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ABSTRACT

PHONOLOGICAL MEDIATION IN READING: A THEORETICAL
FRAMEWORK

Ozkan, Aysegiil
Ph.D., Department of Cognitive Science
Supervisor: Assoc. Prof. Dr. Cengiz Acartlirk

Co-Supervisor: Prof. Dr. Bilal Kirkict
September 2020, 211 pages

A set of perceptual and cognitive processes at various levels, from low-level visual
perception to high-level discourse comprehension, underlie reading. Accordingly,
research on reading focuses on different aspects of reading ranging from prelexical
processing and word recognition to syntactic parsing, sentence comprehension, and
discourse comprehension with various technical and theoretical tools including
behavioral experiments, neuroimaging techniques, and computational models of eye
movement controlling, which reflect the variety of the levels involved during reading.
The focus of the current study was the early prelexical and lexical processing and
postlexical integration processes involved in the word recognition process during text
reading from a perspective of eye-movement control modeling. A framework for a
computational model of guidance by attentional gradient (GAG) eye-movement
control model that includes the role of phonological processes during reading was
presented. The assumptions of the framework were tested by two sets of linear mixed
models (LMMs) with data from Turkish Reading Corpus: (1) an LMM of fixation
speech interval (FSI), and three LMMs of eye movement measures among oral reading
data, and (2) three LMMs of eye movement measures among silent reading data. The
results of the LMMs were compatible with the canonical findings frequently reported
in the literature. Influences of the neighboring words on eye movement measures in
the current study were mixed. The results indicated an effect of prelexical phonological
processing on eye movements and the involvement of phonological representations on
postlexical processing.

Keywords: reading, eye-movement control, eye-voice span



oz
OKUMADA FONOLOJIK DOLAYIM: TEORIK BiR CERCEVE

Ozkan, Aysegiil
Doktora, Bilissel Bilimler Boliimii
Tez Yoneticisi: Dog. Dr. Cengiz Acartirk
Yardimci Tez Yoneticisi: Prof. Dr. Bilal Kirkici

Eylul 2020, 211 sayfa

Okumanin temelini, alt-seviye gorsel algidan iist-seviye sdylem kavramaya kadar bir
dizi algisal ve biligsel siirecler olusturmaktadir. Dolayisiyla okuma iizerine yapilan
aragtirmalar, okuma ile iliskili farkli seviyelerdeki bu cesitliligi yansitacak sekilde
okumanin, kelime-6ncesi isleme ve kelime tanimadan sézdizimsel ayrigtirma, ciimle
kavrama ve sdylem kavramaya kadar farkli yonlerine, davranigsal deneyler, ndro-
goruntileme teknikleri ve g6z hareketi kontrolintin berimsel modellemesini de iceren
cesitli teknik ve teorik araglari kullanarak odaklanmaktadir. Mevcut calismanin
odaginda goz hareketi kontrol modellemesi perspektifinden metin okuma sirasinda
kelime tanima siirecine dahil olan kelime-6ncesi ve kelime igleme ile kelime-sonrasi
entegrasyon siireci bulunmaktadir. Okuma sirasindaki fonolojik siireclerin roliinti de
iceren bir dikkat gradyani ile yonlendirme (GAG) berimsel géz hareketi kontrol
modeli i¢in bir teorik g¢erceve sunulmustur. Bu g¢ergevenin varsayimlari, Tiirkce
Okuma Derlemi’nden alinan veri ile iki grup dogrusal karma modelle (LMM) test
edilmistir: (1) sesli okuma verisi lizerinden bir adet sabitleme-sdyleme aralig1 (FSI)
dogrusal karma modeli ile {i¢ adet gbz hareketi dl¢iitii dogrusal karma modeli ve (2)
sessiz okuma verisi tizerinden ti¢ adet goz hareketi olgiitii dogrusal karma modeli.
Sonuglar, literatiirde sik¢a raporlanan standart bulgularla uyumluydu. Bu c¢aligmada
komsu kelimelerin géz hareketleri iizerindeki etkileri karma idi. Sonuglar, goz
hareketleri Gzerinde kelime-0ncesi fonolojik islemenin etkilerini ve kelime-sonrasi
islemede fonolojik temsillerin dahlini isaret etmekteydi.

Anahtar Sozckler: okuma, goz-hareketi kontrolli, g6z-ses araligi
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CHAPTERS

1. INTRODUCTION

The processes that are involved in reading comprise an interplay between various
levels of processes, from low-level oculomotor processes to high-level discourse
comprehension. Research on processes in reading heavily relies on the analysis of eye-
movement data. Eye movement patterns provide robust data that may give insight to
understanding the underlying cognitive processes, such as the identification of words
and allocation of covert attention (i.e., attention without moving the eyes) during the
course of reading. There is a general agreement on often reported eye-movement
measures, based on extensive evidence indicating that the underlying cognitive
processes during reading have an effect on oculomotor processes. In particular, lexical
and postlexical processes are assumed to have an effect on when to move eyes (i.e.,
fixation durations), whereas low-level visual processes, such as detecting the word
boundaries, are assumed to have an effect on where to move eyes (i.e., saccades)
(Radach & Kennedy, 2013; Warren, Reichle & Patson, 2011; Rayner, Pollatsek,
Ashby, & Clifton, 2012; Reichle, 2006). Although computational models and
empirical studies of eye-movements during reading provide ample evidence that eye-
movements are influenced by ongoing cognitive processes, the nature of the so-called
eye-mind link has been an ongoing debate (Reichle, 2006). It is still controversial
whether saccade generation results from a serial attention shift (Reichle, Pollatsek,
Fisher, & Rayner, 1998), or an autonomous saccade generation process is delayed by
cognitive processes as a function of the difficulty of the text (Engbert, Longtin, &
Kliegl, 2002). A related debate has been going on regarding whether lexical processes
in reading are guided serially or in a distributed manner (cf. parallel processing). Even
though there exists a consensus on the ongoing processing of the previous text, there
is also a debate on the degree of the processing of the next word during a fixation on
the current word — i.e., does the lexical processing of the next word start that early, or
is it just prelexical processing of it (Rayner et al., 2012; Radach & Kennedy, 2013;
Rayner, 1998; Reichle, 2006)

Another characteristic of reading is that it entails the transformation of orthographic
representations to phonological representations. Essentially writing systems map
symbols (or a combination of them) to sounds. Even in writing systems in which
characters represent morphological units rather than phonological units, sounds are
mostly represented through phonetic compounds (e.g., 90% of the characters in
Chinese). Therefore, studies on the role of sound coding in reading focus on both silent
reading and reading aloud. Although the nature of the relationship between reading
and sound coding has not been fully understood, there is a general consensus that there
is an effect of sound coding in reading (Rayner et al., 2012; Frost, 1998, 2005; Rastle
& Brysbaert, 2006; Rayner, 1998). Studies in reading aloud mainly focus on the
distance between the articulation of the text and the fixation point on the text at the
time of articulation, or the time interval between the time of the articulation of the
piece of the text and the fixation time of that piece of text, or both (cf., the eye-voice
span) (Inhoff, Solomon, Radach & Seymour, 2011; Laubrock & Kliegl, 2015).



Buswell (1920) conducted early investigations of the eye-voice span, which revealed
that the eyes move approximately 15-17 characters, or two to three words, ahead of
the voice. Subsequent research on the eye-voice span has been in agreement with
Buswell (1920), with a time interval of approximately 500 ms between the eyes and
the voice (Inhoff et al., 2011; Laubrock & Kliegl, 2015). Although the explanation
provided by researchers differ, studies on subvocal articulation that use techniques
directly measuring muscle movements in the speech tract during silent reading to
indirectly investigating the effect of sound coding via manipulating phonological
properties of text show that there is evidence of an articulatory process during silent
reading as well (Rayner et al., 2012; for a review of techniques used to study inner
speech in general see, Guerrero, 2005). It was observed that reading tongue twisters
took longer than matched control sentences in silent reading, as well as in reading
aloud (Haber and Haber 1982); listening to an irrelevant sound or articulatory
suppression during reading influence(s) eye-movement measures (Eiter & Inhoff,
2010; Inhoff, Connine, Eiter, Radach, & Heller, 2004); the muscle activity while
reading a difficult text was increased, and the suppression of subvocalization during
reading difficult text resulted in poor comprehension (Hardyck & Petrinovich, 1970 as
cited in Rayner et al., 2012). The findings suggest that the articulatory component in
silent reading is tied to the reading process itself. However, the relationship between
silent reading and reading aloud is still mostly unknown. Several studies have shown
that the relationship between oral and silent reading is not straightforward, at least
concerning parafoveal processing in reading (Ashby, Yang, Evans & Rayner, 2012),
and in the developmental context (Vorstius, Radach & Lonigan, 2014).

As mentioned above, a set of perceptual and cognitive processes at various levels are
known to underly reading. Those processes form an assembly at different levels, from
low-level visual perception to high-level discourse comprehension. Accordingly,
reading research encompasses a spectrum of studies, with the topics of single word
recognition out of context at one edge, and discourse comprehension at the other
(Rayner, 1998; Rayner et al., 2012; Clifton, Ferreira, Henderson, Inhoff, Liversedge,
Reichle & Schotter, 2016). The current study follows the line of reading research that
focuses on relatively early lexical processes and postlexical integration processes
involved in word recognition during text reading. Therefore, processes involved in
single word recognition out of context or in syntactic and high-level discourse
comprehension are beyond the scope of the current study.

On the other hand, the present study focuses on both silent reading and oral reading,
i.e., the relationship between sound coding and eye-movements during reading. An
attentional gradient model of eye-movement control with a component for
phonological processing was proposed (i.e., Phonological-Mediation in Guidance by
Attentional Gradient model of reading — P-GAG). The model is basically a framework
for a computational model. To test the basic assumptions of the model, Turkish
Reading Corpus data (Acarturk et al., 2017a) were statistically analyzed by providing
Linear Mixed Models of several eye-movement measures (i.e., first fixation duration,
gaze duration, and relative first landing position), and of fixation speech interval (i.e.,
temporal interval between the first fixation on a word, and the articulation of that
word).



In the next chapter, background information will be provided. The P-GAG model will
be introduced in the third chapter. The subsequent two chapters will present the
empirical study and its methodology, the analyses employed, the details of the linear
mixed models, and the results. In the last chapter, the conclusions derived from the
study will be discussed in the context of the P-GAG model.






2. BACKGROUND

Over the past few decades, research on reading has focused on various aspects of the
phenomenon, from oculomotor control, word recognition, and comprehension in
skilled reading to reading skill acquisition and the effect of aging (e.g., Rayner, 1998,
2009a for skilled reading; Blythe & Joseph, 2011 for developmental aspects; Li, Li,
Wang, McGowan, Liu, Jordan & Paterson, 2017 for aging). Reading research has
employed a set of tools including behavioral experiments, neuroimaging techniques,
and computational models of eye movement controlling during reading with a focus
on various levels of the underlying processes, ranging from prelexical processing and
word recognition to syntactic parsing, sentence comprehension, and discourse
comprehension (see Rayner, 1998, 2009a; Rayner et al., 2012 for reviews). The focus
of the current study is the relatively early prelexical and lexical processes, and
postlexical integration processes involved in word recognition during text reading
from a perspective of eye-movement control modeling. The aim here is to provide a
framework for a computational model of eye-movement control that includes the role
of phonological processes during reading. Therefore, the current chapter focuses on
the studies that rely on eye-movement data, studies on the role of sound coding during
reading, as well as eye-movement control models of reading.

2.1. Attention and Oculomotor System

Reading is, in its most basic form, the extraction of information embedded in a
configuration of written symbols. Essentially, we attend to the content of the text via
attentional mechanisms to extract information. Additionally, we exploit the
oculomotor system to bring the text to the fovea most of the time during reading.
Therefore, in addition to proposed word identification mechanisms, the relationship
between the attentional and oculomotor systems is one of the important components
of eye-movement control models of reading. Moreover, the nature of the attentional
system and its relationship with the oculomotor system is central to most of the debates
in reading research, especially among those that employ a computational modeling
approach. Since research on the attentional system per se is beyond the scope of the
current study, the focus of the current section is on the relationship between covert
visual spatial attention (rather than other modalities and visual search) and its
relationship with oculomotor and word recognition systems.

According to the theory of visual spatial orienting of attention, proposed in Posner
(1980), there is a distinction between the overt orienting of attention (i.e., head and eye
movements) and the covert orienting of attention (i.e., orienting attention without
moving eyes or head by a central control mechanism internal to the organism with or
without external stimulus). Four possible relationships between these mechanisms
were suggested: (1) complete dependence (i.e., eye-movement and attention systems
are identical), (2) efference theory (i.e., eye-movements are programmed by attention),
(3) functional relation (i.e., eye-movements and attention have common triggers, and
hence a close functional relationship but no intrinsic physiological relationship), and
(4) complete independence (Posner, 1980, p.13). The relationship has been
investigated through a set of experiment series that employed different combinations
of detecting a luminance increase and moving eyes to a target, both presented
peripherally and emerged with differing latencies, in the presence and absence of
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neutral, congruent, or incongruent central cues. The results showed that participants
were able to move covert attention while their eyes were fixed, and attention could
move in the opposite direction of eyes. On the other hand, there was a strong tendency
of moving attention to the target prior to an eye movement, even when luminance
increases to be detected was on the opposite side with higher probability. These results
suggested that the overt orienting of attention and covert orienting of it were loosely
coupled in these tasks. On the other hand, although the relationship was not strong
enough to support (1) and (2), it was not completely independent (Posner, 1980).
Hence, the author concluded that the relationship was a functional one with a
dependency on "the presentation of an important peripheral event” (Posner, 1980, p.
19). Subsequent empirical studies and computational models on visual attention
followed the assumption of distinct but functionally tied mechanisms devoted to
attentional processes and oculomotor processes with evidence from neuroimaging
studies that support the claim of two systems of overt and covert orienting of attention
with a functional relationship (e.g., Koch & Ullman 1985; Henderson, 1992; Kean &
Lambert, 2003; for reviews of neuroimaging studies see Petersen & Posner, 2012, and
Buschman & Kastner, 2015; but see Corbetta, Akbudak, Conturo, Snyder, Ollinger,
Drury, Linenweber, Petersen, Raichle, Van Essen, Shulman, G L, 1998 for overlapping
brain regions).

In reading research, the relationship between higher-level cognitive processes and eye
movements investigated through experiments in which participants were allowed to
move their eyes freely while their eye movements were recorded. In text reading, a
dissociation between the allocation of attention and eye-movements is less obvious
than relatively simple tasks such as orienting attention to an increased luminance in
the peripheral visual field without moving the eyes. However, most of the successful
eye-movement control models of reading take the dissociation given with a close
relationship between covert attention and eye movements (e.g., Engbert et al., 2002;
Reichle et al., 1998).

The main body of evidence for such a dissociation between covert attention and eye
movements with a functional relationship comes from the studies which employed the
contingent display technique (McConkie & Rayner, 1975). The contingent display
change paradigms provide the investigation of perceptual span during reading (i.e.,
the region from which useful information intake is possible during one fixation — called
attentional span in Henderson, 1992, p. 263). In the gaze-contingent moving-window
technique introduced by McConkie & Rayner (1975), the amount of text visible to the
participants was manipulated through differing sized windows defined by the
experimenter. The opposite of the moving-window technique is the gaze-contingent
moving-mask technique in which the text is visible outside of the mask (Rayner &
Bertera, 1979). In both techniques, the place of the window/mask is dependent on the
fixation detected by the eye-tracker, and available parafoveal information was
manipulated by window or mask sizes. It was expected that the less parafoveal
information was available prior to fixating the word, the longer fixation durations on
the word. Another technique used to investigate the perceptual span is the gaze-
contingent invisible boundary technique (Rayner, 1975). In this technique, a target
word is replaced by another word or by a non-word until eyes crossed an invisible
boundary. It is assumed that any inconsistency between the target word and the



replaced word/non-word would influences the processing time of the target word
depending on the available parafoveal information of the target word before crossing
the boundary. Studies using moving-window techniques showed that comprehension
was not influenced by window size unless the window size was one character.
Increasing mask size, on the other hand, was more detrimental to comprehension such
that as the mask size increased, words reported correctly was decreased — a mask size
over 13 characters made almost impossible to report words correctly. Reading speed
and eye-movement measures were influenced by both the window and the mask size.
As the window size decreased or mask size increased, reading speed and saccade
lengths decreased, the duration and the count of fixations increased (Rayner, 1975;
McConkie & Rayner, 1975; Rayner & Bertera, 1979). McConkie and Rayner (1975)
found that participants read at normal speed with intact comprehension if the window
was at least 31 characters, which means 15 characters to each side of the fixation. The
results of a later study, in which the stimulus letters outside of the center of vision were
larger, were compatible with the finding, implying that the main factor influencing the
perceptual span is not acuity limitations (Miellet, O'Donnell, & Sereno, 2009). Another
important aspect of the perceptual span is its asymmetrical nature. Earlier research
shows that readers obtain useful information 14-15 characters to the right of fixation
and 3-4 characters to the left of it (McConkie & Rayner, 1976; Rayner, Well, &
Pollatsek, 1980; but see Jordan, McGowan, Kurtev & Paterson, 2016, and Jordan,
McGowan, Kurtev & Paterson, 2017 for conflicting findings). Cross-linguistic studies
confirm this finding (DenBuurman, Boersma, & Gerrissen, 1981; Haikiod, Bertram,
Hyond, & Niemi, 2009; O'Regan, 1983). However, the asymmetry of the perceptual
span was dependent on the direction of the writing system, as a study in Hebrew
showed that the span was larger to the left of the fixation (Pollatsek, Bolozky, Well, &
Rayner, 1981; see Jordan, Almabruk, Gadalla, McGowan, White, Abedipour &
Paterson, 2014 for Arabic). Besides, studies on vertically printed Japenese text show
that the perceptual span was extended five to six characters to the vertical direction of
reading (Osaka & Oda, 1991; Osaka, 1993; see Su, Yin, Bai, Yan, Kurtev, Warrington,
McGowan, Liversedge & Paterson, 2020 for asymmetric perceptual span both
horizontally and vertically in the reading direction in Mongolian). The writing system
influenced the size of the perceptual span, as well. Studies in Chinese showed that the
perceptual span is narrower in Chinese with one character to the left of the fixation and
2-3 characters to the right of the fixation (Chen & Tang, 1998; Inhoff & Liu, 1998).
While words in Chinese consists mostly of two letters, there are many one-letter words
and some three-letters and four-letters words. The characteristics of Chinese in which
characters represent syllables and morphemes imply that readers obtain an amount of
information from the right of a fixation similar to the information obtained in English
reading. Similarly, studies in Japanese Kanji (a script with morphemic characters) and
Kana (a script with syllabic characters) scripts confirm the narrower perceptual span
than English with even narrower when the text consists of primarily Kanji script
(Osaka, 1987, 1992). Although a full comparison is not possible, considering these
findings from different languages and writing systems together, the perceptual span is
extended in the reading direction, approximately two to three words, including the
fixated word.

The findings listed above suggest that the perceptual span is not determined solely by
visual acuity constraints, but also by attentional mechanisms. Henderson (1992)



suggests two possible non-attentional mechanisms that might be the source of the
asymmetrical nature of the perceptual span: (1) lateralization of the function in the
hemispheres and (2) developing a perceptual module specific to reading as a part of
learning to read. According to (1), since mostly left hemisphere is dominant in
language processing, and there is a contralateral connection of visual field and retinal
receptor cells, there might be a processing advantage for text in the right visual field.
However, as mentioned above, the perceptual span is not extended to the right visual
field for all writing systems; rather, it is asymmetrically extended depending on the
reading direction. According to the second possibility for a non-attentional explanation
of the phenomenon, there is an automatized or hard-wired module that takes advantage
of the information available in the visual field, depending on the reading direction. The
module could have emerged during learning to read and specific to the writing system.
If the explanation was correct, bilingual readers of right-to-left writing systems and
left-to-right writing systems should have two modules and switch between modules as
they switch between writing systems. However, in Inhoff, Pollatsek, Posner, and
Rayner (1989), the effects of the manipulation on the reading direction of English text
on perceptual span showed that even in the reverse order, the perceptual span was
asymmetrical to the direction of the text. Since the participants could hardly develop a
module for the novel reading direction, the results were detrimental to the possible
explanation (2) mentioned above. Therefore the assumption that perceptual span is
asymmetrical to reading direction due to covert attention directed accordingly was
supported strongly by empirical evidence (Henderson, 1992).

The nature of the information obtained within the perceptual span (i.e., parafoveal
benefit) is controversial in reading research —e.g., is it a lexical or prelexical influence?
The controversial status of parafoveal benefit and its relation to serial vs. parallel
processing of words were discussed in the section, Eye-movement Control Models (for
a review see, Rayner, 1998, 2009a; Rayner et al., 2012).

2.2. Characteristics of eye-movements

The eyes do not move smoothly during the perception of a static stimulus (e.g., a text,
a picture, etc.). Rather, they move with jumps, i.e., saccades, with relatively still
periods called fixations. Saccades bring stimuli into the fovea, which has the highest
acuity in the visual field. The parafovea, on the other hand, has a poorer acuity that
provides limited information (e.g., word boundaries in reading). In reading, the eyes
jump to different locations through the text in about 20-40 ms and then stand still (viz.
fixation). The eyes are 'blind' between fixations due to saccadic suppression (Matin,
1974), i.e., information is extracted only during fixations, which last for 10-100 ms to
500 ms with a mean of 200-250 ms. Studies show that saccades and fixation durations
during reading show a pattern dependent on several factors, like effects of prelexical,
lexical, syntactic, or discourse processing, as well as readers' skill. Skilled readers tend
to show saccadic movement mostly in the forward direction, while backward saccades,
called regressions, occur when there is either comprehension difficulty or error in the
programming of forward saccades. In addition to the direction of saccades, there is
variability in the size of them. Saccade size highly depends on the length of the word,
with an average of 7-8 letters between two fixations. Saccades may extend to 20
characters while very short words are frequently skipped, and long words tend to be
fixated more than once — e.qg., function words are skipped more than half of the time,
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and words that have eight letters or longer tend to receive refixations most of the time.
The text type is another important factor that influences eye-movements. Earlier
findings suggest that simpler texts like light fictions or newspaper articles are read with
shorter average fixation durations, longer saccade lengths, fewer regressions, and more
words per minute compared to texts that require expertise like texts on economics,
physics, biology (Rayner, 1998, 2009a, 2009b; Rayner et al., 2012). Reading research
and eye-movement control models focus mostly on word-by-word processing,
although there are studies that investigate sentence-level and discourse-level
processing during reading (see Staub & Rayner, 2007 for a review). Since the purpose
of the current study is to provide a framework for including the phonological aspect of
reading to existing eye-movement control models, the focus is on word-level
processing.

The fact that the variability in saccades, fixation counts, and fixation durations during
reading depends on the characteristics of the text necessitates a careful selection of
measures in reading research. The variability in eye-movements also makes average
fixation duration an insufficient measure for the study of reading. Reading research on
eye movement control mostly focuses on saccade target selection and the time course
of lexical processing during reading. Therefore, in addition to fixation position
measures (e.g., first landing position — the position of the first fixation on the word),
several first-pass reading times are selected for the estimate of early processing times,
such as first fixation duration (the duration of the first fixation on a word in the first-
pass), single fixation duration (the duration of the fixation on a word when the word
received only one fixation in the first-pass), and gaze duration (the sum of the duration
of all fixations on the word in the first-pass) (Rayner, 1998, 2009a). These mostly
reported first-pass reading times, provide an approximate estimate of the time that is
needed to process each word, and early effects of parafoveal processing on the
processing of the foveal word (Rayner, 1998, 2009a; Kliegl, Nuthmann & Engbert,
2006; Kliegl, 2007). The processing time of a region that extends over more than one
word is usually estimated by late eye-movement measures like second-pass reading
time, regression path duration (or, go-past time which is the total duration between
entering and leaving a region including intra-region regressions), and total reading
time (Rayner, 1998, 2009a).

2.3. Eye-movement Control Models

The motivation behind the development of eye-movement control models has been to
provide an explanation of the relationship between lexical processes and eye-
movements during reading — i.e., of the eye-mind link. Rayner (2009b) deems the
emergence of computational models of eye-movement control as the fourth era of
reading research. The first era included initial observations about the basic facts about
eye movements during reading, the second era included surface properties of eye
movements under the influence of behaviorist movement in experimental psychology,
and the third era was characterized by investigation of cognitive processes underlying
reading with advanced eye-tracking technologies and novel techniques such as gaze-
contingent display change paradigm (Rayner, 1998, 2009a, 2009b). State of the art in
reading research since the late 1990s has been investigating the validity of eye-
movement control models of reading and their predictions. These models, with their



theoretical explanation of the eye-mind link, provided an account for counterintuitive
findings and novel predictions that lead empirical studies (Rayner, 2009b).

The models have various assumptions about the nature of the relationship between
lower-level processes of the oculomotor system and higher-level processes of the
lexical processing system. The models essentially simulate eye movement patterns
given their proposed mechanism for lexical processing and its relationship with the
oculomotor system during reading. In doing so, the models aim to account for and
predict frequently reported effects of word characteristics on eye movement measures,
under their assumptions. The models included in this section (i.e., E-Z Reader, SWIFT,
and Glenmore) have different assumptions about the eye-mind link. These models are
selected due to their successful predictions of eye-movements dependent on
characteristics of words and their representativeness of the main assumptions.

The basic assumptions of the early eye-movement control models accepted eye-
movements as either the result of the completion of a cognitive event (e.g., completion
of lexical processing) or result of the oculomotor system and low-level visual
information. The first group of models is called cognitive-control models or processing
models, and the second group of models is called oculomotor-control models, primary
oculomotor models, or oculomotor models (Rayner, 1998, 2009b; Reichle, 2006;
Reingold, Reichle, Glaholt, & Sheridan, 2012). The early cognitive-control models
assume that readers immediately start processing a word as soon as they fixate on it
(i.e., immediacy-of-processing assumption), and their eyes stay on the word until the
processing is completed, including text integration (i.e., eye-mind assumption).
Therefore, the first-pass reading time of a word reflects its processing time (Just &
Carpenter, 1980). Several eye-movement characteristics were puzzling under these
assumptions, like very short fixations, fixations between words, skipping, and
refixation. Oculomotor control models, on the other hand, assume that eyes guided
primarily by the oculomotor system and lexical processing can influence eye
movements only during very long fixations — i.e., lexical processing effects emerge
very late (Rayner, 2009b). However, there is abundant evidence of the influence of
lexical processing on eye-movements, such as the systematic effects of frequency and
predictability of words on fixation durations. Therefore successful eye-movement
control models assume a mixture of these mechanisms with different weights on
cognitive-control mechanisms. In a model with the process-monitoring assumption
(Morrison, 1984), although eye-movements are guided by serial attention shifts as a
result of lexical access, rather than complete lexical processing, those shifts have a
delayed effect on saccades (Kliegl et al., 2006). According to this conception of the
reading process, after the foveal word (word n) processing reaches a certain level (e.g.,
lexical access), attention shifts to the next word (word n+1) in the parafovea, and a
saccade programming starts. Since the attention was already shifted to the next word,
the processing of word n+1 starts before eyes move to that word (i.e., parafoveal
processing). The next word can be completely processed before eyes move to that
word (as it is the case for function words). In that case, the saccade program can be
modified, and word n+1 can be skipped with a cost that is manifested in longer fixation
duration on word n+2 (Rayner, 1998). Although this conception could explain several
irregular eye-movements, like skipping, it fell short in explaining refixations on a
word. The E-Z Reader model (Reichle et al., 1998; Reichle, Pollatsek, & Rayner, 2006;
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Reichle, Warren, & McConnell, 2009), which implements the process-monitoring
assumption, permit a limited distribution of processing of words by assuming that a
saccade program can start upon lexical access, or before lexical access. According to
the assumption, processing word n can continue while fixating word n+1. In contrast
to the process-monitoring assumption, the SWIFT model (Engbert et al., 2002;
Engbert, Nuthmann, Richter, & Kliegl, 2005; Richter, Engbert & Kliegl, 2006; Schad
& Engbert, 2012; Risse, Hohenstein, Kliegl & Engbert, 2014) assumes that the
process-monitoring system interferes in essentially autonomous oculomotor system,
only when necessary (Kliegl et al., 2006; Reingold et al., 2012). In SWIFT, attention
is not allocated to one word in a serial manner; rather, it is a gradient with the highest
activation level for the foveal word. Therefore, in SWIFT, words are processed in
parallel within the perceptual span. Another parallel processing model is Glenmore
(Reilly & Radach, 2003, 2006), which leaves the assumption of cognitive control in
addition to the role of covert attention in guiding eye movements. In this neural
network model, the saccade generation mechanism is influenced by a general
activation level of word units, which changes due to the information intake during a
fixation, as well as low-level oculomotor processes (Reilly & Radach, 2006). Details
and predictions of these three models (i.e., Glenmore, E-Z Reader, and SWIFT) are
provided in the sub-sections below.

2.3.1. Glenmore

Glenmore is an interactive activation model of eye movement control in reading
(Reilly & Radach, 2002; 2003; 2006). Although the model allows the effects of
linguistic processing on eye movements, the model does not include the concept of
covert attention. According to the model, eye movements are determined by the
interplay of low-level oculomotor processes and ongoing cognitive processing. The
model consists of an input module, a word processing module, a fixate center
(following Findlay & Walker, 1999), a saliency map, and a saccade generator. The
saliency map holds low-level visual information as a saliency vector, which allows
target selection and triggering of a saccade without the influence of cognitive
processes, at the beginning of each fixation. During a fixation, the saliency values are
updated by feedback from word units through letter units, depending on the
information from linguistic processing. The letter and word units comprise the
linguistic processing module within an interactive activation framework (Grainger &
Jacobs, 1998). From the letter units, the information transferred from visual inputs and
word units is transferred to a fixate center (FC). The activity in the FC triggers a
saccade directed to the location determined by the saliency map and executed by a
saccade generator, which is the non-connectionist component of the model.

Input units in the model comprised of 30 character spaces with the fovea at position
11, reflecting the perceptual span. The asymmetry of the perceptual span is
implemented by a probability density function of the gamma distribution. The letters
present within the perceptual span are linked to letter units. Activation in a letter unit
indicates the presence of the corresponding letter among the letter units. Another
connection from input units is directed to the saliency map. The initial activation in
the salience map is modified by the feedback from the letter units. Letter units transfer
information with another set of connections to word units (determined by the model)
and receive feedback from word units. The activity in word units is influenced by
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recurrent connections that implement word frequency and inhibitory connections
between words that implement competition between words. Accordingly, the
activation of the region in the saliency map is determined by both low-level
oculomotor processes and high-level linguistic processes, which is implemented by
the connections between input units, saliency map, letter units, and word units. The
target of a saccade is determined by the activity in the salience map. Another
connection from letter units to FC determines the activity in FC. When the activity in
FC falls below a threshold, a saccade is triggered.

The model predicts the positive relationship between word length and fixation
durations that empirical findings indicate. The predictions of the model regarding the
relationship between word frequency and fixation durations were mixed. Among short
words, model predictions and data were compatible, as presented in Reilly and Radach
(2006). However, predictions of the model regarding the effect of word frequency and
that of data were not compatible among medium length and low-frequency words, and
among long and low- and medium frequency words. On the other hand, simulations of
the model did not show any I0OVP effect. Besides, when launch sites were small, an
OVP effect was observed (Reilly & Radach, 2006). As the authors admit, the model
does not include an account for saccadic errors, which result in short fixation durations,
corrective saccades, and hence the IOVP effect.

The illustration of the model in Figure 2.1, Panel A is a simplified reproduction of the
Figure 21.1 in Reilly and Radach (2003, p. 432) and Figure 1 in Reilly and Radach
(2006, p. 37), and Panel B is a simplified reproduction of Figure 21.2 in Reilly and
Radach (2003, p. 437) and Figure 2 in Reilly and Radach (2006, p. 39).
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Figure 2.1 Illustration of Glenmore. Panel A is a simplified reproduction of the Figure 21.1 in Reilly
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reproduction of Figure 21.2 in Reilly and Radach (2003, p. 437) and Figure 2 in Reilly and Radach
(2006, p. 39).
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2.3.2. E-Z Reader?

The E-Z Reader is a Serial Attention Shift (SAS) cognitive control model. According
to the core assumptions of the model, attention from one word to the next shifts in a
strictly serial manner, and both saccadic programming and attention shifts are
governed by lexical processing, in a decoupled fashion.

According to the model, the completion of an early stage of lexical processing triggers
the oculomotor system to program a saccade to the next word. However, spatial
attention-shift to the next word is triggered upon completion of lexical access (Reichle
et al., 2006). Saccades are generated in two stages within the oculomotor system, such
that (a) the labile stage (M) and (b) the non-labile stage (M>). A labile stage can be
canceled, and a new saccade program can be started if a word is processed parafoveally
during that stage. When the system passes a point-of-no-return, the non-labile stage
starts. A saccade at the non-labile stage cannot be canceled even if the processing of
word is completed during this stage, causing saccadic errors. Saccades are generated
upon the completion of the non-labile stage. The visual system processes low spatial-
frequency information (e.g., word boundaries) and high spatial-frequency information,
which allow individual words to be identified. Low spatial-frequency information is
used by the oculomotor system to select the next target location. High spatial-
frequency information of a word is available only when attention shifts to that word,
and the information is passed to the word identification system for identification of the
word. The word identification system consists of two stages. The first one (L1) is the
familiarity check stage, which begins upon the completion of lexical access of the
previous word (i.e., parafoveal processing that started upon the attention shift to the
current word). The second stage (L2) is the completion of lexical access that begins
upon the completion of Li. The completion of L, sends a signal to the visual system
for a shift of attention, and the postlexical integration of the word begins. However,
shifting attention is not an instantaneous process, but requires time. Lexical processing
and postlexical processing are independent and parallel processes, and postlexical
processing goes on in the background with little influence on eye movements.
Although the default reading process (Reichle et al., 2009, p. 7) continues in the
forward direction without postlexical processing difficulty, any failure in the
postlexical integration stage would direct the attention and the eyes back to the point
of difficulty.

The time required to complete L can be zero for highly predictable words to account
for empirical findings that show highly predictable words are skipped most of the time.
If the word is not a highly predictable word, the mean time required to complete L; is
a function of frequency and predictability of word with negative parameters to account
for the requirement of longer durations to process a difficult word (i.e., low-frequency
and less-predictable words). The actual time required to complete L1 is adjusted as a
function of mean eccentricity (i.e., the distance) between the fixation point and the
letters of the word. Although the time required to complete L is also a function of
frequency and predictability of the word with a negative relationship, this time

! The explanation of E-Z Reader in this sub-section was mainly based on E-Z Reader 10 (Reichle et al.,
2009) which was based on E-Z Reader 9 (Reichle et al., 2006; Pollatsek, Reichle & Rayner, 2006). For
previous versions of the model see Reichle et al. (1998); Reichle, Rayner, & Pollatsek (1999, 2003);
Pollatsek, Reichle, & Rayner (2003) as cited in Reichle et al. (2006).
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duration cannot be zero. Upon completion of L; of word n, a saccade will be
programmed while the process of L of it continues. Attention will be still on word n
until L2 is completed. When L, is completed, attention shifts to word n+1, and
parafoveal processing of it starts (i.e., L1 of word n+1). If Mz is completed before L1
of word n+1 is completed, M starts, and eyes are directed to word n+1. If L; of word
n+1is completed before My is completed, M1 will be canceled, and a new saccade will
be programmed for word n+2. This specification of the model predicts longer fixation
durations prior to a skip (i.e., skipping cost). Saccade lengths in the model were
specified with an intended saccade length and two error components (i.e., systematic
error and random error). Intended saccade length is the distance between the current
fixation and the center of the word that eyes are directed, under the assumption that
saccades are always directed toward the center of words. Systematic error is a function
of the difference between an optimal saccade length (it is 7 in the model) and intended
saccade length, and the duration of the fixation on the launch site. The random error
component is a random deviate that is sampled from a Gaussian distribution with x =
0 and ¢ as a function of the intended saccade length. Lastly, the probability of
refixation in the model is a function of the absolute difference between landing position
and saccade target (i.e., the center of the word that eyes are directed to) (Reichle &
Sheridan, 2015). The mathematical specification of the relationships explained above
is beyond the scope of the current study (see Reichle et al., 2009 and Reichle &
Sheridan, 2015, for a detailed description of E-Z Reader 10).

Model predictions were mostly in line with most empirical findings. As the frequency
of word increased, simulated fixation durations (first fixation duration, single fixation
duration, and gaze duration) decreased, and the simulated probability of skipping
increased, and that of fixating decreased. Predictability of words and simulated
fixation durations showed a negative relationship, while it showed a positive
relationship with simulated probabilities of skipping. As the length of words increased,
fixation durations and the probability of refixating increased, and the probability of
skipping decreased. Although discrepancies were observed for very high-frequency
words, the relationship between word characteristics and eye movement measures
were qualitatively similar, and for low-frequency words, observation and simulation
were almost identical (Reichle & Sheridan, 2015; Reichle et al., 2006, Reichle et al.,
2003).

The schematic diagram of the model in Figure 2.2, Panel A is a reproduction of Figure
3 in Reichle et al. (2003, p. 451) with a modification to include the postlexical
integration process introduced in E-Z Reader 10; that of Panel B is a reproduction of
Figure 1-B in Reichle et al. (2009, p. 3). In the diagram presented in Panel B, the box
labeled V stands for visual processing, A stands for attention, and | stands for
postlexical integration. Labels Li, L2, M1, and My, are the stages of the lexical
processing and saccade generation process, as explained above.

15



(A)

Signal to move eyes

Visual Word identification
System system
Attention o
Oculomotor > (Selection) > Stage 1 (L)
system T \__|_Move attention___
back '
; Early '
» Labile stage (M,) g Postlexical
procissmg integration Stage 2 (L,)
3 2 Program regression...-..E
Non-labile stage
(My)
Signal to shift attention to next word——
y
Saccade .
generator
—"’ ST by
- 5= Oy, Dy~
‘,—' 58 Cby Seo
Word n-1 Word n Word n+1
Visual acuity
(B)

Move eyes
. Program saccade to |

- current word
M 1 M 2

\ 4

Low-spatial frequency

information
Program I o
...... s >
» V regression
High-spatial frequency Program saccade to Move attention
information next Ivvord back
L 1 > I—Z
A
\J
A < Shift attention to_|
next word
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in Reichle et al. (2009, p. 3).
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2.3.3. SWIFT?

The SWIFT is a guidance by attentional gradient (GAG) model of eye movement
control in reading. In SWIFT, attention is conceptualized as a gradient, rather than a
spotlight that moves serially. Inspired by the dynamic field theory of movements
preparation proposed by Erlhaen and Schéner (2002), and the framework of saccade
generation proposed by Findlay and Walker (1999), SWIFT proposes a lexical
activation field for word targets. Foveal words have higher activation values than
words in the parafovea as a processing gradient. Therefore, words are attended to and
processed in parallel within the perceptual span, depending on the activation value.
The seven core principles of SWIFT as presented in Engbert et al. (2005) are such that
(1) the activation field processing is spatially distributed and saccade target selection
is dependent on the competition among words with different activation values, (2)
there are separate pathways for saccade timing, and saccade target selection, (3)
saccades are generated autonomously with an inhibition by foveal targets to allow the
influence of lexical processing on saccade generation, (4) saccade programming
consists of labile and non-labile stages, (5) saccade lengths are influenced by random
errors inherent to the oculomotor system and systematic errors as a function of launch-
site distances, (6) mislocated fixations are corrected immediately by a corrective
saccade program, and (7) intended saccade amplitude influences the saccade latency.

The illustration of the model overview in Figure 2.3, Panel A is a slightly modified
reproduction of the illustration of SWIFT in Figure 9 in Reichle et al. (2003, p. 462),
and Panel B is a reproduction of Figure 1 in Richter et al. (2006, p. 26).

2 In this sub-section, the explanation of SWIFT (i.e., Saccade-generation With Inhibition by Foveal
Targets) model (Engbert et al., 2002), was based on the second version of the model (i.e., SWIFT-2,
Engbert et al., 2005; Richter et al., 2006). Therefore, the main reference of the sub-section is Engbert et
al. (2005). The citations from other resources are mentioned in the text. SWIFT-3 includes several
parameter adjustments to account for the zoom lens effect (Eriksen & St.James, 1986; LaBerge &
Brown, 1989; Schad, Nuthmann & Engbert, 2010 as cited in Schad & Engbert, 2012) and is a variant
of SWIFT-2 differing in parameter values only (Schad & Engbert, 2012). Therefore, SWIFT-3 and its
assumptions mentioned but not explained further in the sub-section.
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According to the conception of reading in SWIFT, the oculomotor system generates
saccades randomly to possible targets that are constrained by a dynamic field of
activations of words. The maximum activation of a word is limited by the difficulty of
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that word (i.e., its frequency), while the lexical processing rate of the word is a function
of its eccentricity (i.e., its distance to the current fixation location). The word
identification process consists of two stages: (1) preprocessing stage during which the
activation value reaches its maximum value, and (2) during lexical completion, the
activation decays to zero until the word is completely processed. The temporal
evolution of activations is influenced by the predictability of the word in a way that
highly predictable words reach their maximum activation during the parafoveal
preprocessing stage, which results in skipping of them. The probability of selection of
a word as a saccade target is a function of its relative lexical activation. The next
command for starting a saccade program is a stochastic process with a top-down
inhibitory signal from lexical processing and dependent on the foveal activation.
Therefore, any difficulty in the word identification system results in a delay in the
oculomotor system through the word difficulty effect that limits the maximum
activation values of the words. Saccades programmed in two stages: (1) during the
labile stage, the saccade can be canceled, and (2) the non-labile stage starts upon the
completion of the labile stage and passing a point-of-no-return. Since preprocessing
require continuous visual input while lexical completion does not require new visual
input, preprocessing pauses during saccades due to saccadic suppression (Matin,
1974), but lexical completion continues. Mislocated fixations due to systematic error
or random error are corrected with a new saccade program immediately (Engbert et
al., 2005). A more detailed description of SWIFT was provided in the third chapter of
the current study.

The model predicts the frequently reported effects of word characteristics such that
together with a decrease in frequency and an increase in word length, simulations of
the model produced increased fixation durations, and decreased skipping instances,
and increased multiple fixation instances. The interaction effect of word length and
launch site on first landing position was compatible with experimental findings such
that among short words, eyes tended to land on the right edge of the word if the launch
site was small, tended to land around the center if launch site was medium length, and
tended to land towards the left edge if launch site was high. For longer words (i.e.,
words that have six letters or eight letters), fixations mostly landed around the center
of words with a tendency towards the right edge for short lunch sites and a tendency
towards the left edge for long launch sites. The model was more successful in
qualitatively predicting the fewer fixation counts of relatively short words (i.e., words
that have six letters or less) that had an initial landing position around the center of the
words than other positions. However, for longer words, there were discrepancies
between the observations and model predictions (Richter et al., 2006).

A study on shuffled text reading (i.e., reading a text created by using randomly selected
words from the Potsdam Sentence Corpus, Kliegl, Grabner, Rolfs, & Engbert, 2004;
Kliegl et al., 2006) revealed that eye movements during shuffled text reading were
influenced by the expected successor- and lag-effects while the effects of word
characteristics were reversed (Schad et al., 2010 as cited in Schad & Engbert, 2012).
That is, words were fixated longer on short words and frequent words than that of long
words and infrequent words, which was a contradictory finding regarding
experimental findings in normal text reading. For the explanation of these
counterintuitive effects, Schad et al. (2010) proposed that these effects were the result
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of the zoom lens of attention (i.e., dynamical modulation of perceptual span by foveal
word difficulty) (Schad & Engbert, 2012). According to them, the zoom lens of
attention effect should be more pronounced during shuffled text reading than during
normal text reading due to less influence of ongoing lexical processing during shuffled
text reading. To give an account for these findings and hypotheses, in SWIFT-3,
parameters of SWIFT-2 was modified. SWIFT-3 was not explained further in the
current study (see Schad & Engbert, 2012, for a detailed explanation of SWIFT-3).

2.4. The Role of Sound

The influence of phonological processing in reading is not surprising if one takes the
phonological characteristics of writing systems into account. In alphabetical writing
systems (e.g., English, Turkish) and syllabic writing systems (e.g., Japanese Kana),
graphemes are mapped onto phonological representations, although the mapping is not
one-to-one correspondence in most writing systems. Even in logographic writing
systems, such as Chinese, in which characters represent morphological units rather
than phonological units, the sound is represented with 90% of the characters, which
are phonetic compounds. Mapping a phonological or orthographical representation
onto meaning, on the other hand, is arbitrary (Frost, 1998). Given that oral language
acquisition is an earlier process, reading acquisition is essentially learning rules that
map graphic representations to phonological representations (Milledge & Blythe
2019).

The developmental aspect of reading is beyond the scope of the current study.
However, the changing role of sound coding in reading development is the core of
controversies on the nature of the phonological processing during reading. The role of
phonological processing in lexical identification during the acquisition of reading skill
was not disputed much. That is, the initial attempts in learning to read are constructing
the associations between orthographic representations of words and words in the oral
vocabulary, which was acquired before learning to read. The learning process
continues with learning grapheme to phoneme correspondences to the point where
nature phonological processing changes, and supposedly the function of it in lexical
access decreases (Milledge & Blythe, 2019; Jared, Ashby, Agauas & Levy, 2016 for
reviews). However, the role of phonological processing from that point, i.e., in skilled
reading, is controversial.

Several experimental paradigms have been employed to study the role of sound coding
in skilled reading, including masked phonological priming, articulatory suppression,
distraction by auditory input, electromyography recordings of articulatory muscles,
gaze-contingent boundary paradigm that accompany tasks such as naming, lexical
decision, semantic categorization, and sentence or text reading (e.g., Slowiaczek &
Clifton, 1980; Van Orden, 1987; Guerrero, 2005; Inhoff et al., 2004; Eiter & Inhoff,
2010; Ashby, Treiman, Kessler, & Rayner, 2006). The findings provide converging
evidence that there is a role of sound coding in the reading process (see Frost 1998,
2005; Leinenger, 2014; Rayner et al., 2012; Rastle & Brysbaert, 2006; Rayner, 1998
for reviews). However, there is conflict on the degree and timing of the involvement
of phonological processing in the skilled reading process, and accordingly, the point
in time when the sound coding is at play in the process. That is whether words are
accessed only through phonological representations even by skilled readers (i.e.,
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strong phonological theory), or is there a structural change in skilled reading with an
addition of a route which provides direct access from the orthography of a word to its
lexical entry (i.e., weak phonological theory, or dual-route model). The weak
phonological theory suggests that words are accessed in skilled reading by a dual-route
mechanism with one route for direct access to the semantic system and phonological
output lexicon, one route for indirect access through prelexical grapheme-to-phoneme
rules (Frost, 1998, 2005; Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Rayner
etal., 2012). Although there are findings for a structural change due to learning to read
(e.g., Dehaene, Pegado, Braga, Ventura, Filho, Jobert, Dehaene-Lambertz, Kolinsky,
Morais & Cohen, 2010; Vorstius et al., 2014; see Blythe & Joseph, 2011 for a review),
several behavioral studies imply that phonological processing changes from slow,
overt processing to a more quick, covert one as reading is acquired, rather than
elimination of phonological processing for some words (e.g., Milledge & Blythe 2019;
Jared et al., 2016).

Strong phonological theory, on the other hand, proposes a single mandatory prelexical
phonological processing mechanism which is the only way to lexical access (Frost,
1998, 2005; Coltheart et al., 2001; Rayner et al., 2012). It is worth to note that the
dispute is on an early phase in reading, which is lexical access, the process of finding
a lexical entry in the mental lexicon, rather than the detailed and complete lexical
representation that includes the meaning and detailed phonological representation of
the word, at a later stage of lexical processing. Another caution is on the conception of
the mental lexicon and lexical entry: This is a localized conception of words in mind,
independent of their theoretical specifications. In other words, the discussion applies
well to finding the word in the mental lexicon as a list of lexical entries organized
according to their frequency, or as a localized interactive distributed system with
inhibitory or excitatory connections to word nodes. Therefore, lexical access in this
context means finding the relevant entity (i.e., the word) in mind before reaching its
meaning and detailed phonological representation (Frost, 1998). On the other hand,
the dispute is not mainly on the role of inner speech in post lexical processing, which
has somewhat clearer evidence than its mandatory involvement in the lexical access
phase (Rayner et al. 2012; Inhoff et al., 2004; Eiter & Inhoff, 2010; Inhoff et al., 2011;
Laubrock & Kliegl, 2015).

Being mandatory is crucial in the discussion. That is because both approaches (i.e.,
weak vs. strong phonological theory of reading) include phonological processing (see
Leinenger, 2014, for a review). However, they differ in the mandatory status.
According to the dual-route conception of reading of the weak phonological theory,
there is a route in which skilled readers access words directly from the visual
presentation of words unless the task requires a clear phonological computation (e.qg.,
reading a low-frequency word or a pseudoword). In the model, there is also an
additional indirect phonologically mediated communication between letter level,
orthographic lexicon, and semantic component. Strong phonological theory, on the
other hand, suggests that prelexical phonological processing is the default procedure
and required in lexical access. Hence, there is no direct access through orthographic
lexicon without phonological mediation to words, and phonological representations
are always constructed by prelexical phonological processing (Frost, 1998, Coltheart
et al., 2001). Another important aspect of early phonological processing in reading is
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the effect of orthographic depth in alphabetical writing systems. Both approaches
claim a lexical aspect in phonological processing in deep orthographies such as in
English, be it the direct orthographic route in weak phonological theory or lexical top-
down shaping of impoverished phonological representations in strong phonological
theory. Besides, both theories claim that there is more prelexical influence than a
lexical influence on phonological processing in shallow orthographies such as in
Turkish that contrasts to the dominance of the lexical aspect of phonological
processing in deep orthographies such as English (Frost, 2005; Coltheart et al. 2001).
If the proposed effect of orthographic depth is correct, then the lexical characteristics
of words should have a weaker effect on the phonological processing of words in
shallow orthographies. The hypothesis was tested by cross-linguistic studies, and
stronger effects of lexical characteristics (e.g., frequency of the word, semantic
priming) on response times were found in deeper orthographies in naming tasks (Frost,
2005). In a study on sentential pseudoword reading in Turkish, which has a shallow
orthography, several letter frequency measures showed significant effects on eye-
movement measures. Significant effects of word center consonant collocation
frequencies and word boundary frequencies of six letters' length pseudowords on
fixation duration values, and a significant interaction effect of vowel harmony
collocation frequency (reflecting vowel harmony rules which restrict vowel sequences
in Turkish words) and word boundary collocation frequency on regressive eye-
movements to the pseudowords were observed. Since these letter frequency measures
were related to pseudowords in which case lexical characteristics such as word
frequency and predictability were eliminated, the observed effects on eye-movement
measures were interpreted as effects of phonotactics in Turkish reading (Acartrk,
Kilig, Kirkici, Can & Ozkan, 2017b).

Before the explanation of the approach adopted in the current study, another role of
the phonological representation in reading should be noted: the involvement of
phonological representations in postlexical processing. With its fluid characteristic,
working memory, especially the phonological loop, is assumed to be a crucial system
involved in reading (Laubrock & Kiliegl, 2015). According to Baddeley (2003a),
working memory consists of four main components: (1) a visuospatial sketchpad
which integrates visual and spatial information and provides a unified representation,
(2) a phonological loop which enables registration of visual or auditory input to the
system, provided that the visual input can be named, (3) an episodic buffer which is
the short-term store that provides a connection to the crystallized system of long term
memory, and (4) a central executive which is a limited capacity attentional system that
controls the other three components. The phonological loop consists of several sub-
components that provide two pathways to the phonological output buffer, which
provide information for spoken output. Auditory input reaches to phonological output
buffer through a phonological analysis and a short-term phonological store, while
visual input reaches to phonological output buffer through a short-term store for visual
analysis and orthographic to phonological recoding process. The phonological loop
provides retention of auditory and visual inputs in working memory and registering
them to long term memory by a rehearsal process. While auditory input to the rehearsal
process has a direct route without the mediation of phonological output buffer, visual
input is registered through a path that is mediated by phonological output buffer
(Baddeley, 2003a, 2003b; Baddeley & Hitch, 2019). The working principles of the
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phonological loop are consistent with a conception of the role of sound coding in
reading that includes early detection of phonological codes from the visual input and
later retention of words as phonological representations for text integration. However,
it should be noted that there are several models of working memory in which the
phenomena were explained in a different way (e.g., working memory as a component
of a multicomponent model vs. working memory as a part of long-term memory; see
Morey, Rhodes & Cowan, 2019; Logie, 2019; and Morey, Rhodes & Cowan, 2020 for
a recent discussion on working memory models; see Baddeley, 2012 for a
comprehensive review). Since a comprehensive discussion of working memory
models is beyond the scope of the current study, the focus will be on the acoustic nature
of retention of words within short periods of time in the memory (e.g., Baddeley &
Hitch, 2019; Buchsbaum & D’Esposito, 2019) — for text integration in the case of the
reading process. The effect of phonological representations in postlexical processing
in reading was investigated empirically by several studies, and it is found that a direct
registration of auditory input (Inhoff et al., 2004) and its combination with articulatory
suppression as a secondary task (Eiter & Inhoff, 2010; Slowiaczek & Clifton, 1980)
influence subsequent fixation durations and comprehension of the text. Studies on the
eye-voice span (EVS) during reading aloud, on the other hand, show that there is a
dynamic modulation of EVS by eye-movements to keep a constant distance between
the eyes and the voice, implying retention of a manageable number of items in working
memory (Inhoff et al., 2011; Laubrock & Kliegl, 2015; and see Rayner et al. 2012;
Rayner, 1998; Leinenger, 2014 for a review of the role of sound coding in postlexical
processing in reading).

To sum up, both weak and strong phonological theories suggest that there is the
involvement of phonological processing early in the reading process, at the phase of
lexical access. Although attributed strength and mandatory status of the prelexical
phonological processing change according to each theory, both theories expect
prelexical phonological processing to be stronger in a shallow orthography than it is
in a deep orthography. Besides, empirical studies provide a similar picture. On the
other hand, studies mentioned above show that there is a role of phonological
representations in postlexical processing in reading. Words are stored as phonological
representations during the text integration process.

The current study proposes a framework for an eye-movement control model that
accounts for the effect of sound coding during reading. The Phonological-Mediation
in Guidance by Attentional Gradient (P-GAG) model of reading, proposed here, is not
a model in the computational sense, rather a model of a framework for a computational
model that includes phonological processing. The details of the P-GAG model are
explained in the next chapter. The underlying assumptions of P-GAG were tested by
the statistical analysis of an empirical study, which is explained in the fourth and fifth
chapters.
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3. PHONOLOGICAL MEDIATION IN READING: A THEORETICAL
FRAMEWORK

The Phonological-Mediation in Guidance by Attentional Gradient (P-GAG) model of
reading proposed here, as the name suggests, is an attentional gradient model. In other
words, it is assumed that words within the perceptual span are processed in parallel.
The saccade generation mechanism of the P-GAG model mainly depends on the
assumption of the SWIFT model, which suggests foveal inhibition on autonomous
oculomotor processes (Engbert et al., 2002; Engbert et al. 2005; Richter et al., 2006;
Schad & Engbert, 2012).

3.1. Principles of SWIFT

A complete mathematical description of the model is beyond the scope of the current
study. However, the theoretical framework presented in the current study mainly
depends on SWIFT. Therefore, several notions presented in Engbert et al. (2005)
which are necessary to explain the working principles of the model are presented as
follows:

Dynamic field of activations. In SWIFT, potential saccade targets are computed from
a field of activations, i.e., {an(t)}, for wordsn=1, 2, 3, ..., N at time t. Although there
is not a pre-specified limit on the number of words that have an activation value, as a
result of the dynamics of the model, {a;(t)} for j > n + 4 would be typically close to
zero when word n is the foveal word. Therefore, possible saccade targets are
constrained by the dynamics of the model. The change in the activation field over time
depends on the word recognition and fixation position through its influence on word
recognition. In the preprocessing stage of word n, {an(t)} starts to build up, and it
decreases during the lexical completion process.

Word difficulty. In SWIFT, word difficulty limits the maximum activation of a word.
As widely accepted in reading research, word frequency and its predictability from the
sentence context are regarded as the sources of word difficulty. In E-Z Reader, the
combined effect of word frequency and predictability on word processing difficulty is
conceptualized as additive. In SWIFT, on the other hand, frequency and predictability
are not conceptualized as a combined source of word difficulty. That is because of the
temporal characteristics of the effects of these word characteristics — i.e., the effect of
predictability would influence eye movements earlier than frequency, and the
influence of predictability would not need visual input. Therefore, in contrast to E-Z
Reader, in SWIFT, word difficulty is estimated from word frequency alone, and
predictability influenced the temporal evolution of activations. The specification of
these word characteristics in SWIFT enables the emergence of the effect of
predictability earlier than that of frequency.

Lexical processing rate. According to SWIFT, the lexical processing rate of a word is
a function of the eccentricity of that word (i.e., the distance of a word to the current
position of fixation). The eccentricity of a word is a function of the eccentricities of all
letters of the word, which is the distance of each letter to the position of fixation. The
relationship between processing rate and eccentricity is formulated as an asymmetric
Gaussian function to reflect the asymmetry of the perceptual span. The asymmetry of
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the distribution of the processing rate results in a shift of the maximum lexical rate to
the left of the word center, which is compatible with findings such as preferred viewing
location (PVL), and optimal viewing position (OVP) (see Rayner, 1998, 2009a, and
2009b for reviews). The total lexical processing rate is bounded between 0 and 1. The
processing rate of a word is calculated from the set of processing rates of its letters
with a parameterized function. By doing so, SWIFT allows the processing rate of a
word as the sum of all its letter processing rates (an additional letter facilitates the
processing), and as the mean of its letter processing rates (an additional letter leads to
processing cost), as special cases. The simulations of the model show that the
processing rate of a word is an intermediate between these two extreme cases.

Temporal evolution. Within the activation field, a word has a zero activation, (1) before
processing (i.e., when it is unknown), and (2) after processing (i.e., when it is
completely processed). During the preprocessing stage, the activation value reaches
its maximum value, which is dependent on the difficulty of the word. In the second
stage of word processing, lexical completion, the activation decays to zero until it is
completely processed. The temporal evolution of activations is dependent on three
processes such that (1) a preprocessing factor, (2) a stochastic variable for processing
rate, and (3) a global decay strength. The preprocessing factor is modulated by the
predictability of word with an asymmetry between preprocessing and lexical
completion such that activation increases fast and decreases slow. During
preprocessing, which is an early stage of processing, words are added to the set of
possible targets (i.e., the set of words that have activation value greater than zero). The
influence of the predictability on processing rate depends on the point in time of
processing such that for a highly predictable word, during parafoveal preprocessing
(i.e., before the word is fixated), processing rate decreases. Therefore, highly
predictable words skipped with a high probability as empirical findings suggest.
However, once aword is in its lexical completion state, the processing rate of the word
increases with its predictability. The lexical completion is implemented as a stochastic
memory retrieval process in the model. Finally, the global decay process induces a
slow decrease in activations at a constant rate. The decay factor is interpreted as a
memory leakage by the modelers.

Saccade target selection. Saccade targets are selected among words that have
activation values greater than zero with a stochastic process. The probability of
selection of a word as a saccade target is the relative lexical activation of that word
with an exponent parameter for the measure for the stochasticity. The value of the
parameter determines the degree of parallel processing of words with two extreme
cases such that (1) target selection probabilities for all words within the set of possible
targets are the same, and (2) target selection is a deterministic process with the winner-
takes-all rule.

Control of fixation duration by foveal inhibition. According to SWIFT, the time
interval between two saccade programs is stochastic with a predefined mean that
depends on the reading rate of the reader. However, the interval is influenced by a top-
down inhibitory signal from lexical processing. Therefore, the next command for
starting a saccade program is dependent on the foveal activation. Since the saccade
generation is a faster process than word recognition, the top-down inhibition influences
the saccade program with a delay, which potentially explains lag effects.
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Saccade programming. The saccade generation process consists of a two-stage
saccade programming process and saccade execution. The stages of saccade
programming are the labile stage, during which the saccade can be canceled, and a new
saccade can be programmed, and the non-labile stage, which starts upon the
termination of the labile stage and passing a point-of-no-return. The saccade target
selection process is triggered by the transition from labile to the non-labile stage.
Preprocessing is paused during saccades to account for saccadic suppression (Matin,
1974). Since lexical completion would not need new visual input, the model assumes
that lexical completion continues during saccades.

Oculomotor errors in saccade generation. In the model, the intended saccade length
is accepted as the distance to the optimal viewing position. The actual saccade length
is the sum of intended saccade length and two error terms — i.e., saccade range error
(systematic error) and random error (a Gaussian distribution with zero mean and a
standard deviation dependent on intended saccade length). The systematic error
depends on the difference between the intended saccade length and an optimal saccade
length.

Mislocated fixations and error correction. The model assumes an immediate
correction of mislocated fixations with a new saccade program. To implement the
assumption, a vanishing intersaccadic interval is introduced to the model for
mislocated fixations, which shortens the interval between two saccade programs. The
conceptualization of mislocated fixations and error corrections results in shorter
fixation durations when a saccade target selection is undershot or overshot (i.e.,
fixations located at the edges of the word). Therefore, the model provides an account
of the IOVP effect (Vitu, McConkie, Kerr, & O'Regan, 2001).

Saccade latency modulation. In SWIFT, saccade programming time is a stochastic
process that is modulated by intended saccade amplitude, after target selection. That
is, the model assumes that the non-labile stage of saccade programming is influenced
by intended saccade length such that saccade latency decreases with an increase in
intended saccade amplitude. The functional relation between time for non-labile stage
and intended saccade amplitude influences the IOVP effect for short amplitudes (i.e.,
less than or equal to four characters, mostly intraword saccades), whereas it influences
successor effects for longer amplitudes (i.e., greater than or equal to six characters,
mostly interword saccades). The IOVP effect is influenced such that the closer fixation
to the edge of the word, the higher the intended saccade length to the center of the
word, and the less fixation duration. For interword saccade, the functional relation
produces shorter fixation durations for long parafoveal words than for short ones.

Stochasticity in saccade programming. Upon the completion of the non-labile stage,
the saccade will be executed. The model assumes a fixed mean execution time (i.e., 25
ms). To simulate the noise in the saccade programming process, the model uses a
gamma distribution.

According to the dynamics in SWIFT, words are processed in parallel within the
perceptual span. Therefore, the model predicts lag- and successor effects (i.e., the
effects of the characteristics of neighboring words on eye movement measures), the
effect of visual acuity (i.e., the interaction effect of the length of the foveal word and
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next word characteristics), and the effect of dynamical modulation of the perceptual
span (i.e., the foveal load hypothesis — the interaction effect of neighboring word
difficulties) on eye movement measures, in addition to the canonical effects of foveal
word characteristics and oculomotor measures (Kliegl et al., 2006; Kliegl, 2007).

3.2. Phonological Mediation and Postlexical Processing in P-GAG

In the P-GAG model, the phonological processing of a word starts at Stage 1 (i.e.,
prelexical phonological processing and preprocessing), and a detailed phonological
representation of it is accessed upon lexical completion. There is the involvement of
prelexical phonological processing in the word identification system to capture the
influence of phonological processing in lexical access (see Section 2.4). It was
assumed that prelexical phonological processing influences the activation value of
words similar to word difficulty by influencing the limit of maximum activation of the
word. The two-way relationship between preprocessing and prelexical phonological
processing is meant to capture (i) the influence of prelexical phonological processing
in lexical access, (ii) lexical influences in phonological processing, especially in deep
orthographies. Both prelexical phonological processing and preprocessing have
connections to lexical completion. That is because (1) according to SWIFT, the lexical
processing rate of words is influenced by the visual processing (i.e., spatial distance to
the current fixation), and (2) according to P-GAG, prelexical phonological processing
is required for lexical access. Therefore, the connection between preprocessing and
lexical completion captures (1) while the connection between prelexical phonological
processing and lexical completion captures (2). Lastly, prelexical phonological
processing influences the saccade target selection process through its influence on the
activation values, which is represented by a connection between prelexical
phonological processing and preprocessing. In other words, we assume an early
influence of prelexical phonological processing during parafoveal and early foveal
lexical processing and the saccade selection process. Accordingly, in addition to the
effects predicted by SWIFT, we expected the effects of prelexical characteristics of
words that represent phonotactics in Turkish (Acartlirk et al., 2017b) on fixation
durations and first fixation locations, as it was described in detail in the chapters
devoted to empirical study.

An additional component, the memory buffer, is a short-term store that includes
postlexical processing and motor planning for articulation in oral reading, as proposed
in Laubrock and Kliegl (2015). The two-way relationship between lexical completion
and postlexical processing is inhibitory. The inhibitory connection from postlexical
processing to lexical completion captures longer fixation durations and regressions due
to delayed lexical completion that results from the difficulties in the integration process
or increased memory load. The inhibitory connection from the word identification
system to the memory buffer is meant to capture the interference of the difficulties
faced during the word identification process to postlexical and motor planning
processes, manifested in delayed articulation.

The phonological representation of a word is held in the memory buffer until its
integration to text and preparation for articulation gets completed in oral reading. As
soon as the word is articulated, it is removed from the buffer. Accordingly, the time
interval between the beginning of the first fixation on a word and the beginning of the
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articulation of it (Fixation Speech Interval — FSI — following Inhoff et al., 2011)
reflects the time course from prelexical phonological processing to postlexical
integration of a word. Since FSI is restricted by the completion of postlexical
integration, it is a good candidate to assess the effect of postlexical processing on eye-
movements. The insight from FSI analyses could extend to the text integration role of
sound coding in silent reading (i.e., subvocal articulation). However, to the best of our
knowledge, current eye-movement control models of reading lack the proposed
phonological aspect of the reading process. We suggest that the investigation of FSI
might provide a basis for the introduction of one of the phonological aspects of reading
to the eye-movement control models of reading — i.e., its influence in a memory
component.

The existence of prelexical effects on FSI can be accepted as evidence of an effect of
early prelexical phonological processing on the postlexical integration process.
Although the existence of lexical effects on FSI would not provide direct evidence for
the hypothesis on the involvement of phonological representation in postlexical
processing, the absence of them could weaken the hypothesis. In that case, the effect
of FSI on eye-movements should be investigated cautiously. In the current analysis, a
statistical control approach was adopted, rather than experimental control of
phonological aspects of words. Since the data in this study is from Turkish Reading
Corpus (Acartirk et al., 2017a), experimental control was on the length and the
frequency of target words, and morphological complexity (i.e., suffix count). It is
assumed that statistical control of factors that may influence FSI in a linear mixed
model (LMM) could provide insight on the degree of the involvement of prelexical
and lexical processing of words in the reading process. Lexical and prelexical
properties of words as covariates in an LMM of FSI would provide their contribution
to the variation of FSI. Investigation of the relationship between FSI, prelexical
properties, and eye-movements, as a second step, would reveal a clearer picture of the
role of sound coding in reading.

Another measure of the distance between articulation and viewing of a word was the
spatial measure of the eye-voice span (i.e., EVS in terms of character count). It was
assumed that EVS of a word represents the memory load until that word was removed
from the memory buffer. The relationship between EVS and FSI and those two and
eye movement measures in oral reading would provide an insight into the effect of the
memory load.

The illustration of P-GAG is presented in Figure 3.1. The arrows at the end of links
represent information direction, and the dots represent inhibitions that result in a delay.
The dashed red lines represent components involved in oral reading. The other
components related to phonological processing are involved in both oral and silent
reading. The figure implies that the word n-2 is articulated while the fixation is on the
word n. Although this depiction is compatible with the eye-voice span measures (i.e.,
two to three words), it should be taken as an approximation.
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Figure 3.1 Illustration of the P-GAG (Phonological-Mediation in Guidance by Attentional Gradient)
model of reading.

Processing in five successive fixations on five successive words, according to P-GAG,
is illustrated in Figure 3.2, for the cases in which there is a single fixation on each word
without regression and skipping. In the figure, the x-axis represents successive
fixations (time of processing), and the y-axis represents words that are processed.
Word n stands for the word which receives the current fixation, i.e., Fixation n. For
fixations and words, n-1 stands for the previous fixation (or word), and n-2 stands for
the one before previous fixation (or word). Any difficulty in lexical completion of
word n-1 or completion of preprocessing of word n would result in a longer fixation n
and limitation in preprocessing of word n+1. The approximate fixation speech interval
of word n is showed below fixations, which is linked to the fixation n on word n and
to the articulation of word n during fixation n+2. Horizontally, the Figure illustrates
the processing stages of each word through successive fixations. Vertically, the Figure
illustrates the processing stages of successive words within one fixation.
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4. EMPIRICAL STUDY

4.1. Methodology

4.1.1. Participants

A total of 215 participants (M = 22.72, SD = 2.61 years old; 102 female) participated
in the experiment for a monetary compensation of 20 TRY (approximately 5 USD).
Participants signed an informed consent form and completed a demographic data form
before the session started, and were informed that they could leave the experiment any
time they liked. Each session was composed of two parts (for details, please see
Section 4.1.4) and lasted approximately 1.5 hours. Two memory tests (a Corsi Block
test and a digit span test) and a familiarity test were also conducted within the
experimental session. We excluded the data from 15 participants since they were not
eligible for the analyses: (i) the native language of one participant was not Turkish, (ii)
eight participants were bilingual, (iii) two participants reported that they had dyslexia,
(iv) two participants used contact lenses during the experiment, and (v) two
participants read the 50% of the stimulus text twice due to technical problems (data
loss 7.5%; M = 23.13, SD = 2.36 years old; seven females). Data were collected from
an additional 15 participants (M = 21.67, SD = 2.23 years old; nine females) to
compensate for the loss of data collected from these participants. Inspection of the data
before the analyses revealed that data collected from four more participants were not
eligible for the analyses due to technical problems during the experiments or low data
quality (data loss 2%; M = 21.00, SD = 2.08 years old; two female). Accordingly, the
data collected from 196 participants were included in the analyses (98% of 200
participants; M = 22.72, SD = 2.64 years old; 93 females).

4.1.2. Materials
4.1.2.1. Target Word Properties

Target words were selected according to their frequency and length values from the
BOUN web corpus. The BOUN web corpus includes 1,337,898 distinct words (types)
and 383,224,629 word tokens (Sak, Glingdr & Saraglar, 2008; Bilgin, 2016). The
surface frequency of a word was calculated according to word tokens such that the
surface count is the sum of all occurrences of the exact form of that word in the corpus.
Frequency per million refers to the token counts/million.

Target words were selected according to their stem lengths and frequencies. Short
target words have four letters (e.g., masa, ‘table’), while long words have ten letters
(e.g., bilgisayar, ‘computer’) in their stem forms. Short and long words were divided
into two groups according to their base frequency values (low frequency vs. high
frequency). Accordingly, the target word set was specified in four conditions
according to their word length and base frequency values: Short-Infrequent words (Sl),
Long-Infrequent (LI) words, Short-Frequent (SF) words, and Long-Frequent (LF)
words (conditions, hereafter).
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There were 16 words in each condition. The suffixed forms of the target words, with
the suffixes -de / -da / -te / -ta (i.e., allomorphs of -DA), and the suffixes -deki / -daki
/ -teki / -taki (i.e., allomorphs of -DAKki) were also included into the stimulus set. In
total, the target word set consisted of 192 words (see APPENDIX A for the full list of
the target words).

The analysis of the target words for frequency revealed no significant differences
between the frequency values of short and long words within relevant frequency
groups, which was the desired finding for the validity of the experiment design. The
four conditions, in other words, were constructed such that characteristics of the target
words (i.e., word length and frequency per million) were homogeneous within each
condition. The mean surface frequency values (per million) of the stem and suffixed
versions of words and ANOVA results are presented in Table 4.1.

Table 4.1 The mean surface frequency values of words within conditions and ANOVA results.

Surface frequency per million

Stems
Frequent Words Infrequent Words
Short Words ~ 26.02 (18.93) 0.07 (0.09)
F(1,30) =1.98, p > .05 F(1,30) =2.27, p > .05
Long Words  47.63 (58.45) 0.14 (0.17)
Words with one suffix
Frequent Words Infrequent Words
Short Words ~ 7.73 (14.72) 0.001 (0.002)
F(1,30) =0.72,p > .05 F(1,30) =0.64, p > .05
Long Words 4.22 (7.58) 0.002 (0.004)
Words with two suffixes
Frequent Words Infrequent Words
Short Words ~ 1.10 (2.19) 0.0003 (0.001)
F(1,30) =2.52, p > .05 F(1,30) =0.00, p > .05
Long Words 0.22 (0.33) 0.0003 (0.001)

Values in the parenthesis represent standard deviations.

4.1.2.2. Stimulus Texts

The stimulus texts were selected from a set of resources, including the BOUN Corpus
(Sak et al., 2008), METU Turkish Corpus (Say, Zeyrek, Oflazer, & Ozge, 2002), and
the Turkish National Corpus (Aksan, Aksan, Koltuksuz, Sezer, Mersinli, Demirhan,
Yilmazer, Atasoy, Oz, Yildiz, Kurtoglu, 2012). The stimulus texts that were designed
to include some of the infrequent words, especially their suffixed versions which were
not found in these corpora, were located using publicly available resources (by Google
search) for likely use in web pages. In case of a lack of a target word in any of the
resources, the texts that included more frequent synonyms of that target word were
found, and the synonym was replaced with the target word. This methodology allowed
us to use available text, instead of creating sentences for the experiment, thus
improving the ecological validity of the experiment (see APPENDIX A for a complete
list of the stimuli). In addition to stimulus texts, four paragraphs were used as filler
material. The paragraphs were excerpted from a novel (Bigakg1, 2006).

The resulting stimuli have the following characteristics:
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. Word counts (M = 15.33, SD = 2.88 words) and character counts (M = 125.13,
SD = 20.78 characters) of texts were not significantly different among the
experimental conditions (F(3,188) = 1.00, p > .05, F(3, 188) = 2.20, p > .05,
respectively).

Table 4.2 Word and character counts of texts.

Infrequent Words Frequent Words

Word Count
Short Words 15.48 (3.05) 15.73 (2.55)
Long Words 14.75 (3.05) 15.35 (2.82)
Character Count
Short Words 121.00 (20.17) 124.65 (18.95)
Long Words 123.54 (22.12) 131.33 (20.99)

Values in the parenthesis represent the standard deviation.

Character counts of the lines that included a target word were not significantly
different among the conditions (M =60.92, SD = 4.50, F(3,188) = 0.65, p >
.05).

. The target words were always located approximately in the middle of a line.
The character count of the line on the left of the target word: M = 26.66, SD =
8.52; the character count of the line on the right of the target word: M = 25.77,
SD =7.93.

. The target words were always located approximately in the middle of the text.
The character count of the text from the beginning of the text to the beginning
of the target word: M = 56.70, SD = 27.85; the character count of the text from
the end of the target word to the end of the text: M = 59.43, SD = 22.93.

Some of the stimulus texts consisted of more than one sentence (155 texts
include a single sentence, 34 texts include two sentences, and three texts
include three sentences). There were at least two words between the target
words and the beginnings or the ends of the sentences. If there was a
conjunction in the sentence, there were at least two words between the target
word and the conjunction.

. There was no punctuation mark around the target words.

. The words that precede the target words and the words that succeed the target
words were composed of at least five characters.

Each text included only one target word. Each target word appeared only in
one text, and once in a text. Hence, each target word and its suffixed forms
appeared once in the stimulus text set.

. Each text was presented in at least two lines (107 of 192 texts) and at most
three lines (85 of 192 texts).
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4.1.3. Apparatus

The eye-movements of the participants were recorded monocularly (right eye) with
the SR Research EyeLink 1000 (1000 Hz) eye tracker system with a tower mount (see,
Figure 4.1). Stimuli were presented on a 17-inch CRT monitor with 1024 x 768
resolution with a VGA connection on a computer running at 3.0 GHz under a Windows
XP operating system. Audio files were recorded for each text and paragraph (as filler
material) using a Creative Labs Sound Blaster Audigy 2 ZS sound card. The
participants were seated 62 cm away from the display screen with their heads
positioned on a forehead rest. The stimuli were presented using 18 pt monospace font
(Courier New), each letter corresponding 14.03 pixels, and approximately 0.46
degrees of visual angle. Since the experiment included oral reading blocks, to
minimize head movements, a chinrest was not used.
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Figure 4.1 SR Research EyeLink 1000 Tower Mount (EyeLink 1000 User Manual version 1.5.0,
Figure 1-1, p. 2).

The participants answered questions and proceeded with the experiment after breaks,
calibrations, and reading instructions by using a Microsoft USB Sidewinder gamepad
(see Figure 4.2). They were instructed to answer a question as “False” by using the
back-left button and as “True” by using the back-right button. These instructions
appeared at the bottom of each question in parentheses.

Figure 4.2 Microsoft USB Sidewinder gamepad.
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4.1.4. Experimental Design and Procedure

The experiment was designed using Experiment Builder 1.10.1630, the software
provided by the eye tracker manufacturer.

The experiment was composed of two parts, with 96 stimulus texts in each part. Within
each part, there was one silent reading and one oral reading block. Participants were
informed that they could participate in the second part on another day. Most of the
participants completed both parts of the sessions on the same day, whereas two
participants preferred to participate in the second part on another day. The experiment
was conducted in a within-subject design. The reading modality of the texts (i.e., oral
vs. silent reading) and the order of the experiment blocks was counterbalanced among
participants with 48 combinations of the texts, conditions, reading modality, and block
order. Accordingly, each text was read both silently and aloud by different participants.
In other words, each participant read half of the stimuli silently and the remaining half
of the stimuli aloud (see APPENDIX B for the counterbalancing procedure). Figure
4.3 illustrates the design of the parts and blocks.
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Oral Reading Block Silent Reading Block
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Part | (96 texts)

Silent Reading Block Oral Reading Block
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Part 11 (96 texts)

Oral Reading Block Silent Reading Block
(48 texts) g TR > (48 texts)

Figure 4.3 Experimental design. The order of reading modality was counterbalanced among
participants.

The blocks were composed of a practice session, a paragraph session as filler material,
and the text reading session. Four practice texts and two practice questions in the
practice session were presented to the participants, and one paragraph in the paragraph
session was presented at the beginning of each block. Accordingly, there was a total
of 16 practice texts and four paragraphs in one experiment session. The text reading
sessions were composed of 48 stimuli (four target words x three suffix versions x four
conditions) within each block, and 24 true-or-false comprehension questions within
each part, summing up to 192 stimulus texts and 48 questions in the whole experiment
session. The comprehension questions were prepared for each text to be presented in
a pseudo-random order to the participants such that the correct answer of 94 of them
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was False; the correct answer of 98 of them was True. The participants correctly
answered 88.84% of the questions (SD = 5.89%). There was one break after every 16
texts and between blocks, summing up to five breaks in one part and ten breaks in the
whole experiment session. Figure 4.4 illustrates the procedure within one block.
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At the beginning of the parts, general instructions were presented to the participants,
which provided information about the study, in general. At the beginning of each
block, there were short instructions for the practice session that presented information
about the reading modality (silent vs. oral reading) of the block. After the practice
instructions, a nine-point standard calibration and validation were performed.®
Following the practice session, at the beginning of the text reading session, the
participants were instructed to read the texts at their normal reading pace for
comprehension, either silently or aloud, depending on the reading modality of the
block. On the left of the screen, a gaze-contingent fixation marker (a circle with a
diameter of 32 pixels) was displayed, in a blank screen, before the presentation of a
stimulus on the screen. The coordinates of the fixation marker were (42, 250) for texts
and practices, and (28, 150) for paragraphs (the 0, 0 coordinate is the top left). There
was an 1A (Interest Area) with a diameter of 150 pixels around the fixation marker,
which was invisible to the participants. Following a fixation duration of 1000 ms
within the IA of the fixation marker, the stimulus appeared on the screen with the first
letter on the same coordinates as the coordinates of the fixation marker. If any fixation
within the 1A of the fixation marker did not reach the duration of 1000 ms for 10
seconds, an auto-calibration process was triggered for re-calibration with the same
standards as described above. Together with the texts, there was another fixation
marker, and an 1A on the right bottom of the screen that had the same size as the size
of the previous fixation marker, as well as an 1A that belonged to the fixation marker
(the coordinates were (982, 700) for texts and practice texts, and (981, 715) for
paragraphs). This second fixation marker was gaze-contingent, as well, used for
proceeding with the next screen. Automatic re-calibration was not triggered for the
second fixation marker to avoid limiting the reading duration of participants. If any
fixation within the IA of the fixation marker that was displayed together with the
stimulus did not reach a duration of 1000 ms, the screen changed manually from the
keyboard of Host PC (i.e., the computer that controls the eye tracker). Hence, the
automatic re-calibration process linked to the 1A of the fixation marker that appeared
on a blank screen was started. For the analyses, each word in texts was marked as an
Interest Area (IA) by using the Use Runtime Word Segment InterestArea function of
Experiment Builder software. The 1As for fixation markers were constructed manually.
Multiple versions of the IA sets were constructed depending on the purpose of the
analysis. Since the IAs for fixation markers were used only during experiments for
their gaze-contingent functions, the 1As for fixation markers were removed from the
IA sets for the analyses.

4.1.5. Memory and Familiarity Tests, and Predictability

In addition to experiment sessions of both experiments, there were two memory tests
(a Corsi Block test and a digit span test). Following the experiment, participants
completed an additional seven-point Likert-scale familiarity test for a measurement of
the familiarity degree of the target words.* The mean values of the Corsi test and digit

% The calibration and validation was renewed after each break.

4 All of the tests were programmed in Experiment Builder 1.10.1630 as non-EyeLink experiments. Digit
sequences in digit span test were increased up to eight digits. Corsi test was a modified version of an
example experiment designed by SR Research Team depending on another study (Dreher, et al., 2001).
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span test results that were collected from the participants above mentioned are
presented in Table 4.3.

Table 4.3 The mean scores of the digit span and Corsi tests.

Digitspan test  Corsi test*
Mean 6.99 5.73
SD 1.07 0.68

* Data obtained from 195 participants since data from one participant was not recorded due to
technical problems.

The relationship between memory test results and the capacity of memory buffer was
investigated by a Baseline-Category Logit Model (BCLM) of the number of words
held in the buffer before articulation. The levels were (1) one-word level that
represents the cases that the word is articulated before eyes left the word (i.e., one word
in the buffer), (2) two words level that represents the cases that the word is articulated
while fixating the word n+1 (i.e., two words in the buffer), (3) more than two words
level that represents the cases that the word is articulated while fixating any word on
the right of word n+1 (i.e., more than two words in the buffer), and (4) regression level
represents the cases that the word is articulated during a regressive fixation on word n
(i.e., regressions). The details and the results of the BCLM were presented in
APPENDIX D.

The familiarity test was given after the experiment session was finished to prevent
participants from seeing the target words prior to the experiment. However,
participants were instructed before the test to think of their familiarity degrees of the
target words before the experiment and to select one for | have never heard the word
and seven for | know the meaning of the word. The stem frequency of words and the
familiarity scores of them were 41.21% correlated. The mean familiarity scores within
conditions are presented in Table 4.4.

Table 4.4 The mean familiarity scores of the target words on a seven-point Likert-scale.

Infrequent Words  Frequent Words
Short Words 2.79 (1.52) 6.96 (0.02)

Long Words 4.02 (2.14) 6.95 (0.04)
Values in the parenthesis represent the standard deviation.

The interaction of familiarity scores and prelexical characteristics of words were
included in LMMs to test the dual-route hypothesis. The scores converted to a
categorical variable such that a score smaller than five regarded as unfamiliar. The
details were presented in the subsequent sections of this chapter.

The example Corsi test was retrieved from SR Research Support site and modified such that square
sequences lit up to six squares, gradually and delay conditions were removed from the original example
experiment (https://www.sr-support.com/forum/experiment-builder/examples/663-temporal-order-
and-spatial-memory?618-Temporal-order-and-spatial-memory=). In both memory tests, the test was
finished whenever the participant was not able to replicate the order twice for a sequence.
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Predictability scores for target words® and its neighboring words in stimulus text were
collected from 105 participants with 35 predictions for each word (M =24.9, SD =5.2
years old, ten participants did not report their birth year; 71 female). Participants were
asked to predict the following word (either word n (target word), word n-1, or word
n+1) given the context in the part of the text prior to the target word. Correct
predictions scored as 1, and incorrect predictions scored as 0. The probability (p) of
correct prediction was calculated using (4.1) where n = 35 (i.e., the number of
predictions for each word).

p = number of correct predictions / n 4.1)
4.2. Analyses and Data Selection

4.2.1. Eye-movement Data Inspection and Cleansing

Eye-movement data were inspected, cleansed, and corrected where necessary, as
described in this section. The eye-movement measures were retrieved by the Data
Viewer, the data analysis software provided by the eye tracker manufacturer.®

A manual inspection of gaze data revealed two types of calibration problems: (i) all
fixations were above or below the lines, namely the offset problem (see Figure 4.5 for
an example), (ii) fixations were upward or downward sloping (see Figure 4.6 for an
example).

Moditive olmadidl durumlarda gaz seviyesi onemli dlciide|dedismez.
Sodyum|ile| modifivede |stronsiyumdaki |kadar |siddetli|olmasa|da|gaz

absorbesini | bifaz| yikselttidi | gozlenmistir.

Figure 4.5 Example of calibration problem (type i). Fixations were above the lines. The problem was
solved by selecting all fixations and moving them downwards.

Yavrularda|bulunan disler ergin ornitorenkte vyerini kemiksi
¢¥kintilara birakir.

Figure 4.6 Example of calibration problem (type ii). Fixations were upward sloping. The problem was
solved by using the Drift Correct function of the Data Viewer.

S Predictability scores for target words were collected from 122 participants for Turkish Reading Corpus
(Acartiirk et al., 2017a). However, the neighboring words were predicted by 35 participants. Therefore,
for statistical purposes a randomly selected sample that includes predictability scores of target words
collected from 35 participants was included in the analyses. Predictability scores of 192 target words
from 122 participants and that of the selected 35 participants were not significantly different (F(1,382)
=0.00004, p > .05).

6 Eye movement data inspection and analyses were started by using Data Viewer version 2.3.22. During
the analyses, the software was updated to version 2.6.1.
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These calibration problems were solved by (1) selecting all fixations and moving them
downwards or upwards, (2) selecting the fixations which belonged to the same line
and aligning them by using the Drift Correct function of the Data Viewer software, or
(3) using a combination of (1) and (2). The fixations were moved only vertically when
necessary, and none of the fixations were moved horizontally (i.e., the coordinates of
the fixations along the X-axis were not changed) by following the analysis previously
reported in the literature (Holmqvist, Nystrom, Andersson, Dewhurst, Jarodzka, &
Van de Weijer, 2011). When any of the solutions were not applicable for a trial (i.e., a
stimulus together with fixations) that have calibration problems, that trial was removed
from the analyses. Similarly, when data loss because of a technical problem was
detected in a trial during manual data inspection, that trial was removed from the
analyses, as well. A total of 60 trials of 37632 trials from 196 participants were
eliminated (0.16%). During six experiment sessions, the experiment canceled after
some of the stimuli were presented because of technical or electricity supply problems.
A total of 156 trials in which stimuli were read twice by the same participant were
removed from the analyses (0.41%). The last two version of data loss due to low-
quality data or technical problems was 216 of 37632 trials (0.57%).

4.2.2. Eye-movement Measures

The fixations that were made after the first fixation on the last word (i.e., re-readings)
and words that received the first fixation after fixating a word on the right (i.e., skipped
words) were removed from the analyses. A set of first-pass eye-movement measures
included in the analyses. The eye-movement measures are either retrieved from Data
Viewer software or calculated by using several variables provided by the software.
The explanation of the eye-movement measures included the analyses are as follows:

First Fixation Duration (FFD) is the duration of the first fixation on a target word,
regardless of the fixation count. The example presented in Figure 4.7 shows two
successive fixations, highlighted. It is clear that the first fixation on enfeksiyon
‘infection’ is on the second e, which has a duration of 186 ms. Therefore, the FFD
value for enfeksiyon is 186 ms. A natural logarithmic transformation was applied to
FFD values.

The first fixation on word
FFD = 186 ms
The order of fixations :

Saglzginy Kaybeédenler hastanelenge enfeksiyén tehlikesiyle|de

Fae | AT BB | .
]'.-lr.;l kargiya },d[1>ur.

Successive fixations

Figure 4.7 Example of First Fixation Duration (FFD).

Gaze Duration (GD) is the sum of all fixation durations on a target word in the first
pass. The example presented in Figure 4.8 shows the fixations in the first pass on the
target word, enfeksiyon ‘infection’, highlighted. In this example, the target word
received all fixations in the first pass (i.e., the word was not viewed after eyes left the
word). However, it is not the case for all instances. If there were fixations on the word
which were not in the first pass, they would not be included in GD. The sum of all
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fixation durations (i.e., GD) was 491 ms in this example. A natural logarithmic
transformation was applied to GD values.

The sum of all fixation durations
in the first pass (GD) =491 ms

The order of fixations |
|

Trial: 59: Fixation: 4486 ms | [
Trial: 59: Fixation: 4760 ms

Sagizgini (‘Kaybedenler hastanelende |enTeksiydn |tehlikesiyle|de

karsa|karsgiya- kal@yor. Successive fixations

Figure 4.8 Example of Gaze Duration (GD).

First Landing Position (FLP) is the distance between the first letter of the word and
the location of the first fixation on the word. The example presented in Figure 4.9, the
first fixation on enfeksiyon ‘infection’, which is on the second e. There are four letters
from the beginning of the word to the location of the first fixation on that word.
Therefore, FLP, in this example, is four characters. Instead of raw FLP values, Relative
FLP values were included in the analyses.

The first fixation on word
FLP = 4 characters

The order of fixations The first le\te;
of the word |

Trial: 59: Foxation: 4486 ms
Trial: 59: Fixation: 4760 ms

‘1

Sag¥igini |kaybeédenler hastaneélenge |enfeksiyén | tehlikesiyle|de

karsi|kargiya4 kal@yor. ﬂ [

L |

Successive fixations

Trial: 59: Fixation: 6247 ms

bne £441 e

Figure 4.9 Example of First Landing Position (FLP).

Relative First Landing Position (RFLP) is the FLP values relative to the target word
center. Relative fixation positions were transformed to reflect word-relative FLPs on
words by (4.1). The negative RFLP values indicate the first half of the word, the
positive RFLP values indicate the second half of the word, and 0 indicates the middle
of the word (Hohenstein, Matuschek, & Kliegl, 2017).

RFLP = (FLP/(Word Length + 1)) — 0.5 4.1)

Launch Site (LS) is the distance between the first letter of a word and the location of
the fixation prior to the first fixation on that word. The example presented in Figure
4.10, the location of the fixation prior to the first fixation on the target word, enfeksiyon
‘infection’, is on d of the word hastanelerde ‘in the hospitals’. There are three
characters from d of hastanelerde to the beginning of the target word. Therefore, LS,
in this example, is three characters. Although it was not the case in all instances, in this
example, the fixation prior to the first fixation on the target word is on the previous
word. The launch site of the target word (LS) and the launch site of the word n+1 (LS2)
included in the analyses. The log-transformed (base 2) values of LSs were included in
the analyses.
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The order of fixations

Trial: 59: Fixation: 4486 ms
Trial: 59: Fixation: 4760 ms

Trial: 59: Fixation: 5474 ms

Trial: 59: Fixation: 5586 ms

Trial: 59: Fixation: 5836 ms karsi | kargiya  kal@yor.

Trial: 59: Fixation: 6068 ms
Trial: 59: Fixation: 6247 ms
™

le €0- Eivakinn: K441 me

The first letter of enfeksivon
LS = 3 characters

The fixation prior
to the first fixation
on enfeksiyon

Sagliiginy ¥Kaybeédenler |hastanelenge |enfeksiyén tehlikesiyle de

]

Successive fixations

Figure 4.10 Example of Launch Site (LS).

4.2.3. Audio Recording Analyses

The texts and paragraphs that were read aloud by the participants were recorded as
waveform audio files (.wav) files, separately for each trial. Articulation start times
and articulation end times of the target words were annotated manually by the ELAN
software, as illustrated in Figure 4.11 (Brugman & Russel, 2008).
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Figure 4.11 Audio annotation in ELAN. In this example, the beginning and the end times of the articulation of the target word stronsiyumdaki ‘in strontium’.



The beginnings and the ends of the articulations were determined by listening to the
audio files and marking the wave beginnings in the ELAN. The tier sets included one
tier for each target word and imported to the ELAN file (.eaf) that was created for each
participant. ELAN annotations were entered on these tiers. If a target word was not
articulated correctly in a trial (e.g., saying a different word than the written one,
reading the target word more than once, stuttering while reading the target word), the
audio file of that trial was not annotated, and hence removed from the analyses. 92.39%
of the audio recording annotations were controlled and refined by a second annotator.

The annotations provided time stamps of the start and the end of an articulation, which
allowed the synchronization of the articulation times and eye-movements. For
synchronization, audio recording start times and first fixation start times were
calculated according to eye tracker time using (4.2) and (4.3).

Atracker = Apc — tpc + ttracker (4.2)
FFtracker = FFtrial + trrial 4.3)

By (4.2), the audio recording start time was calculated. In equation (4.2), Atracker Stands
for the audio recording start time in terms of the eye tracker time. The Ay is the audio
recording start time in terms of the display PC time, which was recorded during
experiments in a variable defined in the experiment. The ty is the current time of the
display PC, which was recorded in a variable defined in the experiment. Finally, the
tracker IS the current eye tracker time at the time tyc value is updated, which was also
recorded during experiments in a variable defined in the experiment. Since the fixation
start and the end times were provided by the Data Viewer software relative to trial start
time, the first fixation start time relative to the tracker start time was calculated using
(4.3), where FFacker is the first fixation start time relative to the eye tracker start time,
the FFial is the first fixation start time relative to the trial start time, and the tyial iS the
trial start time relative to the eye tracker start time. The variables that were used to
calculate the FFracker Were provided by the Data Viewer software.

4.2.4. The Eye-voice Span

Two eye-voice span measures were included in the analyses: (i) the distance between
the first letter of the target word and the character that is fixated at the beginning of
the articulation of the target word, in terms of character count (i.e., EVS), and (ii) the
time interval between the beginning of the articulation of a word and the first fixation
time on the target word (i.e., Fixation Speech Interval — FSI — following the definition
in Inhoff et al., 2011).

In the example illustrated in Figure 4.12, at the start time of the articulation of the
target word jeodinamik ‘geodynamics’, there was a fixation on the second i of
karakterinin ‘of character’. Accordingly, the EVS value in this example consists of 22
characters. A logarithmic transformation (base 2) was applied to EVS values.
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Articulation start Fixation
' '
Raporda;—=bdélgenin—imarinda—jeodinamik karakterin@w de dikkate
alinmasi uyarisinda bulunuldu.

Figure 4.12 The Eye-voice Span in terms of character count (EVS)

In the example of FSI illustrated in Figure 4.13, the first fixation on the target word
jeodinamik started after 2900 ms passed from the beginning of the trial. The
articulation of the same word, in this example, started after 3839.54 ms passed from
the beginning of the trial. As a result, FSI, in this example, is 939.54 ms. A natural
logarithmic transformation was applied to FSI values.

First fixation start: 2900 ms

Raporda, bé&lgenin imarinda deinamik karakterinin de dikkate

FSI=939.543 ms

Jeodinamuk

Fixation start: 2900 ms
Egye tracker time: 11874882 ms

Articulation start: 3839.543 ms
Eye tracker time: 11875821.543 ms

raporda bolgenin d de dikkate

0 Time (ms) 6580

Figure 4.13 The Eye-voice Span in terms of time interval (FSI).

Following the practice in the literature, data eliminated further according to criteria
related to the eye-movement measures (Kliegl et al., 2004; Yan, Zhou, Shu, Yusupu,
Miao, Krigel & Kliegl, 2014; Kliegl et al., 2006; Kliegl, 2007; Field, 2009). A further
elimination was required according to several criteria related to audio recordings, FSI,
and EVS (Inhoff et al., 2011; Laubrock & Kliegl, 2015; Field, 2009). The additional
elimination criteria and data loss are presented in Table 4.5.
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Table 4.5 Elimination of the data according to eye-movement measures and articulation related

Oral

criteria

Oral Reading

Silent Silent Reading

Total Percent

Criteria . Percent . Percent Total .
Reading (relative to 1) Reading (relative to 1) (relative to 1)
1 All data from 196 18816 - 18816 - 37632 -
participants
2 Re-readings 24 0.13 132 0.7 156 0.41
3 Low-quality data 22 0.11 38 0.2 60 0.16
4 Valid data 18770 99.76 18646 99.1 37416 99.43
5 Skipped words 1213 6.46 1500 8.04 2713 7.25
6 Remaining data 17557 93.54 17146 91.96 34703 92.75
L Oral Oral Reading Silent Silent Reading Total Percent
griteria Reading Percent Reading Pe.rcent Total (relative to 6)
(relative to 6) (relative to 6)
6 Previous and next 121 0.69 92 0.54 213 0.61
fixations were on a
different line than that
of the target
7 Regressions (in & out) 1627 9.27 1612 9.4 3239 9.33
8 LSO related 1227 6.99 1707 9.96 2934 8.45
elimination
(Fixation n-1 was on
the space on the left of
the target, or LSO was
greater than 9
characters)
9 LS2 related 710 4.04 1437 8.38 2147 6.19
elimination
(Fixation n+1 was on
the space on the right
of the target, or LS2
was greater than 9
characters)
10 Articulation errors 2567 14.62 - - 2567 7.4
11 Fixation at the 29 0.17 - - 29 0.08
beginning of
articulation was on a
different line than that
of the target
12 Fixation at the 3 0.02 - - 3 0.01
beginning of
articulation was not on
a word
13 Negative FSI values 1 0.01 - - 1 0
14 Negative EVS values 13 0.07 - - 13 0.04
15 Outlier FSI durations 806 4.59 - - 806 2.32

(FSI1<136.4,
FSI1>1211.7 according
to IQR calculations)
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16 Outlier EVS lengths 122 0.69 - - 122 0.35
(EVS<0.5, EVS>20.5
according to IQR
calculations)

17 Fixation duration 2704 15.4 1107 6.46 3811 10.98
related elimination
(GD<60, GD>1000,
single fixation
duration>800)

18 Fixation after the last 4 0.02 2 0.01 6 0.02
fixation on the word
was not on a word

19 Remaining data 11081 63.11 12225 71.3 23306 67.16

The sum of elimination percents is not the percent of the total eliminated data because of overlapping
criteria (e.g., a regressive single duration shorter than 60 ms, or a target word that has both outlier FSI
and outlier EVS values). For LS, values that were greater than the upper quartile plus 1.5 times
interquartile range accepted as outliers. For FSI and EVS, values that were greater than upper quartile
plus 1.5 times the interquartile range, or less than lower quartile plus 1.5 times interquartile range
accepted as outliers. The other cutoff points either statistical/theoretical necessity (e.g., negative
values, articulation errors), or depend on the literature (e.g., duration cutoff points, except an
elimination according to the first fixation duration).

The remaining data after the elimination process mentioned above was 67.16% of all
non-skipped valid data, 63.11% of all non-skipped valid oral reading data, and 71.3%
of all non-skipped valid silent reading data.

4.2.5. Lexical and Prelexical Characteristics

The approach in the current study assumes a distributed processing of words during
reading, as mentioned. Therefore, to test the effects of the characteristics of
neighboring words, in addition to the lexical and prelexical characteristics of the target
word (word n), those of the word on the left of the target word (word n-1), and the
word on the right of the target word (word n+1) were included in the analyses.

4.25.1. Lexical Characteristics

Stem Frequency (SF) was selected as lexical frequency covariate because the stimuli
were organized according to their stem frequency values. It was the surface frequency
values obtained from BOUN corpus (Bilgin, 2016; Sak et al., 2008; see Section 4.1.2.1
for a detailed explanation). Lexical frequencies per million were log-transformed (base
10) after a Laplace smoothing method applied by (4.4) (Brysbaert & Diependaele,
2013) since there were zero frequency values.

Fpm = ((Count + 1)/(Token + Type))*1,000,000 (4.4)

In (4.4), Fpm stands for frequency per million, Count stands for the count of
occurrences of a word in the corpus, Token stands for the count of word tokens in the
corpus (383,224,629), and Type stands for the count of word types in the corpus
(1,337,898). For figures, a word was accepted as infrequent whenever its frequency
was below 1.17, following the criterion for stimuli design.

51



Predictability (P) scores of the words were also included in the analyses, to take the
effect of sentential context into account (see Section 4.1.5 for details). Logit-based
predictability values were used in the analyses (Kliegl et al., 2004). The probability
(p) of correct prediction was calculated using (4.5) where n = 35. Predictabilities of
zero and one were replaced according to (4.6), and logit predictability values were
defined as (4.7).

p = number of correct predictions / n (4.5)
T if p=0

p= (2;:;)1—1 lfp:] (46)
p  otherwise

Logit(p) =05*In(p/(1—p) 4.7)

Word Length (WL), as another word-level variable, was included in the analyses.
Reciprocal values of absolute word length values (i.e., 1/WL) included in the analyses
(Kliegl, et al., 2006; Kliegl, 2007; Hohenstein et al., 2017).

4.2.5.2. Prelexical Characteristics

Prelexical covariates were selected depending on the phonological characteristics of
Turkish as follows.

Vowel Harmony (VH). In Turkish, there are eight vowels that are grouped according
to the height of the tongue, the roundedness of the lips, and the frontness of the tongue
during articulation (see Table 4.6). Vowel distribution in Turkish words is highly
restricted according to the rules of VH. Sequences are allowed to be in one of the
groups in Table 4.6 depending on the vowel in the previous syllable, to the extent that
vowels in most suffixes agree with the last syllable of the word to preserve VH,
although there exceptional suffixes that do not agree with the last syllable (e.g., -Ki,
one of the suffixes selected for this study).

Table 4.6 VVowels in Turkish

Rounded Unrounded
’ Front Back Front Back
High u u i 1
Non-high ] 0 e a

In Table 4.7, sequences allowed according to VH are presented. Most of the exceptions
to VH are loan words (Goksel & Kerslake, 2005).
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Table 4.7 Vowel sequences allowed according to vowel harmony

The vowel of the syllable  The allowed vowel of the next syllable

Unrounded (a, 1) Unrounded (a, 1)
Back Unrounded & Non-high (a)
Rounded (o, u)
Rounded & High (u)
Unrounded (e, i) Unrounded (e, i)
Front Unrounded & Non-high (e)

Rounded (0, 0)

Rounded & High (i)

The variable, VH, was included in the analyses as a categorical covariate with two
levels, which show whether the rule was broken or not. Since we are primarily
interested in the effect of a broken rule, words that respect VH were accepted as base
category (i.e., respected VH rule was labeled as 0, and broken VH rule was labeled as
1). Hence, the dependent variable values of words that respect the VH rule were
included in the intercept of the model, while the coefficient of the variable showed the
change in the dependent variable value when the rule was broken.

Trigram Frequency (TF) values were assumed to capture the phoneme environment.
That is because different pronunciations of phonemes (i.e., allophones) are context-
dependent. For example, /h/ is pronounced as a voiceless palatal fricative when
precedes a front vowel, like a voiceless velar fricative when a back vowel precedes it,
like a voiceless glottal fricative when precedes a back vowel, and sometimes it is silent
between two identical vowels (Goksel & Kerslake, 2005). The average adjacent
trigram frequencies were included in the analyses as covariates. Because of the
restrictions of letter clusters at word-initial and word-final positions, trigrams were
divided into three subgroups: word-initial, word-final, and between these two. For each
group, frequency values were obtained from the BOUN corpus separately, depending
on the place of the trigram in the word (Bilgin, 2016). Therefore, another restriction,
boundary frequency (i.e., the frequency of letters at word-initial and word-final
positions) assumed to be captured by TF calculated as explained. Trigram frequency
values were calculated as occurrences per million. Since there was not any zero
frequency value for trigram frequency, the Laplace smoothing method was not applied.
Average trigram values were used as a covariate, rather than three covariates for each
trigram frequency, to avoid too much complexity. The averages of frequency per
million values were log-transformed (base 10).

Familiarity included in the model as a categorical variable such that familiarity scores
below five regarded as unfamiliar. The main purpose of the inclusion of familiarity in
the model was to provide a test for the dual-route hypothesis. To test the hypothesis,
the interaction between prelexical covariates and familiarity was included in the model
with unfamiliar instances coded as 1 and familiar instances coded as O.
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4.3. Linear Mixed Models

In the current study, two different sets of Linear Mixed Models (LMM) with the 1me 4
package (version 1.1-15; Bates, Maechler, Bolker, Walker, 2015) in the R environment
(version 3.4.2, 64-bit build; R Core Team, 2017) are provided: (i) oral reading LMMs,
(i) silent reading LMMs. Within the first group of LMMs, FSI, FFD, GD, and RFLP
are modeled. The next group of LMMs had the same dependent variables, except FSI.
A similar strategy was applied to both LMMs to test the assumptions of P-GAG. The
processing status of five successive words during fixation n according to assumptions
of P-GAG is illustrated in Figure 4.14.

Word n+2 -~ Unawareness
Start of increase in activation
+1 f------ .
g jord n+1 (preprocessing)
(%]
§ wordn L Max. Activation
a (completion of preprocessing)
©
j— . i
) 1 Lexical completion
= g "L & entrance to buffer*
Removal from buffer*
e g (articulation in oral reading)
Fixation n
Word n
*Memory buffer

Figure 4.14 Processing five successive words during fixation n according to assumptions of P-GAG.

In Figure 4.14, it is assumed that there is a single fixation on each word without
regression and skipping. Word n receives the current fixation, i.e., fixation n. Any
difficulty in the completion of lexical completion of word n-1 or completion of
preprocessing of word n would result in a longer fixation n and limitation in
preprocessing of word n+1. On the other hand, preprocessing of word n+1 starts during
fixation n. These effects were tested by investigating the effects of several lexical and
prelexical characteristics of words on eye-movement measures.

4.3.1. Dependent Variables

Fixation speech interval (FSI). Fixation speech interval was the time interval between
the first fixation on word n and the beginning of the articulation of it. In P-GAG,
similar to SWIFT, the activation of a word can reach its maximum and decay to zero
parafoveally, and hence, the word can be skipped. However, since only the fixated
words were included in the LMM, according to P-GAG, FSI of a word covers the time
required to complete preprocessing, lexical completion and entrance to the memory
buffer, and removal from the buffer stages of processing that word. Therefore, FSI was
considered mainly as a measure for the time required to complete postlexical
processing in the memory buffer, which does not require new visual input. Therefore,
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the LMM of FSI consisted of lexical and prelexical characteristics of words and the
spatial measure of the eye-voice span (EVS). In other words, there were not any eye-
movement measures as a covariate in the LMM of FSI.

Fixation durations. To test the assumptions of P-GAG related to top-down foveal
inhibition due to lexical processing, two fixation duration measures were modeled
statistically, separately for each reading modality (i.e., silent and oral reading). One of
those fixation duration measures was the first fixation duration (FFD). It was assumed
that the LMMs of FFD would provide insight for early influences of lexical and
prelexical processing, and the influences of oculomotor measures (i.e., relative first
landing position and launch sites of word n and word n+1) on lexical processing times.
Since long words tended to receive multiple fixations, LMMs of an additional fixation
duration measure, gaze duration (GD), were provided. All of the four LMMs of
fixation duration measures included all lexical, prelexical, and oculomotor covariates
and the interactions, as explained in the following sub-sections. In addition to those
covariates, the LMMs of FFD and GD for oral reading included FSI and EVS as
covariates.

Relative first landing position (RFLP). To test the assumptions of P-GAG related to
the saccade target selection process, the influences of lexical and prelexical
characteristics of words and launch sites of word n and word n+1 on RFLP were
modeled with two LMMs for each reading modality. In the LMM of RFLP for oral
reading, there were FSI and EVS as covariates.

4.3.2. Assumptions Underlying the Selection of Covariates

The assumptions underlying the inclusion of covariates are presented in the following
sub-sections. All continuous covariates were centered on common means of the
relevant covariate before the construction of LMMs (see APPENDIX C for details).

4.3.2.1. Common Covariates and Interactions

Canonical lexical effects. The frequently reported effects of the predictability (PO),
length (WLO), and frequency (SFO) of word n were included in the model. The
selection of stem frequency rather than word frequency was because of the
experimental design — i.e., the stimulus words were selected according to their stem
frequencies. An interaction between WLO and SFO was included in the model (Kliegl
et al., 2006; Kliegl, 2007). The expectation was to observe canonical findings in the
results of the current study (e.g., the observation of an increase in fixation durations
together with an increase in WLO).

Prelexical phonological processing as an early process. To account for phonological
lexical processing, two covariates were included in the model (see Section 4.2.5.2):
vowel harmony and trigram frequency of words. Since it was assumed that prelexical
phonological processing influences eye movements early in the processing, any lag
effect (i.e., the effect of the characteristics of word n-1 on eye movements of the foveal
word) related to prelexical processing was not expected. Therefore, vowel harmony of
word n (VHO0), that of word n+1 (VH2), trigram frequency of word n (TFO0), and that
of word n+1 (TF2) were included in the model as prelexical characteristics of words.
The expectation was to observe the influence of prelexical word characteristics similar
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to that of frequency, because of the assumption of the P-GAG that prelexical
phonological difficulty contributes to the word difficulty.

Lag (spillover) effects. A difficulty in the lexical completion of word n-1 would be
observed in eye movement measures and FSI of the foveal word. To test the
assumption, predictability, length, and frequency of word n-1 were included in the
model (P1, SF1, and WL1, respectively).

Successor (parafoveal-on-foveal) effects. Due to the assumption of distributed
processing of words within the perceptual span, the characteristics of word n+1 were
expected to influence eye movements and FSI of word n. To test the assumption,
predictability, length, and frequency of word n+1 were included in the model (P2, SF2,
and WL2, respectively).

Morphological complexity. Although there are several possibilities of determining a
measure for morphological complexity, in the current study, the number of inflectional
suffix counts were included in the LMMs as a measure of morphological complexity.
Accordingly, suffix count of word n (SCO0), suffix count of word n-1 (SC1), and suffix
count of word n+1 (SC2) were included in the LMMs. It was expected that increased
morphological complexity would show the effects of the increased difficulty of words.

Visual acuity hypothesis. According to the visual acuity hypothesis, the length of the
foveal word influences the successor effects due to acuity limitations (Kliegl et al.,
2006; Kliegl, 2007). In the current study, it was assumed that the effects of SF2, TF2,
and VH2 are influenced by the restriction of visual acuity depending on the length of
word n. Therefore, three interactions were included in the model to test the assumption.
They were the interaction between WLO and SF2, that of WLO and TF2, and that of
WLO and VH2. The expectation was the weaker effects of SF2, TF2, and VH2 on the
dependent variables among words that have higher WLO values.

Foveal load (dynamical modulation of the perceptual span) hypothesis. According to
the assumption of dynamical modulation of the perceptual span, there is a restriction
of parafoveal information intake due to foveal-load (Henderson & Ferreira, 1990;
Kliegl et al., 2006). According to the foveal-load hypothesis, the perceptual span
should be restricted if there is an increased cognitive load because of the difficulty of
the foveal stimulus. In the current study, it was assumed that the foveal load on word
n would influence the effect of the difficulty of word n+1 (measured by SF2, TF2, and
VVH2) on dependent variables. The assumption was tested with three interactions such
that the interaction between SFO and SF2, that of SFO and TF2, and that of SFO and
VH2. It was expected that an increased foveal load on word n (i.e., low SFO values)
would shrink the perceptual span and result in weaker effects of SF2, TF2, and VH2
on the eye movement measures and FSI of word n.

Another source of dynamical modulation of perceptual span would be due to the
difficulty of word n-1 (i.e., SF1). The interactions SF1 x SF0O, SF1 x TF0, and SF1 x
VHO were included in the model to assess the second type of foveal load. The
expectation was that an increased foveal load on word n-1 would result in less
parafoveal benefit for word n. Therefore, for lower SF1 values, the influences of SFO,
TFO, and VHO on dependent variables should be weaker.
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Mandatory status of prelexical phonological processing. According to P-GAG, foveal
and parafoveal prelexical phonological processing is mandatory for lexical access, not
only for infrequent/unfamiliar words or non-words but also for familiar words. To test
the mandatory status of prelexical phonological processing, we assumed that testing
the influence of familiarity on the effect of prelexical characteristics of words would
be informing. Therefore, the interaction between familiarity (as a categorical variable)
and TFO, and that of familiarity and VHO included in the model. It was expected that
the effects of TFO and VHO should be observed among unfamiliar words, but they
should be weaker.

4.3.2.2. Covariates and Interactions Specific to Oral Reading

The spatial measure of the eye-voice span (EVS). The distance between the first letter
of word n and the letter on which fixation was located at the beginning of the
articulation of word n was assumed to represent memory load during the postlexical
processing of word n. Therefore, it was expected that an increased EVS would indicate
an increased memory load and would result in longer FSI values. On the other hand,
words that require less processing times would allow memory buffer to hold more
items, which would be observed as a negative relationship between EVS and fixation
durations.

Fixation speech interval (FSI). According to P-GAG, postlexical processing
influences the lexical processing and hence, eye movement measures indirectly.
Therefore, FSI was included in LMMs of eye movement measures. Since a difficulty
in postlexical processing would increase the time required for lexical processing, it
was expected that higher FSI values would be accompanied by longer fixation
durations.

Interactions. An interaction between WLO and EVS was included in the LMM of FSI
to understand if there was an influence of the length of a word on the effect of memory
load on FSI. Interaction between EVS and FSI was included in the LMM of GD to
account for regressive eye movements for very long FSI values (Inhoff et al., 2011).
An FSI value greater than GD while the fixation was on the word n during its
articulation (i.e., a short EVS) would indicate a regressive eye movement during
postlexical processing.

4.3.2.3. Covariates and Interactions Specific to LMMs of Eye Movement
Measures

The launch site is the distance between the last fixation prior to viewing a word and
the first letter of the word. Two launch site measures included in the LMMs of eye
movement measures: launch site of word n (LSO) and launch site of word n+1 (LS2).
In addition to the frequently reported influence of the LSO on eye movement measures
(Rayner, 1998, 2009a; Rayner et al., 2012 for a review), to account for the influence
of the distance of the next word. That was mainly to test the effect of the distance on
the successor effects. Therefore, there were two interaction terms in the LMMs: the
interaction between LS2 and SF2, and LS2 and P2. An additional interaction between
WL1 and LSO was included in the models to account for skipping costs.
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Relative first landing position and its quadratic component were included in fixation
duration models to account for a frequently reported robust effect of inverted optimal
viewing position (IOVP) (Vitu et al., 2001).

4.3.3. Construction of Linear Mixed Models

In the first stage of the construction of LMMs, all covariates, and interactions, as
explained above, included in the base LMMs as fixed factors. At this stage, there was
only IOVP curvature (a quadratic component of RFLP) included in the LMMs of FFD
and GD as a nonlinear component. Participants and words were selected as random
factors. Since only eye-movements on the target word of each text included in the
analyses, sentences were not included as a random factor. The random structures of
base LMMs were intercept-only random factors. All base LMMs were converged.

In the second stage, the random slopes of the LMMs were determined in a bottom-up
manner (Barr, Levy, Scheepers, & Tily, 2013). Several linear covariates were included
in the model as random slopes for participant and for word one by one. At each step,
if the model did not fail to converge, the LMM that includes a new random slope was
tested against the base LMM using the anova() function with a model selection a-
level of likelihood ratio test of 0.2 (i.e., the p-value for model selection was set to 0.2)
to balance Type | error and model power (Matuschek, Kliegl, Vasishth, Baayen, &
Bates, 2017). If the result of anova() indicated a contribution of the random slope,
the new LMM was evaluated for unnecessary complexity with a principal component
analysis using the rePCA () function of the RePsychLing package (Baayen, Bates,
Kliegl, & Vasishth, 2015), following the parsimonious mixed models approach of
Bates, Kliegl, Vasishth, & Baayen (2015). A random slope included in the model if
the model complexity related to the random structure did not exceed the principal
component count that cumulatively accounts for 100% of the variance.

The inclusion and evaluation of random slopes for the participant were in the
following order: (1) word n characteristics (i.e., PO, WLO, and SFO0), (2) word n-1
characteristics (i.e., P1, WL1, and SF1), (3) word n+1 characteristics (i.e., P2, WL2,
and SF2), (4) suffix counts (SCO, SC1, and SC2), (5) oral reading specific covariates
(i.e., EVS for all LMMs, and FSI for LMMs of eye movement measures), (6)
covariates specific to LMMs of eye movements (i.e., oculomotor measures: LSO and
LS2 for all LMMs of eye movement measures, and RFLP for LMMs of fixation
durations), (7) prelexical characteristics of words (i.e., TFO, TF2, VHO0, and VH2), and
(8) familiarity.

The purpose of the random slope is to take variability in the effects of covariates
dependent on a random factor into account. Since the lexical and prelexical
characteristics of words are constant for words, the tested random slopes for words
were comprised of only oral reading specific covariates (i.e., EVS for all LMMs, and
FSI for LMMs of eye movement measures), and covariates specific to LMMs of eye
movements (i.e., oculomotor measures: LSO and LS2 for all LMMs of eye movement
measures, and RFLP for LMMs of fixation durations).

In the third stage, the covariates were inspected for their relationships with dependent
variables visually with ggplot2 package (Wickham, 2009), not to miss a nonlinear
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relationship. In graphics, linear, quadratic, and cubic relationships were allowed. If a
graphical inspection indicated accordingly, the nonlinear component of the covariate
was included in the model and tested for its contribution with the same criteria as the
criteria for the inclusion of a random slope, except the principal component analysis.
However, the inclusion of a new nonlinear component was tested for multicollinearity
with variance inflation factors (VIFs) (Lefcheck, 2012). If the VIF value of the new
component exceeded the threshold value of ten, it was not included in the model (Field,
2009; for more conservative threshold values, see Zuur, leno, & Elphick, 2010).

Finally, the models were re-evaluated for their complexity in the random structure and
fixed structure with principal component analysis and VIFs, respectively. There was
not any model that exceeded the principal component count of random factors that
cumulatively accounts for 100% of the variance. There were no multicollinearity
problems, given that none of the VIF values were higher than six, and the average
tolerance values (i.e., 1/VIF) for all models were higher than 0.2 (Field, 2009).
Residuals of the models were distributed close to normal distribution.

In the next chapter, the results of LMMs were reported with p values obtained using
the 1merTest package (version 2.0-36; Kuznetsova, Brockhoff, & Christensen,
2017). Partial effects for graphs obtained using the remef package (Hohenstein &
Kliegl, 2015), and graphs were constructed using the ggplot2 package (Wickham,
2009). The stage-by-stage model construction process and related evaluations (e.g.,
model comparison tables, chi-square results for model comparisons, VIF, and PCA
results) were reported in APPENDIX C.
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5. RESULTS

In this chapter, the results of the empirical study are reported. First, descriptive
statistics are presented, and then the results of the LMM analyses are presented. At the
end of each section, the assumptions of the P-GAG model are evaluated within the
framework of the findings.

5.1. Descriptive Statistics

The stimuli of the current study consisted of 192 texts with one target word in each
organized according to their frequencies and lengths in four conditions: short-frequent
(SF), short-infrequent (SI), long-frequent (LF), and long-infrequent (LI) words. In
Table 5.1, a summary of the findings is presented among valid instances included in
the analyses after the elimination (see Table 4.5 for elimination criteria and percents
and APPENDIX E for a more detailed table of descriptive statistics).

Table 5.1 Summary of the findings broken by conditions

Short Words Long Words All
Frequent Infrequent  Frequent  Infrequent  ~gngitions
Words Words Words Words
Oral Reading
Fixation Counts (Number of
instances & percents)
Valid data 3350 2906 3137 1688 11081
Single fixations 2187 1535 339 60 4121
(65.28%)  (52.82%) (10.81%)  (3.55%) (37.19%)
Multiple fixations 1163 1371 2798 1628 6960
(34.72%)  (47.18%) (89.19%) (96.45%)  (62.81%)
281.16 316.84 256.73 279.83 283.4

First fixation duration (ms) (10748)  (13414)  (92.26)  (113.73)  (114.39)

366.82 467.31 596.82 714.78 511.29

Gaze duration (ms) (15508)  (20032) (185.31) (16584)  (216.55)

Relative first landing position (0-1) (811;) (O().fS) (gig) (81,3%) (8%)
Fixation speech interval 613.72 681.91 606.32 628.13 631.7
(158.61) (170.31)  (146.03)  (137.16) (158.28)

Eye-voice span (letters) 11.81 9.77 12.35 9.49 11.07
y P (3.17) (3.43) (3.74) (3.67) (3.69)
Eye-voice span (words) 1.02 0.83 0.41 0.19 0.67
(0.43) (0.45) (0.49) (0.39) (0.55)

Saccade amplitude (letters)
Last saccade 6.87 6.72 8.3 8.19 7.43
(1.56) (1.47) (1.88) (1.8) (1.82)
Next saccade 6.83 6.68 7.48 7.59 7.09
(L.77) (1.92) (1.95) (2.13) (1.95)

Silent Reading

Fixation Counts (Number of
instances & percents)

Valid data 3294 3157 3209 2565 12225
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Short Words Long Words All

Frequent Infrequent  Frequent  Infrequent  ~gnditions
Words Words Words Words

Sinale fixations 2590 2157 1050 596 6393
g (78.63%)  (68.32%) (32.72%) (23.24%)  (52.29%)
704 1000 2159 1969 5832

Multiple fixations (21.37%)  (3L68%) (67.28%) (76.76%)  (47.71%)

First fixation duration (ms) 239.45 266.26 228.55 256.16 247.02

(83.35) (108.52) (71.37) (94.2) (91.26)
Gaze duration (ms) 284.45 354.8 401.88 508.8 380.51
(124.25) (179.55) (172.1) (211.97) (189.5)
Relative first landing position (0-1) (8113) (8113) (8ij) (8i§) (8:;%
Saccade amplitude (letters)
Last saccade 7.71 7.37 9.14 8.77 8.22
(1.93) (1.73) (2.1) (1.93) (2.06)
Next saccade 7.53 7.36 8.79 8.93 8.11
(1.9) (2.06) (2.41) (2.51) (2.33)

Note: Descriptive statistics were calculated over valid data included in LMMs. For fixation counts,
values in the table indicate the number of instances, values in the parenthesis indicate percents; for
continuous variables, values in the table indicate means, values in the parenthesis indicate standard
deviations. Values belong to target words (i.e., word n).

The percentage of multiple fixations among valid instances increased (1) as the length
of the word increased (i.e., oral reading: from 41% to 92%; silent reading: from 26%
to 72%), (2) as the frequency of word decreased (i.e., oral reading: from 61% to 65%;
silent reading: from 44% to 52%), and (3) among oral reading instances (i.e., 48% for
silent reading, 63% for oral reading). The mean first fixation durations and gaze
durations were greater for oral reading instances than that of silent reading instances.
The mean first landing positions were slightly left of the word center, and saccade
amplitudes were approximately seven characters for oral reading, approximately eight
characters for silent reading. These findings were compatible with the literature on
several languages (for reviews: Rayner, 1998, 2009a, 2009b; Rayner et al., 2012;
example studies: English: Inhoff et al., 2011; German: Kliegl et al., 2006; Kliegl, 2007;
Laubrock & Kliegl, 2015; Finnish: Pollatsek, Hyond & Bertram, 2000; Hyond &
Pollatsek, 1998; Jarvilehto, Nurkkala & Koskela, 2009; Uighur: Yan et al., 2014;
Hebrew: Deutsch & Rayner, 1999; Arabic: Paterson, Almabruk, McGowan, White &
Jordan, 2015; Turkish: Ozkan, Beken Fikri, Kirkici, Kliegl, Acartiirk, 2020). The mean
values of FSI were greater than 600 ms within all conditions (M = 632, SD = 158.3),
which was greater than that of English and German (486 ms in Inhoff et al., 2011 for
English; 561 ms in Laubrock & Kliegl, 2015 for German), but close to FSI of Finnish
words (625 ms in Jarvilehto et al., 2009). The mean values of EVS (i.e., the spatial
measure of the eye-voice span in terms of character count), on the other hand, were
less in all conditions (M = 11, SD = 3.7 characters) than the findings reported in the
literature (15-17 characters in Buswell, 1920; 16 characters which were computed
from first fixation onset in Laubrock & Kliegl, 2015). In Turkish, approximately one
more word was viewed during FSI of short words while the eyes tended to be on the
same word at the beginning of its articulation for long words (see APPENDIX D for a
detailed analysis). We suggest that the discrepancy observed in eye-voice span
measures in Turkish sentence reading with the literature (except for Finnish) resulted
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from its shallow orthography. The distance between the eyes and the voice might be a
function of phoneme count, rather than character count. On the other hand, the inflated
FSI might be an indicator of increased prelexical phonological processing for
languages with shallow orthographies (Frost, 1998, 2005). However, these claims
require further investigation with cross-linguistic studies.

5.2. Fixation Speech Interval (FSI)

Fixation speech interval (FSI) is the difference between the beginning of the first
fixation on the target word (i.e., word n) and the beginning of the articulation of it.
According to the P-GAG model, FSI reflects the time course of the processing of word
n, from its prelexical phonological processing to postlexical processing in the memory
buffer. Assuming that there is a single fixation on each word for demonstration, the
processing states of word n-1, word n, and word n+1 during FSI of word n are
illustrated in Figure 5.1 (see Chapter 3).

B Word 1 o Start of increase in activation Max. Activation Lexical completion
3 (preprocessing) (completion of preprocessing) & entrance to buffer*
(8]
E Wordn o Max. Activation Lexical completion Removal from buffer
2 (completion of preprocessing) & entrance to buffer* (articulation in oral reading)
i
g Wordn-1 - Lexical completion Removal from buffer*
& entrance to buffer* (articulation in oral reading)
Fixation n Fixation n+1 Fixation n+2
Word n Word n+1 Word n+2
- Fixation Speech Interval of Word n -
Fixations (Time)
*Memory buffer

Figure 5.1 Illustration of the processing of word n-1, word n, and word n+1 during FSI of word n
according to P-GAG assumptions.

According to the depiction in Figure 5.1, during FSI of word n (i) lexical completion
of word n-1 is finished, it is entered to the memory buffer, articulated, and removed
from the memory buffer, (ii) preprocessing and lexical completion of word n is
finished, it is entered to the memory buffer, articulated, and removed from the memory
buffer, and (iii) increase in the activation of word n+1 started, preprocessing of word
n+1 is completed, and lexical completion of word n+1 started. To test the assumptions
of P-GAG, the LMM of FSI of word n (FSI, hereafter) reported below included (i)
lexical characteristics of word n-1, (ii) lexical and prelexical characteristics of word n,
and (iii) prelexical and lexical characteristics of word n+1. In addition to the
characteristics of words, several assumptions were tested with interactions, as
presented below.
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The effect of spatial measure of the Eye-Voice Span (EVS).

The spatial measure of the eye-voice span (EVS) is the distance between the first letter
of word n and the fixated letter at the beginning of the articulation of word
n. Therefore, it reflects the capacity of the buffer. It was expected that as the items held
in the buffer increased, the processing load and hence FSI increased. The positive
relationship between EVS and FSI was significant (b = 0.06, SE = 0, t = 15.5, p <
.001). (see Figure 5.2).

Oral Reading

1150

1050 4
9504
850 1

7504

6504

iSU-__————-—'-—'-___—__——_——-__-—_-——-—-—__-_-_—-__

450

Fixation Speech Interval [ms]

:‘75” T T T T T T T
- 6 8 10 12 14 16 18 20

Spatial Eye-Voice Span

Figure 5.2 The effect of EVS on FSI values. Units of EVS on the x-axis and of FSI on the y-axis are
log-transformed values of EVS (base 2) and FSI. Line and 95% confidence band are partial effects,
retrieved from LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

Immediate effects of the characteristics of word n.

The effects of lexical characteristics and that of the predictability of word n on FSI
were mixed. The predictability of word n (P0) and stem frequency of it (SF0)
influenced FSI significantly (b =-0.08, SE = 0.02, t =-3.86, p <.001; b =-0.03, SE =
0.01, t=-4.15, p <.001, respectively). The effects were negative. In other words, less
predictable words and infrequent words (i.e., more difficult words) required more
processing time (i.e., higher FSI values) than more predictable and frequent words
required (see Figure 5.3).
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Figure 5.3 The effects of PO and SFO on FSI values. Units of FSI on the y-axis are log-transformed
values of FSI. Units of SFO on the x-axis are log-10 transformed values of frequency per million.
Units of PO on the x-axis are logit-transformed values of probabilities. Line and 95% confidence band
(shown in gray) are partial effects, retrieved from LMM estimates by using the reme £ package
(Hohenstein & Kliegl, 2015).

The effect of the length of word n (WLO) and the effect of the interaction of WLO and
SFO on FSI were not significant (b = 0.31, SE =0.21,t =1.47, p = 0.14; b =-0.04, SE
=0.07,t=-0.57, p = 0.57, respectively).

Lag- and successor-effects.

The effects of the lexical characteristics and that of the predictabilities of neighboring
words (i.e., word n-1 and word n+1) on FSI were not significant (P1: b = 0.01, SE =
0.01,t=1.41,p=0.16; SF1: b=-0.01, SE =0.01,t=-0.78, p = 0.44; WL1.c: b = -
0.3,SE=0.23,t=-1.3, p=0.19; P2: b =-0.02, SE = 0.01, t =-1.59, p = 0.11; SF2: b
=0.01,SE=0.01,t=1.39,p=0.17; WL2: b =0.43, SE=0.23,t=1.82, p = 0.07).

Prelexical phonological processing effects.

Prelexical characteristics of words were selected as the measures of prelexical
phonological processing difficulty. Prelexical processing was assumed as an early
process. Therefore, the prelexical effects of word n and word n+1 were included in the
models. They were vowel harmonies (i.e., VHO and VH2), and trigram frequencies
(i.e.,, TFO and TF2). Among effects of those prelexical characteristics only the effect
of TF2 on FSI was significant (b = -0.06, SE = 0.02, t = -2.96, p < .01). Increased FSI
values, together with a decrease in TF2 values, imply a significant effect of parafoveal
prelexical phonological processing on FSI (see Figure 5.4).
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Figure 5.4 The effect of TF2 on FSI values. Units of FSI on the y-axis are log-transformed values of

FSI, and units of TF2 on the x-axis are log-10 transformed values of frequency per million. Line and

95% confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the
remef package (Hohenstein & Kliegl, 2015).

The relationship between FSI and TF2 can be construed as a supporting observation
regarding the preprocessing timing of words. The relationship implies that
preprocessing of the next word starts during FSI. The negative relationship indicates
that difficulty in preprocessing of word n+1 resulted from low TF2 values interferes
with the lexical and postlexical processing of word n. Although it was not a significant
effect, VH2 showed a similar effect such that an increase in FSI value together with
broken vowel harmony rule for word n+1 (b = 0.02, SE=0.02,t=1.17, p = 0.24). The
reversed, non-significant effects of TFO and VHO, together with the effects of
prelexical characteristics of word n+1, imply that early phonological processing of
words started parafoveally and did not have a strong influence on FSI (TFO: b =0.0003,
SE =0.02,t=0.02, p=0.99; VHO: b =-0.01, SE =0.01, t =-0.58, p = 0.57).

Visual acuity hypothesis.

According to the visual acuity hypothesis, the effects of the characteristics of word
n+1 are influenced by the length of the foveal word, with a weaker effect of the
characteristic of word n+1 among long foveal words (Kliegl et al., 2006; Kliegl, 2007).
Although the hypothesis (and other hypotheses tested here) are mainly about the
relationship between eye-movement measures and lexical characteristics of words, we
have tested those effects for prelexical characteristics and FSI, as well. There were
three interaction terms in the LMM of FSI to test the visual acuity hypothesis: (1) WLO
x SF2, (2) WLO x VH2, and (3) WLO x TF2. The significant negative effect of TF2 on
FSI was weaker among long foveal words (b = -0.81, SE = 0.3, t = -2.76, p < .01).
Figure 5.5 illustrates the interaction effect of WLO and TF2 on FSI.
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Figure 5.5 The interaction effect of WLO0 and TF2 on FSI values. Units of FSI on the y-axis are log-
transformed values of FSI, and units of TF2 on the x-axis are log-10 transformed values of frequency
per million. The categories of WLO are short word n (4-8 characters), and long word n (10-14
characters). Line and 95% confidence band (shown in grey) are partial effects, retrieved from LMM
estimates by using the reme f package (Hohenstein & Kliegl, 2015).

Although slightly weaker effects of SF2 and VH2 on FSI were observed among long
foveal words than their effects among short foveal words, these interaction effects
were not significant (WLO x SF2: b =0.02, SE =0.1,t=0.18, p = 0.86; WL0 x VH2:
b =0.06, SE =0.23,t=0.24, p = 0.81).

Foveal load hypothesis.

According to the foveal load hypothesis (Henderson & Ferreira, 1990; Kliegl et al.,
2006; Kliegl, 2007), the effects of the characteristics of words are influenced by the
frequency of the previous word. The rationale behind the hypothesis is the restriction
of the perceptual span while processing a difficult word. In the current context, difficult
words are infrequent words. The hypothesis, as visual acuity hypothesis, is mainly
about eye-movement measures and lexical characteristics of words. In the current
study, we have tested the hypothesis (1) for the influence of the frequency of word n-
1 (SF1) on the effects of the lexical and prelexical characteristics of word n on FSI,
and (2) for the influence of the frequency of word n (SFO) on the effects of the lexical
and prelexical characteristics of word n+1 on FSI. Therefore, two sets of three
interaction terms added to the LMM of FSI as follows:

(1) The effect of foveal load resulted from the difficulty of word n-1: SF1 x SFO,
SF1 x TFO, and SF1 x VHO. For an infrequent word n-1, stronger effects of
word n characteristics due to less parafoveal processing of word n were
expected.
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(2) The effect of foveal load resulted from the difficulty of word n: SFO x SF2,
SFO x TF2, and SFO x VH2. For infrequent word n, weaker effects of word n+1
characteristics due to less parafoveal-on-foveal effect resulted from the
shrinkage of the perceptual span were expected.

Among these interaction terms, only the interactions between SF values and TF values
had significant effects. The relationship between FSI and TFO was positive among
frequent previous words while it is negative among infrequent words (SF1 x TFO: b =
0.02, SE = 0.01, t = 2.4, p < .05). As mentioned before, results imply that prelexical
phonological processing started parafoveally. Less parafoveal processing of word n
due to low SF1 values resulted in increased FSI values for low TFO values. However,
contrary to our expectation, the negative relationship between FSI and TF2 values, on
the other hand, was slightly weaker among frequent foveal words (b = -0.02, SE =
0.01, t=-2.38, p <.05). The significant interaction effects are illustrated in Figure 5.6.
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1.17) and infrequent stems (SF < 1.17). Line and 95% confidence band (shown in grey) are partial
effects, retrieved from LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

2 25 3 35
Trigram Frequency of Word n+1

Mandatory status of prelexical phonological processing.

According to the dual-route hypothesis (Coltheart et al., 2001), there are two routes
from orthography to lexical access. One of them is a direct route from written symbols
to lexical access, and the other route from written symbols to lexical access mediated
by grapheme-to-phoneme rules for non-words (i.e., prelexical phonological processing
in the current study). Although there was not any non-word in our stimulus set, we
have assumed that the influence of familiarity of a word on the effects of prelexical
characteristics of it would provide insight. To test the hypothesis, two interactions with
familiarity scores (transformed as a categorical covariate as familiar and unfamiliar
with familiar as the base category) included in the LMMs: (1) familiarity x TFO, and
(2) familiarity x VHO.

The effects of the interactions on FSI were not significant (familiarity x TFO: b = -

0.001, SE =0.01, t =-0.06, p = 0.95 familiarity x VHO0: b = 0.01, SE = 0.02, t = 0.81,
p = 0.42). However, the main effect of familiarity was significant (b = 0.03, SE =0.01,
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t = 2.06, p <.05) such that FSI was higher among unfamiliar words than it is among
familiar words (see Figure 5.7).

Oral Reading

11504
10507
9504

850+

750 4

6504

550

4504

Fixation Speech Interval [ms]

3504

T T
Familiar Unfamiliar

Familiarity
Figure 5.7 The effect of familiarity on FSI values. Units of FSI on the y-axis are log-transformed

values of FSI. The partial effect of familiarity was retrieved from LMM estimates by using the reme £
package (Hohenstein & Kliegl, 2015).

Morphological complexity.

In the current study, inflectional suffix counts (SC) were included in the LMMs as a
measure of morphological complexity. Among the suffix counts of words n, n-1, and
n+1, only the suffix count of word n-1 (SC1) influenced FSI values negatively (b = -
0.02, SE = 0.01, t = -2.08, p < .05). An increase in the suffix count of word n-1
decreased FSI values, which implies a facilitatory effect of SC1 on FSI values (see
Figure 5.8). However, word length was a confounding factor in understanding the
effect of suffix count. Therefore, to study further the relationship between SCs and
FSI, a more controlled experiment should be designed to eliminate the effect of WLs
as a confounding factor
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FSI. Line and 95% confidence band (shown in grey) are partial effects, retrieved from LMM estimates
by using the reme £ package (Hohenstein & Kliegl, 2015).

Discussion.

The negative effects of predictability and frequency of word n on FSI imply that
postlexical processing during FSI, which require word retention in the working
memory, was influenced by the difficulty of word n (Inhoff et al., 2004; Eiter & Inhoff,
2010; Inhoff et al., 2011; Laubrock & Kliegl, 2015). The positive relationship between
EVS and FSI supported the assumption that increased memory load would delay the
completion of postlexical processing. The interplay between the characteristics of
words their relation to memory load required further investigation. Therefore, the
influence of the characteristics of word n and memory capacity of participants (i.e.,
results of the memory tests explained in Section 4.1.5) investigated with an additional
baseline-category logit model (BCLM) of memory buffer with staying on the same
word during articulation of it (i.e., one-word condition) as the base category as
explained in APPENDIX D. Although the effect of the length of word n (WLO) on FSI
was not significant, the results of BCLM showed that the strongest effect on the
retention of words in the buffer was the effect of WLO. The probability of holding two
words (i.e., articulating word n while fixating word n+1) and more than two words
increased among short words. The probability of holding one word because of
articulating the word before leaving it or regressing to it while articulating was
increased among long words. The results of the LMM of FSI and that of BCLM imply
that the effect of WLO on FSI was indirect through the effect of EVS. The negative
(but not significant) influence of WLO on FSI indicates that while articulating short
words, there were more words in the memory buffer resulting in more distance
between the eyes and the voice and longer postlexical processing times due to
increased memory load. While the effects of SFO and digit span test results on the
capacity of memory buffer was significant for all categories, the effects of Corsi-block
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test results and predictability were mixed. In general, an increase in the probability of
staying on the same word during articulation was observed together with the increased
difficulty of words and lower short term memory capacity of participants (see
APPENDIX D for the details of BCLM analysis). Together with the results of BCLM
analysis, the influences of the characteristics of words and EVS on FSI values can be
construed as any difficulty in postlexical processing resulted from either the difficulty
of the word (SFO0) and the context of the text (P0O) or the increased memory load (EVS)
resulted in longer processing times (i.e., longer FSI durations).

The results of the LMM of FSI did not provide supporting evidence for the effects of
prelexical characteristics of word n, and lexical characteristics of neighboring words
on FSI. Interactions of the familiarity and prelexical characteristics of word n were
investigated to test the dual-route hypothesis (Coltheart et al., 2001), which were not
significant. These results imply that the effect of prelexical phonological processing
during the time period between viewing a word and articulation of it (i.e., FSI) was not
strong enough to influence FSI values. Together with the significant effect of a
prelexical characteristic of word n+1 (i.e., TF2), these results suggest that prelexical
phonological processing starts and probably finishes at an early phase of processing —
mostly parafoveally. On the other hand, the effect of TF2 was restricted dependent on
the length of word n, which strengthens the interpretation of parafoveal prelexical
phonological processing. Follow-up studies with stimulus words controlled for their
phonological aspects would reveal a clearer picture.

Although it was assumed that FSI covers the time from the early processing of words
to late postlexical processing of them, the possibility of the dominance of postlexical
processing demands over prelexical processing demands should be considered.
Therefore, the analyses of First Fixation Duration (FFD) and Gaze Duration (GD),
presented in the next sections, provide finer measures of early prelexical and lexical
processing (Rayner, 1998, 2009a). In the LMMs of FFD and GD constructed over oral
reading instances, the eye-voice span measures were accepted as an indicator of
memory load and postlexical processing difficulty, as the results of FSI analyses
indicate accordingly.

In Table 5.2, estimates of all LMM parameters for FSI are presented with their
significance status in the rightmost column. The effects that significantly influenced
FSI were presented above.
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Table 5.2 LMM parameter estimates for Fixation Speech Interval (FSI)

. ) . Std. Signif.
Fixed effects: Estimate Error df tvalue  Pr(>t|) Status
Intercept 6.38 0.02 2721 32024 <2E-16  p<.0001
E’Prg)o““ab"'ty of word n 008 002 1756 -3.86 158E-04  p<.0001
(SSteF'g‘)freq“ency of word n -0.03 0.01 2355  -415 4.62E-05 p<.0001
Word length of word n
(WLO) 0.31 0.21 1917 147 0.14 NS
Suffix count of word n
(5C0) -0.003 001 189.6 030 076 NS
'(I'_I[::gor;m frequency of word n 0.0003  0.02 200.6  0.02 0.99 NS
Vowel harmony of word n
(VHO) -0.01 0.01 220 -058 057 NS
Familiarity 0.03 0.01 5216  2.06 0.04 p<.05
(Sé’f‘/ts';"' €ye VoIce span 0.06 0004 10980 1550 <2E-16  p<.0001
E’F[‘i;"“ab"'ty of wordiid 0.01 001 1856 141 0.6 NS
(Sstf;T)freq“ency of word n-1 -0.01 0.01 1844 078 044 NS
Word length of word n-1
(WLT) -0.30 0.23 1844  -1.30  0.19 NS
(sSngB( count of word o -0.02 0.01 187.7 208 004 p<.05
(P;g;"cmb"'ty of word n+1 002 00l 1833 -159 0.1 NS
(Sstf;r;‘)freq“ency of word n+1 0.01 0.01 1776 1.39 0.17 NS
Word length of word n+1
(WL2) 0.43 0.23 1889 182 0.07 NS
Suffix count of word n+1 0.01 001 1864 144 0.5 NS
(SC2)

(TT”ngr)am frequency ofwordn+l ;g 0.02 181.4 296  0.003 p <.001
Vowel harmony of word n+1

(VHD) 0.02 0.02 1778 117 0.24 NS
WLO x SFO -0.04 0.07 2154  -057 057 NS
WLO x SF2 0.02 0.10 187.4  0.18 0.86 NS
WLO x TF2 -0.81 0.30 1926  -2.76 001 p <.001
WLO X VH2 0.06 0.23 1886  0.24 0.81 NS
SFO x SF2 0.003 0003 1855  0.96 0.34 NS
SFO x TF2 -0.02 0.01 1983  -2.38 0.2 p<.05
SFO x VH2 0.01 0.01 189.4  1.33 0.19 NS
SF1 x SFO 001  0.003 190  -1.94 0.5 NS
SF1 x TFO 0.02 0.01 1832  2.40 0.02 p<.05
SF1 x VHO 0004  0.01 189.6  -044  0.66 NS
Familiarity x TFO 0001 001 9031  -0.06  0.95 NS
Familiarity x VHO 0.01 0.02 3730 081 0.42 NS
WLO X EVS -0.06 0.07 4915 090 037 NS
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Random effects:

Groups Name Variance Std.Dev.

Participant Intercept 0.0138 0.12
Stem frequency of word

Participant n 0.0004 0.02
(SFO)

- Word length of word n

Participant (WLO) 0.0359 0.19

Word Intercept 0.0048 0.07

Residual 0.0378 0.19

The number of obs: 11081, groups: Participant, 196; Word, 192

An x between variables indicates interaction. Significant coefficients were set bold (NS: not significant).
VH estimates belong to category 1 (violation of the rule), and Familiarity estimates belong to category 1

(unfamiliar).

5.3. Fixation Durations (First Fixation Duration and Gaze Duration)

According to the assumptions of the P-GAG model, any difficulty in processing stages
of word identification (i.e., preprocessing, lexical completion, and prelexical
phonological processing) would result in a delay in saccade generation mechanism and
hence, longer fixation durations. On the other hand, since postlexical processing and
lexical processing difficulties inhibit each other, postlexical processing difficulties
result in longer fixation durations in an indirect way, through a delay in the word
identification process.

In Figure 5.9, the processing of word n-1, word n, and word n+1 during fixation n,
with an assumption that there is a single fixation on word n (see Chapter 3).

Start of increase in activation
{=2] J I,
£ Wordn+l (preprocessing)
a
(]
< 1 Max. Activation
T Wordn (completion of preprocessing)
e
P .
o Lexical completion
= Wordn-1 & entrance to buffer*

Fixation n
Word n

*Memory buffer

Figure 5.9 Illustration of processing of word n-1, word n, and word n+1 during fixation n, according
to P-GAG assumptions.

According to P-GAG, during a single fixation on word n, lexical completion of word
n-1 and preprocessing of word n are finished, and preprocessing of word n+1 started.
However, preprocessing is not necessarily prelexical processing, exclusively.
Therefore, it is assumed that during fixation n, lexical processing of it can be
completed partially, and lexical processing of word n+1 can start. These assumptions
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of P-GAG on fixation durations were tested with four LMMs which are the LMMs of
(2) first fixation duration (FFD) on target words during oral reading, (2) FFD on target
words during silent reading, (3) gaze duration (GD) on target words during oral
reading, and (4) GD on target words during silent reading. LMMs of FFD were
assumed to capture the processing during the first fixation on word n. In single fixation
cases (oral reading: 37%; silent reading: 52%; see Table 5.1 for details), FFD is the
total fixation duration on a word. LMMs of GD were provided to capture the
processing of words that receive more than one fixation.

5.3.1. Covariates and Interactions Specific to Oral Reading

The eye-voice span measures of oral reading instances included in the LMMs of
fixation durations to test the assumptions of P-GAG regarding the interplay between
word identification process and postlexical processing. Both eye-voice span measures
showed significant effects on fixation durations. FSI influenced fixation durations
positively with a significant quadratic component for GD (FFD: b =0.16, SE =0.02, t
=9.05, p <.001; GD linear: b = 0.65, SE =0.02, t = 38.03, p <.001; GD quadratic: b
=-0.08, SE = 0.03, t = -2.76, p < .01). As LMM of FSI suggests, FSI was mostly
associated with postlexical processing difficulty, which was reflected in longer FSI
values when the mentioned difficulty increased. Increased postlexical processing load
due to word-specific difficulty manifested itself in the positive relationship between
FSI and fixation duration values. That was a stronger relationship between FSI and
GD. EVS reflects the items held in the memory buffer during FSI. EVS influenced
fixation durations negatively (FFD: b =-0.03, SE = 0.01,t=-3.38, p <.001; GD: b =
-0.16, SE = 0.005, t = -32.48, p <.001). Under the assumption that fixation durations
reflect the time needed for word identification, words that require shorter identification
times allow the buffer to hold more items (see Figure 5.10).
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Figure 5.10 The effect of EVS and FSI on fixation duration values. Units of fixation durations on the
y-axis and units of FSI and EVS on the x-axis are log-transformed values of them. Line and 95%
confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the

remef package (Hohenstein & Kliegl, 2015).

To capture the regressive eye movements during articulation, the interaction between
EVS and FSI included in the LMM of GD, assuming that regressive eye-movements
to word n during FSI imply a processing difficulty. An FSI value that was greater than
GD while eyes are on the word during articulation (i.e., EVS less than or equal to
WLO) means that eyes left and returned to word n during FSI. The interaction term
was significant (b = 0.11, SE = 0.02, t = 6.15, p < .001). The negative relationship
between EVS and GD was the strongest among words that were articulated after the
eyes left the word. The result supports the interpretation of the relationship between
EVS and fixation durations that shorter identification times allow the buffer to hold
more items (see Figure 5.11).
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Figure 5.11 The interaction effect of EVS and FSI on GD. Units of GD on the y-axis and units of EVS
on the x-axis are log-transformed values of them. Line and 95% confidence band (shown in grey) are
partial effects, retrieved from LMM estimates by using the reme f package (Hohenstein & Kliegl,
2015).

5.3.2. Common Covariates and Interactions for Fixation Durations

Canonical effects — relative first landing position.

In the current study, relative first landing position (RFLP) influenced fixation
durations significantly (oral reading FFD: b = 0.51, SE = 0.03, t = 18.61, p < .001,;
silent reading FFD: b =0.24, SE = 0.02, t = 11.04, p < .001; oral reading GD: b =-0.1,
SE =0.02, t =-5.35, p <.001; silent reading GD: b =-0.32, SE =0.02,t =-13.77, p <
.001). The effect of quadratic component (i.e., IOVP curvature) was significant on all
fixation durations, except on oral reading GD (oral reading FFD: b =-2, SE=0.1,t=
-19.18, p < .001; silent reading FFD: b = -2.1, SE = 0.08, t = -25.78, p < .001; oral
reading GD: b =-0.08, SE = 0.07, t =-1.09, p = 0.28; silent reading GD: b =-0.2, SE
=0.09, t =-2.29, p <.05). In Figure 5.12 the effect of RFLP on fixation durations are
illustrated for both reading modalities (i.e., oral vs silent reading).
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Figure 5.12 The effect of RFLP on fixation durations. Units of fixation durations on the y-axis are log-
transformed values. RFLP values of 0 indicate the middle, RFLP values below 0 indicate the left half,
and RFLP values above 0 indicate the right half of the word n. Line and 95% confidence band (shown
in grey) are partial effects, retrieved from LMM estimates by using the reme £ package (Hohenstein
& Kliegl, 2015).

The influence of RFLP on FFD was compatible with the frequently reported Inverted
Optimal Viewing Position (IOVP) effect, which was shown for several languages (Vitu
et al., 2001; Kliegl et al., 2006 for German; Yan et al., 2014 for Uighur; and Hy6n4,
Yan, Vainio, 2018 for Finnish). Briefly, studies show that if eyes firstly land on the
edges of a word due to saccadic error, it is corrected by successive fixations. As a
result, the IOVP effect manifests itself as first fixations closer to the center of words
that have longer durations than they have when they are on the edges. The results of
the current study support the interpretation such that if the first fixation was on the
edges of the word, FFD was shorter than it was when the first fixation was around the
center of the word. The relationship between RFLP and GD was negative, indicating
that the first fixations on closer to the left edge of a word, followed by multiple
fixations on the word. As another supporting finding for the saccadic error
interpretation, if RFLP was on the right half of the word (i.e., RFLP > 0), GD values
were shorter, FFD values were higher (relative to FFDs of RFLP < 0, especially during
oral reading), and skipping and single fixation probabilities increased. In Figure 5.13,
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the probability of skipping a word, of single fixation on a word, and of multiple
fixations on a word calculated from raw data are presented as a function of RFLP.
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Figure 5.13 The relationship between fixation count probabilities and RFLP. RFLP values of 0
indicate the middle, RFLP values below 0 indicate the left half, and RFLP values above 0 indicate the
right half of the word n. Line and 95% confidence band (shown in grey) are calculated over raw data

using the ggplot2 package (Wickham, 2009).

Canonical effects — launch site.

The relationship between launch site (LS0) and fixation durations were significantly
positive (oral reading FFD: b = 0.02, SE = 0.01, t = 2.62, p < .01, silent reading FFD:
b =0.03, SE=0.01, t =4.44, p <.001, oral reading GD: b = 0.03, SE = 0.01, t = 5.84,
p <.001, silent reading GD: b = 0.04, SE = 0.01, t = 7.48, p < .001). The relationship
show that greater distance between the last fixation before viewing the word and the
beginning of the word result in longer fixation durations due to less parafoveal preview

benefit (see Figure 5.14).
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Figure 5.14 The effect of LSO on fixation durations. Units of fixation durations on the y-axis are log-
transformed values. Units of LSO on the x-axis are log-transformed (base 2) values. Line and 95%
confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the
remef package (Hohenstein & Kliegl, 2015).

The significant positive effect of LS on fixation durations indicated the effect of
parafoveal processing benefit during the last fixation before word n was viewed. In
other words, the further the previous fixation, the less parafoveal benefit was obtained
from the word n, and hence, the longer processing time was needed for word n.

The relationship investigated further by including the interaction between LSO and the
length of word n-1 (WL1) in the model to understand the cost of skipping the previous
word’. The interaction term was significantly influenced FFD during reading aloud (b
=0.48, SE = 0.18, t = 2.72, p < .01). The highest FFD values were observed among
words that have previous short words and long LSO values, which implies a skipped

" The skipping cost in SAS models indicate increased fixation duration prior to skipping a word. That
is because in those models the default target of next saccade is word n+1 and skipping can only happen
if the next saccade is cancelled. In GAG models on the other hand, saccades generated autonomously
and saccade target selection is the result of competition between words within the attentional gradient
that have different activations. In contrast to SAS models, in GAG models skipping instances are the
result of longer fixation durations and increased parafoveal processing, rather than being a saccade
cancellation process (Engbert et al., 2005, pp. 795-796). Therefore, a cost of skipping word n-1 which
manifested itself as longer fixation durations on word n, implies less parafoveal processing of word n,
rather than a saccade cancellation.
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word n-1 (see Figure 5.15). The influence of the interaction term on the other fixation
duration measures was not significant.

Oral Reading

700
600 WL categories
= Long word n-1

5004 = = Short word n-1
E‘
= 4004
=)
8
=
5 300 1|
Q ------------------
o =
=]
=
22001
[
z
[

]00 T T T T T T T

I 2 3 4 5 6 7 8 9
Launch Site of Word n

Figure 5.15 The interaction effect of WL1 and LSO on FFD during oral reading. Units of FFD on the
y-axis are log-transformed values. Units of LSO on the x-axis are log-transformed (base 2) values. The
categories of WL1 are short word n (8 characters and shorter), and long word n (9 characters and
longer) Line and 95% confidence band (shown in grey) are partial effects, retrieved from LMM
estimates by using the reme f package (Hohenstein & Kliegl, 2015).

Canonical effects — immediate effects of word n characteristics.

The effect of SFO on fixation durations was significant (oral reading FFD: b = -0.02,
SE =0.01, t = -2.55, p < .05; silent reading FFD: b = -0.03, SE = 0.01, t = -5.85, p <
.001; oral reading GD: b =-0.06, SE = 0.01, t =-7.98, p < .001; silent reading GD: b
=-0.09, SE=0.01,t=-9.63, p <.001). Less frequent words (i.e., more difficult words)
received longer fixation durations as observed in previous studies (Rayner, 1998,
2009a, 2009b; Rayner et al., 2012). The effect was stronger during silent reading (see
Figure 5.16).
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Figure 5.16 The effect of SFO on fixation durations. Units of fixation durations on the y-axis are log-
transformed values, and units of SFO on the x-axis are log-10 transformed values of frequency per
million. Line and 95% confidence band (shown in grey) are partial effects, retrieved from LMM
estimates by using the reme f package (Hohenstein & Kliegl, 2015).

The significant effect of the length of word n on first fixation duration values was
negative with a significant quadratic component for silent reading (oral reading FFD:
b=0.78, SE = 0.22, t = 3.49, p < .001; silent reading FFD, linear: b = 1.03, SE = 0.18,
t=5.62, p<.001; quadratic: b=-10.97, SE =1.53,t=-7.17, p <.001). The relationship
was positive between WLO0 and GD values (oral reading GD: b =-6.22, SE =0.23,t =
-27.2, p < .001; silent reading GD: b = -4.4, SE = 0.3, t = -14.72, p < .001).% The
relationship between fixation durations and WLO show that shorter first fixation
durations were compensated with subsequent fixations among long words, which was
manifested in shorter first fixation durations and longer gaze durations on long words
than they were on short words (see Figure 5.17).

8 Since WLO values are reciprocal word lengths, a negative estimate indicates a positive relationship,
and vice versa.
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Figure 5.17 The effect of WLO on fixation durations. Units of fixation durations on the y-axis are log-
transformed values. Units of WLO on the reversed x-axis are reciprocal word lengths. Line and 95%
confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the
remef package (Hohenstein & Kliegl, 2015).

The effect of the interaction of WLO and SFO was significant on GD among silent
reading instances (b = 0.32, SE = 0.1, t = 3.23, p < .01). The positive relationship
between GD and WLO was slightly stronger if the word was an infrequent word (see
Figure 5.18).
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Figure 5.18 The interaction effect of WLO0 and SFO on GD during silent reading. The units of GD on
the y-axis are log-transformed values. Units of WLO on the reversed x-axis are reciprocal word
lengths. Categories of SFO are frequent stems (SFO > 1.17), and infrequent stems (SFO < 1.17). Line
and 95% confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using
the reme f package (Hohenstein & Kliegl, 2015).

The effect of predictability of word n (PO) on fixation durations was not significant
(oral reading FFD: b = -0.02, SE = 0.02, t = -0.83, p = 0.41; silent reading FFD: b = -
0.03, SE =0.02, t =-1.81, p = 0.07; oral reading GD: b = 0.01, SE =0.02, t =0.24, p
= 0.81; silent reading GD: b = -0.04, SE = 0.03, t = -1.46, p = 0.15). However, an
expected decreasing effect was observed, except the effect on GD during oral reading.

Lag- and successor-effects.

The effects of the characteristics of words n-1 and n+1 on fixation durations were
mixed. Among lexical characteristics of word n-1, predictability of it (P1) influenced
FFD and GD significantly during silent reading, and length of it (WL1) influenced
FFD during oral reading (P1 - silent reading FFD: b =-0.02, SE = 0.01,t=-3.79, p <
.001; P1 - silent reading GD: b =-0.04, SE =0.01, t=-2.96, p <.01; WL - oral reading
FFD: b = 0.6, SE = 0.24, t = 2.57, p < .05). During silent reading, fixation duration
values were longer if the previous word was a less predictable word, which implies
that processing of less predictable words spilled over. During oral reading, on the other
hand, FFD was slightly longer if the previous word was a short word. As short words
are more often skipped, the result might be the result of skipping costs. An
investigation of data showed that all of the skipped words n-1 were short words (350
instances during oral reading). In Figure 5.19, lag-effects are illustrated.
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Figure 5.19 Lag-effects on fixation durations. Units of fixation durations on the y-axis are log-
transformed values. Units of WL1 on the reversed x-axis are reciprocal word lengths and of P1 logit-
transformed. Line and 95% confidence band (shown in grey) are partial effects, retrieved from LMM

estimates by using the reme f package (Hohenstein & Kliegl, 2015).

Among successor effects, only the effect of the length of word n+1 (WL2) on GD
during silent reading was significant (b =0.83, SE=0.32,t=2.61, p<.01). Anincrease
in WL2 accompanied a decrease in GD during silent reading. The result may be
conceived as an indicator of the increase in the activation of the next word and hence
the attraction of attention to it due to its length.
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Figure 5.20 The effect of WL2 on GD during silent reading. The units of GD on the y-axis are log-
transformed values. Units of WL2 on the reversed x-axis are reciprocal word lengths. Line and 95%
confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the
remef package (Hohenstein & Kliegl, 2015).

Prelexical phonological processing effects.

The effects of prelexical characteristics of words on fixation durations were mixed.
The effects of TFO on fixation durations during oral reading and on GD during silent
reading were significant (oral reading FFD: b =0.04, SE =0.02, t = 2.55, p < .05; oral
reading GD: b =-0.04, SE = 0.02, t = -2.14, p < .05; silent reading GD: b = -0.06, SE
=0.02, t = -2.45, p < .05). The positive influence on FFD and negative influence on
GD imply that a difficulty in prelexical processing due to low TFO values compensated
by subsequent fixations during oral reading (see Figure 5.21). Among silent reading
instances, the effect was significant only on GD and negative on FFD but not
significant (b = -0.01, SE = 0.01, t = -0.45, p = 0.65).
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Figure 5.21 The effect of TF2 on fixation durations. Units of fixation durations on the y-axis are log-
transformed values, and units of TFO on the x-axis are log-10 transformed values of frequency per
million. Line and 95% confidence band (shown in grey) are partial effects, retrieved from LMM
estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

The effects of VH2 on GD during oral reading (oral reading GD: b = 0.06, SE = 0.02,
t = 3.4, p <.001), and on fixation durations during silent reading (silent reading FFD:
b=0.03, SE =0.01, t=2.41, p <.05; silent reading GD: b = 0.08, SE = 0.02, t = 3.39,
p < .001) were significant. A broken rule increased fixation durations during silent
reading implying a parafoveal-on-foveal effect of prelexical processing of word n+1
(see Figure 5.22). The result was compatible with the findings in previous studies
which indicated a parafoveal processing of vowels during silent reading (e.g., Ashby
et al., 2006).
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Figure 5.22 The effect of VH2 on fixation durations. Units of fixation durations on the y-axis are log-
transformed values. The partial effect of VH2 was retrieved from LMM estimates by using the reme £
package (Hohenstein & Kliegl, 2015).

Visual acuity hypothesis.

According to the hypothesis, the length of the foveal word would influence the
parafoveal-on-foveal effects of the characteristics of the next word. To test the
hypothesis, the interactions between WLO and prelexical characteristics and stem
frequency of word n+1 (i.e., TF2, VH2, and SF2) included in the eye-movement
measure models. An additional covariate, the launch site of word n+1 (LS2), as a
measure of the distance of the next word and its interactions with SF2 and
predictability of word n+1 (P2), included in the models.

Among the interaction terms that include WLO, only the interaction between WLO0 and
TF2 influenced FFD significantly during reading aloud (b =-1.19, SE = 0.3, t = -3.91,
p < .001). The effect of TF2 was negative among short foveal words, while it was
positive among long foveal words. The pattern indicated parafoveal prelexical
processing during FFD but dependent on the length of the foveal word among oral
reading instances (see Figure 5.23).
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Figure 5.23 The interaction effect of WLO and TF2 on FFD during oral reading. The units of FFD on
the y-axis are log-transformed values, and units of TF2 on the x-axis are log-10 transformed values of
frequency per million. The categories of WLO are short word n (4-8 characters), and long word n (10-
14 characters). Line and 95% confidence band (shown in grey) are partial effects, retrieved from
LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

The distance of the next word influenced fixation durations significantly (oral reading
FFD: b =0.02, SE =0.01, t =2.49, p < .05; oral reading GD: b =-0.14, SE=0.01, t =
-25.79, p <.001; silent reading GD: b =-0.17, SE = 0.01, t = -23.57, p < .001), except
FFD among silent reading instances (b = -0.01, SE = 0.01, t = -1.45, p = 0.15). The
effect was positive on FFD among oral reading instances and it was negative on the
rest of fixation duration measures. Shorter FFD and longer GD were accompanied a
shorter distance from the next word among oral reading instances. During silent
reading the pattern observed only for GD (see Figure 5.24).
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Figure 5.24 The effect of LS2 on fixation durations. Units of fixation durations on the y-axis are log-
transformed values. Units of LS2 on the x-axis are log-transformed (base 2) values. Line and 95%
confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the
remef package (Hohenstein & Kliegl, 2015).

Among silent reading instances, although neither SF2 nor LS2 influenced FFD
significantly, a positive effect of SF2 on FFD was observed when LS2 values are
longer, while the effect was lost when the eyes were close to the next word. The effect
was small but significant (b = 0.01, SE = 0.004, t = 2.02, p < .05) (see Figure 5.25).
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from LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

The interaction effect of LS2 and P2 was small but significant for both reading
modalities (oral reading GD: b = -0.02, SE = 0.01, t = -2.13, p < .05; silent reading
GD: b =-0.03, SE =0.01, t = -3, p < .01). The positive effect of P2 on GD observed
when the eyes were close to the next word was lost when LS2 values were greater (see

Figure 5.26).
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Foveal load hypothesis.

As a reminder, two sets of three interaction terms added to LMMs to test the foveal
load hypothesis as follows:

(1) The effect of foveal load resulted from the difficulty of word n-1: SF1 x SFO,
SF1 x TFO, and SF1 x VHO. The expectation was stronger effects of word n
characteristics due to less parafoveal processing of word n for an infrequent
word n-1.

(2) The effect of foveal load resulted from the difficulty of word n: SFO x SF2,
SFO x TF2, and SFO x VH2. The expectation was weaker effects of word n+1
characteristics due to less parafoveal-on-foveal effect resulted from the
shrinkage of the perceptual span for an infrequent word n.

Among silent reading instances, SF1 influenced the effects of the prelexical
characteristics of word n (i.e., TFO and VHO) on fixation durations significantly while
the effects of these interactions were not significant among oral reading instances. For
both reading modalities, SF1 did not influence the relationships between fixation
durations and SFO significantly.

An infrequent word n-1 together with a low TFO, resulted in short FFDs on word n
which was compensated by refixations manifested in longer GDs, during reading
silently. If the word n-1 was a frequent word, word n received longer FFD and GD for
low TFO values. The pattern was significant (silent reading FFD: b = 0.01, SE = 0.01,
t=2.1, p <.05; silent reading GD: b =0.02, SE = 0.01, t = 2.02, p <.05). If the word
n-1 was an infrequent word a broken rule of VHO resulted in shorter fixation durations
while the effect was lost if the word n-1 was a frequent word. The effect was small but
significant (silent reading FFD: b = 0.01, SE = 0.01, t = 2.11, p < .05; silent reading
GD:b=0.03,SE =0.01, t=2.27, p<.05). Figure 5.27 illustrates the interaction effect
of SF1 and TFO, and that of SF1 and VHO.
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Figure 5.27 The interaction effect of SF1 and TFO, and that of SF1 and VHO on fixation durations.
Units of fixation durations on the y-axis are log-transformed values, and units of TFO on the x-axis are
log-10 transformed values of frequency per million. Categories of SF1 are frequent stems (SF1 >
1.17), and infrequent stems (SF1 < 1.17). Line and 95% confidence band (shown in grey) and the
means in the categories of VHO are partial effects, retrieved from LMM estimates by using the reme £
package (Hohenstein & Kliegl, 2015).

On the other hand, SFO influenced the effect of TF2 on FFD and the effect of VH2 on
GD significantly only among oral reading instances. All other interaction effects
included SFO were non-significant. During reading aloud, increasing effect of TF2 on
FFD among infrequent words was slightly decreasing among frequent words (b = -
0.02, SE=0.01,t=-2.46, p <.05). A broken rule of VH2 resulted in longer GD among
frequent words during reading aloud while the effect was lost among infrequent words
(b=0.03,SE=0.01,t=2.2, p<.05). Figure 5.28 illustrates the significant interaction
effects related to SFO.
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Figure 5.28 The interaction effect of SFO and TF2 on FFD, and that of SFO and VH2 on GD during
reading aloud. Units of fixation durations on the y-axis are log-transformed values, and units of TF2
on the x-axis are log-10 transformed values of frequency per million. Categories of SF0 are frequent
stems (SFO > 1.17), and infrequent stems (SFO < 1.17). Line and 95% confidence band (shown in
grey) and the means in the categories of VH2 are partial effects, retrieved from LMM estimates by
using the reme f package (Hohenstein & Kliegl, 2015).

Mandatory status of prelexical phonological processing.

As a reminder, to test the mandatory status of prelexical phonological processing, two
interactions with familiarity scores (transformed as a categorical covariate) included
in the LMMs: (1) familiarity x TFO, and (2) familiarity x VHO.

While the effect of interaction (2) was not significant for any fixation duration,
interaction (1) was significant among oral reading instances (oral reading FFD: b = -
0.04, SE =0.02,t =-2.28, p < .05; oral reading GD: b =-0.04, SE =0.01,t=-3.27, p
<.01). illustrates the interaction (1) among during reading aloud.
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Figure 5.29 The interaction effect of familiarity and TFO on fixation durations during reading aloud.
Units of fixation durations on the y-axis are log-transformed values, and units of TFO on the x-axis are
log-10 transformed values of frequency per million. Line and 95% confidence band (shown in grey)
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are partial effects, retrieved from LMM estimates by using the reme £ package (Hohenstein & Kliegl,
2015).

The effect of trigram frequency of familiar words on FFD was positive while the effect
was negative on GD among oral reading instances, which implies that a difficulty due
to TFO of a familiar word resulted in multiple fixations with shorter FFD values. On
the other hand, the pattern suggests that familiar words that have higher TFO values
tended to receive single fixations. The effect of TFO among familiar words was similar
to the main effect of TFO. Among unfamiliar words, the effect of TFO on FFD was
lost. However, a stronger negative effect of TFO of unfamiliar words on GD was
observed, which resembles the main effect of TFO among silent reading instances.
Among oral reading instances, the difference between fixation durations of familiar
words and that of unfamiliar words almost disappeared when TFO values were high.
The results of the interaction between familiarity and TFO and the main effect of TFO
suggest that prelexical phonological processing exists among both familiar and
unfamiliar words with a stronger negative effect of prelexical processing among
unfamiliar words during oral reading.

Morphological complexity.

The effect of suffix count of word n (SCO0) on fixation durations was significant (oral
reading FFD: b = 0.04, SE = 0.01, t = 4.49, p < .001; silent reading FFD: b = 0.02, SE
=0.01, t =3.95, p <.001; oral reading GD: b =0.03, SE =0.01, t = 3.1, p <.01; silent
reading GD: b = 0.04, SE = 0.01, t = 3.21, p < .01). An increase in SCO resulted in an
increase in fixation durations. Among suffix counts of neighboring words (i.e., SC1
and SC2) only SC1 influenced FFD slightly negatively during reading silently. The
effect was small but significant (b =-0.01, SE = 0.01, t = -2.16, p <.05). However, as
stated previously, word length was a confounding factor in the current study. Figure
5.30 illustrates the effects of suffix counts on fixation durations.
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Figure 5.30 The effects of suffix counts on fixation durations. Units of fixation durations on the y-axis
are log-transformed values. Line and 95% confidence band (shown in grey) are partial effects,
retrieved from LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

5.3.3. Discussion on the Results of the LMMes of Fixation Durations

The assumption of P-GAG that any difficulty resulted in the processing of a word from
its preprocessing to postlexical integration would influence fixation durations through
a delay in the saccade generation mechanism was tested with four LMMs of fixation
durations.

A frequently reported effect, inverted optimal viewing position (IOVP — Vitu et al.,
2001), was observed in the current study. That is, first fixations were longer, and gaze
durations were shorter when eyes firstly landed around the center of words than they
were landed at the edges. These results indicate that when the first fixation was landed
around the center of words, fixation counts tended to decrease, indicating successive
corrective saccades preceded by oculomotor errors. The effect was observed in the
studies on several languages in addition to English (Vitu et al., 2001), including
German (Kliegl et al., 2006), Finnish (Hyon4 et al., 2018), Uighur (Yan et al., 2014),
and Turkish (Ozkan et al., 2020). Frequently reported effects of the characteristics of
the words and launch site were observed in the current study, as well (for reviews, see
Rayner, 1998, 2009a, 2009b; Rayner et al., 2012). Eyes tended to stay longer on words
which were longer (i.e., higher word lengths), less predictable from the context (i.e.,
lower predictabilities), have low-frequency values (i.e., lower frequencies), and
received the first fixation from a far previous fixation (i.e., greater launch sites).
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The effect of morphological complexity was measured by the number of inflectional
suffixes of words, although there might be finer measures. The suffix count of the
foveal word influenced fixation durations positively. In other words, an increase in the
number of suffixes of the foveal word accompanied by an increase in fixation
durations. The effect of the suffix count of the previous word was decreasing on the
first fixation duration on the foveal word during reading silently. Although the findings
were compatible with the previous studies on morphologically rich languages (e.g.,
Yanetal., 2014; Hyona et al., 2018; results of the LMM of a quasi-experimental subset
of single fixation durations in Ozkan et al., 2020), the effects of the number of suffixes
should be interpreted cautiously because of the confounding word length effect, as a
limitation of the current study. Further investigation of the relationship between
fixation durations and morphological complexity is required with a stimulus set
controlled for word length and suffix count.

As the indicators of distributed processing of words within the perceptual span, the
effects of the characteristics of neighboring words were included in the LMMs of
fixation durations (Kliegl et al., 2006; Kliegl, 2007). The effects of the neighboring
words were mixed. The predictability of the previous word influenced the fixation
durations on the foveal word such that a less predictable previous word increased the
fixation duration on the foveal word while reading silently. The result implied
continuing processing of a difficult-to-predict previous word during the processing of
the foveal word. The effect of the predictability of the previous word on the fixation
durations on the foveal word was not observed among oral reading instances. The
length of the previous word influenced the first fixation duration on the foveal word
negatively during reading aloud. Since longer words tended to receive multiple
fixations, a previous long word would result in closer previous fixation prior to the
first fixation on the foveal word. That would result in increased parafoveal processing
of the foveal word and hence, shorter first fixation on it. This effect was not observed
among silent reading instances. Lastly, the length of the next word influenced gaze
duration during reading silently. Decreased gaze durations on foveal words when the
next word was a long word was interpreted as the attraction of attention due to
increased activation of a long next word. The positive effect of the predictability of the
next word due to the memory retrieval process (Kliegl et al., 2006) was observed on
gaze duration only when the next word was close to the last fixation on the foveal word
(i.e., the launch site of the next word). There was not a significant effect of the
frequencies of the neighboring words on the fixation durations of the foveal words
with a negligible interaction effect of the launch site of the next word and the frequency
of it on the first fixation of the foveal word.

The effects of prelexical phonological processing on fixation durations assumed by P-
GAG were tested by two prelexical characteristics of words, which were the trigram
frequency and vowel harmony of words. These covariates were selected to reflect
phonotactics in Turkish (Acarturk et al., 2017b). The results were mixed, but there was
evidence for foveal processing of trigram frequency. The processing of vowel harmony
was mostly parafoveal compatible with the previous findings that indicated the
parafoveal processing of vowels (Ashby et al., 2006). A low trigram frequency value
was accompanied by increased gaze durations in both silent reading and oral reading
instances. The decreased first fixation duration, together with increased gaze duration
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for low trigram frequency values while reading aloud, indicated increased fixation
counts on words that have low trigram frequencies. Among familiar words during
reading aloud, the decreasing effect of trigram frequency on gaze duration was weaker,
though it was not lost, and its effect on first fixation duration was positive, which
implies prelexical phonological processing with fewer fixation counts. If the previous
word was an infrequent word, a decreasing effect of trigram frequency on the first
fixation duration was observed, and the decreasing effect on gaze duration was
stronger during reading silently. However, if the previous word was an infrequent
word, a broken rule of vowel harmony resulted in shorter fixation durations. A broken
rule of vowel harmony of the next word, on the other hand, increased fixation durations
on the foveal word indicating parafoveal processing of vowels. The effect was lost if
the foveal word was an infrequent word, implying less parafoveal processing due to
increased foveal load. Trigram frequency of the next word influenced the first fixation
durations during reading aloud positively if the foveal word was a long or an infrequent
word and negatively if the foveal word was a short or frequent word. The result implies
that if the foveal word was an easy word, there was room for parafoveal processing of
the trigram frequency of the next word; however, if the foveal word was a difficult
word, the parafoveal processing was observed only when the trigram frequency of the
next word was high.

As a measure of postlexical processing difficulty, increased FSI values yielded longer
fixation durations during reading aloud. In the current study, the spatial distance
between the eyes and the voice during reading aloud (EVS) was selected as a measure
of memory load in the memory buffer of P-GAG during postlexical processing. The
results of the LMMs indicated that the relationships between EVS and fixation
durations were negative, implying that words that require shorter identification time
allow the buffer to hold more words. The weaker negative effect of EVS on gaze
duration (GD) when the eyes were on the word during articulation of it supported the
claim. The results were compatible with the results of a baseline-category logit model
(BCLM) analysis presented in APPENDIX D. According to the results of BCLM,
easier words (i.e., short and high-frequency words, and highly predictable words) and
higher memory capacity of the participants (i.e., higher scores of Corsi-Block and
digit-span tests) increased the probability of retaining more words in the buffer.

Up to this point, mostly, the significant estimates were interpreted. In Table 5.3,
estimates of all LMM parameters for the first fixation duration for both reading
modalities (i.e., oral vs. silent reading) are presented. In Table 5.4, the same table for
gaze duration is presented.
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Table 5.3 LMM parameter estimates for First Fixation Duration (FFD) in oral vs. silent reading

Oral Reading Silent Reading
Fixed effects: Estimate Esrtr(jdr df t value Pr(>|t) zltg?:é Estimate Esrtrdo'r df tvalue  Pr(>ft|) SS',[%?J];
Intercept 560 002 2667 27085 <2E-16 p<.0001 | 549 002 3471 33070 <2E-16  p<.0001
(ng‘;mab""y g n -0.02 0.02 1632  -0.83 0.41 NS 003 002 1673 -181  0.07 NS
(S;Erg)freq“ency of word n 002 001 2456  -255 001  p<.05 | -003 001 2558 -585 151E-08 p<.0001
m[g)'e”gth of word n 078 022 2065 349 583E-04 p<.0001 | 103 018 2353 562 531E-08 p<.0001
WLO quad. 1097 153 209.9 -717 124E-11  p<.0001
(Ssugc');‘ count of word n 0.04 0.01 179.6 449  126E-05 p<.001 | 002 00l 180.3 395 112E-04 p<.0001
(TT”Fgg)am frequency of word n 0.04 0.02 210 2.55 0.01 p<.05 | -001 001 2437 -045 065 NS
2(%"8)' harmony of word n 0001 002 2103  -005 096 NS 0002 001 235 018 085 NS
Familiarity 001 002 1711 031 0.76 NS 002 002 1118 127 020 NS
(Sg\a/tg' eye voice span -0.03 0.01 1377  -338  9.54E-04 p<.0001 - - - - - -
(FFi)éal‘;iO” speech interval 0.16 002 9686 905 <2E-16 p<.0001 : : i i i -
(RF;':""IFF‘,’)E first landing position 5 5 003 10910 1861 <2E-16 p<.0001 | 024 002 6917 1104 <2E-16  p<.0001
RFLP quad. 200 010 10560  -1918 <2E-16 p<.0001 | -210 008 8514 -2578 <2E-16  p<.0001
(Lfg(;‘)Ch site of word n 0.02 001 2071 262 001  p<.00l | 003 001 345 444 122E-05 p<.0001
gi‘;icmbi"ty of word n-1 002 001 1824  -1.93 006 NS 002 001 194 -379 204E-04 p<.0001
Stem frequency of word n-1 001 001 1697 073 0.47 NS 001 001 1923 -165 0.0 NS

(SF1)
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Word length of word n-1

(WL1)

Suffix count of word n-1

(SC1)

Predictability of word n+1

(P2)

Stem frequency of word n+1

(SF2)

Word length of word n+1

(WL2)

Suffix count of word n+1

(SC2)

Trigram frequency of word n+1

(TF2)

Vowel harmony of word n+1

(VH2)

Launch site of word n+1

(LS2)

WLO x SFO

WLO x SF2

WLO x TF2

WLO x VH2

SFO x SF2

SFOx TF2

SFO x VH2

SF1 x SFO

SF1x TFO

SF1 x VHO
Familiarity x TFO
Familiarity x VHO
WL1 x LSO

0.60

0.01

-0.01

-0.001

0.07

-0.004

-0.01

-0.01

0.02

0.05
0.11
-1.19
0.19
0.01
-0.02
-0.01
0.004
0.01
-0.002
-0.04
0.01
0.48

0.24

0.01

0.01

0.01

0.24

0.01

0.02

0.02

0.01

0.07
0.10
0.30
0.24
0.004
0.01
0.01
0.004
0.01
0.01
0.02
0.02
0.18

184.8

176.7

184.3

165.2

174.4

178.5

172.3

160.8

10480

241.7
188
191.6
184
178.2
195.6
183.2
183.2
181.1
178.5
3625
1024
1422

2.57

1.17

-0.55

-0.09

0.28

-0.49

-0.52

-0.35

2.49

0.71
1.08
-3.91
0.82
1.70
-2.46
-1.31
1.14
0.62
-0.24
-2.28
0.37
2.72

0.01

0.24

0.59

0.93

0.78

0.63

0.61

0.73

0.01

0.48
0.28
1.29E-04
0.42
0.09
0.01
0.19
0.26
0.54
0.81
0.02
0.71
0.01

p<.05
NS
NS
NS
NS
NS
NS
NS

p <.05

NS
NS
p <.0001
NS
NS
p<.05
NS
NS
NS
NS
p <.05
NS
p <.001

0.18

-0.01

-0.01

0.01

0.20

0.01

-0.01

0.03

-0.01

0.08
0.07
-0.45
-0.16
-0.002
-0.0004
0.01
-0.001
0.01
0.01
-0.02
-0.01
0.14

0.17

0.01

0.01

0.01

0.17

0.01

0.02

0.01

0.01

0.06
0.08
0.23
0.18
0.002
0.01
0.01
0.003
0.01
0.01
0.01
0.02
0.12

216.3

194.6

216.4

183.7

186.7

186.4

182.5

180.5

232.6

257.8
228.1
199.5
204.6
1775
194.4
193.6
201.4
209.4
199
2818
686
10200

1.05

-2.16

-0.49

1.93

1.19

0.76

-0.33

241

-1.45

1.46
0.96
-1.97
-0.92
-0.62
-0.07
0.63
-0.51
2.10
2.11
-1.68
-0.81
1.13

0.29

0.03

0.63

0.05

0.24

0.45

0.74

0.02

0.15

0.15
0.34
0.05
0.36
0.54
0.95
0.53
0.61
0.04
0.04
0.09
0.42
0.26

NS
p<.05
NS
NS
NS
NS
NS

p<.05

p<.05

p<.05
NS
NS
NS



00T

LS2 x SF2 -0.001 0.01 10070 -0.13 0.89 NS 0.01 0.004 198 2.02 0.04 p <.05

LS2 x P2 -0.01 0.01 7432 -0.44 0.66 NS -0.01 001 1773 -0.81 0.42 NS

Random effects: Oral Reading Silent Reading

Groups Name Variance Std.Dev. Variance Std.Dev.

Participant Intercept 0.0151 0.12 0.0161 0.13
Predictability of

Participant word n - - 0.003 0.06
(PO)
Stem frequency of

Participant word n 0.0003 0.02 - -
(SFO0)
Word length of

Participant word n 0.2869 0.54 0.3653 0.6
(WLO)
Spatial eye voice

Participant  span 0.0016 0.04 - -
(EVS)
Launch site of

Participant word n - - 0.0014 0.04
(LS0)
Stem frequency of

Participant word n+1 - - 0.0004 0.02
(SF2)

Word Intercept 0.0031 0.06 0.0012 0.04
Spatial eye voice

Word span 0.0017 0.04 - -
(EVS)
Launch site of

Word word n 0.0014 0.04 - -
(LS0)
Launch site of

Word word n+1 - - 0.0006 0.02

(LS2)



T0T

Residual 0.1285 0.36 0.0992 0.31

The number of obs. 11081 12225
Groups Participant 196
Word 192

An x between variables indicates interaction. Significant coefficients were set bold (NS: not significant). VH estimates belong to category 1 (violation of the rule), and

Familiarity estimates belong to category 1 (unfamiliar).

Table 5.4 LMM parameter estimates for Gaze Duration (GD) in oral vs. silent reading

Oral Reading Silent Reading
Fixed effects: Estimate srtfdr df  tvalue  Pr(>ft) 21%?{'; Estimate Esrtrddr df  tvalue  Pr(>ft) z't?;l:‘;
Intercept 6.18 0.02 238.5 31177 <2E-16 p<.0001 5.75 0.03 3011 20556 <2E-16 p<.0001
E’F[g;““ab""y of word n 001 002 1874 024 08l NS 004 003 1895 -146 0.5 NS
(Sstlirg)freq“ency of word n -0.06 001 2265  -7.98 7.28E-14 p<.0001 | -0.09 001 2369 -963 <2E-16 p<.0001
Y\y&[g)'e”gth of word n -6.22 0.23 2188 2720 <2E-16 p<.001 | -440 030 1969 -1472 <2E-16 p<.0001
(Ssug(');‘ count of word n 0.03 0.01 189.9 310 223E-03 p<.001 | 004 001l 1913 321 156E-03 p<.001
(TTrli:gor)am frequency ofwordn o, 0.02 2069  -2.14 0.03 p<.05 | -006 002 217 -2.45 0.02 p<.05
Xﬁ’:"’g)' harmony of word n 0.01 0.02 225.9 0.42 0.67 NS 002 002 2296 -1.12 0.27 NS
Familiarity 0.02 0.02 3664 1.33 0.18 NS 002 002 3747 100 0.32 NS
(Sé’f‘/téa)' eye voice span 016 001 10950  -32.48 <2E-16 p<.0001 | - - - - - -
(FFi)éal‘;iO” speech interval 0.65 0.02 253 3803 <2E-16 p<.0001 . i . . i .
FSI quad. -0.08 0.03 1897  -2.76 001  p<.001 - - - - - -
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Relative first landing position
(RFLP)

RFLP quad.

Launch site of word n
(LS0)

Predictability of word n-1
(P1)

Stem frequency of word n-1
(SF1)

Word length of word n-1
(WL1)

Suffix count of word n-1
(SC1)

Predictability of word n+1
(P2)

Stem frequency of word n+1
(SF2)

Word length of word n+1
(WL2)

Suffix count of word n+1
(SC2)

Trigram frequency of word n+1
(TF2)

Vowel harmony of word n+1
(VH2)

Launch site of word n+1
(LS2)

WLO x SFO

WLO x SF2

WLO X TF2

WLO x VH2

SFO0 x SF2

SFO X TF2

-0.10
-0.08
0.03

-0.01

-0.003

0.19

-0.01

0.001

0.01

0.02

0.002

-0.004

0.06

-0.14

0.13
0.14
0.14
0.10
0.0003
0.01

0.02
0.07
0.01

0.01

0.01

0.24

0.01

0.01

0.01

0.24

0.01

0.02

0.02

0.01

0.07
0.10
0.31
0.24

0.004

0.01

10840
10570
210.4

187.3

184.1

190.3

189.3

194

185.3

188.3

187.9

182.9

176.7

426.7

224.9
192.8
195.7
190.7
186.5
202.5

Zo835
-1.09
5.84

-1.02

-0.28

0.79

-1.29

0.08

1.60

0.08

0.22

-0.18

3.40

-25.79

1.75
1.36
0.45
0.43
0.07
0.51

9.08E-08
0.28
2.01E-08

0.31

0.78

0.43

0.20

0.94

0.11

0.94

0.83

0.86

8.46E-04

< 2E-16

0.08
0.17
0.65
0.67
0.94
0.61

p <.0001
NS
p <.0001

NS
NS
NS
NS
NS
NS
NS
NS
NS

p <.0001

p <.0001

NS
NS
NS
NS
NS
NS

-0.32
-0.20
0.04

-0.04

-0.02

0.28

-0.01

-0.01

0.01

0.83

0.02

-0.001

0.08

-0.17

0.32
0.11
-0.15
-0.34
0.002
-0.0002

0.02
0.09
0.01

0.01

0.01

0.32

0.01

0.02

0.01

0.32

0.01

0.03

0.02

0.01

0.10
0.14
0.41
0.32
0.01
0.01

12120
11510
12040

195.7

188.2

196.3

189.2

198.9

182.2

188.9

189.2

184.7

184.4

568.1

223.3
199.3
193.1
195.8
183.2
190.7

-13.77
-2.29
7.48

-2.96

-1.31

0.85

-0.89

-0.77

1.23

2.61

1.22

-0.04

3.39

-23.57

3.23
0.79
-0.36
-1.06
0.51
-0.02

<2E-16
0.02
8.12E-14

3.46E-03

0.19

0.39

0.37

0.45

0.22

0.01

0.22

0.97

8.42E-04

< 2E-16

1.41E-03
0.43
0.72
0.29
0.61
0.99

p <.0001
p<.05
p <.0001

p<.001
NS
NS
NS
NS
NS

p <.001
NS
NS

p <.0001

p <.0001

p <.001
NS
NS
NS
NS
NS



€0t

SFO x VH2 0.03 0.01 188.5 2.20 0.03 p <.05 0.03 0.02 1884 1.66 0.10 NS
SF1 x SFO 0.002 0.004 191.9 0.46 0.65 NS 0.0004 0.01 191.8 0.08 0.93 NS
SF1x TFO 0.004 0.01 185.8 0.50 0.62 NS 0.02 0.01 1949 2.02 0.05 p<.05
SF1 x VHO 0.003 0.01 190.4 0.29 0.77 NS 0.03 0.01 1905 227 0.02 p <.05
Familiarity x TFO -0.04 0.01 7784 -3.27  1.09E-03 p<.001 -0.02 0.02 8398 -0.99 0.32 NS
Familiarity x VHO -0.01 0.02 2425 -0.38 0.70 NS 0.01 0.02 2379 0.60 0.55 NS
WL1x LSO 0.05 0.12 145.1 0.41 0.68 NS 0.07 0.13 11940 0.54 0.59 NS
LS2 x SF2 -0.002 0.003 5563 -0.63 0.53 NS -0.003 0.004 11890 -0.61 0.54 NS
LS2 x P2 -0.02 0.01 8304 -2.13 0.03 p<.05 -0.03 0.01 8470 -3.00 2.75E-03 p<.001
EVS x FSI 0.11 0.02 5293 6.15 8.14E-10 p<.0001 - - - - - -
Random effects: Oral Reading Silent Reading

Groups

Name

Variance Std.Dev. Variance Std.Dev.

Participant

Participant

Participant

Participant

Participant

Participant

Participant

Intercept
Predictability of
word n

(PO)

Stem frequency of
word n

(SF0)

Word length of
word n

(WLO)

Suffix count of
word n

(SC0)

Fixation speech
interval

(FSI)
Predictability of
word n-1

(P1)

0.0062 0.08 0.0313 0.18

0.0024 0.05 0.0019 0.04

- - 0.0007 0.03

0.577 0.76 - -

- - 0.0006 0.03

0.0075 0.09 - -

- - 0.0009 0.03



Stem frequency of

v0T

Participant word n+1 0.0002 0.01 - -
(SF2)
Suffix count of

Participant word n+1 - - 0.0002 0.02
(SC2)
Launch site of

Participant word n+1 0.0009 0.03 0.0016 0.04
(LS2)

Word Intercept 0.0047 0.07 0.009 0.09
Fixation speech

Word interval 0.016 0.13 - -
(FSI)
Launch site of

Word word n 0.0007 0.03 - -
(LS0)

Residual 0.0576 0.24 0.1107 0.33

The number of obs. 11081 12225

Groups Participant 196
Word 192

An x between variables indicates interaction. Significant coefficients were set bold (NS: not significant). VH estimates belong to category 1 (violation of the rule), and
Familiarity estimates belong to category 1 (unfamiliar).



5.4. Relative First Landing Position (RFLP)

As mentioned previously, P-GAG is based on SWIFT, a guidance by attentional
gradient (GAG) model. Therefore, in the model, there is not any default target for the
next saccade (Engbert et al., 2005; Richter et al., 2006), in contrast to sequential
attention shifts (SAS) models in which the target of the next saccade is word n+1
(Reichle et al., 2006; Pollatsek et al., 2006). As it is the case for SWIFT, the target
selection process in P-GAG is a probabilistic and competitive process depending on
the activation levels of the words. Since P-GAG is a theoretical framework, rather than
a computational eye-movement model, mathematical specification of the saccade
generation process is beyond the scope of the current study. However, we assume that
the word identification process and postlexical difficulty of a word influence the target
selection process through the restriction put on the maximum values of the activations
of words due to their difficulty. Accordingly, more difficult words would receive
multiple fixations with the first fixation on closer to the beginning of the word.

The assumptions of P-GAG regarding saccade target selection were tested by an LMM
for Relative First Landing Position (RFLP). As expected, in addition to low-level
visual processing of word boundaries (i.e., word length) and Launch Site (LS), lexical
and prelexical word characteristics and postlexical difficulty measures (i.e., the eye-
voice span measures) influenced the location of the fixation on the word. The details
of the results are presented in the following sub-sections.

5.4.1. Covariates Specific to Oral Reading

The effects of spatial measure of the eye-voice span (EVS) and fixation speech interval
(FSI) on RFLP were significant (EVS: b =0.02, SE = 0.002, t = 6.65, p < .001; FSI: b
=-0.06, SE = 0.01, t = -8.63, p < .001). Greater EVS values and shorter FSI values
accompanied first fixations closer to the center of the words (see Figure 5.31).

Oral Reading Oral Reading

— L

Relative First Landing Position
Relative First Landing Position
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Spatial Eye-Voice Span Fixation Speech Interval [ms]

Figure 5.31 The effects of EVS and FSI on RFLP. RFLP values of 0 indicate the center, RFLP values
below 0 indicate the left half, and RFLP values above 0 indicate the right half of the word n. Units of
EVS and FSI on the x-axis are log-transformed values. Line and 95% confidence band (shown in
grey) are partial effects, retrieved from LMM estimates by using the reme £ package (Hohenstein &
Kliegl, 2015).

As it was observed that first fixations closer to the left edge of the words associated
with increased multiple fixation probability (see Figure 5.13), the result suggests that
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words that receive the first fixation closer to the left edge of them require longer
postlexical processing times (i.e., longer FSI) and allow fewer items to be held in
memory buffer during FSI (i.e., shorter EVS). The result suggests that postlexical
processing difficulty and memory load influenced the target selection process during
reading aloud.

5.4.2. Common Covariates and Interactions for Relative First Landing Position
Canonical effects — launch site.

Launch site (LSO) influenced RFLP significantly for both reading modalities (oral
reading: b = -0.08, SE = 0.003, t = -27.06, p < .001; silent reading: b = -0.09, SE =
0.002, t = -39.94, p < .001). The interaction term included in the models to take the
cost of skipping word n-1 into account (i.e., WL1 x LSO) was significant as well (oral
reading: b =-0.38, SE = 0.08, t = -5.04, p <.001; silent reading: b = -0.41, SE = 0.05,
t =-8.04, p <.001). As the distance between the previous fixation and the beginning
of the word got longer (i.e., high LSO values) first fixations tended to land closer to the
left edge of the words while first fixations tended to land around the center of the words
when LSO got shorter. The stronger negative effect for short words n-1 imply a
skipping cost for high LSO values (see Figure 5.32).

Oral Reading 7 Silent Reading
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2 3 I3 6 7 &9
Launch Site of Word n

| e

2 3 4
Launch Site of Word n

Relative First Landing Position

Relative First Landing Position

Oral Reading Silent Reading

WLI categories WLI categories

— Long word n-1 — Long word n-1

= = Short word n-1 = = Short word n-1

Relative First Landing Position
Relative First Landing Position

‘ _Launch Sit; ol‘\)\-‘n:'d n R ‘ Launch Sil; nf\’\"n]l'd n )
Figure 5.32 The effects of LS (first row of the figure), and its interaction with WL1 (second row of the
figure) on RFLP. RFLP values of 0 indicate the center, RFLP values below 0 indicate the left half, and
RFLP values above 0 indicate the right half of the word n. Units of LS on the x-axis are log-2
transformed values. Categories of WL1 are short words (8 characters and shorter) and long words (9
characters and longer). Line and 95% confidence band are partial effects, retrieved from LMM
estimates by using the reme £ package (Hohenstein & Kliegl, 2015).
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Canonical effects — immediate effects of word n characteristics.

Among lexical characteristics of word n WLO influenced RFLP significantly (oral
reading: b =0.77, SE =0.08, t = 9.55, p <.001; silent reading: b =0.77, SE =0.09, t =
8.41, p <.001). In addition to effect of WLO, the effect of SFO on RFLP was significant,
among silent reading instances (b = 0.01, SE =0.003, t = 2.59, p < .05). Longer words
received first fixations closer to their left edge, and shorter words received first
fixations closer to their center in both reading modalities. Overall, first fixation
locations were closer to the center among silent reading instances relative to oral
reading instances. The effect of SFO on RFLP during reading silently indicates that
more difficult words (i.e., low SFO values) received first fixations closer to their left
edge. The result implies that the target selection process was not exclusively
orthographic but influenced by lexical processing during reading silently (see Figure
5.33).

Oral Reading Silent Reading

Relative First Landing Position
Relative First Landing Position

6 § 0 12 14 4 6 8 0 12 14
Word Length of Word n Word Length of Word n
Silent Reading

05

Relative First Landing Position

-IL \I) \I
Stem Frequency of Word n
Figure 5.33 The effects of WLO (both modalities) and SFO (silent reading) on RFLP. RFLP values of

0 indicate the center, RFLP values below 0 indicate the left half, and RFLP values above 0 indicate
the right half of the word n. Units of WLO on the reversed x-axis are reciprocal lengths of word n.
Units of SFO on the x-axis are log-10 transformed values of frequencies per million. Line and 95%
confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the
remef package (Hohenstein & Kliegl, 2015).
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Lag- and successor-effects.

Among lexical characteristics of word n-1, length of word n-1 (WL1) influenced RFLP
significantly in both reading modalities (oral reading: b = -0.43, SE = 0.09, t = -4.92,
p <.001; silent reading: b =-0.7, SE = 0.1, t = -6.98, p < .001). In addition to WL,
SF1 during reading aloud, and P1 during reading silently influenced RFLP
significantly (oral reading, SF1: b =-0.01, SE = 0.003, t =-2.32, p <.05; silent reading,
P1: b =0.01, SE =0.004, t = 2.54, p <.05). The first fixations on word n tended to be
closer to the center of the word when word n-1 were words that tended to receive
multiple fixations (e.g., long and low-frequency words n-1) and hence received closer
last fixations to the foveal word. Since more predictable words tended to be skipped,
whenever word n-1 was a predictable word first fixation on word n was closer to the
center as a result of closer fixations to the right edge of word n-1 (see Figure 5.34).

Oral Reading Silent Reading
0 0.5
=1 =]
] 1=
= 0 = 02
Z z
<} <]
a. ey
on =}
£ E
k= =]
£ 5]
3 0 5 0
2 B
2] v
= B
5 =
=02 =02
3 v
o -
0.5 r r — 05 T r r —
6 8 10 12 14 16 18 20 6 8 10 1214 16 18 20
Word Length of Word n-1 Word Length of Word n-1
Oral Reading Silent Reading
0 0
= ]
S 5=
0 = 02
Z 7
<] S
& =
o0 &
=] =}
E =]
4 0 5 o
= =
Z Z
= 2
o v
2 2
= 02 502
2] (3]
-] =4
0.5 r : - r : 05 : ———— r
-1 0 1 2 3 4 0.05 0.15 025 035045055065 075 085 0.9¢
Stem Frequency of Word n-1 Predictability of word n-1 [probability]

Figure 5.34 Lag-effects on RFLP. RFLP values of 0 indicate the center, RFLP values below 0 indicate
the left half, and RFLP values above 0 indicate the right half of the word n. Units of WL1 on the
reversed x-axis are reciprocal word lengths, of SF1 on the x-axis are log-10 transformed values of

frequencies per million, and of P1 on the x-axis are logit-transformed. Line and 95% confidence band

(shown in grey) are partial effects, retrieved from LMM estimates by using the reme f package
(Hohenstein & Kliegl, 2015).

Among successor effects, P2 influenced RFLP significantly in both reading modalities
(oral reading: b =-0.01, SE = 0.005, t = -2.43, p < .05; silent reading: b =-0.01, SE =
0.01, t =-2.08, p <.05). In addition to P2, WL2 influenced RFLP significantly during
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oral reading (b = 0.22, SE = 0.09, t = 2.51, p < .05). Words that have less predictable
next words tended to receive first fixations closer to their centers. Since predictability
is mainly the effect of the context, the result implies that the target selection process
was influenced by the context such that if the next word was a less predictable word,
eyes tended to land closer to it. Additionally, during reading aloud, eyes tended to land
closer to the center of word n if the next word was a short word (see Figure 5.35).
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Figure 5.35 Successor-effects on RFLP. RFLP values of 0 indicate the center, RFLP values below 0
indicate the left half, and RFLP values above 0 indicate the right half of the word n. Units of P2 on the
x-axis are logit-transformed, and of WL2 on the reversed x-axis are reciprocal word lengths. Line and
95% confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the

remef package (Hohenstein & Kliegl, 2015).

Prelexical phonological processing effects.

Trigram frequency of word n (TF0) and vowel harmony of word n+1 (VH2) influenced
RFLP significantly during both reading modalities (oral reading, TFO: b = 0.01, SE =
0.01, t = 2.27, p < .05; silent reading, TFO: b = 0.01, SE = 0.01, t = 2, p < .05; oral
reading, VH2: b =-0.01, SE = 0.01, t = -2.27, p < .05; silent reading, VH2: b =-0.02,
SE =0.01, t =-2.22, p <.05). Words that had low TFO values received first fixations
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closer to the left edge of them. The effect of a broken rule of VH2 on RFLP was a
slightly closer first fixation to the left edge of the word (see Figure 5.36).
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Figure 5.36 The effect of TFO and VH2 on RFLP. RFLP values of 0 indicate the center, RFLP values
below 0 indicate the left half, and RFLP values above 0 indicate the right half of the word n. Units of
TFO on the x-axis are log-10 transformed values of frequency per million. Line and 95% confidence
band (shown in grey) are partial effects of TFO. The partial effects of TFO and VH2 were retrieved
from LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

Visual acuity hypothesis.

According to the hypothesis, the length of the foveal word would influence the
parafoveal-on-foveal effects of the characteristics of the next word. To test the
hypothesis, the interactions between WLO and prelexical characteristics and stem
frequency of word n+1 (i.e., TF2, VH2, and SF2) included in the eye-movement
measure models. An additional covariate, the launch site of word n+1 (LS2), as a
measure of the distance of the next word and its interactions with SF2 and
predictability of word n+1 (P2), included in the models.

WLO was significant. WLO influenced the effect of SF2 on RFLP during reading
silently (b = 0.1, SE =0.04, t = 2.2, p < .05). As SF2 increased, short words tended to
receive first fixations closer to their center while long words tended to receive first
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fixations closer to their left edge. In other words, the relationship between SF2 and
RFLP was positive among short words while it was negative among long words. The
result implies that an increased difficulty of word n+1 due to decreased SF2 resulted
in closer first fixations to the left edge of the word n, which was associated with
increased multiple fixations. The negative effect of SF2 on RFLP among long words
was weak, probably due to the dominating effect of WLO (see Figure 5.37).

Silent Reading
0.5

WLO categories

— Long word n
* = Short word n

Relative First Landing Position
(=

'(.)5 T T T T T T
-3 -2 -1 0 1 2 3 4

Stem Frequency of Word n+1

Figure 5.37 The interaction effect of WLO and SF2 on RFLP. RFLP values of 0 indicate the center,
RFLP values below 0 indicate the left half, and RFLP values above 0 indicate the right half of the
word n. Units of SF2 on the x-axis are log-10 transformed values of frequency per million. Categories
of WLO are short words (4-8 characters) and long words (10-14 characters). Line and 95% confidence
band (shown in grey) are partial effects retrieved from LMM estimates by using the reme £ package
(Hohenstein & Kliegl, 2015).

LS2 influenced RFLP and the effects of SF2 and P2 on RFLP significantly in both
reading modalities. RFLP closer to left edge of words accompanied greater LS2 values
(oral reading: b =-0.05, SE = 0.002, t =-20.92, p < .001,; silent reading: b =-0.07, SE
=0.003,t=-23.5, p<.001). The result was not expected since the first fixations closer
to the left edge of words were associated with refixations, which was expected to result
in shorter LS2 values (see the first row of Figure 5.38). An investigation of the result
by separating data according to WLO revealed that the negative relationship between
LS2 on RFLP was the result of the strong negative relationship between them among
short words, which tend to receive single fixations (see the second row of Figure 5.38).
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Figure 5.38 The effect of LS2 on RFLP (first row of the figure) and the effect of LS2 on RFLP broken
by WLO (second row of the figure). RFLP values of 0 indicate the center, RFLP values below 0
indicate the left half, and RFLP values above 0 indicate the right half of the word n. Units of LS2 on
the x-axis are log-transformed (base 2) values. Categories of WLO are short words (4-8 characters)
and long words (10-14 characters). Line and 95% confidence band (shown in grey) are partial effects
retrieved from LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

The distance of the next word influenced the effect of P2 (oral reading: b = -0.02, SE
=0.004, t = -4.55, p <.001,; silent reading: b =-0.02, SE = 0.004, t = -3.59, p <.001)
and the effect of SF2 on RFLP significantly (oral reading: b = 0.003, SE = 0.002, t =
2.05, p < .05; silent reading: b = 0.01, SE = 0.002, t = 9.15, p <.001). Small negative
effect of P2 on RFLP was lost among words that have greater LS2 values for both
reading modalities. Slightly negative effect of SF2 on RFLP was relatively stronger
among words that have less LS2 values than that of among words that have greater
LS2 values, during reading aloud. Among silent reading instances, on the other hand,
the effect of SF2 on RFLP was slightly positive among words that have greater LS2
values while the effect was stronger and negative among words that have less LS2
values (see Figure 5.39).
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Figure 5.39 Interaction effects of LS2 and P2, and LS2 and SF2 on RFLP. RFLP values of 0 indicate
the center, RFLP values below 0 indicate the left half, and RFLP values above 0 indicate the right half
of the word n. Units of P2 on the x-axis are logit-transformed, and of SF2 on the x-axis are log-10

transformed values of frequency per million. Line and 95% confidence band (shown in grey) are

partial effects, retrieved from LMM estimates by using the reme £ package (Hohenstein & Kliegl,
2015).

Foveal load hypothesis.

As a reminder, two sets of three interaction terms added to LMMSs to test the foveal

load hypothesis as follows:

(1) The effect of foveal load resulted from the difficulty of word n-1: SF1 x SFO,
SF1 x TFO, and SF1 x VHO. The expectation was stronger effects of word n
characteristics due to less parafoveal processing of word n for an infrequent

word n-1.

(2) The effect of foveal load resulted from the difficulty of word n: SFO x SF2,
SFO x TF2, and SFO x VH2. The expectation was weaker effects of word n+1
characteristics due to less parafoveal-on-foveal effect resulted from the
shrinkage of the perceptual span for an infrequent word n.
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The effect of VH2 on RFLP was influenced by SFO in both reading modalities (oral
reading: b =-0.01, SE =0.004, t = -2.28, p < .05; silent reading: b =-0.01, SE = 0.005,
t =-2.19, p < .05). The negative effect of VH2 on RFLP was lost among infrequent
words. SF1, on the other hand, influenced the effect of TFO on RFLP only among oral
reading instances (b = -0.01, SE = 0.003, t = -2.16, p < .05). If word n-1 was an
infrequent word, the positive effect of TFO was weaker during oral reading (see Figure
5.40).
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Figure 5.40 The interaction effects of SFO and VH2, and SF1 and TFO on RFLP. RFLP values of 0
indicate the center, RFLP values below 0 indicate the left half, and RFLP values above 0 indicate the
right half of the word n. Units of TFO on the x-axis are log-10 transformed values of frequency per
million. Categories of SFs are frequent stems (SF > 1.17) and infrequent stems (SF <1.17). Line and
95% confidence band (shown in grey) are partial effects of TFO. The partial effects of TFO and VH2
were retrieved from LMM estimates by using the reme £ package (Hohenstein & Kliegl, 2015).

Mandatory status of prelexical phonological processing.

As a reminder, to test the mandatory status of prelexical phonological processing, two
interactions with familiarity scores (transformed as a categorical covariate) included
in the LMMs: (1) familiarity x TFO, and (2) familiarity x VHO.

The effect of familiarity on RFLP and its influence on the effect of TFO and VHO on
RFLP were not significant. Together with the significant influence of TFO on RFLP,
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the result implies a prelexical phonological processing effect on RFLP independent of
the familiarity of the words.

Morphological complexity.

Only the suffix count of word n (SCO0) influenced RFLP significantly in both reading
modalities (oral reading: b =-0.01, SE = 0.003, t = -3.84, p <.001; silent reading: b =
-0.01, SE = 0.004, t =-2.75, p < .01). An increase in SCO accompanied first fixations
closer to the left edge of word n.
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Figure 5.41 The effect of SCO on RFLP. RFLP values of 0 indicate the center, RFLP values below 0
indicate the left half, and RFLP values above 0 indicate the right half of the word n. Line and 95%
confidence band (shown in grey) are partial effects, retrieved from LMM estimates by using the
remef package (Hohenstein & Kliegl, 2015).

1
Suffix Count of Word n

Although the finding that first fixations closer to the beginning of words together with
increased suffix counts was compatible with the previous research (Yan et al., 2014
for Uighur; and Hyon4 et al. 2018 for Finnish), the effect in the current study should
be interpreted cautiously due to confounding factor of WLO, as stated previously.

5.4.3. Discussion on the Results of the LMMs of Relative First Landing
Position

The assumptions of P-GAG suggested that the target selection mainly depends on the
eccentricities. However, the word identification process and postlexical difficulty of a
word would influence the target selection process. Accordingly, the location of the
fixation on a selected target should be influenced by the activation level of word n.
More difficult words would receive multiple fixations with the first fixation on closer
to the beginning of the word. The results of the LMM of RFLP were compatible with
the canonical effects of low-level visual processing measured by word lengths and LS.
Another effect regarding SCO was compatible with the previous research (Yan et al.,
2014 for Uighur; and Hyond et al. 2018 for Finnish). As SCO increased, the first
fixation on the word tended to land closer to the left edge of the word. Among lexical
effects, the effect of the frequency of word n on RFLP was significant with low-
frequency words that received first fixations closer to their left edges.

The effects of TFO on RFLP suggested that the prelexical phonological processing
difficulty of a word influenced the location of the first fixation on that word. The effect
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was not influenced by the familiarity of the word but influenced by the frequency of
the previous word such that the effect of TFO on RFLP was stronger among infrequent
previous words. The effects of characteristics of word n+1, on the other hand, showed
that distributed processing of words had an influence on RFLP. Lastly, postlexical
difficulty measures (i.e., the eye-voice span measures) influenced the location of the
first fixation on the word. An increase in postlexical processing difficulty resulted in
first fixation locations towards the left edge of the word, which in turn implied multiple
fixations as fixation duration analyses suggested. The words that received first
fixations closer to the left edge of the words tended to allow fewer items in the memory
buffer.

In Table 5.5, estimates of all LMM parameters for relative first landing position for
both reading modalities (i.e., oral vs. silent reading) are presented.
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LTT

Table 5.5 LMM parameter estimates for Relative First Landing Position (RFLP) in oral vs. silent reading

Oral Reading Silent Reading
Fixed effects: Estimate Esrtr(jdr df t value Pr(>[t)) SSItga?lIJ]; Estimate Esrtrdo'r df tvalue  Pr(>ft) SSItgart]LIJz
Intercept -0.15 001 3038 -1835 <2E-16 p<.0001 | -0.12 001 3188 -1340 <2E-16 p<.0001
(ng‘;mabi"ty of Vg 0.01 0.01 170.4 1.19 0.24 NS 001 001 199.8 0.64 0.52 NS
(Sstf;%‘)freq“ency of word n 0.002 0003 2386 0.90 0.37 NS 001 0003 2321 259 0.01 p<.05
mig)'e”gth of word n 077 008 1938 955  <2E-16 p<.0001 | 077 009 1991 841 8.09E-15 p<.0001
(SS“&')))‘ count of word n 001 0003 1828  -384 168E-04 p<.0001 | -001 0004 184 275 001  p<.001
(TTrlizgor)am frequency of word n 0.01 0.01 211.8 2.27 0.02 p<.05 001 001 234 200 0.05 p<.05
X%Vg)' harmony of word n 0.002 0.01 220.5 0.37 0.71 NS 0.0001 001 2351 0.2 0.98 NS
Familiarity 0.01 0.01 1903 1.07 0.28 NS 001 001 2222 152 0.3 NS
(Sé’f‘/tg' eye voice span 0.02 0002 10800  6.65  3.04E-11 p<.0001 - - - - - -
(F;’é?;io” speech interval 006 001 2405  -863 843E-16 p<.0001 - ; ; ; ; ;
(LL"";(;‘)Ch site of word n 0.08 0003 1936  -27.06 <2E-16 p<.0001 | -0.09 0.002 11990 -39.94 <2E-16 p<.0001
(P;i;““ab""y of word n-1 0.01 0.003 1864 1.41 0.16 NS 001 0004 189 254 0.01 p<.05
(sé‘;T)freq“ency of word n-1 001 0003 1761  -2.32 0.02 p<.05 | -0.002 0004 1885 -043  0.67 NS
}’\\,’\j’[‘l’)'e”gth of word n-1 043 009 1931  -492 185E-06 p<.0001 | -070 010 1993 -6.98 419E-11 p<.0001
(SS‘JgB‘ count of word n-1 0.001 0003 1825 041 0.68 NS 0002 0004 2021 -0.55 058 NS
(Ppr;;j":tabi"ty of word n+1 -0.01 0.01 188.6  -2.43 0.02 p<.05 | -001 001 2086 -208 0.4 p<.05
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Stem frequency of word n+1

(2) 001 0002 1723  -1.92 0.06 NS 0001 0003 1791 -043  0.67 NS
\(’\\f\j’ig)‘ength of word i 0.22 0.09 179.6 251 0.01 p<05 | 003 010 188 -026  0.79 NS
(Ssugz")( count of word n+1 0004 0003 1817 121 0.23 NS 0001 0004 1889 -017 087 NS
(TTrEZr;‘m frequency ofgggRi n+1 001 00l 1782  -144 015 NS 001 001 1835 -139 017 NS
Xj’f_"";)' harmogiggFword g 001 00l 1689  -227 002  p<.05 | -002 001 1827 -222 003  p<.05
'(‘fng‘;h site of word n+1 0.05 0002 10590 -2092 <2E-16 p<.0001 | -0.07 0.003 3885 -2350 <2E-16 p<.0001
WLO x SFO 0.04 003 2383 1.54 0.12 NS 001 003 2396 037 071 NS
WLO x SF2 0.02 0.04 1897  -0.64 0.53 NS 010 004 2056 220  0.03 p<.05
WLO x TF2 0.08 011 1953 076 0.45 NS 014 013 1959 -108  0.28 NS
WLO x VH2 0.03 0.09 1897  -031 0.76 NS 007 010 2005 068 050 NS
SFO X SF2 0.001 0001 1823 042 0.68 NS 0.0001 0001 1801 004 097 NS
SFO x TF2 001 0.004 200 -1.65 0.10 NS 001 0004 1908 -172 0.9 NS
SFO X VH2 001 0004 1854  -2.28 0.02 p<.05 | -00L 00l 1884 -219 0.3 p<.05
SF1 x SFO 0.0001 0001  187.3 0.5 0.96 NS 0.00L 0001 1939 042 067 NS
SF1 x TFO 001 0003 1812  -2.16 0.03 p<.05 | -0002 0004 2016 -0.48  0.63 NS
SF1 x VHO 001 0003 1836 1.75 0.08 NS 0.00L 0004 191.7 036  0.72 NS
Familiarity x TFO 0.003 0.1 4383 0.55 0.58 NS 001 001 2079 088  0.38 NS
Familiarity x VHO 0003 001 1157 041 0.68 NS 001 001 1356 -092  0.36 NS
WLL1 x LSO -0.38 008 1703  -504 118E-06 p<.0001 | -0.41 005 11630 -804 9.83E-16 p<.0001
LS2 x SF2 0.003 0002 10650 205 0.04 p<.05 | 001 0002 11850 915 <2E-16 p<.0001
LS2 x P2 002 0004 7443  -455 545E-06 p<.0001 | -002 0004 5734 -359 3.37E-04 p<.0001
Random effects: Oral Reading Silent Reading

Groups Name Variance Std.Dev. Variance Std.Dev.

Participant Intercept 0.0032 0.06 0.0037 0.06
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Predictability of word

Participant n 0.0004 0.02 0.0009 0.03
(PO)
Trigram frequency of
Participant word n - - 0.0002 0.01
(TFO)
Fixation speech
Participant interval 0.0029 0.05 - =
(FSI)
Word length of word
Participant n-1 0.0417 0.2 - -
(WL1)
Suffix count of word
Participant n-1 - - 0.0001 0.01
(SC1)
Predictability of word
Participant n+1 - - 0.0004 0.02
(P2)
Suffix count of word
Participant n+1 - - 0.00004 0.01
(SC2)
Launch site of word
Participant n+1 - - 0.0005 0.02
(LS2)
Word Intercept 0.0005 0.02 0.0007 0.03
Launch site of word n
Word (LSO) 0.0006 0.02 - -
Residual 0.0152 0.12 0.0167 0.13
The number of obs. 11081 12225
Groups Participant 196
Word 192

An x between variables indicates interaction. Significant coefficients were set bold (NS: not significant). VH estimates belong to category 1 (violation of the rule), and
Familiarity estimates belong to category 1 (unfamiliar).






6. DISCUSSION AND CONCLUSION

A set of perceptual and cognitive processes form an assembly at different levels, from
low-level visual perception to high-level discourse comprehension during reading.
Accordingly, research on reading focused on various aspects of the phenomenon, from
oculomotor control, word recognition, and comprehension in skilled reading to reading
skill acquisition and the effect of aging (e.g., Rayner, 1998, 2009a; Blythe & Joseph,
2011; Li et al., 2017). The technical and theoretical tools employed in the reading
research, including behavioral experiments, neuroimaging techniques, and
computational models of eye movement controlling, reflect the diversity of the focus
on various levels of the underlying processes, ranging from prelexical processing and
word recognition to syntactic parsing, sentence comprehension, and discourse
comprehension (see Rayner, 1998, 2009a; Rayner et al., 2012 for reviews). The focus
of the current study was the early prelexical and lexical processes, and postlexical
integration processes involved in word recognition during text reading from a
perspective of eye-movement control modeling. A framework for a computational
model of eye-movement control that includes the role of phonological processes
during reading was provided.

In Rayner’s terms (2009b), the emergence of the computational models of eye-
movement control as the fourth era of reading research, preceded by initial
observations about the basic facts about eye movements, exploring the surface
properties of eye movements, and investigation of cognitive processes underlying
reading with advanced eye-tracking technologies (Rayner, 1998, 2009a, 2009b). Since
the late 1990’s the focus of the reading research has been investigating the validity of
eye-movement control models of reading and their predictions. The theoretical
explanation of the eye-mind link (i.e., the relationship between lexical processes and
eye-movements during reading) provided by eye-movement control models enabled
novel predictions that lead empirical studies and account for counterintuitive findings
(Rayner, 2009b).

In addition to proposed word identification mechanisms, a crucial aspect of eye-
movement control models is their conception of attention and its relation with eye-
movements. Reading is, essentially, the extraction of information embedded in a
configuration of written symbols by exploiting attentional mechanisms and the
oculomotor system. We attend the content of the text and exploit the oculomotor
system to bring the text to fovea most of the time during reading. Therefore, the nature
of the attentional system and its relationship with the oculomotor system is central to
most of the debates in the reading research that employ a computational modeling
approach.

Posner (1980) provided evidence for the dissociated but functionally tied systems of
covert attention and eye movements. Evidence from neuroimaging studies supported
the claim of two systems of overt and covert orienting of attention with a functional
relationship (for reviews of neuroimaging studies, see Petersen & Posner, 2012, and
Buschman & Kastner, 2015).
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Since in the experiments designed to investigate text reading, participants mostly were
allowed to move their eyes freely while their eye-movements were recorded, a
dissociation between the allocation of attention and eye-movements is less obvious
than relatively simple tasks such as orienting attention to an increased luminance in
the peripheral visual field without moving the eyes (e.g., Posner, 1980). However,
studies that employed contingent display technique (McConkie & Rayner, 1975)
provided evidence for the dissociation between covert attention and eye movements.
The contingent display change paradigms provide an investigation of perceptual span
during reading (i.e., the region from which useful information intake is possible during
one fixation). In the gaze-contingent moving-window/mask technique, the amount of
text visible to the participants was manipulated through gaze-contingent windows or
masks (McConkie & Rayner, 1975; Rayner & Bertera, 1979). In the other technique
used to investigate the perceptual span, the gaze-contingent invisible boundary
technique (Rayner, 1975), a target word is replaced by another word or by a non-word
until the eyes crossed an invisible boundary. These techniques test the assumption that
any restriction on the perceptual span would increase the processing times of words.
Studies showed that as the window size decreased or mask size increased, reading
speed and saccade lengths decreased, fixation durations and fixation counts increased
(Rayner, 1975; McConkie & Rayner, 1975; Rayner & Bertera, 1979). Studies on
perceptual span showed that readers obtain useful information 14-15 characters to the
right of fixation and 3-4 characters to the left of it (McConkie & Rayner, 1976; Rayner
et al., 1980; but see Jordan et al., 2016, 2017 for conflicting findings). Cross-linguistic
studies confirm this finding (DenBuurman et al., 1981; Haikio et al., 2009; O'Regan,
1983). The findings that indicate that the asymmetry of the perceptual span was
dependent on the direction of the writing system such that the span was larger to the
direction of reading (right to left direction (Hebrew and Arabic): Pollatsek et al., 1981;
Jordan et al., 2014; vertical direction (Japanese): Osaka & Oda, 1991; Osaka, 1993,;
both horizontal and vertical direction (Mongolian): Su et al., 2020). On the other hand,
the writing system influenced the size of the perceptual span, as well. Studies in
Chinese showed that perceptual span is narrower in Chinese with one character to the
left of the fixation and 2-3 characters to the right of the fixation (Chen & Tang, 1998;
Inhoff & Liu, 1998; see Osaka, 1987, 1992 for a similar result for Japanese). The
findings of an extended perceptual span in the reading direction accepted as evidence
for the assumption that perceptual span is asymmetrical to reading direction due to
covert attention directed accordingly (see Henderson, 1992 for a discussion).
Therefore, most of the successful eye-movement control models of reading assume the
dissociation between covert attention and eye movements with an asymmetric
perceptual span (e.g., Engbert et al., 2002; Reichle et al., 1998).

The eye-movement control models essentially simulate eye movement patterns given
their proposed mechanism for lexical processing, attentional system, and their
relationship with the oculomotor system during reading. In doing so, the models aim
to account for and predict frequently reported effects of word characteristics on eye
movement measures, under their assumptions (Rayner, 1998, 2009a, 2009b; Rayner et
al., 2012; Clifton et al., 2016).

The models of eye-movement control differ in their assumptions about (1) the role of
the cognitive system, (2) the nature of the attentional system, and (3) the relationship
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between the oculomotor system and lexical processing. According to the first
distinction, models are grouped as cognitive-control models (or processing models)
and oculomotor-control models (or primary oculomotor models, or oculomotor
models). In the extreme version of cognitive-control models, eyes stay on a word until
its processing, including postlexical integration, completes, and in that of oculomotor-
control models, eye movements are the result of the oculomotor system and low-level
visual information, almost exclusively (Rayner, 1998, 2009b; Reichle, 2006; Reingold
etal., 2012). Current eye-movement control models are at neither edge of the spectrum
in the sense that they assume the influence of both the oculomotor system and lexical
processing on eye movements, with a differing weight on each system. The second
distinction between eye-movement control models depends on their conception of
attention. According to serial attention shift (SAS) models, attention is conceptualized
as a spotlight that moves over the text serially and monitors eye movements such that
a saccade programming starts upon a shift of attention. According to the guidance by
attentional gradient (GAG) models, attention is a gradient that guides eye movements
rather than a spotlight that monitors eye movements. In SAS models, words are
processed serially depending on the attentional shifts, while GAG models allow words
to be processed in a distributed fashion within the perceptual span. The third distinction
is a distinction related to the other two such that mostly SAS models usually assume
an oculomotor system that is monitored by lexical processing while GAG models
assume an indirect influence of linguistic processes on eye movements. Although the
rough distinctions made here are relevant to the current study in which a framework
for a GAG model was presented, these are not the only possible distinctions available
(Rayner, 1998, 2009b; Reichle et al., 2003; Reichle, 2006; Reingold et al., 2012;
Radach & Kennedy, 2013; Clifton et al., 2016).

The influence of phonological processing in reading is the other crucial aspect of the
current study. The role of sound coding in reading studied (1) as early phonological
processing and its role in lexical access, and (2) as a later phonological representation
of words and its role in short term memory retention and postlexical processing during
reading. Therefore, several experimental paradigms have been employed to study the
role of sound coding in reading, including masked phonological priming, articulatory
suppression, distraction by auditory input, electromyography recordings of
articulatory muscles, gaze-contingent boundary paradigm that accompany tasks such
as naming, lexical decision, semantic categorization, and sentence or text reading (e.g.,
Slowiaczek & Clifton, 1980; Van Orden, 1987; Guerrero, 2005; Inhoff et al., 2004;
Eiter & Inhoff, 2010; Ashby et al., 2006).

There is almost consensus on the role of phonological representations in memory
retention and postlexical processing (e.g., Inhoff et al., 2004; Eiter & Inhoff, 2010;
Inhoff et al., 2011; Laubrock & Kliegl, 2015; for reviews Rayner et al. 2012; Rayner,
1998; Leinenger, 2014) and the role of early phonological processing in reading
acquisition (Blythe & Joseph, 2011; Jared et al., 2016; Milledge & Blythe, 2019).
However, the early role of phonological processing in lexical access for skilled reading
is controversial. That is whether words are accessed only through phonological
representations even by skilled readers (i.e., strong phonological theory), or is there a
structural change in skilled reading with an addition of a route which provides direct
access from the orthography of a word to its lexical entry (i.e., weak phonological
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theory, or dual-route model). Although both approaches include phonological
processing in lexical access, they differ in the mandatory status of it. According to the
dual-route conception of reading of the weak phonological theory, phonological
computation is required when the task requires only (e.g., reading a low-frequency
word or a pseudoword). Strong phonological theory, on the other hand, suggests that
prelexical phonological processing is the default procedure in lexical access such that
phonological representations are always constructed by prelexical phonological
processing without direct access through orthographic lexicon to words (Frost, 1998,
Coltheart et al., 2001). Both theories claim that there is more prelexical influence than
a lexical influence on phonological processing in shallow orthographies that contrasts
with the dominance of the lexical aspect of phonological processing in deep
orthographies (Frost, 2005; Coltheart et al. 2001).

In the current study, a framework for a computational GAG model that includes the
early and late roles of sound coding in reading was proposed. Therefore, the model
proposed in the current study, Phonological-Mediation in Guidance by Attentional
Gradient (P-GAG), was not a computational model but a framework for it. The model
accepted the main assumptions of SWIFT, an eye-movement control model of reading
(Engbert et al., 2002; Engbert et al., 2005; Richter et al., 2006; Schad & Engbert,
2012). As in SWIFT, in P-GAG, words are processed in a distributed fashion within
the perceptual span with an indirect influence on eye movements through their
inhibitory role on autonomous oculomotor processes. In SWIFT, eye movements are
guided by an activation field of words. Activation of words mainly depends on their
distance from the fixation (i.e., eccentricity), while the maximum activation of a word
is limited by its difficulty (i.e., frequency). Activations start to build up parafoveally,
reach their maximum during the preprocessing stage, and decay as a function of
predictability until they are completely processed. Any word that has a non-zero
activation value can be the target of a saccade.

The main distinction between SWIFT and P-GAG is the inclusion of phonological
prelexical processing in word identification and a memory buffer for postlexical
processing. Accordingly, a prelexical phonological processing component was added
to the word identification system of SWIFT. The new component was linked to
preprocessing and lexical completion, as postulated in SWIFT. It was assumed that
prelexical phonological processing could be measured by prelexical word
characteristics that reflect phonotactics (Acartlirk et al.,, 2017b) and adds to the
difficulty of words. Therefore, in addition to their frequencies, the maximum activation
value is influenced by prelexical characteristics of words. According to P-GAG, upon
their identification, words enter to the memory buffer for postlexical text integration
and motor planning for articulation in oral reading. Accordingly, articulating a word
during oral reading accepted as a clear indication of removal from the buffer.
Therefore, fixation speech interval (FSI), which is the time interval between the
beginning of the first fixation on a word and the beginning of the articulation of it
assumed to represent the time course from prelexical phonological processing to
postlexical integration of a word during oral reading. In addition to the inhibitory
connection from the word identification system to the oculomotor system in SWIFT,
in P-GAG, there are inhibitory connections from motor planning to postlexical
processing, and between postlexical processing and second stage of word
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identification (i.e., lexical completion). Therefore, according to P-GAG, any difficulty
in motor planning or word identification delays postlexical processing, and any
difficulty or delay in postlexical processing interferes with word identification.

The assumptions of P-GAG, including those inherited from SWIFT, were tested by
several Linear Mixed Models (LMMs) with data from Turkish Reading Corpus
(Acarturk et al., 2017a). The stimulus target words of Turkish Reading Corpus were
organized according to their lengths, stem frequencies, and suffix counts. Target words
were presented to participants in texts for reading aloud or silently. The reading
modality and conditions that depend on word characteristics were counterbalanced
among participants.

There were seven LMMs in the current study to test the assumptions of P-GAG such
that one LMM of FSI for oral reading, two LMMs of first fixation duration (FFD) for
oral reading and silent reading, two LMMs of gaze duration (GD) for oral reading and
silent reading, and two LMMs of relative first landing position (RFLP) for oral reading
and silent reading. The assumptions of P-GAG related to the distributed processing of
words, which were inherited from SWIFT, were tested by the inclusion of the
characteristics of neighboring words and their interactions with target words in LMMs.
The assumptions related to prelexical phonological processing were tested by the
inclusion of prelexical characteristics of words (i.e., trigram frequencies and vowel
harmonies of target and neighboring words) in LMMs. Lastly, the assumptions related
to postlexical processing were tested for oral reading with an LMM of FSI and by the
inclusion of FSI and the spatial measure of the eye-voice span (EVS) to LMMs for
oral reading instances. It was assumed that FSI would increase with difficulties in
postlexical processing and hence, would reflect difficulties faced during postlexical
processing. On the other hand, the distance of the eyes from the target word at the
beginning of articulation of the target word (i.e., EVS) was assumed to reflect the load
in the memory buffer. To investigate the factors that influence the capacity of the
memory buffer, a baseline-category logit model (BCLM) of the distance in terms of
word count between the target word and the fixated word at the beginning of the
articulation of the target word was provided in APPENDIX D.

The results of the LMMs were compatible with the frequently reported findings in the
literature such that the mean first landing positions were slightly left of the word
centers; saccade amplitudes were approximately 7 characters during reading aloud and
approximately 8 characters during reading silently; mean first fixation duration was
283 ms among oral reading instances and 247 ms among silent reading instances; mean
gaze duration was 511 ms during reading aloud and 381 ms during reading silently;
first fixations that landed towards the center of words had longer durations than they
landed at the edges of words; less frequent words, longer words, less predictable
words, and words had more suffixes fixated longer, tended to receive multiple
fixations, and first fixations closer to their left edges; as the distance of the previous
fixation to the foveal word increased fixation durations increased and eyes tended to
land closer to their edges (for reviews: Rayner, 1998, 2009a, 2009b; Rayner et al.,
2012; Inhoff et al., 2011 for English; Kliegl et al., 2006; Kliegl, 2007; Laubrock &
Kliegl, 2015 for German; Pollatsek et al., 2000; Hyona & Pollatsek, 1998; Jarvilehto
et al., 2009 for Finnish; Yan et al., 2014 for Uighur; Deutsch & Rayner, 1999 for
Hebrew; Paterson et al., 2015 for Arabic; Ozkan et al., 2020 for Turkish). Influences
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of the neighboring words on eye movement measures in the current study were mixed.
Increased fixation durations and the tendency of first landing locations towards the left
edge of the words together with less predictable previous words during reading silently
indicated a spillover of the processing a difficult previous word on the foveal word
while the effect was not observed among oral reading instances. Length of the previous
word influenced first fixation duration and relative first landing position during
reading aloud, while among silent reading instances, the effect was observed only on
relative first landing position. Frequency of the previous word, on the other hand,
influenced relative first landing position only among oral reading instances. Successor
effects of the predictability of the next word and length of the next word on the foveal
word were observed in relative first landing position together with an influence of the
frequency of the next word on first landing position dependent on the length of the
foveal word. For successor effects on fixation durations, although only next word
length influenced gaze duration during silent reading, there was an influence of
predictability on gaze durations in both modalities if the next word was close to the
last fixation on the foveal word.

The results of the LMM s indicated an influence of prelexical phonological processing
on eye movements. In general, words fixated longer, and first fixations tended to land
on the left edges of the words if trigram frequencies of them were low and if the next
word was not respected vowel harmony. The influence of trigram frequency was
stronger if the previous word was an infrequent word, and the influence of the vowel
harmony of the next word was stronger if the foveal word was a frequent word. These
results implied that parafoveal processing was decreased while fixating a difficult
word. The interaction effects mentioned were indicators of foveal load hypothesis but
on parafoveal processing of prelexical characteristics, rather than lexical
characteristics (Kliegl et al., 2006, Kliegl, 2007). Although the effect of trigram
frequency on fixation durations during oral reading was stronger among unfamiliar
words, it was not lost among familiar words, which suggests prelexical phonological
processing, even for familiar words. The familiarity of a word did not change the effect
of trigram frequency while reading silently. The effects of prelexical characteristics of
words on eye movement measures were accepted as signs of early influences of
prelexical phonological processing on word identification times and saccade target
selection.

The mean values of FSI were greater than 600 ms in the current study. That was greater
than FSI found in English and German (486 ms in Inhoff et al., 2011 for English; 561
ms in Laubrock & Kliegl, 2015 for German) but close to that of Finnish (625 ms in
Jarvilehto et al., 2009). The mean values of EVS, on the other hand, were less than the
findings reported in the literature (15-17 characters in Buswell, 1920; 16 characters,
which was computed from first fixation onset in Laubrock & Kliegl, 2015). In Turkish,
among short words, approximately one more word was viewed during FSI while the
eyes tended to be on the same word at the beginning of its articulation for long words
either by staying on the same word or returning to the word. Turkish has a shallow
orthography. Therefore, the discrepancies observed in eye-voice span measures in
Turkish sentence reading with the literature suggests that the distance between the eyes
and the voice might be a function of phoneme count, rather than character count. The
higher values of FSI in Turkish and Finnish, on the other hand, might be an indicator
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of increased need for prelexical phonological processing for languages with shallow
orthographies (Frost, 1998, 2005; Coltheart, 2001).

The increase in FSI together with the increase in memory load (i.e., the effect of EVS),
and decrease in predictability and frequency of words were accepted as an indicator of
a delayed removal from the memory buffer (i.e., late articulation) due to increased
difficulty in postlexical processing, according to P-GAG. Although the negative effect
of word length on FSI was not significant, the results of the additional BCLM analysis
indicated an indirect effect of word length through memory load. According to the
results of BCLM, longer words tended to be fixated at the beginning of their
articulation, either because eyes were not left the word yet at the beginning of
articulation or because eyes returned to the word at the beginning of articulation.
Shorter words, on the other hand, articulated while eyes were on the next word or
further, which is an indicator of increased memory load with more than one word.
Although the effect of word length on FSI was not significant, an increase in FSI,
together with a decrease in word length, strengthens the interpretation of the influence
of memory load. Among the prelexical characteristics of words, only trigram
frequency of the next word influenced FSI, which was modulated by the length and
frequency of the foveal word with stronger effects for short and infrequent words.
Although unfamiliar words articulated later, familiarity did not change the effects of
prelexical characteristics of words on FSI. Lastly, increased suffix count of the
previous word showed a facilitating effect on postlexical processing with decreased
FSI values. However, a more controlled study is required to understand the nature of
the relationship between FSI and suffix counts due to the confounding effect of word
length.

Lastly, as an indicator of postlexical processing difficulty FSI and as an indicator of
memory load EVS influenced eye movement measures. Increased FSI values
accompanied by increased fixation durations and first fixations closer to the left edge
of words, implying that difficulty in postlexical processing result in a delay in word
identification and probably refixations as suggested by P-GAG. On the other hand, for
high EVS values, longer fixation durations and closer first fixations towards the center
of words indicated that words that were easier to identify allowed memory buffer to
hold more items.

In conclusion, in the current study, the P-GAG model of reading as a theoretical
framework for an eye-movement control model that includes the role of sound coding
was proposed. Most of the assumptions of P-GAG was supported by the statistical
analyses. However, there were limitations regarding the experimental study. Firstly, it
is not as evident as prima facie that the fixation durations selected in the current study
reflect lexical access. Especially gaze duration as the sum of fixation durations in the
first pass ignores the difference between processing times and corrective fixations. A
follow-up study by investigating processing times fixation-by-fixation while taking
intra-word forward and backward saccades into account would provide a clearer
picture.® Similarly, it was highly probable that there were effects of processing related
to prosodic features of the text on FSI. The follow-up studies that control prosodic

% We thank Prof. Dr. Reinhold Kliegl for mentioning the limitations of gaze duration as a measure for
the processing time of a word (2019, personal communication).
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features of words would provide a better understanding of the postlexical processes
during FSI.1° The other limitations regarding the empirical study were about the
stimulus set. There was the confounding factor of word length on understanding the
effects of inflectional suffix counts. As a second limitation related to the experimental
study, the prelexical characteristics of words were not controlled for appearance in the
stimulus set. In follow-up studies, the assumptions of P-GAG could be investigated
with control on the stimuli specific to those assumptions. Turkish, with its
agglutinative nature and shallow orthography, would provide a fruitful environment
for the investigation of controversies in reading research regarding both distributed vs.
serial processing and the influence of early prelexical phonological processing.

Last but not least, P-GAG, as a theoretical framework for a computational eye
movement control model of reading, has theoretical limitations inherited from the eye-
movement control modeling approach. Eye-movement control models of reading focus
on a specific and narrow aspect of the complex cognitive processing underlying
reading: the influence of word recognition processes on eye movements while reading
a text. Even the explanations of lexical and postlexical processes are limited in these
models — i.e., they are almost black boxes. They propose a coupled system of
oculomotor processes and linguistic processes mediated by attentional mechanisms,
with a limited explanation of inner processes of word recognition modules. Indeed,
eye movement control models of reading could be deemed as explanations of the
interface between cognitive processes that take place during reading and observable
behavior, eye movements. Despite the fact that they provide a limited explanation of
reading, in the past several decades, the eye-movement control modeling approach
enhanced our understanding of reading as a cognitive process. Owing to the reading
research guided by those models, we learned that linguistic processes do not strictly
guide eye movements, but eyes do not move randomly over the text during reading,
neither. We now know that eye-movements are influenced by the properties of the text.
The assumption of a loosely coupled system of oculomotor processes and linguistic
processes provided a foundation for testing theories of reading with physiological data.
Although it was beyond the scope of the current study, eye movement control models
of reading have the potential for an extension to include higher-level processes like
syntactic processing or discourse comprehension. Despite their current limitations, we
find them promising in the endeavor of understanding cognitive processes, at least
during reading.

10 We thank Prof. Dr. Ozgiir Aydin for reminding the influences of prosodic features of the text (2020,
personal communication).
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APPENDICES

APPENDIX A: Stimuli and Comprehension Questions

Stimulus Texts

Short-Frequent Condition

Suffix | Word Text
) asit Kapakeik ters ¢alistyor ve midenin salgiladigi asit yemek borusunu tahris ediyor,
siz de surekli 6ksurip tiksiriyorsunuz.
. Zaman kapsiiliiniin i¢indeki esyalar asitte yitkanmalarinin ardindan piring bir
-DA | asitte C .
kutuya yerlestirilmislerdi.
. o Tuz, kimyada, bir tepkime neticesinde olusan maddedir ve bazdaki pozitif yiiklii
-DAKi | asitteki . L - -
iyonla asitteki negatif yuklli iyondan meydana gelir.
Teknenin tagtyabilecegi tatli su miktari belirlenirken teknenin tasarimeisinin
- depo . . A .
planlarinda hangi miktar depo hacimleri 6ngordiigii incelenmelidir.
Uzun yillar boyunca depoda bekleyen gegmisim, bana diinyayla arasina duvarlar
-DA | depoda .. - .
oren bir tlilkeyi hatirlatti.
_DAKi | depodaki Kitle I(;Indtfkl her plrey depodaki farkl bir bilgiyi secip ulasabilir ve yayinct
kurulusa gonderebilir.
Uretim ortamlar1 hazirlanarak alman doku pargalarinin bu ortamlara konulmasiyla
- doku . . . . .. .
koklendirme islemleri gergeklestirilmektedir.
Hastanin hormon tedavisinden faydalanip faydalanamayacagini gérmek i¢in alinan
-DA | dokuda . . A "
kanserli dokuda dstrojen ve progesteron reseptdrlerini tayin etmek gereklidir.
DAKi | dokudaki Erigkin kok hiicreler her yastaki insanda bulunmakta ve ihtiya¢ duyuldugunda
bulunduklar1 dokudaki degisik hiicre tiirlerine doniisebilmektedirler.
) etiit Haftada bir giin, cuma 6glenleri okulun etlt salonunda toplanip, musir - ¢itir atardik
birbirimize.
. Heyecanliydim ¢iinkii bir giin 6nceki etiitte kartlarin1 alamayan ve kartsiz kalan
-DA | etitte - N
cocuklar o giin 6gle yemegine ¢ikamayacakt.
. s Ogrencilerin okuldaki durumlarindan etiitteki basarilarina kadar cesitli konularda
-DAKi | etiitteki o L o .
Ogrencileri takip etmenizi saglayan bir sistemdir.
Merkez bu y1l da ¢ocuklarin sosyal ve toplumsal degerine katkida bulunmak
- fuar U <
amaciyla fuar boyunca elde edecegi geliri ¢ocuk yuvasina bagiglayacak.
Sehir ekonomisine katki saglamak ve ticari hayat1 hareketlendirmek amaciyla
-DA | fuarda - . - . . .
duzenlenen fuarda ziyaretgiler aradiklar1 tiim materyalleri bulabilecekler.
DAKi | fuardaki Farkl tilkelerden vgelen 21yaret.g:.11erm fuardaki mevcut firmalarla markalarin
bulusturmalar1 saglanarak yeni is firsatlar1 ortaya ¢ikmustir.
) gise Maddenin asliyla muhatap olunup olunmadigi bilinemez. Agik¢asi konu hakkinda

gise rekorlart kiran filmler bile ¢ekilmisken bu teoriye kulak kabartmamak olmaz.
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Suffix | Word Text
. Onda seytan tiiyii var: Cevirdigi filmler gisede basarilt oluyor, daha 6nemlisi, 6zel
-DA | gisede e .
hayatini filmlerinin 6niine gegirmiyor.
_DAKi | gisedeki E§k1 kh.se}.f.e"uygun olarak, bilet almak icin sirada bekleyen miisterilere ragmen
gisedeki biitin memurlar o anda moladaydi.
i i Rock miizigin 6nemli isimlerinden olusan jiri tarafindan yapilacak elemelerin
J ardindan finale katilma hakki kazanan gruplar, canli performanslartyla yarisacak.
DA | iiiride Fotograf Sanatt Kurumu {iyelerinin juride bulunmalari tamamen iradeleri diginda
J geligmistir.
A Hemen rezervasyon defterlerine bakip jurideki isimleri ariyorlar ve 68 kisilik
-DAKi | jurideki . C e e
ekipten sadece 8 kisinin geldigini 6greniyorlar.
) — Asya'nin en ¢ok niifus barindiran kit olmast 6zelligi korunmaktadir. Ustelik
toplam niifus i¢indeki pay1 da artmustir.
Giinese tapmak, bir zamanlar egemen oldugu kitada kutsalligini kaybetmis olsa da
-DA | kitada - - -
etkisini yeni yontemlerle strduriyor.
. . Avustralya onbinlerce yildir kitadaki yerliler tarafindan yurt edinilmis olmakla
-DAKki | kitadaki . - _ A
birlikte, yakin zamana kadar diger tlkelerce bilinmiyordu.
Kalenin denize hakim olusu ve ticaret yollarinin birlestigi noktada bulunusu £z
- kiyt . ; - .. .
kontroll amagh bir yap1 oldugunu géstermektedir.
DA | kivida Merdivenlerden inin ve masmavi denizin izyida turkuaza doniistiigii bu minik
Y sahildeki dalgalarin keyfini ¢ikarmadan sakin buradan ayrilmayin.
_DAKi | kiyidaki Q?ell{kle baskl‘n a}ﬂarlnda kiyidaki dalgalarin hareketliligi dengemizi bozabilecegi
icin agirlik secimini uygun ayarlamaliyiz.
Bu ¢are arayisinda ben biliyorum anlayisi yok. Diyalog var. Burada en dnemlisi
- masa .
masa etrafinda sorunlari tartigabilmek.
Bu tozlu baraka senelerdir 6nemli bir bilgi akis noktasi olmustu. Dolayistyla
-DA | masada - . . C e
birazdan masada duran zarfin iginden ¢ikacaklar da 6nemli gériiniiyordu.
DAKi | masadaki Kasabaya yakin olmanin avantajindan masadaki gilek recelini tadarak
yararlaniyoruz.
) ofis Saatlerce oturarak ¢alisan bir kisinin ofis sartlar1 ergonomik degilse bu kisi saglik
problemlerine gebedir.
. iki yil1 bulan ekonomi muhabirligi gérevinden sonra vaktinin biiyiik bir kismini
-DA | ofiste . . . . e
ofiste gecirmesinin nedeni olan editorliik siireci baslar.
. . . Caligsanlarla birlikte kendi sosyal komiinlerini kuran kediler mekana yeni bir diizen
-DAKi | ofisteki L L e 1 . .
getirirken ofisteki giinliik hayatin tiim siireglerine katildilar.
) Svkii Anlatinin derin yapisi iistiinde dururken bu tiir sorulara yonelmek, tiim ilgiyi belli
y basgli Oyku kisileri arasindaki iligkiler iistiinde topluyor.
DA | dykiide Etrafina ¢izilen daireden ¢ikamayan adamin azinlikta kalan bireylerin simgesine

donistligii Oykide tarihsel bir arka plan varligini duyuruyor.
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Suffix | Word Text
DAKi | 6vkiideki Sonunda adet oldugu tizere mutlu sona ulagildiginda sarigin kiz kardes dykideki
Y biiyiik 6diile kavugurken esmer kiz kardese diisen 6liip gitmektir.
) saha Eger kaleci topu yumruklayip saha disina atarsa veya topu yakalayip durdurursa
sutu ¢eken kaleye geciyor.
DA | sahada Sayi almak i¢in vurus yapilan topun sahada rakip oyuncu topa vuramadan iki kere
sigramasi gerekir.
DAKi | sahadaki Herhang_l bir erteleme. halinde, aksi 'kflrarlastlrllmaz ise, 6nceki skor ve oyuncularin
sahadaki durus yerleri muhafaza edilir.
[lk belirlemeye goére kayip ucak bulunmadig: halde yetkililer ihbarin yine de
- ucak N T
arastirildigini bildirdi.
New York seferini yapan ucakta yasananlar su siralarda sosyal medyada biyuk bir
-DA | ucakta
calkantiya sebep oldu.
. .| Motor, havayi ¢ektigi i¢in, kullanilan motor giictinii diistirtiyor. Sicakta ve basing
-DAKi | ucaktaki . o
altinda ucaktaki titanyum borularla hava disar1 veriliyor.
Karnin1 doyurup kapidan ¢ikinca, neredeyse tiim kasabanin gézline o gece boyunca
- uyku . el . s
uyku girmedigini gordii: Millet sokaga dokiilmiistii.
DA | uykuda Her giiniin en fazla al'Fl saatn.n uykuda gegirdigi i¢in, geri kalan on sekiz saat,
haksiz bir iskence haline geliyordu.
_DAKi | uykudaki Yakmmda l'?ultman cocuklar1 uykudaki kiigiik kdyliiniin yanina getiriyor ve gene
bir seyler soyliiyordu.
) {iziim Ureticiler, talep baskisi sayesinde fazladan tiz(im satarak daha ¢ok para kazanmak
amaciyla olabildigince fazla verim almaya galisiyor.
- Daliyla birlikte ezilen Uziimde bulunan bir maddenin kam sulandirici etkisi var, her
-DA | lizimde
yerde satiliyor.
DAk | iiziimdeki Son zamanlarda Yaplla{l gahsmalar. lzimdeki aroma maddelerinin bilyiik kisminin
kabukta toplandigin1 gostermektedir.

Long-Frequent Condition

Suffix | Word Text
Olas1 senaryolar, bunlar karsisinda uygulanilacak eylem planlari, birbirlerini
- alternatif destekleyecek alternatif uygulamalar ve tercih siralamalar1 karar asamasinin
urtinleri.
DA | alternatifte Bu kumsalda hafta sonu tatili gegirmek isteyenler igin ¢esitli alternatifte
konaklama olanaklart bulunmaktadir.
-DAKi | alternatifteki Gegen sezonda belli renklerde sunulan kalem etekler, bu yil yiizlerce farkli

alternatifteki renkleri ile satiga ¢ikariliyor.
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Suffix | Word Text
i bilgisavar Cocukla, evle ilgili bir is yapmak sartiyla bilgisayar kullanma siiresi
gisay kazanmasi konusunda bir sdzlesme yapilabilir.
i _ Calismalarim, elektriksel isaretlerin bilgisayarda modellenmesine ve
DA | bilgisayarda simiilasyonuna dayaniyor.
A . Okuma ve yazma izni oldugunda bilgisayardaki dosyalara erigim saglanarak
DAKi | bilgisayardaki degisiklik veya dosya silme yapilabilir.
) cumhurivet Fransiz ulusu, biiyiik bir endiseyi geride birakti ve bu se¢im sonuglariyla
y cumhuriyet degerlerine giivenoyu verdi.
- Her yurttas istedigi federe cumhuriyette yasama hakkina sahiptir. Bu hakka
DA | cumhuriyette hicbir sekilde miidahale edilemez.
DAKi | cumhurivetteki Bagimsizliktan 6nce azinliklar cumhuriyetteki cogunluga karsi, cogunluklar
y Sovyet sistemine karsi kiiltiirel ve siyasal hak talep etmislerdir.
Baz1 hesaplagmalar belki elestirmen cephesinde daha fazladir ama dogrusu
- elestirmen modern sinema seyircisi de farkli davranmaz ve asag1 yukar1 ayni1 giizergahta
ilerler.
. Belirtilenlerden anlasilacagi tizere, nesnel bir geviri elestirisi yapabilmek
DA | elestirmende elestirmende birtakim birikimlerin bulunmasini gerektirmektedir.
Yazar, modern kiiltiirii ve ylizyillarin diisiincelerini yeniden kendilerine mal
-DAKki | elestirmendeki eden bircok elestirmendeki bilindik yerel i¢giidiileri, parodilestirme yoluyla
ifade etmektedir.
. Sagligim kaybedenler hastanelerde enfeksiyon tehlikesiyle de karsi karsiya
enfeksiyon Kaliyor.
. Ama atesi her yiikselen hastanin mutlaka antibiyotik kullanmas1 gerekmez.
DA | enfeksiyonda Her gribal enfeksiyonda hastanin atesi zaten yiikselir.
DAKi | enfeksivondaki Kalp hastaligini tetikleyen enfeksiyondaki bakteriler dis etinde de kanama,
y agr1 ve kokuyla kendini gosteriyor.
) kb aretim Egitim fakiilteleri i/kogretim okullarina 6gretmen yetistirmeyi temel gorev
& olarak tistlenirlerse bu alandaki ag¢ik kolaylikla kapanacaktir.
T Okullar gelecegi sekillendirecek yeni nesillerin yetistirildigi yerlerdir. Bireyin
DA | ilkogretimde egitiminde ilkogretimde gorevli 6gretmenlerin islevi gok 6nemlidir.
DAKi | ilkésretimdeki Kurumlarin igbirligi sayesinde i/kogretimdeki trafik konulu derslere trafik
g birimlerinde gorevli yiiksek 6grenim gérmiis personelin girmesi saglanmistir.
) istatistik Binlerce egitimli anketdr, onlar1 her ay ziyaret edecek ve defterlerdeki
sonuglari istatistik normlara gore analiz yapilmasi igin toplayacaklardi.
DA | istatistikte Girdi katmani disaridan gelen verilerin yapay sinir agina alinmasini saglar. Bu
veriler istatistikte bagimsiz degiskenlere karsilik gelmektedir.
DAk | istatistikteki Bu soruyu yanitlamadikg¢a veya bir tercih yapmadikca diger planlar maalesef

kendilerini istatistikteki negatif sonugla yiizlesmekten koruyamayacaktir.
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Suffix | Word Text
Eksik, belgesiz, delilsiz denemez ¢iinkii hepsinin delili var. Ornegin bankanin
- istihbarat istihbarat raporlarinda kredi verilemez nitelikte bulunan firmalara kredi

verilmis.

Ug yildir telefonlarinin dinlendigi anlasilan bir gazetecinin biitiin kayitlari

-DA | istihbaratta istihbaratta bulunuyor olsa da belli ki kafalar1 karigtirmamak i¢in iglerinden
ozenle seciliyor.
DAKi | istihbarattaki Acaba onun defterl Istlhbar{:lttakll ka.ranhk f;allsmalarl gibi siyah mi, yoksa
farkli renkte mi olacak onu ise biz bilemeyiz.
Yogun yagmur yagist nedeniyle 6zellikle asansor ve yiirliyen merdivende
- karsilagma N . et
meydana gelen arizalar karsilagma oncesi yapilan ¢aligmalarla giderildi.
Bu yo6netimin gorev almasindan sonra oynanan karsilasmada camianin
DA | kargilagmada beklentisi galibiyetti. Fakat takim, bir daginiklik i¢inde maga basladi.
. . Magtan 6nce bir bahis biirosunda goriintiilenmesinin ardindan karsilasmadaki
DAY s 12k stipheli hareketleri de dikkat gekmisti.
: Mezuniyet gecelerine dzel olarak koleksiyon hazirlayan tinlii giyim markasi,
- koleksiyon R .
6zel fiyatlar ve taksit olanaklar1 da sunuyor.
DA | koleksiyonda Yillar boyunca t.oplladlgl klolekSIyonda yillarln yasanmislig1 olan figiirlerin
dantel duygusu ile iglenmis eserler oldugunu vurguluyor.
_DAKi | koleksiyondaki Slk elk.).lselerln yer aldig1 koleksiyondaki pargalar bagcikli ve boncuklarla
oriilmiis kemerlerle tamamlaniyor.
) Komutanlik Cesitli karargahlarda ve alaylarda komutanlik gérevi yapti. Bu yart
akademisyen subay1 gorev aldigi birliklerde herkes seviyordu.
DA | komutanlikta Bflyram d(?laylslyla siirin sifir noktasinda bulunan komutanlikta askeri téren
duzenlendi.
DAKi | komutanliktaki Allllnatl Ders}er Sube Mudurlugg niin ye_lptlllgl gorevi dl{y.un(.:a ¢ok 52'1'$11‘d1m.
Cunki bu gorev komutaniiktaki dnemli gorevlerden biriydi bana gore.
. Arabam, taksitlerini 6dedigimiz kooperatif evimiz ve birlikte aldigimiz gayri
- kooperatif .. .
menkullerden payimizi almak igin gerekli bagvuruyu yaptik.
DA | kooperatifte Uygulamaya ge¢ildi ama sorunun devam ettigi bolgele.r \iar. Izmit ile Golciik
aras1 tasgimacilik yapan kooperatifte yasananlar buna bir 6rnek.
-DAKi | kooperatifeki Ortaklarin sorumlu"olacgkla.r% miktar kooperatifteki paylarinin tutari ile
orantili olarak da gosterilebilir.
) erspektif Devlet Bakani, uzun vadeli perspektif iginde siyasal gliven, toplumsal giiven
PErsp ile ekonomik ve finansal giivenin birlikte oldugunu savundu.
DA | perspektifte Dlger dlslphnle_rle Qe baglarimi kurar; miizik sanatini egitim, estetik, tarih gibi
bircok perspektifte inceleyerek sonuglara varir.
_DAKi | perspektifteki Tiim diinyadaki tarih yaziminda ¢ok 6nemli etkiler yapmislar ve bunun

karsihiginda tarihsel perspektifteki degisimlere de katkida bulunmuslardir.
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Suffix | Word Text
L Psikolog, bu rahatsizligi tasiyanlarmn psikiyatri uzmanlarina bagvurmasi
- psikiyatri o .
gerektigini soyledi.
DA | psikiyatride Dl_ge_:r uzmanhk alanlarln.da dalvla ayrlgtlll degerlendlrmelere yer verilmigken
psikiyatride ayrintili hekim degerlendirmeleri sinirh kalmusgtir.
_DAKi | psikiyatrideki Cogu sosyal temsil arast.lr.masmda psikiyatrideki klasik aragtirma metotlarinin
kullaniliyor olmasi elestirilere yol agmaktadir.
Iki {ilkenin bagbakanlar1 goriislerini, niyetlerini, temennilerini sdylediler.
- referandum Bundan sonra tamamiyla referandum sonuglarim karsilikli olarak beklemek
lazim.
Bugiine kadarki siire¢ sunu gosteriyor: Pazar giinii yapilacak referandumda
-DA | referandumda partilerin kimi mensuplar: kararlarini verirken kendilerini baski altinda
hissediyorlar.
DAKi | referandumdaki N.ere.de.:yse tim y?z‘arlarlmlz referandu'mdakl oylarini agikladilar ve sasirtict
bir bi¢imde hepsinin de oylarinin rengi ayniydi.
. . Bizim amacimiz bu sirketlerin 6niindeki engelleri kaldirmaktir. Bununla ilgili
- yonetmelik . - e
yonetmelik calisgmamiz var. Gelecek ay ¢ikartmay1 diigliniiyoruz.
i . Trafik kazalarinda hayat kurtaran emniyet kemerinin arka koltuklarda da
-DA | yonetmelikte - .
takilmasi zorunlulugu yonetmelikte olmasina kargin uygulanamryor.
_DAKi | yénetmelikteki Orduya katilmasi i¢in ¢agrinin bildirilmesine ragmen buna uymayan kisilere

yonetmelikteki ordudan kagma hiikiimleri uygulanir.

Short-Infrequent Condition

Suffix | Word Text
Kemerlerin tizerinde suyu tagityan akac delikleri bulunan kanallarin izleri
- akac . o .
yikintilar arasindaki pargalarda goriilmektedir.
Binlerce ¢ocuk, onlarin actig1 akagta didiklemislerdi diinyay1. Halkin yiiregine
-DA | akacta e
vurulan kara miihrii kazimiglardu.
_DAKi | akagtaki Viicut 1sis1 saat basi 1,5_der?ce diistiriiliir ve hedeflenen hipotermi diizeyine
ulasilana kadar akactaki soguk su akimi devam eder.
) \ma Yiizme molast igin durulabilecek yerlerdir fakat deniz derindir. Tki koyun
¢ arasindaki kayalara ¢ima tutulup gegici olarak kalinabilmektedir.
DA cimada Cogu aday gibi uzun zaman ¢imada asili kalan ve yardimla asagiya indirilen
adayin bacaklar1 yaralanmisti.
“DAKi | cimadaki A}anya da balik aglarim toplar.ken kopan ¢imadaki demir makaranin {istiine
diisen balik¢1 hayatimi kaybetti.
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Suffix | Word Text
) cura Sempozyumun konusu isabetli olup, iizerine gidilerek sanatcilarla ve 6zellikle
cura sanatcilarryla ortak calismalar yapilmalidir.
Ustasi, kalfanin ¢aldigi curada yerine getiremedigi tavir ve eda ile ilgili olarak
-DA | curada : . .
bir takim diizeltmeler yapar ve ona yol gosterir.
. . O donemde yazinin gramer kurallarinin yapilmadigi bilinmektedir. Bundan
-DAKi | curadaki . T . < - .
dolay1 curadaki yazinin besinci yiizyila ait oldugunu diisiinmekteyiz.
Yeden kullanmadan yapilan segah ¢esnili kararlar tam bir bitis hissi
- evig vermediginden evi¢ perdesindeki segah ¢esnili kararlarda yeden
kullanilmalidur.
. Hiizzam makamu seyri esnasinda yukarida zikredilen dizi ve ¢esnilere ilave
-DA | evigte . Al g te e .
olarak zaman zaman evicte segah dortliisiine de yer verildigi goriilmektedir.
_DAKi | evicteki Irak_ta meyda}na gelen hicaz dortliiye evicteki hicaz dortliistiniin simetrigi de
denilmektedir.
) inak Fransiz yazarlarinin 6zelligi, kutsallagtirtlmis her tiirlii tabuya karst ¢ikmalari;
her tiirlit donmus inak kaliplarinin {istiine yiirimeleridir.
. Gegmis ¢aglarda bilimciler diinyanin diiz ve evrenin merkezi oldugunu
-DA | inakta B . ., . :
sOyleyen inakta yiizyillar boyunca israr etmislerdi.
DAKi | inaktaki Tiyatro idolu felﬁef.l. inaktaki .tarafglrhkten kaynaklanir. En tehlikelisi, insanin
kavrayisina en biiyiik darbeyi vurani budur.
. Ciinki sekilcilik var. "Merak ettim biraz oku bana." dedim. Adam okumaya
- irap . . .
basladi ama ciimleyi okuyusu irap hatalariyla doluydu.
. Burada diyaframatik solumanin irapta etkili sekilde kullanilmasi amaciyla
-DA irapta . .
alistirmalar verilecektir.
DAKi | irantaki IIk gbrevi cocugun diizgiin beslenmesi olan siit dislerinin saglig1 cocuklarin
P iraptaki gelisimini de biyiik dlciide etkilemektedir.
Goriintiilemekte oldugunuz resim z5k: kategorisinde yer almaktadir. Bu
- 15k1 . .
kategoride toplam 15 resim bulunmaktadir.
Siurh 6l¢iilerde Orman Bakanligimizdan satin alabildigimiz geyik boynuzu
-DA | skida oOzellikle wskida gorsellige 6nem veren kullanicilar tarafindan tercih
edilmektedir.
DAK | 1skidaki Olaya karisan iki kigi mahkemeye ¢ikarildi. Tutuklanan iki kisinin {izerinde
¥ bulunan :skidaki izlerin sonuglarinin kriminalden gelmesi bekleniyor.
) vai Dograma iglerini yaparken ivgi asagi doniik olarak iirliniin i¢ine yerlestirilir.
g Dilimleme iginse tam tersi yapilmalidir.
- Ayni1 boydaki yapay bileme taginin ivgide olusturdugu yiizey ile kdsiire taginin
-DA ivgide O . oy
olusturdugu yiizey kesinlikle ayni degildir.
-DAKi | ivgideki Ne yazik ki tiim siipheler onun {izerinde toplantyordu. Biricik umudu ivgideki

parmak izleriyle onunkilerin uyusmamasiydi.

147



Suffix | Word Text
) kete En iistteki bezeyi de yagladiktan sonra kete yaparken oldugu gibi her tarafindan
katlayarak dikdortgen yapin.
DA | ketede Bu yontemi her tiirli ketede kullanarak gelistirebilirsiniz. Fotograflardan da
anlayacaginiz lizere gergekten ise yariyor.
DAKi | Ketedeki {{a%lrlanap bu .rnalzeme ketedeki kiyma yerine yufkanin igine konularak sac
tistiinde pisirilir.
) loca Ulkedeki i¢ savastan kacan dort geng, yurt disina giden silebe gizlice binerek
¢ loca deligine saklanmig ve okyanusu gegmisti.
Salih denen bu adamin, yorgun bedenini serin sularin kollarina birakmasi uzun
-DA locada stirmemisti. Geminin motorlar1 durdu ve bosalan zincir logada dayanilmaz bir
ses birakt1.
_DAKi | logadaki Az dnee vira edilen ¢apanin locadaki yerine oturmasiyla komutan emri verdi ve
zincir denize birakilda.
Kisa zamanda el yapim1 maun mobilya alaninda diinyanin 6nde gelen
- maun TN L. S
tireticilerinden birine donistiiler.
DA maunda Agvlr blr.aga.(.; ola.rak degerlendirilen maunda 6zgiil agirlik, tiirlerine gore
degisiklik gosterir.
DAKi | maundaki Dikimini _1zleyen ii¢ yil i¢inde §ek11 budamasi u}:gulanlr. Daha sonraki yillarda
maundaki ¢atal ve obur dallar ile ¢ok zayif siirgiinler ¢ikarilip atilir.
) - Hamur kizartmasi ya da diger adiyla pisi bizde genellikle mayali yapilirdi.
P13 Hatta ben ¢ogunlukla firindan aldigim ekmek hamurunu kizartmayi severdim.
DA side Hamurun Ugcte birini piside kullandiktan sonra ¢gogundan borek yaptik. Ayni
P13 hamurdan agma borek yapmak isterseniz diger tarife bakabilirsiniz.
_DAKi | pisideki Sotelenmis kirmizi biberle peynirin pisideki bulugsmasi tadanlara miikemmel bir
lezzet sunuyor.
) ose Asfaltlanma ¢aligmalar1 6ncesinde sose oldugu i¢in birgok kazaya neden olan
¥ yolun asfaltlanmasi kdy sakinlerini sevindirmisti.
Ileride, Ah1 Dagi’nin yamaglarindan kivrila kivrila inerek uzanan sosede keskin
-DA sosede . T e
bir 151k huzmesi belirip kayboldu.
DAKi | sosedeki Eylerm acik kgplSll?dan sizan sarl huzrpeler eger azul.olra.lz aydinlik sagmasaydi
kéhne sosedeki deliklerde sendelemek isten bile degildi.
) siiie Estetik olaylar da, tipki bilgi olaylarinda oldugu gibi bizlere sije hakkinda bilgi
J verir ve onun objeyle arasindaki iliskiyi gosterir.
Ekminezi, psikolojik ayrigma i¢indeki sijede gegmis yasamlarinda yer alan
-DA | sljede A . o N .
izlenimlerin tekrar canlanmasini saglayan yontemdir.
_DAKi | sijedeki Bu, sekreterin igini en ¢ok kesen unsurdur. Bir 6nceki sujedeki unsura gore

halledilmesi daha gictr.

148



Suffix | Word Text

Koyun ve kuzu yiiniinden yapilan kegeleri aveilar tapa olarak veya ¢obanlar

i tapa kepenek olarak kullanirlar.

Emniyet gozliiklerinizi takin; ¢ekig, ¢ivi ve tahta yardimiyla plastik tapada

DA | tapada dikkatlice bir delik agn.

Top mermisi, fiinyesi takili oldugu halde yere diisse bile patlamaz ki! Patlamasi

"DAKi | tapadaki i¢in kovanin ateglenip tapadaki mekanizmay1 harekete gegirmesi lazim.

Oyun i¢inde pek ¢ok farkli ulam altinda incelenebilecek pek ¢ok yetenek

- ulam
vardir.

Yazarmn yapitinda metinlerarasi ulamda degerlendirilebilecek ¢ok sayida olgu

-DA | ulamda bulmak olasidir.

Yarigmaya katilan maketgilerin maketlerinden sadece en yiiksek dereceyi aldigi

-DAKI | ulamdaki | |- 4aki maketi edillendirilecektr.

Long-Infrequent Condition

Suffix | Word Text
. Bugiiniin ihtiyag¢larinin, sorunlarinin ve yaklagimlarinin tarih yazimina
- anakronizm .
yansimasi anakronizm hatalarin1 kolaylastirmaktadir.
DA anakronizmde Prens Igor operasinin bu boliimiiniin dogru ¢evrilmis hali, Ruslarin

yaptig1 anakronizmde 1srar edilecek olunursa Pegenek danslaridir.

Felsefesinden yola ¢iktigim anakronizmdeki bi¢imiyle farkli zaman

-DAKi nakronizmdeki o . .
anaxro de dilimleri arasinda ziplamalar yapmak bana heyecan veriyor.

Motorlarda devir sayaglar1 endiiksiyon bobinine baglaniyor ve atesleme

- ndiksiyon . J
endiksiyo sayisindan yola ¢ikarak dakikadaki devir sayisini gériiyoruz.

Bobinin hareketi sayesinde olusan endiiksiyonda siddet siirekli degisir

-DA endiksiyonda .
yani artar veya azalir.

Magnetik dedektorler metalik varliklara kars1 duyarli olup, olusan bir

-DAki | endiiksiyondaki magnetik endilksiyondaki degisim bunlarin ¢aligma prensibini olusturur.

Hig ¢aligmadan, hatta uyurken dersleri dijital hipnotizma metodu ile

i hipnotizma 6grenip sinif birincisi olmak miimkiin.
En basit olarak agr1 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.

Raporda, bolgenin imarinda jeodinamik karakterinin de dikkate alinmasi

- jeodinamik uyarisinda bulunuldu.
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Suffix

Word

Text

Atmosfer ad1 verilen hava kiiresi jeodinamikte 6nemli bir etken olarak

-DA jeodinamikte L
bilinir.
— . - - — - odinamikek bila birkimini
_DAKi | jeodinamikteki Bu yemlemepm sgpebl tarihsel Jgodl ami teki bilgi birikiminin daha
anlamli ve giivenilir hale gelmesindendir.
) Kancilarva O y1l ikametgahin bahgesinde yeni bir bina insa edilene kadar ikametgah
grary binasi kangilarya olarak da kullanilmaya devam etmisti.
Biinyesinde Askeri Atasgelik de bulunan Biiyiikelgiligimiz, Temmuzda
DA kangilaryada yeni taginilan adresindeki kangilaryada hizmet vermektedir.
. . Temizlik¢i bir annenin yetistirdigi Alman Bagbakani, kent merkezinde
DAKI| kangilaryadaki bulunan kang¢ilaryadaki kigiik daireye tagmabilir.
. Cagdas uygarlik diizeyine mazhariyet ¢cabamizda bilim, teknoloji ve insan
- mazhariyet y A
kaynagina yapilan yatirimlar biiyiik 6nem tagimaktadir.
DA mazhariyette Varlik ve hayat serefine maz.harl.yett.e .ar'%larlnda golge ile asil arasindaki
fark kadar fark var. Bunun bir misalini rityada yagamiyor muyuz?
-DAKi mazhariyetteki Engelh lelle.l"ln bilgiye m.(’;lzlhar.l.ye"ttekl 51k1nt11arvln1 azaltmay1 amaclayan
proje, engelli vatandaslar i¢in biiylik kolaylik sagliyor.
) miiohemivet Irak ve IMF goriigsmeleri, piyasalarin giindemindeki iki 6nemli konu. Ve
P y bu iki 6nemli konudaki miuphemiyet devam ediyor.
DA miiphemiyette Kﬁreselle§me siir.eciyle iliskili yapisal degisikli.kler, para politikasini
kusatan miphemiyette artisa ve kargasanin geniglemesine neden olur.
. y . .| Bundan dolay1 siyasi belirsizlik artt1 ve isin teorisinden bildigimiz gibi
DAKI | miiphemiyetteki siyasi muphemiyetteki artig faizlerde mutlaka karsilik bulur.
Kanun taslagi ¢alismalartyla giindeme gelen ve tartismalara neden olan
- murakiplik yeminli murakiplik sisteminin kaldirilmasinin denetim sisteminde risk
olusturacag belirtildi.
Mali miisavirlikten bagimsiz sayilabilecek olan ve hatta yeni bir meslek
-DA murakiplikta olarak kabul edilen murakiplikta avukatlar igin de bir olanak
yaratilabilirdi.
. . Denet¢ilerin cogunlugunun murakipliktaki kidemlerinin fazla olmasi
DAKI | murakiphiktaki denetime daha gekingen yaklagmalarina neden olabilir.
) Midiirliigiin uygulamaya itiraz nedeni misakkafat olarak kabul edilen
- musakkafat o M L -
mulkin kendilerine devrini istemesidir.
DA miisakkafatta Daha sonralarl vakiflarin elindeki misakkafatta gayrimislimlerin
oturmast dikkat ¢eker.
DAKi | miisakkafattaki Yenl kazang kanunur'mn m'lJSz’?lIf!(afat}akl irad1 gayrisafilerin esas tutulacagi
dikkate alinarak tanzim edildigine siiphe yoktur.
. Yeni Zelanda asilli Amerikali bir aktrist, sette yemek yedigi sofrada
- ornitorenk

mutlaka haglanmig ornitorenk bulunmasini sart kosuyormus.
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Suffix

Word

Text

Yavrularda bulunan disler ergin ornitorenkte yerini kemiksi ¢ikintilara

-DA ornitorenkte birakir.
Yapilan bir arastirmaya gore, insan beyninde yaslanmay1 yavaglattigi

-DAKi | ornitorenkteki bilinen ornitorenkteki faydali yaglarin kilo vermeye de yardimci oldugu
belirlendi.
Avrupali tarihgilere miiracaat edildi ama bazilari makalelerini

- sarfinazar gonderdikleri halde sarfinazar ederek geri gektiler, tehdit aldiklarini
soylediler.
Yasayla, taraflarin arabulucuya bagvurma, siireci devam ettirme,

-DA sarfinazarda sonuglandirma veya bu siiregten sarfinazarda serbest olmasi giivenceye
alind1.

DAKi sarfinazardaki Sinirlayicr faktor ancak b-1z1m kend‘l inancimiz ve k(?tu
aligkanliklarimizdan sarfinazardaki niyet ve azmimiz olacaktir.
Ulkenin 6niinde, baskanin icraatlar1 nedeniyle yargilanmasina engel olan

- senatorliik diizenleme ve kendisini dokunulmazlik zirhi ile saran, hayat boyu siirecek
senatorluk engelleri bulunuyor.

DA senatdrliikte Efsane bagkan, .l.aasulnda oldugu kurumu soylip soigana gevvl.ren. sonra da
kurtulusu senatorlikte arayip dokunulmazliga siginan degildir.

DAk | senatrliikteki Usteh"k, programa davet edildikten son?a.hayh tedirgin olan kiginin
senatorlikteki caligma alan1 uyum ve sivil toplum.

. Dogal deniz suyunda bulunan stronsiyum seviyelerini akvaryum

- stronsiyum . . ..
icerisinde dengeye getiren arag, bu seviyeyi korumaktadir.

DA stronsiyumda Piyasadan alacaginiz l{ig:bit StFOT?,iy'umda iirliniin yapisi geregi tam
standardi tutturmak miimkiin degildir.
Modifiye olmadigi durumlarda gaz seviyesi onemli dl¢iide degismez.

-DAki | stronsiyumdaki | Sodyum ile modifiyede stronsiyumdaki kadar siddetli olmasa da gaz
absorbesini biraz yiikselttigi gdzlenmistir.
Istanbul'un dar sokaklarinda hanimlar ancak sedan sandalyesi ad1 verilen

- tahtirevan . . - . )
bir ¢esit rahtirevan aracilifiyla dolasabilirlerdi.

DA tahtirevanda Ornegin, el?ll’lll’l klzlr?l'tahlu’evan.da betlmle.yen. eserinde oldugu gibi
yabanci el¢giler ve elgilik ¢cevrelerinden de siparigler almistir.

DAKi tahtirevandaki Yanlarmda' bir de beyaz giysili l.<adm Va.r. I'yl g1y1m1'1 QOn atl ise
atlarindan inerek rahtirevandaki kadini indirmeye gittiler.

) taseronluk Telfnik .olar.ak ehil olmayan kisiler taseronluk yaptig1 i¢in miisteri
magduriyeti yasaniyor.

DA taseronlukta B}l kazanim hiikiimeti diizenleme yaprpaya sevk etti. Dolayistyla, simdi
giindemde faseronlukta yapilacak yeni diizenlemeler var.

_DAKi | taseronluktaki Teknik ekip, mevcut heyetin raseronluktaki galigmast boyunca boyle bir

sorumlulugu almak istemedigine dikkat ¢ekiyor.
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Suffix Word

Text

- tekdiizelik

ekranlarda keyifle hiikiim slirmektedir.

Yasamin halihazirda tekdiizelik kiskacinda kivrandigi tilkelerde futbol,

-DA tekdiizelikte

binalara geliyoruz.

Her birimiz, her sabah ayni sikici tekdizelikte galigtigimiz bu biiylik

-DAKi | tekdlzelikteki

Comprehension Questions

Medeni insanin genisleyen diinyasinda estetik degerler, sanayi devriminin
getirdigi tekdiizelikteki bunalimli durumun da tedavisini sagliyor.

Forty-eight of the following comprehension questions were presented during one
experiment. The questions were selected during the experiment by the software,
depending on the text that was presented preceding the question. Questions appeared
in a part, after 3, 4, 10, 13, 17, 21, 25, 26, 35, 36, 42, 45, 51, 52, 58, 61, 66, 71, 72, 78,
83, 84, 90, and 93 texts were presented. The presented questions were the questions of

the texts that were

presented just before the question.

Words Questions Answers
aka Az 6nce okudugunuz metinde, yapmin 6nceki halinden en ufak bir iz v
¢ bile bulunmadigi s6ylenmisti.
akagta Az. 6nlce.okudugunuz metinde, halkin karanliga terk edildigi ima v
edilmisti.
. Az 6nce okudugunuz metinde, istenen durum olusana kadar iglemin
akactaki s - D
devam edecegi sOylenmisti.
alternatif Az 6nce okudugunuz metinde, karar asamasinda yapilanlar anlatilmigt. D
. Az dnce okudugunuz metinde, hafta sonu tatili i¢in konaklama imkan1
alternatifte Y
olmamasindan yakinilmaktaydi.
alternatifteki AZ once okudugunuz metinde, kalem eteklerdeki gesitliligin arttig D
s@ylenmekteydi.
anakronizm A; or.lf:.e okudugunuz metinde, bugiiniin ihtiyaclarinin gézardi vy
edildiginden yakinilmaktaydi.
anakronizmde Az once okudugunuz metinde, Prens Igor operasinin gevirisiyle ilgili D
bir aciklama yapilmisti.
. . Az 6nce okudugunuz metindeki kisi, farkli zaman dilimleri arasinda
anakronizmdeki ) U D
gecis yapmanin onu heyecanlandirdigini soyliiyordu.
asit Az dnce okudugunuz metinde, bir hastalik hakkinda bilgi D

verilmekteydi.
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asitte Az dnce okudugunuz metinde, zaman kapsiiliiniin i¢indeki esyalarin v
kayboldugu iddia edilmekteydi.
s Az dnce okudugunuz metinde, tuzun kimyasal 6zelliklerinden
asitteki . . D
bahsedilmekteydi.
_ Az 6nce okudugunuz metinde, ¢cocuklarin bilgisayar kullanma siiresinin
bilgisayar By A, o ; D
diizenlenmesi icin bir yontem onerilmekteydi.
- Az 6nce okudugunuz metindeki kisi, elektriksel isaretlerin
bilgisayarda e . Y
modellenemeyecegini iddia etmekteydi.
I . Az once okudugunuz metinde, erisim saglanan dosyalarda neler
bilgisayardaki yapilabilecegi anlatilmaktaydi. D
¢ima Az dnce okudugunuz metinde, denizin derin olduguna deginilmisti. D
T Az once okudugunuz metinde, asili kalan tek adayin da yara almadan v
§ kurtuldugu iddia edilmekteydi.
cimadaki Az 6nce okudugunuz metinde, balik¢inin hayatini nasil kaybettigi D
anlatilmaktaydi.
cumhuriyet szonce o.kgdugunuz .metlnde, Fransa'da yapilan se¢imin sonuglari D
degerlendirilmekteydi.
cumhuriyette lqu once okudugun}lz metlnd_e, yurttaslarin sadakat gostermesinin v
Odneminden bahsedilmekteydi.
cumhuriyetteki Az dnce okudugunuz metinde, bagimsizlik 6ncesinde yasananlar D
anlatilmaktaydi.
Az once okudugunuz metindeki kisi, sempozyum i¢in ¢ok yanlis bir
cura U Y
konu se¢ildiginden yakinmaktaydi.
Az once okudugunuz metinde, ustalarin kalfalarini rahat birakmalari
curada AR ) Y
gerektigi iddia edilmekteydi.
. Az dnce okudugunuz metindeki kisiler, curadaki yazinin hangi doneme
curadaki . y . D
ait oldugunu tespit etmeye ¢aligmaktaydilar.
Az once okudugunuz metinde, teknelerin tasiyabilecegi su miktariin
depo . . i D
nasil belirlenmesi gerektigi anlatilmaktaydi.
Az dnce okudugunuz metindeki kisi, ge¢cmisi anlatmanin sakincalarini
depoda Y
aciklamaktaydi.
depodaki Az once okudugunuz metinde, depodaki bilgilere ulasiimasinin v
sakincalar1 anlatilmaktaydi.
Az dnce okudugunuz metinde, koklendirme islemi sirasinda yapilan
doku Y
hatalar anlatilmaktaydi.
dokuda Az once okudugunuz metinde, hormon tedavisinin ige yaramayacagi v

iddia edilmekteydi.
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dokudaki Az once okudugunuz metinde, kok hiicrelerin her insanda bulundugu D
sOylenmekteydi.
elestirmen Az dnce okudugunuz metinde, sinema seyircisinin de elestirmenlerden D
¥ farkli davranmadigi iddia edilmisti.
elestirmende Az once okudugunuz metinde, elestirmenlerin ¢ok bilgili oldugu vy
sylenmekteydi.
elestirmendeki AZV(.)n.ce f)k}ldugunuz metinde, bir yazarin kullandig1 anlatim bigimine D
deginilmisti.
endilksiyon Az 6nce okudugunuz metinde, devir sayisinin nasil hesaplandigi D
anlatilmaktaydi.
endiiksivonda Az 6nce okudugunuz metinde, bobin hareketinden ve bunun D
y sonuglarindan bahsedilmekteydi.
endilksiyondaki Az 6nee okuduggnuz metinde, magnetik dedektorlerin zararlarindan v
bahsedilmekteydi.
. Az dnce okudugunuz metinde, hastalarin kargilagtigi bir tehlikeden
enfeksiyon s D
bahsedilmisti.
enfeksivonda Az 6nce okudugunuz metinde, antibiyotik kullanmanin gerekli D
y olmadig1 bir durumdan bahsedilmekteydi.
. . Az 6nce okudugunuz metinde, dis eti bozuluklariyla kalp hastaliklar
enfeksiyondaki arasinda herhangi bir iligkinin bulunmadigi iddia edilmekteydi. Y
. Az 6nce okudugunuz metindeki kisi, her cuma toplanip ders
etut i . Y
calistiklarini sdylemekteydi.
. Az 6nce okudugunuz metindeki kisi, cocuklarin 6gle yemegine ¢ikip
etutte o - . . Y
¢tkmadigint umursamadigini sdylemekteydi.
etiitteki Az 6nce okudugunuz metinde, 6grencilerle ilgili bir sistemden D
alinabilecek bilgilerden bahsedilmekteydi.
. Az dnce okudugunuz metinde, bir hatanin diizeltilme yontemi
evig D
anlatilmaktaydi.
. Az dnce okudugunuz metinde, bir makamin yanlis icrasi tarif
evicte . . Y
edilmekteydi.
evicteki Az dnce okudugunuz metinde, bir terimin diger ad1 verilmisti. D
Az dnce okudugunuz metinde, merkezin, her yil bagista bulundugu ima
fuar . . D
edilmekteydi.
Az dnce okudugunuz metinde, ziyaretcilerin aradiklar1 hicbir seyi
fuarda s Y
bulamadigindan yakinilmaktaydi.
fuardaki Az dnce okudugunuz metinde, fuar sayesinde yeni is firsatlar1 ortaya D

¢iktig1 ifade edilmekteydi.
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s Az dnce okudugunuz metinde, popiiler filmlerin aslinda maddi v
gl nedenlerle cekildigi iddia edilmekteydi.
. Az dnce okudugunuz metinde, basarili bir sanat¢inin nitelikleri
gisede D
anlatilmaktaydi.
iedeki Az dnce okudugunuz metinde, miisterilerin bazen klise olani tercih vy
gl edebildiginden bahsedilmekteydi.
. . Az once okudugunuz metinde, tembelligin zararlarindan
hipnotizma . . Y
bahsedilmekteydi.
hipnotizmada szc.)n.ce .ok.udugunuz metinde, agri kesicilerin yan etkileri olduguna D
deginilmisti.
hipnotizmadaki Az dnce .okudvu.glinuz metinde, gevseme halinin her zaman keyifli v
olmayabilecegi soylenmekteydi.
ilkogretim A"z once okudu_gunuz metinde, ilkdgretim okullarinin ac¢ildigi v
soylenmekteydi.
s Az 6nce okudugunuz metinde, okullarin ve 6gretmenlerin d6neminden
ilkdgretimde . : D
bahsedilmekteydi.
R ] Az 6nce okudugunuz metinde, trafik konulu derslerin yeterli
illcdgretimdeki olmadigindan bahsedilmekteydi. Y
. Az 6nce okudugunuz metinde, Fransiz yazarlarin tabulari kirmakta
inak . oo . Y
yeterince cesur olmadigi iddia edilmekteydi.
. Az once okudugunuz metinde, bilimdeki eski bir yanligliktan
inakta . . D
bahsedilmekteydi.
inaktaki Az once okudugunuz metinde, insanlarin idollere karst 6nyargili v
olduklari iddia edilmekteydi.
. Az dnce okudugunuz metinde, bahsi gegen adamin okurken ¢ok fazla
irap . . D
hata yaptig1 soylenmekteydi.
irapta Az 6nce okudugunuz metinde, diyaframatik solumanin D
P kullanilabilecegi bir durumdan bahsedilmekteydi.
. . Az once okudugunuz metinde, giiniimiizde ¢ocuklarin dislerinin
iraptaki o : o . Y
sagligina pek dikkat etmedigi sdylenmekteydi.
skt Az 6nce okudugunuz metinde, bahsedilen kategoride kag resim oldugu D
; sOylenmisti.
Az dnce okudugunuz metinde, geyik boyunuzunun, islenmeye uygun
1skida N o Y
olmadig iddia edilmisti.
1skidaki Az once okudugunuz metinde, olaya iki kisinin karistig1 vurgulanmsti. D
istatistik Az dnce okudugunuz metinde, egitimli anketdr bulmanin v

zorluklarindan bahsedilmekteydi.
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istatistikte Az OnC? olfufiugunuz metinde, girdi katmaninin iglevinden D
bahsedilmisti.
istatistikteki Az dnee czl.q.ldu.gunu.z n.qet.lnde, bazen plansiz hareket etmenin yararli v
olabilecegi iddia edilmisti.
- Az dnce okudugunuz metinde, kredi verilmemesi gereken firmalara
istihbarat A : D
kredi verildigi iddia edilmekteydi.
istihbaratta A; once olflvlfiugunuz metinde, gazetecilerin telefonlarinin neden v
dinlenmedigi anlatilmigt1.
istihbarattaki Az 6nce okudugl%nuz metinde, renkli defterler kullanan birinden vy
bahsedilmekteydi.
- Az 6nce okudugunuz metinde, ince dilimler halinde dogramanin
ivgi Y
zorluklarindan yakinilmaktaydi.
- Az dnce okudugunuz metinde, yapay bileme tasi ile kdsiire tast
ivgide D
karsilastirilmist.
Lo Az dnce okudugunuz metinde, bahsedilen kisinin tek umudunun
ivgideki o . . A . Y
¢agirdigi sahit oldugu sdylenmisti.
jeodinamik Az once okudugl%nuz metinde, bir raporda yer alan bir uyaridan D
bahsedilmekteydi.
T Az 6nce okudugunuz metinde, atmosferin 6nemli oldugu bir alana
jeodinamikte . A D
deginilmisti.
jeodinamikteki Az onC? okudugunuz metinde, tarihin giivenilir bir bilgi kaynagi v
olmadigindan yakinilmaktaydi.
- Az 6nce okudugunuz metinde, bir miizik yarigsmasindaki siiregten
jari . . D
bahsedilmekteydi.
{iiride Az dnce okudugunuz metinde, fotografciligin degerlendirilmesinin v
] miimkiin olmadig1 iddia edilmekteydi.
s Az dnce okudugunuz metinde, rezervasyon defterlerinde bilgilerin
jurideki . .. . Y
eksik oldugu séylenmekteydi.
kangilarya AZ once 'ok'udugunuz metinde, bir binanin kullanim amacinin degistigi D
sOylenmisti.
Az 6nce okudugunuz metinde, Biiyiikelgiligin biinyesinde Askeri
kangil . L
angilaryada Atagelik bulundugu séylenmisti. D
kancilarvadaki Az 6nce okudugunuz metinde, kent merkezlerinin ¢ok sikici v
rary olabileceginden bahsedilmekteydi.
Karsilasma Az dnce okudugunuz metinde, yogun bir yagisin ardindan yasananlar D
anlatilmaktaydi.
Karsilasmada Az 6nce okudugunuz metinde, takim daginik oldugu igin camianin v

yonetimden bir beklentisinin olmadig1 iddia edilmekteydi.
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karsilasmadaki Az or}c§ ok.udug.unl'lz'metmde, bahis oynamanin insanlarda aligkanlik v
yaptig iddia edilmisti.
kete Az dnce okudugunuz metinde, bir hamurisi tarifi verilmisti. D
Az dnce okudugunuz metinde, yemek tarifi verirken fotograf
ketede SR . Y
kullaniminin yayginlastigi sdylenmekteydi.
. Az dnce okudugunuz metinde, kryma yerine kullanilabilecek bir
ketedeki - . D
malzemeden bahsedilmekteydi.
Az dnce okudugunuz metinde, Asya kitasinin niifus 6zelliklerinden
kita . - D
bahsedilmekteydi.
Az once okudugunuz metinde, etkileri siiren eski bir inangtan
kitada . . D
bahsedilmekteydi.
. Az 6nce okudugunuz metinde, Avustralya'nin onbinlerce yildir el
kitadaki ~ AP o . Y
degmemis dogasini korudugu sdylenmekteydi.
vt Az 6nce okudugunuz metinde, kalenin kiyilarin kontroliinde v
¥ kullanilmasinin sakincalarindan bahsedilmekteydi.
Az 6nce okudugunuz metinde, bir sahilin giizelliklerinden
kiyida LA D
bahsedilmisti.
Kiyidaki Az dnee oliqquggnuz.me‘tlr%de, kiyidaki dalgalarin dengemizi D
bozabilecegi iddia edilmisti.
koleksiyon Azuonce okl'ldugunuz me'tlnde, unh'l bir giyim markasinin diizenledigi v
bagis gecesinden bahsedilmekteydi.
koleksivonda Az once okudugunuz metinde, artik kimsenin dantel ortii v
y kullanmadigindan yakinilmaktaydi.
koleksiyondaki Az 6nce okudugunuz metinde, bir koleksiyonun tanitimi D
yapilmaktaydi.
Kkomutanhk Az once f)kudugunuz metinde, sevilen bir subay hakkinda bilgi D
verilmisti.
komutanlikta Az dnce okudugunuz metinde, diizenlenen torenin yeri belirtilmisti. D
Komutanliktaki Az" o?ceicu)kudugu}quz metmdek.1 kisi, A.lwlpa.n Persler Sube. vy
Midiirliigii'nde gorev yapmak istemedigini sdylemekteydi.
kooperatif Az 6nce okudugunuz metindeki kisi, ne i¢in bagvuru yaptigin D
anlatmaktaydi.
kooperatifte Az dnce 0'1<~1.1d13gunuz metlnd.e, bahsedilen uygulamada sorunlarin D
devam ettigi soylenmekteydi.
kooperatifteki Az 6nce okudugunuz metinde, ortaklarin sorumluluk almaktan v

kacinmasindan yakinilmaktaydi.
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Az 6nce okudugunuz metinde, savastan kagan bir grup gencin oykiisii
loca D
anlatilmaktaydi.
Az dnce okudugunuz metinde, Salih adinda birinin neden dinlenmeye
locada ° Y
firsat bulamadig1 anlatilmaktaydi.
- Az once okudugunuz metinde, komutanin emirlerine uyulmamast
locadaki Y
sonucunda yasananlar anlatilmist.
masa Az once okudugunuz metinde, sorunlart ¢ézmek igin kargiliklt D
konusma yolunun tercih edildiginden bahsedilmekteydi.
Az 6nce okudugunuz metinde, zarfin i¢inde 6nemli bilgiler olabilecegi
masada . ; D
soylenmekteydi.
. Az 6nce okudugunuz metindeki kisiler, kasabaya yakin olmaktan hig
masadaki ) . Y
memnun olmadiklarini séylemekteydiler.
Az dnce okudugunuz metinde, bir mobilya iireticisinden
maun ) - D
bahsedilmekteydi.
maunda Az 6nce okudugunuz metinde, bir agag tiirii hakkinda bilgi verilmisti. D
. Az 6nce okudugunuz metinde, agacin dikiminde yapilan hatalar
maundaki .l o . . Y
yliziinden zayif stirgiinler verdigi iddia edilmekteydi.
mazhariyet Az on?e okudug'unuz'r?etinde, gunumuz'de bilim ve teknolojiye yeteri v
kadar 6nem verilmedigi soylenmekteydi.
mazhariyette Az once olfud‘ugl'muz @etlnde, golgede uyurken goriilen riiyalarin daha v
giizel oldugu iddia edilmekteydi.
. . Az 6nce okudugunuz metinde, engelli vatandaglarin sikintilarini
mazhariyetteki B S . . . D
cdzmeye yonelik bir projeden bahsedilmekteydi.
miiphemiyet Az o.{lce olfuduglvmuz" metinde, Irak ve IMF goriismelerinin piyasalar D
icin dnemli oldugu sdylenmekteydi.
miiphemivette Az dnce okudugunuz metinde, kiiresellesmenin insan iligkilerindeki v
phemiy samimiyeti zedeledigi iddia edilmekteydi.
miiphemiyetteki Az onee okudugur_luz metinde, faiz artislarinin siyasi bir basar1 oldugu vy
iddia edilmekteydi.
murakiplik Az dnce okudugunuz metinde, denetim sisteminde kanunsuzlugun vy
p hakim oldugu iddia edilmekteydi.
murakiplikta Az once okudugl%nuz metinde, yeni oldugu kabul edilen bir meslekten D
bahsedilmekteydi.
murakipliktaki Az dnce okudugunuz metinde, bazi denetcilerin denetime daha D
p ¢ekingen yaklagmalarinin nedeninden bahsedilmekteydi.
miisakkafat Az once okudugunuz metinde, Miidiirliigiin bir miilk hakkindaki D

talebinden bahsedilmisti.
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miisakkafatta A"z once okudugunuz metinde, vakif mallarinin koruma altina alindig1 v
soylenmekteydi.
musakkafattaki Az 6nce okudugunuz metinde, bir kanun hakkinda yorum yapilmigti. D
. Az 6nce okudugunuz metinde, stirekli oturarak ¢aligsmanin sakincali
ofis . ga 1 . D
oldugu iddia edilmekteydi.
ofiste Az dnce okudugunuz metinde, redaksiyon ve editorliik yapan birinin D
zamaninin ¢ogunu ofiste gegirdigi sdylenmisti.
S Az dnce okudugunuz metinde, isyerinde kedi beslemenin uygun
ofisteki o . Y
olmadig1 iddia edilmekteydi.
ormitorenk Az dnce okudugljngz rpetlnfie, 'bl%‘ aktristin sette yemek yemeyerek v
formunu korudugu iddia edilmisti.
ornitorenkte Az dnce okudugl%nuz metinde, bir hayvanin gelisiminden D
bahsedilmekteydi.
ornitorenkteki {\z _once_okudugur_luz metinde, yagli yemek yemenin kilo aldirdig: v
iddia edilmekteydi.
- Az dnce okudugunuz metinde, anlatinin baslica kisilerinin iyi islenmesi
oyki o Y
gerektiginden bahsedilmisti.
T Az 0nce okudugunuz metinde, dykiide tarihsel arka planin eksik oldugu
Oykide ) : Y
sOylenmekteydi.
dykiideki A"z once okudugunuz metinde, sarigin kiz kardesin biiyiik 6dilii aldigt D
sOylenmekteydi.
erspekiif Az once okudugunuz metinde, ekonomik giivenle siyasal giivenin v
Persp birbirine karigtirilmamasi gerektigi iddiast bulunmaktaydi.
. Az dnce okudugunuz metinde, bahsedilen kisinin birden fazla disiplinle
perspektifte o e . D
ilgilendigi sdylenmekteydi.
e Az 6nce okudugunuz metinde, yazinin bulunmasinin tarihsel
perspektifteki Oneminden bahsedilmekteydi. Y
.. Az 6nce okudugunuz metindeki kisi, bir hamurisini nasil yapmay1
pisi . e D
tercih ettigini anlatmaktaydi.
id Az once okudugunuz metindeki kisi, hamurun gogunu v
piide kullanamadiklarindan yakinmaktaydi.
isideki Az o6nce okudugunuz metinde, kirmizi biberle peynirin v
p1s karigtirllmasinin zararlarindan bahsedilmekteydi.
psikiyatri Az oncs: o.kuflugu'nuz metm.de, bahsi gegen rahatsizligin pek yaygin v
olmadigi iddia edilmekteydi.
psikiyatride Az 6nce okudugunuz metinde, ayrintili hekim degerlendirmelerine v

gerek olmadigindan bahsedilmekteydi.
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psikiyatrideki Az op?e okudu.gunu.z metlnde,. bir aragtirma yontemine iligkin D
elestirilerden s6z edilmekteydi.
Az dnce okudugunuz metinde, iki ililkenin bagbakanlar1 arasindaki
referandum Y
tartismanin olumsuz sonuglart anlatilmaktaydi.
referandumda Az dnce okudugunuz metinde, bazi parti mensuplarinin kendilerini D
baski altinda hissettigi iddia edilmekteydi.
referandumdaki Az 6nce okudl..l.gunuz metlnd.e, bazi yazarlarin verecekleri oylari D
agtkladiklar1 séylenmekteydi.
saha Az 6nce okudugunuz metinde, anlatilan durumlarda sutu ¢ekenin D
kaleye gegmesi gerektigi sOylenmisti.
sahada Az 6nce okudugunuz metinde, say1 almak i¢in ne yapilmasi gerektigi D
anlatilmigt1.
. Az once okudugunuz metinde, erteleme halinde skorun sifirlanacagi
sahadaki -, Y
belirtilmisti.
Az 6nce okudugunuz metinde, bazi tarihgilerin makalelerini neden geri
sarfinazar s D
¢ektikleri anlatilmaktaydi.
sarfinazarda Az 6nce okudugunuz metinde, bir yasanin agiklamasi yapilmisti. D
sarfinazardaki Az dnce okudugunuz metinde, inanglarimiz sayesinde kotii v
aligkanliklarimizdan kolayca kurtulabilecegimiz iddia edilmekteydi.
" Az 6nce okudugunuz metinde, dokunulmazlik olmamasi halinde
senatorliuk . oy . Y
icraatlarin engellenecegi iddia edilmekteydi.
i Az 6nce okudugunuz metinde, dokunulmazlik elde edebilen birinin
senatorlikte N, . Y
efsane olacagi soylenmekteydi.
senatérliikteki Az 6n.ce okudugun}lz I.ne.tinde, programa davet edilen kisinin D
gorevinden bahsedilmisti.
ose Az 6nce okudugunuz metinde, bir kdy yolunun asfaltlanmadan 6nceki D
; durumuna deginilmisti.
osede Az 6nce okudugunuz metinde, bir dagin yamaglarinda kaybolan vy
¥ birinden bahsedilmekteydi.
sosedeki szé'in'ce f)k'udugunuz metinde, bahsi gecen mekanda delikler olduguna D
deginilmisti.
stronsiyum Az Once okudugl{ril'lz .r.netmd?, ékvaryumlara dogal deniz suyu v
koyulmasi gerektigi sdylenmisti.
. Az dnce okudugunuz metinde, standardi yakalamakta {iriiniin yapisinin
stronsiyumda SR . D
mutlaka sorun ¢ikaracagi iddia edilmekteydi.
stronsiyumdaki Az dnce okudugunuz metinde, gazlarin modifiye edilmesinin siddetli v

patlamalara yol agabilecegi iddia edilmekteydi.
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Az dnce okudugunuz metinde, estetik ile bilgi arasindaki bir
stje . o D
benzerlikten bahsedilmisti.
Az 6nce okudugunuz metinde, psikolojik ayrigmanin sorunlara yol
sijede L . Y
actig1 iddia edilmekteydi.
. Az dnce okudugunuz metinde, sekreterlerin yasamakta oldugu
stjedeki . . D
sorunlardan bahsedilmekteydi.
Az once okudugunuz metinde, bir gezinti yonteminden
tahtirevan . . D
bahsedilmekteydi.
tahtirevanda Az dnce okudugunuz metinde, kimlerden siparis alindig1 belirtilmisti. D
tahtirevandaki Az onc? okudugunuz' metinde, peyaz giysilerin kadinlara ¢ok v
yakistigindan bahsedilmekteydi.
Az once okudugunuz metinde, ke¢enin kullanim alanlarindan
tapa . . D
bahsedilmekteydi.
Az 6nce okudugunuz metinde, delik agmak i¢in gerekli araglardan
tapada . . D
bahsedilmekteydi.
. Az dnce okudugunuz metinde, mermilerin kolayca patlayabilmesinin
tapadaki B . - Y
yarattig1 endiseden bahsedilmisti.
taseronluk Az dnce okudugunuz metl‘rz('ie,“magdurlyet yasayan miisterilerin v
haklarint aramalar1 gerektigi soylenmekteydi.
Az dnce okudugunuz metinde, kazanimlara ragmen yeni diizenleme
tagseronlukta Y
yapilmamasindan yakinilmaktaydi.
. Az 6nce okudugunuz metinde, mevcut heyetin sorumluluk almak
tagseronluktaki . el e D
istemedigi belirtilmisti.
tekdiizelik Az once okudugunuz metinde, futbolun hangi tiir toplumlarda daha D
popiiler oldugundan bahsedilmekteydi.
tekdiizelikte AZ once okud}lgunuz metindeki kisi, her giin ayni seyleri yaptigini D
sdylemekteydi.

- . Az o6nce okudugunuz metinde, medeni insan1 ancak sanayi devriminin
tekduzelikteki getirdigi giizelliklerin tatmin edebilecei iddia edilmekteydi. Y
ucak Az once okudugunuz metinde, yetkililerin ihbar1 dikkate almadig1 v

¢ sOylenmisti.
Az once okudugunuz metinde, ugakta yasananlarin kimsenin umurunda
ucakta oo e Y
olmadig1 sdylenmisti.
ucaktaki Az once okudugunuz metinde, titanyum borularin islevi anlatilmsti. D
ulam Az once okudugunuz metinde, oyuna yeni baslayanlarin v

yeteneksizliginden bahsedilmekteydi.
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ulamda Az Once okudugunuz metinde, yapitin basarisiz oldugu iddia v
edilmekteydi.
. Az dnce okudugunuz metinde, bir maket yarigmasi hakkinda bilgi
ulamdaki verilmisti. D
uvku Az 6nce okudugunuz metinde, kasabadaki herkesin uykusunun gok vy
y derin oldugundan bahsedilmekteydi.
uvkuda Az 6nce okudugunuz metinde, kisinin uyanik oldugu zamanlarin ona D
y iskence gibi geldigi iddia edilmekteydi.
uvkudaki Az 6nce okudugunuz metinde, yakininda ¢ocuk bulunmadig igin sarki vy
y soyleyemeyen birinden bahsedilmekteydi.
{iziim Az dnce okudugunuz metinde, talebin diisiik olmasinin kazanglarin v
diismesine neden oldugu iddia edilmekteydi.
iiziimde Az once okudugunuz metinde, kani sulandirici bir maddenin nasil elde D
edilebilecegi anlatilmaktaydi.
iziimdeki Az 6nce okudugunuz metinde, yiyeceklere aroma vermesi icin v
kullanilan maddelerin zararlarindan bahsedilmekteydi.
snetmelik Az dnce okudugunuz metindeki kisi, hazirladiklar: yonetmeligin D
y amacini anlatmaktaydi.
snetmelikte Az 6nce okudugunuz metinde, yasal diizenlemelerin trafik kurallarina D
y uyulmasini saglayamamasindan yakiniliyordu.
yonetmelikteki Az 6nce okudugunuz metinde, ordudan kagma hiikkiimlerinin orduya v

cagirilan kisiler i¢in gecerli olmadigi sdylenmekteydi.
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APPENDIX B: Counterbalance Procedure

1) Each condition was divided into four word-groups. Within each word-group, there
were four target words (see Table B 1).

Table B 1 Word grouping

Word groups Target Words (roots)
1
2
Group-1 3
4
5
6
Group-2 7
8
9
10
Group-3 11
12
13
14
Group-4 15
16

2) Target words in each condition were organized such that root forms and suffixed
forms were selected from different word groups. Accordingly, there were four
combinations of words: A, B, C, D (see Table B 2).

Table B 2 Word combinations for a condition. There are 4*3 = 12 words in each combination

A B C D

1 Word 5 Word 13  Word 9 Word

2 Word 6 Word 14  Word 10 Word

) Y13 word 21 7 word * | 15 word | 11 word
4 Word 8 Word 16 Word 12 Word

5 DA 9 DA 1 DA 13 DA

DA 5 6 DA 3 10 DA 1 2 DA 4 14 DA
7 DA 11 DA 3 DA 15 DA

8 DA 12 DA 4 DA 16 DA

9 DAKki 13 DAKki 5 DAKki 1 DAKki

DAk | 3 10 DAki 4 14 DAk? ) 6 DAk? 1 2 DAk?
11 DAKi 15 DAKi 7 DAKi 3 DAKi

12 DAKki 16 DAKi 8 DAKki 4 DAKi

3) One of the word combinations were chosen, and target words from all conditions
presented according to that combination as target words in each block (4 words *
3 forms * 4 conditions = 48 texts) (see Table B 2, Table B 3, Table B 5, and Table
B 6 — at the end of the Appendix).
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Table B 3 Conditions in each block

oral block: 48 silent block: 48
SF:4*3=12 SF:4*3=12
part 1: 96 Sl: 4*3=12 Sl: 4*3 =12
LF: 4*3=12 LF: 4*3=12
LI: 4*3=12 LI: 4*3=12
silent block: 48 | oral block: 48
SF:4*3=12 SF:4*3=12
part 2: 96 Sl: 4*3=12 Sl: 4*3 =12
LF: 4*3=12 LF: 4*3=12
LI: 4*3=12 LI: 4*3=12

SF: Short-Frequent condition, SI: Short-Infrequent condition, LF: Long-Frequent condition, LI: Long-
Infrequent condition

4) Only one form of a target word (root, with the suffix -DA, or with suffixes -DA
and -ki) appeared in one block (e.g., Short-Frequent condition (SF) in Table B 4).

Table B 4 Example word combinations for SF condition

B C
1 asit 5 fuar 13 saha 9 kiyi
i 2 depo 6 gise 4 14 ucak 10 masa
3 doku 7 juri 15 uyku 11 ofis
4 etlt 8 kita 16 0zlm 12 dyki
5 fuarda 9 kiyida 1 asitte 13 sahada
6 gisede 10 masada 2 depoda 14 ucakta
-DA . . 1
7 juride 11 ofiste 3 dokuda 15 uykuda
8 kitada 12 odykide 4 etitte 16 Uzlimde
9 kiyidaki 13 sahadaki 5 fuardaki 1 asitteki
DAKi 10 masadaki 14 ucaktaki ) 6 gisedeki 2 depodaki
11 ofisteki 15 uykudaki 7 jurideki 3 dokudaki
12 dykideki 16  Uzdmdeki 8 katadaki 4 etutteki

5) Each participant read a different combination of target words, conditions, and
modality orders. Every participant read all words either aloud or silently (Table B
5 and Table B 6).

6) The texts that include target words that were selected according to the procedures
1-4 were randomized by the software within each block.

7) After conducting 48 experiments, each target word was read aloud 24 times, and
read silently 24 times by different participants, in the following orders (see Table
B 5 and Table B 6):

a) The first 24 experiments:
Part 1- Oral-silent: six times oral reading, six times silent reading

Part 2- Silent-oral: six times silent reading, six times oral reading
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part 1

part 2

part 1

b) The second 24 experiments:

Part 1- Silent oral: six times silent reading, six times oral reading

Part 2- Oral-silent: six times oral reading, six times silent reading

Table B 5 Word selections and orders for the first 24 experiments

Pﬁﬂﬂggpt pn1 pzn p3n pn4 pn5 pn6 pn7 pn8 pn9 Fl)g 22 22
Part order AB- AB- AC- AC- AD- AD- BA- BA- BC- BC- BD- BD-
CD DC BD DB BC CB COD DC AD DA AC CA

Mod.order AB AB AC AC AD AD BA BA BC BC BD BD
SF A A A A A A B B B B B B

Sl A A A A A A B B B B B B

oral LF A A A A A A B B B B B B
LI A A A A A A B B B B B B

SF B B C C D D A A C C D D

) Sl B B C C D D A A C C D D
Silent LF B B C C D D A A C C D D
LI B B C C D D A A C C D D
Paralﬁ:gspt pn1l p2n %n pn4 pn5 pn6 pn7 pn8 pn9 gg 22 22
Part order AB- AB- AC- AC- AD- AD- BA- BA- BC- BC- BD- BD-
CD DC BD DB BC CB COD DC AD DA AC CA

Mod.order CD DC BD DB BC CB COD DC AD DA AC CA
SF C D B D B C C D A D A C

) Sl C D B D B C C D A D A C

Silent

LF C D B D B C C D A D A C

LI C D B D B C C D A D A C

SF D C D B C B D C D A C A

Oral Sl D C D B C B D C D A C A
LF D C D B C B D C D A C A

LI D C D B C B D C D A C A
Participant ~ pn pn pn pn pn pn pn pn pn pn pn pn
Number 13 14 15 16 17 18 19 20 21 22 23 24
Part order CA- CA- CB- CB- CD- CD- DA- DA- DB- DB- DC- DC-
BD DB AD DA AB BA BC CB AC CA AB BA

Mod.order CA CA CB CB CD CD DA DA DB DB DC ©DC
SF C C C C C C D D D D D D

oral Sl C C C C C C D D D D D D
LF C C C C C C D D D D D D

LI C C C C C C D D D D D D

SF A A B B D D A A B B C C

Silent  SI A A B B D D A A B B C C
LF A A B B D D A A B B C C



LI A A B B D D A A B B C C
Participant ~ pn pn  pn pn pn pn pn pn pn pn pn pn
Number 13 14 15 16 17 18 19 20 21 22 23 24
Part order CA- CA- CB- CB- CD- CD- DA- DA- DB- DB- DC- DC-
BD DB AD DA AB BA BC CB AC CA AB BA
Mod.order BD DB AD DA AB BA BC CB AC CA AB BA
S B D A D A B B C A C A B
N ) Sl B D A D A B B C A C A B
5 Silent
=1 LF B D A D A B B C A C A B
LI B D A D A B B C A C A B
SF D B D A B A C B C A B A
Oral Sl D B D A B A C B C A B A
ra
LF D B D A B A C B C A B A
LI D B D A B A C B C A B A
SF: Short-Frequent condition, SI: Short-Infrequent condition, LF: Long-Frequent condition, LI: Long-
Infrequent condition
Table B 6 Word selections and orders for the second 24 experiments
Participant pn  pn pn pn pn pn  pn  pn pn pn pn pn
Number 25 26 27 28 29 30 31 32 33 34 35 36
Part order Cbh- DC- BD- DB- BC- CB- CD- DC- AD- DA- AC- CA-
AB AB AC AC AD AD BA BA BC BC BD BD
Mod.Order CD DC BD DB BC CB CD DC AD DA AC CA
SF C D B D B C C D A D A C
= . Sl C D B D B C C D A D A C
S Silent
a LF C D B D B C C D A D A C
LI C D B D B C C D A D A C
SF D C D B C B D C D A C A
oral Sl D C D B C B D C D A C A
ra
LF D C D B C B D C D A C A
LI D C D B C B D C D A C A
Participant pn  pn pn pn pn pn  pn  pn pn pn pn pn
Number 25 26 27 28 29 30 31 32 33 34 35 36
S CD- DC- BD- DB- BC- CB- CD- DC- AD- DA- AC- CA-
AB AB AC AC AD AD BA BA BC BC BD BD
Mod.Order AB AB AC AC AD AD BA BA BC BC BD BD
SF A A A A A A B B B B B B
N Oral SI A A A A A A B B B B B B
s LF A A A A A A B B B B B B
LI A A A A A A B B B B B B
SF B B C C D D A A C C D D
Silent Sl B B C C D D A A C C D D
ilen
LF B B C C D D A A C C D D
LI B B C C D D A A C C D D
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Participant pn pn pn pn pn pn pn pn pn pn  pn  pn
Number 37 38 39 40 41 42 43 44 45 46 47 48

BD- DB- AD- DA- AB- BA- BC- CB- AC- CA- AB- BA-

Partorder  cnA cA CcB CcB CD CD DA DA DB DB DC DC

Mod.Order BD DB AD DA AB BA BC CB AC CA AB BA

SF B D A D A B B C A C A B

- . SI B D A D A B B C A C A B
5 Silent

S LF B D A D A B B C A C A B

LI B D A D A B B C A C A B

SF D B D A B A C B C A B A

Sl D B D A B A Cc B Cc A B A

Oral LF D B D A B A Cc B Cc A B A

LI D B D A B A C B C A B A

Participant pn  pn pn  pn pn  pn pn pn pn  pn  pn  pn

Number 37 38 39 40 41 42 43 44 45 46 47 48

partorder BD- DB- AD- DA- AB- BA- BC- CB- AC- CA- AB- BA-

CA CA CB CB CbD cb DA DA DB DB DC DC

Mod.Order CA CA CB CB CD Cb DA DA DB DB DC DC

SF C C C C C C D D D D D D

N SI C C C C C C D D D D D D

g Oral LF C C C C C C D D D D D D

LI Cc C C Cc C C D D D D D D

SF A A B B D D A A B B C C

) Sl A A B B D D A A B B C C

Silent LF A A B B D D A A B B C C

LI A A B B D D A A B B C C

SF: Short-Frequent condition, Sl: Short-Infrequent condition, LF: Long-Frequent condition, LI: Long-
Infrequent condition
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APPENDIX C: Stage-by-Stage Construction of Linear Mixed Models

In the current study, a total of seven Linear Mixed Models (LMM) with the 1me4
package (version 1.1-15; Bates et al., 2015) in the R environment (version 3.4.2, 64-
bit build; R Core Team, 2017) are provided: (i) oral reading LMMs (i.e., LMMs of
FSI, FFD, GD, and RFLP), and (ii) silent reading LMMs (i.e., LMMs of FFD, GD,
and RFLP). A similar strategy was applied to both LMMs such that the construction
of LMMs began with a base model that included, followed by the selection of random
slopes, and lastly, a test of nonlinear components indicated by visual inspection. The
covariates included in LMMs were explained in Section 4.3.2 in detail. In the current
Appendix, the focus is on the construction of the random structure of models, inclusion
of additional nonlinear components, and final model tests.

Before including them to the models, all variables were transformed, as explained in
Sections 4.2.4 and 4.2.5 (except categorical variables and suffix counts). The
covariates were centered (except categorical variables) before their inclusion into the
LMMs. RFLP and FSI as covariates in LMMs of FFD and GD, and EVS as a covariate
in LMMs of FSI, FFD, GD, and RFLP were centered to their means. The
characteristics of words were centered on their common means within the relevant
modality. For example, predictabilities were centered on the common mean of
predictabilities, as calculated in formulas 1-6.

Oral Reading: PO.c = PO — mean(PO, P1, P2) = PO — (-1.64) Q)
Oral Reading: P1.c = P1 —mean(PO, P1, P2) = P1 — (-1.64) 2
Oral Reading: P2.c = P2 — mean(PO, P1, P2) = P2 — (-1.64) 3
Silent Reading: PO.c = PO — mean(PO, P1, P2) = PO — (-1.68) 4
Silent Reading: P1.c = P1 — mean(PO, P1, P2) = P1 — (-1.68) 5)
Silent Reading: P2.c = P2 — mean(PO, P1, P2) = P2 — (-1.68) (6)

The linear components of covariates are added to the models as random slopes one-
by-one, in the following order. At each step, models are compared with anova ()
function for the contribution of the random slope to the model. A random slope was
kept in the model only if the model converged, and the random slope contributed to
the model significantly (i.e., if p < 0.2, Matuschek et al., 2017). Contribution of random
slopes was tested for all LMMs in the following order:

For Participant as a random factor (with their abbreviations in the dataset, “.c”
indicates that covariate was centered, “.f” indicates that the covariate was categorical)

Word n characteristics. P@.c, WLO.c, SFO.c
Word n-1 characteristics. P1.c, WL1.c, SF1.c
Word n+1 characteristics. P2.c, WL2.c, SF2.c

Suffix counts. SCO.c, SC1.c, SC2.c
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Oral reading specific covariates. EVS. c (common), FSI.c (only for eye-movement
models)

Eye-movement specific covariates. LS@.c, LS2.c (common), and RFLP. c (only for
fixation duration models)

Prelexical characteristics. TF@.c, TF2.c, VHO.f, VH2.f

Familiarity. FamCode. f

For Word as a random factor (with their abbreviations in the dataset, ““.c” indicates
that covariate was centered, “.f” indicates that the covariate was categorical)

Oral reading specific covariates. EVS. c (common), FSI.c (only for eye-movement
models)

Eye-movement specific covariates. LS@.c, LS2.c (common), and RFLP. c (only for
fixation duration models)

In Table C 1, anova () results of random slopes that significantly contributed to the
LMMs are presented.

Table C 1 LMM comparison results during the construction of the random structure

Oral Reading Silent Reading
Random
Eactor Random Slope 72 (1) p 72 (1) p
LMM of Fixation Speech Interval (FSI)
L Word length of word n
Participant (WLO) 3.32 0.07<0.2 - -
Participant Stem frequency of word n 70.84  4.2E-16<0.2 - -
(SF0)
LMM of First Fixation Duration (FFD)
Participant E’ng‘)j'cmb"'ty ofwordn . . 373 0.05<0.2
Participant }’\\/’\‘I)[%)'e”gth of word n 1424 161E-04<02 | 3447  432E-09<0.2
Participant (S;eF%“)freq“e“Cy of word n 732 6.82E-03<0.2 - -
Participant (S;eF?)freq“e“Cy of word n+1 - - 9.996  1.57E-03<0.2
. Spatial eye voice span i i
Participant (EVS) 5.64 0.02<0.2
Participant  -2unch site of word n - ; 1033 1.31E-03<0.2
(LSO)
Spatial eye voice span i i
Word (EVS) 3.98 0.05<0.2
Launch site of word n
Word (LSO) 4.74 0.03<0.2 - -
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Launch site of word n+1
Word (LS2) - - 3.1 0.08<0.2
LMM of Gaze Duration (GD)
Participant (P;g;"“ab"'w of word n 291 0.09<02 166  1.98E-01<0.2
- Word length of word n
Participant (WLO) 158.14 <2.2E-16<0.2 - -
Participant (Séf:réw)frequency of word n - - 39.33 3.58E-10<0.2
Participant Egi()jmtab'“ty of word n-1 - - 5.27 0.02<0.2
Participant (Sst?:r;)frequency of word n+1 368 0.06 < 0.2 i i
- Suffix count of word n
Participant (SCO) - - 6.48 0.01<0.2
- Suffix count of word n+1
Participant (SC2) - - 1.74 0.19<0.2
Participant (Fli)éa;;'on speech intenygl 10.72  1.06E-03<0.2 - -
Participant '(‘f‘SJg)Ch site of Wlgfni+1 962 192E-03<02 | 1496  11E-04<0.2
Word (FF";"I‘;'O“ S Inteng 4547 155E-11<0.2 . .
Launch site of word n
Word (LSO) 5.64 0.02<0.2 - -
LMM of Relative First Landing Position (RFLP)
Participant E;g‘;'cmb"'ty of Wil 3.03 0.08<0.2 9.75  1.79E-03<0.2
.. Word length of word n-1
Participant (WL1) 3.08 0.08<0.2 - -
Participant Egg‘;'Ctab"'ty of word n+1 : : 5.85 0.02<0.2
Participant (SS“(‘;fl")‘ count of word n-1 i i 1050  1.20E-03<0.2
- Suffix count of word n+1
Participant (SC2) - - 2.29 0.13<0.2
Participant (FF"é"I‘;'O” speech interval 1925 115E-05<02 | - :
Participant '(fg’g;:h site of word n+1 - - 4471  2.28E-11<0.2
. Trigram frequency of word n i i
Participant (TFO) 2.18 0.14<0.2
Launch site of word n
Word (LSO) 48.33 3.60E-12<0.2 - -
The number of obs. 11081 12225
Groups Participant 196
Word 192

Visual inspections on raw oral reading data indicated nonlinear relationships between
(1) FSI and PO, (2) FSI and WL2, (3) FFD and WLO, (4) FFD and WL2, (5) GD and
PO, (6) GD and FSI, and (7) RFLP and WL2. Among these nonlinear relationships, the
only quadratic component contributed to the LMM of GD was quad. FSI (x? (1) =
7.52, p <.2). Models that included the other nonlinear components failed to converge.
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For silent reading instances, visual inspection on raw data indicated nonlinear
relationships between (1) FFD and WLO, and (2) GD and PO. The LMM of FFD that
included the quadratic component of WLO was significantly better than the simpler
model (yx? (1) = 46.22, p < .2) while the LMM of GD that included the quadratic
component of PO failed to converge.

Upon the construction of LMMs, the final models tested for the assumptions of LMM.
The results are presented below.

LMM of FSI

Random structure. None of the components in the random structure exceeded the
principle component count that cumulatively accounts for 100% of the variance (Bates
etal., 2015).

Table C 2 PCA for the random structure of the LMM of FSI

Participant
Importance of components:

(1] [.2] [.3]

Standard deviation 0.9748 0.605 0.10268
Proportion of Variance 0.7162 0.2759  0.00795
Cumulative Proportion 0.7162 0.992 1
Word
Importance of components:

[1]
Standard deviation 0.3565
Proportion of Variance 1
Cumulative Proportion 1

Multicollinearity. There was not any component that had a variance inflation factor
(VIF) value greater than ten, and the average tolerance value was greater than 0.2 (i.e.,
0.51) (Field, 2009).

Table C 3 VIFs of the estimates of LMM of FSI

Covariate VIF  Tolerance (1/VIF)
Predictability of word n (P0) 1.32 0.76
Stem frequency of word n (SF0) 2.68 0.37
Word length of word n (WLO) 5.6 0.18
Suffix count of word n (SCO0) 1.74 0.57
Trigram frequency of word n (TFO0) 2.71 0.37
Vowel harmony of word n (VHO) 1.79 0.56
Familiarity 3 0.33
Spatial eye voice span (EVS) 1.09 0.92
Predictability of word n-1 (P1) 1.25 0.8
Stem frequency of word n-1 (SF1) 4.56 0.22
Word length of word n-1 (WL1) 2.21 0.45
Suffix count of word n-1 (SC1) 1.86 0.54
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Predictability of word n+1 (P2) 1.24 0.81

Stem frequency of word n+1 (SF2) 2.05 0.49
Word length of word n+1 (WL2) 2.78 0.36
Suffix count of word n+1 (SC2) 2.91 0.34
Trigram frequency of word n+1 (TF2) 3.05 0.33
Vowel harmony of word n+1 (VH2) 1.78 0.56
WLO x SFO 1.98 0.51
WLO x SF2 1.62 0.62
WLO x TF2 2.8 0.36
WLO x VH2 1.68 0.6
SFO x SF2 1.93 0.52
SFOx TF2 2.47 0.4
SFO x VH2 2.02 0.49
SF1 x SFO 2.23 0.45
SF1xTFO 1.97 0.51
SF1 x VHO 3.19 0.31
Familiarity x TFO 1.44 0.69
Familiarity x VHO 2.53 0.4
WLO x EVS 1.09 0.92
Average Tolerance 0.51

According to more conservative thresholds (i.e., VIF < 4 and VIF < 3, Zuur et al.,
2010) there were problematic components: (1) for VIF >4, WLO (5.60) and SF1 (4.56);
(2) for 3 < VIF <4 SF1 x VHO (3.19), TF2 (3.10), and familiarity (3.00). Since all of
the components had theoretical importance and according to less conservative criteria
(e.g., VIF < 10, VIF < 8, average tolerance > 0.2), there was not any multicollinearity
problem, all fixed effects of the model were kept.
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Residual graphs.
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Figure C 1 Distribution of the residuals of LMM of FSI
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Figure C 2 Predicted values vs. Residuals of LMM of FSI

LMM of FFD (Oral Reading)

Random structure. None of the components in the random structure exceeded the
principle component count that cumulatively accounts for 100% of the variance (Bates
etal., 2015).

Table C 4 PCA for the random structure of the LMM of FFD (Oral Reading)

Participant
Importance of components:

[1] [.2] [3] [4]

Standard deviation 1.4941 0.34326 0.11308 0.04751
Proportion of Variance 0.9438 0.04982 0.00541  0.00095
Cumulative Proportion 0.9438 0.99364 0.99905 1
Word

Importance of components:

(1] [.2] (3]

Standard deviation 0.1552 0.1149  0.1056
Proportion of Variance 0.4971 0.2726  0.2303
Cumulative Proportion 0.4971 0.7697 1

Multicollinearity. There was not any component that had a variance inflation factor
(VIF) value greater than ten, and the average tolerance value was greater than 0.2 (i.e.,
0.55) (Field, 2009).
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Table C 5 VIFs of the estimates of LMM of FFD (Oral Reading)

Covariate VIF  Tolerance (1/VIF)
Predictability of word n (PO) 1.35 0.74
Stem frequency of word n (SFO0) 3.02 0.33
Word length of word n (WLO) 5.17 0.19
Suffix count of word n (SCO) 1.7 0.59
Trigram frequency of word n (TFOQ) 2.83 0.35
Vowel harmony of word n (VHO) 1.95 0.51
Familiarity 3.51 0.29
Spatial eye voice span (EVS) 1.08 0.93
Fixation speech interval (FSI) 1.11 0.9
Relative first landing position (RFLP) 1.3 0.77
RFLP quad. 1.09 0.92
Launch site of word n (LS0) 1.34 0.75
Predictability of word n-1 (P1) 1.25 0.8
Stem frequency of word n-1 (SF1) 4.47 0.22
Word length of word n-1 (WL1) 2.26 0.44
Suffix count of word n-1 (SC1) 1.85 0.54
Predictability of word n+1 (P2) 1.29 0.77
Stem frequency of word n+1 (SF2) 2.03 0.49
Word length of word n+1 (WL2) 2.75 0.36
Suffix count of word n+1 (SC2) 2.89 0.35
Trigram frequency of word n+1 (TF2) 2.99 0.33
Vowel harmony of word n+1 (VH2) 1.72 0.58
Launch site of word n+1 (LS2) 1.61 0.62
WLO0 x SFO 2.06 0.49
WLO x SF2 1.64 0.61
WLO x TF2 2.72 0.37
WLO x VH2 1.66 0.6
SFO x SF2 1.86 0.54
SFOx TF2 2.48 0.4
SF0 x VH2 1.99 0.5
SF1 x SFO 2.13 0.47
SF1xTFO 1.97 0.51
SF1 x VHO 3.19 0.31
Familiarity x TFO 1.89 0.53
Familiarity x VHO 2.62 0.38
WL1 x LSO 1.21 0.83
LS2 x SF2 1.18 0.85
LS2 x P2 1.37 0.73
Average Tolerance 0.55

According to more conservative thresholds (i.e., VIF < 4 and VIF < 3, Zuur et al.,
2010) there were problematic components: (1) for VIF >4, WLO (5.16) and SF1 (4.47);
(2) for 3 < VIF < 4 familiarity (3.51), SF1 x VHO0 (3.19), and SFO (3.02). Since all of
the components had theoretical importance and according to less conservative criteria
(e.g., VIF < 10, VIF < 8, average tolerance > 0.2), there was not any multicollinearity
problem, all fixed effects of the model were kept.
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Residual graphs.
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Figure C 3 Distribution of the residuals of LMM of FFD (oral reading)
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Figure C 4 Predicted values vs. Residuals of LMM of FFD (oral reading)

LMM of GD (Oral Reading)

Random structure. None of the components in the random structure exceeded the
principle component count that cumulatively accounts for 100% of the variance (Bates
etal., 2015).

Table C 6 PCA for the random structure of the LMM of GD (Oral Reading)

Participant
Importance of components:

[1] [.2] [3] [4] [5] L.6]

Standard deviation 3.1654 0.3601 0.328 0.20351  0.12767  0.0547
Proportion of Variance 0.9711 0.01257 0.01043 0.00401 0.00158 0.00029
Cumulative Proportion 0.9711 0.98369 0.99412 0.99813 0.99971 1
Word

Importance of components:

(1] [.2] [.3]

Standard deviation 0.5264 0.2845 0.11237
Proportion of Variance 0.7476 0.2184  0.03407
Cumulative Proportion 0.7476  0.9659 1

Multicollinearity. There was not any component that had a variance inflation factor
(VIF) value greater than ten, and the average tolerance value was greater than 0.2 (i.e.,
0.59) (Field, 2009).
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Table C 7 VIFs of the estimates of LMM of GD (Oral Reading)

Covariate VIF  Tolerance (1/VIF)
Predictability of word n (P0) 1.31 0.77
Stem frequency of word n (SF0) 2.98 0.34
Word length of word n (WLO) 4.52 0.22
Suffix count of word n (SCO0) 1.63 0.61
Trigram frequency of word n (TF0) 2.55 0.39
Vowel harmony of word n (VHO) 1.77 0.56
Familiarity 3.23 0.31
Spatial eye voice span (EVS) 1.09 0.91
Fixation speech interval (FSI) 1.09 0.92
FSI quad. 1.09 0.91
Relative first landing position (RFLP) 1.23 0.81
RFLP quad. 1.05 0.95
Launch site of word n (LS0) 1.31 0.76
Predictability of word n-1 (P1) 1.25 0.8
Stem frequency of word n-1 (SF1) 4.52 0.22
Word length of word n-1 (WL1) 2.24 0.45
Suffix count of word n-1 (SC1) 1.86 0.54
Predictability of word n+1 (P2) 1.26 0.8
Stem frequency of word n+1 (SF2) 2.02 0.5
Word length of word n+1 (WL2) 2.75 0.36
Suffix count of word n+1 (SC2) 2.87 0.35
Trigram frequency of word n+1 (TF2) 3.02 0.33
Vowel harmony of word n+1 (VH2) 1.76 0.57
Launch site of word n+1 (LS2) 1.45 0.69
WLO x SFO 1.89 0.53
WLO x SF2 1.56 0.64
WLO x TF2 2.45 0.41
WLO x VH2 1.59 0.63
SFO x SF2 1.9 0.53
SFOx TF2 2.5 0.4
SFO x VH2 2.05 0.49
SF1 x SFO 2.23 0.45
SF1x TFO 1.94 0.52
SF1 x VHO 3.17 0.32
Familiarity x TFO 1.54 0.65
Familiarity x VHO 2.62 0.38
WL1 x LSO 1.18 0.85
LS2 x SF2 1.12 0.89
LS2 x P2 1.27 0.79
EVS x FSI 1.12 0.89
Average Tolerance 0.59

According to more conservative thresholds (i.e., VIF < 4 and VIF < 3, Zuur et al.,
2010) there were problematic components: (1) for VIF >4, WLO (4.52) and SF1 (4.52);
(2) for 3 < VIF < 4 familiarity (3.23), SF1 x VHO (3.17), and TF2 (3.02). Since those
components had theoretical importance and according to less conservative criteria
(e.g., VIF <10, VIF < 8, average tolerance > 0.2), there was not any multicollinearity
problem, all fixed effects of the model were kept.
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Residual graphs.
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Figure C 5 Distribution of the residuals of LMM of GD (oral reading)
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Figure C 6 Predicted values vs. Residuals of LMM of GD (oral reading)

LMM of RFLP (Oral Reading)

Random structure. None of the components in the random structure exceeded the
principle component count that cumulatively accounts for 100% of the variance (Bates
etal., 2015).

Table C 8 PCA for the random structure of the LMM of RFLP (Oral Reading)

Participant
Importance of components:

[1] [.2] [3] [4]

Standard deviation 1.6587 0.45709 0.43806 0.17165
Proportion of Variance 0.8648 0.06567 0.06031  0.00926
Cumulative Proportion 0.8648 0.93042 0.99074 1
Word
Importance of components:

[1] [.2]
Standard deviation 0.2005 0.1752
Proportion of Variance 0.5669 0.4331
Cumulative Proportion 0.5669 1

Multicollinearity. There was not any component that had a variance inflation factor
(VIF) value greater than ten, and the average tolerance value was greater than 0.2 (i.e.,
0.53) (Field, 2009).
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Table C 9 VIFs of the estimates of LMM of RFLP (Oral Reading)

Covariate VIF  Tolerance (1/VIF)
Predictability of word n (PO) 1.33 0.75
Stem frequency of word n (SF0) 3.19 0.31
Word length of word n (WLO) 5.81 0.17
Suffix count of word n (SCO0) 1.76 0.57
Trigram frequency of word n (TF0) 2.96 0.34
Vowel harmony of word n (VHO) 1.98 0.5
Familiarity 3.55 0.28
Spatial eye voice span (EVS) 1.1 0.91
Fixation speech interval (FSI) 1.06 0.94
Launch site of word n (LS0) 1.22 0.82
Predictability of word n-1 (P1) 1.24 0.81
Stem frequency of word n-1 (SF1) 4.46 0.22
Word length of word n-1 (WL1) 2.18 0.46
Suffix count of word n-1 (SC1) 1.82 0.55
Predictability of word n+1 (P2) 1.29 0.78
Stem frequency of word n+1 (SF2) 2.05 0.49
Word length of word n+1 (WL2) 2.75 0.36
Suffix count of word n+1 (SC2) 2.9 0.34
Trigram frequency of word n+1 (TF2) 3.01 0.33
Vowel harmony of word n+1 (VH2) 1.74 0.57
Launch site of word n+1 (LS2) 15 0.67
WLO x SFO 2.16 0.46
WLO x SF2 1.68 0.6
WLO x TF2 2.95 0.34
WLO x VH2 1.71 0.59
SFO x SF2 1.89 0.53
SFOx TF2 2.51 0.4
SFO x VH2 2.02 0.49
SF1 x SFO 2.18 0.46
SF1xTFO 2 0.5
SF1 x VHO 3.18 0.31
Familiarity x TFO 1.85 0.54
Familiarity x VHO 2.65 0.38
WL1 x LSO 1.22 0.82
LS2 x SF2 1.17 0.85
LS2 x P2 1.36 0.73
Average Tolerance 0.53

According to more conservative thresholds (i.e., VIF < 4 and VIF < 3, Zuur et al.,
2010) there were problematic components: (1) for VIF >4, WLO0 (5.81) and SF1 (4.46);
(2) for 3 < VIF < 4 familiarity (3.55), SFO0 (3.19), SF1 x VHO0 (3.18), TF2 (3.01). Since
all of the components had theoretical importance and according to less conservative
criteria (e.g., VIF < 10, VIF < 8, average tolerance > 0.2) there was not any
multicollinearity problem, all fixed effects of the model were kept.
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Figure C 7 Distribution of the residuals of LMM of RFLP (oral reading)
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Figure C 8 Predicted values vs. Residuals of LMM of RFLP (oral reading)

LMM of FFD (Silent Reading)

Random structure. None of the components in the random structure exceeded the
principle component count that cumulatively accounts for 100% of the variance (Bates
etal., 2015).

Table C 10 PCA for the random structure of the LMM of FFD (Silent Reading)

Participant
Importance of components:

[1] [.2] [.3] [.4] [.5]

Standard deviation 1.9191 0.40257 0.17469 0.11921 0.06357
Proportion of Variance 0.9458 0.04162 0.00784 0.00365 0.00104
Cumulative Proportion 0.9458 0.98748 0.99531 0.99896 1
Word
Importance of components:

[1] [.2]
Standard deviation 0.1116 0.07658
Proportion of Variance 0.6798 0.32024
Cumulative Proportion 0.6798 1

Multicollinearity. There was not any component that ha a variance inflation factor
(VIF) value greater than ten, and the average tolerance value was greater than 0.2 (i.e.,
0.52) (Field, 2009).
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Table C 11 VIFs of the estimates of LMM of FFD (Silent Reading)

Covariate VIF  Tolerance (1/VIF)
Predictability of word n (PO) 1.29 0.78
Stem frequency of word n (SF0) 3.48 0.29
Word length of word n (WLO) 5.03 0.2
WLO quad. 3.67 0.27
Suffix count of word n (SCO0) 1.56 0.64
Trigram frequency of word n (TFO) 29 0.35
Vowel harmony of word n (VHO) 2.06 0.49
Familiarity 3.93 0.25
Relative first landing position (RFLP) 13 0.77
RFLP quad. 1.09 0.91
Launch site of word n (LS0) 1.32 0.76
Predictability of word n-1 (P1) 1.24 0.81
Stem frequency of word n-1 (SF1) 4.5 0.22
Word length of word n-1 (WL1) 2.35 0.42
Suffix count of word n-1 (SC1) 1.86 0.54
Predictability of word n+1 (P2) 131 0.76
Stem frequency of word n+1 (SF2) 1.86 0.54
Word length of word n+1 (WL2) 2.69 0.37
Suffix count of word n+1 (SC2) 2.85 0.35
Trigram frequency of word n+1 (TF2) 3.07 0.33
Vowel harmony of word n+1 (VH2) 1.74 0.58
Launch site of word n+1 (LS2) 1.76 0.57
WLO x SFO 1.97 0.51
WLO x SF2 1.6 0.63
WLO x TF2 241 0.42
WLO x VH2 1.53 0.65
SFO x SF2 1.81 0.55
SFOx TF2 2.42 0.41
SFO x VH2 2.08 0.48
SF1 x SFO 2.29 0.44
SF1xTFO 1.98 0.5
SF1 x VHO 3.28 0.3
Familiarity x TFO 2.12 0.47
Familiarity x VHO 2.95 0.34
WL1 x LSO 1.24 0.81
LS2 x SF2 1.29 0.77
LS2 x P2 1.36 0.73
Average Tolerance 0.52

According to more conservative thresholds (i.e., VIF < 4 and VIF < 3, Zuur et al.,
2010) there were problematic components: (1) for VIF >4, WLO (5.03) and SF1 (4.50);
(2) for 3 < VIF <4 familiarity (3.93), WLO quad. (3.67), SF0 (3.48), SF1 x VHO (3.28),
TF2 (3.07). Since according to less conservative criteria (e.g., VIF < 10, VIF < 8,
average tolerance > 0.2), there was not any multicollinearity problem, all fixed effects
of the model were kept.
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Figure C 9 Distribution of the residuals of LMM of FFD (Silent Reading)
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Figure C 10 Predicted values vs. Residuals of LMM of FFD (Silent Reading)

LMM of GD (Silent Reading)

Random structure. None of the components in the random structure exceeded the
principle component count that cumulatively accounts for 100% of the variance (Bates
etal., 2015).

Table C 12 PCA for the random structure of the LMM of GD (Silent Reading)

Participant
Importance of components:

[1] [.2] [3] [4] L8] L.6] L7]

Standard deviation 0.5318 0.13169 0.12062 0.09068  0.0803  0.07619  0.04651
Proportion of Variance 0.8384 0.05141 0.04313 0.02438 0.01911 0.01721 0.00641
Cumulative Proportion 0.8384 0.88976 0.93289 0.95727 0.97638  0.99359 1
Word

Importance of components:

(1]

Standard deviation 0.2853
Proportion of Variance 1
Cumulative Proportion 1

Multicollinearity. There was not any component that had a variance inflation factor
(VIF) value greater than ten, and the average tolerance value was greater than 0.2 (i.e.,
0.54) (Field, 2009).
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Table C 13 VIFs of the estimates of LMM of GD (Silent Reading)

Covariate VIF  Tolerance (1/VIF)
Predictability of word n (PO) 1.32 0.76
Stem frequency of word n (SFO0) 2.84 0.35
Word length of word n (WLO) 5.59 0.18
Suffix count of word n (SCO) 1.69 0.59
Trigram frequency of word n (TFOQ) 2.78 0.36
Vowel harmony of word n (VHO) 1.9 0.53
Familiarity 3.18 0.31
Relative first landing position (RFLP) 1.3 0.77
RFLP quad. 1.07 0.93
Launch site of word n (LS0) 1.37 0.73
Predictability of word n-1 (P1) 1.23 0.81
Stem frequency of word n-1 (SF1) 4.56 0.22
Word length of word n-1 (WL1) 2.26 0.44
Suffix count of word n-1 (SC1) 1.86 0.54
Predictability of word n+1 (P2) 1.27 0.79
Stem frequency of word n+1 (SF2) 2.02 0.49
Word length of word n+1 (WL2) 2.73 0.37
Suffix count of word n+1 (SC2) 2.88 0.35
Trigram frequency of word n+1 (TF2) 2.98 0.34
Vowel harmony of word n+1 (VH2) 1.78 0.56
Launch site of word n+1 (LS2) 151 0.66
WLO0 x SFO 1.94 0.51
WLO x SF2 1.69 0.59
WLO x TF2 2.68 0.37
WLO x VH2 1.65 0.61
SFO x SF2 1.92 0.52
SFOx TF2 2.36 0.42
SFO x VH2 2.06 0.48
SF1 x SFO 2.25 0.44
SF1x TFO 2.04 0.49
SF1 x VHO 3.25 0.31
Familiarity x TFO 1.56 0.64
Familiarity x VHO 2.73 0.37
WL1 x LSO 1.22 0.82
LS2 x SF2 1.17 0.85
LS2 x P2 1.25 0.8
Average Tolerance 0.54

According to more conservative thresholds (i.e., VIF < 4 and VIF < 3, Zuur et al.,
2010) there were problematic components: (1) for VIF >4, WLO (5.59) and SF1 (4.56);
(2) for 3 < VIF < 4 SF1 x VHO (3.25), and familiarity (3.18). Since all of the
components had theoretical importance and according to less conservative criteria
(e.g., VIF <10, VIF < 8, average tolerance > 0.2), there was not any multicollinearity
problem, all fixed effects of the model were kept.
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Figure C 11 Distribution of the residuals of LMM of GD (Silent Reading)
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Figure C 12 Predicted values vs. Residuals of LMM of GD (Silent Reading)

LMM of RFLP (Silent Reading)

Random structure. None of the components in the random structure exceeded the
principle component count that cumulatively accounts for 100% of the variance (Bates
etal., 2015).

Table C 14 PCA for the random structure of the LMM of RFLP (Silent Reading)

Participant
Importance of components:

1] [.2] [.3] [.4] [.5] [.6] L7]

Standard deviation 0.4674 0.2323 0.17016 0.15049 0.09748 0.08788  0.04949
Proportion of Variance 0.6356 0.157 0.08424 0.06588 0.02764  0.02247  0.00713
Cumulative Proportion 0.6356 0.7926 0.87688 0.94276  0.9704  0.99287 1
Word
Importance of components:

(1]
Standard deviation 0.2108
Proportion of Variance 1
Cumulative Proportion 1

Multicollinearity. There was not any component that had a variance inflation factor
(VIF) value greater than ten, and the average tolerance value was greater than 0.2 (i.e.,
0.52) (Field, 2009).
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Table C 15 VIFs of the estimates of LMM of RFLP (Silent Reading)

Covariate VIF  Tolerance (1/VIF)
Predictability of word n (P0) 1.29 0.77
Stem frequency of word n (SF0) 3.2 0.31
Word length of word n (WLO) 5.42 0.18
Suffix count of word n (SCO0) 1.67 0.6
Trigram frequency of word n (TF0) 2.8 0.36
Vowel harmony of word n (VHO) 1.99 0.5
Familiarity 35 0.29
Launch site of word n (LSO0) 1.22 0.82
Predictability of word n-1 (P1) 1.24 0.81
Stem frequency of word n-1 (SF1) 4.54 0.22
Word length of word n-1 (WL1) 2.22 0.45
Suffix count of word n-1 (SC1) 1.78 0.56
Predictability of word n+1 (P2) 1.27 0.79
Stem frequency of word n+1 (SF2) 2.02 0.49
Word length of word n+1 (WL2) 2.71 0.37
Suffix count of word n+1 (SC2) 2.85 0.35
Trigram frequency of word n+1 (TF2) 2.97 0.34
Vowel harmony of word n+1 (VH2) 1.77 0.56
Launch site of word n+1 (LS2) 1.33 0.75
WLO x SFO 2.01 0.5
WLO x SF2 1.69 0.59
WLO x TF2 2.64 0.38
WLO x VH2 1.63 0.61
SFO0 x SF2 1.91 0.52
SFOx TF2 2.38 0.42
SFO x VH2 2.09 0.48
SF1 x SFO 2.28 0.44
SF1x TFO 2.01 0.5
SF1 x VHO 3.24 0.31
Familiarity x TFO 1.78 0.56
Familiarity x VHO 2.85 0.35
WL1 x LSO 1.24 0.81
LS2 x SF2 1.16 0.86
LS2 x P2 1.24 0.81
Average Tolerance 0.52

According to more conservative thresholds (i.e., VIF < 4 and VIF < 3, Zuur et al.,
2010) there were problematic components: (1) for VIF >4, WLO (5.42) and SF1 (4.54);
(2) for 3 < VIF < 4 familiarity (3.50), SF1 x VHO (3.24), and SFO0 (3.20). Since all of
the components had theoretical importance and according to less conservative criteria
(e.g., VIF < 10, VIF < 8, average tolerance > 0.2), there was not any multicollinearity
problem, all fixed effects of the model were kept.
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Figure C 13 Distribution of the residuals of LMM of RFLP (Silent Reading)
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APPENDIX D: A Baseline-Category Logit Model of Memory Buffer Load

The number of words held in the memory buffer component of P-GAG was modeled
by a base-line category logit model (BCLM) using the vglm() function of the vGaAM
package (version 1.1-1; Yee, 2015; Yee & Wild, 1996). The distance in terms of word count
between word n and the fixated word at the beginning of articulation of word n was
assumed to represent the number of words hold in the buffer. Among levels of the
variable buffer, one word represented the cases that word n was articulated before
eyes left the word (i.e., one word in the buffer), two words represented the cases that
word n was articulated while fixating word n+1 (i.e., two words in the buffer), more
than two words represented the cases that word n was articulated while fixating any
word on the right of word n+1 (i.e., more than two words in the buffer), and regression
represented the cases that word n was articulated during a regressive fixation on word
n (i.e., regressions). In Figure D 1, an example of two words condition is provided.

Example: buffer = two words

Articulation start Fixation

Raporda;—=bélgenin-imarinda—jeodinamik karaktering% de dikkate
alinmasi uyarisinda bulunuldu.

Figure D 1 Example memory buffer load

Covariates in the model were the results of a Corsi-Block test, a digit-span test,
predictability of word n (P0), length of word n (WLO0), and stem frequency of SFO (see
Sections 4.1.5 and 4.2.5.1). There was an additional elimination due to not recorded
the Corsi-Block test of one participant and three outliers in Corsi-Block test scores
(i.e., three participants who scored 2). The elimination was 2% of 196 participants (see
Table 4.5 for other elimination criteria and their percents). The test scores were log-
transformed (base 2) and centered on their means. The other covariates transformed
and centered the same as in LMMs (see Section 4.3 and APPENDIX C).

In general, a BCLM is as follows:
logGehy = x[ By, j # ] *

where the log-odds of falling in the category j vs. the base category, j * is modeled
with a set of predictors, Xs (The intercept can be accepted as X; = 1). The categories
in the current study as ordered alphabetically in vg1m () were 1: more than two words,
2: one word, 3: regression, 4: two words. In the current study, the one-word category
was accepted as the base category. Therefore, there were three equations that predict
(a) log-odds of holding more than two words vs. one word (1 vs. 2), (b) log-odds of
returning to the articulated word after leaving vs. holding one word (3 vs. 2), and (c)
log-odds of holding two words vs. one word (4 vs. 2) as follows:
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loH(%) = ay + Bx1,1X1; + Bx21X2i+... +P8xs51X5;

2

log(ﬁ) = a3 + Px1,3X1; + Bx23X2;+... +Bxs3X5;

TTi2

log (?) = g + Px1,4X1; + Px24X2;+... +Bxs4X5;

i,2
where « indicating the intercepts and gs indicating the coefficients.

The estimated coefficients for digit-span test scores were significant for all categories
vs one word (more than two words vs one word: b = 2.97, SE = 0.3, (1) = 100.52, p
<.001; regression vs one word: b = 0.57, SE = 0.17, x*(1) = 10.89, p < .001; and two
words vs one word: b = 1.2, SE = 0.12, ¥*(1) = 98.17, p < .001). The results indicated
that an increase in digit-span score increased the probability of holding two words or
more than two words in the buffer (i.e., moving to word n+1 or further during
articulation of word n) relative to holding one word (i.e., staying on word n during
articulation of it). Among the estimated coefficients for Corsi-Block test scores more
than two words vs one word was significant (b = -1.43, SE = 0.39, y?(1) = 13.14, p <
.001). In Figure D 2, the relationship between memory load probabilities and memory
test scores are illustrated.

0954 Count of words in the buffer 0959 Count of words in the buffer

= more than two words _ | = more than two words
one word 77 == one word

o
N

® regression = = regression
754 = two words 0.754 = two words

n

Probability
5

P o—
- ———
o . ———
——— e o —— ]

0.05 0.054

5 5 6
Corsi-Block Test Score Digit-Span Test Score

Figure D 2 Memory test scores and the memory buffer load.

The estimated coefficients for WLO were significant for all categories vs one word
(more than two words vs one word: b = 75.53, SE = 1.66, (1) = 2079, p < .001;
regression vs one word: b = 36.71, SE = 1.6, y?(1) = 525.37, p < .001; and two words
vs one word: b = 60.33, SE = 1.35, y?(1) = 1988.1, p < .001). The strongest effect on
the memory load was the effect of WLO. Shorter words allowed buffer to hold more
words. For longer words, the probability of staying on word n during articulation of it
either because articulating word n before leaving it (i.e., one-word category), or by
regressing to word n while articulating it was increased (see Figure D 3).
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0959 Count of words in the buffer
= more than two words

271 == oneword

= = regression

0754 = two words

Probability

4 5 8 0 12 14
Word Length of Word n

Figure D 3 The effect of WLO on memory buffer load.

Although the effect of SFO on memory buffer load was not as strong as WLO, the
estimated coefficients for SFO were significant for all categories vs one word (more
than two words vs one word: b = 1.02, SE = 0.05, x%(1) = 412.74, p < .001; regression
vs one word: b = 0.3, SE = 0.03, y2(1) = 82.5, p < .001; and two words vs one word: b
=0.57, SE = 0.02, %%(1) = 603.49, p < .001). A pattern was observed for SFO simlar to
that of WLO such that easier words (i.e., high-frequency words) allowed buffer to hold
more items similar to the effect of short words. More difficult, low-frequency words
tended to be articulated while eyes were on the same word (see Figure D 4).

0959 Count of words in the buffer
| = more than two words
0859 =« one word

= = regression

0759 = two words

Probability

- -
——
- —
e
—— .

0.159

0.05 4

- 0 i 2
Stem Frequency of Word n

Figure D 4 The effect of SFO on memory buffer load.

Lastly, the estimated coefficients for PO were significant for two words vs one word (b
=-0.34, SE = 0.12, (1) = 7.41, p < .01). The pattern was similar to that of other
characteristics of word n; however, only the increase in the probability of holding two
words relative to staying on the same word together with an increase in PO was
significant (see Figure D 5).
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Figure D 5 The effect of PO on memory buffer load.

In Table D 1, BCLM parameter estimates for memory buffer with odds ratio values
(i.e., exponentiated values of the coefficients) are presented.
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Table D 1 BCLM parameters estimates for memory buffer load

More Than Two Words vs. One Word

Regression vs. One Word

Two Words vs. One Word

Std. Odds Std. Odds Std. Odds
Coefficient | Estimate Error 32 (1) p Ratio |Estimate Error y2 (1) P Ratio |Estimate Error y2 (1) p Ratio
Intercept -2.02 0.12 28244 <2E-16 0.13 -0.5 0.09 31.35 0.00E+00 0.61 1.44 0.07 44546 <2E-16 4.22
Predictability
of word n
(PO) 0.05 0.16  0.09 0.76 1.05 -0.05 0.17 0.08 0.78 0.95 -0.34 0.12 7.41 0.01 0.71
Word length
of word n
(WLO) 75.53 166 2079 <2E-16 6.3E+32| 36.71 1.6 52537 <2E-16 8.8E+15| 60.33 1.35 1988.09 <2E-16 1.6E+26
Stem
frequency of
word n (SF0) 1.02 0.05 412.74 <2E-16 2.77 0.3 0.03 825 <2E-16 1.35 0.57 0.02 603.49 <2E-16 1.77
Corsi-Block
test score -1.43 0.39 13.14 2.89E-04 0.24 -0.39 0.28 1.89 0.17 0.68 -0.04 0.2 0.03 0.85 0.96
Digit-Span
test score 2.97 0.3 10052 <2E-16 19.49 0.57 0.17 10.89 9.67E-04 1.77 1.2 0.12 98.17 <2E-16 3.32

Residual deviance: 15080.76 on 32511 degrees of freedom
Log-likelihood: -7540.382 on 32511 degrees of freedom
Number of Fisher scoring iterations: 7

Note: Significant coefficients were set bold.
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APPENDIX E: Descriptive Statistics of the Findings and Characteristics of Words

. Both modalities Oral Reading Silent Reading
Variable e ' — —
all conditions  All conditions ~ SF sl LF LI All conditions SF sl LF LI
Fixation count
M 1.83 2.01 1.42 1.68 2.43 2.95 1.67 1.24 1.42 1.89 2.24
sSD 0.93 0.98 0.63 0.85 0.85 0.91 0.84 0.51 0.7 0.78 0.98
First fixation
duration (ms)
M 264.32 283.4 281.16 316.84 256.73 279.83 247.02 239.45 266.26 228.55 256.16
sSD 104.5 114.39 107.48 134.14 92.26  113.73 91.26 83.35 108.52 71.37 94.2
Gaze duration
(ms)
M 442.69 511.29 366.82 467.31 596.82 714.78 380.51 284.45 354.8 401.88 508.8
SD 213.06 216.55 155.08 200.32 185.31 165.84 189.5 12425 179.55 1721 211.97
Relative first
landing position
(0-1)
M 0.38 0.37 0.41 0.4 0.33 0.33 0.39 0.44 0.43 0.34 0.33
SD 0.17 0.16 0.18 0.18 0.13 0.13 0.17 0.19 0.19 0.14 0.13
Fixation speech
interval
M 631.7 613.72 68191 606.32 628.13
SD 158.28 158.61 170.31 146.03 137.16
Eye-voice span
(letters)
M 11.07 11.81 9.77 12.35 9.49
SD 3.69 3.17 3.43 3.74 3.67



c0¢

Eye-voice span
(words)

M

SD

Amplitude
(letters)

Last saccade
M
SD
Next saccade
M
SD
Launch site
(letters)
Words n &
n+1
M
SD
Word n
M
SD
Word n+1
M
SD
Predictability
(probability)
Words n, n-1,
& n+l
M

SD

7.85
1.99

7.63
2.22

4.26
1.8

4.33
1.75

4.2
1.85

0.03
0.11

0.67
0.55

7.43
1.82

7.09
1.95

3.95
1.63

4.03
1.59

3.87
1.66

0.04
0.11

1.02
0.43

6.87
1.56

6.83
1.77

3.8
1.56

3.97
1.56

3.62
1.55

0.04
0.11

0.83
0.45

6.72
1.47

6.68
1.92

3.84
1.53

3.97
1.52

3.72
1.53

0.04
0.14

0.41
0.49

8.3
1.88

7.48
1.95

4.08
1.72

4.1
1.69

4.06
1.75

0.03
0.08

0.19
0.39

8.19
1.8

7.59
2.13

4.19
1.7

4.13
1.59

4.25
1.79

0.03
0.11

8.22
2.06

8.11
2.33

4.54
191

4.59
1.84

4.5
1.97

0.03
0.11

7.71
1.93

7.53
1.9

4.23
1.79

4.59
1.88

3.87
1.61

0.04
0.11

7.37
1.73

7.36
2.06

421
1.74

4.4
1.73

4.02
1.73

0.03
0.13

9.14
2.1

8.79
241

4.88

4.77

1.92

4.98
2.08

0.03
0.07

8.77
1.93

8.93
2.51

4.94
1.98

4.61
1.81

5.28
2.08

0.03
0.11
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Word n
M
SD

Word n-1
M
SD

Word n+1
M
SD

Length (letters)
Words

n,n-1, & n+1
M
SD
Word n
M
SD
Word n-1
M
SD
Word n+1
M
SD

Stem frequency
(log-Laplace
smoothing)
Words
n,n-1, &n+l
M

0.01
0.06

0.07
0.16

0.03
0.08

8.29
2.74

8.68
3.24

7.83
2.22

8.35
2.6

0.998

0.01
0.06

0.07
0.16

0.03
0.09

8.25
2.73

8.54
3.24

7.85
2.23

8.36
2.58

1.02

0.02
0.08

0.06
0.12

0.05
0.13

7.38
2.32

6.14
1.59

7.89
2.35

8.1
24

1.4

0.01
0.08

0.09
0.22

0.02
0.04

7.18
2.66

5.98
1.61

7.24
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8.31
3.39

0.36

0.03

0.05
0.11

0.02
0.06

9.69
2.48

11.81
1.62

8.58
2.29

8.69
1.94

1.49

0.07
0.17

0.02
0.05

9.14
2.56

11.6
1.61

7.47
1.62

8.36
2.23

0.56

0.01
0.06

0.06
0.15

0.03
0.08

8.32
2.75

8.81
3.23

7.81
2.2

8.34
2.63

0.97

0.02
0.08

0.06
0.12

0.05
0.13

7.38
2.28

6.19
1.58

7.86
2.26

8.09
241

1.4

0.01
0.07

0.08
0.21

0.02
0.04

7.24
2.63

6.11
1.59

7.22
2.05

8.4
3.37

0.35

0.03

0.05
0.11

0.02
0.06

9.7
2.48

11.84
1.62

8.56
2.26

8.69
1.97

1.48

0.07
0.17

0.02
0.05

9.12
2.74

11.68
1.61

7.53
1.93

8.17
2.52

0.58
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SD
Word n
M
SD
Word n-1
M
SD
Word n+1
M

SD
Word frequency
(log-Laplace
smoothing)
Words
n,n-1, & n+l
M
SD
Word n
M
SD
Word n-1
M
SD
Word n+1
M
SD

Suffix count

Words
n,n-1, &n+l

1.43

0.19
1.41

1.44
13

1.36
1.2

0.576
1.64

-0.79
1.5

1.34
1.22

1.18
1.22

1.41

0.27
14

1.44
13

1.37
1.19

0.6
161

-0.7
1.5

1.33
1.23

1.18
1.19

0.99

1.32
0.29

1.49
1.17

1.38
1.21

0.94
1.27

0.3
1.04

1.33
1.13

1.2
1.35

1.76

-1.49
0.65

1.56
1.44

1.02
1.25

0.04
1.94

-2.17
0.63

1.34
1.37

0.94
1.29

0.99

1.38
0.57

1.45
1.2

1.63
1.05

0.93
1.26

0.15
1.29

1.36
1.23

1.29
0.82

1.5

-0.88
0.46

1.11
1.42

1.46
1.15

0.28
1.81

-1.76
0.83

1.23
1.15

1.38
1.22

1.44

0.12
1.42

1.45
1.3

1.36
1.2

0.55
1.66

-0.87
1.5

1.35
1.21

1.17
1.24

1.33
0.29

1.55
1.15

131
1.26

0.93
1.29

0.27
1.03

1.37
1.12

1.13
1.41

1.75

-1.49
0.64

1.55
1.43

0.98
1.24

1.95

-2.22
0.6

1.34
1.36

0.88
131

0.99

1.36
0.56

1.46
1.19

1.61
1.08

0.92
1.27

0.11
1.3

1.36
1.2

1.28
0.85

1.56

-1.03
0.52

1.18
14

1.58
1.09

0.29
1.88

-1.88
0.8

1.31
1.14

1.44
1.26



S0¢

M
SD
Word n
M
SD
Word n-1
M
SD
Word n+1
M

SD
Trigram requency
(log-transformed)
Words
n,n-1, &n+l
M
SD
Word n
M
SD
Word n-1
M
SD
Word n+1
M
SD

Vowel harmony
(word count)

Words

1.12
0.92

0.97
0.81

1.18
0.89

1.21
1.03

3.114
0.52

2.78
0.55

3.3
0.38

3.26
0.45

1.12
0.92

0.96
0.81

1.18
0.89

1.21
1.03

3.11
0.53

2.77
0.57

3.31
0.37

3.27
0.45

1.15
0.95

1.07
0.79

1.23
0.92

1.16
1.11

3.09
0.53

2.67
0.52

3.35
0.31

3.23
0.45

1.08
0.89

0.99
0.81

1.05
0.86

1.19
0.97

2.99
0.69

2.59
0.83

3.22
0.45

3.16
0.54

1.17
0.95

0.91
0.81

1.35
0.92

1.26
1.04

3.26
0.35

3.02
0.24

3.38
0.33

3.38
0.33

1.03
0.85

0.8
0.8

1.02
0.73

1.25
0.94

3.12
0.42

2.81
0.33

3.23
0.36

3.31
0.37

1.12
0.92

0.99
0.8

1.17
0.89

1.2
1.03

3.11
0.52

2.78
0.54

3.3
0.38

3.26
0.45

1.15
0.94

11
0.79

121
0.91

1.14
1.11

3.08
0.52

2.68
0.51

3.35
0.3

3.21
0.47

1.1
0.88

1.06
0.79

1.06
0.88

1.19
0.96

2.99
0.67

2.62
0.79

3.21
0.48

3.15
0.54

1.17
0.95

0.92
0.81

1.33
0.92

1.27
1.05

3.26
0.35

3.02
0.24

3.39
0.33

3.38
0.34

1.04
0.88

0.84
0.8

1.08
0.8

1.21
0.98

3.12
0.41

281
0.32

3.24
0.34

3.3
0.39



90¢

n,n-1, & n+l

Rule

respected

Broken

rule
Word n

Rule
respected
Broken
rule
Word n-1
Rule
respected
Broken
rule
Word n+1
Rule
respected
Broken
rule
Familiarity
(word n count)
Familiar 17047 8412 3330 735 3124 1223 8635 3277 762 3192 1404

Unfamiliar 6259 2669 20 2171 13 465 3590 17 2395 17 1161

46245 22060 6852 6624 5733 2851 24185 6693 7194 5822 4476

23673 11183 3198 2094 3678 2213 12490 3189 2277 3805 3219

9294 4425 1708 1782 771 164 4869 1659 1905 874 431

14012 6656 1642 1124 2366 1524 7356 1635 1252 2335 2134

18879 9057 2692 2560 2503 1302 9822 2628 2790 2458 1946

4427 2024 658 346 634 386 2403 666 367 751 619

18072 8578 2452 2282 2459 1385 9494 2406 2499 2490 2099

5234 2503 898 624 678 303 2731 888 658 719 466

Note: Descriptive statistics were calculated over valid data included in LMMSs. Conditions were determined according to the length and frequency of
target words (i.e., word n) such that short-frequent (SF), short-infrequent (SI), long-frequent (LF), long-infrequent (LI). Eye-voice span and eye
movement measures belong to the target words unless it was indicated otherwise explicitly.
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