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ABSTRACT

THE EFFECTS OF WORD LENGTH AND SUFFIXATION ON EYE MOVEMENT
CONTROL IN TURKISH READING

Bozkurt, Tugge Nur
MSc., Department of Cognitive Science
Supervisor: Asst. Prof. Dr. Cengiz Acartlrk

September 2017, 100 pages

Findings in reading research literature reveal that eyes do not move randomly during
reading; instead, they follow patterns that enable studying cognitive processes
underlying reading. Recent studies report the first fixation on a word as the major
measure of lexical influences in reading. Subsequent fixations on a word are usually
assumed to have different roles than the first fixation. In the present study, the
relationship between the first fixation and subsequent fixations is investigated by taking
into account the role of suffixation. The fixation strategies of readers are examined in
two experiments by controlling the factors that affect eye movement patterns. The
results reveal lexical effects on morphological processing for short and frequent words
through the analysis of individual fixations. The study suggests that early lexical effects
on words are best observed through the single fixation duration on the words whereas
the subsequent fixations have potential to provide an indication of effects related to
suffixation.

Keywords: Turkish reading, eye movements, word length, suffixation, first fixation
duration
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TURKCE OKUMADA SOZCUK UZUNLUGU VE SONEKLEMENIN
GOZ HAREKETLERI KONTROLU UZERINDE ETKIiLERi

Bozkurt, Tugge Nur
Yiksek Lisans, Bilissel Bilimler BolUmi
Tez Yoneticisi: Yrd. Dog. Dr. Cengiz Acartiirk

Eylil 2017, 100 sayfa

Okuma arastirmalarindaki bulgular, go6zlerin okuma sirasinda rastgele hareket
etmedigini; bunun yerine okumanin altinda yatan bilissel siiregleri inceleyebilmeyi
saglayan oOriintiiler izlediklerini ortaya koymaktadir. Yakin zamandaki arastirmalar,
okumadaki leksik etkilerin baslica 6lgiitii olarak bir kelime tizerindeki ilk sabitlemeyi
sunmaktadir. Kelime iizerindeki sonraki sabitlemelerin genellikle ilk sabitlemeden farkli
rollere sahip olduklar1 varsayilmaktadir. Bu ¢alismada, soneklemenin rolii géz oniinde
bulundurularak, ilk sabitleme ile sonraki sabitlemeler arasindaki iliski arastirilmastir.
Okuyucularin sabitleme stratejileri, goz hareketleri Orlntilerini etkileyen faktorler
kontrol edilerek iki deneyde incelenmistir. Sonuglar, bireysel sabitlemelerin analizi
yoluyla kisa ve sik kullanilan sézciikler igin bigimbilimsel islemedeki leksik etkileri
ortaya koymaktadir. Calisma, soézcikler Uzerindeki erken leksik etkilerin en iyi tek
sabitleme siiresi ilizerinden gdzlemlenebilecegini, diger yandan sonraki sabitlemelerin
sonek ile ilgili etkilerin gdstergesi olabilecegini onermektedir.

Anahtar Sozcukler: Tirkge okuma, goz hareketleri, sozciik uzunlugu, sonekleme, ilk
sabitleme suresi
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CHAPTER 1

INTRODUCTION
1.1.The Study of Reading

In the last four decades, researchers from cognitive psychology, cognitive science and
relevant fields including linguistics contributed to the study of reading and particularly
to the investigation of the processes underlying reading. The major focus of reading
studies is on how readers go about extracting information from the printed page during
the course of comprehending the text (Rayner, et al., 2012).

The history of eye movement studies roots back to a history of more than a hundred
years. Huey (1908) mentions the first observations made by Louis Emile Javal in 1879
regarding the role of the eye movements in reading; however, the methods that the
reading researchers use have changed a lot since then. Currently, state of the art is
mainly based on the detection of eye movements, and the assumptions about the inner
processes during reading are made depending on the results of the eye movement
experiments. This method of studying has more than forty years of history beginning
with the original work of McConkie and Rayner (1975), and since then, many eye-
movement researchers conducted their research to investigate this behavior (consult
Rayner, 1998 for a substantial review). Eye movement recording is the favored method
in the study of reading since eye movements have the potential to provide a moment-to-
moment indication of cognitive processes during reading through the analysis of the
patterns of information intake (Rayner, 2009).

One of the basic research topics in reading research has been the relation between
reading patterns and relevant inner processes. Two distinct group of researchers are
mentioned in the study of reading (Liversedge & Findlay, 2000). The first group bears
the aim of understanding the mechanics of the eye movements behavior (viz. oculomotor
processes), and their major focus is on the impact of lower-level visual (i.e., visuomotor)
and linguistics factors on control of the eye movement. On the other hand, the second
group is interested in higher-level psycholinguistics processes, that provides information
about the comprehension of the written language. The main interests of the second group
include the factors that affect the identification of the words, structural relationships
between the words that compose a sentence and the meaning of a sentence; in other
words, syntactic and semantic processing respectively. They are mainly concerned with
the question of how different linguistic manipulations between sentences create
differences in reading rather than the mechanics of how eyes move.



The question of interest in the present study is to determine which factor(s) are behind
the refixation strategies of the readers. In other words, the focus is on to what degree the
lexical factors such as word length, frequency, and suffixation are involved in the
decision to make a single fixation or multiple fixations on a word. In the section below,
the motivation of the current study will be presented.

1.2. Motivation of the Present Study

It is known from the literature that the first and subsequent fixations on a word have
different roles. In the present study, the relationship of these roles with suffixation is
investigated. For this, the fixation strategies of readers are examined by controlling the
factors that affect eye movement patterns such as word length and frequency.

The two most frequently used eye movement measures in reading are the first fixation
duration which is the duration of the first fixation on a word regardless of whether it is
the only fixation or the first of multiple fixations on a word and the gaze duration on a
word which is the sum of all fixations made on a word prior to a saccade to another
word (Rayner, 1998). After finding that both the first fixation and gaze duration are
affected by word frequency, but only the gaze duration is affected by the predictability
of the word, Inhoff (1984) proposed that these two measures measure different
processes.

The distinction proposed by Inhoff (1984) also involves the suggestion that while lexical
access can be measured with the help of first fixation duration, gaze duration reflects
text integration processes as well. Accordingly, Rayner and Pollatsek (1987) arrived at
the conclusion that cognitive operation is the key factor; if the operation is very fast, the
effects of it can be observed in first fixation duration. If the operation turns out to be
relatively slower, the gaze duration might be affected.

First fixation duration (FFD) is assumed to be representing early word recognition
processes. This measure includes two cases: First, where a word receives only one
fixation and secondly, where a word is fixated more than once in the first pass reading.
The first case is usually named as single fixation duration in which a word is most likely
recognized whereas the second one is called FFD of multiple fixations duration in which
the word has most likely not been completely recognized on the first fixation, so there
occurs a need for refixation (Juhasz & Rayner, 2003). Juhasz and Rayner (2003) suggest
single fixation duration as a reliable measure of word recognition time, including
semantic activation by considering that most likely readers would not move off their
eyes of a word before recognizing it.

There have been varying claims regarding the different roles that single fixation and first
of multiple fixations play in terms of lexical access. O’Regan (1992) claims that if a
word receives only one fixation, lexical and perceptual processing is completed on this



single fixation. Therefore, in case of a word only receives a single fixation, then this
fixation duration is longer than another word's first or second fixation durations, given
that the other word received multiple fixations. He also claims that no lexical processing
occurs on the first duration of a refixated word, rather it is postponed to the second
fixation in the words that received more than one fixation, thus resulting in an extended
duration of this fixation.

Sereno (1992) suggested that lexical processing should be absent during the first fixation
of a refixated word if the view supported by O’Regan (1992) would be confirmed. Her
results revealed evidence against this interpretation: she observed the effect of frequency
is significant on both single fixation duration and first fixation duration of multiple
fixations whereas she did not report any significant effect on the second fixation
duration of the words that are fixated more than once.

After her findings, Sereno (1992) raised the question that why readers sometimes decide
to refixate a word if the lexical access is achieved in the both cases of the first fixation.
One suggestion of her is that lexical access may represent an incomplete stage of word
recognition: A possible cause is that readers might require more than the lexical access
prior to moving onto the next word. Hence, they execute an intraword saccade to meet a
certain word recognition criterion. Her second suggestion is that if the upcoming word is
farther away, readers may have a tendency to make immediate intraword saccade.

While mentioning lexical access, it is also needed to mention morphological processing.
In the late eighties, reading studies focusing on the morphological processing have
started to be conducted (Inhoff, 1989; Lima, 1987), and one of the preliminary questions
of these studies is how complex words are processed while eyes are fixated.

In the present study, the first motivation is to observe how the first and subsequent
fixations differ in their roles while accessing words, especially long and morphologically
complex ones. By discussing these different roles, it is aimed to gain a deeper
understanding of the determining factors behind the decision of single fixation and
refixation strategies of readers. To be able to realize this, in addition to First Fixation
Duration and Gaze Duration, several other local eye movement measures are analyzed in
the present study. In the section below, these measures and their definitions are
presented.

1.3.Definitions of Relevant Eye Movement Measures

Below, the definitions of the eye movement measures which are analyzed in the present
study are presented. It should be noted that only the measurements in first pass
reading are used for the purposes of the present study.

First Fixation Duration (FFD): The duration of the first fixation on a word
regardless of whether it is the only fixation on a word or the first of multiple
fixations on a word.



Single Fixation Duration: The duration of the one and the only fixation on a
word.

First Fixation Duration of Multiple Fixations: The duration of the first of
multiple fixations on a word.

Second Fixation Duration (SFD): The duration of the second fixation on a word.
Third Fixation Duration (TFD): The duration of the third fixation on a word.

Gaze Duration: The sum of all fixations made on a word prior to a saccade to
another word.

First Run Fixation Count (FRFC): The number of all fixations in a trial falling in
the first run of the word.

1.4. The Purpose of the Study and Hypotheses

The present study aims to investigate the relation between refixation strategy and
first fixation duration by an experimental investigation (Experiment 1, Chapter
3).

It is expected to observe that long words will get more than one fixation.

The present study aims to examine how the measures of the subsequent fixations
differ between short and long words in terms of their roles in lexical access
(Experiment 1, Chapter 3).

It is expected to observe that in long words the second and third fixations will
have complementary roles.

The present study aims to come with an account related to lexical access and
morphological processing by comparing the findings of the two experimental
investigations (Experiment 1 and Experiment 2, Chapter 3).

In the second experiment, it is expected to detect some effects which are only related to
morphological complexity since different from the first experiment, in this experiment,
word length and word frequency are controlled.

The present study consists of five chapters; in the next chapter (Chapter 2), the
background of the study will be presented. Chapter 3 covers the methodology part, and
the findings of the experiments are presented in Chapter 4. Finally, in Chapter 5 the
discussion and conclusion regarding the findings is included.



CHAPTER 2

BACKGROUND

2.1. A Brief Timeline of Eye Movement Research

The history of the eye movement research goes back more than one hundred years from
now; to the initial observations made by Louis Emile Javal in 1879. In his 1908
landmark volume, The Psychology and Pedagogy of Reading, Huey mentioned that
Professor Javal was the first to note the actual role of the eye movements in reading
(Huey, 1908). Javal reported that the movement of the eyes while reading was
discontinuous. Huey (1908) described the same observation as follows: “...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” (p. 15-16).

The period between 1879 and 1920 was described as the first era in the history of eye-
movement research in the extensive review of Keith Rayner (1998). The concerns during
that era included the issues such as saccadic suppression which can be summarized as
the fact that information is not perceived during an eye movement, saccadic latency
which refers to the time that it takes to initiate an eye movement, and the size of the
perceptual span which is the region of the effective vision (Rayner, 1998).

The period following the first era up until the mid-1970s was mentioned as the second
era of the eye movement research (Rayner, 1998). According to Rayner (1998), the
behaviorist movement in experimental psychology led the researches of the second era
to focus more on the applied research, thus to conduct less research with eye movements
with the aim of investigating cognitive processes. The eye movement studies carried out
in that era focused more on the eye movement itself, and less research was done between
the late 1950s and the mid-1970s.

The third era in the history of eye-movement research has begun around the mid-1970s,
and today’s research is also included in this era. Measurements of eye movements have
been more accurate and easy to be obtained with the help of the technological
improvements in eye movement recording systems. The technological advancements
also allowed to interface laboratory computers with eye-tracking systems which made it
possible to collect and analyze larger amounts of data than before (Rayner, 1998).
Rayner (1998) puts forward that with the development of general theories regarding
language processing, it has become possible to examine the cognitive processes
underlying reading by using eye movement records.

In sum, the first era of the eye movement research was based on the observations made
by Javal regarding the discontinuity of the eye movements during reading. That
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observation then, extended to the research on saccadic suppression, saccadic latency,
and the size of the perceptual span. In the following era, the focus of the studies was
more on the surface aspects of the reading task rather than the cognitive processes
underlying reading. Finally, the third era which has been mostly influenced by the
technological advances in recording systems for eye-movement and the theoretical
developments regarding language processing has begun, and it still continues.

In the last twenty years, more and more researchers utilize eye movements to investigate
tasks related to cognitive processing, since eye tracking techniques have become more
user-friendly and readily available (Rayner, 2009). Rayner (2009) declares that a new
era of eye movement research focused particularly on the domain of reading has begun.
In this era, the driving force for many of the researchers is the predictions that develop
from the computational models related to the control of the eye movement. In the
following section, some essential features of the eye movements during information
processing will be presented.

2.2. Basic Characteristics of Eye Movements in Information Processing

In the previous section, the timeline of the eye movement research is presented briefly.
The current section aims to provide the basic characteristics of eye movements in
information processing. For ease in describing these characteristics, an eye movement
record of a hypothetical adult reader is presented in Figure 2.1. The four characteristics
that this section includes are saccades, fixations, saccadic latency, and the visual field
and acuity respectively.

190
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Eye movéflent reS®rch on adfilt re¥ders has reWealed that eye movements ...

Figure 2.1: An eye movement record of an adult reader on part of a sentence. The dots represent fixations,
the arrows represent saccades, and the numbers represent fixation durations. Reprinted from Bertram, R.
(2011). Eye movements and morphological processing in reading. The Mental Lexicon, 6 (1), 83-1009.
https://doi.org/10.1075/ml.6.1.04ber

2.2.1. Saccades and Fixations

Saccades are rapid eye movements with velocities as high as 500° per second that we
continually make during reading, while we are looking at a scene, or searching for an
object (Rayner, 1998). After every saccade, our eyes remain relatively still for a moment
on a specific location for about 200-300 ms to extract information from the text
(Bertram, 2011; Rayner, 1998). The length of the saccade determines the duration of the
saccade; however, in reading, the typical completion of a saccade is between 20 and 30
ms (Bertram, 2011).



During a saccade, we extract almost no information, a phenomenon that is called
saccadic suppression (Matin, 1974). There have been many debates regarding saccadic
suppression; however, Rayner (2009) puts forward that new information is not acquired
during a saccade under most normal circumstances since the eyes are moving so quickly
that only a blur would be perceived. Although we tend to suppress our vision during a
saccade (Matin, 1974) and only during the fixations one can acquire novel information,
some studies demonstrate that cognitive processing such as lexical processing continues
during a saccade in most situations (Irwin, 1998; Irwin & Carlson-Radvansky, 1996).

Fixation is the period of time when the eyes remain fairly still and when the reader
acquire new information from the visual array (Rayner, 2009). Fixations will be
mentioned in detail in the next section (see Section 2.3) which focuses on the eye
movements in reading.

2.2.2. Saccadic Latency

Planning eye movements and executing them takes time and this time changes
depending on the nature of the task. Saccadic latency is described by Rayner (2009) as
“the time needed to encode the location of a target in the visual field and initiate an eye
movement” (p.1458-1459), and it is of the order of 175-200 ms (Rayner, Slowiaczek,
Clifton, & Bertera, 1983). The action of moving the eyes requires some time as a
function of the movement distance, and this duration is called saccadic duration (Rayner,
2009). For instance, in a typical reading situation, 30 ms is needed for a 2-deg saccade,
and 40-50 ms is needed for a typical scene perception task (Abrams, Richard A. Meyer,
David E. Sylvan, 1989; Rayner, 1978).

2.2.3. The Visual Field and Acuity

When we look straight forward, we do not see everything in front of us equally; or
similarly, when we look at a page, we do not see all the words on that page equally well
(Rayner et al., 2012). We frequently need to make saccades due to the anatomy of the
retina and the constraints that emerge from acuity outside the fovea (Rayner, 1998).

In terms of acuity, the visual field can be considered as if it consists of three separate
regions when we look straight ahead: foveal, parafoveal, and peripheral (see Figure 2.2).
In the fovea, which is the center of the vision, acuity is greatest (about 2 degrees of
visual angle), in parafovea, acuity is not as good as fovea (extending 5 degrees of visual
angle on either side of the fixation, i.e., about 10 degrees of visual angle), and peripheral
area includes the region beyond the parafovea, hence, acuity drops off markedly here
(Rayner, 1998; Rayner, et al., 2012).
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Figure 2.2: Foveal, parafoveal, and peripheral vision. Adapted from Biswas, P., Sezgin, T. M., &
Robinson, P. (2008). Perception model for people with visual impairments. In Proceedings of the 10th
International Conference on Visual Information Systems (VISUAL ‘08), LNCS 5188, (pp. 279-290).
https://doi.org/10.1007/978-3-540-85891-1

The anatomy of retina leads us, as viewers, to move our eyes with the aim of placing the
fovea on the part of the stimulus that we want to see clearly (Rayner, 1998). The
limitations regarding the visual acuity differ depending on the characteristics of the
stimulus presented. In other words, whether a saccade needs to be made to identify the
stimulus depends on the task itself; for instance, compared to a typical reading task, in a
visual search task, viewers can process more information around their fixation point
(Rayner, 2009).

In this section, the basic characteristics of the eye movements in information processing
are introduced. The aim of the following section is to provide readers basic knowledge
about eye movements in reading.

2.3. Eye Movements in Reading

In this section, the general findings obtained from the eye movement studies which have
been carried out so far is presented briefly. These general findings include average
fixation durations, saccade lengths, regressions during reading, and how the stimuli
influence these three main components of eye movements in reading.

For the readers of English and the readers of the other alphabetic languages, the average
fixation duration is between 225-250 ms., and this duration can be as short as 50-75 ms,
and as long as 500-600 ms (or more) (Rayner, 2009). Accordingly, the average saccade
length is 7-9 letter spaces, and it can be as short as 1 letter space and as long as 15-20
letter spaces (or more) (Rayner, 2009). The variables such as text difficulty, reading
skills of the readers, font difficulty, and the characteristics of the writing system
influence the duration of fixations and the length of saccades.



It would be helpful to mention regressions at this point. After saccades and fixations,
regressions which are the saccades that move backward in the text comes as the third
important component of eye movements in reading (Rayner, 2009), and in Figure 3,
these eye movements are presented. The eyes typically move from left to right which is
the direction of the text in languages like English and Turkish, and right to left in
languages like Arabic and Hebrew. However, approximately 10 to 15% of the saccades
move the eyes in the direction opposite to word order; these saccades are called
regressions (Rayner, Pollatsek, & Schotter, 2012).

Regression

word n+2

el Saccade Skipping
k() Fixation 4

Figure 2.3: Types of saccadic eye movements. The circles 1 - 5 represent fixations in a sequential order;
fixations 1, 2, and 3 are first-pass fixations, fixations 4 and 5 are second-pass fixations; the sum of
fixations 1 and 2 is the first-pass gaze duration on word n (as well as its total reading time); the sum of
fixations 3 and 5 is the total reading time on word n+2; fixation 3 is a regression origin fixation, fixation 4
is a single fixation regression goal; word n+1 has been skipped in first-pass reading. Reprinted from
Wotschack, C. (2009). Eye movements in reading strategies how reading strategies
modulate effects of distributed processing and oculomotor control. Potsdam: Universitatsverlag.

Regressions often occur as a response to the difficulty in comprehension, or they occur if
the reader needs to do a small backward correction in order to process a particular word
of interest (Rayner, Pollatsek, & Schotter, 2012). Regressions are often short, and eyes
only move a few letters; however, if there is a difficulty comprehending the text such as
while reading structurally ambiguous sentences (Frazier & Rayner, 1982), or
syntactically complex ones (Clifton & Staub, 2011), longer regressions become
necessary. Most of the time, after these long fixations, a long saccade follows because
the readers are generally accurate in moving their eyes forward to the point from which
they originally launched regression (Rayner, 2009; Rayner, Pollatsek, & Schotter, 2012).

Fixations, saccades and regressions respond differently according to the characteristics
of the stimulus. For instance, as the text gets more difficult, fixations get longer while
saccades get shorter, and readers make more regressions (Rayner, 1998). Further,
Rayner, Reichle, Stroud, Williams, & Pollatsek (2006) also demonstrated that the use of
different fonts influences eye movements. When the font was difficult to read, the



fixations were longer, saccades were shorter, and more regressions were made compared
to the condition in which an easier to read font was used.

The eye movements are also influenced by the reading skill of the reader. Compared to
skilled readers, beginning and dyslexic readers have longer fixations, shorter saccades,
and they make more regressions (Rayner, 1998).

2.3.1. Refixation and Skipping

Eye movement data enables inferring moment-to-moment cognitive processes during
reading (Rayner et al., 2012). Using eye movement data allows obtaining valuable
information about the mental processes in understanding a word or a set of words
whence the readers look, and how long they look there (Rayner, 1998, 2009). Regarding
the question which eye movement measure provides informative estimates of this
moment-to-moment process, skipping and refixation should be mentioned.

Although it seems highly intuitive to calculate the average fixation duration on a word to
determine the time needed to process that particular word, two components of reading:
skipping and refixation provides support against this method. Since the readers do not
fixate each word and only once on each word, despite being a valuable global measure,
the average fixation duration becomes inadequate in providing estimates of moment-to-
moment processing time.

One of the major findings of the reading studies is that not all the words are fixated, and
even when they are fixated, the duration is not the same for all words. Readers make
distinction between function and content words during reading; while they fixate on the
content words such as nouns, adjectives, verbs about 85% of the time, they only fixate
on function words such as prepositions, conjunctions, articles about 35% of the time
(Carpenter & Just, 1983; Rayner & Duffy, 1988).

When the readers fixate on the function words, they do fewer and shorter fixations than
the content words (Carpenter & Just, 1983; Rayner & Duffy, 1988). Since the function
words tend to be short, there is a clear relationship between the length of the word and
the probability of fixating a word (Rayner & McConkie, 1976). The longer the word is,
the higher the probability of fixating on it (Rayner & McConkie, 1976); and as the word
length decreases, the probability of skipping it increases (Brysbaert et al., 2005). Also,
the lower frequency words are fixated for longer than higher frequency words. (Rayner
& McConkie, 1976).

The words with 2-3 characters are only fixated around 25% of the time while the words
with 8 characters or more are almost always fixated (Rayner, 2009). Longer words are
not just almost always fixated; they are often fixated more than once before leaving the
word; in other words, they are refixated (McConkie, Kerr, Reddix, Zola, & Jacobs,
1989; Vergilino & Beauvillain, 2000; Vergilino, Collins, & Doré-Mazars, 2004).
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These findings led the researchers to develop a number of other local measures of
fixation time. Three of these alternative measures of fixation time are: first fixation
duration which is the duration of the first fixation on a word, single fixation duration
which addresses the cases where only a single fixation made on a word, and gaze
duration which is the sum of all durations on a word before moving to another word
(Rayner, 2009).

2.3.2. Optimal Viewing Position

In the section above, it is mentioned that most of the words are fixated once while longer
words are often fixated twice (or more). In Figure 2.1, the word movements is dealt with
two fixations which increases the overall reading time for this word (the sum of 212 ms
and 186 ms). It is also possible to observe from Figure 2.1 that the short and frequent
words such as the preposition on and the auxiliary verb has been skipped (then, a
regression occurs from the word revealed to the word has).

Another observation from the eye movement record of a typical adult reader presented in
Figure 2.1 is that fixations are often located in the middle of the word, a term called
optimal viewing position (OVP), (O’Regan, 1992). This position is the position in which
the word processing is the fastest, and this location can be in slightly left of the center in
languages which have left to right direction, and right of the center in language with the
right to left direction.

During reading, the eyes work in such a way that, the length of the next word can be
estimated during the previous fixation. Hence, an oculomotor program is targeted to the
optimal viewing position of that word (O’Regan, 1992). O’Regan (1992) proposes when
leaving a word, readers attempt to saccade to just left of the middle of the next word, and
when the eyes are too far from the intended position, the reader immediately makes a
refixation to the other side of the word which he labels as within-word correction tactics.

In sum, there are some general findings in the eye movement in reading research
obtained especially in the third era of the reading study, and a considerable amount of
literature supports that these characteristics are valid cross-linguistically. There are some
other questions that gathered attention in the last 30 years of reading study such as
morphological processing in reading. In the section below, this topic will be presented
with the studies which have been conducted recently. With that, it is hoped that the
relevance of the current study which has been carried out in a morphologically rich
language, Turkish, will be better understood.

2.4. Morphological Processing in Reading

In the sections above, the tradition of the usage of eye movements during reading is
presented briefly. Although the tradition of eye movement research has a fairly long
history, the studies about the role of eye movements in morphological processing have
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begun in the late 1980s and gained momentum at the beginning of the 21 century
(Bertram, 2011).

2.4.1. The Eye-Contingent Boundary Paradigm

The first studies concerning morphological processing during reading conducted by
Inhoff (1989) and Lima (1987), and the aim of those studies was to investigate whether
morphological information was parafoveally encoded or not. At this point, mentioning
the eye-contingent boundary paradigm (Rayner, 1975) is needed since it was the
paradigm used in those studies. The aim of developing this paradigm was to assess the
type and amount of information that readers may extract from the parafovea (Rayner,
1975). In a typical design which utilizes this paradigm, there is a control condition in
which nothing changes when the readers perform the reading task. In addition to the
control condition, to manipulate the information in parafovea, one or more change
conditions are inserted in the design (Bertram, 2011).

The boundary paradigm was used in numerous studies, and one of them was the 1986
study conducted by Rayner, Balota, and Pollatsek in which they used four conditions
(three change conditions, one correct condition) in addition to a typical control
condition. In the control condition, there was no change, and in the correct condition,
the target word remained as it is. In the semantically related condition, instead of the
target word, a word which has the same length and related meaning to the target word
was inserted. In the visually-orthographically related condition, a word with the same
length and with orthographically similar letters was used, and in the unrelated condition,
only the length of the word was the same (Rayner et al., 1986).

There was an invisible boundary placed to the left of the parafoveal letter string in the
change conditions. When the readers make saccade while they are crossing that invisible
boundary, the letter string was changed into the correct form during that saccade
(Rayner et al., 1986). As the result of that study, Rayner et al. found that a) even
relatively short words in the parafovea were not processed up to semantic level b) when
the final two letters changed into letters that are visually but not orthographically
similar, the change did not influence the word processing negatively. The conclusion of
that study was that target word processing was facilitated by orthographically related
previews to some extent while semantically related previews did not influence target
word processing (Rayner et al., 1986).

The findings of several other studies confirmed that the final letters of a word in
parafovea are analyzed up to the visual level, but not to the orthographic level, or
conversely the first two or three letters of a parafoveal word are encoded up to the
orthographic level.
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2.4.2. Parafoveal Morphological Information

Before mentioning the eye-contingent boundary paradigm, it was noted that the concern
of the first studies on morphological processing was the question whether morphological
information is parafoveally encoded or not (Inhoff, 1989; Lima, 1987). Although the
results of those studies did not provide evidence for parafoveal information extraction,
the studies conducted in Hebrew demonstrated that having a parafoveal preview of the
morphological root of the word yielded significant benefits (Deutsch et al., 2000, 2003).

Kambe (2004) proposed that the reason behind obtaining different results in English and
Hebrew regarding the morphological influences on parafoveal preprocessing may
emerge from the difference between two languages in terms of their morphological
richness (Kambe, 2004). She suggested that in the languages which have relatively
limited use of morphology such as English, it may be possible that the readers’ reliance
on the morphological constituents during word processing may not be maximally
efficient. However, she further suggested that in highly inflected languages such as
Hebrew, Finnish, and Turkish where the morphological information is more informative,
it may be possible to observe the morphological influences in word processing (Kambe,
2004).

The study conducted in Finnish which is a morphologically productive language
demonstrated that it was not the morphological productivity of the language which
determines the extraction of the morphemes parafoveally (Bertram and Hydna, 2007).
They suggested that the characteristics of a script may be more decisive. The results of
the languages such as Chinese (Yen, Tsai, Tzeng, & Hung, 2008) and Hebrew (Deutsch
et al., 2000, 2003) which have visually separate individual morphemes offer that in
parafoveal morphological information extraction, visual segmentability of morphemes is
the key factor (Bertram, 2011).

2.4.3. Recent Studies on Morphological Processing

Although most eye movement studies focusing on morphological processing has dealt
with the processing of compound words, especially there is an extensive literature in
Finnish, there are also some studies that have focused on other topics such as affixed
words. Since it goes beyond the scope of the present study to review the studies which
have dealt with compound nouns, several studies which manipulated the affixes on
target words will be presented.

In their study, Niswander-Klement and Pollatsek (2006) manipulated the root morpheme
frequency and whole word frequency, as well as the word length of the English, prefixed
words. Their results demonstrated a significant effect of root morpheme frequency for
longer prefixed words, but the same effect was not observed for the shorter prefixed
words. They have also found that there was an effect of the whole-word frequency for
shorter prefixed words, but not for longer ones (Niswander-Klement & Pollatsek, 2006).
Their study is not the only one which obtained root frequency effects; the same effects
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were obtained both for existing and novel English prefixed words. Root frequency
effects (as well as a 100 ms novelty effect) were also obtained in Pollatsek, Slattery, and
Juhasz (2008) for both existing and novel English prefixed words (Pollatsek, Slattery,
and Juhasz, 2008).

In the light of their 2003 and 2008 studies in which they covered the role of agreement
in Finnish inflected nouns, Vainio, Hydna,and Pajunen concluded that the effect of
agreement emerges at the level of syntactic integration but not at all levels of lexical
access since they obtained a delayed effect of agreement on words (Vainio, Hyona, &
Pajunen, 2003, 2008). Since the modifiers and head nouns they utilized were relatively
short ones with seven or eight characters, they reinvestigated the same issue with
considerably long head nouns (Vainio, Bertram, Pajunen, & Hyon4, 2011).

The results they obtained demonstrated a facilitative agreement effect similar to the
results obtained in the previous studies; however, the effect did not appear late, and it
was also observed in earlier processing measures. Hence, they concluded that the
benefits related to the modifier-head agreement in the processing of long words extend
to the lexical identification of the head noun, rather than being constricted to post-lexical
syntactic integration processes (Vainio, Bertram, Pajunen, & Hyon4, 2011).

In sum, the presented eye movement studies and many others support that root and affix
properties influence the morphological processing during reading by modulating the
morphological constituents.

The studies in eye movement control in Turkish reading are not at a mature stage yet, so
in the present study, the experimental paradigm was kept simple (i.e., normal reading).
Further, from the two approaches which are used in reading studies (Yan et al., 2014),
namely the corpus-analytic and experimental control (i.e., target-based approach), the
later one was adopted to conduct two controlled experiments on normal reading. In the
section below (Chapter 3), the methodology of this approach will be presented.
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CHAPTER 3

METHODOLOGY

In this chapter, the information regarding the participants who involved in the
experiments will be presented together with the information of the materials and the
apparatus used. Further, in this chapter, the design of the experiments, the data collection
procedure, how the data selection was made, and the way the eye movement data
analysis was conducted are explained. Since two separate experiments were conducted,
the information regarding the experiments will be presented in different parts
respectively.

3.1.Experiment I
3.1.1. Participants

Forty-eight participants who were studying at the Middle East Technical University
(METU) at that time participated in Experiment 1. All the participants were native
speakers of Turkish, all of them were monolingual speakers, and their ages were
between 19 and 28 (M = 22.6, SD = 2.3, 24 females).

The participants were recruited through a combination of public advertisements (e.g.,
flyers placed around the campus and online groups). In the adverts, it was stated that the
participants should not be using glasses or contact lenses in daily life since they would
not be allowed to do so in the experiment. In the appointment process, the participants
were reminded that they were going to participate in an eye-tracking experiment, so they
arrived without any eye make-up.

The ethical approval was taken from Middle East Technical University Human Subjects
Ethics Committee, and before the experiment, each participant read and signed an
informed consent form. After the consent form, a demographic information form (see
Appendix A) was given to the participants. In that form, the participants were asked
some personal questions such as their age, gender, educational status, and contact
information. In the second part of this form, there were questions related to the linguistic
background of the participants. In that part, none of the participants reported that they
had a language-related disorder, such as dyslexia, stuttering, rhoticism, etc. None of the
48 participants were wearing glasses or contact lenses during the experiment.

The total time for the experiment including welcoming a participant and form filling
durations was 90 minutes. At the end of the experiment, each participant was paid 20 TL
(approximately $7).
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3.1.2. Materials
Target Word Selection and Properties

The target words were selected according to their frequency information and word
length by using Turkish National Corpus (TNC, Aksan et al., 2012), METU Turkish
Corpus (Say, Zeyrek, Oflazer, & Ozge, 2002), The Dictionary of Word Frequency in
Written Turkish (G6z, 2003), and Bogazi¢i University (BOUN) Corpus (Bilgin, 2016).

Word length was 4 letters for short words and 10 letters for long words. The short and
long words were divided into two groups according to their frequency range. So, in the
full target word set, there were 16 short words with high frequency (Short-Frequent), 16
short words with low frequency (Short-Infrequent), 16 long words with high frequency
(Long-Frequent), and 16 long words with low frequency (Long-Infrequent). Therefore,
words were grouped under four different conditions and each word under each condition
were added the suffixes "-de / -da / -te / -ta" and "-deki / -daki / -teki / -taki". A total list
of 192 target words was created with the base and suffixed forms. The logl0
transformation was applied to the frequency values of the words. Logl0 frequency
values according to the conditions are presented in the table below.

Table 3.1: Log10 frequency values of words according to conditions.

Infrequent Frequent Infrequent  Frequent
Short  Long Short Long Total Total
Mean 1.54 1.71 4.42 4.43 1.63 4.42
SD 0.44 0.53 0.40 0.41 0.49 0.40
Minimum 0.60 0.60 3.60 3.61 0.60 3.60
Maximum 2.19 2.64 5.15 5.24 2.64 5.24

> There was no statistically significant difference between the frequency values of
the base forms of the short frequent words and the frequency values of the base
forms of the long frequent words.

> There was no statistically significant difference between the frequency values of
the base forms of the short infrequent words and the frequency values of base
forms of the long infrequent words.

Stimulus Sentences Selection and Properties

The texts were taken from METU Turkish Corpus (Say et al., 2002), BOUN Web
Corpus (Sak et al., 2008), and TNC (Aksan et al., 2012), including each target word and
its suffixed versions. Some of the infrequent words, especially their suffixed versions

16



were not found from the sources mentioned, so they were quoted from various sources
using the Google search engine. Some of the words were not possible to be found in a
text even in that way, so their synonyms were searched in for in any context. Finally, the
texts were recreated by replacing the words that are closest to the target word with the
target word (see Appendix C).

A total of 192 texts were chosen based on the criteria below:

o

There was no statistically significant difference between the word counts and the
character counts of the texts among four conditions (see Table 3.2).

There was no statistically significant difference in the number of characters
between the lines that include the target words.

Each text was presented at least in two lines and at most in three lines.

The target words appeared approximately in the middle of a line to eliminate the
start-of-line and end-of-line effects in reading.

There were no punctuation marks or numbers in the immediate environment of
the target words.

The words before the target word and the words after the target word consisted
of at least five characters.

Each target word appeared once in a text and only in one text. Therefore, each
target word and its suffixed versions appeared once in the entire text set.

To prevent ambiguity, the same meaning of polysemous target words was used
across all conditions.

Some texts were composed of more than one sentence (155 single sentences, 34
with two sentences, and 3 with three sentences). In the sentences which included
the target word, there were at least two words between the target word and the
beginning and the end of the sentence. Similarly, in the sentences which included
conjunctions, there were at least two words between the target word and the
conjunctions.
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Table 3.2: Word counts and number of characters in texts according to conditions.

WORD COUNT NUMBER OF CHARACTERS

Frequent Infrequent Frequent Infrequent

Short Long Short Long TOTAL Short Long Short Long TOTAL

Mean 15.73 1535 1548 14.75 1533 12465 131.33 121 12354 125.13
SD 255 282 305 3.05 2.88 18.95 20.99 20.17 2212 20.78

Min. 9 8 10 9 8 83 84 79 78 78

Max. 20 21 23 21 23 158 174 166 176 176

3.1.3. Apparatus

Experiment 1 was conducted by using an SR Research EyeLink 1000 (1000 Hz) eye
tracking device, and a computer at 3.0 GHz to which a 17 inch, 1024 x 768 resolution
CRT monitor (VGA) was connected and the operating system of the computer was
Windows XP. Participants placed their heads on a forehead rest; a part of a tower mount.
The usage of tower mount reduced the head movements during the experiments. They
read the texts displayed from a distance of 62 cm from the screen. In Figure 3.1, the
complete setup is demonstrated.
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Figure 3.1: Tower Mount Setting. Reprinted from SR Research Eyelink, 2017, Retrieved from
http://www.sr-research.com/mount_tower.html. Copyright 2009 SR Research Ltd.

To start and continue the experiment or to answer the questions or pass the on-screen
instructions, participants used the Host PC Response Box (see Figure 3.2) by pressing
any key. Using the Host PC Response Box allowed participants to be able to keep their
eyes on the screen and thus prevented the calibration to be distorted while giving a
response to the tasks in the experiment. While answering the questions, the participants
used the left back key for the “wrong” answer and the right back key for the “right”
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answer. There was a reminder regarding which key was for which answer below each
question.

Figure 3.2: Host PC Response Box. Reprinted from SR Research Eyelink, 2017, Retrieved from
http://www.sr-research.com/accessories_ELII_resbox.html. Copyright 2009 SR Research Ltd.

3.1.4. Design and Procedure

The experiment has been developed using EyeLink Experiment Builder 1.10.1630 and
implemented with Tower Mount in EyeLink 1000 device. Courier New font type which
allows all characters to have equal widths (monospace) and 18 font size were used. Each
character had a visual angle of 0.46 degrees and 14.03 pixels. Margins are set to top 250,
bottom 0, left 42, right 28 pixels, and a 1.5 line spacing is used. Each word was split
using the Word Segment property provided by the experiment design software.

Experiments were initiated with a screen which presented the instructions and followed
by a standard nine-point grid calibration and validation of calibration. Calibration and
validation of calibration for each participant were repeated after each break during the
experiment. Before the display of each text, a bullseye appeared on the left corner of the
screen, and when the participant fixated on the middle of it for one second, the text
appeared in a way that the first letter of the text was at the same position with the
bullseye. After the participant had finished reading the text, she had to fixate on the
middle of the other bullseye which was located on the lower right side of the screen for
one second to be able to see the next screen. With the help of an automatic calibrating
procedure inserted in the experiment, automatic re-calibration was started when the
device failed to capture the one-second eye fixation on the middle of the bullseye for 10
seconds.

The original experiment was composed of two parts with the same structure, and there
were two blocks in each part for oral and silent reading. Although each participant
attended in both parts of the experiment, the present study focuses only on silent
reading; oral reading part is beyond the scope of the present study.

There were four exercise texts and one paragraph at the beginning of each block, thus
summing up 16 practice texts and four paragraphs besides the stimulus sentences. Only
one text appeared on the screen at each time and texts were displayed on at least two
lines (107 texts) and at most three lines (85 texts). Participants were asked to read the
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texts at their normal speeds. To be able to ensure that the participants read the sentences
by understanding them; after some of the texts true/false questions were asked. The
questions appeared randomly so that the participants were not able to predict when the
next one would come. The total number of questions was 48. There was a break after
each 16 texts and another break between the blocks thus summing up 10 breaks
throughout the experiment. In Figure 3.3, the distribution between the parts and the
blocks is presented. Participants read half of the texts silently, and the other half was
read orally. The order of the silent and oral readings was balanced between the
participants, and each text was read in both ways by different participants.

After the experiment, the participants were given two tests (Corsi Block Tapping Test
and Digit Span Test) to measure the visual and verbal working memory spans of the
participants. Additionally, a test (Familiarity test) was completed to measure how
familiar were the target words to the participants before the experiment. The application
of those three tests lasted approximately 15 minutes.
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((4 target words x 3 versions x 4 conditions) x 2 blocks) x 2 parts = 192 sentences

Figure 3.3: Design of Experiment I.
3.2. Experiment 11
3.2.1. Participants
Forty people, who did not participate in Experiment 1, participated in Experiment 2. All

the participants were native and monolingual Turkish speakers. The participants’ ages
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were between 19 and 32 (M = 23.17, SD = 3.24, 20 females). All the participants had a
normal or corrected to normal vision.

The recruitment and appointment processes were the same as Experiment 1.
Accordingly, the participants of the second experiment also read and signed an informed
consent form similar to the one used in Experiment 1; they also filled the same
demographic information form with Experiment 1 (see Appendix A). The total time for
the experiment including welcoming the participant and form filling durations was 30
minutes. At the end of the experiment, each participant was paid 20 TL (approximately
$7).

3.2.2. Materials
Target Word Selection and Properties

All the target words were chosen among the frequent words, and they all consisted of
seven characters. Three conditions were created according to the number of the suffixes
attached to the target words. In the first condition, the target words had seven characters
in the base form, and they had no suffix attached (no suffix condition). In the second
condition, the suffix -DA was attached to the target words which had five characters in
their base form (one suffix condition). Finally, the third condition included the words
with three characters in their base form with the suffixes -DA and -ki attached (two
suffixes condition). There were 12 words in each condition; the total number of target
words was 36.

> Word initial bigrams of target words were controlled; they were selected among
the frequent ones.

> There were no derived words in target word set.

> The mean base (i.e., root form) and surface (i.e., suffixed form) frequency values
of the words were not significantly different among the conditions for each
bigram.

> Sentence frames before and after target word were the same among word initial
bigrams.

Stimulus Sentences Selection and Properties

Sentences (see Appendix C) that include the target words were formed based on the
following criteria:

> For each bigram, the sentence frame before the target words was the same.

Similarly, for each bigram, the sentence frame after the target words was the
same.
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> Each sentence was presented in one line.

> Sentence lengths were 59-61 characters, sentence frame lengths before target
words were 24-27 characters, and sentence frame lengths after target words were
25-27 characters.

> There were no punctuation marks or numbers in the immediate environment of
the target words.

> The words before the target words and the words after the target words were
consisted of at least four characters.

> Each target word appeared once in a sentence and only in one sentence.

> To prevent ambiguity, the same meaning of polysemous target words was used
across all conditions.

3.2.3. Apparatus

Experiment 2 was conducted by using an SR Research EyeLink 1000 Plus (1000 Hz)
with desktop mount eye tracking device and a computer at 3.60 GHz to which a 24 inch,
1024 x 768 resolution and 4:3 screen scale ratio monitor was connected (VGA), and the
operating system of the computer was Windows 7. Participants placed their heads on a
forehead rest which reduced the head movements during the experiments. They read the
texts displayed from a distance of 73 cm from the screen and 66 cm from the desktop
mount. (see Figure 3.4)

Figure 3.4: Typical EyeLink 1000 Tower Mount Configuration. SR Research Eyelink. (2013-2017).
EyeLink 1000 Plus: User Manual Version 1.0.12. Retrieved from  https://www.sr-
support.com/forum/downloads/manuals/4475-eyelink-1000-plus-user-manual

In Experiment 2, participants used the Logitech Gamepad F310 (see Figure 3.5) to start
and continue the experiment or pass the on-screen instructions. Similar to the usage of
the Host PC Response Box in Experiment 1 (see Figure 3.2), the left back key was used
for “wrong” while the right back key was used for the “right” answers.
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Figure 3.5: Logitech F310 Gamepad. SR Research Eyelink. (2013). EyeLink 1000 Plus: Installation
Guide. Retrieved from http://godzilla.kennedykrieger.org/fmri/EyeLink1000PlusinstallationGuidel.0.pdf

3.2.4. Design and Procedure

The development, calibration and the validation of calibration processes were the same
with Experiment 1. Similarly, the original Experiment 2 was composed of two blocks for
oral and silent reading. However, it is worth to remind that the present study only
focuses on silent reading; oral reading part is beyond the scope of the present study.

The counterbalance in Experiment 2 was ensured in a different way. To prevent
participants to read same sentence frames more than once, each participant read one
sentence from each bigram group. Sentences that include target words from different
suffixation conditions in each bigram group were selected for a participant in a way that
each participant read at least one sentence from each suffixation condition. Accordingly,
each participant read 12 sentences that include one target word from each bigram group
and at least one target word from each suffixation condition. Reading modality and the
suffixation conditions balanced among participants and the full sentence set was read in
both modalities by different participants.

There were four practice sentences and one paragraph at the beginning of each block,
and there were 6 sentences in each block. There was one break during the experiment.
Only one text appeared on the screen at each time and participants were asked to read
the texts at their normal speeds. There were comprehension questions after every
sentence, and eight practice sentences to familiarize the participant and two paragraphs
as fillers in the experiment. In Figure 3.6, the distribution between the parts and the
blocks is presented.

After the experiment, the participants were given two tests (Corsi Block Tapping Test

and Digit Span Test) to measure the visual and verbal working memory spans of the
participants. The application of those tests took approximately 10 minutes.
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Figure 3.6: Design of Experiment I1.

3.3. Eye Movement Data Selection

The software tool EyeLink Data Viewer (Data Viewer 2.3.22) was used to analyze the
data. This software allows the users to view, process and filter the eye data which was
taken on EyeLink, and it is possible to determine different variables according to the
purposes of the studies and get reports accordingly. In the present study, Interest Area
Report outputs taken from Data Viewer were used.

Despite all the precautions taken, there were some cases where the calibration
deteriorated during the experiments. Those cases were determined by analyzing the
reading recordings from the participants individually by using the software provided
with the eye tracking device, and the drift correction process was performed.

The calibration deteriorations in eye data appeared as two different types. In the first
type, the eye fixations appeared below or above the line that the participant was reading.
Such defects were corrected by sliding all eye fixations up or down. In the second type,
the eye fixations appeared to be sloping up or down at the end or beginning of the line.
Such defects were corrected by bringing the fixations, that were determined to be done
on the same line, together by using the Drift Correct function. In the cases where both
types of problems were experienced together, corrections were made using the
combination of the two methods.

All the corrections were conducted by shifting the eye fixations only vertically, and no
fixations were moved horizontally in any correction method (x values in the coordinate
plane were preserved). Data that were not possible to be corrected by any method were
removed from the analyses. Further, the trials in which the target words were skipped
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were also removed from the analyses. In Table 3.3 below, the information regarding the
data cleansing performed in silent reading data of the two experiments is presented.

Table 3.3: Data cleansing information for both experiments.

TRIAL NUMBER
Total Skipped Drift Both After Data

Target Correction Cleansing  Loss
Word Problem
Experimentl 4606 155 5 5 4451 3.36%
Experiment2 240 1 0 0 239 0.41%

3.4. Data Analysis

All the analyses were conducted by using the software package IBM SPSS Statistics
23.0. In order to manage missing data, the technique, EM (expectation-maximization)
was used. This technique fills in missing values with estimated values using EM
methods, and it is crucial in solving problems which are likely to be caused by missing
data. By using that technique, it was ensured that the number of the cases analyzed for
each measure was equal (N = 48 for Experiment 1, N = 40 for Experiment 2) throughout
the analyses. Below the independent and dependent variables used in the present study
will be presented.

3.4.1. Independent Variables
Experiment I:
> Word Length

There were six different groups of words according to the word length: words
with 4, 6, 8, 10, 12 and 14 characters respectively.

> Word Frequency

There were two groups of words according to their frequency values: frequent
and infrequent words respectively.

Experiment I1:
o Suffixation Condition

There were three groups of target words according to their suffixation
conditions: no suffix condition (only the root form of the word), one suffix
condition (the suffix -DA is attached to the word), and two suffixes condition
(the suffixes - DA and -ki are attached to the word together).
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Experiment I and I1:
> Refixation

This variable is only related to the First Fixation Duration measure since it is
about whether there is a single fixation on a word or there is one or more
subsequent fixation after the first one, and this variable was analyzed for both
experiments.

3.4.2. Dependent Variables

The dependent variables were the same for both of the experiments. The measures which
were analyzed are: First Run Fixation Count, First Fixation Duration, Second Fixation
Duration, Third Fixation Duration, Gaze Duration, The Sum of First and Second
Fixation Duration, and The Sum of First, Second, and Third Fixation Duration. The
definitions of these measures were presented in Chapter 1 (see Section 1.3.).

In the following chapter, the results obtained from the analyses of the two experiments
described in this section will be presented.
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CHAPTER 4

RESULTS

This chapter consists of two main sections: In the first section, the findings of
Experiment 1, and in the second section, the findings of Experiment 2 will be presented.
In both of the experiments, the same eye movement measures were analyzed. Hence, it
would be helpful to remember these measures. In Figure 4.1, four of the measures are
presented visually, the definitions of each measure are provided in the related sections.

Single Fixation First Fixation Duration ~ Second Fixation  rp...q Fivation
Duration (FFD) of Multiple Fixations Duration (SFD) Duration (TFD)

N Sy

) . 4 ~ ;
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Figure 4.1: Four of the eye movement measures used in the present study. The filled dots
represent the fixations.

4.1. Experiment |

This section includes the findings obtained from the analyses of Experiment 1. The order
of presentation is as follows: First Run Fixation Count, First, Second, and Third Fixation
Durations, Gaze Duration, Sum of First and Second Fixation Duration, and finally Sum
of First, Second, and Third Fixation Duration.

4.1.1. First Run Fixation Count (FRFC) Results

Before reporting the findings related to fixation durations, it would be helpful to have a
look at how many fixations were done on the target words. In order to examine the
effects of word length and frequency on the fixation count in first pass reading, First
Run Fixation Count was analyzed. In this section, findings of this measure will be
presented, below the definition of this measure is provided.

= First Run Fixation Count: The number of all fixations in a trial falling in the first
run of the word.

From Figure 4.1 above, it is possible to observe that the fixation count that the word
tageronluktaki received was three. Below, Table 4.1 presents the mean First Run
Fixation Counts according to the related variables.

27



Table 4.1: Mean First Run Fixation Counts according to frequency and word length.

FIRST RUN FIXATION COUNT

Frequent Infrequent
Word Length M SD M SD
4 (root) 1.04 008 114 0.20
6 (one suffix) 125 021 150 0.50
8 (two suffixes) 145 038 175 0.71
10 (root) 157 041 227 0.78

12 (one suffix) 175 047 260 0.78
14 (two suffixes) 2.08 059 3.07 1.02

A Factorial ANOVA was conducted to compare the main effects of frequency and word
length and the interaction effect between frequency and word length on First Run
Fixation Count. A two-way analysis of variance was conducted to investigate the
influence of two independent variables (frequency, word length) on First Run Fixation
Count. Frequency included two levels (frequent, infrequent) and word length consisted
of six levels (words with 4, 6, 8, 10, 12, 14 characters respectively).

When Mauchly’s test is applied to investigate whether the assumption of sphericity had
been violated, the chi-square test statistic yielded that it is violated for the main effect of
word length, x*(14) = 69.83, p < .001 and the interaction effect between frequency and
word length, y*(14) = 69.99, p < .001. In this case, corrected degrees of freedom from
Greenhouse—Geisser estimates of sphericity were used (¢ = .64 for the main effect of
word length and .62 for the interaction between frequency and word length).

The main effects and the interaction are reported as significant at p < .001. The main
effect of frequency yielded F(1, 47) = 125.96, p < .001, indicating that the mean fixation
count in the first run was significantly higher for infrequent words (M = 2.05, SE = 0.07)
than for frequent words (M = 1.52, SE = 0.04).

The main effect of word length yielded a significant effect, F(3.18, 149.68) =125.86, p <
.001. Pairwise comparisons (see Figure 4.2) demonstrated that the mean First Run
Fixation Count was significantly the highest for the words with 14 characters, (M = 2.57,
SE = 0.10) and significantly the lowest for the words with 4 characters, (M = 1.09, SE =
0.01). Accordingly, the mean First Run Fixation Count was significantly higher for the
words with 12 characters, (M = 2.18, SE = 0.08) compared to the words with 10
characters, (M = 1.92, SE = 0.08). It was also higher for the words with 10 characters
than for the ones with 8 characters, (M = 1.60, SE = 0.07), and for the words with 8
characters than the ones with 6 characters, (M = 1.38, SE = 0.04).
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Figure 4.2: Word length effect on First Run Fixation Count. Error bars indicate Cl for the mean at 95%
significance level and asterisk (*) shows significance.

There was a significant interaction effect between frequency and word length, F(3.08,
144.82) = 24.14, p < .001. Figure 4.3 presents the interaction between frequency and
word length on First Run Fixation Count; it increases for both frequent and infrequent
words as the words get longer.
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Figure 4.3: Interaction effect between frequency and word length on First Run Fixation Count

4.1.1.1. First Run Fixation Count: Frequent vs. Infrequent Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on First Run Fixation Count. The chi-square test statistic
from Mauchly’s test revealed that the assumption of sphericity had been violated for the
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main effect of word length, y2(14) = 68.42, p < .001. So, corrected degrees of freedom
were used from Greenhouse—Geisser estimates of sphericity (¢ = .63).

The main effect of word length yielded a significant effect, F (3.16, 148.95) = 71.83, p <
.001. Pairwise comparisons (see Figure 4.4) demonstrated that the mean First Run
Fixation Count of the frequent words was significantly different (p < .05) among
different word lengths except for the difference between the words with 6 characters, (M
= 1.45, SE = 0.05) and 8 characters, (M = 1.57, SE = 0.05), and it was significantly the
lowest for the words with 4 characters, (M = 1.04, SE = 0.01) and the highest for the
words with 14 characters, (M = 2.08, SE = 0.08).
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Figure 4.4: Word length effect of frequent words on First Run Fixation Count. Error bars indicate CI for
the mean at 95% significance level and asterisk (*) shows significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on First Run Fixation Count. When Mauchly’s test
is applied to investigate whether the assumption of sphericity had been violated, the chi-
square test statistic yielded that it is violated for the main effect of word length, y%(14) =
55.61, p < .001. Therefore, corrected degrees of freedom from Greenhouse—Geisser
estimates of sphericity were used (¢ = .69).

The main effect of word length yielded a significant effect, F(3.44, 161.97) = 94.35, p <
.001. Pairwise comparisons (see Figure 4.5) demonstrated that the mean First Run
Fixation Count of the infrequent words was significantly the lowest for the words with 4
characters, (M = 1.14, SE = 0.02) and the highest for the words with 14 characters (M =
3.07, SE = 0.14). The difference among all word lengths was statistically significant (p <
.05).
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Figure 4.5: Word length effect of infrequent words on First Run Fixation Count. Error bars indicate CI for
the mean at 95% significance level and asterisk (*) shows significance.

4.1.1.2. Summary of First Run Fixation Count Results

The mean fixation count in the first run was significantly higher for infrequent words
than for frequent words. For the frequent words, it was significantly different among all
word lengths except for the difference between the words with 6 and 8 characters while
for the infrequent words, the difference among all word lengths was significant.

It was the lowest both for frequent and infrequent words with 4 characters and the
highest both for frequent and infrequent words with 14 characters. The significant
interaction between frequency and word length demonstrated that for both the frequent
and infrequent words, the fixation count in the first run increased as the word length
increased.

4.1.2. First Fixation Duration (FFD) Results

In this section, the findings regarding the First Fixation Durations on the target words
will be presented. Before presenting these results, it would be helpful to provide the
definitions of the measures which will be referred to in this section.

> First Fixation Duration (FFD): Duration of the first fixation on a word during
the first pass through the text (i.e., excluding fixations that occur after
regressions)

Since FFD is the duration of the first fixation on a word regardless of whether it is the

only fixation on a word or the first of multiple fixations on a word, the differentiation
between these two cases will be addressed by two other local measures (see Figure 4.6):
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1. Single Fixation Duration: First pass fixation duration on a word that is only
fixated once.

2. FFD of Multiple Fixations: Duration of the first of multiple fixations on a
word.

Single Fixation Duration First Fixation pur.atlon of Multiple

l Fixations
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Figure 4.6: Single Fixation Duration and FFD of multiple fixations.

In other words, Single Fixation Duration is obtained when the readers pass a word by
making only a single fixation, and FFD of multiple fixation cases represent the cases
where the readers make second or more fixations after they fixate once on a word. It
should again be noted that all the measures that will be presented in the present study are
the measures of the first pass reading, (i.e., the fixations occur after regressions are
excluded).

Table 4.2: Mean First Fixation Durations according to refixation, frequency, and word length.

FIRST FIXATION DURATION (FFD) (ms)

SINGLE FIXATION DURATION FFD OF MULTIPLE FIXATIONS

Frequent Infrequent Frequent Infrequent
Word Length M SD M SD M SD M SD
4 (root) 207.69 34.40 228.72 49.94 15554 8090 206.26  53.17
6 (one suffix) 232,52 38.09 25422 5735 21446 65.02 246.08 66.75
8 (two suffixes) 251.93 7350 284.09 6855 208.05 73.36 252.67 68.95
10 (root) 224,92 35.67 266.97 66.97 20851 48.85 245.04 52.02

12 (one suffix) 22430 52.38 236.90 77.86 218.63 4453 256.02 53.90
14 (two suffixes) 213.69 56.46 25196 66.25 218.43 39.33 255.39 58.77

Investigating the different possible findings that will be obtained when Single Fixation
Duration and FFD of Multiple Fixations are handled separately was crucial in the
present study. However, before that, a Factorial ANOVA was conducted to compare the
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main effects of refixation, frequency and word length and the interaction effects among
them on First Fixation Duration itself.

A three-way analysis of variance was conducted to investigate the influence of three
independent variables (refixation, frequency, and word length) on First Fixation
Duration. Refixation included two levels (single fixation and more than one fixation),
frequency included two levels (frequent, infrequent) and word length consisted of six
levels (words with 4, 6, 8, 10, 12, 14 characters respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of word length, y?(14) = 24.15, p < .05
and for the three interaction effects; refixation and word length, x?(14) = 34.77, p < .05;
frequency and word length, ¥*(14) = 24.41, p < .05, and refixation, frequency and word
length, ¥%(14) = 15.92, p < .05. Therefore, corrected degrees of freedom from Huynh-
Feldt estimates of sphericity were used (¢ = .89 for the main effect of word length, .86
for the interaction effect between refixation and word length, .92 for the interaction
effect between frequency and word length, and .97 for the interaction effect among
refixation, frequency and word length).

The main effects and interaction effects are reported as significant at p < .05 except the
interaction between frequency and word length and the interaction effect among
refixation, frequency, and word length.

The main effect of refixation yielded F(1, 47) = 13.21, p < .05, indicating that the mean
FFD was significantly higher for the words which were passed with a single fixation (M
= 239.83, SE = 4.30) than for the ones which received more than one fixation (M =
223.76, SE = 4.64).

The main effect of frequency yielded F(1, 47) = 68.60, p < .001, indicating that the
mean FFD was significantly higher for infrequent words (M = 248.70, SE = 4.57) than
for frequent words (M = 214.89, SE = 4.21).

The main effect of word length yielded a significant effect, F(4.46, 209.96) = 20.55, p <
.001. Pairwise comparisons (see Figure 4.7.) demonstrated that the mean FFD was
significantly the lowest for the words with 4 characters (M = 199.56, SE = 4.82). The
differences among the words with 6 characters, (M = 236.82, SE = 5.00), 8 characters,
(M = 249.18, SE = 6.31), 10 characters, (M = 236.36, SE = 4.71), 12 characters, (M =
233.96, SE = 4.92), and 14 characters, (M = 234.87, SE = 4.96) were not significantly
different.

33



330

300

270

240

210

180

First Fixation Duration

150

6 8 10
Word Length

12 14

Figure 4.7: Word length effect on FFD. Error bars indicate Cl for the mean at 95% significance level and

asterisk (*) shows significance.

There was a significant interaction effect between refixation and word length, F(4.32,
203.36) = 6.78, p <.001. Figure 4.8 presents the interaction between refixation and word
length; in longer words, especially after the words 10 characters, FFD decreases in the
cases when there is a single fixation while it increases in the cases when there is more

than one fixation.
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Figure 4.8: Interaction effect between refixation and word length on FFD. Error bars indicate ClI for the
mean at 95% significance level and asterisk (*) shows significance.

The interaction effect between frequency and word length was not significant, F(4.63,
217.97) = 0.79, p = .55. Additionally, the interaction effect among refixation, frequency
and word length was not statistically significant, F(4.87, 229.25) = 0.75, p = .58.

This section has provided the general picture of First Fixation Duration. However, in
order to examine the nature of the interaction between refixation and word length
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accurately, Single Fixation Duration and FFD of Multiple Fixations were needed to be
analyzed separately. The section below presents those analyses.

4.1.2.1 Single Fixation Duration vs. FFD of Multiple Fixations

In the section above, the general findings regarding the First Fixation Duration are
reported. In the current section, the findings regarding the Single Fixation Duration and
FFD of Multiple Fixations will be presented respectively.

A two-way analysis of variance was conducted to investigate the influence of two
independent variables (frequency, word length) on Single Fixation Duration. Frequency
included two levels (frequent, infrequent) and word length consisted of six levels (words
with 4, 6, 8, 10, 12, 14 characters respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of word length, »*(14) = 26.68, p < .05
and the interaction effect between frequency and word length, ¥?(14) = 58.15, p < .001.
Therefore, degrees of freedom were corrected using Huynh-Feldt estimates of sphericity
(e = .90 for the main effect of word length) and Greenhouse—Geisser estimates of
sphericity (e = .66 for the interaction term).

The main effect of frequency yielded F(1, 47) = 23.63, p < .001, indicating that the
mean Single Fixation Duration was significantly higher for the infrequent words (M =
253.81, SE = 5.90) than for the frequent words (M = 225.84, SE = 4.33).

The main effect of word length yielded a significant effect, F(4.50, 211.81) = 10.98, p <
.001. Pairwise comparisons (see Figure 4.9.) demonstrated that the mean Single Fixation
Duration was significantly higher for the words with 8 characters (M = 268.01, SE =
7.81) than the words with 4 characters (M = 218.21, SE = 5.36), 10 characters (M =
245.95, SE = 5.62), 12 characters (M = 230.60, SE = 7.06), and 14 characters (M =
232.83, SE = 6.18). Additionally, the mean Single Fixation Duration was significantly
higher for words with 6 characters (M = 243.37, SE = 5.75) and words with 10
characters than for the words with 4 characters. The interaction effect among frequency
and word length was not statistically significant, F(3.27, 153.83) = 1.23, p = .30.
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Figure 4.9: Word length effect on Single Fixation Duration. Error bars indicate CI for the mean at 95%
significance level and asterisk (*) shows significance.

Another two-way analysis of variance was conducted to investigate the influence of two
independent variables (frequency, word length) on FFD of Multiple Fixations.
Frequency included two levels (frequent, infrequent) and word length consisted of six
levels (words with 4, 6, 8, 10, 12, 14 characters respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of word length, y2(14) = 55.15, p < .001
and the interaction effect between frequency and word length, »%(14) = 39.70, p < .001.
Therefore, degrees of freedom were corrected using Greenhouse—Geisser estimates of
sphericity (¢ = .74 for the main effect of word length) and Huynh-Feldt estimates of
sphericity (¢ = .83 for the interaction term).

The main effect of frequency yielded F(1, 47) = 94.31, p < .001, indicating that the
mean FFD of Multiple Fixations was significantly higher for the infrequent words (M =
243.58, SE = 4.86) than for the frequent words (M = 203.94, SE = 5.27).

The main effect of word length yielded a significant effect, F(3.71, 174.38) = 16.12, p <
.001. Pairwise comparisons (see Figure 4.10.) demonstrated that the mean FFD of
Multiple Fixations was significantly the lowest for the words with 4 characters, (M =
180.90, SE = 6.89) while the difference among the words with 6, (M = 230.27, SE =
7.72), 8, (M = 230.36, SE = 7.56), 10, (M = 226.78, SE = 5.62), 12, (M = 237.33, SE =
6.12), and 14 characters, (M = 236.91, SE = 6.16) was not statistically significant.
Additionally, the interaction effect among frequency and word length was not
statistically significant, F(4.19, 197.08) = 0.38, p = .83.
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Figure 4.10: Word length effect on FFD of Multiple Fixations. Error bars indicate CI for the mean at 95%
significance level and asterisk (*) shows significance.

Since the main effect of frequency was always significant in the analyses above, to be
able to observe only the effect of word length on Single Fixation Duration and FFD of
Multiple Fixations separately, further analyses were needed. In sections, 4.1.2.2. and
4.1.2.3., those analyses are presented.

4.1.2.2 Single Fixation Duration: Frequent vs. Infrequent Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on Single Fixation Duration. The chi-square test statistic
from Mauchly’s test revealed that the assumption of sphericity had been violated for the
main effect of word length, y2(14) = 79.56, p < .001. Therefore, corrected degrees of
freedom from Greenhouse—Geisser estimates of sphericity were used (e = .65).

The main effect of word length yielded a significant effect, F(3.23, 152.20) = 5.88, p <
.05. Pairwise comparisons (see Figure 4.11) indicated that the mean Single Fixation
Duration of the frequent words was significantly higher for the words with 8 characters,
(M = 251.93, SE = 10.60) than the words with 4 characters (M = 207.69, SE = 4.96), and
14 characters (M = 213.69, SE = 8.15). Additionally, the words with 6 characters (M =
232.52, SE = 5.49) had a significantly higher mean Single Fixation Duration than the
words with 4 characters.
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Figure 4.11: Word length effect of frequent words on Single Fixation Duration. Error bars indicate CI for
the mean at 95% significance level and asterisk (*) shows significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on Single Fixation Duration. The chi-square test
statistic from Mauchly’s test revealed that the assumption of sphericity had been
violated for the main effect of word length, ¥%(14) = 38.01, p < .05. Therefore, corrected
degrees of freedom from Huynh-Feldt estimates of sphericity were used (¢ = .84).

The main effect of word length yielded a significant effect, F(4.22, 198.48) = 6.26, p <
.001. Pairwise comparisons (see Figure 4.12) indicated that the mean Single Fixation
Duration of the infrequent words was significantly higher for the words with 8
characters than the words with 4 characters (M = 228.73, SE = 7.20), and 12 characters
(M =236.90, SE = 11.23). Additionally, the words with 10 characters (M = 266.97, SE =
9.66) had a significantly higher mean Single Fixation Duration than the words with 4
characters.
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Figure 4.12: Word length effect of infrequent words on Single Fixation Duration. Error bars indicate Cl
for the mean at 95% significance level and asterisk (*) shows significance.

There was a pattern that is likely to be realized in the results of Single Fixation Duration
about the relationship among the words with 4, 6, and 8. It is worth to remember that the
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words with 4 and 10 characters are the root forms while the ones with 6 and 12
characters are the ones representing the roots with one suffix (-DA) attached, and 8 and
14 characters are the ones to which two suffixes (-DAKki) attached. Single Fixation
Duration revealed a regular increase until to the words with 8 characters, then decreased
on the words the words with 10 characters, and provided mixed results regarding the
words with longer than 10 characters.

4.1.2.3. FFD of Multiple Fixations: Frequent vs. Infrequent Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on FFD of Multiple Fixations. When Mauchly’s test is
applied to investigate whether the assumption of sphericity had been violated, the chi-
square test statistic yielded that it is violated for the main effect of word length, y%(14) =
54.01, p < .001. Therefore, corrected degrees of freedom from Greenhouse—Geisser
estimates of sphericity were used (¢ = .74).

The main effect of word length yielded a significant effect, F(3.69, 173.69) = 9.96, p <
.001. Pairwise comparisons (see Figure 4.13) indicated that the mean FFD of Multiple
Fixations of the frequent words was significantly the lowest for the words with 4
characters (M = 155.54, SE = 11.67).

Frequent Words
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Figure 4.13: Word length effect of the frequent words on FFD of Multiple Fixations. Error bars indicate
CI for the mean at 95% significance level and asterisk (*) shows significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on FFD of Multiple Fixations. The chi-square test
statistic from Mauchly’s test revealed that the assumption of sphericity had been
violated for the main effect of word length, »(14) = 26.11, p < .05. Therefore, corrected
degrees of freedom from Huynh-Feldt estimates of sphericity were used (¢ = .93).

The main effect of word length yielded a significant effect, F(4.62, 217.30) = 5.97, p <
.001. Pairwise comparisons (see Figure 4.14) indicated that the mean FFD of Multiple
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Fixations of the infrequent words was significantly the lowest for the words with 4
characters (M = 206.26, SE = 7.67).
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Figure 4.14: Word length effect of infrequent words on FFD of Multiple Fixations. Error bars indicate Cl
for the mean at 95% significance level and asterisk (*) shows significance.

The analysis regarding the FFD of Multiple Fixations revealed that when there was more
than one fixation on a word, the lowest first fixation duration was on the words with 4
characters which was the shortest group in Experiment 1, and those words were in their
root form. There was not a significant result regarding the other word length groups
observed by looking at the FFD of Multiple Fixation Duration Results.

4.1.2.4. Summary of FFD Results

FFD is an important parameter since it is associated with lexical access. The analyses
conducted so far demonstrated that FFD was higher for the words which were passed
with a single fixation than for the ones which received more than one fixation and it was
higher for infrequent words than for frequent words. There was an interaction between
refixation and word length.

When the further analysis conducted on the two sub-local measures of First Fixation
Duration, the findings that Single Fixation Duration could reveal more about relatively
shorter words (up until 8 characters) while FFD of Multiple Fixations could only reveal
that root forms of the short words (4 characters) received the lowest first fixation
duration. Since the analyses of FFD of Multiple Fixations provided less about longer
words, in the following sections, the findings regarding the subsequent fixations will be
presented

4.1.3. Second Fixation Duration (SFD) Results:

In this section, the findings regarding the Second Fixation Duration will be presented.
The definition of Second Fixation Duration and the image representing it (see Figure
4.15) are presented below.
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Figure 4.15: Second Fixation Duration.

> Second Fixation Duration: The duration of the second fixation on a word.

Table 4.3: Mean Second Fixation Durations according to frequency and word length.

SECOND FIXATION DURATION (ms)

Frequent Infrequent
Word Length M SD M SD
4 (root) 207.13 94.58 17410 61.35

6 (one suffix) 17455 47.66 231.80 59.80
8 (two suffixes) 183.65 55.91 221.66 56.32
10 (root) 171.66 43.02 199.42 4157
12 (one suffix) 195.73 41.86 211.75 40.57
14 (two suffixes) 202.76 37.09 213.36 40.34

A Factorial ANOVA was conducted to compare the main effects of frequency and word
length and the interaction effect between frequency and word length on Second Fixation
Duration. A two-way analysis of variance was conducted to investigate the influence of
two independent variables (frequency, word length) on Second Fixation Duration in first
pass reading. Frequency included two levels (frequent, infrequent) and word length
consisted of six levels (words with 4, 6, 8, 10, 12, 14 characters respectively).

When Mauchly’s test is applied to investigate whether the assumption of sphericity had
been violated, the chi-square test statistic yielded that it is violated for the main effect of
word length, ¥*(14) = 100.75, p < .001 and the interaction effect between frequency and
word length, y2(14) = 70.35, p < .001. Therefore, corrected degrees of freedom from
Greenhouse—Geisser estimates of sphericity were used (¢ = .59 for the main effect of
word length and .61 for the interaction effect between frequency and word length).

The main effects and the interaction are reported as significant at p < .05. The main
effect of frequency yielded F(1, 47) = 29.40, p <.001, indicating that the mean SFD was

41



significantly higher for infrequent words (M = 208.68, SE = 5.00) than for frequent
words (M = 189.25, SE = 4.82).

The main effect of word length yielded a significant effect, F(2.94, 138.25) = 4.03, p <
.05. Pairwise comparisons (see Figure 4.16) demonstrated that the mean SFD was
significantly higher for words with 6 characters, (M = 203.18, SE = 6.37), 12 characters,
(M =203.74, SE = 4.97) and 14 characters, (M = 208.06, SE = 4.33) than words with 10
characters, (M = 185.54, SE = 5.08).
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Figure 4.16: Word length effect on SFD. Error bars indicate Cl for the mean at 95% significance level and
asterisk (*) shows significance.

There was a significant interaction effect between frequency and word length, F(3.02,
142.29) = 9.576, p < .001. Figure 4.17 presents the interaction between frequency and
word length; starting from the words with 8 characters, frequent and infrequent words
follow a similar pattern on their SFDs.
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Figure 4.17: Interaction effect between frequency and word length on SFD.
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4.1.3.1. Second Fixation Duration: Frequent vs. Infrequent Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on Second Fixation Duration. The chi-square test statistic
from Mauchly’s test revealed that the assumption of sphericity had been violated for the
main effect of word length, y?(14) = 104.92, p < .001. Therefore, corrected degrees of
freedom from Greenhouse—Geisser estimates of sphericity were used (¢ = .48).

The main effect of word length yielded a significant effect, F(2.37, 111.735) = 4.18, p <
.05. Pairwise comparisons (see Figure 4.18) demonstrated that the mean SFD of the
frequent words was significantly higher for the words with 12 characters, (M = 195.73,
SE = 6.04) and 14 characters, (M = 202.76, SE = 5.35) than the words with 6 characters,
(M = 174.55, SE = 6.88) and 10 characters, (M = 171.66, SE = 6.21).

Frequent Words

Second Fixation Duration

4 6 8 10 12 14
Word Length

Figure 4.18: Word length effect of the frequent words on SFD. Error bars indicate ClI for the mean at 95%
significance level and asterisk (*) shows significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on Second Fixation Duration. When Mauchly’s test
is applied to investigate whether the assumption of sphericity had been violated, the chi-
square test statistic yielded that it is violated for the main effect of word length, y*(14) =
45.08, p < .001. Therefore, corrected degrees of freedom from Huynh-Feldt estimates of
sphericity were used (¢ = .85).

The main effect of word length yielded a significant effect, F(4.25, 199.92) = 11.65, p <
.001. Pairwise comparisons (see Figure 4.19) demonstrated that the mean SFD of the
infrequent words was significantly higher for the words with 6 characters, (M = 231.81,
SE = 8.63) than the words with 10 characters, (M = 199.42, SE = 6.00), and it was the
lowest for the words with 4 characters (M = 174.10, SE = 8.85).

43



Infrequent Words

E 270

®

Z 240

=

=

g 210

=

=

= 180

o

s

¢ 150

7} 4 6 8 10 12 14

Word Length

Figure 4.19: Word length effect of the infrequent words on SFD. Error bars indicate Cl for the mean at
95% significance level and asterisk (*) shows significance.

4.1.3.2. Summary of SFD Results

The analyses on SFD demonstrated that similar to FFD, SFD was also higher for
infrequent words than for frequent words. There was a significant interaction between
frequency and word length. SFD of the frequent words was higher for the words with 12
and 14 characters than the words with 6 and 10 characters while SFD of the infrequent
words was significantly higher for the words with 6 characters than the words with 10
characters, and it was the lowest for the words with 4 characters.

Different from the results of FFD (see section 4.1.2.), the results of SFD suggest
differences between frequent and infrequent words with different lengths. Findings of
Third Fixation Duration will be presented in the following section in order to examine
whether there are clearer effects on this measure.

4.1.4. Third Fixation Duration (TFD) Results

This section includes the findings regarding the Third Fixation Duration. The definition
of Third Fixation Duration and the image representing it (see Figure 4.20) are presented
below.

Third Fixation Duration (TFD)
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Figure 4.20: Third Fixation Duration on a word.
Third Fixation Duration: The duration of the third fixation on a word.
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Table 4.4: Mean Third Fixation Durations according to frequency and word length.

THIRD FIXATION DURATION (ms)

Frequent Infrequent
Word Length M SD M SD
4 (root) NA NA  230.90 143.81

6 (one suffix) 254,73 430.27 19591 116.31
8 (two suffixes) 205.39 33.06 204.45 69.53
10 (root) 167.95 4957 22542 71.37
12 (one suffix) 196.71 57.60 228.50 69.29
14 (two suffixes) 193.51 35.71 222.39 50.85

A Factorial ANOVA was conducted to compare the main effects of frequency and word
length and the interaction effect between frequency and word length on Third Fixation
Duration. A two-way analysis of variance was conducted to investigate the influence of
two independent variables (frequency, word length) on Third Fixation Duration in first
pass reading. Frequency included two levels (frequent, infrequent) and word length
consisted of six levels (words with 4, 6, 8, 10, 12, 14 characters respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of word length, y?(14) = 387.72, p < .001
and the interaction effect between frequency and word length, y?(14) = 249.65, p < .001.
Therefore, corrected degrees of freedom from Greenhouse—Geisser estimates of
sphericity were used (¢ = .25 for the main effect of word length and .30 for the
interaction term).

The main effects and the interaction are reported as significant at p < .05. The main
effect of frequency yielded F(1, 47) = 21.67, p <.001, indicating that the mean TFD was
significantly higher for infrequent words (M = 217.93, SE = 7.77) than for frequent
words (M = 169.72, SE = 12.11).

The main effect of word length yielded a significant effect, F(1.25, 59.13) = 6.23, p <
.05. Pairwise comparisons (see Figure 4.21) demonstrated that the mean TFD was
significantly higher for the words with 8 characters, (M = 204.92, SE = 6.09), 10
characters, (M = 196.69, SE = 4.89), 12 characters, (M = 212.60, SE = 7.28), and 14
characters, (M = 207.95, SE = 5.30) than the words with 4 characters, (M = 115.45, SE =
10.37).
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Figure 4.21: Word length effect on TFD. Error bars indicate CI for the mean at 95% significance level and
asterisk (*) shows significance.

There was a significant interaction effect between frequency and word length, F(1.46,
69.93) = 11.77, p < .001. Figure 4.22 presents the interaction between frequency and
word length; between the words with 6 and 12 characters, the mean TFD of infrequent
words increases while the mean TFD of the frequent words decreases between the words
with 6 and 10 characters.
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Figure 4.22: Interaction effect between frequency and word length on TFD.

4.1.4.1. Third Fixation Duration: Frequent vs. Infrequent Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on Third Fixation Duration. When Mauchly’s test is applied
to investigate whether the assumption of sphericity had been violated, the chi-square test
statistic yielded that it is violated for the main effect of word length, %(14) = 557.51, p <
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.001. Therefore, corrected degrees of freedom from Greenhouse—Geisser estimates of
sphericity were used (¢ = .21).

The main effect of word length yielded a significant effect, F(1.06, 50) = 12.27, p < .05.
Pairwise comparisons (see Figure 4.23) demonstrated that the mean TFD of the frequent
words was significantly higher for the words with 8 characters, (M = 205.39, SE = 4.77)
than the words with 10 characters (M = 167.95, SE = 7.15). There was no third fixation
on the frequent words with 4 characters.
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Figure 4.23: Word length effect of the frequent words on TFD. Error bars indicate CI for the mean at 95%
significance level and asterisk (*) shows significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on Third Fixation Duration. The chi-square test
statistic from Mauchly’s test revealed that the assumption of sphericity had been
violated for the main effect of word length, y2(14) = 132.20, p < .001. Therefore,
corrected degrees of freedom from Greenhouse—Geisser estimates of sphericity were
used (¢ = .52).

The main effect of word length yielded F(2.58, 121.67) = 1.43, p = .23 indicating that
the difference among the mean TFD on infrequent words was not significantly affected
by the word length.

4.1.4.2. Summary of TFD Results

The TFD analyses revealed that TFD was higher for infrequent words than for frequent
words which was the case for FFD and SFD as well. There was a significant interaction
effect between frequency and word length. There was no Third Fixation Duration on
frequent words with 4 characters. Additionally, while frequent words with 8 characters
had a higher mean TFD than the frequent words with 10 characters, there was no
significant effect of the word length on TFD for infrequent words.
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4,1.5. Gaze Duration Results

In this section, the findings regarding the Gaze Duration will be presented. The
definition of Gaze Duration and the image representing it (see Figure 4.24) are presented
below.

Gaze Duration = F1 + F2 +F3
F1 F2 F3
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Figure 4.24: Gaze Duration.

> Gaze Duration: The sum of all fixations made on a word prior to a saccade to
another word.

Table 4.5: Mean Gaze Durations according to frequency and word length.

GAZE DURATION (ms)

Frequent Infrequent
Word Length M SD M SD
4 (root) 600.15 146.23 628.52 172.29

6 (one suffix) 656.35 178.54 807.47 234.16
8 (two suffixes)  695.80 162.27 878.79 215.57
10 (root) 637.62 115.44 921.99 237.49
12 (one suffix) 690.94 119.45 965.58 207.02
14 (two suffixes)  727.11 146.70 1075.91 313.01

A Factorial ANOVA was conducted to compare the main effects of frequency and word
length and the interaction effect between frequency and word length on Gaze Duration.
A two-way analysis of variance was conducted to investigate the influence of two
independent variables (frequency, word length) on Gaze Duration in first pass reading.
Frequency included two levels (frequent, infrequent) and word length consisted of six
levels (words with 4, 6, 8, 10, 12, 14 characters respectively).

When Mauchly’s test is applied to investigate whether the assumption of sphericity had
been violated, the chi-square test statistic yielded that it is violated for the main effect of
word length, x%(14) = 53.47, p < .001 and the interaction effect between frequency and
word length, y?(14) = 31.86, p < .05. Therefore, degrees of freedom were corrected using
Greenhouse—Geisser estimates of sphericity (¢ = .71for the main effect of word length)
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and Huynh-Feldt estimates of sphericity .91 for the interaction effect between frequency
and word length).

The main effects and the interaction are reported as significant at p < .001. The main
effect of frequency yielded F(1, 47) = 168.36, p < .001, indicating that the mean Gaze
Duration was significantly higher for infrequent words (M = 879.70, SE = 25.22) than
for frequent words (M = 667.99, SE = 15.60).

The main effect of word length yielded a significant effect, F(3.56, 167.56) = 38.93, p <
.001. Pairwise comparisons (see Figure 4.25) demonstrated that the mean Gaze Duration
was significantly the lowest for the words with 4 characters, (M = 614.33, SE = 18.57).
Pairwise comparisons also demonstrated that the mean Gaze Duration was significantly
higher for the words with 14 characters, (M = 901.51, SE = 29.56) than the words with
10 characters, (M = 779.80, SE = 22.98), 8 characters, (M = 787.29, SE = 22.19), and 6
characters, (M = 731.91, SE = 28.15). Additionally, the words with 12 characters (M =
828.259, SE = 20.136) had a mean Gaze Duration significantly higher than the words
with 6 characters.
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Figure 4.25: Word length effect on Gaze Duration. Error bars indicate CI for the mean at 95% significance
level and asterisk (*) shows significance.

There was a significant interaction effect between frequency and word length, F(4.58,
215.48) = 17.93, p < .001. Figure 4.26 illustrates the interaction effect between
frequency and word length on Gaze Duration; for the infrequent words, Gaze Duration
increases as the words get longer. On the other hand, for the frequent words, it increases
up to words with 8 characters, then decreases on the words with 10 characters, then it
again increases as the words get longer.
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Figure 4.26: Interaction effect between frequency and word length on Gaze Duration.
4.1.5.1. Gaze Duration: Frequent vs. Infrequent Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on Gaze Duration. The chi-square test statistic from
Mauchly’s test revealed that the assumption of sphericity had been violated for the main
effect of word length, x?(14) = 73.41, p < .001. Therefore, corrected degrees of freedom
from Greenhouse—Geisser estimates of sphericity were used (¢ = .63).

The main effect of word length yielded a significant effect, F(3.19, 149.93) = 8.56, p <
.001. Pairwise comparisons (see Figure 4.27) demonstrated that the mean Gaze Duration
of the frequent words was significantly higher for the words with 14 characters, (M =
727.11, SE = 21.17), 12 characters, (M = 690.93, SE = 17.24), and 8 characters, (M =
695.80, SE = 23.42) than the words with 4 characters, (M = 600.15, SE = 21.10).
Pairwise comparisons also demonstrated that the mean Gaze Duration of the frequent
words was significantly higher for the words with 12 characters than the words with 10
characters, (M = 637.62, SE = 16.66).
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Figure 4.27: Word length effect of the frequent words on Gaze Duration. Error bars indicate CI for the
mean at 95% significance level and asterisk (*) shows significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on Dwell Time. When Mauchly’s test is applied to
investigate whether the assumption of sphericity had been violated, the chi-square test
statistic yielded that it is violated for the main effect of word length, »*(14) = 43.13, p <
.05. Therefore, corrected degrees of freedom from Greenhouse—Geisser estimates of
sphericity were used (¢ = .74).

The main effect of word length yielded a significant effect, F(3.70, 174.33) = 38.39, p <
.001. Pairwise comparisons (see Figure 4.28) demonstrated that the mean Gaze
Duration of the infrequent words was significantly the lowest for the words with 4
characters, (M = 628.52, SE = 24.86) and it was higher for the words with 14 characters,
(M =1075.90, SE = 45.17) than the words with 10 characters, (M = 921.98, SE = 34.27),
8 characters, (M = 878.78, SE = 31.11), and 6 characters, (M = 807.46, SE = 33.79).
Additionally, the words with 12 characters, (M = 965.58, SE = 29.88) and 10 characters
had a significantly higher mean Gaze Duration than the words with 6 characters.
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Figure 4.28: Word length effect of the infrequent words on Gaze Duration. Error bars indicate CI for the
mean at 95% significance level and asterisk (*) shows significance.

4.1.5.2. Summary of Gaze Duration Results

The analyses of Gaze Duration demonstrated that it was higher for the infrequent words
than for the frequent words which was consistent with the results of the findings of the
other measures that were reported in the above sections. There was a significant
interaction effect between frequency and word length.

For the frequent words, Gaze Duration was significantly higher for the words with 14,
12, and 8 characters than the words with 4 characters; it was also higher for the words
with 12 characters than the words with 10 characters. For the infrequent words Gaze
Duration was the lowest for the words with 4 characters and it was higher for the words
with 14 characters than the words with 10, 8, and 6 characters. The words with 12 and
10 characters had a significantly higher mean Gaze Duration than the words with 6
characters.

So far, the findings of the analyses conducted on First, Second, and Third Fixation
Duration and Gaze Duration are reported. In the following section, the results of the
Sum of First and Second Fixation Duration will be presented. The rationale behind this
analysis is the fact that lexical access is assumed to be started in First Fixation Duration,
and it is likely that for longer words, this access may take longer than the duration of the
first fixation. Although this method of analyzing may not suggest much for the cases
when lexical access is completed with a single fixation, there is a possibility for longer
words such that this process is completed together with first and one or more subsequent
fixations. In order to examine this possibility, this further analysis was conducted.

4,1.6. Sum of First and Second Fixation Duration Results

The Sum of First and Second Fixation Duration measure was obtained by adding the
duration of the first of multiple fixations on a word to the duration of the second fixation
on a word.
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Table 4.6: Mean Sum of First and Second Fixation Durations according to frequency and word length.

FFD + SFD (ms)
Frequent Infrequent
Word Length M SD M SD
4 (root) 373.48 127.32 380.58 92.65

6 (one suffix) 392.93 8343 482.02 102.02
8 (two suffixes)  397.28 92.07 472.01 90.53
10 (root) 380.43 70.18 444.47 66.13
12 (onesuffix) 41450 71.34 467.96 73.73
14 (two suffixes) 421.19 63.26 468.76 82.35

A Factorial ANOVA was conducted to compare the main effects of frequency and word
length and the interaction effect between frequency and word length on the sum of First
and Second Fixation Duration. A two-way analysis of variance was conducted to
investigate the influence of two independent variables (frequency, word length) on the
sum of First and Second Fixation Duration. Frequency included two levels (frequent,
infrequent) and word length consisted of six levels (words with 4, 6, 8, 10, 12, 14
characters respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of word length, x?(14) = 58.74, p < .001
and the interaction effect between frequency and word length, y*(14) = 31.13, p < .05.
Therefore, degrees of freedom were corrected using Greenhouse—Geisser estimates of
sphericity (¢ = .71 for the main effect of word length) and Huynh-Feldt estimates of
sphericity (¢ =.86 for the interaction effect between frequency and word length).

The main effects and the interaction are reported as significant at p < .05. The main
effect of frequency yielded F(1, 47) = 160.02, p <.001, indicating that the mean Sum of
First and Second Fixation Duration was significantly higher for infrequent words (M =
452.63, SE = 8.62) than for frequent words (M = 396.63, SE = 8.83).

The main effect of word length yielded a significant effect, F(3.52, 165.65) =14.01, p <
.001. Pairwise comparisons (see Figure 4.29) demonstrated that the mean Sum of First
and Second Fixation Duration was significantly the lowest for the words with 4
characters, (M = 377.03, SE = 13.69) and it was significantly higher both for the words
with 14, (M = 444.97, SE = 9.27) and 12 characters, (M = 441.23, SE = 9.12), than for
the words with 10 characters, (M = 412.45, SE = 8.33).
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Figure 4.29: Word length effect on Sum of First and Second Fixation Duration. Error bars indicate Cl for
the mean at 95% significance level and asterisk (*) shows significance.

There was a significant interaction effect between frequency and word length, F(4.31,
202.83) = 4.25, p < .05. In Figure 4.30, the interaction between frequency and word
length is presented. The frequent and infrequent words follow a similar pattern except
for the duration on words with 6 characters.
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Figure 4.30: Interaction effect between frequency and word length on Sum of First and Second Fixation
Duration. Error bars indicate CI for the mean at 95% significance level and asterisk (*) shows
significance.

4.1.6.1. Sum of First and Second Fixation Duration: Frequent vs. Infrequent Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on the sum of First and Second Fixation Duration. When
Mauchly’s test is applied to investigate whether the assumption of sphericity had been
violated, the chi-square test statistic yielded that it is violated for the main effect of word
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length, ¥*(14) = 82.82,p< .001. Therefore, corrected degrees of freedom from
Greenhouse—Geisser estimates of sphericity were used (¢ = .57).

The main effect of word length yielded a significant effect, F(2.82, 132.76) = 3.58, p <
.05. Pairwise comparisons (see Figure 4.31) demonstrated that the mean Sum of First
and Second Fixation Duration of the frequent words was significantly higher for the
words with 14 characters, (M = 421.19, SE = 9.13) than the words with 4 characters (M
= 373.48, SE = 18.37). Additionally, the mean Sum of First and Second Fixation
Duration of the frequent words was significantly higher for the words with 14 and 12
characters, (M = 414.50, SE = 10.29) than the words with 10 characters, (M = 380.43, SE
=10.13).
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Figure 4.31: Word length effect of the frequent words on Sum of First and Second Fixation Duration.
Error bars indicate CI for the mean at 95% significance level and asterisk (*) shows significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on the sum of First and Second Fixation Duration.
The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of word length, y?(14) = 47.27, p < .001.
Therefore, corrected degrees of freedom from Greenhouse—Geisser estimates of
sphericity were used (¢ = .69).

The main effect of word length yielded a significant effect, F(3.42, 161.18) = 15.02, p <
.001. Pairwise comparisons (see Figure 4.32) demonstrated that the mean Sum of First
and Second Fixation Duration of the infrequent words was significantly the lowest for
the words with 4 characters, (M = 380.59, SE =13.37).
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Figure 4.32: Word length effect of the infrequent words on Sum of First and Second Fixation Duration.
Error bars indicate CI for the mean at 95% significance level and asterisk (*) shows significance.

4.1.6.2. Summary of Sum of First and Second Fixation Results

The results of the analysis on Sum of First and Second Fixation Duration revealed that it
was higher for infrequent words than for frequent words. Further, for frequent words, it
was higher for the words with 14 characters than the words with 4 characters while it
was higher for the words with 14 and 12 characters than the words with 10 characters.
For the infrequent words, it was the lowest for the words with 4 characters.

In the following section, the findings regarding the Sum of First, Second and Third
Fixation Duration will be presented in order to examine whether the lexical access can
be completed in three subsequent fixations. It is especially important for longer words;
although the analyses of the Sum of First and Second Fixations provided results related
to long and frequent words, less is known for the long and infrequent words from the
analyses reported so far.

4.1.7. Sum of First, Second, and Third Fixation Duration Results

The Sum of First, Second and Third Fixation Duration measure was obtained by
summing up the duration of the first of multiple fixations on a word with the duration of
the second and the third fixation on a word.
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Table 4.7: Mean Sum of First, Second, and Third Fixation Durations according to frequency and word

length.
FFD + SFD + TFD (ms)
Frequent Infrequent
Word Length M SD M SD
4 (root) 375.31 121.47 398.97 172.13

6 (one suffix) 462.03 338.95 566.38 181.09
8 (two suffixes) 473.18 145.69 596.83 166.84
10 (root) 450.22 132.35 647.22 132.67
12 (one suffix) 525.68 151.72 664.04 117.61
14 (two suffixes) 571.06 115.46 681.96 111.93

A Factorial ANOVA was conducted to compare the main effects of frequency and word
length and the interaction effect between frequency and word length on the sum of First,
Second and Third Fixation Duration. A two-way analysis of variance was conducted to
investigate the influence of two independent variables (frequency, word length) on the
sum of First, Second and Third Fixation Duration. Frequency included two levels
(frequent, infrequent) and word length consisted of six levels (words with 4, 6, 8, 10, 12,
14 characters respectively).

When Mauchly’s test is applied to investigate whether the assumption of sphericity had
been violated, the chi-square test statistic yielded that it is violated for the main effect of
word length, ¥*(14) = 87.20, p < .001 and the interaction effect between frequency word
length, y*(14) = 41.39, p < .001. Therefore, degrees of freedom were corrected using
Greenhouse—Geisser estimates of sphericity (¢ = .51 for the main effect of word length)
and Huynh-Feldt estimates of sphericity (.85 for the interaction effect between
frequency and word length).

The main effects and the interaction are reported as significant at p < .05. The main
effect of frequency yielded F(1, 47) = 117.75, p <.001, indicating that the mean Sum of
First, Second and Third Fixation Duration was significantly higher for infrequent words
(M =592.57, SE = 16.13) than for frequent words (M = 476.25, SE = 16.69).

The main effect of word length yielded a significant effect, F(2.42, 114.16) = 31.65, p <
.001. Pairwise comparisons (see Figure 4.33) demonstrated that the mean Sum of First,
Second and Third Fixation Duration was significantly the lowest for the words with 4
characters, (M = 387.14, SE = 16.59) and it was significantly higher for the words with
14 characters, (M = 626.51, SE = 13.68) than for the words with 10, (M =548.72, SE =
15.99), 8, (M = 535.01, SE = 18.41), and 6 characters, (M = 514.20, SE = 35.08).
Accordingly, the mean Sum of First, Second and Third Fixation Duration was
significantly higher for the words with 12 characters, (M = 594.86, SE = 15.64) than for
the words with 10 and 8 characters.
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Figure 4.33: Word length effect on Sum of First, Second, and Third Fixation Duration. Error bars indicate
ClI for the mean at 95% significance level and asterisk (*) shows significance.

There was a significant interaction effect between frequency and word length, F(4.22,
198.55) = 4.78, p < .05. Figure 4.34. illustrates the interaction effect between frequency
and word length; the Sum of First, Second and Third Fixation Duration increases for the
infrequent words as the words get longer while for the frequent words it increases up to
words with 8 characters, then decreases on the words with 10 characters, then it again
increases as the words get longer which is similar to the interaction effect between
frequency and word length on Gaze Duration (see Figure 4.26).
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Figure 4.34: Interaction effect between frequency and word length on Sum of First, Second, and Third

Fixation Duration. Error bars indicate Cl for the mean at 95% significance level and asterisk (*) shows
significance.
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4.1.7.1. Sum of First, Second and Third Fixation Duration: Frequent vs. Infrequent
Words

A one-way analysis of variance was conducted to investigate the influence of the word
length of the frequent words on the sum of First, Second and Third Fixation Duration.
The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of word length, y?(14) = 89.97, p < .001.
Therefore, corrected degrees of freedom from Greenhouse—Geisser estimates of
sphericity were used (¢ = .49).

The main effect of word length yielded a significant effect, F(2.44, 115.01) = 8.68, p <
.001. Pairwise comparisons (see Figure 4.35) demonstrated that the mean Sum of First,
Second and Third Fixation Duration of the frequent words was significantly lower for
the words with 4 characters (M = 375.31, SE = 17.53) than the words with 14 characters,
(M =571.06, SE = 16.66), 12 characters, (M = 525.68, SE = 21.90), 10 characters, (M =
450.22, SE = 19.10), and 8 characters, (M = 473.18, SE = 21.03). Additionally, it was
significantly higher for the words with 14 characters than the words with 8 and 10
characters. The words with 12 characters had a significantly higher mean Sum of First,
Second and Third Fixation compared to words with 10 characters.
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Figure 4.35: Word length effect of the frequent words on Sum of First, Second, and Third Fixation
Duration. Error bars indicate CI for the mean at 95% significance level and asterisk (*) shows
significance.

Another one-way analysis of variance was conducted to investigate the influence of the
word length of the infrequent words on the sum of First, Second and Third Fixation
Duration. When Mauchly’s test is applied to investigate whether the assumption of
sphericity had been violated, the chi-square test statistic yielded that it is violated for the
main effect of word length, y2(14) = 51.73, p < .001. Therefore, corrected degrees of
freedom from Greenhouse—Geisser estimates of sphericity were used (¢ = .73).
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The main effect of word length yielded a significant effect, F(3.62, 170.33) = 43.97, p <
.001. Pairwise comparisons (see Figure 4.36) demonstrated that the mean Sum of First,
Second and Third Fixation Duration of the infrequent words was significantly the lowest
for the words with 4 characters, (M = 398.97, SE = 24.84) and it was significantly higher
for the words with 14 characters, (M = 681.96, SE = 16.15), 12 characters, (M = 664.04,
SE = 16.97), and 10 characters, (M = 647.22, SE = 19.15) than for the words with 6
characters, (M = 566.38, SE = 26.13). Additionally, the words with 14 characters had a
significantly higher mean Sum of First, Second and Third Fixation Duration than the
words with 8 characters, (M = 596.83, SE = 24.08).
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Figure 4.36: Word length effect of the infrequent words on Sum of First, Second, and Third Fixation
Duration. Error bars indicate CI for the mean at 95% significance level and asterisk (*) shows
significance.

4.1.7.2. Summary of Sum of First, Second and Third Fixation Duration

The mean Sum of First, Second and Third Fixation Duration was significantly higher for
infrequent words than for frequent words. For the frequent words, it was lower for the
words with 4 characters than the words with 14, 12, 10, and 8 characters. Additionally, it
was significantly higher for the words with 14 characters than the words with 8 and 10
characters. The frequent words with 12 characters had a higher mean Sum of First,
Second and Third Fixation compared to words with 10 characters.

For the infrequent words Sum of First, Second and Third Fixation Duration was the
lowest for the words with 4 characters and it was higher for the words with 14, 12, and
10 characters than for the words with 6 characters. Additionally, it was higher for the
words with 14 characters than the words with 8 characters. The results of the Sum of
First, Second, and Third Fixation Duration provided findings regarding the long and
infrequent words compared to the results of the Sum of First and Second Fixation.
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4.2. Experiment 2

In Experiment 1, the words were grouped according to their length and frequency
values. There were two groups of words according to their frequencies: frequent and
infrequent, and there were six groups of words according to their lengths: words with 4,
6, 8, 10, 12, and 14 characters respectively. Observing and understanding only the
possible effects of morphological complexity was not possible solely with the results of
Experiment 1 since in that experiment, word length and frequency were confounding
factors. Moreover, sentence frames (i.e. the parts before and after the target words in the
sentences) were not controlled in Experiment 1, and some of the target words with no
suffix were derived words which were also confounding factors.

So, Experiment 2 was designed with the aim of eliminating the mentioned confounding
factors by using only the frequent words with the same length, and among the target
words, there were no derived ones. Further, word-initial bigrams of target words were
controlled, and sentence frames before target word and after target word were the same
among word-initial bigrams. The present section presents the findings of Experiment 2.

4.2.1. First Run Fixation Count (FRFC) Results

In order to examine the effects of suffixation condition on the fixation count in first pass
reading, First Run Fixation Count which is the number of all fixations in a trial falling in
the first run of the word was analyzed.

A Factorial ANOVA was conducted to compare the main effect of suffixes on First Run
Fixation Count. A one-way analysis of variance was conducted to investigate the
influence of one independent variable (condition) on First Run Fixation Count. The
condition included three levels (1, 2, 3; representing words with no suffix, words with
one suffix and words with two suffixes respectively).

The results show that there was no statistically significant effect of condition on First
Run Fixation Count, F(2, 78) = 1.38, p = .25.

4.2.2. First Fixation Duration (FFD) Results

In this section, the findings regarding the First Fixation Durations on the target words
will be presented. First Fixation Duration is the duration of the first fixation on a word
during the first pass through the text. Since FFD is the duration of the first fixation on a
word regardless of whether it is the only fixation on a word or the first of multiple
fixations on a word, the differentiation between these two cases is needed. So, two local
measures: Single Fixation Duration which is the first pass fixation duration on a word
that is only fixated once and FFD of Multiple Fixations which is the duration of the first
of multiple fixations on a word were used (see Figure 4.6).
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Table 4.8: Mean First Fixation Durations according to the suffixation conditions.

FIRST FIXATION DURATION (FFD) (ms)
Single Fixation  FFD of Multiple

Duration Fixations
Condition M SD M SD
1-NoSuffix 21881 4956 217.79 52.27

2-OneSuffix 242,14 7789 190.63 51.15
3-TwoSuffixes 24821 7142 21935 43.95

A Factorial ANOVA was conducted to compare the main effects of refixation and
condition (suffixes) and the interaction effect between refixation and condition on First
Fixation Duration. A two-way analysis of variance was conducted to investigate the
influence of two independent variables (refixation, condition) on First Fixation Duration.
Refixation included two levels (single fixation and more than one fixation), and
condition included three levels (1, 2, 3; representing words with no suffix, words with
one suffix and words with two suffixes respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the interaction effect between refixation and
condition, y*(2) = 12.04, p < .05. Therefore, corrected degrees of freedom from Huynh-
Feldt estimates of sphericity were used (¢ = .81).

The main effect of refixation and the interaction effect are reported as significant at p <
.05. The main effect of refixation yielded an F ratio of F(1, 39) = 9.79, p < .05,
indicating that the mean FFD was significantly higher for the words which were passed
with a single fixation (M = 236.39, SE = 6.99) than for the ones which received more
than one fixation (M = 209.26, SE = 5.66).

The main effect of the suffixation condition was not statistically significant on the mean
FFD F(2, 78) = 2.44, p = .09. The interaction effect between refixation and the
suffixation condition was statistically significant though, F(1.62, 63.46) = 4.90, p < .05.
Figure 4.37 presents the interaction between refixation and the suffixation condition;
while the Single Fixation Duration increases on the words with one suffix, FFD of
Multiple Fixations decreases. Additionally, they both increase on the words with two
suffixes; however, the increase in FFD of Multiple Fixations is larger.
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Figure 4.37: Interaction effect between refixation and suffixation condition on First Fixation Duration.

4.2.2.1 Single Fixation Duration vs. FFD of Multiple Fixations

A one-way analysis of variance was conducted to investigate the influence of the
condition on Single Fixation Duration. The chi-square test statistic from Mauchly’s test
revealed that the assumption of sphericity had been violated for the main effect of
condition, y*(2) = 8.33, p < .05. Therefore, corrected degrees of freedom from Huynh-
Feldt estimates of sphericity were used (¢ = .87).

The main effect of the suffixation condition yielded an F ratio of F(1.73, 67.74) = 2.48,
p = .10, indicating that the mean Single Fixation Duration was not statistically different
among the suffixation conditions.

Another one-way analysis of variance was conducted to investigate the influence of the
condition on FFD of Multiple Fixations. When Mauchly’s test is applied to investigate
whether the assumption of sphericity had been violated, the chi-square test statistic
yielded that it is violated for the main effect of condition, y*(2) = 9.18, p < .05.
Therefore, degrees of freedom were corrected using Huynh-Feldt estimates of sphericity
(¢ = .86).

The results show that the mean FFD of Multiple Fixations was significantly affected by
the suffixation condition F(1.71, 66.67) = 6.07, p < .05. Pairwise comparisons (see
Figure 4.38) demonstrated that the mean FFD was significantly higher for the words
with two suffixes, (M = 219.35, SE = 6.95) and for the ones with no suffix, (M = 217.79,
SE = 8.26) than the words with one suffix, (M = 190.63, SE = 8.08).
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Figure 4.38: Suffixation Condition effect on FFD of Multiple Fixations. Error bars indicate CI for the
mean at 95% significance level and asterisk (*) shows significance.

4.2.3. Second Fixation Duration (SFD) Results:

In the section above, the findings of FFD analyses are reported. Since Single Fixation
Duration was not statistically different among the suffixation conditions, but FFD of
Multiple Fixations was significantly affected by the suffixation condition, Second
Fixation Duration analyses will be reported in this section. Second Fixation Duration is
the duration of the second fixation on a word (see Figure 4.15).

Table 4.9: Mean Second Fixation Durations according to the suffixation conditions.

SECOND FIXATION DURATION (ms)

Condition M SD

1-NoSuffix 173.10 34.15
2-OneSuffix 215.33 44.36
3-TwoSuffixes 157.44 53.43

A Factorial ANOVA was conducted to compare the main effect of condition (suffixes)
on Second Fixation Duration. A one-way analysis of variance was conducted to
investigate the influence of one independent variable (condition) on Second Fixation
Duration in first pass reading. The condition included three levels (1, 2, 3; representing
words with no suffix, words with one suffix and words with two suffixes respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of condition, y2(2) = 47.23, p < .001.
Therefore, corrected degrees of freedom from Greenhouse—Geisser estimates of
sphericity were used (¢ = .58).

The results show that Second Fixation Duration was significantly affected by the
suffixation condition, F(1.16, 45.57) = 31.51, p < .001. Pairwise comparisons (see
Figure 4.39) demonstrated that the mean SFD was significantly the highest for the words
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with one suffix, (M = 215.33, SE = 7.01), and the lowest for the words with two suffixes,
(M = 157.44, SE = 8.44). Additionally, the mean SFD was significantly higher for the
words with no suffix, (M = 173.10, SE = 5.40) than for the words with two suffixes.
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Figure 4.39: Suffixation Condition effect on Second Fixation Duration. Error bars indicate CI for the mean
at 95% significance level and asterisk (*) shows significance.

4.2.4. Third Fixation Duration (TFD) Results

The results of Second Fixation Duration revealed that the mean SFD was the lowest for
the words with two suffixes. In order to examine the access of the word with two
suffixes, Third Fixation Duration results may be needed. Hence, the findings of this
measure will be presented in this section. Third Fixation Duration is the duration of the
third fixation on a word (see Figure 4.20).

Table 4.10: Mean Third Fixation Durations according to the suffixation conditions.

THIRD FIXATION DURATION (ms)

Condition M SD
1-NoSuffix 132.52 7.81
2-OneSuffix 148.00 27.29
3-TwoSuffixes 206.64 16.98

A Factorial ANOVA was conducted to compare the main effect of suffixes on Third
Fixation Duration. A one-way analysis of variance was conducted to investigate the
influence of one independent variable (condition) on Third Fixation Duration in first
pass reading. The condition included three levels (1, 2, 3; representing words with no
suffix, words with one suffix and words with two suffixes respectively).

When Mauchly’s test is applied to investigate whether the assumption of sphericity had
been violated, the chi-square test statistic yielded that it is violated for the main effect of
condition, y(2) = 25.71, p< .001. Therefore, corrected degrees of freedom from
Greenhouse—Geisser estimates of sphericity were used (¢ = .67).
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The results show that Third Fixation Duration was significantly affected by the
suffixation condition, F(1.34, 52.29) = 177.84, p < .001. Pairwise comparisons (see
Figure 4.40) demonstrated that the mean TFD was significantly the highest for the words
with two suffixes, (M = 206.64, SE = 2.68), and the lowest for the words with no suffix,
(M = 132.52, SE = 1.23). Accordingly, the mean TFD was significantly higher for the
words with two suffixes than for the words with one suffix, (M = 148.00, SE = 4.31) for
which the mean TFD was significantly higher than the words with no suffix.
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Figure 4.40: Suffixation Condition effect on Third Fixation Duration. Error bars indicate CI for the mean
at 95% significance level and asterisk (*) shows significance.

4.2.5. Gaze Duration Results

A Factorial ANOVA was conducted to compare the main effect of suffixes on Gaze
Duration which is the sum of all fixations on a word prior to a saccade to another word
(see Figure 4.24). A one-way analysis of variance was conducted to investigate the
influence of one independent variable (condition) on Gaze Duration in first pass reading.
Condition included three levels (1, 2, 3; representing words with no suffix, words with
one suffix and words with two suffixes respectively).

The chi-square test statistic from Mauchly’s test revealed that the assumption of
sphericity had been violated for the main effect of condition, ¥2(2) = 9.72, p < .05.
Therefore, corrected degrees of freedom from Huynh-Feldt estimates of sphericity were
used (¢ = .85).

The results show that there was no statistically significant effect of the suffixation
condition on Gaze Duration, F(1.69, 66.02) = 2.93, p =.06.

4.2.6. Sum of First and Second Fixation Duration and Sum of First, Second, and
Third Fixation Duration Results

The results of the Gaze Duration analysis revealed that Gaze Duration was not affected
by the suffixation condition. However, FFD of Multiple Fixations and Second and Third
Fixations were affected by the suffixation condition, so the Sum of First and Second
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Fixation Duration and the Sum of First, Second, and Third Fixation Durations were also
analyzed.

First, a one-way analysis of variance was conducted to investigate the influence of one
independent variable (condition) on the sum of First and Second Fixation Duration.
Condition included three levels (1, 2, 3; representing words with no suffix, words with
one suffix and words with two suffixes respectively).

When Mauchly’s test is applied to investigate whether the assumption of sphericity had
been violated, the chi-square test statistic yielded that it is violated for the main effect of
condition, y*(2) = 19.69, p< .001. Therefore, corrected degrees of freedom from
Greenhouse—Geisser estimates of sphericity were used (¢ = .71). The results show that
there was no statistically significant effect of the suffixation condition on Sum of First
and Second Fixation Duration, F(1.42, 55.53) = 3.29, p = .06.

Then, another one-way analysis of variance was conducted to investigate the influence
of one independent variable (condition) on the sum of First, Second and Third Fixation
Duration. The results show that there was no statistically significant effect of the
suffixation condition on the sum of First, Second, and Third Fixation Duration, F(2, 78)
=1.30,p=.28.

4.3. Overall Summary of Results

In this section, findings that are presented in the previous sections of the present chapter
(Chapter 4) will be summarized. Since the eye movement measures under investigation
were the same for both experiments, the results of eye movement measures will be
included together. Thus, it would be possible to compare the findings for Experiment 1
and 2.

4.3.1. First Run Fixation Count (FRFC)

Experiment |

There was a significant main effect of word length both for frequent and infrequent
words which was qualified by the interaction between frequency and word length. The
mean fixation count was significantly higher for infrequent words than for frequent
words. Nevertheless, for both frequent and infrequent words, there was a regular
increase in the fixation count in the first run which was parallel to the increase in the
word length.

Experiment 11

The results of Experiment 2 demonstrated that there was no statistically significant
effect of the suffixation condition on First Run Fixation Count.
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4.3.2. First Fixation Duration (FFD)
Experiment I

Single Fixation Duration analyses revealed that there was a regular increase in the
durations of the words according to their word length up until the words with 8
characters. However, the decrease on the words with 10 characters which are the roots
forms could suggest that the given increase in the durations might be due to the
suffixation in the case of the words with 6 and 8 characters. Nevertheless, it still might
be the case that word length effect on Single Fixation Duration was more observable in
shorter words since the distinction of the word length and suffixation effect is difficult to
make for Experiment 1. On the other hand, when the FFD of Multiple Fixations were
analyzed, the only findings that could be reached that it was the lowest for the words
with 4 characters.

Experiment 11

This experiment revealed different results than the first one regarding FFD. The
suffixation condition did not have a significant main effect either on First Fixation
Duration or on Single Fixation Duration. However, FFD of Multiple Fixations was
significantly affected by the suffixation condition which revealed that it was
significantly higher for the words with two suffixes and for the ones with no suffix than
the words with one suffix.

4.3.3. Second Fixation Duration (SFD)
Experiment I

Second Fixation Duration analyses demonstrated that it was significantly higher for the
words with 6, 12, and 14 characters than words with 10 characters. This finding is
interesting because normally we would expect the words with 10 characters to receive
longer second fixation than the words with 6 characters. However, when it is considered
that the words with 10 letters were actually in their base forms, it could imply that the
words with 6 characters received longer fixations because of the suffix attached to them.
Moreover, despite not yielding a significant difference, the words with 8 characters (two
suffixes attached) also received longer SFDs than the ones with 10 characters.

There was also a significant interaction effect between frequency and word length. The
mean SFD of the frequent words was significantly higher for the words with 12 (one
suffix) and 14 (two suffixes) characters than the words with 6 (one suffix) and 10 (root)
characters. Besides, the mean SFD of the infrequent words was significantly higher for
the words with 6 (one suffix) characters than the words with 10 (root) characters, and it
was the lowest for the words with 4 (root) characters.
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Experiment 11

In Experiment 2, the mean SFD was significantly the highest for the words with one
suffix, and the lowest for the words with two suffixes. Additionally, the mean SFD was
significantly higher for the words with no suffix than for the words with two suffixes.
These results of Experiment 2 may suggest that readers could complete the processing of
the words with one suffix, and the words with no suffix with the Second Fixations they
made on the word.

It should be noted that the mean FFD of Multiple Fixations was significantly higher for
the words with two suffixes and the ones with no suffix than the words with one suffix.
As a complement, in the Second Fixation Duration, the words with one suffix had a
longer Second Fixation Duration than the ones with two suffixes which may allow
arguing that Second Fixation had a complementary role for the words with one suffix.

4.3.4. Third Fixation Duration (TFD)
Experiment |

There was a significant interaction effect between frequency and word length.
Furthermore, the mean TFD of the frequent words was significantly higher for the words
with 8 characters than the words with 10 characters. There was not any third fixation on
the frequent words with 4 characters. Hence, the difference between this group and
words with other lengths was significant.

The evidence that there was not any third fixation on the words with 4 characters may
suggest that the processing of these words was completed either with one fixation or
with two fixations (a shorter FFD of multiple fixations and a longer SFD). The mean
TFD on infrequent words was not informative since it was not significantly affected by
the word length.

Experiment 11

The mean TFD was significantly the highest for the words with two suffixes and the
lowest for the words with no suffix. Accordingly, the mean TFD was significantly
higher for the words with two suffixes than for the words with one suffix for which the
mean TFD was significantly higher than the words with no suffix. The findings of the
TFD in Experiment 2 support the argument regarding the role of SFD in the processing
of the words with one suffix. This may suggest that the processing of the words with no
suffix was less related to the Third Fixation on the word than the processing of the
words with one suffix. Moreover, the words with two suffixes benefited from the Third
Fixation on the word the most.
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4.3.5. Gaze Duration
Experiment I

The mean Gaze Duration of the frequent words was significantly higher for the words
with 14, 12, and 8 characters than the words with 4 characters. The mean Gaze Duration
of the frequent words was significantly higher for the words with 12 characters than the
words with 10 characters.

The mean Gaze Duration of the infrequent words was significantly the lowest for the
words with 4 characters, and higher for the words with 14 characters than the words with
10, 8, and 6 characters. Additionally, the words with 12 and 10 characters had a
significantly higher mean Gaze Duration than the words with 6 characters.

Experiment 11

In the second experiment, the results demonstrated that there was no statistically
significant effect of the suffixation condition on Gaze Duration. This finding might lead
one to consider the possibility by looking at the results of Experiment 1 and 2 together
that Gaze Duration seems to be affected by the length of the word rather than the
suffixation.

4.3.6. Sum of First and Second Fixation Duration
Experiment I

The mean Sum of First and Second Fixation Duration of the frequent words was
significantly higher for the words with 14 characters than the words with 4 characters.
For the frequent words, it was significantly higher for the words with 14 and 12
characters than the words with 10 characters. These findings may suggest that the
processing that was not observable in the First and the Second Fixation Durations
separately for the long words could be observable in the sum of these two fixations on
the word.

The mean Sum of First and Second Fixation Duration of the infrequent words was
significantly the lowest for the words with 4 characters which was also not informative
enough to speculate on the processing of the long and infrequent words.

Experiment 11

The results demonstrated that there was no statistically significant effect of the
suffixation condition on Sum of First and Second Fixation Duration.
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4.3.7. Sum of First, Second, and Third Fixation Duration
Experiment I

The mean Sum of First, Second, and Third Fixation Duration of the frequent words was
significantly lower for the words with 4 characters than the words with 14, 12, 10, 8
characters. Additionally, it was significantly higher for the words with 14 characters
than the words with 8 and 10 characters. The words with 12 characters had a
significantly higher mean Sum of First, Second, and Third Fixation compared to words
with 10 characters.

The mean Sum of First, Second, and Third Fixation Duration of the infrequent words
was significantly the lowest for the words with 4 characters, and it was significantly
higher for the words with 14, 12, and 10 characters than for the words with 6 characters.
Additionally, the words with 14 characters had a significantly higher mean Sum of First,
Second, and Third Fixation Duration than the words with 8 characters.

The Sum of First, Second, and Third Fixation Duration may suggest an explanation both
for frequent and infrequent words regarding particularly the online processing of the
long words. The process in question can be described more reliably with the sum
duration of these three fixations rather than the individual fixation durations.

Experiment 11

The results of the second experiment revealed that there was no statistically significant
effect of the suffixation condition on the Sum of First, Second, and Third Fixation
Duration which is compatible with the argument above that the sum of the first three
fixations might be more informative for the processing of long words.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The present study was conducted bearing the aim of investigating the word length and
suffixation on eye movement control in Turkish reading. The motivation behind the
present study was to contribute to the existing literature on lexical access and
morphological processing in reading by studying in a morphologically rich language.
However, the broader motivation was getting closer to the underlying mechanisms of
reading as a cognitive process. Although studies on reading have a longer history than
the cognitive science, origins of which can be traced to the mid-1950s, cognitive science
offers theories and methodologies that promise progress in the reading research in the
years to come.

Cognitive science, which can be defined as the scientific study of mind from an
interdisciplinary perspective, makes use of various methods such as thinking and
discussing the mind, collecting, reporting human behavior data and engineering.
However, none of these methods is enough in isolation to come with an account
regarding how the mind works according to the cognitive scientists. At this point, as a
field which studies how people extract information from the written text, reading is one
of the relevant fields of cognitive science. The present study was conducted as a part of a
more comprehensive project which initiated the investigation of eye movement control
modeling in Turkish reading. The evaluation of the results obtained, the limitations of
the present study, possible future work, and the conclusion will be introduced in this
chapter.

5.1. Evaluation of Results

Before starting evaluating the results, it would be helpful to remember the motivation
behind the present study. It was to observe how the first and subsequent fixations differ
in their roles while accessing words, especially long and complex ones. By discussing
these different roles, it was aimed to gain a deeper understanding of the determining
factors behind the decision of single fixation and refixation strategies of the readers.

The first run fixation count results provided evidence regarding one of the determining
factors of the refixation strategy of the readers. In Experiment 1, both frequency and
word length had a significant effect on First Run Fixation Count. However, the
interaction effect between frequency and word length demonstrated that for both
frequent and infrequent target words, there was a regular increase in the fixation count in
the first run which was parallel to the increase in the word length. On the other hand, the
results of Experiment 2 revealed that there was no significant effect of the suffixation
condition on First Run Fixation Count.

73



At this point, it is needed to remember that in Experiment 2, the target words had the
same length (seven characters), and they were all frequent words. The only difference
among the words was regarding the suffixation conditions they belong to. The findings
of the two experiments regarding the First Run Fixation Count suggest that this measure
is related to word length rather than suffixation. So, it is legitimate to argue that as a
strategy, refixation is determined not by the suffixation but by the word length.

The evaluation regarding the first fixation duration includes two cases: fixation of a
singly fixated word and first fixation of a refixated word. The results of Experiment 1
demonstrated that lexical effects such as frequency, word length, and suffixation could
be best observed through the Single Fixation Duration analyses while the results of the
FFD of Multiple Fixation analyses did not reveal much about the lexical access of the
words. Here, it should be noted whether the suffixation or word length effects were
observed in Single Fixation Duration analyses in Experiment 1 is not certain due to the
design of the experiment. However, the result of Experiment 2, in which only the
suffixation conditions were manipulated revealed no significant effect of conditions on
the Single Fixation Duration. Therefore, it is reasonable to argue that lexical effects such
as frequency and word length are best represented by the measure of Single Fixation
Duration in the present study at least for the short words, which are up to 8 characters.

The findings of the subsequent fixations obtained from both experiments provided
mixed results to discuss. Since the finding that the fixation count in the first run is
related to word length rather than suffixation or frequency is obvious as a result of the
present study, what Sereno (1992) suggested to explain the refixations in the words are
worth to remember. Her first explanation was that a deeper level of word recognition is
required for a decision to move the eyes to the next word. The other one was that if the
upcoming word is farther away, readers may have a tendency to make immediate
intraword saccade. Although the launch sites and landing positions were not analyzed in
the present study, the findings favor the second suggestion since it seems more related to
the word length effect. In other words, since for long words, the upcoming word is
farther away compared to shorter ones, it is likely that readers tend to make refixations
on the long ones.

O'Regan (1992) suggests that only oculomotor factors determine when to move the eyes.
According to his interpretation, lexical variables should only influence the duration of
single fixations on a word but only the second fixation the words which received more
than one fixation. However, in the present study word frequency had a significant effect
on all fixation duration measures, thus revealing its importance in all aspects of the word
recognition processes.

In terms of morphological processing, the results can be evaluated within the theoretical
framework of the dual-route model (Pollatsek & Hyond, 2006). This framework assumes
that there are two routes to encode words which are made of multiple morphemes (i.e.
polymorphemic), namely the compositional and the holistic route. The compositional
route involves accessing the morphemic components first, and putting them together
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afterward while the holistic route involves accessing the word as a whole (Pollatsek &
Hyona, 2006).

Since there are some other models which assume dual routes to lexical access, it should
be noted that the one referred here is the dual-route theory of the type Pollatsek &
Hyona (2006) advocated. As they made clear earlier, the framework they support does
not assume a holistic route which accesses words like visual templates; rather they argue
that the inputs that holistic route takes are not morphemes. They support that the holistic
and compositional route work in parallel; however, success in one route may inhibit the
other (Pollatsek & Hyond, 2006).

Pollatsek & Hyona (2006) argues that since the short words fall within the fovea on a
fixation, accessing the word via holistic route is more efficient than trying to find the
component boundaries and then encoding them. Hence, it is legitimate to argue that the
effect of suffixation may be emerging in the durations of the fixations. The results of the
second experiment demonstrated that the duration of the first three fixations changed
according to the suffixation conditions; however, no significant effect of the suffixation
condition found on Gaze Duration and the Sum of First and Second Fixation Duration
and Sum of First, Second, and Third Fixation Duration. On the other hand, in
Experiment 1, the first three fixation durations were informative for the short words (up
until 8 characters), but to be able to observe the situation of the long words Sum of First,
Second and Third Fixation Durations and Gaze Duration were needed.

The dual-route model argues that for short words, the holistic route is more efficient, and
since the inputs in this route are not morphemes, the readers access the words as a
whole. When this argument and the results of the present study are taken into account, it
is likely that the short words might be accessed via the holistic route, and the suffixation
conditions they were in might determine the fixation durations of the words. For the first
experiment, it is challenging to talk about the effect of suffixation solely; however, in
the results of the second experiment, there may be implications for the effects of
suffixation conditions on the individual fixation durations namely the First, Second, and
Third Fixation Durations.

For the long words in the first experiment, the first three individual fixations did not
reveal much. However, especially, the Sum of First and Second Fixation and Sum of
First, Second, and Third Fixation Duration analyses demonstrated similar patterns
obtained for the short words from the analysis of First, Second and Third Fixation
Durations. Hence, a reasonable argument to explain it may be that there occurred a
componential process involving morphemes for the long words which would be
compatible with the argument of the dual-route regarding the compositional route used
in the access of long words.
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5.2. Limitations and Future Research

A general limitation of the present study is that it is almost impossible to understand the
mechanisms underlying an information processing such as reading, solely by collecting
and reporting human data, computational models are needed to provide a nearly full
account of this process. However, the studies in Turkish reading are not mature enough,
and the present study and similar others bear the aim of collecting data and reporting
preliminary results which possibly shed light on the discussions regarding the eye
movement control modeling in Turkish.

Moreover, the present study has dealt with reading at the level of word recognition by
making important, yet incomplete assumptions since reading is not just an orthographic
process. Although the cognitive processes underlying reading are much more complex,
the systematic findings obtained as a result of the present study contribute to our
knowledge about reading.

Additionally, as the individual differences and despite being controlled, the items (target
words in the case of the present study) are random effects in most of the studies,
statistical analysis could be further extended with results from a Linear Mixed Model
(LMM) or a Generalized Linear Mixed Model (GLMM). However, the kind of analysis
reported in Chapter 4 still served well to the purposes of the present study.

Finally, and perhaps more fundamentally, the fact that the evaluations made in Section
5.1. are based on only 2 suffixes, more empirical justification is needed to build on these
conclusions. The question that would the same or similar results be obtained if different
suffixes were used instead of the ones used in the present study is a one difficult to
answer. The reason for the difficulty is that there might be spillover effects which are
not covered in the scope of the present study. When readers start to look at the next word
(N+1) while completing the procession of the previous word (N), there assumed to be
some influence, which is called “spillover effect,” of the properties of word N on the
duration time on N+1 (Just et al., 1982). In the case of the present study, durations on the
next word (N+1) were not investigated, hence not reported. Nevertheless, it would still
be assertive to answer this question. The words with the suffix -ki attached and the
words ending with another suffix like -DIK which is a multifunctional subordinating
suffix in Turkish might or might not differ in their procession which would be a real
investigation topic for future search.

As a future experimental investigation in Turkish reading, an experiment in which word
length and frequency are controlled similar to Experiment 2, but with a target word set
with longer words (i.e., more than 7 characters) can reveal more about the effect of
suffixation in long words. Furthermore, it would be helpful to gain a deeper
understanding regarding the role of suffixation in the morphological processing in
Turkish when the present and further studies are extended by making use of the
derivational morphemes in the experiments.
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Further, the suffixes used in the present study were -DA, and -DAKi. -DA is the marker
of the locative case, and it is unproductive whereas -DAKi is formed by adding the suffix
-ki to the locative marked noun phrase, and this is a productive construction (Goksel &
Kerslake, 2005). The words with unproductive suffixes are argued to be always stored
and never parsed while the ones with productive suffixes are argued to be always parsed
and never stored (Anshen & Aronoff, 1988, 1997). However, especially the results of the
second experiment revealed that the unproductive suffix -DA may not be stored or may
be parsed as well. Experimental investigations with different productive and
unproductive affixes can contribute to the literature regarding the morphological
processing in reading.

5.3. Conclusion

The results of the present study show the effects of word length, frequency, and
suffixation on eye movement control in Turkish reading. The results are also evaluated
within the theoretical framework of the dual-route model; however, as Pollatsek &
Hyona (2006) indicated themselves; this theory is a vague one from many perspectives.
For instance, how the effect of suffixation and in what way it can be observed in the
holistic or compositional route is not clear. Thus, the present study is an important one
since it provided an alternative way of searching for the effects of suffixation by looking
at several other within word measures in addition to First Fixation and Gaze Duration.

The finding that First Run Fixation Count is an orthographical measure which is not
related to suffixation but to the word length is an important one since it suggested that
refixation strategy is related to word length. However, the modulating effects of word
length on lexical access; especially when it is manipulated together with other variables
as done in Experiment 1 are still not trivial to be understood. The other major findings of
the present study are that (i) it revealed that the Single Fixation Duration provides the
best chance to observe the lexical effects on words (ii) subsequent fixations on the words
reveal effects related to suffixation conditions of the words as reported in the results of
Experiment 2.

In sum, this study in Turkish reading offers that to be able to gain a deeper
understanding of the lexical access, the cases when Single Fixation occur need to be
investigated. Languages which have morphological systems with productivity in
segmental morphology like Turkish may contribute more to the debate of lexical access
and research on reading. However, more experimental investigations in a wider range of
languages are needed to come with a coherent cross-linguistics theory of morphological
processing.
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APPENDICES

APPENDIX A

Dilbilgisel Artalan Anketi

Table A.1: Demographic information form used in both experiments.

Kisisel Bilgiler

(Bu formdaki kimlik bilgileri verilerle

eslestirilmemektedir.)

Kod:

Soyadi Adi Bugunun Tarihi
Dogum Y1l Kadin () | Erkek ()
Telefon Numarasi E-posta Adresi

Su anki mesleginiz?

En yiiksek tahsiliniz (veya o
muadili) Ortaokul Lise Unlvers!te
) < Derecesi

(litfen yuvarlaga aliniz)
Mesleki Egitim | Diger?
Fakilteniz
Bolimiiniiz
Hazirhik ( ) 1. Smif( ) 2. Smif ()
Smfimz 3.8mif () 4.Smif( )
Lisede hazirlik okunuz mu? Evet ()
Hayir ()
Universitede hazirlik Evet ()
okudunuz mu? Hayir ()
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Genel Saghk
Durumunuz

Yazarken hangi elinizi
kullaniyorsunuz?

Sag () |Sol ()

Tanist konmus herhangi
bir dil bozuklugunuz var
mu (disleksi, kekemelik
gibi)?

Hayir () | Evet()

Varsa, liitfen ayrintilandiriiz.

Caligsma sirasinda gozlik
kullandiniz mi?

Hayir () | Evet()

Calisma sirasinda lens
kullandiniz mi?

Hayir () | Evet()

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

Dil

Hangi yastan | Ne kadar
itibaren? streyle?

Ogrendiginiz yer? (evde, okulda, baska)
Lutfen belirtiniz.

Tiirkiye disinda baska iilkelerde

yasadiniz mi1?

Nekadar slireyle? | Hangi sebeple? (okul, egitim, vs.)

1.

2.

3.
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APPENDIX B

Stimulus Texts for Experiment |

Table B.1: Stimulus Texts used in Experiment 1. Texts are presented according to the conditions that
target words belong to.

Short and Frequent Words

Suffix | Word Sentence

Kapakgik ters ¢alisiyor ve midenin salgiladigi asit yemek borusunu tahris ediyor,

- asit . IR
siz de stirekli oksiiriip tiksiriyorsunuz.

DA | asitte Zaman kapsiiliiniin igindeki egyalar asitte yikanmalarinin ardindan piring bir kutuya

yerlestirilmiglerdi.
. S Tuz, kimyada, bir tepkime neticesinde olusan maddedir ve bazdaki pozitif yiiklii
-DAKi | asitteki . S o :
iyonla asitteki negatif yukli iyondan meydana gelir.
Teknenin tagiyabilecegi tatli su miktar1 belirlenirken teknenin tasarimeisinin
- depo S . s g s .
planlarinda hangi miktar depo hacimleri 6ngordiigii incelenmelidir.
DA | depoda Uzun yillar boyunca depoda bekleyen ge¢cmisim, bana diinyayla arasina duvarlar

oren bir tlilkeyi hatirlatti.

Kitle icindeki her birey depodaki farkli bir bilgiyi seg¢ip ulasabilir ve yaymci

-DAki | depodaki kurulusa gonderebilir.

Uretim ortamlar1 hazirlanarak alinan doku pargalarinin bu ortamlara konulmasiyla

) doku koklendirme islemleri gergeklestirilmektedir.

Hastanin hormon tedavisinden faydalanip faydalanamayacagini gérmek i¢in alinan

-DA | dokuda kanserli dokuda 6strojen ve progesteron reseptérlerini tayin etmek gereklidir.

Eriskin kok hiicreler her yastaki insanda bulunmakta ve ihtiya¢ duyuldugunda

-DAKi | dokudaki bulunduklar: dokudaki degisik hiicre tiirlerine doniisebilmektedirler.

Haftada bir giin, cuma 6glenleri okulun etlit salonunda toplanip, musir - ¢itir atardik

- | et birbirimize.

Heyecanliydim ¢ilinkii bir giin 6nceki etlitte kartlarini alamayan ve kartsiz kalan

-DA | etditte cocuklar o giin 6gle yemegine ¢ikamayacakti.

Ogrencilerin okuldaki durumlarindan etiitteki basarilarina kadar cesitli konularda

-DAki | etutteki ogrencileri takip etmenizi saglayan bir sistemdir.

Merkez bu yil da cocuklarin sosyal ve toplumsal degerine katkida bulunmak

i fuar amaciyla fuar boyunca elde edecegi geliri gocuk yuvasina bagiglayacak.

Sehir ekonomisine katki saglamak ve ticari hayati hareketlendirmek amaciyla

-DA | fuarda diizenlenen fuarda ziyaretgiler aradiklar1 tiim materyalleri bulabilecekler.

Farkli ilkelerden gelen ziyaretgilerin fuardaki mevcut firmalarla markalarini

-DAKI | fuardaki bulusturmalari saglanarak yeni is firsatlar ortaya ¢ikmustir.

Maddenin asliyla muhatap olunup olunmadig1 bilinemez. Agikcasi konu hakkinda

) g1se gise rekorlar1 kiran filmler bile ¢ekilmisken bu teoriye kulak kabartmamak olmaz.
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Suffix | Word Sentence
. Onda seytan tiiyli var: Cevirdigi filmler gisede basarili oluyor, daha 6nemlisi, 6zel
-DA | gisede h A =
ayatini filmlerinin Oniine gegirmiyor.
-DAKi | gisedeki E.Skl kh.se.}./e" uygun olarak, bilet almak i¢in sirada bekleyen miisterilere ragmen
gisedeki biitlin memurlar o anda moladaydi.
) i Rock miizigin 6nemli isimlerinden olusan juri tarafindan yapilacak elemelerin
] ardindan finale katilma hakki kazanan gruplar, canli performanslartyla yarisacak.
- Fotograf Sanati Kurumu iiyelerinin juride bulunmalari tamamen iradeleri disinda
-DA | jlride Lo
geligmistir.
N Hemen rezervasyon defterlerine bakip jurideki isimleri ariyorlar ve 68 kisilik
-DAKi | jurideki . . e e
ekipten sadece 8 kisinin geldigini 6greniyorlar.
) lata Asya'min en cok niifus barindiran kita olmasi &zelligi korunmaktadir. Ustelik
toplam niifus i¢indeki pay1 da artmistir.
Giinese tapmak, bir zamanlar egemen oldugu kitada kutsalligini kaybetmis olsa da
-DA | kitada oo P P
etkisini yeni yontemlerle surdiriyor.
DAKi | kitadaki Avustralya onbinlerce yildir kitadaki yerliler tarafindan yurt edinilmis olmakla
birlikte, yakin zamana kadar diger iilkelerce bilinmiyordu.
Kalenin denize hakim olusu ve ticaret yollarinin birlestigi noktada bulunusu kiy1
- kiyt y . o . .
kontroli amagh bir yap1 oldugunu géstermektedir.
DA | kivida Merdivenlerden inin ve masmavi denizin kiyida turkuaza dontistigii bu minik
Y sahildeki dalgalarin keyfini ¢ikarmadan sakin buradan ayrilmayin.
-DAKi | kiyidaki Q;ell{kle baskl‘n 'fw'larmda kiyidaki dalgalarin hareketliligi dengemizi bozabilecegi
icin agirlik secimini uygun ayarlamaliyiz.
Bu care arayisinda ben biliyorum anlayisi yok. Diyalog var. Burada en 6nemlisi
- masa .
masa etrafinda sorunlar1 tartigabilmek.
Bu tozlu baraka senelerdir 6nemli bir bilgi akis noktast olmustu. Dolayisiyla
-DA | masada . - . R
birazdan masada duran zarfin i¢inden ¢ikacaklar da énemli goriiniiyordu.
DAKi | masadaki Kasabaya yakin olmanin avantajindan masadaki cilek recelini tadarak
yararlaniyoruz.
) ofis Saatlerce oturarak g¢alisan bir kisinin ofis sartlar1 ergonomik degilse bu kisi saglik
problemlerine gebedir.
. iki yili bulan ekonomi muhabirligi gorevinden sonra vaktinin biiyiik bir kismini
-DA | ofiste . . o . oL
ofiste gegirmesinin nedeni olan editorliik siireci baglar.
. s Calisanlarla birlikte kendi sosyal komiinlerini kuran kediler mekana yeni bir diizen
-DAKi | ofisteki L PR P .
getirirken ofisteki gilinliik hayatin tiim siireglerine katildilar.
) vk Anlatinin derin yapisi iistiinde dururken bu tiir sorulara yonelmek, tiim ilgiyi belli
y bagli 6ykU kisileri arasindaki iligkiler tistiinde topluyor.
- Etrafina ¢izilen daireden ¢ikamayan adamin azinlikta kalan bireylerin simgesine
-DA | dykude AN . . -
donistligii 0ykude tarihsel bir arka plan varligini duyuruyor.
Sonunda adet oldugu iizere mutlu sona ulasildiginda sarisin kiz kardes Oykudeki
-DAKi | oykudeki | biiyiik 6diile kavusurken esmer kiz kardese diisen oliip gitmektir.
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Suffix | Word Sentence
) saha Eger kaleci topu yumruklayip saha disina atarsa veya topu yakalayip durdurursa
sutu ¢eken kaleye geciyor.
DA | sahada Say1 almak igin vurus yapilan topun sahada rakip oyuncu topa vuramadan iki kere
sigramasi gerekir.
DAk | sahadaki Herhang_l bir ertelemg halinde, ak51.k.ararla$t1r11maz ise, onceki skor ve oyuncularin
sahadaki durus yerleri muhafaza edilir.
Ik belirlemeye gére kayip ucak bulunmadigi halde yetkililer ihbarin yine de
- ucak - A
arastirildigin bildirdi.
New York seferini yapan ucakta yasananlar su siralarda sosyal medyada biiyiik bir
-DA | ucakta
calkantiya sebep oldu.
. .| Motor, havay1 ¢ektigi i¢in, kullanilan motor giiciinii diisliriiyor. Sicakta ve basing
-DAKi | ucaktaki Aoy o
altinda ucaktaki titanyum borularla hava disar veriliyor.
) uvku Karnin1 doyurup kapidan ¢ikinca, neredeyse tiim kasabanin goziine o gece boyunca
y uyku girmedigini gordii: Millet sokaga dokiilmiistii.
Her giinlin en fazla alti saatini uykuda gecirdigi i¢in, geri kalan on sekiz saat,
-DA | uykuda . . .
haksiz bir iskence haline geliyordu.
-DAKi | uykudaki Yiakmmda .l'aul.llman cocuklar1 uykudaki kiigiik koyliiniin yanina getiriyor ve gene
bir seyler soyliiyordu.
) iziim Ureticiler, talep baskisi sayesinde fazladan (iziim satarak daha gok para kazanmak
amactyla olabildigince fazla verim almaya ¢alistyor.
- Daliyla birlikte ezilen (zlimde bulunan bir maddenin kani sulandirict etkisi var, her
-DA | lizimde
yerde satiliyor.
-DAKi | tiziimdeki Son zamanlarda }/aplle}.n g:ahsmalal'r Uzumdeki aroma maddelerinin biiyiik kisminin
kabukta toplandigini gostermektedir.

Long and Frequent Words

Suffix | Word Sentence
Olas1 senaryolar, bunlar karsisinda uygulanilacak eylem planlari, birbirlerini
- alternatif destekleyecek alternatif uygulamalar ve tercih siralamalar1 karar agamasinin
urdnleri.
DA | alternatifte Bu kumsalda hafta sonu tatili gegirmek isteyenler icin gesitli alternatifte
konaklama olanaklart bulunmaktadir.
-DAKi | alternatifteki Gegen §ez0r_1da belh' r'enklerde sunulan kalem etekler, bu yil yiizlerce farkli
alternatifteki renkleri ile satisa gikariliyor.
- Cocukla, evle ilgili bir is yapmak sartiyla bilgisayar kullanma siresi
- bilgisayar - I
kazanmasi konusunda bir s6zlesme yapilabilir.
DA | bilgisayarda Caligmalarim, elektriksel isaretlerin bilgisayarda modellenmesine ve

simiilasyonuna dayaniyor.
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Suffix | Word Sentence
-DAKi | bilgisayardaki Ok}n}al ve yazma izni gldugunda b!lglsayardakl dosyalara erisim saglanarak
degisiklik veya dosya silme yapilabilir.
. Fransiz ulusu, bilyiik bir endiseyi geride birakti ve bu se¢im sonuglariyla
- cumhuriyet ) - L .
cumhuriyet degerlerine giivenoyu verdi.
) - Her yurttas istedigi federe cumhuriyette yagsama hakkina sahiptir. Bu hakka
DA | cumhuriyette higbir sekilde miidahale edilemez.
i . . .| Bagimsizliktan 6nce azinliklar cumhuriyetteki ¢ogunluga karsi, ¢ogunluklar
DAKI | cumhuriyetteki Sovyet sistemine kars1 kiiltiirel ve siyasal hak talep etmislerdir.
Bazi hesaplasmalar belki elestirmen cephesinde daha fazladir ama dogrusu
- elestirmen modern sinema seyircisi de farkli davranmaz ve asag1 yukar1 ayni giizergahta
ilerler.
) . Belirtilenlerden anlasilacagi {izere, nesnel bir ¢eviri elestirisi yapabilmek
DA | elestirmende elestirmende birtakim birikimlerin bulunmasini gerektirmektedir.
Yazar, modern kiiltlirli ve ylizyillarin diisiincelerini yeniden kendilerine mal
-DAKki | elestirmendeki eden birgok elestirmendeki bilindik yerel iggiidiileri, parodilestirme yoluyla
ifade etmektedir.
) enfeksiyon Sagligim kaybedenler hastanelerde enfeksiyon tehlikesiyle de karsi karsiya
kaliyor.
DA | enfeksiyonda Ama atesi her yu_kselen hastanin mu'Flaka ant}blyoltlk kullanmas1 gerekmez.
Her gribal enfeksiyonda hastanin atesi zaten yiikselir.
-DAKi | enfeksiyondaki Kvalp hastaligim tetlk'le'ye.t.l enfekSIyondakl bakteriler dis etinde de kanama,
agr1 ve kokuyla kendini gosteriyor.
) ikésretim Egitim fakiilteleri ilkogretim okullarina 6gretmen yetistirmeyi temel gorev
&r olarak iistlenirlerse bu alandaki agik kolaylikla kapanacaktir.
DA | ilkogretimde O}(ull'ar i(g,‘ek:c‘egl .selflvll‘en_dlreceli yer'nwnesﬂlerm‘ y'etlstl'rlldlg.l. yerlefdlr.
Bireyin egitiminde ilkogretimde gorevli 6gretmenlerin islevi ¢ok dnemlidir.
_DAKi | ilkégretimdeki K.u.rumla.lrln 15})1r11g21 s"ayesnidve 1ll.<0gr?t1m.(.:lek1 traflk. kOUqu QersJere trafik
birimlerinde goérevli yiiksek 6grenim gormiis personelin girmesi saglanmustir.
S Binlerce egitimli anketdr, onlar1 her ay ziyaret edecek ve defterlerdeki
- istatistik SO N . .
sonuglart istatistik normlara gore analiz yapilmasi i¢in toplayacaklardi.
DA | istatistikte Girdi katmani disaridan gelen verilerin yapay sinir agina alinmasini saglar.
Bu veriler istatistikte bagimsiz degiskenlere karsilik gelmektedir.
-DAKi | istatistikteki Bu soruyu }./anlt_laynadllfga veya bir ter01h"yapmad1k(;a diger planlar maalesef
kendilerini istatistikteki negatif sonugla yiizlesmekten koruyamayacaktir.
Eksik, belgesiz, delilsiz denemez ciinkii hepsinin delili var. Ornegin
- istihbarat bankanmn istihbarat raporlarinda kredi verilemez nitelikte bulunan firmalara
kredi verilmis.
Ug yildir telefonlarmin dinlendigi anlasilan bir gazetecinin biitiin kayitlari
-DA | istihbaratta istihbaratta bulunuyor olsa da belli ki kafalar1 karigtirmamak igin iglerinden
dzenle seciliyor.
DAk | istihbarattaki Acaba onun defteri istihbarattaki karanlik ¢alismalar1 gibi siyah mi, yoksa

farkli renkte mi olacak onu ise biz bilemeyiz.
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Suffix | Word Sentence
) Karsilasma Yogun yagmur yagisi nedeniyle 6zellikle asansdr ve yiirilyen merdivende
3ra meydana gelen arizalar karsilasma oncesi yapilan calismalarla giderildi.
) Bu yonetimin gorev almasindan sonra oynanan karsilagsmada camianin
DA | kargilagmada beklentisi galibiyetti. Fakat takim, bir daginiklik i¢inde maga basladi.
. . | Magtan Once bir bahis biirosunda goriintiilenmesinin  ardindan
DAKi | Kargilasmadaki karsilagsmadaki siipheli hareketleri de dikkat gekmisti.
) koleksivon Mezuniyet gecelerine 6zel olarak koleksiyon hazirlayan tinlii giyim markasi,
y 0zel fiyatlar ve taksit olanaklar1 da sunuyor.
DA | koleksivonda Yillar boyunca topladigi koleksiyonda yillarin yasanmisligi olan figirlerin
y dantel duygusu ile iglenmis eserler oldugunu vurguluyor.
i . . .| Sik elbiselerin yer aldigi koleksiyondaki parcalar bagcikli ve boncuklarla
DAKi | koleksiyondaki oOriilmiis kemerlerle tamamlaniyor.
) Komutanlik Cesitli karargahlarda ve alaylarda komutanlik goérevi yapti. Bu yari
akademisyen subay1 gorev aldigi birliklerde herkes seviyordu.
DA | komutanlikta Bayram dolayistyla sinirin sifir noktasinda bulunan komutanlikta askeri tren
duzenlendi.
DAKi | komutanliktaki Alman Dersler Sube Midiirliigii'niin yaptig1 gérevi duyunca ¢ok sasirdim.
Cunki bu gorev komutanliktaki 6nemli gérevlerden biriydi bana gore.
) Kooperatif Arabam, taksitlerini 6dedigimiz kooperatif evimiz ve birlikte aldigimiz gayri
P menkullerden payimizi almak i¢in gerekli basvuruyu yaptik.
) . Uygulamaya gecildi ama sorunun devam ettigi bolgeler var. izmit ile Gélciik
DA | kooperatifte aras1 tagimacilik yapan kooperatifte yasananlar buna bir 6rnek.
. e Ortaklarin sorumlu olacaklar1 miktar kooperatifteki paylarinin tutari ile
"DAKi | kooperatifteki | 11 olarak da gosterilebilir.
) erspektif Devlet Bakani, uzun vadeli perspektif icinde siyasal guven, toplumsal giiven
Persp ile ekonomik ve finansal giivenin birlikte oldugunu savundu.
DA erspektifte Diger disiplinlerle de baglarini kurar; miizik sanatini egitim, estetik, tarih
Persp gibi birgok perspektifte inceleyerek sonuglara varir.
) . e Tim diinyadaki tarih yaziminda ¢ok onemli etkiler yapmiglar ve bunun
DAKi | perspekifteki karsihiginda tarihsel perspektifteki degisimlere de katkida bulunmuglardir.
) sikivatri Psikolog, bu rahatsizligi tasiyanlarin psikiyatri uzmanlarina bagvurmasi
pSikly gerektigini soyledi.
DA sikivatride Diger uzmanlik alanlarinda daha ayrintili degerlendirmelere yer verilmigsken
pstkty psikiyatride ayrintili hekim degerlendirmeleri sinirli kalmustir.
) . e Cogu sosyal temsil arastirmasinda psikiyatrideki klasik —arastirma
DAKi | psikiyatrideki metotlarinin kullaniliyor olmasi elestirilere yol agmaktadir.
iki iilkenin bagbakanlari goriislerini, niyetlerini, temennilerini soylediler.
- referandum Bundan sonra tamamiyla referandum sonuglarim karsilikli olarak beklemek
lazim.
Bugiine kadarki siire¢ sunu gosteriyor: Pazar giinii yapilacak referandumda
-DA | referandumda partilerin kimi mensuplar1 kararlarin1 verirken kendilerini baski altinda

hissediyorlar.
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-DAKi | referandumdaki N'ere.df.:yse tim ya;arlarlmlz referandgmdakl oylarmi agikladilar ve sasirtici
bir bicimde hepsinin de oylarinin rengi ayniydi.
R . Bizim amacimiz bu sirketlerin Oniindeki engelleri kaldirmaktir. Bununla
- yonetmelik I, . e
ilgili yonetmelik ¢alismamiz var. Gelecek ay ¢ikartmay1 diisliniiyoruz.
i . Trafik kazalarinda hayat kurtaran emniyet kemerinin arka koltuklarda da
-DA | yonetmelikte 7 :
takilmasi zorunlulugu yonetmelikte olmasina karsin uygulanamiyor.
-DAKi | yonetmelikteki Orduya katilmasi i¢in ¢agrinin bildirilmesine ragmen buna uymayan kisilere

yonetmelikteki ordudan kagma hiikiimleri uygulanir.

Short and Infrequent Words

Suffix | Word Sentence
) aka Kemerlerin {izerinde suyu tasiyan aka¢ delikleri bulunan kanallarin izleri
¢ yikintilar arasindaki pargalarda gortilmektedir.
Binlerce ¢ocuk, onlarin actig1 akacta didiklemislerdi diinyayi. Halkin yiiregine
-DA | akacta -
vurulan kara miihrii kazimiglardi.
. . Viicut 1sis1 saat basi 1,5 derece diisiiriilir ve hedeflenen hipotermi diizeyine
DAKI | akagtaki ulagilana kadar akactaki soguk su akimi devam eder.
) \ma Yiizme molasi igin durulabilecek yerlerdir fakat deniz derindir. Iki koyun
¢ arasindaki kayalara ¢ima tutulup gegici olarak kalinabilmektedir.
DA cimada Cogu aday gibi uzun zaman ¢imada asili kalan ve yardimla asagiya indirilen
adayin bacaklar1 yaralanmisgti.
) . . Alanya'da balik aglarini toplarken kopan c¢imadaki demir makaranin iistline
DAKi | qimadaki diisen balik¢1 hayatini kaybetti.
Sempozyumun konusu isabetli olup, {izerine gidilerek sanatcilarla ve 6zellikle
- cura
cura sanatgilartyla ortak caligmalar yapilmalidir.
Ustasi, kalfanin ¢aldig1 curada yerine getiremedigi tavir ve eda ile ilgili olarak
-DA | curada . p .
bir takim diizeltmeler yapar ve ona yol gosterir.
. . O doénemde yazinin gramer kurallarinin yapilmadigi bilinmektedir. Bundan
-DAKi | curadaki ; L . 9 g .
dolay1 curadaki yazinin besinci yiizyila ait oldugunu disiinmekteyiz.
) ovi Yeden kullanmadan yapilan segdh c¢esnili kararlar tam bir bitis hissi
¢ vermediginden evi¢ perdesindeki segéh ¢esnili kararlarda yeden kullanilmalidur.
DA | evicte Hiizzam makami seyri esnasinda yukarida zikredilen dizi ve gesnilere ilave
¢ olarak zaman zaman evicte segah dortliisiine de yer verildigi goriilmektedir.
-DAKi | evicteki Irak_ta meyd_ana gelen hicaz dortliye evicteki hicaz dortliisiiniin simetrigi de
denilmektedir.
) inak Fransiz yazarlarinin 6zelligi, kutsallastirilmis her tiirlii tabuya karsi ¢ikmalari;
her tiirlii donmus inak kaliplarinin iistiine yiirtimeleridir.
. Gecmis ¢aglarda bilimciler diinyanin diiz ve evrenin merkezi oldugunu sdyleyen
-DA | inakta : . . .
inakta yiizyillar boyunca israr etmislerdi.
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. . Tiyatro idoli felsefi inaktaki tarafgirlikten kaynaklanir. En tehlikelisi, insanin
-DAKi | inaktaki - .
kavrayisina en biiyiik darbeyi vurani budur.
) ira Cinkii sekilcilik var. "Merak ettim biraz oku bana." dedim. Adam okumaya
P bagladi ama ciimleyi okuyusu irap hatalariyla doluydu.
. Burada diyaframatik solumanin irapta etkili sekilde kullanilmasi amaciyla
-DA irapta . .
aligtirmalar verilecektir.
DAKi | iraptaki ik goérevi cocugun diizgiin beslenmesi olan siit dislerinin saglig1 ¢ocuklarin
P iraptaki gelisimini de biiyiik 6l¢lide etkilemektedir.
) skt Gortntiilemekte oldugunuz resim 1ski kategorisinde yer almaktadir. Bu
3 kategoride toplam 15 resim bulunmaktadir.
DA | 1skida Sinirli 6lgiilerde Orman Bakanligimizdan satin alabildigimiz geyik boynuzu
3 Ozellikle 1skida gorsellige dnem veren kullanicilar tarafindan tercih edilmektedir.
. . Olaya karigan iki kisi mahkemeye ¢ikarildi. Tutuklanan iki kisinin iizerinde
-DAKi | 1skidaki L . . .
bulunan 1skidaki izlerin sonug¢larimin kriminalden gelmesi bekleniyor.
) ivai Dograma islerini yaparken ivgi asagi doniik olarak iiriiniin i¢ine yerlestirilir.
9 Dilimleme iginse tam tersi yapilmalidir.
. Ayni1 boydaki yapay bileme tagimin ivgide olusturdugu yiizey ile kosiire taginin
-DA ivgide N T o
olusturdugu ylizey kesinlikle ayn1 degildir.
R Ne yazik ki tiim siipheler onun {izerinde toplanmiyordu. Biricik umudu ivgideki
-DAKki | ivgideki S S
parmak izleriyle onunkilerin uyugsmamastydi.
k En istteki bezeyi de yagladiktan sonra kete yaparken oldugu gibi her tarafindan
- ete S qe
katlayarak dikdoértgen yapin.
DA ketede Bu yontemi her tirlii ketede kullanarak gelistirebilirsiniz. Fotograflardan da
anlayacaginiz tizere gergekten ige yariyor.
DAKi | ketedeki %Iaglrlanap’b'u' malzeme ketedeki kiyma yerine yufkanin ic¢ine konularak sac
tistiinde pisirilir.
) loca Ulkedeki i¢ savastan kacan dort geng, yurt disina giden silebe gizlice binerek
¢ loca deligine saklanmis ve okyanusu ge¢cmisti.
Salih denen bu adamin, yorgun bedenini serin sularin kollarina birakmasi uzun
-DA locada stirmemisti. Geminin motorlart durdu ve bosalan zincir logada dayanilmaz bir ses
birakt1.
DAk | locadaki AZ Once vira edilen ¢apanin logadaki yerine oturmasiyla komutan emri verdi ve
zincir denize birakildi.
Kisa zamanda el yapimi maun mobilya alaninda diinyanin 6nde gelen
- maun v e 1 .. e e
reticilerinden birine doniistiiler.
DA maunda Ag}r .b1.r agag plarak degerlendirilen maunda o6zgiil agirlik, tirlerine gore
degisiklik gosterir.
DAKi | maundaki D1k1mm1_1zleyen ¢ il 1g:mde? sekil budam?51 Pygulamr. Daha sonraki yillarda
maundaki gatal ve obur dallar ile cok zayif siirgiinler ¢ikarilip atilir.
) pisi Hamur kizartmasi ya da diger adiyla pisi bizde genellikle mayali yapilirdi. Hatta

ben ¢ogunlukla firindan aldigim ekmek hamurunu kizartmay1 severdim.
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DA iside Hamurun (gte birini piside kullandiktan sonra ¢ogundan borek yaptik. Aymi
1y hamurdan agma borek yapmak isterseniz diger tarife bakabilirsiniz.
-DAKi | pisideki Sotelenmis kirmizi biberle peynirin pisideki bulusmasi tadanlara miikkemmel bir
lezzet sunuyor.
Asfaltlanma caligmalar1 6ncesinde sose oldugu i¢in bir¢ok kazaya neden olan
- sose N S e
yolun asfaltlanmasi kdy sakinlerini sevindirmisti.
ileride, Ah1 Dag1’min yamaglarindan kivrila kivrila inerek uzanan sosede keskin
-DA sosede . A
bir 151k huzmesi belirip kayboldu.
DAKi osedeki Evlerin ac¢ik kapisindan sizan sari huzmeler eger az biraz aydinlik sagmasaydi
3 kéhne sosedeki deliklerde sendelemek isten bile degildi.
) siiie Estetik olaylar da, tipki bilgi olaylarinda oldugu gibi bizlere slje hakkinda bilgi
! verir ve onun objeyle arasindaki iliskiyi gosterir.
Ekminezi, psikolojik ayrigma igindeki sljede geg¢mis yasamlarinda yer alan
-DA | sljede S . < .. .
izlenimlerin tekrar canlanmasini saglayan yontemdir.
-DAKi | siijedeki Bu, se.:krete.rln isini en ¢ok kesen unsurdur. Bir onceki sujedeki unsura gore
halledilmesi daha glictr.
Koyun ve kuzu yiinlinden yapilan kegeleri avcilar tapa olarak veya ¢obanlar
- tapa
kepenek olarak kullanirlar.
DA | tapada Emniyet gozliiklerinizi takin; g¢ekic, ¢ivi ve tahta yardimiyla plastik tapada
P dikkatlice bir delik agmn.
. . Top mermisi, fiinyesi takili oldugu halde yere diisse bile patlamaz ki! Patlamasi
-DAKi | tapadaki - . . . : .
i¢in kovanin ateglenip tapadaki mekanizmay1 harekete ge¢irmesi lazim.
- ulam Oyun iginde pek ¢ok farkli ulam altinda incelenebilecek pek ¢ok yetenek vardir.
DA ulamda Yazarin yapitinda metinleraras1 ulamda degerlendirilebilecek ¢ok sayida olgu
bulmak olasidir.
-DAKi | ulamdaki Yarigsmaya katilan maketcilerin maketlerinden sadece en yiiksek dereceyi aldigt

ulamdaki maketi édullendirilecektir.

Long and Infrequent Words

Suffix | Word Sentence
. Bugiiniin ihtiyaclarinin, sorunlarinin ve yaklasimlariin tarih yazimina
- anakronizm .
yansimasi anakronizm hatalarini kolaylastirmaktadir.
DA anakronizmde Prens Igpr operasinin bu boliimiiniin dogru ¢evrilmis hali, Ruslarin yaptigi
anakronizmde 1srar edilecek olunursa Pegenek danslaridir.
-DAKi | anakronizmdeki Felsefesinden yola ¢iktigim anakronizmdeki bigimiyle farkli zaman

dilimleri arasinda ziplamalar yapmak bana heyecan veriyor.
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) endiiksivon Motorlarda devir sayaglari endiiksiyon bobinine baglaniyor ve atesleme
y sayisindan yola ¢ikarak dakikadaki devir sayisini goriiyoruz.
DA endiiksiyonda Bobinin hareketi sayesinde olusan endiiksiyonda siddet siirekli degisir yani
artar veya azalir.
-DAKi | endiiksiyondaki Magnet.lk dec-j.ekForIer metalvl.k.varhklara karst duyarh. qlgp, olusan bir
magnetik endiiksiyondaki degisim bunlarin ¢alisma prensibini olusturur.
. . Hi¢ calismadan, hatta uyurken dersleri dijital hipnotizma metodu ile
- hipnotizma e L) N
6grenip sinif birincisi olmak miimkiin.
En basit olarak agri kesicinin bile ¢ok yan etkisi vardir. Bugiine kadar
-DA hipnotizmada hipnotizmada herhangi bir komplikasyon veya bu metoda bagimlilik
goriilmemistir.
) . . . .| Gevseme halinin konforu nedeniyle hipnotizmadaki kisiler bu keyifli
DAKi hipnotizmadaki ortamdan ¢ikmama konusunda tercih kullanirlar.
L . Raporda, bolgenin imarinda jeodinamik karakterinin de dikkate alinmasi
- jeodinamik
uyarisinda bulunuldu.
T Atmosfer adi verilen hava kiiresi jeodinamikte onemli bir etken olarak
-DA jeodinamikte bilinir
DAKi | jeodinamikteki Bu yenllem.(.anm. _sebebl tarlhse_l JeOQ|nam|ktek| bilgi birikiminin daha
anlamli ve giivenilir hale gelmesindendir.
) Kkancilarva O w1l ikametgahin bahgesinde yeni bir bina insa edilene kadar ikametgah
griary binasi kangilarya olarak da kullanilmaya devam etmisti.
) Biinyesinde Askeri Ataselik de bulunan Biiyiikel¢iligimiz, Temmuzda yeni
DA kanilaryada taginilan adresindeki kangilaryada hizmet vermektedir.
) . . Temizlik¢i bir annenin yetistirdigi Alman Bagbakani, kent merkezinde
DAKi kangilaryadaki bulunan kangilaryadaki kiigiik daireye taginabilir.
. Cagdas uygarlik diizeyine mazhariyet ¢abamizda bilim, teknoloji ve insan
- mazhariyet g et o
kaynagina yapilan yatirimlar biiyiik dnem tagimaktadir.
) . Varlik ve hayat serefine mazhariyette aralarinda golge ile asil arasindaki
DA mazhariyette fark kadar fark var. Bunun bir misalini rilyada yagamiyor muyuz?
DAKi mazhariyetteki Engelh klsll.erm bilgiye m.azha}rl}fetteh 31k1nt1£ar1n1 azaltmayi amaglayan
proje, engelli vatandaslar i¢in biiyiik kolaylik sagliyor.
, . Irak ve IMF goriigmeleri, piyasalarin giindemindeki iki 6nemli konu. Ve bu
- muphemiyet sl - - - .
iki 6nemli konudaki miiphemiyet devam ediyor.
DA miiphemiyette Kuresellesfne sgremyle iligkili yapisal deg¥§1kllk1e.r, para politikasin
kusatan miiphemiyette artiga ve kargasanin genislemesine neden olur.
-DAKi miiphemiyetteki Bundan dolay1 siyasi belirsizlik artt1 ve isin teorisinden bildigimiz gibi

siyasi miiphemiyetteki artis faizlerde mutlaka karsilik bulur.
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Kanun taslagi caligmalariyla giindeme gelen ve tartigmalara neden olan
- murakiplik yeminli murakiplik sisteminin kaldirilmasinin denetim sisteminde risk
olusturacagi belirtildi.
DA murakiolikta Mali miisavirlikten bagimsiz sayilabilecek olan ve hatta yeni bir meslek
p olarak kabul edilen murakiplikta avukatlar i¢in de bir olanak yaratilabilirdi.
DAKi | murakipliktaki Denet.gllerln goggnlugunun murakipliktaki kldgmlerlnln fazla olmasi
denetime daha ¢ekingen yaklagmalarina neden olabilir.
. Miidiirliiglin uygulamaya itiraz nedeni miisakkafat olarak kabul edilen
- musakkafat I 408 g o
mulkin kendilerine devrini istemesidir.
DA miisakkafatta Daha sonralar1 vakiflarin elindeki miisakkafatta gayrimiislimlerin oturmasi
dikkat ceker.
. . .| Yeni kazan¢ kanununun miisakkafattaki iradi gayrisafilerin esas tutulacagi
DAKi | masakkafattaki dikkate alinarak tanzim edildigine siiphe yoktur.
. Yeni Zelanda asilli Amerikali bir aktrist, sette yemek yedigi sofrada
- ornitorenk .
mutlaka haglanmis ornitorenk bulunmasini sart kosuyormus.
DA ornitorenkte Yavrularda bulunan disler ergin ornitorenkte yerini kemiksi cikintilara
birakir.
Yapilan bir aragtirmaya gore, insan beyninde yaslanmayi yavaslattigi
-DAki | ornitorenkteki bilinen ornitorenkteki faydali yaglarin kilo vermeye de yardimci oldugu
belirlendi.
) sarfinazar Avrupali tarihgilere miiracaat edildi ama bazilar1 makalelerini gonderdikleri
halde sarfinazar ederek geri gektiler, tehdit aldiklarini séylediler.
Yasayla, taraflarin arabulucuya bagvurma, siireci devam ettirme,
-DA sarfinazarda sonuglandirma veya bu siiregten sarfinazarda serbest olmasi giivenceye
alindi.
. . Sinirlayicr faktdr ancak bizim kendi inancimiz ve kétii aliskanliklarimizdan
-DAKi sarfinazardaki . ..
sarfinazardaki niyet ve azmimiz olacaktir.
Ulkenin &éniinde, bagkanin icraatlart nedeniyle yargilanmasina engel olan
- senatorlik diizenleme ve kendisini dokunulmazlik zirhi ile saran, hayat boyu siirecek
senatdrlik engelleri bulunuyor.
I Efsane bagkan, baginda oldugu kurumu soyup sogana ¢eviren sonra da
DA senatorlukte kurtulusu senatorliikte arayip dokunulmazliga sigian degildir.
DAKi senatorlikteki Ustelik,“ programa davet edildikten _sonra hayli tedirgin olan kisinin
senatdrliikteki ¢aligma alani uyum ve sivil toplum.
. Dogal deniz suyunda bulunan stronsiyum seviyelerini akvaryum igerisinde
- stronsiyum . . .
dengeye getiren arag, bu seviyeyi korumaktadir.
. Piyasadan alacaginiz higbir stronsiyumda {irlinlin yapist geregi tam
DA stronsiyumda standardi tutturmak miimkiin degildir.
Modifiye olmadigi durumlarda gaz seviyesi Onemli Olciide degismez.
-DAki | stronsiyumdaki | Sodyum ile modifiyede stronsiyumdaki kadar siddetli olmasa da gaz

absorbesini biraz yiikselttigi gdzlenmistir.
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Istanbul'un dar sokaklarinda hanimlar ancak sedan sandalyesi ad1 verilen

- tahtirevan . . N o .
bir ¢esit tahtirevan araciligiyla dolasabilirlerdi.

DA tahtirevanda Ornegin, e‘lgmm k1.21.nl tahtlreyanda bet.lmlgyen eserinde oldugu gibi
yabanci elgiler ve elgilik ¢evrelerinden de siparigler almustir.

DAK | tahtirevandaki .Yanlarlnda bir de beyaz glys.lh kadln var. I.y1 giyimli dort ath ise atlarindan
inerek tahtirevandaki kadini indirmeye gittiler.

) taseronluk Tekvnlk. olgrak ehil olmayan kisiler taseronluk yaptig1 igin miisteri
magduriyeti yasaniyor.

DA taseronlukta B}l kazanim hiikiimeti diizenleme yapmaya sevk etti. Dolayisiyla, simdi
giindemde taseronlukta yapilacak yeni diizenlemeler var.

-DAKi | taseronluktaki Teknik ek}p, mevcgt heyet.lun' tasgronluktalfl caligmas1 boyunca boyle bir
sorumlulugu almak istemedigine dikkat ¢ekiyor.

- Yasamin halihazirda tekdiizelik kiskacinda kivrandigr iilkelerde futbol,

- tekduizelik . o ;
ekranlarda keyifle hiikiim sirmektedir.

DA tekdiizelikte H_er blrlmlz_, her sabah ayni sikici tekdiizelikte calistigimiz bu biiyiik
binalara geliyoruz.

DAKi tekdiizelikteki Medeni insanin genisleyen diinyasinda estetik degerler, sanayi devriminin

getirdigi tekdiizelikteki bunalimli durumun da tedavisini sagliyor.
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APPENDIX C

Stimulus Sentences for Experiment 11

Table C.1: Stimulus Sentences used in Experiment 2. Sentences are presented according to the conditions that target words belong to.

Two Suffixed Forms (-DAKi)

Eﬂgih Bigram | Root Word Sentence Before target After target
. Emekli adamin kii¢iik gocugu bastaki | Emekli adamin kiigiik .. i
3 ba bas bastaki muhabbetini birakip gitti. cocugu muhabbetini birakip gitti.
3 be ben bendeki Bu_sek_llde yararli olsaydi bendeki Bu sekilde yararli etkileri daha cok olurdu.
etkileri daha gok olurdu. olsaydi
. Soylediginiz kadar biiyiik captaki Soylediginiz kadar
3 ca cap captaki halat: tasimak zor olmalr. biyiik halat1 tasimak zor olmali.
3 di dil dildeki Gereken 6zen gosterilirse dildeki Gereken ozen etkiler iyi gozlenebilir.
etkiler iyi gdzlenebilir. gosterilirse
. Burada bekliyordunuz fakat hattaki Burada S .
3 ha hat hattaki diger bolgeden olur dendi. bekliyordunuz fakat diger bolgeden olur dendi.
3 ka kan kandaki Ola}.“ d ogru anlamak e kandaki qayl dogru anlamak analizi yapmak gereklidir.
analizi yapmak gereklidir. icin
3 KU Kur kurdaki Onemli oldugunu bilmeseydim Onemli oldugunu zamanina dikkat
kurdaki zamanina dikkat etmezdim. bilmeseydim etmezdim.
. . . . Durum konusulduktan sonra ligdeki Durum sorunumuz ¢ézuldi
3 li lig ligdeki e
sorunumuz ¢ozildi sayilir. konusulduktan sonra | sayilir.
3 ma mag magtaki Cok calistigi igin $1mfil magctaki C'ok gallstlgl i¢in bgsarllarl saymakla
basarilar1 saymakla bitmez. simdi bitmez.
. Oyle hassas konularda asla oradaki Oyle hassas .
3 or ora oradaki - tiretim hatalar1 yapilmaz.
iiretim hatalar1 yapilmaz. konularda asla
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- i Okulun toplulugu yillarca sagdaki Okulun toplulugu
3 sa sag sagdaki basaristyla adint duyurdu. yillarca basarisiyla adin1 duyurdu.
. Bugiin katildigimiz davette soldaki Bugiin katildigimiz konuklar agik¢a
3 so sol soldaki
konuklar agikca konusmadi. davette konusmadi.
One Suffixed Forms (-DA)
Ezgih Bigram | Root Word Sentence Before target After target
Emekli adamin kiigiik ¢ocugu bahgede | Emekli adamin kiigiik .. .
5 ba bahcge bahgede muhabbetini birakip gitti. gocugu muhabbetini birakip gitti.
5 be beden bedende Bu_ §e_k11de yararli olsaydi bedende | Bu sekilde yararh etkileri daha cok olurdu.
etkileri daha ¢ok olurdu. olsaydi
Soylediginiz kadar biiyiik ¢antada | Soylediginiz  kadar
5 ca canta cantada halat: tasimak zor olmalr. biyiik halati tagimak zor olmali.
5 di | diyet diyette Gereken ~0zen gosterilirse  diyette | Gereken 08N | etkiler iyi gozlenebilir.
etkiler iyi gdzlenebilir. gosterilirse
Burada bekliyordunuz fakat haberde | Burada S .
5 ha haber haberde diger bolgeden olur dendi. bekliyordunuz fakat diger bolgeden olur dendi.
5 ka Kayit Kayitta Olay1_ dogru anlama_lk. icin kayitta Q!ayl dogru anlamak analizi yapmak gereklidir,
analizi yapmak gereklidir. icin
5 ku kulii kuliipte Onemli  oldugunu  bilmeseydim | Onemli oldugunu zamanina dikkat
P P kullipte zamanina dikkat etmezdim. bilmeseydim etmezdim.
. . . Durum konugulduktan sonra listede | Durum et e
5 li liste listede o sorunumuz ¢oziildii sayilir.
sorunumuz ¢ozildi sayilir. konusulduktan sonra
5 ma makam makamda Cok cahisgt icin .slmdl makamda C.Ok . cahistigr icin bagarilar1 saymakla bitmez.
basarilari saymakla bitmez. simdi
Oyle hassas konularda asla ormanda | Oyle hassas | .. ..
5 or orman ormanda N tiretim hatalar1 yapilmaz.
iiretim hatalar1 yapilmaz. konularda asla
5 sa sanat sanatta Okulun toplulugu yillarca sanatta | Okulun toplulugu basaristyla adimi duyurdu,
basarisiyla adin1 duyurdu. yillarca
5 so sofra sofrada Bugiin katildigimiz davette sofrada | Bugiin  katildigimiz | konuklar agik¢a
konuklar agik¢a konusmadi. davette konusmadi.
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Root Forms

Eggih Bigram | Root Word Sentence Before target After target

7 ba barbekii barbek | Emekli adamin kiigiik cocugu barbekil | Emekli adamin kiicdk | oy ing brrakip gitti.
muhabbetini birakip gitti. gocugu

7 be beraber beraber Bu_sek_llde yararli olsaydi beraber Bu sekilde yararli etkileri daha cok olurdu.
etkileri daha gok olurdu. olsaydi
Soylediginiz kadar biiyiik camasir Soylediginiz kadar

7 ca camasir camasir halat: tagimak zor olmalr. biyiik halat1 tasimak zor olmali.

7 di dinamik dinamik | Gereken ozen gasterilirse dinamik Gereken 6zen etkiler iyi gozlenebilir.
etkiler iyi gozlenebilir. gosterilirse
Burada bekliyordunuz fakat hareket Burada o .

! ha hareket hareket diger bolgeden olur dendi. bekliyordunuz fakat diger bolgeden olur dendi.

7 ka kalitim kalitim Ola}fl d ogru anlamak o1 Kalitim Q%ayl dogru anlamak analizi yapmak gereklidir.
analizi yapmak gereklidir. icin
Onemli oldugunu bilmeseydim Onemli oldugunu zamanina dikkat

! ku kulugka kulugka kulugka zamanina dikkat etmezdim. bilmeseydim etmezdim.

. . . Durum konusulduktan sonra limuzin Durum sorunumuz ¢ozuldi

7 li limuzin limuzin A
sorunumuz ¢oziildi sayilir. konusulduktan sonra | sayilir.

7 ma manevra manevra Cok caligtig1 i¢in slmfh manevra (;ok gahstlgl igin bgsarllarl saymakla
basarilar1 saymakla bitmez. simdi bitmez.

7 or organik organik Pylg hassas konularda asla organik Oyle hassas tiretim hatalar1 yapilmaz.
tiretim hatalar1 yapilmaz. konularda asla
Okulun toplulugu yillarca satrang Okulun toplulugu

7 sa satrang satrang basaristyla adint duyurdu. yillarca basarisiyla adin1 duyurdu.

7 o sosvete sosvete Bugun katildigimiz davette sosyete Bugiin katildigimiz konuklar agik¢a

Y Y konuklar agik¢a konusmadi. davette konusmadi.




