao 3 o4 Lewde
Iranian theatre in comparison with other countries’ theatre is not retard nowise.

03 jaw dgnl 38 4y Loyl sllwg O98 — Lw Lo alasst .47
COg ol

Ancient literature was called off in medieval era of Europe.

O Wy e Sl e dgdl Ty ol gLl pyy 5 Olben 50.48
They considered moon as youth goddess in ancient Greece and Rome.

ol gk D IV sl oS o Ty I (Sao)y gLl ain. 49
Read the rest of the story of Bilal’s life in the book of limpid voice of Bilal.

CLS0 Qe E ok g0 g gsdb Godoe I a5, 50

The sun rises from the east and sets in the west.

S el SodwY GuuSyS Ty W les ade TR - Ol )eolo.bl
L4504 S

The policemen indicated the burst of bus’s tire as the cause of crash.
cawlasy 5o a0 e SO dode e S ol ol W52
This revolution is a new experience and utterance in the world.

00l Il 8 albs ol ago Sy 1) s wlw! Ga3L3 Guan.53

O |

This constitution makes the parliament an important pillar of the regime.
cow ! eud Gledy Supue gubey 5y 00 oo lerdwl galhe.54
Colonization greediness hides in cover of Christianity.

Loso ! slaolSily Slayes Juded olinlus slaylags HLlad.55

Number of European football clubs’ championship matches is decreasing.

cowl pew glex o wdy I o glbgw SO Sl SSLy .56
World Bank is a growing cancer in third world countries.

Saoe ol T sl g sl a5y sexdwa o suwl Gl 4o pose.57
Exhausted people are looking for an eyelet for freedom.

O Osade Ty 03 (Sus) Laaglse 458l Ol ) pblws. 58
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The surviving airplane passengers owe their lives to the airplane’s captain.

) g S u’_)l_,oj_g_?o sla )y LS Ho gl uol sexaslo slayLSasl HyLs.59

Iranian student karate players are going to take part in national championship
competitions.

oS a8l aLe A_x_)|3_")wnu;9)_&_§_3;_u:)_w.b\_>_l)| 0)530_5_3.60
China and Korea in the terms of improvement rate could be surprising.

LwTJ_»“_m A S ey woSwd SO 4 8 Gy duras 03_§_3|.61
. J_BJJSO_,O

Plenty of east crowd could turn to be forceful if they reach technique.

GO0 LS ngl_;Tjool_{_c*)..L_i_) s e ol_/i_ﬁ.x_“s}ll_g A Lzau_m&_iﬁ_w.62

Ships’ fuel will be provided from Bandar Abbas and Abadan refineries.

dylyg Gwo) baxso 4y gl dab] L SaS 4 Sluwy SFgw .63
cO xS dalgxs

Fuelling the ships will not harm the environment.
cosdboe yalb olaw Oyso 4o S sy ey 8 85,.04
The red colour will be shown as black for a fly.

S dxdytie s 1 el Ble H sl yliws wwy0.65

- i

Negligible percent of obesity emerge from parathyroid.

SO aSyw g o gegS H saSsde deln siaw 0dlb>. 66
Sodden vegetable prevent nausea and vertigo.

é.x_u P o.)g.wT dgdx o sladdsd il ade S Ly oyl san 40le .67
COwl 004 S

The public has always lived comfortable with narrow thoughts.
cad)S Ol (sl S e o ) ads! sl o le Oraab .68
The breathless nature was animated for the first time on the TV screen.

ple I oo lrdl God all> oqufx_gﬁl_g 9 Lrl_“@_?wl_ﬁ_}dl_mpl_i_o.69
Aoy xS

The petrol officials of Kuwait declared extraordinary mode in the refinery.

72



S0 SLESE suol g Gwlaw Oy leo odouy JLad o Lagy .70
The Europe has taken united politics against emigration issue.

sl Gwey ¢ylosn Y o o syiad 2l pd el Tl
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Nowadays in laser surgeries mostly they pay attention to skin exfoliating.
bl !l yo adlae gl 45l g5 0 4 liald 043,72
Judicature could be the symbol of justice in Islamic regime.

Lol 0P A4y paare sy US e ol sysge> lald a3
The Islamic Republics judicature has a unique structure.
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Put the limes in container full of water to keep them fresh.
S Jae Tde Gy H Jod el a1 U_’M doaa . 75
Always have the pear half an hour before the meal.

GOS8 ow > Gudidge jaoy (odepge H! cwlio olalS olaisl. 76

O |
The choice of decent words plays an important role in giving a speech.

J_Jb_”.l_»amﬂi_)*)lslj lJHL‘o_ﬁ: oleJ_{_mJ 4_1_44.\5.,::)3 S L sl .77
.S

Bankrupted economy made the North Korean leaders revise.
Lo Jo 0l g oS Ly b JS5lwe sy Luws. 78
Most of human’s problems has met a solution by dialogue.

Su5 ey Baw 030 Ui glbyw J1 soafday ol ) 2. 79
Cawl ) Bow

Quitting smoking could prevent bladder cancer in smokers.

Dl g abw yo Ty ol ol oy sl g3 eSS s L3ET.80
A2y Glas oglls

Mr. Khatami has demonstrated a good portray of Iran on international levels.

olu> o olgzr oolzes J1 OleSee 1) Oyl Goyls HL3T.81
")JﬁT

Ancient monuments of Isfahan could be counted one of world’s wonders.
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cawl yladyy oLS) Sa5) bl yb 50 da>a0 e slayaiSLE.82
Negative factors of women’s lives are numerous.

cawl Glose Gade das LS Gads hwale jab 4.83

On average women salaries are half of the men.

S b 1y ol 4l 4 slebiolas j335e L] poyw.84
The Lebanese people will never forget Iran’s supports.

Do paa e s ablaeygls oSS 1 Le a3l 85
We definitely will not profit from instability in the Middle East.

L s p8usy HUS Layols Ho Lo Laggd o oluesT .86
Humans inhabit in cities or tents besides each other.

Sl gard Gopdaage gpues sl g 45 dal s S0 (D) e .87

Every woman wants to be the most important person for her husband.
)00 Odlu> Ogliie slaiar 4o cuws L) g ol 0,».88
Men and women get jealous because of different issues.

e300 oolus oedl) g 00l 5l JSlwe 40 Suw > 0.89
Man gets jealous for family and marital issues.

ooy ol L) sl daodae ol dde g Lizwe. 90

The main aim of giving gift is important for the women.

owl o gLT able slad oS sloyl 908 50 oLy ybls oolo,y.91
Women's satisfaction is in pawn of their emotional gladden.

4_)L>‘)_£_MT Jolwy QL Juea 4y doda Ol gie 4 Olbgxia.92
ol A

Never give kitchen ware as a gift to your wife.

2ol sl oS gipuas spalb mog 250 o Sy 35,93
Man’s opinion on his wife’s appearance is very important.

Cow ! o (SO i slaply 4o LSoel poye S453.94
American peoples’ lives are dependent on heavy loans.

cawl el G0 g ed uS 0838 L ilhiwyed yolw Ly wled og>.95
The city code is mandatory to call other cities.
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cawl HedS (Yadws dan pgo diolby 31 a0 Gadize 4o (Saw).96
Organizing peoples’ livelihood is one of the crucial duties of the country officials.
Sdee g Sl sl B Lo Su) Ol odS Ho po sl 97
People meet very adversities in thriving their lives.

Goo LS O yado HI e slailu 31 slodes gy 4 5lawlin.98
R

Unfortunately major parts of our needs are supplied from exporting petrol.

waio g Ldd lygd o Syl Lol a> sy Soixre g dwla> z41.99
C 04

The miracle and the epic of Iranian youth was on its’ peak in the Holy Defense era.
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Yes/no questions used in the experiment

Al s ead Gy LS a1y ande (sl daliy LALS Lol )) 3 )50 3 il s 4S (g alea 50
405 0ah Caay peale plad s el ) el 52 aS () dlaa 2

Ay 2 00 Cany 1S sal SV 5o Jler Jesd 290 0 el )& aS (o) alea

Al 0 ead Ciny s Sl al jh ) il s 4S (gl alea o

aly 25 02k Cany Sl aiSle oy ) uail A4S (g) alea

Al o ead G b (3 el G eae (il 52 4S gl alaa 0

Al 2 g o2k Giny 2,805 Gl (lan 350 2 (il 534S (g) ales

425 e Eany Cila Jaw al 53 3 59 3 el 54 aS ) alaa

A2 s 0ad Cany il palai o Gy Jeal) (8o 3590 50 (il )& 4S (o) alaa

453 ead Chaay QUK Ciladia 44 580 ) el & 4S () alaa o

425 02l Gy (8 (sl (5 by (e sledis) Sl el s aS (gl alaa o

Al 25 008 Cany O 9SSy (5 Jlan )50 0 el 534S () alan 0

4025 00 Ty 1S pal o pd) sk ) el 84S (sl alea 0

42502l Eany S S a4t el ) eaail 534S (o) dlaa

Al gl e (S s el JB 253 48 35 00 4 il A 4S (g) alen
405 ead Cany 5 sl sl hal dale 1 il 534S ) alaa o

Al 25 0ad iy 5550l Ol ) el 2 e ) gl ) el 534S (gl alaa 0
42 ead Eamy (59 <l S ) el 53 aS o) alaa

by 2 g 0ad Giny Aladlial (slina ) el o2 aS (gl alan o

aly el any Jlady o aiiy slalde AR ) il i 4S gl alaa 0

4 g edd Eamy Ul sa 53 5034 ) g G pae YD e ) i) R4S (g Alen
Al 28 Gy Sl 59 o S L G Gl el A4S () ales 2

4,25 G a0 oY ) ge ) il A aS () alea o

aly 25 0k Camy 15 pal (sleal&lily 53 can jl (L) 0 il 534S () alen
420 Gy (b jlenl 98 950 50 (3l 62 4S (gl Alaas o

435 00 Camy a ) S Cuman 3550 0 Jle gle s 1R ) il 2 48 (ol s
425 02 iy AN 5 5 ) e Tl g Ol el g 4S (o) alen 0

43 a8 daan G edA Gl ) il )& 4S (6] alaa o

4 a8 Gy (558 galS (sl Jl 4 (U Bl ) il 52 4S (gl alaa
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4428 G jale el  Glaal <l i1 51 el 54 4aS o) alaa

Al 2 G (S a2l (il 3 ) 5e 0 el A aS () alea 0

LAk G b O 5ie 550 e OMedil Gl EE ) el g 4S (ol alea 0

Al ol Sy e b e el 8 aS gl alea 0

aly 25 02k Cany (a5 4l lelan oS 3l el A 48 (5l alax 0

Al a8 o Gl g0 b 4l 40 a0 e Sl cail 2 4S (gl alaa 0

Al a8 Gy (S ale iyl g e laial 6l 5l LSS 0 ) el 55 48 ) alea
425 0l 7 ke (5 58S e (5 age O (S Olsie 4 gom ) cadil B aS ) e
425 ead Cing O ) Ll ) pdS dadl 5 ) b ) el 5 4S ) alea 0

Ay 2l Caay cildalii ) QO 3 8 ) el A4S () alea

Al 2l G (e Gla )5S 5 O gl Jaal 5y ) il s 4S (gl alea o

4k G e ledindS 350 )3 (il A4S (gl alaa 0

4,28 Gy e g (5 ke 3 ) 5a )3 el A& 4S () alaa

Al 2 e Lealliily 4y rlusa (18 5 8 255 Cue siae il A 4S (g) alea

s a5 0ad Cany (3halia (o3 )3 Jeeant ) (38 e 3 )5a 50 (il 534S ) alaa o
ady 2l Gy s bl (a5 L b () (el il 84S (sl alaa 0

4528 Caay o)l ale (Saile i 390 50 el & 4S (o) alaa

420 G Lyl el ) (58 il 52 48 g) alaa

428 Sy ol s agdl ) eyl & aS (o) alea o

aly 2l Gy B3 Y ) slaa QUS ) el s 4S (gl alea

A a8 dag il A s e s sth il A aS gl alea

Al 28 83 el il il il 534S o) alea

Al ad 7 she QO a5 0 5 daa (il 84S gl alaa

4,20 s oal A IS Hl 3 e il s3 a8 (g alea

Al S (g lenil pallae il 534S () alea 0

432 ead Einy Cimen (S 0 Hge ) (i) R4S (g) alan o

Al 28 G (lea L 2 ) ge 0 il 2 aS gl alea 0

Al 2 Ceny (031 (s a3 )50 52 e 534S (gl alen o

42 e 02l Cany Lal 92 OBl 43I 550 ) i) & 4S (g) dlaa o

aly agead oy la IS4 S 0 e ja candil & 4aS (gl alaa

dglﬁﬁaﬁ&imga‘)s_go.,\?ﬂ)ﬁ#&c‘)uj\m,gia\)i‘&sd\ﬂ\la;)d
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Al ad G (38 Cumen ) il 3 4S (gl alas 0

Al 28 Gy by LIS Gl g aali 0 )50 50 el 534S () ales 0
48 diay Gyl 3550 50 (il A& 4S gl alaa

O ah a4 K05 ) cuail a4 ) alaa o

Al ol G (Bl 0 )se 0 il a4 gl alea

45 a8 iy Al Huw Al pme ) il 534S g alea

4l ad Can dale dsana sl Adoail 3y ge 53 (i R4S (gl alaa o
Al 2l G s sl 350 0 il A4S (gl alea 0

43,28 Gy Cish A jala 3 e 53 e 62 48 gl alaa

Al Gy G alee omay JUB 2 L) Casdas 3550 3 il 534S () alea 0
43 ad Caay Qli al s 35 0 il A4S (gl alaa

aly 28 Gy aglial o 80 ) ga )3 el 3 4S (gl alea 0

aly a8 Gay bl alai 3 )50 50 il 534S (gl alea

442 Gyl 83 e 0 el A4S gl alea

4528 Eamy il o 3 ) sa )0 el A4S (o) alea

aly 2l oy R (A H5e 350 3 el 84S g alea 0

428 Gy e Giabus 3y ge () g2 4S (gl alan o

Al a8 G s Jilae 250 50 (2l A4S () alaa

428 G e aa sla 5 13 3550 53 (il A4S (gl Alaa o
428 Eany S ALa®l 3y ge ) (i R4S (g) alan o

aly a8 Gy Glebal (A )0 1250 50 el A4S o) alaa 0
PARRV-FUINURI S EQCI PR G PRI PP PP

4 aE G ) ph B 3 5e 0 el A4S gl ales 2
4ol Gy JAh Kia 3 e 0 el & 4aS gl alea

420 Gagy )5S o galiai) LS ) el 534S () alea )2

aly b ey an LS 0 Ll (B350 50 il 3 4aS () alex
Al a8 Gy ) 350 0 el A4S ) alea

420 o (a3 )8 G Gales 3y 9a a canil & 4S (o) alea

b Al Gy 5o pe ala 3 9a 3 el & A4S gl alea

Al ol Gy L) ) 4% pgie 5 Line 3 5a )2 (il 5 4S () alea 0

MMn_\AAuL\‘)Gu.\AdL&s‘)QJJJ}AJJ sqﬁ\)&éd\d‘x;‘)a
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43 a8 Gy od) A 50 il Caeal ) el & aS ) alaa 53

Al 2l day () el s ) el A4S gl alea

Al 2 g 8 el a2 g0 (S35 2550 2 il 534S () alas

425 iy (5 0 (S5 0 Gl Ceal 3 5e 0 el 534S (o) alea 0
Al 2l Gy 58S O e g 5l el s 4S (o alaa 0

4 ad G ad pe Sai) Gl ) il 534S gl alea

428 Gy HLSEA Gl jabaa 3y e 4 el g2 48 (gl alaa o

4_1_u&;wﬁ)'})@uﬁm\)wﬁﬁ‘4343\}';456\4&;)3
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Appendix E

Bilgilendirilmis Onay Katihm Formu
(Informed Consent Form)

Bu ¢alisma, ODTU Enformatik Enstitiisii Bilissel Bilimler Progranu biinyesinde
yiriitiilmekte olan yiiksek lisans tez ¢alisma kapsaminda diizenlenmektedir. Calisma
danigsmani1 Yrd. Dog¢. Dr. Cengiz Acartiirk ve ¢alismanin gerceklestirildigi yiiksek
lisans 6grencisi Fatemeh Soleymani’dir.

Calisma, Farsca okuma aligkanliklarin incelenmesi amaci ile gergeklestirilmektedir.
Calisma boyunca gosterilecek materyal genel olarak kisisel rahatsizlik verecek icerige
sahip degildir. Sizden beklenen, cihaz ekraninda gosterilen yonergeleri takip etmektir.
Ancak, katilim sirasinda gosterilen materyalden ya da herhangi baska bir nedenden
otlirii kendinizi rahatsiz hissederseniz caligmay1 yarida birakip ¢ikmakta serbestsiniz.
Boyle bir durumda g¢aligmayi yiiriiten kisiye, ¢alismay1 tamamlamadiginizi séylemek
yeterli olacaktir.

Calismaya katilim bilgilendirilmis onay (informed consent) esasina dayanmaktadir.
Calisma boyunca, sizden istenecek kimlik bilgileri verilerle eslestirilmemektedir.
Cevaplarmiz tamamiyla gizli tutulacak ve sadece arastirmacilar tarafindan
degerlendirilecektir; elde edilecek bilgiler bilimsel yaynlarda kullanilacaktir. Calisma
sonunda, varsa ¢alismayla ilgili sorulariniz cevaplanacaktir.

Katiliminiz i¢in simdiden tesekkiir ederiz.

(Formu doldurup imzaladiktan sonra uygulayiciya geri veriniz).

Bu ¢alismaya bilgilendirilmis olarak katilyyorum ve istedigim zaman yarida kesip
ctkabilecegimi  biliyorum. Verdigim bilgilerin bilimsel amach yayinlarda
kullanilmasint kabul ediyorum.

Isim Soyad Tarih Imza
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Appendix F

Dilbilgisel Artalan Anketi

Kisisel Bilgiler
(Bu formdaki kimlik bilgileri verilerle Kod:
eslestirilmemektedir.)
Soyad1 Adi Bugtinun Tarihi
Dogum Y1li Kadin () Erkek ()
Telefon Numarasi E-posta Adresi
Su anki mesleginiz?
En yu_k_sek tahsiliniz (veya : Oniversite
muadili) Ortaokul Lise .
.. - Derecesi
(litfen yuvarlaga aliniz)
Mesleki Egitim | Diger?
Fakdilteniz
Bolimiiniz
Hazirlik () 1. Smif () 2. Smif ()
Simfiniz 3. Smuf () 4. Smf ()
Lisede hazirlik okunuz mu? Evet ()
Hayr ()
Universitede hazirlik Evet ()
okudunuz mu? Hayr ()
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Genel Saghk
Durumunuz

Yazarken hangi elinizi
kullaniyorsunuz?

Sag

() Sol

Tanisi konmus herhangi bir
dil bozuklugunuz var mi
(disleksi, kekemelik gibi)?

Hayir

() Evet

Varsa, lutfen
() ayrintilandiriniz.

Calisma sirasinda gozliik
kullandiniz mi?

Hayir

() Evet

()

Calisma sirasinda lens
kullandiniz mi?

Hayir

() Evet

()

Hangi dil(ler)i, hangi sirayla 6grendiniz? (anadiliniz dahil)

. Hangi yastan Ne kadar Ogrendiginiz yer? (evde, okulda, baska)
Dil " ) : S
itibaren? slireyle? Latfen belirtiniz.

1.

2.

3.

Iran ve Tiirkiye disinda baska Ne kadar . o .
tilkelerde yasadiniz mi? streyle? Hangi sebeple? (okul, egitim, vs.)
1.

2.

3.
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