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ABSTRACT
The experiments in this dissertation investigated the influence of word order and

attentional processes (between vs. within words) on the parafoveal processing during reading of
inflectional morphology of nouns and verbs in Russian by native speakers and L2 learners via
the boundary-change paradigm (Rayner, 1975) and it’s modified within-word version (Hyona,
Bertram, and Pollatsek, 2004). Syntactic position of the target word and allocation of attention
on the target word affect the time-course of morphological processing in native speakers but not
in L2 learners due to increased processing during all stages of word identifications: orthographic,

lexical access, and post-lexical integration.
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CHAPTER 1:
INTRODUCTION

Reading is one of the most complex cognitive activities people engage in on a daily basis
(Huey, 1908). Each individual word needs to be identified and processed on multiple levels:
orthographically, phonologically, semantically, morphologically, and syntactically. Individual
words also need to be integrated together. Evidence suggests that many of the cognitive
processes involved in reading are interactive. Highly predictable words are often identified more
quickly than less predictable words because they are constrained by their semantic and/or
syntactic contexts (Balota, Pollatsek, & Rayner, 1985; Ehrlich, Rayner, 1981; Rayner, Ashby,
Pollatsek, Reichle, 2004). Yet there is also emerging evidence that low-level factors (e.g., word
length) affect eye movements and word-skipping independently from higher-level factors (e.g.,
word predictability) (Rayner, Slattery, Drieghe, & Liversedge, 2011).

Reading is a learned skill. It takes training and practice to achieve automatic coordination
of so many interrelated processes in native language (Haikio, Bertram, Hyona, & Niemi, 2009;
Rayner, 1986). Reading in a non-native language in a world with increasing globalization is
becoming almost as common as in a native language (Bialistok & Hakuta, 1994). Yet how the
cognitive, linguistic, and visual processes interact in reading in a non-native language (L2) are
still not well understood (Grabe, 2009; Koda, 2007).

Eye-tracking methodology, when readers’ eye movements are mapped to the reading
material and recorded with high precision (to the millisecond), provides a time-sensitive window
into the cognitive processes during reading (Rayner, 2009). Studies that used eye-tracking to
investigate cognitive processes during silent reading have found uniformity of the integration of

lower-level information cross-linguistically. The region of the effective vision (perceptual span)
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is stable across different languages and orthographies. It equals approximately 5 degrees of
visual angle, about 15-20 characters of an alphabetic script or three to four words (English:
McConkie & Rayner, 1975; Finnish: Haikio, Bertram, Hyona, & Niemi, 2009; Hebrew:
Pollatsek, Bolozky, Well, & Rayner, 1981). This is true even for Chinese if we use words as a
counting unit rather than Chinese characters (Inhoff & Liu, 1998); although whether the basic
units are Chinese characters or words is still an open question. However, emerging evidence
suggests that the perceptual span in L2 learners is reduced (Luke & Christianson, submitted).

When it comes to higher-level processing (e.g., morphological and syntactic), cross-
linguistic differences emerge. The processing of verbal inflectional morphology, but not nominal
morphology, is linked to early pre-processing stages of lexical access in Hebrew (a language
with non-concatenated morphology) (Deutsch, Frost, Peleg, Pollatsek, & Rayner, 2003; Deutsch,
Frost, Pollatsek, & Rayner, 2005). Morphology is integrated at a later point in English (Lima,
1987; Kambe, 2004) and Finnish (Bertram & Hydna, 2003; Hydna, Bertram, & Pollatsek, 2004).
Syntactic context has been shown to affect word pre-processing in Hebrew (Deutsch et al., 2005,
Experiment 4). Recently, Vainio, Hydna, and Pajunen (2011) showed that syntactic context
influenced lexical access of long but not short words in Finnish, confirming the hypothesis that
word length can modulate morphosyntactic processing (Hyona et al., 2004; Rayner, Slattery, &
Drieghe, 2011).

Finally, L2 learners’ difficulties with morphosyntax in general and inflectional morphology
in particular are well-documented across various linguistic domains (e.g., Hawkins & Chan, 1997,
Hawkins & Hattori, 2006; Haznedar & Schwartz, 1997; Jiang, 2004, 2007; Johnson & Newport,
1989; Lardiere, 1998a, 1998b; Prevost & White, 2000; Tsimpli, 2003; Tsimpli &

Dimitrakopoulou, 2007; Tsimpli & Mastropavlou, 2008; Vainikka & Young-Scholten, 1994,
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1996, 2006, 2007, 2009). A number of researchers proposed the stage of lexical word identification
as the source of difficulties (McCarthy, 2008; Clahsen, Felser, Neubauer, Sato & Silva, 2010). Other
researchers point towards post-lexical integration as the main source of difficulties for L2 learners
(Keating, 2009; Felser, Sato, Bertenshaw, 2009; Felser & Cunning, 2011). Yet another view
maintains that a general increase in the cognitive processing (McDonald, 2000, 2006) possibly due to
a reliance on a qualitatively different memory system (Ullman, 2001) can be the source of observed
difficulties of L2 learners with inflectional morphology.

Studies investigating eye-movements of second language (L2) learners during silent reading
can help adjudicate between proposed theoretical accounts as specific eye-tracking measures
correspond to different processing stages: orthographic processing (first fixation), lexical access
(gaze), and post-lexical integration (total time, go-past time, second-pass and regressions). The
relationship between the eye tracking measures and low (nonlinguistic) and higher-level (linguistic)
factors during silent reading is an area of active research in the literature on the eye movements of
native speakers (See Rayner, 2009, Schotter, Angele, & Rayner, 2012 for reviews). The investigation
of the relationship between the linguistic, cognitive, and visual factors during silent reading in L2 is
nonexistent. What type of information L2 learners integrated from the parafovea, the area of text that
is within the limits of the visual field but not fixated directly by the eyes? Is it only low-level
information as is believed to be the case for native speakers. However the relationship between the
the perceptual span in L2 and the effects of the low level, nonlinguistic and higher-level linguistic
factors on different stages of word identification (from orthographic processing to the integration into
the active sentence) can potentially not only explain the documented increased processing, but also
reveal specific stages that cause difficulty (e.g. orthographic processing vs. lexical vs. post-lexical

integration).



The purpose of the experiments reported in this dissertation is to extend this research in
two ways. | will investigate the influence of low-level (word length) and higher-level
(morphology and syntax) factors on parafoveal processing during silent reading. | will examine
eye movements of native speakers of a language that is typologically different from the
languages examined so far — Russian, an Indo-European language from the Slavic subgroup,
which has rich inflectional paradigms and flexible word order. Finally, I will investigate the
effect of syntactic context on the parafoveal processing of morphology in English-speaking L2
learners of Russian.

To accomplish these goals, a series of four eye-tracking experiments were conducted.
Experiment 1 (Chapter 3) examined parafoveal (when the eyes are on the word preceding a
target word) effects of syntactic position on the processing of short nouns. Experiments 2 and 3
(Chapters 4 and 5 respectively) explored the effects of syntactic position on morphological
processing of long nouns and verbs. Experiment 1 included both native Russian speakers and L2
Russian learners in order to explore whether any differences exists in the time-course of
parafoveal morphological processing as modulated by syntactic context. The results for L2
learners are reported in Chapter 6. Prior to reporting the experiments, Chapter 2 contains a
literature review of research on the factors affecting parafoveal processing and the use of eye

tracking for investigation of morphosyntactic processing in native speakers and L2 learners.



CHAPTER 2:

LITERATURE REVIEW
Basic facts about Eye-Movements

Visual Field

Because of the anatomy of the retina, the visual field can be divided into three areas:
fovea, parafovea, and periphery. Vision is sharpest in the foveal region (2° in the central visual
field that usually corresponds to approximately seven characters of an alphabetic script). Visual
acuity decreases in the parafovea (5° on either side of fixation) and drops dramatically in the
periphery, which extends approximately 4° beyond the parafovea (see Figure 1 for an illustration

of how a sentence can be perceived by the eyes).

Peripheral

Parafoveal

Foveal

®

e quick brown fox jumped over E

Figure 1. The foveal, parafoveal, and peripheral regions when three characters make up 1° of
visual angle. The eye icon and the line point to the location of the fixation (adapted from
Schotter, Angele, & Rayner, 2012).

Perceptual Span
Reading studies have demonstrated that the perceptual span (the range of printed

information that is visible to the eyes while they stay focused on a single spot) is relatively stable
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cross-linguistically and equals 5° of visual angle (foveal and parafoveal vision). This corresponds
to 15-25 characters of an alphabetic script depending on the font size and distance between the
monitor and the eyes (English: McConkie & Rayner, 1975, 1976; Rayner & Bertera, 1979;
Rayner, Well & Pollatsek, 1980; Hebrew: Pollatsek, Bolozky, Well, & Rayner, 1981; Finnish:
Haikio, Bertram, Hyona, & Niemi, 2009). The perceptual span in Chinese is significantly
smaller: one character to the left of fixation and three characters to the right of fixation (Inhoff &
Liu, 1998). There is much more information revealed in one character of logographic systems,
such as Chinese, than in one letter of the alphabet. However, if a word is instead the unit of
comparison, then the perceptual span is relatively constant (three to four words) (Schotter,
Angele, & Rayner, 2012) across alphabetic and logographic scripts.

While perceptual span is relatively constant, different type of information is extracted
from different regions within the perceptual span. Such information as word length is available
as far as 14-15 characters to the right of the fixation (Rayner, 1998). Information about the letter
shape is available as far as 11-12 character spaces to the right (Rayner, 1998). Finally,
information about the exact identity of the letters is available only as far as 7"-8" character to the

right of the fixation (Haikio et al., 2009; Rayner, 1998).

Eye-Movements

The purpose of eye movements during reading is to bring new information into the foveal
region for processing (Rayner, 1998; 2009). Basic eye movements in reading can be identified as
fixations (the relatively still state of the eyes between saccades), saccades (the movement of the
eye), regressions (backward saccades in the text), and skipping (some words are never fixated)

(see Rayner, 1998, 2009, for detailed reviews). While average saccade length is 7-9 characters in



English (Rayner, 2009), it is only 2-3 characters in Chinese (Rayner, 2009) and 5.5 in Hebrew
(Pollatsek et al., 1981). This suggests that language and/or orthography can modulate eye-
movements during reading.

Eye-tracking during reading provides examination of the moment-by-moment
comprehension processes during reading in a natural way. Different eye movement measures
capture different stages of information processing (Rayner, 1998). First fixation — the first time
the eyes fixate on the region of interest (ROI) — is associated with the processing of orthographic
information. Gaze duration (all fixations on the ROI before moving the eyes off the word) is
associated with lexical access. Regression-path duration or go-past time (all fixations on the ROI
prior to moving off it to the right, including regressions to prior material) and total time (the sum
of all fixations on the ROI) are believed to reflect later, post-lexical stages of integration

(Rayner, 1998, 2009).

Attention

It takes around 50 milliseconds to propagate the visual features on the printed page from
the retina to the brain, according to physiological research (Clark, Fan, & Hillyard, 1995; Foxe &
Simpson, 2002; Mouchetant-Rostaing, Giard, Bentin, Aguera, & Pernier, 2000; VanRullen &
Thorpe, 2001). Consequently, it takes time to program the saccade to the new location on the
page. As a result, the attention shifts to the saccade target before the eyes fixate on it. Thus,
information is obtained during any given fixation not only from the word being fixated, but also
from a word or two to the right of fixation, i.e. from the parafovea (see Rayner, 1998, 2009;

Schotter, Angele, & Rayner, 2012).



Factors Affecting Parafoveal Processing

Boundary Change Paradigm

To investigate the nature of the information obtained parafoveally, an experimenter
places an invisible boundary to the left of the target word. While the eyes are fixated to the left of
the boundary, a preview word (identical, or similar to the target word in some way, or a non-
word) is the parafoveal stimulus (as shown in Figure 2).
Figure 2. The + sign shows the location of the eye during a fixation on the line above the +. The
vertical line shows the location of the invisible boundary.

The weather| today is extremely cold.

The weather| trklp is extremely cold.

+
The weather| today is extremely cold.

As the eyes are+crossing the boundary during a saccade, the preview word is replaced by
a target word automatically by the eye tracker. The participants normally do not notice the
change because the eyes are essentially blind during saccades (saccadic suppression, (Matin,
1974)). The critical dependent variables are the fixation durations on the target word. Generally,
the fixation time on the target is faster in identical and/or similar preview conditions compared
with the non-word preview, the obtained effect is called a preview benefit effect. This paradigm
is called a boundary-change paradigm (Rayner, 1975), and it has been used in dozens of
experiments over the past 40+ years.
Low-level Information

Research using the boundary change technique has shown that readers use low-level

information such as word length (since words in most alphabetic scripts are separated by spaces)



available parafoveally to decide where to move the eyes (Patterson & Jordan, 2010; Rayner,
1998, 2009; Schotter, Angele, & Rayner, 2012). The visual system uses word length information
of the upcoming words to program saccades that land approximately in the center of the word,
optimal viewing location (OVL); however, due to the oculomotor errors (undershoots), the eyes
quite often land to the left of the word center, preferred viewing location (PVL) (see Rayner,
1998, for a detailed discussion about OVL and PVL).

Additionally, research using the boundary change manipulation has established that
information about initial and final letter position (e.g., Briihl & Inhoff, 1995), orthographic codes
(Balota, Pollatsek, & Rayner, 1985), abstract letter codes (McConkie & Zola, 1979; Rayner,
McConkie, & Zola, 1980; Johnson, 2007; Johnson, Perea, & Rayner, 2007), and phonological
codes (e.g., Ashby, Trieman, Kessler, & Rayner, 2006; Chace, Rayner, & Well, 2005) are
processed parafoveally.

Higher-level Information

Predictability of a word from a prior sentential context affects parafoveal preview benefit
(e.g., Balota, Pollatsek, Rayner, 1985; Drieghe, Rayner, & Pollatsek, 2005). A predictable word
(liver) in a sentence as seen in (1) is skipped significantly less when a preview word is a
pronounceable non-word that is different by only one letter (e.g., liver/livor) than when the
preview is the target word itself. This finding points to a very high degree of letter identification

in parafoveal processing.

(1) The doctor told Fred that his drinking would damage his liver very quickly.



Cross-linguistic differences in parafoveal processing emerge at the morphological level
of analysis. There is no evidence that morphology is processed parafoveally in English (Juhasz,
White, Liversedge, & Rayner, 2008; Kambe, 2004; Lima, 1987) or Finnish (Bertram & Hydna,
2003; Hybna, Bertram, & Pollatsek, 2004), but there is evidence that morphological information
is processed parafoveally in Hebrew (Deutsch, Frost, Pelleg, Pollatsek, & Rayner, 2003;

Deutsch, Frost, Polatsek, & Rayner, 2000; 2005).

Morphosyntactic Processing in Native Speakers: Cross Linguistic Differences

Foveal Processing

Lima (1987) and Kambe (2004) examined the extent of parafoveal preview benefit on the
morphological processing of derivational prefixes using eye-tacking methodology. Lima (1987)
examined effects of partial preview where only a prefix was available (rexxxx) on the processing
of a prefixed verb (remind) and pseudoprefixed verb (relish) in comparison with the full
(identical) preview and did not find any significant difference between the partial availability of
the prefix on prefixed or pseudoprefixed verbs. The author concluded that the processing of
prefixes is a foveal rather than parafoveal process.

Kambe (2004) found that a non-word preview that shared a prefix (rehsxc) or stem
(zvduce) with the target (reduce) obtained significant parafoveal preview benefit only for the
whole word (identical) condition. The author argued against morphological processing in the
parafovea and attributed the source of facilitation obtained in the manipulated identical condition
to the abstract letter code. However, it is also possible that the use of x’s or letters in the non-
word preview conditions were overly strong manipulations that inhibited any effects induced by

prefix or stem previews (Taft, 2004).
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In two eye-tracking experiments, Bertram & Hyona (2003) examined the role of word
length on morphological processing of short (<8 characters long) and long compounds (>12
characters) in Finnish, manipulating frequencies of compound constituents and the compound as
a whole. In the first experiment the frequency of the first constituent was manipulated
(high/low), holding constant the frequency of the whole-word and the second constituent. In the
second experiment, constituent frequencies were controlled and whole-word frequencies varied.
The manipulated compound nouns were inserted into sentence frames that were the same up to
the second word after the compound. Differences in the initial landing position of the eyes on the
word imply that some aspect of the target word (first constituent frequency and/or the length of
the word) results in a longer or shorter saccade from a previous word into the target word. The
results showed that initial landing position was located further in the word for long compounds
then for short nouns regardless of whole-word or first constituent frequencies, suggesting that
only the word length information was processed parafoveally and affected the decision where to
locate the next eye fixation.

For long compounds, frequency of the first constituent affected first fixation durations,
suggesting that the first morpheme was used to limit potential lexical candidates. First
constituents with higher frequencies elicited shorter fixations. Whole-word frequency affected
gaze durations suggesting that short compounds were not decomposed during lexical access.
Shorter fixations were observed for compounds with higher whole-word frequency. For short
compounds no effect of frequency of the first constituent was observed. Whole-word frequency
affected first fixation duration and gaze duration. Researchers accounted for the observed pattern
of results through the visual acuity benefit hypothesis: if the whole word (8 characters or less) is

in the fovea, it will be accessed lexically as a whole word because all the letters are in the region
11



of the effective vision. Long words (12+ characters) are only partially in the fovea. As a result,
the beginning of the word will be analyzed first to gain access to the meaningful substring.

Within Word Boundary Change. In order to examine morphological processing within
the long words, Hyona, Bertram, and Pollatsek (2004) modified the between-word boundary
change paradigm (Rayner 1975) and moved the boundary inside long compound nouns (12 to 18
characters) in Finnish. They manipulated the frequency of the first constituent (high/low) while
controlling for whole-word frequency, word length, frequency of the second constituent and the
lengths of the constituents. The invisible boundary was set between constituents. The parafoveal
preview was either identical (no change) or all but the first two letters of the second constituent
were replaced with visually similar letters. The manipulated compound nouns were inserted into
sentence frames that were the same up to the second word after the compound. The absence of
the effects of boundary change manipulation on the first fixation on the first constituent showed
that the second constituent was not preprocessed parafoveally and confirmed earlier findings
(Bertram et al., 2003) that in Finnish compound constituents are processed serially.

Gaze duration showed effects of frequency of first constituent and of the change
manipulation, but not in the direction expected. The low-frequency, first-constituent condition
showed a larger difference (120 ms) between manipulated preview and no-change preview. The
high-frequency condition had significantly less interference (80 ms) from the impaired second
constituent. The authors assigned such effect to the predictability of the second constituent.
Compounds with low-frequency first constituents make the second part more predictable than
compounds with a high-frequency first constituent, which can be part of many more compounds

than the low-frequency first constituents.
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Although the study found that constituents in long Finnish compounds were processed
serially and ruled out morphological processing in the parafovea, the results yielded higher
effects (80-120 ms) than the 30-40 ms effects usually reported for the preview benefit. The
authors ascribed this difference to the attentional processes within a word that warrant parafoveal
processing within the word boundary at deeper level than integrating information between
words.

Drieghe, Pollatsek, Juhasz, and Rayner (2010) confirmed the hypothesis proposed by
Hyona et al. (2004), regarding the deeper level of processing within a word for compound nouns.
They also found that readers fixated longer on the first part of a monomorphemic word when the
preview for its second part was not available. This suggests that the presence of a morpheme
boundary causes readers to process the constituents of compound words serially but, when they
first encounter a word, it is not evident whether it is a monomorphemic word or a compound
word. As a result, it is possible that all the letters in a word can be accessed at the same time
during a very early stage until the morphemic boundary becomes salient.

Juhasz, Pollatsek, Hyona, Drieghe, and Rayner (2009) also demonstrated larger preview
benefit effects (ball vs bakd) in line with Hyona et al. (2004) for unspaced compound words in
English as compared with the spaced compounds (e.g., basketball/tennis ball). Surprisingly, the
effect size of the preview benefit observed for the spaced compounds was larger (31 ms benefit)
then reported in previous experiments (-7 ms, Hyona et al., 2004). The authors offered two
possibilities to account for the observed pattern of results. First suggests that a spaced compound
forms an “attentional unit” and is processed in parallel. Second suggests that attention shifts
between the two words forming a spaced compound sooner than between two words that do not

form a spaced compound.
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To adjudicate between the two possibilities, Juhasz and colleagues (2009) conducted a
follow-up boundary change experiment comparing spaced compounds with adjective-noun pairs
(e.g. tennis ball/ yellow ball). Although numerically preview benefit for spaced compounds was
larger (34ms) than for the adjective noun pair (20 ms), the difference did not reach significance.
The obtained results ruled out the possibility that spaced compounds formed a linguistic unit and
thus were processed in parallel.

Interestingly the effect size for the adjective- noun pairs (20 ms) was again larger than the
expected (-7 ms) based on previous research (Hyona et al., 2004). All experimental sentences
were constructed in such a way that made the syntactic category of the target word (ball) very
predictable. This suggests that syntactic predictability of the noun from the prior sentential
context can facilitate parafoveal processing just as lexical predictability (Balota, Pollatsek, &
Rayner, 1985; Drieghe, Rayner, & Pollatsek, 2005).

It has been demonstrated in the literature that syntactic category of the upcoming word is
computed online and affects early eye tracking measures on the target word (Staub & Clifton,
2006; Staub, Rayner, Pollatsek, Hyona, & Majewski, 2007). Results reported by Juhasz and
colleagues (2009) suggests that syntactic predictability might increase parafoveal preview benefit
for the noun in both spaced compounds and adjective- noun pairs analogous to the lexical
predictability through a faster attention shift.

Syntactic affects. Syntactic context has been shown to modulate lexical access of long
(\Vainio, Bertram, Pajunen, & Hyona, 2011), but not short (Vainio, Hyona, & Pajunen, 2003,
2008) inflected words in Finnish. Vainio et al. (2003, 2008) demonstrated late facilitative effects
(gaze duration of word n+1) for short target head nouns (5 characters) preceded by a modifier

compared with the same head nouns without the modifier. This led the researchers to the
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conclusion that syntactic information is integrated at a later post-lexical stage. Recently Vainio et
al. (2011) investigated the interaction between cognitive resources (attention allocation), higher
level linguistic information (inflectional processing of the modifier-head agreement) and low-
level information (word length) in Finnish. Long head nouns (12+ characters) preceded by
agreeing modifiers elicited faster gaze durations then the same head nouns without modifiers.
The observed pattern of results suggests that syntactic information facilitates lexical
identification of the target compounds. The study also showed a late facilitative effect of the
agreeing modifier preceding the head noun that was observed in the gaze duration on the word
n+1. This was taken as the evidence for post-lexical syntactic integration of the target word.
Vainio and colleagues (2011) account for different time-course of the integration of
syntactic information depending on the word length via the cognitive allocation of attentional
resources. Since the processing of longer word is more effortful, more attention is allocated and
there is more time for the prior syntactic information (such as preceding agreeing modifier case

marking) to exert its role during lexical access.

Parafoveal Processing

Morphology. Although the eye movement evidence reviewed so far demonstrates that
speakers of English and Finnish do not process morphology parafoveally, investigations in
Hebrew point to the existence of parafoveal morphological processing when the orthography of
the language, and perhaps the morphological system of the language, are conducive to it.
Deutsch and colleagues (2000, 2003, 2005) studied derivational morphology in Hebrew, a
Semitic language. They used the boundary-change paradigm (Rayner, 1975) to demonstrate that

in a language with rich morphology, readers do integrate such information in the parafovea.
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Hebrew morphology differs from the linear concatenated morphology of either Indo-
European languages or agglutinative languages as Finnish. In Hebrew, three-letter consonant
roots are interwoven with either a nominal or a verbal vowel pattern. The root usually bears the
main semantic meaning of the word, and the word-pattern defines the word's grammatical class,
a noun's grammatical gender, and a verb’s transitivity or mode (active/passive). It should also be
noted that the specific meaning of a word cannot be derived independently from the root and the
word-pattern. For example, the root xbr ‘to assemble’ can be combined with the feminine
nominal pattern ma- - e — et to form the word maxberet ‘notebook’ or with the active verbal
pattern -i - - e - to form a causative transitive verb xibber ‘he combined’.

Deutsch et al. (2003) used eye tracking to examine the processing of the root morpheme
in the Hebrew nouns. The authors compared three preview conditions: identical, morphologically
related, and orthographic control. The measures that are believed to reflect early stages of lexical
access, first fixation duration and gaze duration, showed that both identical and morphologically
related conditions were read significantly faster than the orthographic control condition. The
advantage for the morphologically related condition disappeared at the total time but not for the
identical condition, and at the second pass time there was no difference between all three
conditions. The authors concluded that root morphemes were decomposed during preview and
facilitated the activation of the target word.

In another series of eye-tracking experiments, Deutsch, Frost, Pollatsek, and Rayner
(2005) examined the processing of verbal and nominal patterns in the parafovea. In the first
experiment the target and the three preview words had the same two letters. The preview
conditions were identical, morphological (same verbal pattern but different roots), and

orthographic control. The results almost mirrored the results found in the root morpheme
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manipulation of Deutsch et al. (2003). At the first fixation duration, the morphologically related
preview provided significant benefit (9 ms) over the orthographic control. It is also worth
mentioning that, unlike Deutsch et al. (2003), there was also significant difference (7 ms)
between the identical and morphological previews. The second experiment manipulated the
nominal pattern preview, but the results mirrored the findings in English (Kambe, 2004; Lima,
1987), where only the identical preview condition demonstrated any significant facilitation.
Morphological and orthographic control conditions did not differ significantly from each other.
The authors attributed the differences in parafoveal processing to the peculiarities of Hebrew
morphology. There are only seven main classes for the verbs and about 100 classes for nominal
patterns, making nominal patterns less salient. The authors suggested that in Hebrew
morphological processing is sublexical, i.e. subordinate to lexical access.

Syntax. Experiment 4 in Deutsch et al. (2005) investigated syntactic predictability on the
processing in the parafovea. The preview conditions were identical, syntactically congruent
(same part of speech with different root and different nominal pattern), and syntactically
incongruent control (verbal instead of nominal pattern). First fixation durations revealed
significant facilitation in the identical condition in the size of 8 ms. Gaze duration demonstrated
both significant 12 ms facilitation of the identical preview and 13 ms inhibition in the
syntactically incongruent condition relative to the control condition (syntactically congruent).
Second-pass time revealed significant inhibition in the syntactically incongruent condition
(-25ms). The results suggest that the grammatical category of the word was predicted from the
prior context and guided the integration of the parafoveal word into the structure being built,

consistent with what Vainio et al. (2011) demonstrated for Finnish long words.
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Recently, Warren, and McConnell (2007) tested selectional restriction violations in
English to explore how the role of semantic constraints that a predicate places on its argument
would affect eye movements during silent reading. Participants read three types of sentences:
possible and plausible (2a), possible but implausible (2b), or impossible due to selectional
restriction violation as seen in (2c) and implausible.

(2a) Possible-plausible: The man used a strainer to drain the thin spaghetti...

(2b) Possible-implausible: The man used a blow-dryer to dry the thin spaghetti...

(2¢) Impossible-implausible: The man used a photo to blackmail the thin spaghetti...
First fixation duration of the target word spaghetti in the impossible condition was significantly
slower than both possible conditions that were not different from each other. This indicates that
restriction violation (presumably a post-lexical process) was detected quite early and affected the
decision not to move the eyes of the target word.

The idea of multiple sources of information (low-level: word length, orthographic letter
codes, etc., and higher-level: word frequency, morphology, semantics, syntactic role) affecting
the processes involved in silent reading is not a new one. It has been suggested by Henderson

and Ferreira (1990) as the attentional span hypothesis.

Attentional Span and Integration of Syntactic Information

Using the boundary change paradigm, Henderson and Ferreira (1990) demonstrated that
frequency and syntactic difficulty of the foveal word affected the size of the preview benefit.
When the foveal word had a high frequency, the preview benefit for identical and similar non-
word (first 3 characters were the same) preview conditions was significantly larger compared to

the fixation time on the target word in a dissimilar non-word condition. However this preview
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benefit disappeared when the foveal word had a low frequency. Similarly, when a foveal word
was syntactically difficult to integrate (i.e., a garden path as seen in 3b), there was no significant
preview benefit for identical and similar preview conditions.
(3a) She warned that Harry bought| small gifts
smadd
tipoa
(3b) She warned Harry bought| small gifts
smadd
tipoa
The finding that the perceptual span is reduced when the foveal word is either lexically (low
frequency) or syntactically (garden path) difficult to integrate paints a picture of a dynamic
perceptual span that is tightly coupled with attention. Henderson and Ferreira (1990) even
suggest the term attentional span instead of perceptual span. The attentional span hypothesis is
strengthened by findings that beginning readers (Haikio, Bertram, Hyona, & Niemi, 2009;
Rayner, 1986) and dyslexic readers (Rayner, Murphy, Henderson, & Pollatsek, 1989) have
reduced spans compared with skilled readers. It has been recently suggested that L2 learners also
have reduced spans in silent reading (Luke & Christianson, submitted).

Facilitatory effects of frequency of the foveal word affecting the availability of the
preview of the upcoming word has been replicated in a number of studies (Slattery, Angele, &
Rayner, 2011; White, Rayner, & Liversedge, 2005). The second finding that syntactic structure
can affect parafoveal processing has also been getting indirect support from findings in Hebrew
(Deutsch et al., 2005 Experiment 4), Finnish long nouns (Vainion et al., 2011), and English

(larger effect sizes for preview benefit with spaced compound nouns, Juhasz et al., 2009.) To
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summarize the evidence from three different languages, it seems that orthographic differences as
well as linguistic differences could potentially explain the cross-linguistic variation in the time-

course of morphological processing by native speakers.

Modeling of orthographic and linguistic effects on eye movements

While all models of eye movements incorporate the influence of both low-level non-
lexical factors and higher-level linguistic factors on eye-movements, models differ in the
emphasis they put on either oculomotor or linguistic information. Some models (e.g., strategy-
tactics (O’Reagan, 1992), stochastic model of eye movements in reading incorporating foveal
splitting (SERIF) (McDonald, Carpenter, & Shillcock, 2005), competition-interaction theory
(Yang & McConkie, 2001, 2004)) ascribe eye movements to purely lower-level, nonlexical
oculomotor factors (e.g., word length).

Other models, also called cognitive models (Starr & Rayner, 2001), emphasize lexical
processing as the main engine driving eye-movements. Cognitive models vary in their
conceptualization of attention shifts. Serial shifts of attention from one word to the next are the
key mechanism driving the eye movements under the E-Z Reader model (Pollatsek, Reichle, &
Rayner, 2006; Reichle, Pollatsek, Fisher, & Rayner, 1998; Reichle, Rayner, & Pollatsek, 2003).
In contrast, parallel processing models (e.g. SWIFT (Engbert, Longtin, & Kliegl, 2002; Engbert,
Nuthmann, Richter, & Kliegl, 2005)) assume that several words can be processed in parallel.

The assumption that higher-level linguistic information can exert its influence as early as
the parafovea can be found in both cognitive models. The SWIFT model (Engbert et al., 2005)
can account for the early morphological effects due to the assumption that a word n+1 is

processed fully in the parafovea. E-Z Reader 10 (Reichle, Warren, McConnell, 2009) accounts
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for early influences of linguistic information via the assumption that attention moves ahead of
the eyes. While the eyes are still on word n, the lexical preprocessing of the upcoming word n+1
is initiated in the parafovea (Li or familiarity check stage). At the same time the higher-level
postlexical integration stage (1) is postulated to run on word n concurrently with the lexical
access stage. This stage is not without cost — a constant of 25 ms in the most simple, difficulty-
free case is added to the model for integrating each word into the syntactic structure of the
sentence. This means that the higher-level information from the word n can, in principle,
influence the lexical access of the next word n+1 very quickly. If the word n is difficult to
integrate into the sentential structure being built, the signal can be sent to bring the attention only
or together with the eyes if they have already moved to word n+1 back to the source of difficulty
(word n in this case).

The addition of a postlexical stage to a model of eye movements allows a principle
examination of the relationships between eye movements and higher-level linguistic phenomena
that have been shown to affect reading (see Clifton, Staub, & Rayner, 2007 for a detailed
review). A model of eye-movements that seeks to account for the time-course of cognitive
processing from orthographic word identification to postlexical integration allows a simultaneous
examination of cognitive, linguistic, and visual factors on silent reading. This dissertation
represents a first attempt to investigate the influence of higher level (syntactic and
morphological) and low-level (word length) factors on perceptual span as evidenced by eye-
movements of native speakers of a language that has not been examined yet - Russian.

Researchers using eye-tracking methodology to investigate L2 morphosyntactic
processing have focused mostly on the foveal effects (Felser & Cunning, 2011; Felser, Sato,

Bertenshaw, 2009; Keating, 2009). Recently, it has been suggested that syntactic processing can
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affect L2 perceptual span along with the morphological processing in silent reading (Luke, 2011)
This dissertation investigates the type of information processed parafoveally by L2 learners

along with the time-course of morphosyntactic processing.

Morphosyntactic Processing in L2 Learners

Second language learners consistently have persistent difficulties with L2 morphosyntax
(e.g., Jiang, 2004, 2007; Johnson & Newport, 1989; Keating, 2009). A number of theories point
towards a processing difference between L1 and L2 at the level of lexical word identification.
This can be due to either differences in the underlying implicit grammatical knowledge (Jiang,
2007), or an increased demand on the general cognitive processing that impedes lexical retrieval
(McDonald, 2000, 2006), or a different processing route that relies on qualitatively different
memory systems during lexical access for L2 learners (Silva & Clahsen, 2008; Ullman, 2001).

In a self-paced reading study, Jiang (2007) examined the integration of plural morphemes
(4a-4b) during online processing of native speakers of English and Chinese L1 English L2
learners. He presented grammatical (4a, 4c) and ungrammatical (4b, 4d) sentences and found
that, unlike a group of control native speakers, L2 learners did not slow down at the italicized
regions in (4b).

(4a) The visitor took several of the rare coins in the cabinet.

(4b) *The visitor took several of the rare coin in the cabinet.

(4c) The teacher wanted the student to start all over again.

(4d)* The teacher insisted the student to start all over again.
Jiang concluded that the insensitivity towards plural morpheme errors, but not to the verb

subcategorization errors, indicate that the underlying implicit (automatic) knowledge of plural
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morphology of English nouns for the L2 participants in his experiment have not reached the
same qualitative level of native speakers.

A number of researchers have suggested that differences between L1 and L2 are of the
quantitative rather than the qualitative nature. McDonald (2000) accounts for the performance
differences between L1 and L2 speakers during decoding of surface level forms via a processing
load hypothesis. Because L2 learners operate under an increased cognitive load, they have less
resources to compute either the morphosyntactic agreement or complex morphosyntactic
structure. Importantly, due to the general cognitive nature of the difficulty, native speakers under
pressure or with restricted availability of cognitive resources should exhibit similar deficits in
morphosyntactic processing. McDonald (2006) provides support for such a view. When native
speakers were required to perform a dual-task, a grammaticality judgement task and either
together with a digital load task (to limit memory resources) or accompanied by perceptual noise
(to limit decoding abilities), their performance resembled that of L2 learners under normal
conditions. Native speakers made more mistakes in identifying errors in inflectional morphology
(regular verbal past tense) than in word order.

Ullman (2001) also proposes an account of L1/L2 differences in a declarative/procedural
model that is based on general cognitive recourses. Ullman expands a Dual-Route model of
words and rules for native language acquisition proposed by Pinker (1999) and provides a
neurological base to the words and rules distinction. Lexical knowledge is acquired via the
declarative memory, while rule-based knowledge is acquired via the procedural memory. Ullman
hypothesizes that procedural memory decreases with age but strengthens with practice. As a
result, late L2 learners rely more on declarative memory, which is less efficient for grammatical

tasks such as morphological processing. Since procedural memory is based on rules and is
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computational while declarative memory is not, L2 learners under this view lexicalize
inflectional forms (store them as full-forms) more heavily than native speakers, who rely on

procedural memory to decompose structurally complex words.

Lexical-Decision Masked Priming Paradigm

Influenced by the declarative/procedural model, the majority of studies on L2
morphological processing adopt the lexical-decision, masked-priming paradigm from the field of
visual word recognition. Under this paradigm participants are presented a prime for a very short
time in the range of 45-60 ms. The display of the prime t is not perceived consciously by the
participants. The prime is followed by a target word that the participants are asked to determine
to be a word or a non word. They indicate their decision by pushing a button on the controller.
The time it took participants to push the button on the controller is taken to represent how long it
took participants to decide whether the target word is a word or not. Based on the obtained
response time measures, researchers judge how much facilitation or inhibition a prime caused
during lexical access of the target word. Based on the obtained results, researchers make
inferences about the organization of the mental lexicon.

Evidence from this paradigm to date is inconclusive at best. On one hand, there is
evidence yielding support to the hypothesis that L2 learners, unlike native speakers, rely more
heavily on whole-word processing in their second language (Clahsen, Felser, Neubauer, Sato, &
Silva, 2010; Ullman, 2004, 2005). There is also evidence that L2 learners with increased
proficiency adopt the strategies of native speakers (Lemhofer, Dijkstra, Schriefers, Baayen,
Grainger, & Zwitselood, 2008; Feldman, Kostic, Basnight-Brown, Filipovic-Durdevic, &

Pastizzo, 2009; Diependaele, Dufiabetia, Morris, & Keuleers, 2011). These findings in principle
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do not disprove the declarative/procedural model, which postulates that with increased practice
any knowledge (language-related or not) can become proceduralized. The studies on
morphological processing (especially inflectional morphology) of L2 that use the lexical-
decision, masked priming paradigm can be challenged on methodological grounds.

There are a number of problems with using masked-priming lexical decision tasks to
study morphological processing. First, by asking participants to make a conscious decision on
whether the string of letters represents a word or not, such experiments impose unnecessary
cognitive demands that are not encountered during normal silent reading. Second, by presenting
a word without at least a sentential context, such experiments ignore the influence of prior
information on the processing of a given word and the effects of parafoveal processing of a word
before it is fixated, because most words are presented in the fovea. More specifically, in normal
silent reading the information obtained about a word prior to fixation affects its later fixation
location and duration (Rayner, 1998). It is not surprising then that in light of the above-
mentioned shortcomings, there is emerging evidence that points to differences in processing
words in isolation and in sentential contexts not only by native speakers (Bertram, Hyona, &
Laine, 2000; Bertram, Laine, Schreuder, Baayen, & Hyona, 2000; Luke & Christianson, 2011)
but also for L2 learners (Luke & Christianson, submitted).

Additionally, the masked-priming paradigm only provides a snapshot rather than the full
time-course of morphological processing. This is due to the built-in logic that the morphological
processing should occur or not occur within the time frame as specified by the time difference
between the presentation of the prime and the target. If L2 learners are sensitive to the

morphological structure but process it slower then native speakers, the masked-priming studies
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that use the same presentational rates for native speakers and L2 learners will miss such

sensitivity.

Eye Tracking Methodology

Eye-tracking has been suggested by a number of SLA researchers as a more ecologically
valid alternative to investigate the time course of morphosyntactic processing during silent
reading (Dussias, 2010; Luke, 2011; Roberts, 2012). To date there are only a handful of studies
that have examined on-line morphosyntactic processing of L2 learners using eye-tracking
methodology (Felser & Cunning, 2011; Felser, Cunning, Batterham, Clahsen, 2012; Felser, Sato,
& Bertenshaw, 2009; Keating, 2009; Luke, 2011; Roberts, Gullberg, & Indefrey, 2008). Among
them Keating (2009) and Luke (2011) have examined the integration of inflectional morphology
during the processing of agreement.

Keating (2009) provides evidence that English-speaking learners of Spanish can detect
adjective-noun gender disagreement, but only when the adjective and noun are in the same
phrase. In an eye-tracking experiment that investigated the processing of gender agreement
violations, Keating found that the learners slowed down at post-nominal adjectives that disagreed
with the noun they modified, as compared to control sentences with the correct agreement. This
was true only when both the noun and the adjective were in the same syntactic phrase (DP).
When the syntactic distance (both linear and structural) increased and crossed the local phrase,
learners did not slow down. Native controls, on the other hand, were sensitive to the
disagreement and slowed down irrespective of the syntactic or linear distance.

Recently, in a series of eye-tracking experiments, Luke (2011) and Luke and Christianson

(submitted) examined morphosyntactic processing of L1 Korean L2 English learners. They
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inserted inflected and derived words that sometimes contained letter transpositions at the
morpheme boundary (e.g., enteerd, kinndess) into a sentence frame. Syntactic structure of the
sentence frames were manipulated independently of the letter transpositions (plural versus
singular: e.g., the dogs jumped versus the dog jumped). Letter transpositions across the
morpheme boundary has been shown to be more disruptive for native speakers compared with
the transpositions within morphemes (e.g., sunhsine) (Christianson, Johnson, & Rayner, 2005;
Duriabietia, Perea, & Carreiras, 2007). Examining eye-tracking data for L2 learners, Luke (2011)
and Luke and Christianson (submitted) report longer first fixations and gaze durations for L2
learners for the conditions in which letter transpositions crossed the morphemic boundary. This
suggests that L2 learners were disrupted by the transpositions and as a result were sensitive to the
morphological structure during lexical access of the target word. Interestingly, native speakers’
sensitivity towards the morphological structure interacted with the syntactic structure of the
sentence. Native speakers were less disrupted by the transpositions within the less-syntactically-
important suffix: in the plural sentences. This in turn suggests a very interactive processing of
morphosyntactic information. Importantly, unlike native speakers, syntactic context did not seem
to affect the integration of morphology during lexical access stages for L2 speakers.

Luke's (2011) and Luke and Christianson’s (submitted) findings seem to suggest that L2
learners sensitivity towards structural cues is reduced. It is important to note that Luke (2011)
and Luke and Christianson (submitted) also found that years of immersion and not proficiency
(as measured by Cloze test scores) predicted the degree of sensitivity towards the morphological
structure. Luke and Christianson (submitted) proposed that if years of immersion are
operationalized as a proxy for the measure of the strength of the procedural system, their findings

also give support for the declarative/procedural model. Learners can become more reliant on
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procedural memory and identify disruptions in morphological processing more quickly with
increased years of immersion. But their morphological processing might never become as
automatic as that of native speakers. L2 learners did not display any modulation of syntactic
structure on the morphological processing, unlike native speakers. In light of these findings,
native Russian speakers might show modulation of syntactic context on the availability of
parafoveal morphosyntacitc processing while L2 learners' morphosyntactic processing, although

possible in principle in the parafovea, might not be modulated by syntactic structure.

Relevant Characteristics of Russian

Word order

Russian is a language that allows all six basic word orders (SVO, OVS, VOS, VSO,
SOV, and OSV) but has a canonical SVO word order (Babyonyshev, 1996; but cf. King, 1995,
who favors VSO). Russian's flexible surface word order and allowance of pro-drop (null subjects
and dropping of object pronouns) are taken as evidence of scrambling that is much less restricted
than in many other scrambling languages. Scrambling accounts for as much as 17% of the
Russian sentences in a corpus study by Bailyn (1995), compared to Japanese, for example, in
which less than 1% of all sentences display scrambling (Yamashita & Suzuki, 1995). In Russian
morphological case markings are obligatory for the nouns, adjectives, pronouns, and verbs. Due
to its relatively free word order Russian, unlike English, does not conflate the agentivity of the
noun with the sentence position. For example, an assertion that A fox sees a meadow can be

expressed in 6 different ways in Russian, as seen in (4a-f).
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(4a) Jluca yBuaena nojsiHy.
FoXnom S€€srdpssc Meadowacc
(4b) IMonstny yBuaena nuca.
Meadowacc Seesrgpssc. ToXnom
(4¢) Jluca nonsaHy yBHaENA.
Foxnom meadowacc Seesrdpssc
(4d) Tonstay nuca yBuena.
Meadowacc ToXnom Seesrdpssc-
(4e) YBumena mossHy Jinca.
Seesrgpssc meadowacc. foXnom
(4f) YBuaena nuca mosisiHy.
Seesrgpsse ToXnom Meadowace.
According to several corpora analysis studies (Lobanova, 2011; Bivon, 1971) in the NVN word
order, SVO has much higher frequency (68%) then OV'S (32%). In the VNN word orders,
subject and object are equally possible first arguments VSO (50%) VOS (50%) (Kempe &

McWhinney, 1999).

Morphology

Russian is a morphologically rich language with obligatory inflectional paradigms for nouns,
adjectives, verbs, numerals, and pronouns. Only prepositions and adverbs are exempt from
inflections. The declensional paradigm for nouns is based on grammatical gender: masculine,
feminine, and neuter. Each has six cases. Table 1 illustrates the declension for nouns of 1st class

singular, since only nouns from this class were used in the experiments.
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Table 1.

Example of the Declension Paradigm for the Nouns of 1% Class

‘doll’
Nominative Kykina
kukla
Genetive Kykiibt
kukly
Dative Kykie
kukle
Accusative Kykiy
kuklu
Creative Kykioii
kukloj
Instrumental Kykie
kukly

Russian has 11 verb classes ranging in morphological complexity and size. Russian verbs
consist of a stem and an easily decomposable inflection. The stem comprises a root and a suffix,
or verbal classifier, which determines all of the parameters of the conjugational paradigm:
conjugation type, suffix alterations, vowel alterations, special infinitive inflections, and all other
idiosyncratic features.

Russian verbs have two tenses: the non-past-tense (present or future, depending on the
aspect of the stem) and the past tense. The non-past-tense includes six forms: three marked for
person in the singular and three in the plural. The past tense includes four forms: three marked
for gender and one plural form. An example of a complete conjugational paradigm for a single

verb in a non-past-tense that was used in all four experiments is given in Table 2.
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Table 2.

Example of the Conjugation Paradigm for a Verb nucamw /pisat’/ “to write”

Singular Plural
Person
1st nury /pishu/ nuiem /pishem/
2nd numens /pishesh’/ | mumrere /pishete/

3rd

nutrer /pishet/ numyT /pishut/

Morphosyntactic Processing in Russian

Information provided by case marking in Russian is integrated quickly by native

speakers. In a self-paced reading experiment, Fedorenko, Babyonyshev, and Gibson (2004)

found that case marking allomorphy caused processing difficulty only when two nouns had the

same case (as seen in 5a). Participants read the verb after two identically-marked nouns more

slowly than a control condition (5d). The processing of the verb after the two nouns of the same

case but different case marking ( as seen in 5b) or of different cases but with the same case

marking (as seen in 5c¢) did not differ from the control condition.
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(5a) Same abstract case/ same case-markers

Uvazavsuju skripacku pianistku razozlil dirizer iz izvestnoj konservatorii
posle generalnoj repetitsii.

respecting violinist-fem-Acc pianist-fem-Acc angered conductor-Nom
from famous conservatory after final rehearsal

‘The conductor from a famous conservatory angered the pianist who
respected the violinist after the final rehearsal.’



(5b) Same abstract case/ different case-markers

Uvazavsuju skripaca pianistku razozlil dirizer iz izvestnoj konservatorii
posle generalnoj repetitsii.

respecting violinist-masc-Acc pianist-fem-Acc angered conductor-Nom
from famous conservatory after final rehearsal

‘The conductor from a famous conservatory angered the pianist who
respected the violinist after the final rehearsal.’

(5¢) Different abstract case/ same case-markers

Pozvonivsuju skripacu pianistku razozlil dirizer iz izvestnoj konservatorii

posle generalnoj repetitsii.

calling violinist-masc-Dat pianist-fem-Acc angered conductor-Nom from

famous conservatory after final rehearsal

“The conductor from a famous conservatory angered the pianist who

called the violinist after the final rehearsal.’

(5d) Different abstract case/ different case-markers

Pozvonivsuju skripacke pianistku razozlil dirizer iz izvestnoj konservatorii

posle generalnoj repetitsii.

calling violinist-fem-Dat pianist-fem-Acc angered conductor-Nom from

famous conservatory after final rehearsal

‘The conductor from a famous conservatory angered the pianist who called the violinist

after the final rehearsal.’
The nouns used in 5b and 5c to create the contrasts between case marking endings of the case
where of two different declension types and also of different genders (masculine and feminine).
This manipulation, however, confounded morphology with gender as the disambiguating source
of information in two conditions: same case/different case marking (5b) and different case/same
case marking (5c¢).

The modifiers in Russian mark the gender through an inflection at the end of the word.
The modifier respecting-fem is the first word in all the stimuli and has feminine case ending. In
manipulation for 5b and 5c¢ the noun following the modifier is masculine. In principle,
participants could have used the gender information communicated by the case ending of the

modifier as a cue instead or in addition to the case information communicated by the case

markings of the nouns to determine which noun is the head of the modifier respecting.
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Regardless of the above mentioned confound, however, Fedorenko et al study demonstrates that
Russian native speakers use inflectional information quite early during sentence processing and
even might use the processed information to form predictions for the upcoming constituents.

Native speakers of Russian are sensitive towards the syntactic canonicity of the argument
positions. In a self-paced reading study, Slioussar (2011) demonstrated that native speakers of
Russian process syntactic arguments in non canonical positions (preverbal objects and post
verbal subjects) slower than in the canonical positions (postverbal objects and preverbal
subjects).

To date there are no eye-tracking investigations of morphosynactic processing in Russian

during silent reading. This dissertation seeks to fill in this gap.

Rationale for the Present Studies

The research described in this document uses eye movements as reflections of cognitive
processes during reading in native and non-native language (Rayner, 1998; Luke & Christianson,
submitted). The preview benefit effect (Rayner, 1975) was used as a diagnostic for the
integration of morphological information parafoveally (Experiments 1 and 4, Chapters 3 and 6).
An identical preview (no change) condition is taken to be the baseline. A non-word condition is
treated as the control condition and is expected to cause the most disruption to the processing of
morphology. The morphologically related preview condition is taken as the test condition and is
expected to pattern with the identical condition if Russian morphology is processed in the
parafovea and with the non-word condition if it is not.

Because the average length of Russian words is relatively long (10+ characters), the

majority of words are only partially available for processing within the region of effective vision
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(fovea). This means that the morphological processing of the upcoming word n+1 might not be
part of the lexical identification of the word that is not within the foveal region, while it could be
part of the lexical identification of the word that is partially in the fovea. The traditional
boundary-change paradigm that inserts the boundary between the words might not be sensitive
enough to investigate parafoveal morphosyntactic processing in long words. Experiment 2,
reported in Chapter 4, and Experiment 3, reported in Chapter 5, use a modified version of the
boundary change paradigm, a within-word boundary change, to investigate the morphological
processing of inflectional morphology of long nouns and verbs.

The effect of syntactic information on the integration of morphology is examined in two
ways: by varying the word order (Experiments 1-4) and examining the processing of inflectional
morphology of two grammatical categories: nouns (Experiments 3 and 4) and verbs (Experiment
4). The interaction of syntactic information and morphological information is investigated in

Experiments 1-4 by varying the syntactic context prior to the target word.
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CHAPTER 3:
BETWEEN WORDS - NOUNS

Research on eye movements during silent reading has established that word length
information is used to program where to move the eyes next (Rayner, 1998). Research using the
boundary change paradigm has demonstrated that low-level nonlinguistic information such as the
length of the upcoming word n+1 is integrated in the parafovea while the eyes are fixated on the
word n (Ashby et al., 2006; Balota et al., 1985; McConkie & Zola, 1979; Rayner, 1998).

To date there is no conclusive evidence that higher-level linguistic information such as
morphology and syntax is integrated parafoveally in any language other than Hebrew (Deutsch et
al., 2005). Hyona et al. (2004) demonstrated that short compound words can be integrated as
whole words foveally. This suggests the possibility that short words might also be integrated as
one unit when they are in the parafovea. In such cases, there is a possibility that inflectional
morphology in short Russian nouns might be registered in the parafovea and used during pre-
lexical stages of word identification.

Syntactic information has been shown to effect parafoveal processing in Hebrew
(Deutsch et al., 2005). However, different languages indicate syntactic information differently.
Inflectional case marking for short nouns in Russian, if integrated, can affect the assignments of
syntactic roles in the active syntactic structure. In Experiment 1, word order prior to the target
word was manipulated to investigate the effect of prior syntactic context on the information
processed from the parafoveal preview. VNN word order in Russian has an equal chance of a
subject or object following the verb (VSO 50%, VOS 50%), according to the corpora counts
reported by Kempe and McWhinney (1999). This makes the position of the first argument right

after the verb less restrictive. The position of the second argument is syntactically more
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restrictive. Since all verbs in Experiment 1 were transitive, the chances of getting an object after
processing the verb and the subject are much higher than getting any other syntactic constituent.
To probe whether readers in Russian are sensitive to these syntactic constraints, the VSO word
order was held constant while the physical position and the syntactic role of the target word
varied. It was either the first argument after the verb (subject) or second (object). If syntactic
processing in Russian is just as predictive as in other languages (see Bader & Meng, 1999;
Hemforth & Konieczny, 2000, for German; Staub & Clifton, 2006; Staub, Rayner, Pollatsek,
Hyona, & Majewski, 2007, for English; Yamashita, 2000, for Japanese), then the target word
should be processed faster in the more predictive, object position. As a result, eye fixations
should be longer on the target word in the first (subject) position than in the second (object).
Allocation of cognitive resources during reading can be modulated by the syntactic
context (Henderson & Ferreira, 1990) in two ways. The syntactically less predictive subject
position might elicit more allocation of resources, reduce perceptual span, and reduce the level of
processing of the information in the parafovea. Alternatively, increased allocation of attentional
resources to the less predictive subject position might widen the perceptual span, which in turn
would be predicted to result in higher deeper processing of information in the parafovea. Any
differences in the eye movements elicited on the target word as a result of the syntactic position

in the sentence will help differentiate between these two possibilities.

Experiment 1: Between-Word Boundary Change
Experiment 1 had two goals: to determine if morphological information is integrated in
the parafovea between words in Russian, and to see how the syntactic predictability of an

upcoming word affects the time course of the morphological processing of that word (target
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word: subject/object). Using the eye movement contingent boundary change paradigm (Rayner,
1975), morphological processing in the parafovea was examined through three preview
manipulations on the target word: identical (no change), morphologically related (different
inflectional ending), and non-word (inflection replaced with a consonant). See Table 3 for the
example of preview manipulations for the target word in two syntactic positions.

Table 3.

Preview Manipulation Conditions for the Two Syntactic Categories

Identical Morphologically Related | Non-word
Subject noaka boat (NOM) | momaky R (031191
Object noaky boat (ACC) | moaka R (031191

The target word was inserted into a sentence frame either at the argument position immediately
after the verb (1a) or at the second argument position (1b). The vertical lines indicate the position
of the invisible boundary. When the eyes made a saccade across the boundary, the preview word
(See Table 3) was replaced with the target word.

(1a) B moke 3aropaxusainal Joaka NOM mocky Y mocTka.

In the dock blocked boatNOM logACC by the bridge.

(1b) B moxe 3aropaxmuana gocka| joaky ACC y MocTka.

In the dock blocked logNOM boatACC by the bridge.

Method
Measures. Orthographic processing is associated with first fixation durations. The effects

of preview manipulations in the parafovea can be observed as early as the first fixation because
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the planning for the fixation takes place during a prior fixation and is affected by parafoveal
information (Rayner, 1998; Bertram & Hy06na, 2003). Any effects reflected in first fixation
durations will be taken to indicate the influence of the experimental manipulations on
orthographic processing.

Gaze duration, associated with lexical access (Deutsch et al., 2005; Hyona et al., 2004),
will reveal preview manipulation effects if morphology is integrated during the stages of lexical
word identification. When lexical access is affected by predictability of the prior context, gaze
duration reveals such effects (Rayner & Pollatsek, 1989). If syntactic predictability modulates
lexical pre-processing of morphological information in Russian, then gaze duration measures
should be sensitive to the manipulation of syntactic context and reveal the effects of syntactic
and preview manipulations (Deutsch et al., 2005, Experiment 4). If allocation of attentional
resources is modulated by syntactic context during word identification stages then gaze durations
might reveal an interaction between syntactic context and preview manipulations.

Importantly, in short and medium sized words quite often there is only one fixation on the
word. In such cases it is assumed that lexical identification also has happened during such
fixation. Any effects of the experimental manipulations observed in first fixation and gaze
duration will be compared in order to adjudicate between orthographic and lexical identification.

Total time, go-past time, first-pass, second-pass, and regressions are associated with post-
lexical integration of the target word into the active structure of the sentence. These measures
have been found to reflect the influence of high-level, linguistic factors on foveal processing
(semantic processing in Finnish, White, Bertram, & Hydna (2008) and semantic and syntactic
predictability in Hebrew (Deutsch et al, 2005, Experiments 3 and 4)). In Hebrew, syntactic

context affected parafoveal processing. A morphologically related word in a different syntactic
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category (noun instead of the intended verb) served as the morphologically related condition and
elicited inhibitory effects in gaze durations and total time. Any effects of the experimental
manipulations observed in the later measures and not in gaze duration will indicate that in
Russian higher-level linguistic information, such as syntactic context and morphology, are
delayed until post-lexical processing.

Predictions. If morphology is integrated during the early pre-processing stages of
Russian word identification, then identical and morphologically related conditions will show
facilitatory effects in gaze duration and possibly as early as first fixation as compared to the non-
word condition. If inflectional morphology of the Russian nouns exerts an immediate influence
on the integration of the upcoming word into the active syntactic structure, then the
morphologically related condition will show inhibitory effects on gaze duration as compared to
the non-word condition. Such an inhibition, if not suppressed during word identification stages,
may also affect later post-lexical processes. Consequently, later measures that reflect post-lexical
integration might also display inhibitory effects for the morphologically related condition.

Syntactic context can modulate the allocation of attention (Henderson & Ferreira, 1990)
in two ways. Less predicted context can elicit more cognitive resources and expand the
perceptual span. In such a case, the target word in the subject position can be processed at a
deeper level. As a result, the effects of preview manipulations can be more pronounced in the
subject position than in the object position. Alternatively, attention can be focused on the word
identification processes. In such a case, an effect of object-target vs. subject-target condition
without an effect of the preview manipulation (no significant difference between identical,

morphological and non-word previews on any of the eye movement measures) will constitute
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evidence only for foveal effects of syntactic predictability and the absence of morphological
processing in the parafovea.

Materials. Short Russian nouns (five characters) were chosen as stimuli for this
experiment. The materials were balanced for word (mean 123 per one million of occurrence, 78
sd) and lexeme (mean 103 per one million of occurrence, 83 sd) frequencies. Currently, there are
no corpora in Russian that provide counts of individual inflections in Russian.

Norming Study. The plausibility of the sentential arguments was assessed in a separate
norming procedure. Since the main goal of the norming study was to access the thematic
relationships between the arguments and the verb and not syntactic predictability, a decision was
made to use the default or most frequent word order (SVO). As a result, for the norming study,
the word order was changed for all experimental sentence frames (1a-b) from VSO to SVO. Two
sentences were constructed in such a way that the target word was the subject in one and object
in another, while the second argument from the experimental sentence was always the opposite
argument. One hundred eighty sentences were divided into two lists to ensure that two versions
of the same experimental sentence are in separate lists. Twenty Russian native speakers who did
not take part in the experiment provided plausibility judgments on 1 to 7 scale for each sentence.
The instructions included examples for each of the ratings on the scale. Only items that had a
plausibility rating higher than 3 and equal plausibility ratings were used in the experiment. After
the plausibility ratings were calculated for each sentence, 60 sentences were selected for the
experimental stimuli with a mean plausibility score of 3.9. The plausibility scores between the
sentence pairs did not differ significantly (p<.72).

In the main experiment, the boundary change was always at the end of the word n before

the target word n+1. In these types of experiments participants might occasionally see a change
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if the preview and target word are not the same length. Therefore, only nouns of the first
declension type were used, as they are equal in length between the nominative and accusative
formes.

Design. The word order was held constant across all conditions. The target position in the
sentence was manipulated (subject x object) together with the parafoveal preview (identical x
morphologically related x non-word) resulting in a 2 x 3 Latin square design. The target noun
appeared in both the subject and object position to investigate if syntactic information affects
parafoveal processing in Russian. In the control condition the non-word served as the preview. In
the test conditions, inflections were replaced with the inflection indicating the opposite syntactic
category (object accusative case for the subject nominative and vice versa) or with an identical
inflection. A total of 60 experimental sentences were constructed. Due to the relatively limited
subject pool of native Russian speakers in the Champaign-Urbana area, this experiment was run
concurrently with the other native speaker experiments reported in this dissertation. All
sentences served as fillers for each other.

Participants. Forty-eight Russian native speakers (25 female; mean age 32, range 18-69)
residing or visiting in the Urbana-Champaign area participated in the experiment. A total of six
participants were excluded from the analyses; five participants reported seeing the change
manipulation, and one participant’s eye movements could not be consistently tracked. All
participants were compensated $15.00 for their time.

Apparatus. Eye movements were recorded via the SR Research Ltd. Eyelink 1000 eye
tracker, which records the position of the reader’s eye once every millisecond (1000Hz sampling
rate), and has a high spatial resolution of 0.01". Text was displayed in 14 point Courier New

mono-space font. Participants were seated 72.5 cm away from a 20 inch monitor with the refresh
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rate set to 120Hz. At this distance, approximately 3.03 characters subtend 1" of visual angle.
Head movements were minimized with chin and head rests. Although viewing was binocular,
eye movements were recorded from the right eye.

Procedure. Each trial began with a gaze trigger, which consisted of a black circle
presented in the position of the first character of the text. Once a stable fixation was detected on
the gaze trigger, the sentence was presented in full. The participants pressed a button on a
standard game controller to indicate that they had finished reading the sentence. At this point, the
sentence disappeared. On 25% of the trials a question about the content of the sentence appeared,
which the participants answered by pressing the corresponding button on the controller. Then the

next trial began. Sentences were presented in random order for each participant.

Results

Data exclusion criteria. It has been established that foveal processing on average
corresponds to 6-7 characters (Schotter et al., 2012). As seen in the example (1a-b), the short
words in the Experiment 1 are five characters long. If the fixation prior to the target word occurs
immediately before the boundary change (on the last two characters of the previous word) then
the target word might be in the fovea and the case marking will be 7" or 8" character — right on
the edge of the fovea. It was intended prior to data collection to analyze such trials separately.
Analysis of the landing position on the word before the target word revealed zero instances when
the eyes landed on the region within two characters before the invisible boundary. As a result, it
is safe to conclude that any effects reported in the results section can be attributed to parafoveal

processing and not foveal processing.
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Fixation durations shorter than 80 ms or longer than three standard deviations from the
grand mean for the target word were eliminated. These criteria resulted in the removal of less
than .05% of the data. The reading time data were analyzed using linear mixed effects modeling
(Baayen, Davidson & Bates, 2008). Linear mixed effects (LME) modeling is a type of linear
regression that can statistically control for systematic variation in participants and items. This is
accomplished by modeling independent intercepts (and, if necessary, slopes) for each participant
and each item, essentially creating a separate regression line for each level of participant and
item. While it is possible to control for between-participant and between-item variability in
ANOVAs by averaging across items and performing an ANOVA on the participant means and
vice versa, LME has several significant advantages over ANOV As that make it preferable for the
analysis of these data. First, with LME it is possible to control for both participant and item
variability in a single analysis, while two separate analyses are required in order to accomplish
the same thing using ANOVAs. Often, the by-participants and by-items ANOVAs can provide
contradictory or inconsistent results, making a single LME analysis less ambiguous. Second,
LME analyses often have more power than ANOVAs, and can reveal effects that ANOVAs
would not detect (Luke & Christianson, 2011). Given the relatively limited participant pool
reported in this experiment, maintaining maximum statistical power was of paramount
importance. Third, ANOVA results do not indicate the directionality of an effect, and so
clarifying follow-up t-tests are typically required. LMEs eliminate the need for these follow-up
tests by skipping the F-tests altogether and applying t-tests directly. Finally, ANOVAs are not
appropriate for the analysis of binomial data such as regression rates (Jaeger, 2008), and so for
the analyses of regressions reported below I relied on a logit version of the mixed model

analyses. Separate analyses were conducted for first fixation duration, gaze duration, total time,
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first-pass, second-pass, and go-past time. Items and participants were included as random effects.
All models were fitted using a forward stepwise model selection procedure, in which only those
predictors that were significant or marginally so (p<.1) were retained in the model. P-values were
obtained using Markov Chain Monte Carlo sampling. Items and participants were included as
random factors. Preview manipulations and target position were included as fixed effects along
with their interaction. The patterns observed in the models were identical whether they were run
on log-transformed or untransformed fixation durations. To increase transparency, the results of
the models run on the untransformed fixation durations are reported, since regression weights
can be interpreted as effect sizes. Condition means with standard deviations for the reading
measures are reported in addition to the summaries of LME coefficients. Indications of statistical
significance refer to the observed difference between the indicated mean and the mean in the
non-word condition. Although LME analyses are performed over individual data points, all
figures are plotted on the Y-axis according to means for ease of interpretation.

Eye fixations for the pre-boundary word (n-1), target word (n), and a word after the target
word (n+1) were analyzed. No significant differences were obtained for the word n-1 or word
n+1. Results reported below reflect eye movement measures for the target word n.

First Fixation Duration. This measure is traditionally associated with orthographic
processing in those instances when there are more than one fixation on the target word. The
results of the best-fitted model for first fixation durations included preview manipulation and
syntactic role of the target word, and no interaction. The output of this model is reported in Table
4. Mean first fixation durations are summarized in Table 5 and Figure 2. Neither preview
manipulation nor syntactic role of the target word affected first fixation durations. The pattern of

results on the graph in Figure 2 looks like there might be an interaction between the syntactic
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position and the preview condition in the morphologically related condition. In the subject
position the morphologically related condition patterns with the identical condition and in the
object position with the non-word condition. But the differences in means provided in Table 5

are very small, so not much weight can be given to this numeric trend.

Table 4

Fixed effects for First Fixation Duration in Experiment 1

Predictor Coefficient SE tvalue p

Fixed effects for First Fixation

Intercept 247.81 8.96  27.66 0.000*
Preview: identical vs. non-word -2.82 588 -0.48 0.62
Preview: related vs. non-word 0.98 588 0.17 0.87
Target Syntactic Role: Subject vs. Object 1.62 481 0.34 0.74
Note. * p<.05

Table 5

Mean First Fixations with Standard Deviations in Parenthesis

Subject Object
Identical | 249 (133) 243 (128)
Related | 249 (132) 250 (128)
Non-word | 244 (127) 254 (123)
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Figure 2. First fixation.

Gaze Duration. This measure is associated with lexical access for the target word. The
results of the best-fitted model for gaze durations included preview manipulation and syntactic
role of the target word, but no interaction. The output of this model is reported in Table 6. Mean
gaze durations are summarized in Table 7 and Figure 3.

There was an effect of preview manipulation and a significant effect of the syntactic role
of the target word. The effects did not interact. This means participants read the target word on
average 21 ms longer when the preview was a non-word than when the preview was identical,
regardless of whether the target word was a syntactic subject or a syntactic object. This is a
typical preview benefit effect. It indicates that the paradigm worked and participants were

sensitive to the parafoveal manipulations.
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The morphologically-related preview condition did not differ from the non-word. This
suggests that the morphological information of the target word was not integrated parafoveally,
and the preview benefit in the identical condition was orthographic in nature, rather than
morphological. However, further examination of numerical means in Table 7 suggests that there
might have been an interaction between the word order positions in the morphologically related
condition that did not reach significance. An inhibitory effect of 9 ms in subject position and 18
ms facilitatory effect in the object position for the morphologically related condition as
compared with the non word are both in the range of parafoveal morphological effects reported
for Hebrew (7 ms in gaze duration reported in Deutsch et al. (2005)). Furthermore, a comparison
of standard deviations in Table 7 indicated that the morphologically related preview in the
subject condition was highly variable (210 ms). Although the morphologically related condition
was not significantly different from the non-word condition, the numeric inhibition in the subject
position and facilitation in the object position suggest the participants might be sensitive to the
syntactic context and allocate more attention to the processing of the target word in a less
restrictive syntactic context, when case marking is still useful in determining the unfolding
syntactic parse. The significant effect of syntactic role on the target word further supports this
view. The direction of the effect suggests that participants read the target word on average 18 ms
faster in the object position than in the subject position. This is consistent with the proposal that
readers engage in predictive parsing and are expecting an object NP after they have processed a

subject NP and a transitive verb.
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Table 6

Fixed effects for Gaze Duration in Experiment 1

Predictor Coefficient SE tvalue p
Fixed effects for Gaze

Intercept 329.09 14.63 22.50 0.000*

Preview: identical vs. non-word -21.00 8.30 -2.52 0.01*

Preview: related vs. non-word -4.50 8.30 -0.54 0.60

Target Syntactic Role: Subject vs. Object -17.8 6.78 -2.63 0.01*

Note. * p<.05, "p <.1

Table 7

Mean Gaze with Standard Deviations

Subject Object
Identical | 303 (179) 295 (183)
Related | 333 (208) 297 (161)
Non-word | 324 (206) 316 (183)
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Figure 3. Gaze.

Total Time. This measure represents the sum of all fixations on the target word and is
associated with the post-lexical integration of the target word into the sentence. The results of the
best-fitted model for total time included preview, syntactic role of the target word, and their
interaction. The output of this model is reported in Table 8. Mean total time results are
summarized in Table 9 and Figure 4.

There was an effect of the preview manipulation in the morphologically related
condition, along with an interaction between the target position and preview manipulations and a
marginally significant effect of syntactic context. The morphologically related condition elicited
a 72 ms inhibitory effect in the subject position and a 22 ms facilitatory effect in the object
position as compared to the non-word condition. The identical condition did not differ

significantly from the non-word condition in either position. Participants spent 45 ms longer
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fixating the target in the subject position than in the object position. This difference was
marginally significant.

The fact that in the object condition the morphologically related preview condition
elicited shorter fixations than the non-word suggests that in a more restricted syntactic context
participants were only sensitive to orthographic information and did not concern themselves with
checking whether the ending was morphologically licit. This might be taken as evidence for
underspecification of the case marking, similar to what has been proposed for "good-enough”
syntactic processing (e.g., Ferreira, Bailey, & Ferraro, 2002).

Total time is a composite measure that is derived by summing up first fixation, gaze
duration, the time participants spend on the word after re-reading earlier parts of the sentence,
and the time participants spent fixating the word after they regressed to it (if they regressed to it).
Whereas gaze duration elicited fixations that numerically patterned in the same direction as total
time measures, these numeric trends did not reach significance. Total time, as a cumulative
measure, cannot point to the precise source of the observed effects. As a result the following late
measures of post-lexical processing will be examined next: regressions into the target word, go-

past time, first-pass time, and second-pass time.

50



Table 8

Fixed effects for Total Time in Experiment 1

Predictor Coefficient SE tvalue p
Fixed effects for Total time
Intercept 36.65 17.21 0.001*
Preview: identical vs. non-word 26.97 0.15 0.89
Preview: related vs. non-word 26.94 2.64 0.01*
Target Syntactic Role: Subject vs. Object 26.95 -1.69 0.09"
Interaction: Object x identical 38.13 -1.57 0.12
Interaction: Object x related 38.12 -2.36 0.02*

Note. * p<.05, " p<.1

Table 9

Mean Total Time with Standard Deviations

Subject Object
Identical | 634 (460) 529 (362)
Related | 702 (497) 564 (424)
Non-word | 630 (460) 586 (391)
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Figure 4. Total Time.

Regressions into the Target Word. Regression rates were analyzed by a binomial logit
regression model with items and participants as random factors. The results of the best-fitted
model for regressions included preview, syntactic role of the target word, and their interaction.
The output of this model is reported in Table 10. The mean total time results are summarized in
Table 11 and Figure 5.

A significant effect for the morphologically related condition along with a marginally
significant interaction between target position and preview manipulation indicated that when the
target was in the subject position, participants regressed into the target word significantly less
when the preview was morphologically related than in the identical and non-word conditions.
This is in the opposite direction from the observed result in the total time fixations. The observed

pattern of results suggests that total time fixations and regressions into the target word reflect
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two sides of the same process. If total time reflects post-lexical integration difficulties, caused
presumably by the interfering case marker from the morphologically related preview, then
regressions into the target word reflect later stage of post lexical integration. A decreased
probability of regression in the target subject for the morphologically related preview implies
that any difficulty was resolved earlier either when participants regressed from the target word or
during the first pass reading. These two measures will be examined next.

Table 10

Fixed effects for Regressions into the Target word in Experiment 1

Predictor Coefficient SE tvalue p

Fixed effects for Regressions into the target word

Intercept -1.32 0.16 -8.45 0.001*
Preview: identical vs. non-word -0.28 0.18 -1.56 0.12
Preview: related vs. non-word -0.40 0.18 -2.19 0.03*
Target Syntactic Role: Subject vs. Object 0.11 0.17 0.63 0.53
Interaction: Object x identical 0.20 0.25 0.80 0.42
Interaction: Object x related 0.44 0.25 1.80 0.07"

Note. * p<.05, " p<.1
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Table 11

Mean Regressions into the Target word with Standard Deviations

Subject Object
Identical 19 (.39) .23 (.42)
Related 17 (.38) .25 (.44)
Non-word | .23 (.42) .25 (.42)
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Figure 5. Regressions into the Target.

Go-Past Time. Go-past time reflects the amount of time participants spend re-reading

earlier parts of the sentence before moving their eyes to the right of the target word. The results

of the best-fitted models for go-past time included preview and syntactic role of the target word,
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but no interaction. The output of this model is reported in Table 12. Mean total time results are
summarized in Table 13 and Figure 6.

Only a preview benefit effect in the identical condition was significant. This indicates
that in the identical preview condition, on average participants spent 48 ms less re-reading earlier
parts of the sentence than in the non-word control regardless of the syntactic role of the target
word. For the morphologically related condition, an observed numeric facilitation of 18 ms in the
subject position along with a 7 ms facilitation in the object position was not significant. This
suggests that the morphologically related preview caused participants to re-read the earlier parts
of the sentence as much as the non-word preview, regardless of the syntactic position of the
target word.

Table 12

Fixed effects for Go-Past Time in Experiment 1

Predictor Coefficient SE tvalue p

Fixed effects for Go-Past Times

Intercept 466.10 23.94 19.55 0.000*
Preview: identical vs. non-word -48.43 17.18 -2.82 0.01*
Preview: related vs. non-word -12.51 17.18 -0.73 0.47
Target Syntactic Role: Subject vs. Object 22.55 14.04 1.61 0.11
Note. * p<.05
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Table 13

Mean Go-Past Time with Standard Deviations

Subject Object
Identical 417 (325) 441 (350)
Related 451 (345) 478 (428)
Non-word | 469 (362) 485 (397)
Go-Past
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# non word
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Figure 6. Go-Past Time.

First-Pass Time (Right Bounded Duration). This measure represents a sum of gaze
duration plus any time spent fixating the target word after re-reading earlier parts of the sentence
before moving the eyes to the right. It reflects post-lexical stages of processing. The results of the

best-fitted models for the first-pass time included the preview and syntactic role of the target
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word, but no interaction. The output of this model is reported in Table 14. Mean first-pass results
are summarized in Table 15 and Figure 7.

A significant effect of the identical preview benefit shows that participants on average
spent 31 ms less on the target word when the preview did not differ from the foveal display than
in the non-word control, regardless of the syntactic role of the target word. In the object position,
the morphologically related condition did not differ from the non-word condition even
numerically (379 ms vs. 378 ms, respectively). The 23 ms mean difference between the
morphologically related (356 ms) and the non-word condition (373 ms) in the subject position
was also not significant. In the literature on eye-tracking, the amount of the time the eyes fixate
on the target is associated with the degree of difficulty of fitting the target word into the active
structure of the sentence (Rayner, 1998). The first-pass time results suggest that on the first pass
the target word was more difficult to incorporate into the active sentence when the parafoveally
available preview was either a morphologically related word or a non-word than when the
parafoveally displayed preview did not differ from the foveally displayed word, regardless of the

syntactic context of the target word.
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Table 14

Fixed effects for First-Pass Time in Experiment 1

Predictor Coefficient SE tvalue p
Fixed effects for First-Pass Times

Intercept 380.23 16.66 22.82  0.000*

Preview: identical vs. non-word -30.50 9.41 -3.24 0.001*

Preview: related vs. non-word -7.27 9.42 -0.77 0.44

Target Syntactic Role: Subject vs. Object -9.13 7.70 -1.19 0.24

Note. * p<.05

Table 15

Mean First-Pass Times with Standard Deviations

Subject Object
Identical | 345 (202) 345 (203)
Related | 379 (232) 356 (200)
Non-word | 378 (230) 373 (210)
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Figure 7. First-Pass.

Second-Pass times. Second pass times included eye fixations elicited on the target word
when the participants returned to the target word after the eyes had moved to the right on the first
pass. This measure registered the amount of time readers spent re-reading the target word. The
results of the best-fitted models for the second-pass time included preview, syntactic role of the
target word, but no interaction. The output of this model is reported in Table 16. Mean second-
pass time results are summarized in Table 17 and Figure 8.

None of the preview manipulations affected the re-reading time. This suggests that any
difficulties with preview manipulations observed in total time, regressions, and go-past times
were resolved during the first-pass reading. A significant effect of syntactic context revealed that
participants on average spent 40 ms longer re-reading the target when it was in the object

position. The observed result is in the opposite direction from the effect of the syntactic position
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reported for the gaze duration and the marginally significant effect observed in total time. Such a
pattern of behavior can be explained best under the view that the participants were sensitive to
the predictability of the syntactic structure. As a result, gaze durations reveal that they allocated
more attention to the target when it was in the less predictable subject position. Longer fixations
during the second reading of the target object imply that participants compensated for the less
detailed word identification during later post-lexical integration. The opposite direction of the
effect of syntactic position can explain the marginal significance in the cumulative measure of
total time, as the longer gaze duration for subject and longer rereading in the object position are
likely canceling each other out. However, the exact mechanisms and relations between the

measures of word identification and post-lexical integration need further investigation.

Table 16

Fixed effects for Second-Pass Time in Experiment 1

Predictor Coefficient SE tvalue p

Fixed effects for Second-Pass Times

Intercept 144.83 20.00 7.12 0.001*
Preview: identical vs. non-word -27.45 16.72 -1.64 0.11
Preview: related vs. non-word -7.93 16.73  -0.47 0.64
Target Syntactic Role: Subject vs. Object 40.27 13.66 12.95 0.01*
Note. * p<.05
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Table 17

Mean Second-Pass Time with Standard Deviations

Subject Object
Identical 113 (300) 145 (330)
Related 117 (312) 180 (407)
Non-word | 144 (333) 168 (385)

Second-Pass

Midentical
Hrelated

¥ non word

Subject Object

Figure 8. Second-Pass.

General Discussion
The main purpose of Experiment 1 was to determine whether morphological information
is extracted between words in the parafovea in Russian, and how the information regarding the

syntactic predictability of an upcoming word affects the time course of the morphological
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processing of that word. The experimental goals were achieved by implementing a gaze
contingent boundary change manipulation with three preview conditions (identical,
morphologically related, non-word). Non-word and morphologically related conditions differed
from the identical condition in just the last letter of the target word. The effects of the preview
manipulation were monitored across early (first fixation, gaze duration) and late (total time, go-
past time, first and second pass) reading measures. The influence of syntactic context was probed
by placing the target word in one of two different syntactic positions (subject vs. object) in the
same word order (VSO).

If morphology is pre-processed in the parafovea, then the morphologically related
condition was expected to differ from the non-word preview condition. If syntactic context
modulated allocation of attention and morphological integration in the parafovea, then the
preview benefit effect for the morphologically related condition was expected to be higher in the
less restrictive subject position. An absence of preview benefit effect for the morphologically
related condition was expected under the view that only orthographic processing is carried out
for the short nouns in the parafovea.

A consistent preview benefit effect for the identical condition in gaze duration, and go-
past time was observed, indicating that the experimental paradigm worked properly. An absence
of any significant effects for the morphologically related preview in the early measures (first
fixation, gaze duration) suggests that morphological information is not integrated parafoveally
between words in Russian. Late measures (go-past, first-pass, second-pass times) in large part
support the conclusion that morphological information was not integrated parafoveally and did

not affect syntactic structure.
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The morphologically related preview affected the total time participants fixated target
word as wells as regressions into the target word. The total time reflects post-lexical integration
of the target word into the sentence structure. Results revealed that participants looked longer at
the target word only in the target subject position when the preview was a morphologically
related word. Additionally, participants regressed into the target word in the target subject
position significantly less when the preview was morphologically related than when it was
identical or non-word. This implies that parafoveally available morphological information
affected post-lexical integration of the target word only in the target subject. This result is at
odds with the results obtained from the measures associated with lexical access (gaze duration),
that indicate that morphology was not integrated during lexical identification.

Only the target in the subject position was affected by the parafoveal manipulation. This
suggests that when the syntactic context was less restrictive, participants slowed down and took
more time to integrate not only low-level orthographic information, but also higher-level case-
marking information. This did not happen when the target word was in the object position.
Moreover, the target object was processed significantly faster than the target subject regardless
of the preview manipulations during word identification stages (as reflected in the gaze
durations). Such a result can be explained under the framework of ‘Good-enough” processing
(e.g., Christianson et al., 2001; Ferreira et al., 2002), which proposes that when the syntactic
context is restrictive, participants can choose to allocate their cognitive resources elsewhere.
Thus, they did not seem to integrate the word initially, as reflected in the gaze duration, to the
same level of detail as they did when the target was immediately after the verb. Target word was
reread more in the object than in the subject position. The opposite direction observed during

second-pass reading suggested that participants compensated during post-lexical integration for
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the underspecification observed during word identification stages. However, more research is
needed to establish the exact mechanisms and relationship between lexical and post-lexical

processes.

Summary

Experiment 1 reported in this chapter revealed that morphological information is not
processed parafoveally during between word processing in Russian, but foveal word
identification is affected by prior syntactic context. More attentional resources are allocated
initially to the word identification of the target in less restrictive (less predictable) syntactic
contexts, but the underspecification of words that are less closely attended to is compensated for
during post-lexical integration.

Average Russian words are long (average 8-12 characters). As a result, the morphological
information of the target word is usually in the parafovea. If allocation of cognitive recourses is
modulated by syntactic context, as Experiment 1 demonstrated, then it is quite possible that more
attention is allocated to within-word processing than to between-word processing in Russian, as
has been suggested for Finnish (Hyona et al., 2004) and English (Juhasz, Pollatzek, Hytna,
Drieghe, & Rayner, 2009). It is therefore possible that morphological information subserves
lexical access in Russian and becomes active only during lexical word identification stage that is
believed to begin once the eyes are fixating the target word (Warren et al., 2009). If this is the
case then the morphological information can be integrated parafoveally during within word

processing. Experiments reported in the next two chapters explored this possibility.

64



CHAPTER 4.
WITHIN WORDS - NOUNS

The experiment reported in this chapter investigated the influence of morphological and
syntactic information during within word processing of Russian nouns. The average length of the
words in this experiment was 12 characters. Morphological information was conveyed by the last
character at the end of the word. Previous research indicates that the eyes usually land to the left
of the middle of a word (preferred viewing location (PVL), Rayner, 1998). This means that on
average the eyes would land between the third and the fifth character of a 12-letter word. About
three characters to the right of the fixation will be in the foveal vision, and the last four
characters in the parafoveal vision. To investigate the level of processing of the last character in
Russian long nouns, the experiment reported in this chapter implemented a modified version of
the boundary-change paradigm: within word boundary-change (Hyona et al., 2004), i.e., the
invisible boundary was placed within the word n instead of the end of the word n+1.

Previous research using the within-word boundary change paradigm has demonstrated a
preview benefit effect size in the range of 80-100 ms (Hydna et al., 2004; Juhasz et al., 2008).
The preview benefit effect size reported for the between-word boundary change is in the range of
30-40 ms (Rayner, 1998). This difference has been attributed to augmented attentional allocation
of cognitive processing at the word level (Juhasz et al., 2008). Attentional allocation within long
words in Russian can, in principle, modulate morphological processing during early stages of
lexical access. In such a case, the morphology of long nouns can be integrated during the pre-
lexical stage of word identification.

To date there is evidence that only Hebrew verbal morphology is integrated parafoveally

(Deutsch et al., 2005). Deutsch and colleagues accounted for the absence of parafoveal
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processing in Hebrew nouns by proposing the inflectional saliency hypothesis. Seven distinct
verbal classes in Hebrew make the verbal morphological inflectional paradigm more salient than
the nominal paradigm, which has 100 classes. Unlike Hebrew, Russian nouns have only three
declensional classes. If the regularity of inflectional paradigm affects processing of morphology,
then it is possible that morphology is pre-processed for Russian nouns. Experiment 2 examined
the morphological processing of long inflected nouns.

To investigate the effect of syntactic information on parafoveal processing in Russian, the
syntactic role of the target word was varied in Experiment 2. The V-initial string is equally likely
to continue as VOS or VSO (Kemp & McWhinney, 1999). Consequently, the expectation for the
subject is reduced after the verb (for the target word in the subject position: VSO) as compared
with the expectation for the object after the transitive verb and subject (for the target word in the

object position: VSQO).

Experiment 2 — Within-Word Boundary Change

Experiment 2 investigated syntactic and morphological processing parafoveally during
within-word processing of long Russian nouns. How the syntactic predictability of an upcoming
word affects the time course of morphological processing of that word was investigated by
manipulating the syntactic role (subject vs. object) of the target word. To investigate the degree
of parafoveal processing, a boundary-change paradigm was implemented within the word. An
invisible boundary was inserted in the word such that the case-marking suffix appeared in one of
three preview conditions (identical, morphologically related, or non-word). Table 18 contains an
example of the preview manipulations for the target word in the two syntactic positions. A

vertical line indicates the location of the boundary. When the eyes made a saccade over the
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boundary, which was invisible to the participants, the preview character was replaced with the
correct target character.
Table 18.

Preview Manipulation Conditions for Two Syntactic Categories

Identical Morphologically Related | Non-word

Subject MyTEIICCTBE|HHUIIA | MyTEIIECTBE|HHUILY MyTEUIeCTBE|HHUIYT
traveler (NOM) traveler (ACC)

Object MyTEIISCTBE|HHUIY | MyTEeIIeCTBE|HHUIIA MyTEUIeCTBE|HHUIYT
traveler (ACC) traveler (NOM)

Each target word was inserted into a sentence frame either in the subject position
immediately after the verb (1a) or in the object position after the subject (1b).
(1a) Ha Bok3zane crpocuiia nyreiecrBe|HHHIaNOM cobeceHUIY O pacMCaHUH MTOE3/I0B.
At the railway station asked travelerNOM interlocutorACC about the train schedule.
(1b) Ha Boxk3aze crpocuia cobecennuiia myremecTBe|HHUIYACC 0 pacircaHUH [TOE3/I0B.

At the railway station asked interlocutorNOM travelerACC about the train schedule.

Method

Measures. Such early measures that reflect lexical access, as first fixation (orthographic
identification) and gaze duration (lexical integration) were calculated for both the first (first
fixation;, gaze;) and second (first fixation,, gaze,) parts of the target word. The results also
include an additional measure for the second part of the word, referred to as subgaze, (Pollatsek
& Hyona, 2005). Subgaze, represents the time spent fixating the second part of the word,
including any regressions back to the first part, before moving to the right off of the target

second part of the word. This measure is associated with the later stages of lexical processing.
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Later measures that reflect post-lexical integration of the word into the syntactic structure
of the sentence included gaze duration for the whole word, total time, go-past time, and
regressions into the target word.

Predictions. If morphology is integrated during lexical access, then the early measures
gazes, gaze,, and subgaze; for identical and morphologically related preview conditions should
differ from the non-word preview condition. If syntactic integration is affected by the pre-
processed information, then the morphologically related preview will interfere with the
construction of the syntactic structure of the sentence. In such cases, late measures beginning
with the subgaze, might show inhibitory effects in the morphologically related condition.

The morphologically related condition, if integrated, can modulate syntactic integration
of the target word depending on the syntactic position. When the target is in the subject position,
the morphologically related object is also possible. If case marking is integrated parafoveally,
early measures can point towards facilitation, while later measures should be inhibitory. In the
target object, a morphologically related subject is illegal. If syntactic information interacts with
word integration then even early measures of lexical access can be inhibitory.

Syntactic context might also modulate the allocation of attention. In a less predictable
context, in the subject position, the target word might elicit a higher distribution of attentional
resources. As a result, parafoveal information may be processed to a higher level of detail. Under
such a scenario, a preview benefit effect for morphologically related condition might be observed
in the target subject position and attenuated or absent in the target object position. An attenuated
or absent preview benefit effect for the identical condition in target object position only would

corroborate such a view. Any differences found between the object and the subject conditions in
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the absence of parafoveal preview would demonstrate foveal processing of syntactic
predictability.

Materials. The VSO word order from the 1% experiment was kept constant to investigate
any potential effects of word length on parafoveal morphological processing. The manipulations
were identical to the ones described in Experiment 1. Long Russian nouns (range: 10-19
characters; mean length: 12.9 characters) were used as stimuli for this experiment. The materials
were balanced for frequency (mean: 323 per million; SD: 85) and lexeme (mean: 295 per 1
million; SD: 76). Currently, there are no corpora in Russian that provide counts of individual
inflections in Russian. Sentences were normed for plausibility (p<.65) and predictability (mean
rating 5.2 on a 7-point Likert scale; SD: 1.2), following the same procedure as in Experiment 1.

The boundary change was always between the 5™ and 6" character from the end of a
word. Some of the words had multiple morphemes in addition to the word-final case-marking,
but the boundary change was always in the middle of the morpheme immediately preceding the
case-marking in these multimorphemic items. Nouns of the 1% declension were used in this
experiment to ensure that the preview and the target were of the same length.

Design. Same as in Experiment 1.

Participants. Same native speakers who took part in Experiment 1.

Apparatus. Same as in Experiment 1.

Procedure. Same as in Experiment 1.

Results
Data exclusion criteria. The landing position of the eyes in the first part of the noun was

monitored. Trials where the eyes landed on the last two characters before the boundary change
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were intended to be analyzed separately for evidence of foveal processing. But an analysis of the
landing site revealed that across all conditions there were only three instances when the eyes
landed on the two characters before the boundary change marker. Although numerically the
pattern of results on these trials did not differ from the observed results, these trials were
excluded to ensure that the results reflect truly parafoveal processing effects.

Fixations shorter than 80 ms and longer than three standard deviations from the grand
mean were excluded from the analyses. This resulted in the loss of less than .03% of the data.
The reading time data were analyzed using linear mixed effects modeling (LME). Separate
analyses were conducted for each eye movement measure (first fixation; duration, gaze;
duration, first fixation,, gaze,, subgaze,, etc.). All models were fitted using a forward stepwise
model selection procedure, in which only those predictors that were significant or marginally so
(p<.1) were retained in the model. P-values were obtained using Markov Chain Monte Carlo
sampling. Items and participants were included as random factors. Preview manipulations and
the target position were included as fixed effects along with their interaction. The patterns
observed in the models were identical whether they were run on log-transformed or
untransformed fixation durations. To increase transparency, the results of the models run on the
untransformed fixation durations are reported, since regression weights can be interpreted as
effect sizes.

Condition means with standard deviations for the reading measures for the 1% part of the
noun (prior to the boundary), 2" half of the noun, and for the whole noun are summarized in
Table 19. Indications of statistical significance refer to the observed difference between the

indicated mean and the mean in the non-word condition. Although LME analyses are performed
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over individual data points, all figures are plotted on the Y -axis according to means for ease of

interpretation.

Table 19.

Mean Fixation Durations with Standard Deviations for Reading Measures in Experiment 2

Subject Object

identical related non-word identical related non-word
First fix, | 213(110) | 199(108)* |220(119) |210(114) | 203(114)* | 220(111)
Gaze, 288(195)" | 262(198)* | 318(312) 267(178)* | 268(192)* | 289(251)
First fix; 118(111)* [ 132(124)* |167(125) | 140(124)* | 168(124)* |173(129)
Gaze, 134(143)* | 152(155)* |205(164) | 160(154)* | 200(168)* |207(164)
Subgaze, | 195(290)* | 249(342)* |297(259) | 200(285)* | 284(382)* | 271(294)
Gazeword 446(250)* | 426(241)* | 508(366) | 438(246)* | 451(267)* | 475(322)
Totalwerg | 794(494)* | 847(573) | 794(545) | 726(432)* | 789(499) | 820(570)
Go-Past 584(392)* |656(521) | 682(492) |587(453)" |634(453) |607(502)
Regressions | .26(.44)* | .33(.47) .30(.45) 26(.44)" | .24(.42) 22(.41)

Note:* p<.05, " p<.1

Fixation Measures on the 1st part of the nouns. Measures reported in this section refer

to the eye fixations prior to crossing the boundary. This means that while the eyes were on the

first half of the noun, the second half of the word displayed the manipulated preview material

(same, morphologically related case ending, or non-word) in the parafoveal visual field.

First fixation; duration. This measure reflects orthographic processing. The results of the

best-fitted model for first fixation duration on the first half of the noun before the eyes crossed

the invisible boundary included preview manipulation and syntactic context before the noun, and

71




no interaction. The output of this model is reported in Table 20. The mean first fixation durations
are summarized in Table 19 and Figure 9.

There was a significant preview benefit effect for the morphologically related condition
(b=-15.44, SE=5.12, p<.01). The identical condition did not differ significantly from the non-
word condition. See the summary of numeric means (Table 19 and Figure 9). This result is
surprising and unexpected. Since the first fixation measure usually reflects the initial stage of
word identification, the obtained results imply that at this early stage the word in the
morphologically related condition was easier to recognize than either identical or non-word. A
number of possible explanations will be explored further in the discussion section.

Table 20

Fixed effects for First Fixation; Duration in Experiment 2

Predictor Coefficient SE tvalue p

Fixed effects for First Fixation;

Intercept 218.28 8.24 265 0.001*
Preview: identical vs. non-word -5.13 511 -1.00 0.32
Preview: related vs. non-word -15.44 512 -3.00 0.003*
Syntactic Context: Subject vs. Object -1.94 418 -0.46 0.64
Note. * p<.05
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Figure 9. First fixation;.

Gaze; duration. The results of the best-fitted model for all fixations on the first half of the
noun before the eyes crossed the invisible boundary included preview manipulation and syntactic
context before the noun, and their interaction. The output of this model is reported in Table 21.
The mean gaze durations are summarized in Table 19 and Figure 10.

Gaze; duration demonstrated a significant preview benefit for the identical condition (b=
-30.72, SE=13.33, p<.01), and morphologically related condition (b= -57.33, SE=13.32, p<.001),
along with the interaction between the preview and target position for the morphologically
related condition (b=36.79, SE=18.87, p =.05).

The results indicate that both identical and morphologically related conditions elicited
shorter gaze durations than the non-word, regardless of the target position. The significant

interaction observed between the preview manipulation and syntactic position suggests that the
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difference between the morphologically related and non-word conditions was significantly larger
in the subject position (56 ms) than in the object position (21 ms) (see Figure 10).

The significant effect of target position (b=-30.88, SE=13.34, p<.05) indicates that,
regardless of the preview manipulations, participants looked at the first half of the word before
crossing the invisible boundary on average 31 ms longer in the less predictable subject position
than in the more predictable object position (see Figure 10). Consequently, when participants
fixated longer on the first part of the long noun, the morphological information located at the end
of the word (and thus in the parafovea) was integrated faster in the subject than in the object
position.

Table 21

Fixed effects for Gaze; Duration in Experiment 2

Predictor Coefficient SE tvalue p

Fixed effects for Gaze;

Intercept 319.39 20.28 15.75 0.001*
Preview: identical vs. non-word -30.72 13.33 -231 0.02*
Preview: related vs. non-word -57.33 13.32 -4.30 0.001*
Syntactic Context: Subject vs. Object -30.88 13.34 -2.32 0.02*
Interaction: object x identical 10.07 18.88 0.53 0.60
Interaction: object x related 36.79 18.87 1.95 0.05"

Note. * p<.05, " p<.1
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Figure 10. Gaze.

Fixation Measures on the 2nd part of the noun. Analysis of the second part of the
target word was restricted only to those instances when the participants fixated on the first part of
the word. This restriction ensured that the preview was actually present in the parafovea prior to
the eyes landing on the 2nd part of the word. This resulted in the exclusion of 0.02% of the trials.

First fixation, duration. The results of the best-fitted model for the first fixation duration
on the second half of the noun after the eyes crossed the invisible boundary included preview
manipulation, syntactic context before the noun, and their interaction. The output of this model is
reported in Table 22. Mean first fixation durations are summarized in Table 19 and Figure 11.

First fixation; elicited a preview benefit effect for identical (b= -48.66, SE=7.94, p<.001)

and morphologically related (b=-34.47, SE=7.94, p<.001) conditions and a significant interaction
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between preview and the syntactic role of the target word for the morphologically related
condition (b=28, SE=11, p<.01).

The morphologically related preview, if integrated at the syntactic level, is an acceptable
argument after the verb (VOS order is legal in Russian). In the object position, however, the
morphologically related preview had a nominative case marking and thus, if integrated at the
syntactic level, results in an illegal parse (*VSS). The difference between the morphologically
related and non-word conditions was modulated by the position of the target. In the subject
position, the second half of the target word was fixated on average 35 ms shorter in the
morphologically related condition than in the non-word condition, but only 5 ms shorter than the
non-word condition in the object position. This indicates that the second half of the target was
identified 35 ms faster than the non-word when the preview was a syntactically acceptable
continuation of a sentence. The observed pattern of results indicates that syntactic information
affected the integration of morphological information during the pre-lexical stage of word
identification. Syntactically illicit case marking for the morphologically related preview in the
object position (*\VSS) slows down word identification almost as much as non-word preview

(only 5ms difference).
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Table 22

Fixed effects for First Fixation, Duration in Experiment 2

Predictor Coefficient SE tvalue p
Fixed effects for First Fixation;
Intercept 167.31 9.61 17.42 0.001*
Preview: identical vs. non-word -48.66 794  -6.13 0.001*
Preview: related vs. non-word -34.47 794 -434 0.001*
Syntactic Context: Subject vs. Object 6.79 794 0.86 0.39
Interaction: object x identical 14.90 11.23 1.33 0.18
Interaction: object x related 29.68 11.23 2.56 0.01*
Note. * p<.05,
First Fixationz
200

Subject

Object

Midentical
Mrelated

M nonword

Figure 11. First Fixations.
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Gaze, duration. This measure is associated with the lexical access for the target word.
The results of the best-fitted model for the gaze duration on the second half of the noun after the
eyes had crossed the invisible boundary included preview manipulation, syntactic context before
the noun, and their interaction. The output of this model is reported in Table 23. Mean gaze
durations are summarized in Table 19 and Figure 12.

Target position did not affect gaze duration for the second half of the word. Gaze; elicited
a significant preview benefit effect for identical (b= -64.39, SE=9.84, p<.001) and
morphologically related (b= -49.21, SE=9.84, p<.001) conditions and an interaction between the
preview and target position for morphologically related condition (b=42.63, SE=13.92, p<.01).

The observed pattern of results mirrors the results reported in the first fixation, durations.
The difference between the morphologically related and non-word conditions was modulated by
the position of the target. In the subject position, the second half of the target word was fixated
50 ms shorter in the morphologically related condition than in the non-word condition, but only 7
ms shorter than the non-word condition in the object position. This indicates that the second half
of the target was identified 50 ms faster than the non-word when the preview was a syntactically
acceptable continuation of a sentence (VOS). When the preview contained a syntactically illegal
case marking (*VSS), participants looked at the second half of the word almost as long as when
the preview was a non-word. The results suggest that the inflectional case marking was

integrated parafoveally and affected lexical retrieval and syntactic integration of the target word.
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Table 23

Fixed effects for Gaze, Duration in Experiment 2

Predictor Coefficient SE tvalue p
Fixed effects for Gaze,
Intercept 202.50 13.10 15.46 0.001*
Preview: identical vs. non-word -64.39 984 -6.54 0.001*
Preview: related vs. non-word -49.21 9.84 -5.00 0.001*
Syntactic Context: Subject vs. Object 2.10 984 021 0.83
Interaction: object x identical 19.64 13.93 141 0.16
Interaction: object x related 42.63 13.92 3.06 0.002*
Note. * p<.05
Gaze2
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Subgaze,. Subgaze; in the within-word boundary change literature reflects later
integrative stages of word identification (Pollatsek & Hydna, 2005). The results of the best-fitted
model for subgaze, included preview manipulation and syntactic context before the noun, and
their interaction. The output of this model is reported in Table 24. Mean subgaze, durations are
summarized in Table 19 and Figure 13. A significant preview benefit effect for the identical
condition (b=-96.79, SE=20.67, p<.001) indicates that participants spent 96 ms less re-reading
the target word in the identical condition than in the non-word condition.

The preview benefit effect for the morphologically related (b= -42.71, SE=20.67, p<.05)
condition along with a marginally significant interaction between the preview and target position
for the morphologically related condition (b=55.45, SE=29.24, p<.1) indicate that when the
target word was in the subject position, participants spent significantly less (48ms) time when the
preview was morphologically related than when the preview was a non-word. In the object
position, however, participants spent significantly longer (13ms) re-reading the target word when
the preview was morphologically related than when it was a non-word. Taken together, the
inhibitory effect in the morphologically related condition in the object position and facilitatory
effect in the subject position suggest that the preview affected not only the lexical access of the

target word but also its integration into the sentence structure.
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Table 24

Fixed effects for Subgaze, Duration in Experiment 2

Predictor Coefficient SE tvalue p
Fixed effects for Subgaze;
Intercept 293.13 21.24 13.80 0.001*
Preview: identical vs. non-word -96.79 20.68 -4.68 0.001*
Preview: related vs. non-word -42.71 20.67 -2.07 0.04*
Syntactic Context: Subject vs. Object -21.56 20.67 -1.04 0.30
Interaction: object x identical 26.57 29.25 0.91 0.36
Interaction: object x related 55.45 29.24 1.90 0.06"
Note. * p<.05, "p<.1
350
300
250
g 200 midentical
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¥ non word
100
50
0

Subject

Object

Figure 13. Subgaze,.
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Fixation Measures for the whole word. The measures reported in this section
traditionally reflect later stages of post-lexical integration of the target word into the syntactic
structure of the sentence.

Gaze duration (Gazeword). This measure reflects the sum of all fixations on the first and
second half of the target word before the eyes move off the word and is associated with later
integrative stages of word identification (Pollatsek & Hyona, 2005) The results of the best-fitted
model for the gaze duration for the word included preview manipulation and syntactic context
before the noun and their interaction. The output of this model is reported in Table 25. Mean
whole word gaze durations are summarized in Table 19 and Figure 14.

Gazewors Showed a preview benefit for the identical condition (b= 62.96, SE=16.67,
p<.001). Participants spent less time looking at the target word when the preview was identical
(63 ms) or morphologically related (83 ms; b= 82.61, SE=16.67, p<.001) than when the preview
was a non-word regardless of the target position.

There was an interaction between the target position and preview condition for the
morphologically related condition (b=59.83, SE=23.58, p<.01). The observed results indicate
that a morphologically related preview facilitated word identification on average by 83 ms in
comparison to the non-word preview in the subject position. Recall that the morphologically
related preview was syntactically legal in the subject position, but not the object position. When
the preview contained a syntactically illegal case marking in object position, the target word was
still identified faster than when the preview was a non-word, but this difference was significantly
smaller (24 ms) in the more syntactically restrictive object position than in the subject position.
More effortful identification of the target word in the object position when the preview was

syntactically illegal suggests that inflectional case marking, on which participants have not yet
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fixated, was integrated parafoveally and affected lexical retrieval and syntactic integration of the

entire target word.

Table 25

Fixed effects for Gazeyorg Durations in Experiment 2

Predictor Coefficient SE tvalue p

Fixed effects for Gazeword

Intercept 509.23 27.16 18.75 0.001*

Preview: identical vs. non-word -62.96 16.67 -3.78 0.000*

Preview: related vs. non-word -82.61 16.67 -4.96 0.001*

Syntactic Context: Subject vs. Object -35.19 16.68 -2.11 0.04*

Interaction: object x identical 28.34 23.60 1.20 0.23

Interaction: object x related 59.83 23.58 2.54 0.01*
Note. * p<.05
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Figure 14. Gazeworg.

Total time (Totalwora Time). The results of the best-fitted model for the total time for the
word included preview manipulation, syntactic context before the noun, and no interaction. The
output of this model is reported in Table 26. Mean total time durations are summarized in Table
19 and Figure 15.

There was a significant effect of target position (b= -54.84, SE=18.19, p<.001) for the
totalworg time. This indicates that participants spent on average 55 ms less time on the target word
when it was in the object position than when it was in the subject position. The effect of target
position suggests that participants were sensitive to the syntactic structure. It seems that in line

with the attention allocation proposal, more resources were allocated to the target word in the

subject position than in the object position regardless of the preview manipulation.
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Totalworg time also revealed a preview benefit effect for the identical condition only (b= -
83.75, SE=22.25, p<.001). Totalworg time in the within-word boundary change paradigm reflects
post-lexical integration (Pollatsek & Hyona, 2005). No effect of the morphologically related
condition (b=25.53, SE=22.25, p<.25) during total time indicates that the morphologically
related condition proved to be as difficult to integrate into the sentence structure as the non-word.
This is in sharp contrast with earlier measures when the morphologically related condition was as
facilitatory as the identical condition. Further examination of the means (Table 19 and Figure 15)
suggests an interaction between the target position and preview condition for the
morphologically related condition: a 53 ms inhibitory effect in the subject position and a 31 ms
facilitatory effect in the object position; however, standard deviations were twice the size of
those in earlier measures. This suggests that the large variability among participants may explain

the lack of significance.

Table 26

Fixed effects for Totalworg Time Spent on the Noun in Experiment 2

Predictor Coefficient SE tvalue p

Fixed effects for Totalyoq Time

Intercept 873.86 43.83 19.94 0.001*

Preview: identical vs. non-word -83.75 22.25 -3.76 0.000*

Preview: related vs. non-word -25.53 22.25 -1.15 0.25

Syntactic Context: Subject vs. Object -58.84 18.19 -3.24 0.001*
Note. * p<.05
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Go-pastworg time. This measure included the time participants spent re-reading the target
word and earlier parts of the sentence before moving their eyes to the right of the target. The
results of the best-fitted model for the go-past time for the target word included preview
manipulation and syntactic context before the noun and their interaction. The output of this
model is reported in Table 27. Mean go-past times are summarized in Table 19 and Figure 16.

The significant preview benefit effect only for the identical (b=-98.02, SE=32.53,
p<.001) condition indicates that the morphologically related condition caused participants to re-
read prior parts of the sentence as much as the non-word condition. The go-past results, along
with results obtained from total time, indicate that inflectional case markings and syntactic

information from the morphologically related preview were integrated early on and caused
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participants to re-read the target word and preceding information when the preview turned out to
be inconsistent with the actual sentence structure.

A significant effect of target position (b=-75.98, SE=32.53, p<.05) was qualified by a
marginally significant interaction with the preview manipulation for the identical condition
(b=78.64, SE=46.03, p<.1). In the identical preview condition in the subject position, participants
re-read earlier parts of the sentence 98 ms less than in the non-word condition. Results showed a
20 ms facilitation for identical preview as compared with the non-word preview condition in the
object position was only marginally different. The morphologically related condition caused
participants to re-read earlier parts of the sentence as much as the non word condition. This
pattern supports the view that parafoveally available morphologically related information was
integrated during lexical access and influenced the post-lexical integration of the target word.

Numeric means (Table 19 and Figure 16) indicate that in the object position the
morphologically related condition caused readers to re-read previous parts of the sentence 27 ms
longer than did the non-word condition. Standard deviations for go-past time means were as high
as for the total time. The large variability in participants’ eye movement measures associated
with post-lexical processes imply that post-lexical integration was not as unified as word

identification and was more prone to display individual differences.
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Table 27

Fixed effects for Go-Pastyorg in Experiment 2

Predictor Coefficient SE tvalue p
Fixed effects for Go-Pastyorg TimMes
Intercept 682.71 37.30 18.30 0.001*
Preview: identical vs. non-word -98.02 32.53 -3.01 0.002*
Preview: related vs. non-word -25.49 32.52 0.78 0.44
Syntactic Context: Subject vs. Object -75.98 3253 -2.34 0.02*
Interaction: object x identical 78.64 46.03 1.71 0.08"
Interaction: object x related 53.30 46.00 1.16 0.25
Note. * p<.05, " p<.1
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Regressions intowerg. Regressions into the target along with total time and go-past time
for the whole word reflect post-lexical integration. These data were analyzed using a binomial
logit mixed model. The results of the best-fitted model for the regressions into the target word
included preview manipulation, syntactic context before the noun, and their interaction. The
output of this model is reported in Table 28. Mean regression rates are summarized in Table 19
and Figure 17.

A significant effect of target position (b=-.3, SE=.11, p<.01) and significant effect of
preview manipulation for the identical condition (b =-0.35, SE=0.16, p<.05) was further
qualified by a marginally significant interaction between preview and syntactic position (b=0.42,
SE=0.23, p<.1). After reading the verb and both arguments for the first time, participants
returned to the target subject on average 4% more often when a parafoveally available preview
was morphologically related or a non-word compared to in the identical condition. In the target
object condition, the pattern of results was in the opposite direction. Participants re-fixated the
target object 4% less often when the parafoveally available preview was morphologically related
or a non-word compared to when the preview was identical. This pattern of results suggests that
illicit case marking was integrated into the syntactic structure for the target in the subject
position. Since the syntactic context did not prohibit the VOS string, it took longer to inhibit the
illicit case marking. The reduced effect of preview manipulation in the target object position
supports the view that the parafoveally available illicit case marking in the target object was
inhibited during earlier processing stages as reflected in subgaze,, gazeword, totalyorg, and go-

pastword Measures.
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Table 28

Fixed effects for Regressions intoworg in Experiment 2

Predictor Coefficient SE tvalue p
Fixed effects for Regressions intOworg
Intercept -0.75 0.14 -5.54 0.001*
Preview: identical vs. non-word -0.35 0.16 -2.23 0.03*
Preview: related vs. non-word -0.17 0.15 -1.10 0.27
Syntactic Context: Subject vs. Object -0.45 0.16 -2.82 0.005*
Interaction: object x identical 0.42 023 183 0.07"
Interaction: object x related 0.03 023 011 0.91
Note. * p<.05, " p<.1
Regressions Intoword
0.35
03
0.25
2
€ 02 Hidentical
2 lated
§ 015 Hrelate
'é' @ non word
01
0.05
0
Subject Object
Figure 17. Regressions intOword
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General Discussion

To date, evidence of parafoveal morphological processing is scant, mostly coming from
Hebrew. Experiment 2 examined the effects of syntactic context on availability of morphological
information during within-word processing of long Russian nouns.

The effects of morphological integration were examined via a within-word boundary-
change manipulation with three preview conditions (identical, morphologically related, and non-
word). Syntactic effects were investigated by varying the syntactic position of the target word in
the VSO syntactic frame (subject vs. object). To examine the time-course of morphological and
syntactic effects, the target word was divided into two parts (1% part up to the invisible boundary,
and 2" part after the invisible boundary). Early word identification measures were first fixations,
gaze duration; (1% part of the word), first fixation,, gaze duration,, and subgaze,. Late measures
tapping into post-lexical integration of the target word included gaze duration for the word
(gazeword), total timeyord, gO-past timeyworg and regressions into the word (regressions intOworq).

Early measures that correspond to lexical integration (gaze;, gaze,) reflected preview
benefit effects for identical and morphologically related conditions. This indicates that
morphological information was used during pre-lexical integration. Late measures showed
inhibitory effects for morphologically related conditions, indicating that the morphologically
related preview interfered with the construction of the syntactic structure of the sentence.

First fixation; revealed a surprising effect of preview benefit for the morphologically
related condition. This result was not predicted. At this point it is possible to account for this
pattern of results only by postulating two distinct processes. For the subject target, perhaps the

morphologically related preview can be identified sooner because, despite the corpora counts,
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participants in the current experiment could be more prone to expect object after the verb in VSO
orders.

A second possibility suggests that the morphologically related manipulation in object
position might induce spurious compounding of the two nouns (2) and may tap into lexical
processing that has been suggested in the literature to precede syntactic integration (Drieghe et
al., 2010).

(2) Ha Bok3aste cipocuna cobeceonuyaNOM nymewecmeennuyaNOM o pacriivcaHuy.

At the railway station asked interlocutorNOM travelerNOM about the schedule.

Both of these accounts are speculative at this point and need to be investigated further.

Early measures on the second half of the word after the preview was replaced by the
target confirmed the results reported in the early measures of the first half of the word. First
fixation,, gaze,, and subgaze, all elicited preview benefit effects for identical and
morphologically related conditions. Moreover, the fixations differentiate between syntactic
integration of the morphologically related condition as evidenced by shorter fixations for the
morphologically related condition than the non-word in target subject position. When a
morphologically related ending was syntactically illegal in object position, the difference
between morphologically related and non-word conditions was either significantly reduced (first
fixation,, gaze,) or reversed (subgaze, was 13 ms longer for morphologically related than for the
non-word). This implies that when the case markings are processed parafoveally, higher level
information (morphological and syntactic information that is associated with the case marking) is
integrated along with low-level orthographic information.

Later measures on the whole word, contrary to the facilitative effects reported in early

measures, indicate that the morphologically related condition was not statistically different from
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the non-word condition. Such an inhibitory effect indicates that morphological information
influenced post-lexical stages as reflected in total time, go-past time, and regressions. Numeric
means in the late measures indicated that the target position might have interacted with the
preview manipulation. The morphologically related condition in the subject position elicited
numerically longer total time fixations than the non-word and a higher rate of regressions. Such a
pattern of results suggests that the morphologically related condition was integrated into the
syntactic structure very quickly in both cases, and in the subject position affected post-lexical
integration only after the parser integrated the second argument. Go-past times and regression
rates in the morphologically related condition were consistent with this interpretation, showing
more re-reading and re-fixations of the first argument for the morphologically related condition.
High individual variability, as evidenced by large standard deviations from the means, is likely

the reason that the differences were not statistically significant.

Summary

Experiment 2 provides unambiguous evidence that morphological information is
integrated parafoveally only during within word processing of nouns in Russian. Early measures
(first fixation,, gaze,, and subgaze,) indicated that morphological processing interacts with
syntactic context and affects lexical access of long nouns in Russian. Marginally significant
interactions between target position and preview manipulation in later measures suggest that it
takes time to inhibit the morphologically related preview. However, more investigation into the
time-course of morphological and syntactic information during later post-lexical integrative

stages is still needed to understand the exact mechanisms involved.
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Taken together with the results reported in Experiment 1, it can be concluded that, unlike
Hebrew where morphological information is available during early pre-lexical stages of
identification while attention is still on the word n-1, in Russian morphological information
subserves lexical access and can be integrated parafoveally only when attention shifts within the
target word. Importantly, in Hebrew only verbal morphology is integrated pre-lexically possibly
due to the saliency of the inflectional paradigm (Deutsch et al., 2005). Experiment 2 reveals that
in Russian morphological information is available parafoveally only during within-word
identification stage. Next Chapter investigates if this is the case for morphological information of

Russian verbs.
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CHAPTER 5:
WITHIN WORDS - VERBS

The experiment reported in this chapter investigated the influence of morphological and
syntactic information parafoveally during within word processing of Russian verbs. The average
length of the words in this experiment was 12 characters. Morphological information was
conveyed by the penultimate character of the word. To investigate the level of processing of the
morphological inflections in Russian long verbs, the experiment reported below implemented a
modified version of the boundary-change paradigm: a within word boundary-change (Hy6na et
al., 2004) within the word n.

To date there is evidence that only Hebrew verbal morphology is integrated pre-lexically
parafoveally during between word processing (Deutsch et al., 2005). Seven distinct verbal
classes in Hebrew make the verbal morphological inflectional paradigm more salient than the
nominal paradigm, which has 100 classes. Russian verbal morphology has seven declensional
paradigms like Hebrew. Unlike Hebrew, Russian nouns have only three declensional classes.
Experiments 1 and 2 reported in this dissertation have established that morphological
information is available parafoveally in Russian only during lexical integration stage that begins
when the eyes fixate the target word. If the regularity of inflectional paradigm affects
morphological processing, then it is possible that morphology subserves lexical access for both
Russian verbs and nouns. If, however, the relative regularity or complexity of the various
inflection paradigms across word classes modulates the extent to which morphology is processed
in the parafovea during within word processing, then this processing might only be expected to
occur in the relatively morphologically simpler and more salient nouns. Experiment 3 examined

the morphological processing of long inflected verbs.
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Prior boundary-change research has shown that syntactic context affects parafoveal
processing in Hebrew (Deutsch et al., 2005). A morphologically related preview target of a
different grammatical category (noun instead of the verb) elicited longer fixation durations than a
morphologically related constituent of the same grammatical category. The effects of syntactic
context in Russian were probed by varying the syntactic argument appearing before the verb
(SVO vs. OVS) to test whether the occurrence of a subject vs. object before the verb will change

expectations and processing strategies on the verb.

Experiment 3 — Within-Word Boundary Change

Studies conducted by Deutsch and colleagues (2003, 2005) demonstrated that not all
morphemes are processed in the same way. Thus, Hebrew verbal patterns are processed
parafoveally while nominal patterns are not. The authors attributed this to the fact that nominal
patterns are less salient due to 100 nominal paradigms for nouns vs. seven for verbs. Experiment
3 investigated the processing of Russian verbs to test this inflectional paradigm saliency
hypothesis. The nominal paradigm is more salient in Russian, having only three declensional
types. Seven inflectional paradigms for verbs make them less salient under the hypotheses
proposed by Deutsch and colleagues (2005). If paradigm saliency modulates online processing of
inflectional morphology, then the effects of verbal inflectional morphology should be attenuated
in comparison to the results observed for the integration of inflections of nouns during within
word integration.

Corpus counts (http://bokrcorpora.narod.ru_/ frglist / frglist-en.html) indicate that OVS

word order is less frequent then the SVO order. It is possible that processing of the object before

the subject might tax the cognitive processing capacities of the parser and effectively shrink the
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attention span (Ferreira & Henderson, 1990). Alternatively, more elaborate and effortful
processing of the OVS order might result in more effective allocation of attentional resources
and cause deeper processing of the information. Any interaction between syntactic factors and
preview benefit effect will help adjudicate between these two hypotheses. An example item in all
three preview conditions is given in Table 29.

Table 29

Preview Manipulation Conditions for a sample verd ‘to show’

Identical (singular) Morphologically Related | Non-word
(plural)

nokas|eiBaer (SG) mokas|piBaroT (3rdPL) MOKa3|bIBaAT

Note: | moka3s|sBaro (1stSG)

The target word was inserted into a sentence frame either after the subject (1a) or after the object
(1b).

(1a) B konurie aexmuu npodeccop NOM nokaseiBaerSG crynenty ACC cBou r00uMbIe
IIPpOU3BCACHUS NCKYCCTBA.

"At the end of the lecture the professor shows a student his favorite art piece."”

(1b) B kowe nekiuu npodeccopy ACC nokasbiBaerSG cryneatr NOM cBou aro0uMbIe
IMPOU3BCIACHUS UCKYCCTBA.

"At the end of the lecture the student shows a professor his favorite art piece."

Method
Measures. As in Experiment 2, the within-word boundary change paradigm was used.

First fixation duration and gaze duration were calculated for both the first (first fixations, gaze;)
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and second (first fixation,, gaze;) parts of each verb. Later measure associated with lexical
integration for long words was calculated, subgaze,, which reflects the amount of time spend
reading the second half of the noun and any refixations on the first half of the noun before
leaving the word. Later measures that reflect post-lexical processing of the word included first
fixation, gaze duration, and total time for the whole verb.

Predictions. If morphological information is processed parafoveally, then eye
movements in identical and morphologically related conditions should differ from the eye
movements in the non-word preview condition. If verbal inflections are processed
orthographically in the parafovea, then only the identical manipulation will elicit shorter eye
fixations. Additionally, the morphologically related manipulation can be identified faster than the
identical manipulation based on an incomplete processing of noxaswisaro ('l show'; 1st person
SG) instead of noxaswisarom (‘they show’; 3" person PL). In such a case, shorter eye fixations on
the morphologically related condition in the absence of any significant differences between
identical and non word manipulations will be taken as evidence for simple orthographic
processing and the absence of morphological integration.

If syntactic context modulates extraction of morphological information from the
parafovea, then there will be an interaction between the preview conditions across SVO and
OVS word order for early measures (first fixation duration, gaze duration) and, possibly, for later
measures (total time, go-past time, regressions). More specifically, the identical preview
condition should be facilitatory across SVO and OVS in comparison to the control non-word
preview condition. Only the OVS condition allows morphologically related preview in the plural
form without penalty (OsqVuSpi is a possible variant in Russian), while a morphologically related

preview in the SVO condition results in an ungrammatical parse (*SsgVpiO). Therefore, early
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measures (first fixation and gaze duration) in the morphologically related preview conditions for
both SVO and OVS word orders might be facilitatory as compared to the early measures for the
control non-word preview condition. Late measures might show the influence of syntactic
position of the preverbal argument. A significant difference in eye movements in the
morphologically related condition between the word order conditions (SVO versus OVS) will be
taken as evidence that native speakers not only processed the case marking parafoveally, but also
integrated this information into the syntactic structure. More specifically, inflated total times due
to increased rereading times of the verb in OVS and increased go-past times due to the
regressions to the preverbal argument from the target verb in the SVO condition will indicate
that the morphologically related preview affected the syntactic parse of the sentence.
Alternatively, syntactic context can affect the allocation of attentional resources during
silent reading (Henderson & Ferreira, 1990). If native Russian speakers are sensitive to the less
predictable OVS word order, more attentional resources might be allocated towards the
processing of the target verb after the object. In this case, parafoveal information might be
processed at a deeper level than when the target is in the more predictable position after the
subject in canonical SVO word order. If this allocation of resources hypothesis is correct, the
identical and morphologically related conditions might be identified as words sooner in the
object condition. Alternatively, the less expected syntactic context might result in higher foveal
load and modulate integration of parafoveal information by reducing the extent of parafoveal
processing. Under such a scenario, no effects of the preview manipulation are predicted. Any
differences found between the object and the subject conditions without effects of the preview
manipulation will be evidence of syntactic frequency effects on foveal processing. Finally, if

paradigm saliency modulates parafoveal processing of inflectional morphology, then verbal
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inflectional morphology might not be processed parafoveally in long verbs, unlike what was
observed for long nouns.

Materials. Long Russian verbs (>9 characters; range: 10 to 22 characters; mean length:
13 characters) were used as stimuli for this experiment. The materials were balanced for word
(mean: 208 per million; SD: 96) and lexeme (mean: 190 per million; SD: 89) frequencies.
Currently, there are no corpora in Russian that provide counts of individual inflections in
Russian. Sentences were normed for plausibility (p<.65) and predictability (mean: 3.4 out of a 7-
point Likert scale, SD: 1.2; p<.32) following the same procedure as in Experiment 1.

The boundary change was always between the 5™ and the 6™ character from the end of a
word. Some of the words had multiple morphemes in addition to the word-final case-marking,
but the boundary change was always in the middle of the morpheme immediately preceding the
case-marking.

Design. Word order was manipulated in this experiment (SVO x OVS) along with
parafoveal preview (identical x morphologically related x non-word), resulting in a 2 x 3 Latin
square design. To investigate if syntactic information of the processed arguments affects verbal
parafoveal preview in Russian, the subject or object preceded the target verb. In the test
conditions inflections were either identical prior to and after the eye crossed the invisible
boundary, or were replaced with an inflections indicating different agreement, (plural instead of
singular), or, in the non-word control condition, with a consonant inserted in the normal
agreement slot. Sixty experimental sentences were constructed for this experiment, which was
run at the same time as Experiments 1-2, with all items serving as fillers for each other.

Participants. Same as in Experiments 1 and 2.

Apparatus. Same as in Experiment 1 and 2.
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Procedure. Same as in Experiments 1 and 2.

Results

Data exclusion criteria. The landing position of the eyes in the first part of the verb was
monitored. Trials where the eyes landed on the last two characters before the boundary change
were intended to be analyzed separately for evidence of foveal processing. But an analysis of the
landing site revealed that across all conditions there were only five instances when the eyes
landed on the two characters before the boundary change marker. Although numerically the
pattern of results on these trials did not differ from the observed results, these trials were
excluded to ensure that the results reflect truly parafoveal processing effects.

Fixations shorter than 80 ms and longer than three standard deviations from the grand
mean were excluded from the analyses. This resulted in the loss of less than .02% of the data.
The reading time data were analyzed using linear mixed effects modeling (LME). Separate
analyses were conducted for each eye movement measure (first fixation duration;, gaze
duration, first fixation,, gaze,, subgaze,, etc.). All models were fitted using a stepwise model
selection procedure, in which only those predictors that were significant or marginally so (p<.1)
were retained in the model. P-values were obtained using Markov Chain Monte Carlo sampling.
Items and participants were included as random factors. Preview manipulations and word order
were included as fixed effects along with their interaction. The patterns observed in the models
were identical whether they were run on log-transformed or untransformed fixation durations. To
increase transparency, the results of the models run on the untransformed fixation durations are

reported, because then regression weights can be interpreted as effect sizes.
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Condition means with standard deviations for the reading measures for the 1% part of the

verb (prior to the boundary), 2™ half of the verb, and for the whole verb are summarized in Table

30. Significant and marginally significant differences are labeled accordingly; all comparisons

were made using the non-word condition as the baseline. Although LME analyses are performed

over individual data points, all figures are plotted on the Y -axis according to means for ease of

interpretation.

Table 30

Mean Fixation Durations with Standard Deviations for Reading Measures in Experiment 3

Subject Object

identical related non-word identical related non-word
First fix, | 201(115) |203(114) |196(117) |199(113) |204(107) |205(113)
Gaze; 248(170)* | 260(189) | 265(184) | 244(171)* |257(181) | 287(219)
First fix, | 126(121)A | 117(119)* |138(125) | 151(122)A | 151(123)* | 173(129)
Gaze, 142(144) | 132(145)* |153(149) |172(152) |174(156)* |204(162)
Subgaze, | 188(243) | 175(255)* |217(324) | 257(326) | 246(306)* | 271(259)
Gazewod | 387(217)* | 383(226)* |419(277) | 427(249)* | 432(255)* | 436(266)
Totaltime | 646(393)* |638(517) |697(562) | 766(510)* | 826(547) | 814(576)
Go-Past 499(363)* | 495(433) | 541(455) | 561(417)* |612(456) | 612(475)
Reg In 20(.4)* 21(.41) 21(.41) 22(42)* .29(.46) :33(.53)

Note: Reg-Regressions,* p<.05, " p<.1

Fixation Measures on the 1st part of the verbs. Measures reported in this section refer

to the eye fixations prior to crossing the boundary. This means that while the eyes are on the first
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half of the verb(n), the second half of the verb displays the manipulated material (same,
morphologically related case ending, or non-word) in the parafoveal visual field.

First fixation; duration. This measure reflects an initial word familiarity check that is
believed to be carried out at the level of orthographic letter identification (Pollatsek & Hyodna,
2005). The results of the best-fitted model for first fixation duration on the first half of the verb
before the eyes crossed the invisible boundary included preview manipulation and syntactic
context before the verb, and no interaction. The output of this model is reported in Table 31. The
mean first fixation; durations are summarized in Table 30 and Figure 18. There were no effects
of either preview manipulations or syntactic context on first fixation durations. Although
examination of the conditional means in Figure 18 point towards an insignificant interaction
between the preview manipulation and syntactic context for the non word condition, small
numeric means in Table 30 indicate that not much weight should be given to this numeric trend.
This suggests that, unlike in long nouns, parafoveal pre-processing in verbs might be carried out

only at the orthographic level without involvement of morphology.
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Table 31

Fixed effects for First Fixation; Duration in Experiment 3

Predictor Coefficient SE tvalue p

Fixed effects for First Fixation;

Intercept 199.75 948 21.07 .001*
Preview: identical vs. non-word 1.27 490 0.26 .80
Preview: related vs. non-word 3.76 490 0.60 .61
Syntactic Context: Subject vs. Object -2.61 4.00 -0.65 52
Note. * p<.05

First Fixationi1

Midentical

Hrelated

¥ non word

Subject Object

Figure 18. First Fixation;.

Gaze; duration. This measure is traditionally associated with the early stages of lexical

identification of the word. The results of the best-fitted model for gaze duration on the first half
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of the verb before the eyes crossed the invisible boundary included preview manipulation and
syntactic context before the verb, and no interaction. The output of this model is reported in
Table 32. The mean gaze; durations are summarized in Table 30 and Figure 19.

There was a significant (b= -15.99, SE=7.72, p=.04) preview benefit for the identical
condition. The identical condition was fixated on average 16 ms shorter than the non-word
condition regardless of previous syntactic context (subject or object). The morphologically
related condition did not differ significantly from the non-word condition, suggesting that
inflectional morphology is not integrated during early stages of lexical access. This pattern of
results differs from the pattern observed for long nouns in Experiment 2, where inflectional
morphology was integrated during the lexical word identification process as reflected in effects
for the morphologically related condition on early fixation measures on the first half of the word

before the eyes crossed the boundary.

Table 32

Fixed effects for Gaze Duration; in Experiment 3

Predictor Coefficient SE tvalue p

Fixed effects for Gaze;

Intercept 264.67 17.82 14.85 .001*
Preview: identical vs. non-word -15.99 772 -2.07 .04*
Preview: related vs. non-word -3.86 7.72  -0.50 .62
Syntactic Context: Subject vs. Object -4.75 6.31 -0.75 45
Note. * p<.05
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Figure 19. Gaze;

Fixation Measures on the 2nd part of the verb. The measures reported in this section
relate to the fixations on the second half of the verb, after the eyes have crossed the invisible
boundary. This means that the preview material was changed to the target agreement ending by
the time these measures were collected. To ensure that the preview was present in the parafovea
prior to the eyes landing on the 2™ part of the word, trials with no fixations on the target region
after the display change were excluded from the analysis. This resulted in the loss of less than
.003% of the data.

First fixation, duration. This measure reflects orthographic letter identification. The
results of the best-fitted model for first fixation duration on the second half of the verb after the

eyes crossed the invisible boundary included preview manipulation and syntactic context before
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the verb, and no interaction. The output of this model is reported in Table 33. The mean first
fixation, durations are summarized in Table 30 and Figure 20.

There was a significant preview benefit effect for the morphologically related condition
(b=-14.96, SE=5.45, p<.01), a marginally significant effect for the identical condition (b=-9.83,
SE=5.45, p<.1), and a significant effect of syntactic context (b=26.79, SE=4.45, p<.001). The
morphologically related preview elicited on average 5 ms shorter fixations than the identical
preview due to the incomplete processing of noxassisar (‘I show’ 1% person sg) in noxasviearom
(‘they show’ 3" person pl), suggesting that inflectional morphology is processed only at the level
of familiarity check and is not fully integrated. A significant effect of syntactic context reveals
that in a less frequent word order (after an object) verbal inflections are fixated on average 27 ms
longer; however, the absence of interaction between preview benefit and syntactic position

suggests that this is a foveal process.

Table 33

Fixed effects for First Fixation, in Experiment 3

Predictor Coefficient SE tvalue p

Fixed effects for First Fixation,

Intercept 135.28 9.73 1391 .001*
Preview: identical vs. non-word -9.83 545 -1.80 07"
Preview: related vs. non-word -14.96 545  -2.75 .01*
Syntactic Context: Subject vs. Object 26.79 445 6.02 .001*

Note. * p<.05, " p<.1
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Figure 20. First Fixation;

Gaze; duration. This measure reflects lexical word identification processes. The results
of the best-fitted model for gaze duration on the second half of the verb after the eyes crossed the
invisible boundary included preview manipulation, syntactic context before the verb, and no
interaction. The output of this model is reported in Table 34. The mean gaze, durations are
summarized in Table 30 and Figure 21.

The identical condition did not differ significantly from non word, suggesting that
parafoveally visible letters were not integrated fully during lexical access. This interpretation is
supported by a significant preview benefit effect observed for the morphologically related
condition (b=-12.78, SE=6.64, p=.05), suggesting that parafoveally processed inflection was
identified at the orthographic level based on an incomplete processing of noxaswisaro ('l show’;

1st person SG) instead of noxassisarom (‘they show'; 3" person PL). This result suggests that
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unlike for long nouns, parafoveal pre-processing of verbal morphology is not required for the
lexical identification of the verbs.

A significant main effect of word order (b=22, SE=6, p<.001) indicates that verbal
inflections in a less frequent word order, after an object, are fixated on average 33 millisecond
longer than after a subject (canonical word order) regardless of the preview manipulation. This
confirms the interpretation of earlier results that morphological integration is a foveal process for

the verbs.

Table 34

Fixed effects for Gaze, in Experiment 3

Predictor Coefficient SE tvalue p

Fixed effects for Gaze,

Intercept 135.28 12.01 1244 .001*
Preview: identical vs. non-word -8.48 6.65 -1.28 .20
Preview: related vs. non-word -12.78 6.64 -1.92 .05
Syntactic Context: Subject vs. Object 32.86 543 6.05 .001*
Note. * p<.05
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Figure 21. Gaze,

Subgaze,. This measure reflects later integrative stages of word identification and reflects
the amount of time participants spent reading the second half of the verb and any refixations on
the first half before moving the eyes to the right of the verb (Drieghe et al., 2010). The results of
the best-fitted model for the subgaze, duration included preview manipulation, syntactic context
before the verb, and no interaction. The output of this model is reported in Table 35. The mean
subgaze, durations are summarized in Table 30 and Figure 22.

Eye movements in the identical condition did not differ from the non-word condition
indicating that the second to last letter of the verb that bears the inflectional information was not
processed fully during lexical integration. This interpretation is supported by a significant
preview benefit effect for the morphologically related condition (b=-31.4, SE=13.82, p<.05). The
morphologically related preview elicited on average 31 ms shorter rereading of the target verb

than the non word preview. If a morphologically related case marking had been processed fully
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and integrated into the syntactic structure similarly to the case integration observed in the nouns,
then the syntactically illicit case marking should have been inhibitory. A pattern of results in the
opposite direction (facilitation), however, confirms the conclusions drawn from earlier measures
suggesting orthographic processing only for the parafoveally available verbal inflections.

A significant effect of word order (b=63.51, SE=11.3, p<.001) shows that the verb after
the object elicited 22 millisecond longer rereading times regardless of the preview manipulation.
Since subgaze, is a measure that is associated with later stages of lexical access in the within-
word boundary change literature (Pollatsek & Hy6na, 2005; Drieghe at al., 2010), the effect of
syntactic context without the interaction with the preview manipulation implies that verbal
morphology, unlike the inflectional morphology of the nouns, is integrated into the syntactic
structure during foveal processing. The direction of the effect of the syntactic context suggests

that the integration of the verb is more effortful in the less frequent word order (OVS).

Table 35

Fixed effects for Subgaze, in Experiment 3

Predictor Coefficient SE tvalue p

Fixed effects for Subgaze,

Intercept 210.40 19.16 10.98 .001*
Preview: identical vs. non-word -19.49 13.83 -1.41 .16
Preview: related vs. non-word -31.40 13.82 -2.27 .02*
Syntactic Context: Subject vs. Object 63.51 11.30 5.62 .001*
Note. * p<.05
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Fixation Measures for the whole word. The measures reported in this section
traditionally reflect later stages of post-lexical integration.

Gazeworg duration. This measure indicates the sum of the durations of all fixations for the
first and second parts of the verb on the first encounter with the verb, prior to the eyes leaving
the verb, and is considered a global measure of the lexical identification (Pollatsek, & Hyotna,
2005). The results of the best-fitted model for gaze duration for the verb included preview
manipulation, syntactic context before the verb, and no interaction. The output of this model is
reported in Table 36. The mean gaze durations for the verb are summarized in Table 30 and
Figure 23.

There was a significant preview benefit in the identical (b= -20.29, SE=9.98, p<.05) and

the morphologically related (b=-19 SE=9, p=.05) conditions. Note that gaze durations on the first
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part of the verb showed a preview benefit only for the identical condition, while gaze on the
second part of the verb demonstrated a preview benefit only for the morphologically related
condition. It is no surprise that the results for the gaze durations on the whole verb reflect the
accumulated patterns observed in the earlier measures. The observed pattern of results reinforces
the definition of the gaze on the word as a global processing measure that needs to be followed
up with more fine-grained analyses such as gaze; and gaze,. The fact that both identical and
morphologically related manipulations demonstrated statistically significant differences only in
the summed eye fixation durations for the entire verb confirms interpretations of the earlier
measures that verbal inflectional morphology processed parafoveally is not integrated during
early pre-lexical stages of verb identification.

A significant main effect of word order (b=36, SE=8, p<.001) showed that the verb in
OVS order elicited fixation durations that were 36 ms longer than in the canonical SVO order,
regardless of the preview manipulation. This is in line with the results reported in earlier
measures and confirms the interpretation that the verb is allocated more attentional resources in

the less predictable word order.
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Table 36

Fixed effects for Gazeyorg in Experiment 3

Predictor Coefficient tvalue p
Fixed effects for Gazeyorq
Intercept 409.97 2451 16.73 .001*
Preview: identical vs. non-word -20.29 9.98 -2.03 .04*
Preview: related vs. non-word -19.79 9.97 -1.98 .05*
Syntactic Context: Subject vs. Object 36.16 815 444 .001*
Note. * p<.05
Gazeword
440
430
420
410
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E 390 Hrelated
380 ¥ nonword
370
360
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Totalworg time. This measure represents the sum of all fixations on the word and reflects post-
lexical processing stages. The results of the best-fitted model for total time participants fixated
on the verb included preview manipulation, syntactic context before the verb, and no interaction.
The output of this model is reported in Table 37. The mean total times for the verb are
summarized in Table 30 and Figure 24.

There was a significant preview benefit for the identical (b= -48, SE=23, p<.05)
condition. Although Figure 24 and the numeric means in Table 30 hint at a possible interaction
between word order and preview for the morphologically related condition, the interaction was
not significant. Further examination of standard deviations for the conditional means reveals
extreme variability in total times across participants. Further research is needed to investigate
later effects of parafoveal manipulations.

A significant effect of word order (b=141, SE=23, p<.001) shows that participants spent
on average 141 millisecond longer reading the verb in OVS order than in SVO order, regardless
of the preview manipulation. This result is in line with earlier observations that of longer overall
reading times in non-canonical word orders. Increased allocation of attentional resources to the
foveal processing of the verb may be the reason why there was no integration of parafoveally

available verbal inflectional morphology.
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Table 37

Fixed effects for Totalworg iN Experiment 3

Predictor Coefficient SE tvalue p
Fixed effects for Totalyorg
Intercept 685.13 40.05 17.11 .001*
Preview: identical vs. non-word -48.10 23.36 -2.07 .04*
Preview: related vs. non-word -23.46 23.24 -1.01 31
Syntactic Context: Subject vs. Object 141.67 19.00 7.46 .001*
Note. * p<.05
Totalwerd time
900
800
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Go-pastworg time. This measure represents the amount of time participants spent re-
reading earlier parts of the sentence before moving their eyes off the target word to the right. The
results of the best-fitted model for the go-past time for the verb included preview manipulation,
syntactic context before the verb, and no interaction. The output of this model is reported in
Table 38. The mean go-past times for the verb are summarized in Table 30 and Figure 25.

Go-past time mirrored the total reading time measures for the target verb reported above.
There was a significant preview benefit for the identical preview condition (b=-46, SE=19,
p<.05), along with significant effect of word order (b=83, SE=15, p<.001), confirming that the
non-canonical word order elicited more re-reading during post-lexical integration. The absence
of preview benefit in the morphologically related condition is in line with the view that syntactic
information associated with inflectional case markings on verbs, which was available
parafoveally, was not integrated.

Numeric means persistently point toward an insignificant interaction between target
positions, likely due to the large standard deviations that were observed. Taken together with the
with large participant variability observed in the post-lexical integration of the nouns, this result

warrants further investigation of individual differences during post-lexical integrative processes.
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Table 38

Fixed effects for Go-Pastuorg iN Experiment 3

Predictor Coefficient SE tvalue p

Fixed effects for Go-Pastyorqg

Intercept 535.44 32.48 16.48 .001*
Preview: identical vs. non-word -46.25 19.58 -2.36 .02*
Preview: related vs. non-word -22.91 19.57 -1.17 24
Syntactic Context: Subject vs. Object 83.39 1599 5.22 .001*
Note. * p<.05

Go-Pastword
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Figure 25. Go-Pastyord
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Regressions in. Regressions into the target along with total time and go-past time for the
whole word reflect post-lexical integration. Regressions rates were analyzed by a binomial logit
regression model with items and participants as random factors. The results of the best-fitted
model for percent of regressions into the verb included preview manipulation, syntactic context
before the verb, and no interaction. The output of this model is reported in Table 39. The mean
percent of regressions into the verb is summarized in Table 30 and Figure 26.

Regression rates into the target verb revealed a significant preview effect in the identical
condition (b=-.26, SE=.12, p<.05) and a significant effect of word order (b=.38, SE=.09,
p<.001), further corroborating the view that non-canonical word order resulted in more effortful
verb processing. The absence of a preview benefit in the morphologically related condition is in
line with the rest of the measures of post-lexical integration. This supports the view that syntactic
information associated with inflectional case markings for verbs that was available parafoveally
was not integrated until later, post-lexical processing. Persistent insignificant interaction between
syntactic context and preview manipulation with large standard deviations suggests that
individual differences affect post-lexical integration to a larger degree than the low level word

identification processes.
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Table 39

Fixed effects for Regressions Intowoerg IN Experiment 3

Predictor Coefficient SE tvalue p

Fixed effects for Regressions IntOworg

Intercept -1.35 0.14  -10.02 .001*
Preview: identical vs. non-word -0.26 012 -2.16 .03*
Preview: related vs. non-word -0.03 0.11 -0.25 .80
Syntactic Context: Subject vs. Object 0.38 0.10 3.90 .001*
Note. * p<.05

Regressions Intoword
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03

0.25
w
S
E 0.2 Widentical
2
3 0.15 Mrelated
E" # non word

Subject Object

Figure 26. Regressions Intoyorg
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General Discussion

Experiment 3 examined the effects of syntactic context on the parafoveal processing of
morphology in Russian long verbs using a within-word boundary-change manipulation with
three previews (identical, morphologically related, and non-word). Syntactic effects were
investigated by varying preceding syntactic context (canonical SVO vs. non-canonical OVS). To
examine the time-course of morphological and syntactic effects, the target word was divided into
two parts (1% part up to the invisible boundary, and 2™ part after the invisible boundary). Word
identification measures were first fixation;, gaze; (1* part of the verb); first fixation,, gaze,, and
subgaze,. Late measures tapping into post-lexical integration of the target word included gaze
duration for the verb, total time, go-past time and regressions into the verb.

Orthographic processing of verbal inflections can elicit facilitation in the early measures
of word identification (first fixation, gaze) only for identical or morphologically related
conditions, based on incomplete processing. If morphological information were fully integrated
during pre-processing in the parafovea, then word identification measures had been expected to
reveal facilitatory effects for both identical and morphologically related conditions. Under such a
view, syntactic integration was expected to be affected by the pre-processed information. As a
result the morphologically related preview was predicted to interfere with the active syntactic
structure of the sentence and reveal inhibitory effects for the morphologically related condition
in later measures.

It was hypothesized that allocation of attention could interact with syntactic context in
two ways. The non-canonical word order coul result in more effortful foveal processing and
reduce parafoveal integration of the morphological information. In such a case, reduced preview

benefit effects across all conditions for target object were expected. Alternatively, increased
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allocation of attention in the non-canonical word order could widen the perceptual span and
result in deeper processing of the parafoveally available information and result in complete
integration of morphology. Under such a view, an increased preview benefit effect for identical
and morphologically related conditions in the OVS word order was expected. Absence of
preview manipulation effects in early measure was expected if inflectional morphology is not
integrated during pre-lexical verb processing.

Gaze durations on the first half of the verb demonstrated a preview benefit effect only for
the identical condition, suggesting only orthographic processing of inflections. Fixations on the
second half of the verb after the preview was changed to the target case ending elicited a
significant preview benefit effect only for the morphologically related condition, further
confirming orthographic level processing. A marginally significant effect for identical preview in
the first fixation on the second half of the word that disappeared in the gaze and subgaze further
corroborated incomplete processing of verbal case endings during early stages of lexical access
for the verbs.

A persistent effect of word order that emerged as early as the first fixation on the second
half of the verb and lasted as late as regressions into the target verb revealed that participants
were sensitive to the syntactic frequencies of the word orders. The target verb in the less frequent
OVS elicited consistently longer fixations than in the canonical SVO. The absence of
interactions across all measures between the target position and preview manipulation indicate
that syntactic context does not modulate morphological processing for Russian long verbs in the
parafovea.

The only measure that revealed a significant preview benefit effect for both identical and

morphologically related conditions was the cumulative gaze durations on the target verb. This is
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a measure that reflects the sum of the preview benefit reported for the first and second halves of
the verb. The obtained results confirm that gaze duration for the whole word cannot be taken as
evidence of early stages of lexical integration when the word identification processes of long
verbs are investigated. Instead such fine-grained measures as gaze; and gaze, should be
considered (Pollatsek & Hyona, 2005).

Later measures on the whole word consistently revealed a preview benefit effect only for
the identical condition and indicated that the morphologically related condition was not
statistically different from the non-word condition. Such an inhibitory effect, the extent it is real,
indicates that preview manipulations for both morphologically related and non word conditions
influenced post-lexical stages as reflected in the total time, go-past time, and regressions. More
research is needed to understand the exact nature of the post-lexical processing mechanisms.

Numeric means in the late measures indicated that the word order might have interacted
with the preview manipulation as was predicted by a cognitive allocation of attention account.
Numerically reduced preview benefit effects for all manipulations in the OVS order imply that
effortful foveal processing in the non-canonical word order reduced the extent of pre-processing
on the verbs. The morphologically related condition in the SVO order elicited numerically
shorter total times than the non-word condition. Since this is a more frequent canonical word-
order, reduced attention to the verb could have reduced the perceptual span and reduced the
parafoveal processing of the verbal morphology. However, none of the observed interactive
trends were statistically significant. High individual variability, as evidenced by large standard
deviations, may be the reason for the lack of significance. Late measures that reflect post-lexical

integrative processes should prove to be key measure in any subsequent investigations of the
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relationship between perceptual span and syntactic context. However, more research is needed to

get a better understanding of the post-lexical mechanisms.

Summary

Experiment 4 provides clear evidence that morphological information is not integrated
parafoveally in Russian verbs. Early measures indicated that morphological information
available in the parafovea is not integrated during the lexical access of long verbs in Russian.
Persistent effects of syntactic context as early as first fixation, along with the absence of
interaction with preview manipulations across early and late measures indicate that syntactic
context affects lexical access and post-lexical integration of Russian verbs. However, more
investigation into the time—course of morphological and syntactic information during later post-

lexical integrative stages is still needed to investigate the exact mechanisms.
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CHAPTER 6:
L2 LEARNERS

Eye tracking research using the boundary change paradigm (Rayner, 1975) has
demonstrated that native speakers of English and several other languages integrate information
about the length of the upcoming word (n+1) available in the parafoveal visual field, while the
eyes are fixated on the word n (Rayner, 1998). To date, evidence that higher-level linguistic
information, such as morphology or syntactic context, is integrated in the parafovea is absent in
the literature except for in Hebrew (Deutsch et al., 2005). Experiments 1-3 in this dissertation
have established that native Russian speakers also process morphology parafoveally. Such
integration is modulated by word length and syntactic context. This is the first evidence of
parafoveal morphological processing in an Indo-European language.

There is still, however, no record of any active research on what type of information
second language (L2) learners obtain in the parafovea during silent reading in their L2.
Experiment 4, reported in this chapter, represents the first known investigation of parafoveal
processing by L2 speakers of any language. To investigate the depth of processing in the
parafovea in a non-native language, a group of L1-English L2 learners of Russian took part in
the experiment. The L2 Russian speakers' results will be compared qualitatively to the native

speakers’ results reported in Chapter 3 of this dissertation.

Experiment 4: Between-Word Boundary Change — Nouns
Experiment 4 has two goals: (1) to determine if L2 learners process morphological
information in the parafovea when reading short nouns in Russian, and (2) to determine how the

syntactic predictability of an upcoming word affects the time course of the morphological
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processing of that word. Syntactic context was varied according to the same principles described
in Chapter 3 (VSO word order; target word: subject/object). Morphological processing in the
parafovea was examined through the same three preview manipulations on the target word:
identical (no change), morphologically related (different inflectional ending), and non-word
(inflection replaced with a consonant) as in Experiments 1 and 3. Table 40 presents an example
of the preview manipulations for the target word in the two syntactic positions (cf., Experiment
1).

Table 40

Preview Manipulation Conditions for Two Syntactic Categories

Identical Morphologically Related | Non-word
Subject noaka boat (NOM) | moaky R (031191
Object noaxy boat (ACC) | moaka R (031191

The target word was inserted into a sentence frame either at the argument position immediately
after the verb (1a) or at the second argument position (1b). The vertical lines indicate the position
of the invisible boundary. When the eyes made a saccade over the boundary, the preview word
(See Table 40) was replaced with the target word.

(1a) B moke 3aropaxusainal Joaka NOM nocky Y mocTka.

In the dock blocked boatNOM logACC by the bridge.

(1b) B noxke 3aropaxwuBaina gocka| soaky ACC y MocTka.

In the dock blocked logNOM boatACC by the bridge.
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Method

Measures. The effects of morphological processing in the parafovea can be observed as
early as the first fixation. The planning for the fixation takes place during a prior fixation and is
affected by parafoveal information (Rayner, 1998; Bertram & Hy6na, 2003). Gaze duration,
according to previous research (Deutsch et al., 2005; Hyona et al., 2004), is sensitive to
parafoveal manipulations. Gaze duration on the target word can also reflect the influence of prior
context, such as predictability from the prior text (Rayner & Pollatsek, 1989). This measure will
be used to examine any effects of syntactic predictability on parafoveal processing (Deutsch et
al., 2005, Experiment 4).

Go-past time has been found to reflect the effects of higher-level linguistic information
on foveal processing (semantic processing in Finnish: White, Bertram, & Hyona, 2008) and
parafoveal processing (syntactic predictability in Hebrew: Deutsch et al., 2005). This measure,
along with regressions into the target word, second pass, and total time, was used to examine
later effects of syntactic context and parafoveally integrated information during post-lexical
integration of the target word into the active structure of the sentence.

Predictions. Native speakers revealed preview benefit effect only for the identical
preview condition in gaze duration, indicating that higher level information was not integrated
during lexical word identification. Predictability of the syntactic context affected lexical word
identification and post-lexical integration of native speakers. Gaze duration revealed shorter
durations for the syntactically more predictable object position. Second-pass times revealed the
effect in the opposite direction, indicating that the native speakers compensated for earlier

shorter processing times in the object position. Total time revealed interaction between the
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syntactic position and preview manipulation indicating that participants looked longer at the
target in the subject position when the morphologically related preview was displayed.

If L2 learners process morphosyntax the same way as native speakers then they will
preprocess upcoming words at the orthographic level. Gaze durations should reveal a preview
benefit effect for the identical condition as compared to the non-word condition. L2 learners will
be sensitive towards predictability of the syntactic context and elicit shorter gaze durations on the
target word in the object position. Syntactic context will modulate pre-processing of parafoveally
available information during post lexical integration and total time will reveal interaction
between syntactic position and preview manipulations for the morphologically related condition.
Under such a view, longer total time in the subject position for the morphologically related
condition as compared with the non-word is expected.

If L2 learners lexicalize non-native morphology, as has been proposed by Silva and
Clahsen (2008) and Clahsen and Neubauer (2010), then in principle L2 learners should use
morphological information during lexical word identification. Then the morphologically related
condition can also elicit a preview benefit effect as compared with the non-word condition. If L2
learners integrate morphology during lexical access and post-lexical integration, then the
morphologically related condition can exhibit inhibitory effects in the object position (*VSS) as
early as gaze duration. The absence of any preview benefit effect will indicate that L2 learners
do not integrate orthographic features of the upcoming words.

If L2 learners are sensitive towards the restrictiveness of the syntactic position of the
target word in the same way as native speakers but cognitive resources are taxed to a higher
degree than native speakers, as has been suggested by McDonald (2000, 2006), then no

interaction between the preview benefit and syntactic position is expected in the total time.
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Instead, the target word in the subject position should elicit elevated gaze durations and the target
word in the object position should elicit longer second-pass durations. Absence of any effects of
the target syntactic position will indicate that L2 learners are not sensitive toward the syntactic
context.

Materials. Same as in Experiment 1.

Design. Same as in Experiment 1.

Participants. Forty-eight Russian native speakers who participated in Experiment 1
served as a control group for this experiment. See Chapter 3 for a detailed description of the
native speakers.

Ten L2 learners of Russian who were native speakers of English from the University of
Illinois at Urbana-Champaign community participated in Experiment 4. (An additional five
participants were excluded from analysis for the following reasons: one was a native speaker of
Spanish, one was a heritage speaker of Russian, and three participants scored below the
minimum required score on the pre-test, see below). Relevant characteristics of the L2 group are
summarized in Table 41. The data in Table 41 reveal that the group of L2 learners was rather
homogeneous: not much variability in age or years of Russian study. Scores on the cloze test
along with self-rated proficiency scores indicate that the group was at the beginning-intermediate

level of proficiency in Russian. All participants were compensated $15.00 for their time.
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Table 41

Characteristics of L2 learners

Characeristics Mean Range
Age 20 19-22
Cloze test score (out of 27) 7 0-11
Years spent formally studying Russian 2years 2 years
Self-rated Russian proficiency (out of 10):
Reading 4.5 2-6
Writing 5.1 3-6
Speaking 4.5 2-6
Grammar 5.3 3-6

Pre-Test. To ensure that the L2 learners had at least a rudimentary awareness of noun

inflectional morphology, particularly accusative case markings, each participant completed a pre-

test before the main reading experiment. Participants read simple transitive Russian sentences in

canonical SVO and object initial OVS word orders as seen in (2a-b).

(2a) ManpuuK JOTHAT IEBOYKY.

A boyNOM caught up with the girlACC.
(2b) [leBouKy HOTHAN MaIbYHK.

The girlACC caught up by a boyNOM.

(2c) Question: Who was doing the catching?
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Each sentence was followed by a question in English as seen in (2c). The test consisted of
10 items (5 in SVO and 5 OVS); none of the lexical items were repeated in either of the word
order. The test was presented as an online form and accuracy ratings were recorded. Eye
movement data for participants who scored 70% or less (three participants) were excluded from
the analysis, as a score below 70% indicated that the participant was performing at chance on the
pre-test, rendering the eye movement data highly unreliable.

Vocabulary check. To ensure that participants knew the lexical items from the
experiment, they completed a vocabulary checklist after the main reading experiment. The
vocabulary check list contained 180 lexical items (target word, main verb, and second argument)
encountered in the main experiment. Participants were asked to provide a written translation for
each of the lexical items in the checklist. Any sentences that contained the items a participant
was not able to translate accurately were removed from that participant's data prior to analysis.
This resulted in a loss of .005% of the data.

Apparatus. Same as in the Experiments 1-3.

Procedure. Same as in the Experiments 1-3.

Results

Data exclusion criteria. It has been established that foveal processing on average
corresponds to 6-7 characters (Schotter et al., 2012). As seen in the example (1a-b) the short
words in Experiment 4 are 5-characters long. If the fixation prior to the target word occurs
immediately before the boundary change (on the last two characters of the previous word) then
the target word might be in the fovea, as the case marking will be the 7™ or 8" character — right

on the edge of the fovea. It was intended prior to data collection to analyze such trials separately.
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Analysis of the eye-landing location on the word before the target word revealed zero instances
when the eyes landed on the region within two characters before the invisible boundary. As a
result, it is safe to conclude that any effects reported in the results section can be attributed to
parafoveal processing and not foveal processing.

Fixation durations shorter than 80 ms or longer than three standard deviations from the
grand mean for the target word were eliminated. These criteria resulted in the removal of less
than .05% of the data. The reading time data were analyzed using linear mixed effects modeling
(Baayen et al., 2008). Items and participants were included as random effects. All models were
fitted using a stepwise model selection procedure, in which only those predictors that were
significant or marginally so (p<.1) were retained in the model. P-values were obtained using
Markov Chain Monte Carlo sampling. Items and participants were included as random factors.
Preview manipulations and target position were included as fixed effects along with their
interaction. Detailed results for native speakers are reported in Chapter 3 and will be summarized
when relevant along with the L2 learners' results. Eye fixations for the pre-boundary word (n-1),
target word (n), and a word after the target word (n+1) were analyzed. No significant differences
were obtained for word n-1 or word n+1. Results reported below therefore reflect eye movement
measures for the target word n only.

First Fixation Duration. This measure is traditionally associated with orthographic word
identification. The results of the best-fitted model for first fixation durations included the
preview manipulation and the syntactic role of the target word, but no interaction. The output of
the model is reported in Table 42. Mean first fixation durations are summarized in Table 43 and

Figure 27.
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None of the experimental manipulations came up significant in the analysis of first
fixation duration. The graph in Figure 27 suggests that both the identical and the
morphologically related conditions are faster than the non-word condition. However, the L2 first
fixation numeric means in Table 43 indicate that L2 learners’ first fixations are almost twice the
size of the first fixation durations for native speakers. For example, mean first fixation for native
speakers in the identical condition was 249 ms (see Chapter 3), whereas for L2 learners the mean
first fixation in the same condition was 400 ms. First, this suggests that there was significantly
more variability in L2 learners (note the SDs in Table 43). Second, it may well be that due to
either the wide variability in the fixation durations of L2 learners, or to the overall increased
processing times, or to the very small number of L2 participants, the numeric advantage of 64 ms
observed for the related condition in the target object condition (408 ms for related vs. 472 ms

for non-word) is a spurious effect.

Table 42

Fixed effects for First Fixation Duration in Experiment 4

Predictor Coefficient SE tvalue p

Fixed effects for First Fixation

Intercept 445.47 38.04 11.71 0.000*
Preview: identical vs. non-word -42.64 31.20 -1.37 0.17
Preview: related vs. non-word -38.89 31.20 -1.25 0.21
Target Syntactic Role: Subject vs. Object 16.68 25.53 0.65 0.51
Note. * p<.05

133



Table 43
Mean First Fixations with Standard Deviations in Parenthesis

Subject Object
Identical 400 (365) 423 (307)
Related 422 (287) 408 (319)
Non-word | 435 (318) 472 (363)

First Fixation
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g Widentical
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E Hrelated
¥ non word

400

380

360

Subject Object

Figure 27. Mean first fixation durations.

Gaze Duration. This measure reflects stages of lexical access. The results of the best-
fitted model for gaze duration included the preview manipulation and the syntactic role of the
target word, but no interaction. The output of the model is reported in Table 44. Mean gaze

durations are summarized in Table 45 and Figure 28.
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None of the experimental manipulations came up significant in the analysis of gaze
duration. The graph in Figure 28 suggests that only the identical condition elicited shorter
fixations than the non-word. The morphologically-related preview elicited numerically longer
(17 ms difference in subject position and 37 ms difference in object position) fixations than the
non-word condition; however, the conditional means in Table 45 show that L2 learners’ gaze
durations were three as long as native speaker gaze durations, with extremely large standard
deviations. First, this suggests that there was significantly more variability in L2 learners' reading
patterns. Second, it is possible that either due to the wide variability in the gaze durations of L2
learners or increased processing times, the numeric difference between the preview conditions is
not meaningful.

For native speakers, a 21 ms facilitatory preview benefit effect for the identical condition
in gaze durations revealed that although native speakers did not integrate the morphology of the
upcoming word in the parafovea, they pre-processed the target word at the orthographic level
(see Chapter 3 for a detailed discussion). The absence of a preview benefit effect in the gaze
duration in Experiment 4 indicates that L2 learners are not pre-processing the upcoming word

n+1 even at the orthographic level.
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Table 44

Fixed effects for Gaze Duration in Experiment 4

Predictor Coefficient SE tvalue p
Fixed effects for Gaze

Intercept 952.00 111.68 8.52 .001 *

Preview: identical vs. non-word 64.32 63.13 1.02 .68

Preview: related vs. non-word -26.20 63.13 -0.42 31

Target Syntactic Role: Subject vs. Object 13.49 51.7 0.26 .79

Note. * p<.05

Table 45

Mean Gaze with Standard Deviations

Subject Object
Identical | 914 (758) 850 (629)
Related | 963 (754) 979 (750)
Non-word | 946 (739) 942 (623)
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Figure 28 Mean gaze durations.

Total Time. This measure reflects post-lexical integrative stages of processing. The
results of the best-fitted model for total time included preview and syntactic role of the target
word, but no interaction. The output of this model is reported in Table 46. Mean total time results
are summarized in Table 47 and Figure 29.

The absence of any significant effects of experimental manipulations reveals that L2
learners were not sensitive to either the preview manipulation or the syntactic position
manipulations. The conditional means (Table 47 and Figure 29) show an inhibitory effect for the
morphologically related condition (17 ms in the subject and 37 ms in the object positions) and a
facilitatory effect (28 ms in the subject and 52 ms in the object positions) for the identical
condition as compared with the non-word condition. Table 47 also points toward large standard

deviations; this suggests a large variability among participants. Moreover, the comparison of the
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conditional means for L2 and native speakers indicates that L2 learners spent at least one third
longer fixating the target word than native speakers in the identical preview condition in the
subject position (914 ms vs. 634 ms). As a result, it is possible that due to the wide variability in
the total time for the L2 learners, or increased processing times, or the small number of
participants, the numeric difference between the preview conditions is not meaningful.

Results of the total time for native speakers, reported in Chapter 3, revealed an interaction
between preview manipulation and syntactic position for the morphologically related condition.
This suggests that the pre-processed information affected not only word identification stages but
also later post-lexical integration. The insensitivity of L2 learners to the conditions is in line with
the results observed in earlier measures. The persistent insensitivity towards preview
manipulations indicates that all stages of word identification are impacted. This could mean that
effortful decoding during orthographic processing, affected word identification and post lexical
integration. Further research needed to investigate the exact nature of the relationship between all
three stages in L2 processing.

Longer gaze durations and total times on the target word in the subject position reported
for native speakers in Experiment 1, Chapter 3, indicated that native speakers were sensitive to
the syntactic context. As a result, they allocated more attention to the target word in the less
restricted subject position. L2 learners’ gaze durations and in total times were not affected by the
syntactic context. The observed pattern of results suggests that beginning L2 learners do not
engage in predictive parsing as efficiently as native speakers do. This could be because of an
increased processing load in the fovea that reduces the perceptual span and affects not only the
lexical access of the target word, but also the integration of this word into the active structure of

the sentence.
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Table 46

Fixed effects for Total Time in Experiment 4

Predictor Coefficient SE tvalue p
Fixed effects for Total time

Intercept 157.35 10.08 .001 *
Preview: identical vs. non-word 132.12 0.77 44
Preview: related vs. non-word 131.92 0.58 .56
Target Syntactic Role: Subject vs. Object 132.12 1.32 19
Interaction: Object x identical 187.12 0.21 .83
Interaction: Object x related 186.56 1.43 15

Note. * p<.05

Table 47

Mean Total Time with Standard Deviations

Subject Object
Identical | 914 (758) 850 (629)
Related | 963 (754) 979 (750)
Non-word | 946 (739) 942 (623)
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Figure 29. Mean total time.

Regressions into the Target Word. This measure is associated with later stages of post-
lexical integration. Regressions into the target word were analyzed by a binomial logit regression
model with items and participants as random factors. The results of the best-fitted model
included preview, syntactic role of the target word, and no interaction. The output of this model
is reported in Table 48. The mean total time results are summarized in Table 49 and Figure 30.

For L2 learners no experimental manipulations affected regressions. Large standard
deviations consistently point toward large variability among participants. The mean percent of
regressions in Figure 30 point towards an interaction between the preview manipulation and the
syntactic context. But the numeric differences provided in Table 49 are very small, so not much
weight can be given to this numeric trend. The obtained results suggest that L2 learners were

insensitive to both the restrictiveness of the syntactic context and the parafoveal manipulations,
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possibly due to an increased allocation of cognitive resources to foveal processing and a reduced

perceptual span (Henderson & Ferreira, 1990).

Table 48

Fixed effects for Regressions into the Target word in Experiment 4

Predictor Coefficient SE tvalue p
Fixed effects for Regressions into the target

Intercept -1.67 0.29 -5.82. 0.000*

Preview: identical vs. non-word 0.09 0.27 0.30 0.77

Preview: related vs. non-word 0.11 0.26 0.42 0.67

Target Syntactic Role: Subject vs. Object -0.05 0.22 -0.24 0.81

Note. * p<.05

Table 49

Mean Regressions into the Target word with Standard Deviations

Subject Object
Identical .20 (.40) .17 (.38)
Related .18 (.39) .20 (.40)
Non-word | .18 (.39) .17 (.38)
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Figure 30. Mean regressions into the target.

Go-Past Time. This measure reflects the amount of time participants spent re-reading
earlier parts of the sentence before moving their eyes to the right of the target word. The results
of the best-fitted models for go-past time for both native speakers and L2 learners included
preview and syntactic role of the target word, but no interaction. The output of this model is
reported in Table 50. Mean total time results are summarized in Table 51 and Figure 31.

None of the experimental manipulations affected go-past time. The conditional means
revealed quite long durations. Large standard deviations point towards a high degree of
variability among participants. L2 learners spent three times longer than native speakers
rereading the target word in the identical condition in the subject position (1283 ms vs. 417 ms
from Chapter 3). This suggests more effortful integration of the target word into the sentence

structure for L2 learners as compared to the native speakers. The graph in Figure 31 hints at an
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insignificant interaction, but numeric means in Table 51 indicate that this difference coupled

with large durations and large variability among participants is spurious.

Table 50

Fixed effects for Go-Past Time in Experiment 4

Predictor Coefficient SE tvalue p
Fixed effects for Go-Past

Intercept 8.04 .001 *

Preview: identical vs. non-word 1.41 .34

Preview: related vs. non-word -0.95 .82

Target Syntactic Role: Subject vs. Object 0.21 15

Note. * p<.05

Table 51

Mean Go-Past Time with Standard Deviations

Subject Object
Identical | 1283 (1039) 1121(891)
Related 1321 (1204) 1282 (842)
Non-word | 1327 (1004) 1240 (891)
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Figure 31. Mean Go-Past Times.

Second-Pass times. Second pass times included fixations on the target word after the eyes
have moved to the right from it. This measure represents the amount of time readers spent re-
reading the target word. The results of the best-fitted model for second pass times included
preview and syntactic role of the target word, but no interaction. The output of this model is
reported in Table 52. The mean total time results are summarized in Table 53 and Figure 32.

None of the experimental manipulations affected re-reading times for L2 learners.
However, the conditional means and standard deviations in Table 53 indicate that the standard
deviations are three times the size of the obtained means, i.e., there was extreme variability
among participants. The results of second pass times are in line with the rest of the post-lexical
integration measures, such as total time, go-past time, and regression rates. They all reveal that,

unlike native speakers who reread the target word more in the object position to compensate for
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reduced earlier processing, L2 learners were not sensitive to either the preview manipulation or

the syntactic restrictiveness of the target word position. This is possibly due to increased

cognitive load processing foveal information in an L2, resulting in a reduced perceptual span.

Table 52

Fixed effects for Second-Pass Times in Experiment 4

Predictor Coefficient SE tvalue p
Fixed effects for Second-Pass

Intercept 3.83. .001 *

Preview: identical vs. non-word -0.60 .55

Preview: related vs. non-word -0.03 .89

Target Syntactic Role: Subject vs. Object -0.40 .69

Note. * p<.05,

Table 53

Mean Second-Pass Time with Standard Deviations

Subject Object
Identical | 287 (660) 201 (755)
Related | 349 (981) 296 (891)
Non-word | 347 (740) 270 (808)
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Figure 32. Mean second-pass times.

General Discussion

The main purpose of Experiment 4 was to determine what type of information is
extracted from Russian short nouns in the parafovea by L2 readers of Russian, and how the
information regarding the syntactic predictability of an upcoming word affects the time course of
the morphological processing of that word. The experimental goals were achieved by
implementing a gaze contingent boundary change manipulation with three preview conditions
(identical, morphologically related, non word).

The non-word and morphologically related conditions differed from the identical
condition in just the last letter of the target word. The effects of the preview manipulation were

monitored across early (first fixation, gaze duration) and late (total time, go-past time) reading
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measures. The influence of the syntactic context was probed by placing the target word in two
different syntactic positions (subject and object) in the same word order (VSO).

Native speakers revealed preview benefit effect only for the identical preview condition
in gaze duration, indicating that higher level information was not integrated during lexical word
identification. Predictability of the syntactic context affected lexical word identification and post-
lexical integration of native speakers. Gaze duration revealed shorter durations for the
syntactically more predictable object position. Second-pass times revealed the effect in the
opposite direction, indicating that the native speakers compensated for earlier shorter processing
times in the object position. Total time revealed interaction between the syntactic position and
preview manipulation indicating that participants looked longer at the target in the subject
position when the morphologically related preview was displayed.

Unlike native Russian speakers, L2 Russian learners were not affected by any of the
experimental manipulations in any of the reported measures. The null results imply that L2
learners do not process information in the parafovea at any level of linguistic representation,
possibly due to increased load associated with foveal processing in an L2 and consequential
reduced perceptual span. The obtained results are based on only ten participants, however. Large
variability and low statistical power might be the reasons for the null results, since numeric
trends that patterned in the predicted directions point towards some sensitivity among L2
learners. In order to state conclusively whether L2 learners integrate parafoveal information,

more subjects will need to take part in the experiment.
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Summary

Experiment 4 revealed that morphological information is not pre-processed parafoveally
by L2 Russian learners when the word n+1 is a short noun, and morphological processing is also
not affected by the prior syntactic context. Moreover, the absence of any effects of the
experimental manipulations reveals that L2 learners, unlike native speakers, do not pre-process
parafoveally available information even at the orthographic level. This finding implies that the
perceptual span in beginning to intermediate L2 learners of Russian might be reduced by at least
2 degrees of visual angle (5 characters of the experimental stimuli plus the space before the
boundary). The results point towards a need for targeted investigations of the size of the

perceptual span in L2 learners via a moving window paradigm (McConkie & Rayner, 1975).
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CHAPTER 7:
GENERAL CONCLUSIONS AND FUTURE DIRECTIONS

The experiments reported in this dissertation examined the processing of morphological
information in the parafovea, whether the processing of morphological information is modulated
by attentional processes (between and within words), and whether syntactic information
modulates allocation of cognitive resources during silent reading in a language not examined
before - Russian. The experiments reported above provide a first demonstration that such high-
level, linguistic information as inflectional morphology can be integrated parafoveally in an
Indo-European language with linear morphology and is tied to lexical access. Moreover, the
experiments demonstrate that the integration of inflectional morphology can be modulated by
syntactic structure and attentional processes in the parafovea. Finally, the experiments reveal that
cognitive allocation of resources modulates parafoveal integration of higher-level, linguistic
information. The discussion that follows will focus on the contributions of the above experiments to
the issues addressed in Chapter 2: the parafoveal processing of morphosyntactic information in native
speakers; the nature of interaction between attentional processes, morphology, and syntax; and

differences between parafoveal processing in L1 and L2.

Parafoveal Morphosyntactic Processing in Native Speakers
The experiments reported above provide the first account of eye movement research in
Russian, a language with rich morphology and free word order. The experiments reported in
Chapters 3-5 demonstrate that when low-level orthographic information is processed
parafoveally in Russian, higher-level, linguistic information associated with it is integrated as

well. The experiments in Chapters 4 and 5 revealed that the integration of morphological
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information during parafoveal processing is modulated by attentional processes (between vs.

within words), the fixated word's syntactic category (noun vs. verb), and prior syntactic context.

Attentional processes between vs. within words.

The present investigation of attentional processes between (Experiment 1) and within
(Experiment 2) nouns revealed differences in parafoveal integration of morphology.
Morphological information was not pre-processed while the target word was in the parafovea
(word n+1). The effects for parafoveal processing of morphology were found in total time, a later
cumulative measure usually associated with stages of post-lexical integration. The results
reported in Experiment 1 suggest that syntactic integration lags behind lexical integration.
However, more research is needed to investigate the exact nature of the relationship between
word identification and post-lexical integration. The delayed effects of the parafoveal
manipulation suggest that the allocation of attention for the pre-processing of the upcoming word
is reduced in Russian just as in English (Rayner & Pollatsek, 1987) and Finnish (Haikio et al.,
2009).

A preview benefit was observed, however, when the boundary change was inserted
within the currently fixated word, although the preview material was still outside of the fovea.
This observed effect has two plausible, not necessarily mutually exclusive explanations: visual
acuity and allocation of attention during lexical access. First, the initial landing position on the
pre-target regions in Experiments 1 and 2 was about the same. In Experiment 1 the fixation prior
to crossing the boundary landed within the first 4 letters of the five-letter word n-1. In
Experiment 2 the fixation prior to crossing the boundary landed within the first 4 letters of the

target 10+ letter word. As a result, the letter information from the target region in Experiment 1
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was one space farther from the fixation than in Experiment 2, and may therefore have been of
slightly poorer visual quality. In Experiment 1 the distance between the invisible boundary and
the manipulated letter that denoted the inflectional case was six character spaces (one white
space and four letters of a five-letter word). In Experiment 2 the distance between the invisible
boundary and the manipulated letter of the inflection was shorter by one character of white
space. However, visual acuity seems unlikely to be the only factor affecting the obtained
experimental results. In Experiment 1 (between words) the effect size of the preview benefit for
the identical condition was in the range of 21 ms: 303 ms vs. 324 ms in the non-word condition
in the subject position and 295 vs. 316 ms in the non-word condition in the object position. If
visual acuity were the cause of the differences observed in the results between the two
experiments, then the preview benefit effects for the identical condition in the within-word
manipulation, where the distance from the boundary was shorter by one character, should have
been larger by 5-10 ms, as this is approximately how much it takes to process one character.
Experiment 2 revealed preview benefit effects for the identical condition in the range of 71-47
ms (134 ms vs. 205 for subject position, and 160 vs. 207 for object position). This is two to three
times larger than the effect sizes observed for between-word processing in Experiment 1 (21 ms).
The comparison of the effect sizes suggests that the observed difference is more reasonably
attributed to the difference in the allocation of attention to parafoveal processing within a word
vs. between words.

Previous research on compound word processing using the boundary change paradigm
has suggested that attention extends further to the right when the components of a compound are
spatially unified (Hy6na et al., 2004; Juhasz et al., 2009; Haikio, Bertram, Hy6na, 2010).

Research on multimorphemic word identification suggests that once the eyes are fixated on a
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word, there is a very early processing stage when all the letters are available and are used for
identification of morphemic boundaries (Dreighe et al., 2010). Larger preview benefit effects and
the presence of a preview benefit for the morphologically related condition only during the
within-word processing observed in Experiment 2 can be attributed to the deeper processing of
the information available in the parafovea of the same word versus another word available
parafoveally.

The driving force for such a distinctive allocation of attention is most likely lexical
access. During the stage of lexical word identification, morphemic units, including inflectional
case markings, are used to reduce the number of lexical candidates. The absence of preview
benefit effects for the morphologically related conditions during between word processing in
Experiment 1 suggests that inflectional morphology in Russian is not integrated pre-lexically the
way morphology is integrated in Hebrew (Deutsch et al., 2005). Participants do not pre-process
the upcoming words in the parafovea at the morphological level; however, when the second part
of a compound word is in the parafovea, the focus of the participants’ attentional span spreads to
a wider/deeper level over the parafoveal region. The pattern of results obtained here suggests that
inflectional case markings play an integrative role in speeding up lexical access as evidenced by
observed preview benefit effects for morphologically related conditions only during within-word
processing, as examined in Experiment 2.

Early measures reported in Experiment 2 revealed that morphological information is
integrated during lexical access once the eyes fixate the word. The morphologically related
preview in the syntactically illegal context elicited significantly reduced gaze and inhibitory
subgaze effects. This further indicates that morphological information processed parafoveally

was used not only to identify the word but also to integrate the target word into the active
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structure of the sentence. The observed pattern of results suggests that when the low level
information (last letter of the noun) is integrated parafoveally, higher-level information
(morphological and syntactic) associated with it is integrated almost immediately as well.
However, the absence of preview benefit effect for morphologically related conditions in
Experiment 3, which investigated within-word parafoveal processing of Russian verbs, suggests
that attentional processes during silent reading are very flexible in nature. Moreover, results
obtained in Experiment 3 call for further investigation of factors that affect the integration of
morphology in the parafovea. The syntactic category (noun vs. verb) distinction may turn out to
be an epiphenomenon that is driven by the following factors, which are not mutually exclusive:
more complex internal structure; low-level, orthographic manipulations implemented in the

experiment; and/or syntactic context in which target words occur.

Syntactic Category

Experiment 2 revealed that parafoveal integration of morphological information for
nouns is a very robust and automatic process that is initiated during very early stages of lexical
access. Effects of preview manipulations were observed as early as the first fixation. This stage
is traditionally associated in the eye tracking literature with the stages of orthographic processing
(Rayner, 1998) and implies that inflectional morphology is used during silent reading to limit the
availability of lexical candidates. Later measures further corroborated parafoveal integration of
morphological information by revealing evidence for the inhibition of the illicit case marker.

Experiment 3 revealed a different pattern of results for the integration of verbal
morphology. None of the early measures indicated that morphology was processed parafoveally.

Currently, three possible factors account for the absence of preview benefit for morphologically
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related condition during lexical access stage for Russian verbs, which are not necessarily
mutually exclusive: morphologically complex internal structure, less salient inflectional
paradigm, and/or decreased saliency of the penultimate (verbs) vs. final (nouns) letter.

Internal Structure. Russian nouns and verbs can have a rather complex internal
morphological structure. While they all have obligatory roots, both nouns and verbs can have
prefixes and suffixes, and most of them have inflectional case endings. In Experiment 3, 60% (36
out of 60) of the target verbs had prefix-root-inflection structure while the remaining 40% (24
out of 60) had root-inflection internal structure. At the time of the stimuli construction, it was
impossible to obtain frequency counts for the prefixes that occurred in the target verbs. In
principle, the processing of prefix and root in 60% of the target verbs could have required more
cognitive resources and resulted in observed insensitivity to the preview manipulation, either due
to low-frequency prefixes or to added internal complexity.

This explanation seems unlikely for at least three reasons, however. First, evidence from
studies that employed the boundary change paradigm indicates that morphological complexity
affects the processing of compound nouns (Drieghe, et al., 2010; Hyona et al., 2004). Lexical
embedding (e.g. hat in that) slows down processing, which suggests that embedded words are
recognized automatically (Bowers, Davis, & Hanley, 2005; Davis, Perea, & Acha, 2009; Davis
& Taft, 2005; Weingartner, Juhasz, & Rayner, 2012). However, it is not quite clear the extent to
which attentional resources are devoted to the identification of prefixes that are not lexical
entities and are not encountered as words. These kinds of prefixes were used in all the target
verbs in the present study.

Second, the internal structure of the nouns that demonstrated a preview benefit effect in

the morphologically related condition in Experiment 2 was far more complex than the internal
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structure of the verbs. 30% of the nouns had a prefix-root-suffix-inflection structure; 30% had a
root-suffix-inflection structure; 18% had a root-root-suffix-inflection structure; 9% had a root-
root-inflection; 9% had a root-inflection structure; and 4% had a root-suffix-suffix-inflection
structure. The internal structure of the nouns in Experiment 1 was the simplest of all, with 100%
root-inflection structure, yet there was no preview benefit effect for the nouns in Experiment 1
where the boundary was inserted between words. Finally, the boundary change in Experiments 2
and 3 was always in the middle of the penultimate morpheme before the inflection, and only one
letter of the word was changing. This means that regardless of the differences, the internal
structure of the target word was not changed by the preview manipulation, since all the
inflections were the last component of the target nouns and verbs.

In follow-up studies it would be interesting to explore the role of the internal structure on
the availability of the parafoveally available morphological preview. One can explore the role of
prefixes by comparing the preview benefit in verbs with prefix-root-inflection vs. root-inflection
structures. To examine the role of the prefix frequency, one can calculate frequencies for all the
prefixes encountered in the target words and use frequency as a continuous predictor. Second, a
more traditional but practically more challenging approach is to create two groups of verbs with
high and low frequency prefixes. For the nouns then one can try to control the complexity of the
internal structure of the nouns and/or manipulate the individual frequencies of the roots, prefixes,
suffixes, and whole word frequencies. Then one can examine the effects of internal structure and
frequencies of morphological components on the processing of the whole word. The practical
challenge to the outlined follow up studies is that currently there are no available corpora counts

of individual prefixes and suffixes in Russian. But it is quite possible that the creators of the
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major corpora of Russian language — National Russian Language Corpus (available online at

http://www.ruscorpora.ru/index.html) — will implement such a feature in the future.

Inflectional Paradigm Saliency. The issue of inflectional paradigm saliency is two-fold.
First, there is a difference between the regularity of noun and verb inflectional paradigms, with
nouns being more regular. In Russian, verbs have seven conjugational classes (11 based on stem
type, Chernigovskaya & Gor (2000,)) while nouns have three declensional types. As a result,
verbal morphology is less salient then the nominal inflections. There is evidence in the literature
that saliency of the inflectional paradigm might play a role in the availability of parafoveal
morphological processing. Deutsch et al. (2005) demonstrated that more prominent verbal
morphology (seven verbal classes vs. 100 nominal in Hebrew) can be processed parafoveally.
The researchers employed between-word, boundary-change manipulation and obtained a preview
benefit only for verbal inflections, but not for nouns. It is worth mentioning that in Hebrew
vowels are omitted in writing. Thus, the results obtained in Hebrew are not directly comparable
to the results obtained for Russian in the current experiments. However, the fact that the
experiments described in this dissertation report a preview benefit for nouns and not for verbs
only when the attention is allocated within the word suggests that relative saliency (three vs.
seven to eleven classes in Russian) within a language might play a role in the availability of
morphological processing in the parafovea in addition to (or instead of) absolute saliency, which
was suggested for Hebrew (Deutsch et al, 2005).

The second issue related to morphological paradigm saliency is that differences emerged
within the target words of each grammatical category: nouns and verbs. In order to maintain an
equal number of letters for the preview display and the target word, nouns from second

declensional type were used for both Experiments 1 and 2. Whether this type is more frequent
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then the nouns from the first declension type is not clear, as there are no corpora available yet
that allow for inflection counts. But the case markings of the second type are more salient in the
sense that nominative and accusative cases are always marked uniquely: -a for nominative and -y
for accusative, while for the nouns of the first declensional type nominative and accusative are
not marked for nouns of masculine gender and and marked with —o for both cases in the neuter
gender. To explore the issue of noun inflectional paradigm saliency in the future, it would be
important to investigate the availability of parafoveal morphological processing in masculine and
neuter nouns of the 1% declensional type.

For the verbs in Experiment 3 the decision was made to use the present tense form
because this tense does not mark the gender of the subject. Such a manipulation was crucial since
the sentences were controlled for plausibility, and both the subject and object needed to be
semantically reversible. The use of a verb form that is not marked for gender allowed the nouns
of both genders to be used and reduced unnecessary restrictions on stimuli construction. All the
target verbs used in Experiment 3 belonged to the most frequent type (Jakobson & Halle, 1956,
Bybee, 1995, Chernigovskaya & Gor, 2000). Further investigation of the parafoveal processing
of the verbs of less frequent types may shed further light into the processing of Russian verbal
morphology and help adjudicate between existent theoretical approaches to psychological
processes of word formation. For example, the evidence of parafoveal morphological processing
in Russian verbs of less salient and frequent types taken together with the absence of parafoveal
morphological processing in the verbs of the highly frequent type reported in Experiment 3
would suggest rule-governed verb formation for the verbs of salient, frequent, and consequently

regular verb types and lexicalization of less frequent verb types.
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Low-level Manipulations. Finally, we need to consider a low-level orthographic factor
that might account for the observed differences in the processing of morphology between nouns
and verbs. Whereas Experiments 1 and 2 employed manipulations of the last letter of the target
words, Experiment 3 manipulated the penultimate letter. It is possible that more attention is
allocated to the final letters of words, or that final letters are more visually salient, irrespective of
their morphological status. It is a well-established fact that first and last letters are processed at
the orthographic level in the parafovea (Briihl & Inhoff, 1995). As a result, the possibility
remains that when inflectional information is associated with the last letter of the verb, it can be
integrated parafoveally. It is possible to adjudicate between these two hypotheses by replicating
the current Experiment 3 using verbs in the past tense, where the gender and number information
is communicated through an inflection corresponding to the last letter of the word. If the
manipulation of the last letter of the verbal inflections (e.g. 6eorcana-6excaru Ibezhala-bezhali/
“ran 3" SG fem-ran 3" PL”) in future follow-up experiments yields a preview benefit in a
morphologically related condition, this will serve as evidence that the low-level orthographic
position of the letters plays an important role in the availability of higher-level linguistic
processing. This manipulation will be easy to implement and would seem to be desirable to
explore the role of paradigm saliency in verbal morphological processing as well, since all the
verbs in the past tense regardless of the type of their stems follow the same structural template,
which consists of the root-suffix of the past tense-I- and gender/number indicating inflection. If
inflectional paradigm saliency plays a role in the availability of parafoveal morphological
processing, then past tense forms of the verbs should all elicit preview benefit effects for

morphologically related conditions.

158



A third possibility for the different processing patterns might be the different syntactic
contexts for the nouns and verbs. Whereas for the nouns the inflections communicated relational
information for the noun (case), manipulation of the verbal inflections focused on the number
property: the morphologically related condition employed the plural number preview morpheme

instead of the singular number for the target morpheme.

Syntactic Context

Experiments 1 - 3 revealed the two-fold role of syntactic context: native speakers were
sensitive to the predictability of the syntactic context regardless of the preview manipulation.
Experiments 1 and 2 indicated that low-level factors, such as word length, affects the time course
of syntactic integration.

Experimental stimuli in all three experiments contained transitive verbs. Experiments 1
and 2 revealed that in the VSO word order the subject elicited longer eye fixations regardless of
the length of the target word. The syntactic context made the object more predictable. Results
revealed that native speakers were sensitive to this manipulation and fixated on the target object
for significantly less time. The effect of syntactic context was observed in both early and later
measures. Gaze duration for short nouns and on the first half of long nouns revealed that the
target was fixated shorter in the object position. This suggests that the sensitivity to the syntactic
context came online during the word identification stage regardless of word length.

Word length seems to modulate the influence of syntactic context in later measures that
reflect post-lexical integration. For short nouns in Experiment 1, total time revealed only a
marginally significant effect of the syntactic position in the same direction as gaze duration

(shorter fixations in the object position). Second-pass times revealed an effect of syntactic
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position in the opposite direction. Participants spent more time rereading the object than the
subject, possibly compensating for earlier underprocessing. Later measures on the long nouns in
Experiment 2 all revealed an effect of syntactic position in the same direction as earlier
measures: fixations on the target were shorter in the object position. The difference in the
direction of the effect of the syntactic context in later measures for short and long nouns suggests
that post-lexical integration could depend on lexical word identification. Participants have time
to “recheck” shorter second arguments because they could be identified more quickly. The
lexical identification of long nouns takes longer, and as a result, post-lexical integration does not
reveal similar “rechecking” behavior.

Experiment 3 provides support for the view that syntactic context affects word
identification and post-lexical integration, as well as evidence that the syntactic category
modulates the influence of the syntactic context on word identification. Verbs in the canonical,
more frequent SVO word order elicited shorter fixations later than did long nouns (which were
the same length as the verbs). The syntactic context did not influence the initial stage of verb
identification (gaze;). Rather, it emerged on the first fixation on the second half of the verb. This
suggests that participants spent more time looking at the verbal inflection in the less frequent
OVS word order. Later measures, associated with the post-lexical integration, revealed the effect
of syntactic position in the same direction as earlier measures. There was no evidence that
participants compensated for shorter processing times on the verb in the canonical word order
during post-lexical integration. This corroborates the proposal that word length modulates post-

lexical integration, possibly through the attentional processes.
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Allocation of Cognitive Resources

The experiments reported in this dissertation revealed that allocation of cognitive
resources can be modulated by between- and within-word processes, syntactic category, and
syntactic context. Experiments 1 and 2 revealed that attention modulates between- and within-
word processing. Morphology was integrated parafoveally only during lexical word
identification as part of the within-word attentional processes.

Syntactic category of the target word interacted with the allocation of attention and
modulated the parafoveal processing of nouns and verbs. Experiments 2 and 3 revealed that,
unlike nouns, morphology was not processed parafoveally for verbs even during lexical word
identification. (However, as noted above, there may be several possible alternative reasons for
this observed pattern of results.)

Syntactic context affected allocation of attention differently for nouns during within-word
identification vs. between-word identification and for verbs during within-word identification. A
syntactically more predictable position can reduce the amount of cognitive resources devoted to
the processing of the target word. The reduced preview benefit effects for the target word in the
syntactically more predictable position in Experiments 1 and 3 indicate that this might be the
case for nouns during between-word identification and for verbs during within-word
identification.

This was not the case for the nouns during within-word identification in Experiment 2.
The syntactically more predictable condition was also more restrictive. In the object position, the
syntactically illicit case marker for the morphologically related preview elicited an inhibitory
effect as early as subgaze2, a measure associated with word identification. In the syntactically

less restrictive subject position the morphologically related condition revealed inhibitory effects
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only in total time. This implies that participants inhibited the illicit case marker only during post-
lexical integration.

For nouns, Experiments 1 and 2 established that more attention is allocated for within-
word processing. It is quite reasonable to assume that a legal preview did not pose enough
competition in a less predictable context and by the same token an illegal preview was not
noticed in a more predictable context because attention was already reduced.

It is more desirable to explore the role of illegal previews across both predictable and less
predictable contexts since this is a stronger manipulation in any possible follow-up studies. If
morphology is used for pre-processing during between-word identification and such early
processing is modulated by syntactic factors, then an illicit form could be either noticed sooner
or result in more resources to inhibit than a syntactically legal preview. But, it is much more
difficult to find an illegal case marking for the less restrictive syntactic context. By definition, a
less restrictive context in a language with flexible word order like Russian allows all the case
markings for the nouns immediately after the verb. In such case, if morphology is integrated
during pre-lexical word identification, then the evidence of preview manipulation might not
emerge until later measures (e.g. first pass, regressions or total time). A possible solution could
be to obtain an acceptability rating for a variety of case marking continuations and choose a less
acceptable case. A second best but practically more feasible option is to use legal previews
across syntactically more restrictive and less restrictive contexts. In such a case the
morphologically related condition for the object in VSO could be Genitive (instead of
Nominative case, as used in the present experiments).

A third possible factor that could have contributed to the differences between nouns and

verbs relates to the differences of morphology manipulated for nouns and for verbs. The
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morphologically related previews for the nouns manipulated the relational aspect communicated
by the case marking, while for verbs it was the number feature. It is still not quite clear how
plurality is computed online. Some researchers (e.g., Eberhard, Cutting, & Bock, 2005) believe
that the number feature is communicated primarily by the noun (subject) and then is copied over
to the verb (predicate). While other researchers (e.g. Vigliocco, Hartsuiker, Jarema, & Kolk,
1996, Vigliocco & Franck, 2001; Vigliocco & Harsuiker, 2002, among others) believe that the
number from both the subject and the predicate (the noun and the verb) are read individually and
then merged together to form one number entity (See Bock & Middleton, 2011, for a recent
review of the research on this issue). Under the minimalist view advocated by Eberhard and
colleagues (2005), the manipulation of the number for the preview condition is not the most
desirable since it might not be used for lexical access during early stages initiated in the
parafovea. The manipulation of the number in the verb is also not the most desirable under the
maximalist view advocate by Vigliocco and colleagues. It is not quite clear whether the merging
of two number categories from the subject and the predicate are initiated during lexical access or
at a later stage. As a result, the use of a past tense verb form and the manipulation of the gender
instead of the number, as proposed in the previous section, could help disentangle the
contribution of attentional processes versus the structural processes for the parafoveal processing
of morphology in verbs.

The experiments reported in this dissertation reveal a highly interactive relationship
between lower level and higher level factors and the allocation of cognitive resources during
silent reading in Russian. However, further research is needed to investigate the exact nature of

the observed interactions.
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Parafoveal Morphosyntactic Processing in L2 Learners

Experiment 4 provided clear evidence that L2 learners do not integrate parafoveal
information to the same degree as native speakers. Moreover, the results indicated that L2
learners were not sensitive to the predictability of syntactic context. However, it is too early to
state conclusively what exactly is causing such insensitivity. Inflated times across early and late
measures indicate that all stages of word identification are impacted: orthographic decoding,
lexical access, and post-lexical integration.

The participants in the present experiment are all beginning learners of Russian who have
studied Russian in a classroom setting for about three semesters. Their exposure to the Russian
language consisted of one hour teacher-lead instruction twice a week with some additional
exposure as part of the homework. As a result, the results obtained during Experiment 4 reflect
the very initial stages for beginning learners of a language that is significantly different from
their native language. A follow-up study with intermediate and advanced learners of Russian,
possibly with participants who have lived in Russia for an extended period of time, will attempt
to capture developmental changes in parafoveal processing in L2 reading.

To complicate matters, parafoveal processing in L2 has not been investigated either in
Russian or in any other language to date. However, there has been some work on parafoveal
processing by older and younger readers in their native language that might be relevant to the
development of parafoveal processing in L2.

Rayner, Castellano, and Yang (2009) used the moving window paradigm (McConkie &
Rayner, 1975) in a series of experiments to compare the perceptual span of older and younger
readers. They found that when two or three words to the right of fixation where displayed and the

rest of the sentence was masked with X’s, older readers’ reading speed was significantly slower
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than without any masking. For younger readers, a three word condition did not differ from the
unmasked condition, and the two-word condition reduced the reading speed only slightly. The
results suggest that the area of active vision to the right of the fixation for older readers is
reduced by at least two words.

In a follow up study, Rayner et al. (2009) found that a condition where a word to the left
of the fixation was available along with the target word that was fixated improved reading speed
significantly for older readers more than when only the fixated target word was available.
Although young readers were numerically slightly faster in the condition when the word to the
left of the target word was available along with the target word, there was no significant
improvement in the reading speed as compared with the one word condition. The results lead
Rayner and colleagues to conclude that the perceptual span of older readers is less asymmetric.

In a study examining the nature of parafoveal processing of the word to the right of the
fixation in older readers, Rayner and colleague (2010) conducted a boundary change paradigm
experiment with two invalid conditions: the first three letters were the same as the target
(abdcnor for abdomen) or visually similar (ohbcnor for abdomen). There was no difference
between the preview benefit effects for the preview with the same initial letters and visually
similar letters regardless of the age group, suggesting that both groups pre-processed the word to
the right of the fixation at the orthographic level. This evidence provides indirect support to the
findings reported in this dissertation that suggests that in Indo-European languages parafoveal
processing of linguistic information is associated with lexical access and does not come on-line
during between word processing.

Rayner and colleagues (2010) reported that the preview benefit effects for an identical

condition as compared with the visually similar condition at gaze duration and go-past time were
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attenuated for older readers as compared to younger readers. Since gaze duration reflects stages
of lexical access, researchers have concluded that lexical identification for older readers is
impaired during silent reading, possibly due to a less asymmetric perceptual span.

It has been suggested that either the physiological characteristics of the aging visual-
processing system or the nature of cognitive attentional processes in older readers could be the
reason for the reduced perceptual span in older readers (although these two possibilities are not
necessarily mutually exclusive). The physiological characteristics of the visual system for the L2
learners in the present study were more comparable to typical younger readers and therefore
cannot be a significant factor affecting parafoveal processing. However, effortful reading in L2
could have affected attentional processes in the participants in the present experiment and
resulted in a more symmetrical perceptual span. Additionally, there is independent evidence that
L2 learners perform quite similar to the native speakers who are under stress (McDonald, 2000;
2006). If L2 learners, whose physiological characteristics are more comparable to younger
readers in studies of native speakers, perform similarly to older readers, this suggests cognitive
causes for their inability to process information parafoveally during reading.

In support of this hypothesis, the perceptual span for beginning native language readers is
also reduced (Haikio, Bertram, Hyona, & Niemi, 2009; Rayner, 1986). However, evidence from
the disappearing text paradigm, in which text disappears from the screen subsequent to fixation
after a short (approx. 60 ms) time lag (Rayner, Castelhano, Yang, Liversedge, 2011), suggests
that foveal lexical access of short to medium words (4-6 characters) for children as young as 8
years old is qualitatively the same as compared with proficient readers (Blythe, Liversedge,
Joseph, White, & Rayner, 2009). Recently, Blythe, Haikio, Bertram, Liversedge, and Hytna

(2011), in a study using disappearing word paradigm, found that refixations rates for 8-year-old
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children where significantly higher than 10- and 11-year olds and adults. This suggests that word
length modulates initial stages of lexical access only for beginning readers. This finding is
relevant for the results obtained in the present experiment. L2 learners who participated in the
present experiment are at the very beginning reading stages. As a result, their perceptual span
and lexical access could have very well been affected in a way similar to beginning readers in
their native language.

There is no record of active research on developmental stages of between- and within-
word attentional processes, either in older adults or in beginning readers of a native language or
L2 readers. More research is needed to investigate the exact nature of the relationship between
the attentional processes and word identification stages for L2 learners along with the

development of syntactic predictability in L2.

Conclusions

The experiments reported above provide an unambiguous demonstration that
morphological information is integrated parafoveally in Russian nouns as part of lexical access.
When integrated, morphology is modulated by the syntactic context of the active sentence. An
investigation of between-word processing for nouns and within-word processing for verbs
demonstrated that allocation of cognitive resources can modulate the availability of higher-level
information in the parafovea. Future research is needed to understand the relationship between
non-linguistic and linguistic factors in the allocation of attentional resources and how
mechanisms of word identification interact with post-lexical processes in silent reading.

This is the first attempt to understand the nature of parafoveal processing in L2 learners

in any language. More research is needed to understand the processes of parafoveal integration
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of low-level information, such as word length and different script (Cyrillic), along with higher-
level information such as morphology and syntax.

Currently it is not clear whether the eye movement measures of L2 learners correspond to
the stages of word identification in the same way as those of native speakers (e.g. first
fixation=orthographic decoding; gaze duration=lexical access; go-past time = post-lexical
integration). How is orthographic decoding of the script that is different from the native (Cyrillic
vs. Latin) performed? Do L2 learners get the same detailed input as native speakers during the
first fixation on the word that is sufficient for the initiation of lexical access? Is there any
competition from letters that are visually identical to but phonologically different from letters of
the native alphabet? For example, cop is pronounced /kop/ in English and means policeman, but
the same combination of letters is pronounced /sor/ in Russian and means garbage. Is lexical
access completed for L2 learners once they move their eyes off the word to the right? How is
syntactic information from the word integrated? These and related questions need to be

addressed in future studies.
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APPENDIX A:

STIMULI USED IN EXPERIMENT 1 AND 4

Stimuli are created from the base sentence (VSO) by switching positions of the
arguments (VOS) and by providing different previews.
Cpemu 6ana uckan npuHINOM nakestACC He oOpamiasi BHUMaHUS Ha CYeTy.
In the midst of the ball looked for the princeNOM the servantACC despite the commotion.
Cpemu 6ana uckan takeiNOM mpuanaACC He oOpaiias BHUMaHHS Ha CYETy
In the midst of the ball looked for the servantNOM the princeACC despite the commotion.
VSO:Obiject target — identical preview
Cpenu 6ana uckan MpUHIL Jakesi He oOparas BHUMaHHs Ha CYETy
VSO:Object target - morphologically related preview
Cpenu 6ana uckai MpUHIL Jake He oOpalasi BHUMaHUs Ha CYyeTy
VSO: Object target — nonword preview
Cpenu 6ana uckas MpUHIL Jakea He oOparas BHUMaHHs Ha CYETy
VSO: Subject target - identical preview
Cpenu 6ana uckan Jakel nmpuHIa He oOpariasi BHUMaHUS Ha CYeTy
VSO:Obiject target - morphologically related preview
Cpenu Oasia Mckal J1akest IPUHIL He oOpalasi BHUMaHMsI Ha CyeTy
VSO: Subject target - nonword preview

Cpezu/l Oaa ucka JIAaKCA IIpUHIA HE o6pau1a;1 BHUMAaHHS HaA CYCTY

The rest of the stimuli are given in the base (SVO) form.
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PacuycrBoBaBmuce, xxeHuXNOM TecTsACC npurnacuii OTIOXHYTh U ChE3UTh Ha PHIOAIIKY.

Being emotional, invited a son-in-lawNOM his father-in-lawACC to go fishing.

Vxons u3 komHatel 6apuHNOM ciryre ACC cka3ai HECKOJIBKO CIIOB.

Leaving the room said a masterNOM to his servantACC a few words.

B cBoém 3amke 6apoHNOM xHs31ACC BeTpeTHit JTF00E3HO U ¢ OOJIBITUMU MTOYESCTSIMH.

At his castle meat the baronNOM the dukeACC with grace and high honor.

Onnaxas! mpurinacui 3BeHKNOM BoxsACC moroBopyTh 0 €ro MpoIaBiieM OTIIe.

Once invited the evenc (Eskimo)NOM the chiefACC to talk about his father who disappeared.

Ouenp yacto naraaNOM cynproACC BuieT TOJBKO TIEpe]] HCIIOJTHEHUEM TIPHTOBOpa.

Very often saw executionerNOM the judgeACC right before the execution of the sentence.

Hexkotopsie mymarot, uro BocnuThiBaeT mkoJIaNOM cempioACC u Ha000pOT.

Some think that educated schoolINOM familyACC and vise versa.

Bcerna uysctByer ntuiiaNOM 3BepsACC B ecy uiu B moJie.

Always senses birdNOM animalACC in the forest and in the field.

B name Bpemst konmupyet criecHaNOM ymuiyACC i Ha000poT, TPYIHO pa300paThes.

In our time whether copies stageNOM streetACC or vis versa hard to understand.

Omn ne 3nan BktoyaeT ToukaNOM a0 ACC B 3T0i1 Qurype uiu Her.

He did not know if included pointNOM lineACC in this figure or not.

Ene-ene yaepxxuana creHaNOM xpoimryACC ot pacnajia B pa3pylieHHOM JIOMeE.

Hardly supported walINOM roofACC from falling apart in the demolished building.

B knure BociuteiBaet repoiiNOM apmutoACC yepes yepeny KU3HEHHBIX CUTYaLUH.

In the book educates charachterNOM armyACC through a series of live situations.
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OH BepuJ1, UTO MPEKPATUT HAyKa BOWHY U CTapaJiCsi BCEX B 3TOM YOEIUTh.

He believed that will stop scienceNOM warACC and tried to persuade everybody.

[To xoxy neiicrBust 3ameyaet TocTbNOM komkyACC 1 BBIXOANUT M3 KOMHATHI.

During the story notices guestNOM catACC and leaves the room.

B nmoxe 3aropaxuBaina jogkaNOM nockyACC OporieHHyI0 Y MOCTKA.

In the dock blocked boatNOM logACC left by the bridge.

B kopunope npukpeiBasia cymkaNOM mrankyACC nexanryro Ha cTye.

In the hall covered bagNOM hatACC on the table.

B sroii ckazke npurnacuna nudppaNOM 0ykByACC nmomMepsTsest CHIIaMH.

In this tale invited numberNOM letterACC to test who is stronger.

ITo nerenne mpocut BoaHaNOM ckanyACC copsitath €€ OT BeTpa.

According to the legend asks waveNOM cliffACC to hide it from the wind.

B xyxue nornana meimkaNOM kpeicyACC u nepBasi cxBaTuiia Choip.

In the kitchen raced mouseNOM ratACC and first took the cheese.

VY manseima gqoctaét HoxxkaNOM pyukyACC odeHb Jierko, He Kak Y B3pOCIIbIX.

As a baby touches footNOM hand ACC very easy not as an adult.

Bce cunranu, uro npogomxuia nbecaNOM kuuryACC ouyeHb yaayHo.

Everybody believed that continued playNOM bookACC very successfully.

B capae 3acnonsina py6aNOM neukyACC B yriy y CTEHBI.

In the shed blocked chimneyNOM ovenACC in the corner by the wall.

Bcee Buzenu, uro 3anena 6oM6aNOM mnutyACC Bo 1BOpe pa3pylIeHHOro JJoMa.

Everybody saw that touched bombNOM blockACC in the yard of the broken house.
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N3-3a mecornmacoBannoctH npeppaina nay3aNOM necaioACC B ipsimoM adupe.

Due to the lack of coordination interrupted PauseNOM songACC in the air.

Kak-To pa3 npazauna maakaNOM BetkyACC Ha omymike Jieca.

Once teased stickNOM branchACC on the meadow of the forest.

B toT Beuep ocranoBmia TommaNOM 6anayACC Ha miomaay mepex OaHKoM.

That evening stopped crowdNOM gangACC in the square by the bank.

Ha sixte coenuusina kyxasiNOM karotyACC ¢ BBIX0Z0M Ha namyoy.

At the yacht connected kitchenNOM sleeping room ACC with the exit to the deck.

Nz nanm 3ametwt roHomaNOM onerssACC 3acThIBIIETO 32 KYCTOM.

From afar noticed young manNOM deerACC hiding in the bush.

brio cneirHo, kak 3anena 10xkaNOM gamkyACC 1 mokaTtuiack mo CTody.

It could be heard how touched spoonNOM cupACC and rolled on the table.

B remnore ocetnna mamnaNOM cBeuyACC Ha OKHE M CTYN B yIIIy.

In the darkness light up lampNOM candleACC in the window and a chair in the corner.

C mops 3aropakuBaiia 6amrHINOM cocayACC Ha rope y neca.

From the sea blocked towerNOM pine treeACC on the mountain by the forest.

Ha ¢one mnama orrensna nusimaNOM neatyACC 6upro30Boro sera.

With the cloak as a background contrasted hatNOM ribbonACC of teal color.

On nonuma, yro ycunusaia cyeTaNOM 3106yACC u Hazio ObIJIO yeAUHUTHCS.

He realized that increased commotionNOM hatredACC and he had to withdraw.

B u36e otropaxusana naBkaNOM koiikyACC oT 3aHaBEIICHHOTO OKHA.

In the house separated benchNOM cotACC from the blinded window.
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brino BugHO, uto xaneet B1oBaNOM BosikyACC u moMoraer 4emM MOKeT.

It was obvious that took pity widowNOM warriorACC and helped the best he/she could.

[Tpu ronocosanuu noanepxkana JlutBaNOM KoperoACC Ha nociienneii Bcrpeue.

During voting supported LithuaniaNOM KoreaACC at the last meeting.

B 300omnapke paccmarpuBaet yaiikaNOM rankyACC ¢ 3aMeTHUM YIHBIICHUEM.

At the Zoo examines see gulINOM robinACC with noticeable surprise.

[Tpu kpymenun 3aaena mymkaNOM mauryACC u ckatunace ¢ mamxyOsbl.

During shipwreck touched canonNOM pollACC and rolled off the deck.

B otkpsiTtom Mope o6onuia mxyHaNOM akynyACC u ckpbuTach U3 BHIY.

In the open sea passed boatNOM shark ACC and disappeared from sight.

B uynane 3aropaxuBana meTiaNOM mérkyACC 1 COBOK 3a SIIITUKOM.

In the closet blocked broomNOM swifferACC and a shovel behind the box.

Xopomo gomnosaseT rpyimaNOM srogyACC u tuMoH Ha HaTIOPMOPTE.

Very well complemented pearNOM berryACC and lemon on a picture.

Panneit BecHoit otropoauina 6akaNOM nmoiimyACC mocrie pa3imBa pekH.

Early spring separated ditchNOM shallow waterACC after the ice melted on the river.

B HoBoI1 nexoparuu 3amensieT mmaraNOM cabmroACC Ha neBoi cTeHe.

In the new decoration replace swardNOM daggerACC on the left wall.

Bcee ycnbimanu kak 3agena gpusasraNOM ¢unkyACC ynas co croina.

Everybody heard that touched fluskNOM knifeACC as it fell off the table.

B cnanene npukpsuia maiikaNOM kenkyACC Ha kparo KpoBaTH.

In the bedroom covered undershirtNOM hatACC at the edge of the bed.
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Han xamuaom nonosasiia kackaNOM mackyACC ¢ cuHuM mepom.

Above the fireplace complemented hatNOM mask ACC with the blue feather.

[Mocne Oypu nckana maenaNOM matkyACC y pa3pylmeHHOTO yiIbsl.

After the storm looked beeNOM queen beeACC by the broken beehive.

VYmnag ¢ Betku 3anena noukaNOM mumkyACC nrexaBinyro Ha 3emMiIe.

Falling off the branch touched budNOM pine coneACC lying on the ground.

C o6epera oraensia BuiaNOM ropkyACC ot neca.

From the shore separated villaNOM hillACC from the forest.

Ha Boctoke coemuasiia comnkaNOM 0yxtyACC ¢ moayocTpoBOM.

On the east connected mountainNOM lagunaACC with the semi-island.

[Tocne o6Bana moanepxkuBana riasi0aNOM BeimkyACC 10BOBHO 10JITO.

After the slide supported rockNOM towerACC for quite sometime.

N3-3a 6ecniopsinka 3aropoauiia MuckaNOM 6ankyACC Ha cToure.

Due to the mess covered plateNOM jarACC on the table.

Ha crone 3akppuia apumaNOM kapTtyACC B cTonke Oymar.

At the table covered announcementNOM mapACC at the pile of papers.

Ha nonsine otropoauna maxraNOM tponyACC ot oOpbiBa.

At the field separated a mineNOM pathACC from the cliff.

B kabunere 3akpbiBana pamkaNOM nankyACC Ha croue.

In the study blocked frameNOM folderACC on the table.

Ha ceBepe otropomia amiesNOM peukyACC ot mocce.

In the north divided alleyNOM riverACC from the highway.
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Vixe naBao nomnepxuBaet 3MutaNOM ¢pupmyACC OGaronaps XOpoImM CBSI35M.

For a while supports eliteNOM companyACC due to good communication.

B HoBOI1 kBapTHpe paznensuia KyxHsNOM BarayACC u Kopumop pacmupsis )KHIy0 KOMHATY.
In the new apartment divided kitchenNOM bathroomACC and hallway widening the living

room.

Koe-rae noxpeiBana rimmaaNOM 3emmtoACC B 3T0i1 yacTu TYHIPEI.

In some spots covered clayNOM groundACC in this part of tundra.
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APPENDIX B:

STIMULI USED IN EXPERIMENT 2

Stimuli are created from the base sentence (VSO) by switching positions of the arguments (VOS)

and by providing different previews.

B tome 3ametnna koppecnorieaTkaNOM paszsequnityACC 0 KOTOpoii TTUcalid BCe Ta3eThl.
In the crowd noticed journalistNOM spyACC about whom all newspapers wrote.

/ B Tonme 3ametnna pazseqauiiaNOM koppecronieaTkyACC 0 KOTOpoii ucaiy Bce ra3eThl.
In the crowd noticed spyNOM journalistACC about whom all newspapers wrote.

VSO: Object target — identical preview

B Tonmne 3ameTriia KOppeCnOHACHTKA pa3BeAUUIly O KOTOPOH MUCAIIA BCE Ta3€ThI.

VSO: Object target — morphologically related preview

B Tomme 3ameTnna KOPpECIIOHJACHTKA pasB€auunna o KOTOpOfI IIMCaJIn BCC I'a3€ThI.

VSO: Object target — nonword preview

B Tonme 3ameruia KOPPECIIOHACHTKA pa3sBeaAuuna O KOTOpOI71 IINCaJIu BCC I'a3€THhI.

VSO: Subject target — identical preview

B Tonme 3ameruia pasBeaunia KOppeCIoHACHTKY O KOTOpOﬁ IIHUcCajJin BCC ra3cThl.

VSO: Subject target — morphologically related preview

B Tonme 3ameruia pa3Beauuny KOppeCriOHACHTKY O KOTOpOﬁ IIHUcajin BCC ra3cThl.

VSO: Subject target — nonword preview

B tonme 3amernna pa3BcuuIA KOPPECIIOHACHTKY O KOTOpOfI nrucajin BCC ra3cThl.
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The rest of the stimuli are given in the base (SVO) form.

Kaxnpiii nenp cayman nonkoBoaeiiNOM nosenutenstACC uuHHO M 6JarocTHO.

Every day listened commanderNOM rulerACC with poise and awe

Opnnako 3armomumn onepatuBHUKNOM napymuTensACC 4eTtko u SICHO.

In particular remembered the detectiveNOM the transgressorACC clearly and in detail.

B uepa yrpowm cripocun nporpaMmmuctNOM nomb3oBatenssACC o HOBOW () yHKITHH.

Yesterday asked the programmerNOM the userACC about the new function.

06 omacaoM BeIe3e mpexynpeana ¢enpamapmaINOM TenoxpanutensACC 3agonro 1o
HETO.

About a dangerous trip warned the chief commanderNOM the bodyguardACC well in advance.

3a Bkiag B obmiee neno Omaromapun aptuiuiepuctTNOM m3o6peratenssACC mepen Bcemu.
To the contribution into the common success thanked the cannon specialistNOM the

inventorACC in front of everybody.

B utore nactur 6om6apaupomukaNOM uctpedutenstACC no3aHo Beuepom.

In the end caught up the bomberNOM the fighterACC plane only late at night.

Torga Beicnyman cocnykuBeiNOM namsuparensstACC tuxo 6e3 cropos.

Then listened the co-workerNOM the prison guardACC quietly without arguing.

Hepenko crumymupyer kanutanuct NOM notpebutensACC depe3 pbIHOYHBIE OTHOIICHHUS.

Often stimulate the capitalist NOM the consumerACC through the market relations.

Juem mpurnacun noanokoBHUK NOM mpousBoautensACC ocMOTpeTh YCTaHOBKY.

During the day invited the lieutenant cornel NOM the manufacturerACC to examine the missile.

Ha o6parnom nmytu y3uan cootedectBeHHUK NOM mpennpuanmarensstACC Tolbko B
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Io€31¢€.

On the way back recognized the compatriot NOM the entrepreneurACC only on the train.

Henemnto nazan ysunen koppecnongaeaT NOM uccrnenosarens ACC mepBsiii pas.

Week ago saw journalistNOM researcherACC first time with moment.

B 3akmouenne ormernna agMuaACTpaimsiNOM kopriopammoACC 3a momMonib B MPOBEACHUN
MEpPOTPUSTHSL.

At the end noted administrationNOM corporationACC for help in the organizing the envent.

Kpowme toro 6maronapuia accorparmmstNOM npokyparypyACC 3a oka3aHHYIO TTOMOIIIb.

Besides thanked associationNOM defence attorneyACC for help.

B niepepsise nozapasmina pykooautensHIIIaNOM nepeBoauuiryACC ¢ 1HEM poKICHUS.

During break congratulated managerNOM translatorACC with her birthday.

OkazeiBaetcs uto cororpaduponana memsaauaNOM npenogaBatensHUIyACC yxe mocne
BBIITyCKA.

It turns out took picture neiceNOM teacherACC after graduation.

3a ctosiom 3ameruiia nocetTutedbHUIIANOM odunmantkyACC B cepoit kodTouke.

At the table noticed visitorNOM waitressACC in gray shirt.

[Tocne copeBnoBanmii Bcrpetuina nodeautenbHUIIaNOM cooteuecTBeHHUIYACC ¢ G0JIbII0M
PasoCThIO.

After competition meat winnerNOM compatriotACC with great joy.

Beuepom nonesna poacrseHHuIaNOM HeznakoMkyACC no mytu 10MO#.

In the evening gave ride relativeNOM strangerACC on the way home.

Onnako Hakopmuia komcoMonkaNOM kpectbssHkyACC 6e3 BCSIKHX pacipoCoB.
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It turns out fed comsomol memberNOM peasantACC without questioning.

3arem nonpocwia npoaasmuiiaNOM nokynatensauyACC 3aaepkarbcst He HAIO0MTO.

Then asked sellerNOM customerACC wait a little.

O6epuyBmuck yBuaen axmMuaucTparopNOM m3buparensACC kpaem riiasa.

When turn back saw administratorNOM voterACC in the periphery.

Ha Bok3zaie cipocuna cobeceqanaNOM myremectBeHHUITYACC 0 pacmicaHuy mOe3 0B.

At the railway station asked interlocutorNOM travelerACC about the train schedule.

B xomHuare 3aropaxuaia neperopoakaNOM anmapatypyACC u BBIXOJ B KOPHIOP.

In the room covered screenNOM apparatusACC and the exit to the corridor.

Bckope 3acék mynmemérunkNOM nabmonatenss ACC BbICOKO Ha rope.

Soon spotted shooterNOM watcherACC high on the mountain.

Bwmecte co Bcemu no3apasiist koMmo3uTopNOM ncnionanTenstACC cTos Ha IBITTOYKAaX.
Together with everybody congratulated composerNOM performer ACC standing on his tippie

toes.

3a nonepkky otMmetni ryoepHaropNOM no6enutenss ACC CaMbIM MTepBbIM.

For support noted governorNOM winnerACC first.

3a nokynky no6mnarogapui kommepcadTNOM nokynatensstACC nudHO cam.

For the purchase thanked enterpreneurNOM buyerACC in person.

[Touemy pyraer 6e3ae1-HUKNOM npenonaBatenss ACC sicHO ObLIO BCEM.

Why resented slothNOM instructorACC was clear to everybody.

Ha tperuii nenp Bctpetnn 3aBeayomuiiNOM nocetutenssiACC npsimo B doiie.

On the third day meat supervisorNOM visitorACC right in the hall.
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Ouens pesko kputukoBasa koHTppaseakaNOM crnenciayx0yACC Ha cTpaHuiax raser.
Very heavily criticized military intelligenceNOM federal buroACC on the pages of the

newspapers.

B Tot nens npoxaan apxutekTopNOM crnenosarensACC ouens mo0Jro.

That day waited architectNOM detective ACC quite awile.

Ba gas Hazan npexynpeania anMuaucTpatopNOM pykooutensACC o HexBaTKe CPEJCTB.

Two days ago warned administratorNOM managerACC about the lack of funds.

Omnaxner Berpeyaetr amepukankaNOM anrmmaankyACC Ha mokasze MOI.

Once meat American womanNOM British womanACC at a fashion show.

B urore namén tpakropuctTNOM mpencenarenssACC mo3aHo BeuepoM.

Finally found tractor driverNOM kolhos chairACC late at night.

06 stom cripocmiia opunmanTkaNOM yuntensaunyACC B kade "Pocunka.

About this asked waitressNOM teacher ACC at the café”’Rosinka”

ITocne Bcex coOwiThii 3akpruia koMmeHaaTrypaNOM opranuzanuoACC odeHb OBICTPO.

After all events closed committeeNOM organizationACC very quickly.

A y Bac 3amenuna craructukaNOM nurepatypyACC B Bamiem oTuére.

With you replaced statisticsNOM literatureACC in your report.

Kak B cka3ke He nmoitmer 6e3nenpHuiaNOM TpyxkennninyACC HUKOTa, TaK U B )KU3HU ObIBaeT.
As it is in fairytales that the lazy personNOM never understand a worker beeACC it is te same in

the real life.

ITo mpocrbe aupekropa BbI3Bana 3aBenyromasiNOM cexperapmryACC cpasy nocne odena.

At the director’s request called supervisorNOM secretaryACC right after lunch.
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B tom 6010 3amenmna apromatuniiaNOM nyneméruniryACC B xeHCKo# Opurae.

In that battle replaced a gun fighterNOM a gun machine operatorACC in the women’s brigade.

bmmxe x Beuepy cnpocuia tenerpaguctkaNOM mudposanbumiryACC o nmociegaem
coo01ieHnu ¢ GpoHTa.

Later in the day asked operatorNOM stenographerACC about the latest news from the front.

[Toxa xgana mosenutensHIIIaNOM npucnyxanyACC paspasuinack CHibHas rpo3a.

While waited rullerNOM maidACC a heavy storm broke.

Ho tyt HeoxumanHo mopiepkaina nHTeumreHnmsINOM nemonctpamuioACC Bompekn ompocam
0OII[ECTBEHHOTO MHEHHUS.

But suddenly supported intelligentsiaNOM demonstrationACC despite all the public polls.

On cuutan yto noptuia puznoHoMusINOM dororpaduro ACC koTopas u Tak ObljIa HE B CaMOM
nydrieit popme.

He thought that spoiled appearanceNOM pictureACC that was not in the best shape.

B name Bpemst mpousBoaut ruBuin3amsiNOM uadopmannoACC minm Ha000pOT MOHATH

TPYIHO.

These days produces civilizationNOM informationACC or vise versa hard to understand.

[Tocne ucnwitanuit coceM nzMenuina MHCTPYKUUANOM skermnyaranuio ACC storo npubopa.

After testing completely changed instructionNOM usage ACC of this machine.

[Toutn Heaemto uckana tenerpaMmMaNOM skenenuiroACC 1o pa3HbIM OKpyram.

Almost a week searched telegramNOM expeditionACC through different districts.

Bomnpoc o Tom kak nononuseT ncuxonoruiNOM matematnkyACC Obu1 ero JIF0OMMBIM KOHBKOM.

A question about how completes psychologyNOM mathematicsACC was his favorite topic.
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B npuropone 3amensiet anekrpuukaNOM apromamuayACC B 3aBHCHUMOCTH OT H3MEHEHUI B
T0XOJIE.

In the suburbs replaces trainNOM carACC depending on the change in the income.

B xomHuare 3akpuBana teiorpeiikaNOM ckynpntypyACC nexaniyro y CTeHBI.

In the room covered a coatNOM a sculptureACC laying by the wall.

[Tocne aBro-moy mpuritacuia aBroMoommrcTkaNOM morommkmetkyACC k cebe B rocTu.

After the autoshow invited a car driverNOM a motocycle riderACC over for a visit.

On cuunran gyto omoria myomkanusiNOM mucceptammn ACC B caMblil KPUTHIECKHI MOMEHT./

He thought that helped publicationNOM dissertatioACCn at a most critical moment.

[Tocne Bcrpeun mobnaronapuia nenoaauTenbHUIIANOM sxypramctkyACC 3a xopomuit
TPUEM.

After the meeting thanked performerNOM journalistACC for a good reception.

Tonbko Buepa cripocuiia uccienoBareabHUIIANOM mabopantkyACC o HoBoOM mpubdope.

Only yesterday asked researcherNOM lab assistantACC about the new apparatus.

[Touemy xBanmuna paguoctaniusiNOM opranm3anntoACC octanock TaitHOM 1S BCEX.

Why praised radio station NOM organizationACC remained a mystery for all.

Ha cammuTte o6Bunmia BenukooputanusiNOM benopyccutoACC B HapyllieHUHU COTIalIeHUs.

At the summit accused Great BritainNOM BelorussiaACC of breaching the agreement.

Hamuoro yiryduiniia KOMIo3nnus roCTaHoOBKY B MocjaeaHen BCEpPCHUH.

Significantly improved compositionNOM productionACC in the last iteration.

B oxTs6pe pexomennoBana aexknapanusiNOM koncTuTynioACC npeuiokeHHYI0 HOBBIM

MMPaBUTCILCTBOM.
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In October recommended declarationNOM constitutionACC offered by the new government.

On Bepui1, uto npenoTeparmia komanaupoBkaNOM karactpodpyACC n3MeHUBIIYIO OBl BCIO €T0

KHU3Hb.

He believed that stopped business tripNOM catastrophyACC that could change his whole life.
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APPENDIX C:

STIMULI USED IN EXPERIMENT 3

Stimuli are created from the base sentence (SVO) by switching positions of the arguments (OVS)

and by providing different previews.

Tax yx 3aBeneHo uto npeacenatesbNOM npencraBnsaerSG ciorcopaACC Ha mocieaHeM
yupeaAUTEILHOM COOpaHUM roa.

It is a custom that the chairNOM introduces sponsorACC at the last executive meeting of the
year.

/Tax yx 3aBeaeno uto npeacenaarenstACC npencrapisserSG cnoncopNOM Ha nocnennem
y4peIuTeIbHOM COOpaHuy To/1a.

It is a custom that the sponsorACC introduces the chairNOM at the last executive meeting of the
year.

SVO: identical preview

Tak YK 3aBCJICHO 4YTO MpeACEaaTE/Ib MPEACTABIIAET cn0Hcopa Ha NOCJICAHEM YIPCAUTCIIbHOM
coOpaHuu roja.

SVO: morphologically related preview

Tak YK 3aB€JICHO 4YTO MMPEACEAATEIIb TPEACTABIAIOT cnoncopa Ha NOCJICAHEM YUPCAUTCIIbHOM

coOpaHu# roja.
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SVO: nonword preview

Tak YK 3aB€JICHO 4TO IpeAcCeaAaTeiib NPEACTABIIAAT CIIOHCOPA HA MOCICAHEM YIYPCIAUTCIbHOM
coOpanuu roja.

OVS: identical preview

Tak YK 3aBCACHO YTO NPEACCHAATEIIA IMPEACTABIIAET CIIOHCOP HA MOCICIHEM YUPCAUTCIbHOM
cobpaHuu roja.

OVS: morphologically related preview

Tak YK 3aBCACHO YTO MPEACCHAATEIIA MMPEACTABIIAIOT CIIOHCOP Ha MMOCIICAHEM YUPCAUTCIIBHOM
cobpaHuu roja.

OVS: nonword preview

Tak yx 3aBeIEHO UTO IpeAceaaTestsi NPeACTaBIAAT CIIOHCOP Ha MOCIEAHEM YUPEIUTEIBHOM

cobpaHuu roja.
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The rest of the stimuli are given in the base (SVO) form.

B xonrie nekruu npodeccopNOM nokaseiBaerSG ctyneaTyACC cBou t0OMMBIE TPOU3BEICHUS
HCKYCCTBA.

At the end of the lecture professorNOM shows to studentACC his favorite masterpieces.

[Tocne cronmpkux et koMmanaAupNOM BcioMuuaeTSG 60UaACC ¢ TerioToi 1 60JIBI0 B
cepale.
After many years the commanderNOM remembers the solderACC with warmth and sorrow in

his heart.

Penxo 6s1BaeT uto BeaymmitNOM npemmaraer urpokyACC crenats nepephis.

It happens seldom that the hostNOM offers the playerACC to take a break.

V¥ nac B cembe 0a0ymkaNOM nanmomuuaet BHYkKYACC y KOro Korja AeHb POKICHHS.

In our family grandmotherNOM reminds her grandchild ACC whose birthday is when.

Yamre Bcero rumiNOM ocranaBimmBaeT paboTHUKAACC 13-3a CUITBHOTO TIIyMa B 3aJie.
More often then anything the tour guideNOM stops the workerACC of the museum due to high

level of noise.

Kak Bcerna MiBanoBNOM ycmexaercs [letpoByACC u3-3a Toro uto ciny4dusiock ¢ CHAOpPOBBIMHU.

As usual lvanovNOM smiles PetrovACC because of what happened to Sidorovs

Yacro xorga tpenepNOM noanepxkuaer cnopreMeHaACC To U cOOPBI TPOXOIAT JTy4ILIe.

Often when the coach NOM supports the athlete ACC the training goes better.

Bcero 3a tpu n1us 6patNOM ycrpauBaet cectpyACC B 0011eKUTHE OT KEJIE3HON JOPOTH.
Only in three days brotherNOM found a place for sisterACC in the dorms for the railroad

workers.
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Kaxnprii pa3 6puranupNOM npensitctByer padouemyACC korna mogHuMaeTcs: BOIpoc O
mrpadax.
Every time the lead workerNOM puts obstacles for the workerACC when the question of fees

come to be discussed.

[To cuenapuro BanenTnraNOM cripammBaet BacmmncyACC o TOM 4TO MPOU301ILIO.

According to the script ValentinaNOM asks VasilisaACC about what happened.

[epen 6ankerom 6ankupNOM npexacrasnser purancuctaACC cBOUM Ipy3bsiM.

Before the reception bankerNOM introduces financial specialistACC to his friends.

Mo o6bruato sxeHnxNOM mokazbiBaeT HeBecTyACC BceM pOJCTBEHHHKAM.

Accordign to customs groomNOM showes bride ACC to all relatives.

briBaet gacto uro cecenkaNOM u3nonb3yer cocenkyACC maxe He 1o103peBast 3TOTO.

It happens often that neighborNOM uses neighborACC without suspecting it.

ITo croxxery 6a6ymkaNOM o6HapyxuBaeT BHYUKyACC crismeid Ha TuBaHe.

According to the story grandmotherNOM found granddaughterACC sleeping on the sofa.

He monomoi#t dotorpaNOM nanmomunaet kimeHTaACC ero 6Ju3KOMY POJICTBEHHUKY.

Not young photographerNOM reminds clientACC to his close relative.

Ouensp yacto BansasNOM npemiaraer JJume ACC momMoup ¢ JOMAITHAM 3aJaHUEM.

Often VanyaNOM offersDimaACC help with homework.

Mexnay nexkuusmu ctyneHTNOM 3aroBapusaet ctyieHTaACC Tak yTo 00a y:Ke HUUero He
MTOMHSIT.

Between seminars studentNOM talks to studentACC so much that both remember nothing.

ITocne cobpanus corpynHukNOM octanasnuBaet pykoBoguTeIstACC o0CyanuThs mociaeHuil
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ITYHKT.

After the meeting workerNOM stops supervisorACC to discuss the last point.

bruno He sicao HaganbHUKNOM ucHbIThIBaeT moquuHeHHOTOACC miti Ha060POT.

It was not clear whether the supervisorNOM tests the workerACC or vise versa.

Ouens gacto Mos cocerkaNOM npuaumaer noapyryACC y cedst B TOCTSX.

Often my neighborNOM accepts friend ACC for a visit.

OxaspiBaercs naxe nenymkaNOM onpenensier BHykaACC o MaHepe cTy4aTbesi B ABEPb.
It turns out even grandfatherNOM recognizes the grandsonACC by the way he knocks on the

door.

I[To pernmamenTty npencenarenstNOM yrepxaaetr muancTpaACC KoT/a HeT CoTIacHsl.

According to the rules the chairNOM appoints the ministerACC when there is no agreement.

bruo BuaHo kak mocetutenbNOM paccmatpuBaeT 4acoBoroACC OT CKyKH HIIM TTPOCTO Tak.

It was noticeable that the visitorNOM stares at the guardACC from boredom or just so.

Kax oxazanoch puzukNOM unTepecyer xumukaACC B CBS3U C OOIIMM MPOIKTOM.

As it turns out physicistNOM interested chemistACC due to common project.

Nutepecno xoraa yaeHukNOM 3actasnser yuntenstACC 3amymarbest Ha ypoKe WM MOCIIe.

It is interesting when studentNOM makes teacherACC pause during lecture or afterwards.

Koraa cocenNOM nenaBuaut coceqaACC 310 XyKe 4eM Mmoxap.

When neighborNOM hates neighborACC it is worse then a fire.

B tpynuyto munyty npyrNOM nognepxusaer nqpyraACC coBeToM mimm A0OpBIM CIIOBOM.

Durign hard times friendNOM supports friend ACC with advice or kind word.

V nac Bcerga HauanbHUKNOM npenynpexnaer 3amectutenstACC o mpuesie HHCIEKIUH.
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At our word the supervisorNOM always warns his assistentACC about the visit of inspetion.

Penxo 6p1Baet uto BomutenbNOM pacnsapiBaet naccaxxupaACC B Takcu U3-3a CIIEUIKH.

Seldom driverNOM examines passengerACC in the taxi due to rushing.

B npomaxke npogaBeriNOM mono3pesaet kaccupaACC Tak Kak TOT YIIEN MOCICIHUM.

In the theft sellerNOM suspects cashierACC because he was the last to leave.

B nameit cembe mamraNOM mnpomyckaer mamyACC a mHOT1a HA0OOPOT.

In our family fatherNOM lets motherACC go first, but sometimes vis versa.

Kak okazanock cectpaNOM ob6ecneunBaer 6pataACC nocie cMepTH poIuTenei.

It turns out sisterNOM supports brotherACC after the death of parents.

ITo mo6pore cBoeit 3amecTuTeTbNOM ocBo6OXk1aeT moMomTHHKAACC OT HOYHBIX JISKYPCTB.

Because of his kindness the assistant managerNOM releases the assistantACC from night shifts.

Kak Bcerna nanaNOM noanepxxuBaet T€TIOACC B TpyIHBIE MUHYTHI.

As usual uncleNOM supports antACC in difficult times.

[Tocne 6eneduca muprxépNOM conpoBoxaaeT neBuityACC Ha TOpKECTBEHHBIN TTPHEM.

After the benefit the conductorNOM accompanies singerACC to the honor reception.

Oco0bim 3HaKOM 3Bs13HOHNOM npenymnpexaaet pazpenunkaACC 00 omacHOCTH.

With a special sign messengerNOM warns the spyACC about the danger.

Erop cuuran, uro xynoxxuukNOM uzo0paxkaer komennantaACC 10BOJILHO MOXOXKE.

Egor thought that painterNOM shows comedianACC with great resemblance.

Jlena cnpimana , kak miaeMaHHuIaNOM 6naronaput 3nakoMmyroACC 3a moMo1ib.

Lena heard that nieceNOM thanked acquaintance ACC for help.

Oumbra cunrana, uro @EnopNOM ynepxkusaet JIo60BbACC Bcemu npaBaaMu U HENPaBIaMH.
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Olga thought that FedorNOM keepsLyubovACC with truth and lies.

B tpetseit cepun EnenaNOM ortnpasisier UropsACC HaBecTHTb OOTBHYIO MaTh.

In the third episode ElenaNOM send IgorACC to visit sick mother.

Tonbko naCTpYyKTopNOM 3anuceBaet noneuntenssACC 1o 10roBOpEHHOCTH.

Only instructorNOM registers quardianACC according to the agreement.

Térsa Bcnomumna kak ieMsHHIKNOM u3o6paxkaet miueMsHHUIyACC o4eHb TOXO0Ke.

Ant remembered how nephewNOM copies neice ACC very well.

B pomane maptuzanNOM nepexBatbiBaet pa3BemunkaACC 10 mpoBana siBKH.

In the novel the partisanNOM stops the spyACC before the jerpadizing of the meeting place.

Ha srot pa3 uactpykropNOM 3anepxkuBaet netunkaACC nepes BEUIETOM.

This time the instrictorNOM stops the pilotACC before the flight.

YacTo 6niBaet, uro ToBapuiNOM pexkomenayet ToBapuiryACC KHUTY JJIs1 YTCHHS.

It happens often that friendNOM recommends friend ACC a book to read.

B xomuare Tym60ukaNOM npukpeiBaet 3aHaBeckyACC Bo3J1€ OKHa.

In the room a nightstandNOM covers the blindsACC near the window.

Emy kazanocs, uro nponaBeiNOM pazapaxaer TypuctaACC Ha30UIMBBIM Pa3roBOPOM.

He thought that the sellerNOM irritates the touristACC with constant chatter.

B coBpemennoii cembe xxeHaNOM oGecnieunBaet myxkaACC 1 Ha060pOT.

In the modern family a wifeNOM supports husbandACC and vise versa.

ITocne pasroBopa meacectpaNOM yrosapusaetr 60;1bHOTOACC ycrIOKOUTbHCS.

After the conversation nurseNOM persuades patientACC to calm down.

B pasrosope xunetNOM ycnokanBaet x03aikyACC 3a vanikoi gas.
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In a conversation a renterNOM calms down landladyACC during tea.

Taxtnunas noapyraNOM nepecnipammBaet 3HakoMytoACC mociie BeUepuHKH.

Tactful friendNOM asks acquaintance ACC after the party.

Hecniema kpectbstatnHNOM npuBercTByeT cocenaACC 1mo npuBbIYKe CHUMAS [IUIAITY.

Without rushing peasantNOM greets neighbourACC customarily lifting hat.

Ha xapture komxo3HukNOM npusniekaer komxo3auiryACC k cOopy yposxas.

On the painting a kolhos workerNOM attracts kolhos worker womanACC to collect hearvest.

B meTpo pabounitNOM mponyckaer ctynertaACC 3amepkaBIInCh y BX0OA.

In the subway a workerNOM misses studentACC by being delayed by the entrance.

Korna crapmmitNOM o6manbiBaet muitaameroACC 1o k 100py 3TO HE TPUBOIMT.

When olderNOM cheets youngerACC it does not lead to anything good.

B pacckaze connatNOM ocBo6osxnaer pa6oueroACC oT HOBUHHOCTH.

In the story soldierNOM releases workerACC from the dues.

B ynuunoii roake MotonukiauctNOM mnpecnenyer motonukianctaACC 4yToObI TOMEPSATHCS
CHJIAMH.

In a street race a motorcyclistNOM chases motorcyclistACC to test their powers.

Kak Bcerna komutetTNOM opranuzyet komuccutoACC 1o paccienoBaHuio.

As always committeeNOM organizes comissionACC for investigation
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