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Abstract

The present study investigates the early semantic processing of Chinese

two-character words by Chinese readers. Specifically, whether Chinese readers are

able to extract semantic information of an up-coming two-character compound as a

whole when the word is yet being fixated. In Chinese, it has been demonstrated that

semantic information can be extracted from a single character, whether it is a word or

part of a word, before the character is being fixated. There is also evidence for whole

word processing of foveally presented two-character compounds/words. Since

two-character words actually constitute the majority of word type and are used most

frequently in total, the time course of processing the meaning of such combination of

characters during reading is then the goal of this study.

The first experiment aimed to examine whether semantic information of a

two-character word can be extracted before it is fixated, as what have been found for

single characters. Boundary paradigm (Rayner, 1975) was used, with identical,

semantic-related, and semantic-unrelated words, as well as nonwords as preview.

Semantic-related preview did facilitate target word processing. The interaction pattern

of the effects with preview space and preview time, however, showed that semantic

xi



preview benefit could increase with preview time with small preview space, but

decrease with preview time under large preview space.

A possible confounding factor in the first experiment was the overlap between

semantic relatedness and plausibility. The effect between semantic-related and

semantic-unrelated previews could be of semantic or plausibility nature. Plausibility

may also explain the shortened fixation duration found in Experiment 1 when

implausible semantic-unrelated preview was presented parafoveally. Experiment 2

then solved this confounding by using sentence frames which are plausible for

identical, semantic-related, and semantic-unrelated previews. In Experiment 2, main

effect of semantic preview benefit disappeared, while the interaction patterns showed

that such benefit existed for large preview space with long preview time, but became

cost for small preview space with long preview time. The results of Experiment 2 thus

provide evidence for semantic preview effect of Chinese two-character words without

the interaction with plausibility. Finally, the discrepancies between the two

experiments indicate the existence of plausibility preview benefit, which previous

studies have suggested to exist in Chinese.
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Chapter 1. Introduction

1.1 General background

During reading, the reader’s final goal is to retrieve the meaning from each

word in the text and eventually integrate all the information into the meaning of the

sentence, then of the text. While most of the information was retrieved during relative

steady fixation from the fixation point, it has been demonstrated that lexical

information such as phonology or orthography can be extracted from the more

peripheral vision called parafovea and benefit the ensuing processing. However, the

extraction of semantic information parafoveally has been an issue in reading studies,

not only because of its relative elusiveness to other preview benefit, but also because

of its language-dependency. While alphabetic English and German, for examples,

exhibit different behaviors and different degrees of effect size regarding semantic

preview benefit, logographic Chinese also exhibit different reading patterns in

semantic preview benefit when plausibility comes into play or when different units,

such as semantic radicals, characters in words, single-character words, or

two-character words are of interest. Previous studies have attributed the diverse

findings to different processing load required by the different designs of the writing

systems. The rigid spelling system in German requires fewer resources to resolve the

texts to sounds, while English, as a writing system without rigorous correspondence



between spelling and sounds, retain fewer resources to recode the phonological

information into meanings. The proposed explanation following this rationale for

positive evidence of semantic preview benefit in Chinese then usually states that in

Chinese, the orthography-phonology-semantic route is not followed. Rather, Chinese

readers apply the strategy of orthography-semantic route, which requires fewer

resources.

Aside from the diverging findings from different writing systems, there are also

theoretical implications regarding the existence of semantic preview benefit. There

have been models proposed to describe reading behaviors, with mechanisms

determining reading times or fixation locations or such. Two most prevailing groups

of models are serial attention shift (SAS) models and attentional gradient (GAG)

models. The key difference related to this issue is the different saccade target selection

between the two models. While SAS models assume deterministic saccade targeting,

which may exclude words that have been semantically processed not to be the target,

target selection of GAG models is not deterministic and allows semantic preview

benefit to occur.

The issue of reading behavior brings up another line of investigation related to

preview benefit. It has been proposed that preview benefit observed in previous

studies may have resulted from preview cost brought by previewing an unrelated



preview, in addition to preview benefit, which is brought by previewing a related

preview. This is supported by recent findings that the size and direction of preview

effect may depend on how long the preview is parafoveally presented, how close the

previewing site is to the preview, or how much foveal load is there during preview.

The elusiveness of main effect of semantic preview benefit may be attributed to the

interactions with these variables. While it may be necessary to investigate semantic

preview effect with these variables, one may also gain insight into how these variables

come into play during reading with such investigation.

1.2 Semantic preview benefit in Chinese

Previous studies of Chinese semantic preview effects have been focusing on the

processing of single character. It has been found that semantics-related information

from different levels of Chinese writing unit can be extracted parafoveally. These

include sub-character radicals, non-word single characters, single-character words,

and homographic characters that bear different morphemic meanings when embedded

in different two-character words. In language use of Chinese, however, although

characters are the basic units of writing, words can consist of only one character, or be

composed of more than one characters. In most alphabetic writing systems, words are

separated by spaces in between, but in Chinese, such multi-character words are not



visually separated. Among these words of different lengths, two-character words are

the majority of word type and word token. The time course of resolution of meaning

of such a word is thus of high importance, not only because these words are the

majority of actual Chinese use, but because they lack explicit visual boundary when

embedded in the sentences.

Yang (2013) addressed the issues with transposable two-character words, which,

once transposed, are still words and may bear similar or different meaning to its

original form. The reason for her choice of materials was to minimize orthographic

difference between the targets and the transposed previews. The findings, however,

suggested that Chinese two-character words exhibit plausibility effect rather than

semantic preview effect. On the one hand, plausibility preview effect, which has also

been demonstrated for single-character words (Yang, Wang, Tong, & Rayner, 2012),

may indicate an ongoing integration process as early as during parafoveal preview. On

the other hand, the effect observed in her study may suffer from other interference.

First of all, the use of transposable words risks blurring the effect when the lexical

representation of the transpose is activated. Second, her conclusion was drawn from

comparing the effects between identical and transpose preview across different groups

of materials, rather than directly from the benefit brought by previewing a related item

compared to the unrelated one. Lastly, transposable two-character words only



represent a small part of Chinese lexicon or of Chinese two-character words. It

remains unknown whether the effect found in the study is applicable to general

two-character words. (Schotter, Lee, Reiderman, & Rayner, 2015; Yang, 2013; Yang

etal., 2012).

1.3 Research questions

The present study therefore presents two experiments in investigating the time

course of semantic access of Chinese two-character words and its interaction with the

context. The study addresses the specific research questions as follows:

(1) Can semantic information be extracted from a general Chinese two-character word,

rather than the specific type of transposable words, prior to the fixation of eyes on

the word?

(2) Does semantic preview benefit stand when the pre-context supports both

semantically related and unrelated previews?

The inference from the answer of the questions above will help us answer a third

more general question of:

(3) How do Chinese readers process parafoveally the meaning of a two-character

word during reading? That is, what is the time course of two-character word

processing during parafoveal preview?



Chapter 2. Literature Review

2.1 Chinese compound words

2.1.1 Characteristics of written Chinese

Chinese is commonly written in square-like units called characters, mostly from

left to right, with equal-size small spaces between each character. Characters can be

inseparable combination of strokes by itself, or they can be composed of more than

one radical, which either conveys part of the character’s meaning or gives a clue to its

pronunciation. Except for some stylistically manipulated characters, almost all

Chinese characters correspond to one syllable in the oral language. Characters are

therefore said to be the smallest writing unit of Chinese. The smallest unit to

constitute a meaningful sentence, however, is word, like the other languages of the

world. Chinese words can consist of one or more than one characters/syllables. While

some of the single-character words are among the most frequently used words, such

as #% “I”, #%, associative marker, and &, copula, taking about 45.1% of occurrence

in total (1922255 in 4264322), the majority of different word types go to

two-character words, which account for 51.2% of word types (65228 in 127524) in

Chinese, and 48.1% of word occurrence in use (2049601 in 4264322), as estimated

from Academia Sinica Balanced Corpus of Modern Chinese (Academia Sinica

Balanced Corpus, 2004).



Another characteristic relevant to this study is the disconnection between

orthographic form and pronunciation of Chinese character, and thus of multi-character

words as well. Beside the correspondence of one character to one syllable, characters

have a less correspondence from their form to their pronunciation, unlike alphabetic

writing systems. This characteristic has been mostly argued in previous studies to be

the reason why semantic information in Chinese is easier to access. A more direct link

has been proposed from orthography to meaning, with phonological representation as

by-product during lexical access (Hoosain, 1991; Zhou, Marslen-Wilson, Taft, & Shu,

1999). However, the fact is that most of the characters in Chinese are phonograms (#

%), which encode their pronunciation loosely with a phonological radical. This

resembles the situation in English, which also has a loose orthography-phonology

correspondence. As will be argued the sections below, phonological information, like

what is found in English, also played a role during Chinese reading.

2.1.2 Chinese two-character compounds

Most of Chinese words are composed of more than one characters. Their

meanings can either be compositional from the constituent characters, or be

independent of its components. For example, a two-character word in Chinese can be

monomorphemic word, whose constituent characters have no independent meanings,



like #&¥%& “cricket” or 41 “stooped”. They can as well be composed of two

characters, each with its own meaning. For example F 3t “dictionary” is composed

of F “character” and # “canon”. In the case of two-character compounds,

although both characters are termed morphemes, the connection between the

combination of morphemes and the meaning of the word can be transparent, like the

example above, or opaque, like #BE “subsidy” from # “ferry” and Bt “to stick”.

For most of the time however, they are somewhere in between the two extremes.

Since the only spacing in written Chinese is between characters rather than words,

these meaningful component character in compounds can as well be demarcated as

single-character words, though it may not lead to plausible parsing of the sentences.

This arouses the question of how such compounds are processed and when the

meaning of the entire compounds is accessed during reading. In research of such

question as time course of processing, parafoveal processing has been used to probe

the time course and the qualitative nature of the processing. Specifically, the process

occurs when the visual presentation of the word falling in parafoveal vision during

reading. The following section provides an introduction to this approach and its link

to Chinese two-character compounds in this study.



2.2 Parafoveal processing

2.2.1 Parafoveal vision and perceptual span

During reading, as well as other visual task, most of the textual information is

extracted from the foveal vision, which is a narrow area around that fixation point

within a visual angle of about only 2° degree (Levi, Klein, & Aitsebaomo, 1985). Our

eyes fixate at the fixation point relatively steadily, until a rapid saccade, during which

our vision is mostly suppressed, that brings the eyes to another fixation point. When

the eyes fixated at a point, visual information with less acuity is also extracted from

an area of 2° to 5° degree from the fixation point. Such parafoveal vision results from

physical conditions of our eyes and provides visual cues, for example the position of

the next word, to guide eye movement. Meanwhile, this parafoveal vision is

symmetrical around the fovea and is universal to all human. The range of peripheral

textual information utilized in reading is further modulated by allocation of attention,

which is adapted to fit different writing systems. Such range is termed perceptual span,

which, unlike parafoveal vision, is asymmetrical due to the direction of reading and

differs according to different writing systems. By limiting the text available from a

window around fixation point (moving-window paradigm, McConkie & Rayner, 1975)

and measuring whether reading is impeded, one can determine the perceptual span in

a certain writing system. For example, it has been found that in English, perceptual



span extends 14 to 15 letters to the right and 3 to 4 letters to the left of the fixation, in

accord with the fact the English reads from left to right (McConkie & Rayner, 1975,

1976; Rayner, Well, & Pollatsek, 1980). Since Hebrew reads from right to left, the

pattern of perceptual span reverses, extending further to the left and shorter to the

right (Pollatsek, Bolozky, Well, & Rayner, 1981). In Chinese, and in Japanese as well,

with the use of characters, which are more condensed spatially, especially horizontally

in comparison to alphabetic writing systems, the perceptual span is found to be 2 to 3

characters to the right and 1 character to the left of the fixation in Chinese (for

Japanese, see: Ikeda & Saida, 1978; Inhoff & Liu, 1998). The presence of such a span

implies that at least part of the information in this area is crucial to fluent,

non-interrupted reading. The ensuing questions regarding parafoveal previews would

then be the depth of processing of such extracted information and its role in fluent

reading.

2.2.2 Preview benefit

In order to investigate such questions, boundary paradigm (Rayner, 1975) has

often been implemented. In this paradigm, an invisible boundary is set at certain

position in the sentence. The target at the right side (when the writing system reads

from left to right) of the boundary is replaced by a preview until the eyes saccade
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across the boundary (see Figure 1). When vision is suppressed during saccade, the
preview switches rapidly back to the target word, and so the reader would not detect
any changes. By doing so, although the reader reads the target correctly, s/he has
received lexical information of another word from this region when fixating text prior
to the boundary. If processing of a word starts as early when the word falls in
parafoveal vision, using a non-identical preview would interrupt the preprocessing
and resulted in longer fixation duration when the target is fixated. Such identical
preview benefit is indeed widely reported in many studies and is regarded as an

indication of existence of parafoveal preprocessing.

The dessert express monarchy the two cities at both side.

@

The dessert express monarchy the two cities at both side.

@

The dessert express connects the two cities at both side.

O,

The dessert express connects the two cities at both side.

@

Figure 1. Display change in boundary paradigm with an invisible boundary between

express and connects

Further, lexical processing can be decomposed into stages of processing or
activation of different lexical properties, such as phonology, orthography, or meaning.
As the terminal goal of reading is to access the meaning of each word and to integrate

11



them from merely visual input, orthographic information, for example, must first be

processed in order to activate other representation, such as phonology, and to

eventually access the meaning. By manipulating the overlap of lexical property

between the preview and the target, one can infer from any ease of processing, as

compared to an unrelated preview, about the depth of parafoveal processing. For

example, a homophonous preview may yield a shorter fixation time on the target in

comparison to a non-homonymous preview. This means that phonological

representation of a word can be accessed when the word falls in parafoveal vision and

thus shortens the ensuing foveal process. Such phonological preview benefit is well

documented for example in English (Ashby, Treiman, Kessler, & Rayner, 2006),

French (Miellet & Sparrow, 2004), and even Chinese (Liu, Inhoff, Ye, & Wu, 2002;

Tsai, Lee, Tzeng, Hung, & Yen, 2004), which does not seem to encode phonological

representation as systematically as alphabetic writing systems. Aside from

homophonous preview benefit, preview benefit for onset syllable structure (Ashby &

Rayner, 2004), orthography (McConkie & Zola, 1979; Rayner, McConkie, & Zola,

1980 among others), initial letter string (Inhoff, 1989), and morphology (Deutsch,

Frost, Pollatsek, & Rayner, 2005).

Just like perceptual span, however, the presence of certain types of preview

benefit varies across different writing systems. Since different writing systems encode
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language information in different ways, reading strategy and depth of parafoveal

preprocessing differs as well. The above-mentioned morphological preview benefit,

for instance, is only found for Hebrew but not for English and Finnish, since

constituent letters of morphemes in Hebrew can be interwoven across a words

(Schotter, Angele, & Rayner, 2012). While those in English and Finnish are basically

linearly aligned, such morphological process is inevitably overlapped with

phonological or orthographic process.

2.2.3 Modulation of preview space and preview time

However, some may question whether the effects observed in the experiments

were real preview benefit or preview cost, or they were the results of both effects at

work. The notion of preview cost is that when a reader is previewing an unrelated

word or random symbols, it may interfere with the reading since this is not a usual

reading situation. However, simply measuring the difference in reading times for

different previews does not distinguish between the two effects. Kliegl, Hohenstein,

Yan, and McDonald (2013) then discussed the methodological possibilities to

investigate into this issue with preview space and preview time. When the eyes fixate

closer to the target before they foveally fixate it, larger portion of the target would fall

into parafoveal vision, and the target would be closer to the foveal vision. The reader
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can thus theoretically receive a better preview of the target. Preview time, on the other
hand, is the time the reader spends during previewing. Operationally it can be defined
as single fixation duration (SFD, the only first-pass fixation duration on a certain
region) or gaze duration (GD, sum of all first-pass fixation durations on a certain
region) of the pretarget under the situation where first-pass fixation on the target
follows immediately the first-pass fixation on the pretarget. When better preview is
provided, by means of closer preview space or longer preview time, increase in
reading times for unrelated preview or random control indicates preview cost, while
decrease for identical or related preview would be preview benefit.

There had been studies investigating the influences of these factors on preview
effects. McDonald (2006) compared the preview benefit between identical previews
and random letter strings in two conditions, in one of which the boundary was set at
the end of the pretarget word, as in usual boundary paradigm experiments. In another
condition the boundary was set between the 4™ and 5™ letters of pretarget word, which
were all 9- or 10-letter long. He found that preview type was only a predictor for
target fixation durations when the boundary was at the end of the pretarget. As for
preview time, Yan, Risse, Zhou, and Kliegl (2012) investigated preview benefit in
Chinese, following the design of Yan, Richter, Shu, and Kliegl (2009), which will be
discussed later. They found that under longer pretarget SFD, as their operational
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definition of preview time, increased the preview benefits. In another study by Tsai,

Kliegl, and Yan (2012), where the operational definition of preview time was

pretarget GD, preview benefits also increased with longer preview time.

Details of some of the studies mentioned above will be discussed later. For now,

it seems clear that preview effects can be modulated by the factors of preview time

and preview space. Further, according to how these factors influence the preview

effects — by increasing the reading times with unrelated preview or by decreasing the

reading times with related or identical preview, one could conclude whether such

preview effects are due to preview benefit from related features or preview cost from

unrelated features. Before further examining the studies in semantic preview benefit,

the theoretical importance of such effect regarding the reading models will be

discussed in the next section.

224 Reading models and semantic preview benefit

With accumulation of eye movement data, models have been proposed to fit

and explain the data from our reading behavior. The two most successful and popular

models are E-Z Reader (Rayner, Li, & Pollatsek, 2007; Reichle, Liversedge, Pollatsek,

& Rayner, 2009; Reichle, Pollatsek, Fisher, & Rayner, 1998; Reichle, Pollatsek, &

Rayner, 2006, 2007; Reichle, Warren, & McConnell, 2009) and SWIFT (Engbert,
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Longtin, & Kliegl, 2002; Engbert, Nuthmann, Richter, & Kliegl, 2005), which belong

respectively to serial attention shift (SAS) models and attentional gradient (GAG)

models. According to E-Z Reader, attention is allocated at each word during reading,

while in SWIFT, attention is distributed around the fixation point, where the level of

activation of each word being attended rises simultaneously, since they are processed

in parallel.

Although detailed specifications of each type of models are not the issue here,

descriptions of their architectures are discussed for further discussion in semantic

preview benefit. In E-Z Reader, detailed mechanism has been proposed about the time

course and sequence of stages of visual processing, lexical processing, of attention

shift, and of saccade planning. In E-Z Reader, lexical processing is assumed to be

word-wise serial. A word is being processed when attention, not fixation point, is

allocated to that word. There are two stages of lexical processing, L1 and L2. L1 is

the early stage of lexical processing and is generally associated with processing of

phonological and orthographic information. The completion of L1 will initiate L2,

where deeper processing such as semantic processing takes place. The speed of each

stage is influenced by factors such as word frequency, contextual information, and

deviation of the word from the fixation point. While lexical processing is strictly

serial, eye movement control in E-Z Reader is modulated by the state of lexical
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processing. E-Z Reader assumes two cascading stages of saccade planning as well.

The labile stage M1 can be cancelled and replaced by new saccade planning, but

when this saccade planning enters the non-labile stage M2, the planned saccade will

have to be executed at the moment when M2 is done, before any new saccade

planning can take place. A new saccade planning is triggered by completion of L1 of a

certain word n, termed L1,. This new saccade planning aims at the next word n+1,

termed M1,,;. Following the architecture of E-Z Reader above, when the eyes fixate

on a certain word n but the first stage of lexical processing on the next word n+1

(L1,41), for example, completes before first stage of saccade planning to the next

word (M1,,;) is done, M1, will then be canceled and replaced by M1,.,, to the even

next word. However, when L1,,; completes at the time when the saccade planning to

the next word has entered the second stage (M2,,;), it cannot canceled this saccade

until M2, is done and the saccade is carried out. According to E-Z Reader, the first

situation is the case of skipping (of word n+1), and in the second situation, preview

benefit occurs. In the second situation, lexical processing of word n+1 completed

before the eyes fixate, but not skip, the word, and that shall reduce the time spent on

word n+1.

SWIFT model, on the other hand, assumes distributed attention, and the words

within the attention window are being processed at different rate. The speed of word
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processing, which results in the rises of what SWIFT terms activation levels, is

decided by various factors, including the level of attention distributed to it. What

differs SWIFT most from E-Z Reader is the temporal and spatial decision regarding

saccade planning. In E-Z Reader, saccade planning has a specific goal at the

beginning of M1, which is triggered by level of lexical processing (completion of L1).

In SWIFT, however, saccades are autonomous generated without specific targets. Two

stages of saccade programming are also suggested by SWIFT, first one labile

followed by the non-labile stage. If there is no new saccade programming that

intervenes and cancels the current labile saccade programming, at the end of the labile

stage, saccade target will then be decided based on the activation level of each word.

As for temporal variation in SWIFT, the base for saccade latency is the stochastic

process in saccade generation, modulated by the intended saccade amplitude. Since

saccade target is decided with the completion of labile stage, this modulation

influences only the length of non-labile stage. Furthermore, saccade latency is

modulated by foveal inhibition, which stems from difficult foveal words and aims to

lengthened current fixation for further processing.

An important issue here is the difference in their predictions to certain

phenomena, one of which would be semantic preview benefit. In E-Z Reader model,

L1 only accounts for a low-level process of the word. In order to access semantic
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representation from word n+1/, L1,,;; would have been done for L2,,; to reach a

certain level of completion. Under this circumstance, Ml,,; would have been

canceled and a saccade to skip word n+2 is being planned, resulting in skipping of

word n+1 without any detectable benefit on that word. Aside from mislocation of

saccade, the only occasion for such preview benefit to appear is that by the time L1,4;

is done, saccade planning has reached M2,,; (see Figure 2). The time for L2,

processing before the eyes saccade to word n+1 is then shorter than M2,,;, which is

regarded as “formidable” by (Hohenstein & Kliegl, 2014). SWIFT model, on the

other hand, does not exclude the possibility that a word whose semantic information

has been activated becomes a potential target of saccade, since the selection is

probability-based and is not only a function of activation level but also of other

physical and lexical properties.

Execution of saccade to wordy.,

Saccade :
o M1 to wordy | M1 to wordy.; M2 to wi ; 1 M1 to wordy.y
Lexical . 5 . - : .
Processing L1 of wordy | L2 of wordy L1 of wordy.; |L2 of wordy., L1 of wordy.,
[y
Semantic preprocessing
Completion of L1y cancels

LM Y iy Completion of L1y cannot

cancel M2 saccade planning

Figure 2. Semantic preprocessing predicted by E-Z Reader
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Another reason for the hot debate for semantic preview benefit is its elusiveness

in English. As stated above, a certain type of preview benefit can be a

writing-system-dependent phenomenon, such as morphological preview benefit for

Hebrew. Semantic preview benefit, however, has been disputed in English, the

most-studied writing system. The following section will review the studies that

provide evidence, null or positive, for such effect in English and in other languages as

well.

2.2.5 Semantic preview benefit in English and other languages

Rayner, McConkie, et al. (1980) conducted an experiment investigating

parafoveal semantic processing when there was no foveal load. Subjects were asked

to name a word (e.g. table) initially presented in parafovea while semantic (e.g. chair)

or unrelated (e.g. chore) preview initially took the place of the target word. The

reaction times were the same for both types of previews, providing no evidence for

semantic preview benefit. Even when the common boundary paradigm was used,

studies in English (Rayner, Balota, & Pollatsek, 1986) and Finnish (Hyona & Haikio,

2005; White, Bertram, & Hyond, 2008) provided no positive evidence for such

preview benefit. The experiment manipulation in White et al. (2008) did yield some

semantically related preview effects. In the study, the target was the second
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constituent of long, two-constituent compounds, for example vaniljakastike

“vanilla-sauce”.  Semantic-related  preview, for example vaniljasinappi

“vanilla-mustard”, and semantic-unrelated preview, such as vaniljarovasti

“vanilla-priest”, along with identical and nonword preview (vaniljaseoklii

“vanilla-nonword’) were included in their experiment manipulation. Semantic related

preview did not yield shorter fixation durations on the second constituent but resulted

in longer go-past time (i.e. time from the first fixation on the target in first pass

reading until the eyes fixated at the region to the right of the target) when the whole

compound region was analyzed. There is no knowing what kind of process this rather

late measure on the whole word rather than on the target area reflected. In another

study conducted by Altarriba, Kambe, Pollatsek, and Rayner (2001), native Spanish

speakers with fluent English ability were recruited in a boundary experiment, where

there were identical previews, cognates (different from terminology in historical

linguistics, cognate here is defined as orthographically and semantically similar word

pair in different languages, e.g. crema - cream), pseudo-cognates, (i.e.

orthographically similar word pairs with unrelated meaning, e.g. grasa “fat” — grass),

non-cognate translations (i.e. semantically but not orthographically related word pairs,

e.g. dulce — sweet), and unrelated previews. Preview benefits were found for identical,

cognate, and pseudo-cognate preview but not for non-cognate translation preview. In
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sum, preview benefit here in this study did not go beyond the effect of orthographic

preprocessing. Recently, though, Schotter (2013) has demonstrated the presence of

preview benefit in synonymous preview condition with neutral pre-context, while

Schotter et al. (2015) found preview benefit for general semantic-related preview

under special manipulation of the pre-context. The reason why only synonyms exhibit

preview benefit under general neutral context was that semantic relatedness can be

categorized into different sort of relatedness. For example antonyms like happy and

sad may not seem related but they belonged to the same category of emotion. Train

and track are related due to their high co-occurrence in the same schema of train

transportation. Synonyms, although some argue that there are no real synonyms,

formally refer to the same concept and therefore can be regarded as the most

semantically related word pair/group. In the two studies (Schotter, 2013; Schotter et

al., 2015), identical, synonymous, semantically related, and unrelated previews (e.g.

begin — start — ready — check) were used, with different degrees of constraint in

pre-context. In Schotter (2013), she not only found the synonym preview benefit, but

also replicated previous results that non-synonymous semantic-related previews yield

no preview benefit. In Schotter et al. (2015), however, they found that merely

semantic-related previews provide preview benefit when the target was contextually

predictable.
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However, not all the alphabetic languages lack or have only elusive semantic

preview benefit. Hohenstein, Laubrock, and Kliegl (2010) found semantic preview

benefit in German with fast-priming paradigm, where semantic un-/related preview at

target word n was presented only during a short time window since word n-1 was

fixated. After the limited preview time window, the parafoveal region was once again

replaced by the target word. This then was the first study that demonstrated

facilitation by previewing a semantic related word in alphabetic writing system. Later

on, Hohenstein and Kliegl (2014) confirmed this results by using normal boundary

paradigm without resorting to synonyms (e.g. Riese “giant” with semantic related

preview Zwerg “dwarf”). Furthermore, Korean, an alphabetic writing system with one

syllable written in one square-like box, also exhibits an effect similar to semantic

preview benefit. Kim, Radach, and Vorstius (2012) manipulated the consistency of

case marker, which indicate syntactic and semantic relations in Korean. They found

an effect of correct and incorrect case marker in Korean. Although it was not an

ordinary boundary paradigm experiment, where content words are used, it

demonstrated that the syntactic function of the preview, which is of neither

orthographic nor phonological nature, can be extracted from the preview.

To sum up, for alphabetic languages, English and Finnish have no semantic

preview benefit. This may also include Spanish, as inducted from the lack of semantic
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preview benefit in the bilingual study by Altarriba et al. (2001). On the other hand in

German and Korean, various kinds of semantic preview benefit have been

demonstrated. An explanation has been proposed (see Schotter, 2013 among others) to

reconcile with the discrepancies. It has been argued that since English has a more

irregular spelling, which adopts a loose correspondence between the orthography and

phonology of the language, more resources are dedicated to process orthographic

information to obtain phonological representation during lexical processing, including

previewing. German, on the other hand, has a more rigid spelling system and thus

more resources are available for semantic preprocessing. Such an explanation cannot

explain the findings in Finnish and Spanish, since they also adopt rigid spelling

system. However, it is tempting for such studies in Chinese, since semantic access in

Chinese, as argued above, does not require the phonological stage, which spares more

resources for the follow-up semantic processing. The following section will then

review the findings for preview processing in Chinese.

2.3 Parafoveal processing in Chinese

2.3.1 Scope of effects

As described above, Chinese scripts can be decomposed into different levels of

unit. Sentences are composed of words, words of characters, characters possibly of
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radicals, and radicals of strokes. Except for the characters in monomorphemic words,

which do not have their own character meaning, most of the characters have its own

meaning and can stand alone as single-character word or serves as morpheme in

multi-character words. Take a two-character word =] @ /ké kou/ “tasty” for example,

each character * /k&/ “worthy” and @ /kou/ “mouth” has its own meaning related

to but distinct from the compound. And although orthographically a compound is

identical to the combination of its constituents, there were experiments suggesting a

distinct representation of compound word other than those of its constituents (e.g. T

B & 3 Ea¥, 2006). When considering single-character word, these properties of

character level and of word level are then overlapped. Therefore, when considering

which property of the preview is extracted, the scope of the property has to be

well-defined. While there may be other studies that defined “lexical” property at

character level, the term is defined at word level in this study and is thus applied to

the property of two-character or single-character word as a whole but not constituent

character of the two-character compounds. With clear definition of level of effects, the

following section will introduce the preview benefits found in reading Chinese.

2.3.2 Preview benefit in reading Chinese

What seems to be universal to all the writing systems of the world are
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phonological and orthographic preview benefit, as noted above. These effects have

been found in English and other languages. Chinese is no exception. Phonological and

orthographic preview benefit has been found (Liu et al., 2002; Tsai et al., 2004). As

for the controversial semantic preview benefit, since Chinese is believed to have a

more direct link from orthography to semantic. It is predicted that semantic preview

benefit should be easier to observe in Chinese. The situation, however, becomes

complicated when Chinese is being discussed, since both character and word can have

its own meaning, plus the morphemic status of constituent character in multi-character

words.

Most of the studies so far have focused on preview of single character. Yan et al.

(2009) and Tsai et al. (2012) selected integrated characters (i.e. characters that cannot

be further decomposed into radicals, for example ¥ “sheep”) as their targets and

previews respectively in simplified and traditional Chinese. Their studies

demonstrated semantic preview benefit along with orthography and phonology

preview benefit in Chinese. Their findings, however, were character-based since their

target characters were embedded as the first character of two-character compounds.

Such a morpheme preview benefit is further confirmed in the second experiment of

Yen, Tsai, Tzeng, and Hung (2008). The experiment used homographic

single-character morphemes that can only be disambiguated in the context of matrix
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compound. For an example in their design, the target word ax# (“quit” and

“smoking”) “to quit smoking” would have preview with the same morpheme such as

&M (“quit” and “get rid of”) “to give up a hobby”, or the one with a different

morpheme % f (“guard against” and “prepare”) “to guard against”. Their results

showed that readers could disambiguate the morphemes when there was enough

preview time. As for word-level semantic preview benefit, Yang et al. (2012) used

single characters as their targets, but they were single-character words when

embedded in the sentence frame, such as the experiment sentence in their study

below:

(1) RAZHHE —RBRIRET N NEAE -

“Chen carried a box of shoes to the store I'm running.”

Furthermore, their materials included both integrated and compound characters (i.e.

characters that can be further decomposed into sound- or meaning- bearing radicals,

for example 7k /bei/ “sad”, composed of semantic radicals & “heart” and phonetic

radicals JE /fei/). By doing so, they found semantic preview benefit, but only when

the preview fit plausibly into the context. They also found plausibility effect, which

was the contrast of semantic-unrelated-implausible preview to the average of

semantic-related-plausible and semantic-unrelated-plausible previews. Another study

by Yan, Zhou, Shu, and Kliegl (2012) investigated the influence of semantic radical’s

influence on semantic preview benefit. They found that transparency of mapping
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between the meaning of semantic radical and the meaning of the character can

influence the size of semantic preview benefit. Their results, in addition to Tsai et al.

(2004), demonstrated that sub-character information, either phonological or semantic,

influences preview as well. However, the targets of the study were also characters

embedded as the first character of two-character words. On a strict standard, except

for Yang et al. (2012), the aforementioned studies were all sub-lexical preview benefit

since the benefit came from components of words. The following section will then

introduce the studies investigating into processing of two-character compounds per se.

2.4 Processing of Chinese two-character compounds during reading

24.1 Prominence of compounds

The reason why studies of normal reading have been focused on character-level

processing is conceivable, since in written Chinese, the spaces are used to separate

characters but not to demarcate words. However, there were studies that showed the

special status of two-character words during reading. Tsai, Lee, Lin, Tzeng, and Hung

(2006) found effects of word frequency and neighborhood size of Chinese

two-character compounds. Words of higher frequency or with more neighbors, which

are defined in the study as words that share the first character, were read faster.

Furthermore, skipping rate was also higher with words with large neighborhood size.
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This indicates that during preview, in which information concerning skipping is

retrieved, the property as a word is accessed. Li, Gu, Liu, and Rayner (2013) also

reported such word-ness effect. In their experiment series, readers only had a limited

window of two characters. Reading was interrupted more when whole-word vision

was blocked than when whole words were given in the two-character window. Further

under another experiment setting, readers could adapt themselves unconsciously to

the experiment manipulation in order to obtain a whole-word window. Other studies

also showed that character processing can be influenced by internal relationship of

two-character compounds. To be specific, when the two characters were more closely

bound together, for example for monomorphemic words, or compound words with

low-frequency first constituent, which would constrain the possibility of the second

constituent in Chinese, showed a tendency toward parallel or early processing of the

second constituent (Cui, Drieghe, et al., 2013; Cui, Yan, et al., 2013). More directly, in

the first boundary paradigm experiment of Yen et al. (2008), two-character words

were selected as target. In the experiment, previews included identical words,

unrelated words, and pseudowords, whose constituents were real characters but for

which the combination had no meaning. It turned out that previewing pseudowords

resulted in less skipping than related word, and previewing identical words resulted in

shorter fixation duration. This demonstrated that a two-character word can be
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previewed as a whole. Since two-character words are the majority of word type in

Chinese and one of the most frequently-used word type, alongside with

single-character words, and in addition, the boundaries for such words are not

explicitly marked, it would be interesting to ask the same question of semantic

preview benefit under the context of two-character words as have been done in

alphabetic system or as single-character words in previous research.

24.2 Parafoveal processing of two-character words

Since the initial character and the compound overlapped entirely on their

orthography and almost entirely on phonology, with only the exception when tone

sandhi occurs, the time course of semantic access of compounds would be more

interesting a question. Recently Yang (2013) conducted two experiments to

investigate two-character compounds. A special kind of compounds was used in her

studies to minimize the orthographic differences. That is, the compounds whose

transposition of the two characters is another compounds. This sort of compounds can

further be categorized into two sets. There are some compounds that are synonymous

to their transposed counterpart. These were termed Synonym Transpose (ST). For

example, both iZ X (i& X) and X3iZ(AX iz) mean “(chronically) distant”, and thus

constitute a ST pair. The other set then have compounds with meaning different from
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its transpose, termed Different Transpose (DT). These compounds include, for
example, & £(Z %) “brush” and £ 5 (% £) “stroke”. In her first experiment,
readers spent less time on the target in identical condition than transposed condition
for DT condition, but not for ST condition. This comparison was not usual among
previous studies, and so hereafter, such and similar effects would be termed
transposed (or the preview type in discussion) preview cost, since it means the price
that is paid when previewing something different from the original text. While
unorthodox, the presence and absence of such effect did demonstrate that reading
times for previewing semantic-related transposed word were closer to the reading
times with identical preview, than the reading times for transposed preview with
unrelated meaning. However, when conventional comparison for presenting semantic
preview benefit was inspected, differences between reading times of transposed
condition and unrelated control condition were also smaller for ST condition. This

could mean that previewing a semantic-related word provides less benefit than

previewing a word without the meaning related to the target.

2.5 Transposition

Aside from the conflicting results with comparisons with different baseline, the

use of transposable words may have its own problem. The effect of scrambling
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constituents in a word has been found to be both facilitative and inhibitory. For

alphabetic writing system such as English, parafoveally transposing adjacent letters

facilitates target processing more than substituting one letter at the corresponding

position (Johnson, Perea, & Rayner, 2007). However, when the transposed-letter

string constituted a real word and presented foveally as prime in fast priming

experiments, the effect became inhibitory (Johnson & Dunne, 2012). In Chinese,

however, things were different. Since the units of transposition are mostly meaningful

characters, while those in English are merely letters. Regarding the proportion of

alternation in orthographic representation, among these studies in English, the shortest

words appeared in Johnson and Dunne (2012), which were 4-letter long. The

transposition of two letters in such words resulted in 50% of visual difference.

Transposition two characters in Chinese, however, basically resulted in no

orthographic overlapping to the original word. Therefore, one may expect different

results of processing transposition in Chinese. For example, when transposed

two-character word served as prime, the effects could be facilitative under a certain

SOA (157 ms) (TE & & HEh#4, 2006, &A4#e, TEE, E4&K, Taft, & R

F, 1999). What is common to both Johnson and Dunne (2012) and T E & and %

Ba# (2000) is that in both studies, facilitation induced by nonword transpose was

robust.
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Their studies, however, dealt with foveal priming but not parafoveal

preprocessing. There is no knowing whether in parafoveal region, a transposable

preview could activate its transposition during reading. In a study by Sung and Tang

(2007), they reversed adjacent characters in the sentences and provided only limited

time (2 seconds) for their subjects to read the sentence. The subjects were later to

report whether they observed any reversed error or not. Although reading was

impeded, as inferred from longer reading times, subjects might also fail to report the

reverse, especially when the reverse occurred within a two-character word. Therefore,

although with impedance, the original word of reversed character string seemed to be

activated and hinder the reverse judgment. This should be taken into consideration in

examining the effect found in Yang (2013). When both words of transposed characters

and of original character order are activated, further process load is required for

selection, especially for items with similar meanings due to similarity-based

interference (see Lewis & Vasishth, 2005).

Another problem with transposable words is that they represent only a

relatively little part of Chinese two-character words. Therefore, it is of interest

whether the findings with these words can be generalized to common two-character

words. In sum, the design of Experiment 1 has the following purposes: (1) To

generalize the character-based semantic preview benefit observed in previous studies
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in Chinese to two-character words, (2) to avoid the unknown influences brought by

transposed previews and, (3) to investigate the semantic preview benefit of

two-character words in a more general way. Accordingly, the design of Experiment 1

will then use semantically related two-character compound words as preview, without

any orthographic or phonological overlapping. By doing so, any parafoveal preview

benefit observed will be the result of accessing the meaning of the two-character

compound.
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Chapter 3. Experiment One: Parafoveal semantic preprocessing of Chinese

two-character compounds

Experiment 1 was designed to assess whether previous findings about semantic

preview benefit can be generalized to two-character compounds. In this boundary

paradigm experiment, the targets were two-character compounds in traditional

Chinese. Before readers’ eyes made the saccade across the boundary between the

target and the word before, they might receive one of the following four previews: (1)

Preview that was identical (ID) to the target, (2) word that was semantically related

(SR) to the target, (3) word that was semantically unrelated (UR) to the target, or (4)

two random real characters that did not constitute a real word (nonword condition,

NW). Nonword condition was designed following Cui, Yan, et al. (2013) and Yen et al.

(2008), in which lexical effect was observed. Non-lexical items may cause longer

fixation time. The difference between the reading pattern of SR and UR would be

semantic preview benefit. The effect between ID and SR is not expected since in

previous studies (Yang, 2013; Yang et al., 2012), such effect was barely significant

when embedded under plausible context. Lastly, the effect of difference between UR

and NW observed in previous studies (Cui, Yan, et al., 2013; Yen et al., 2008) is

expected.
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3.1 Method

3.1.1 Participants

Fifty-two students or members (41 females and 11 males) of age ranging from

18 to 32 (average = 21) from National Chengchi University community were

recruited for the eye-tracking experiment. Participants were paid for their

participation. All of them were native speaker of Mandarin Chinese in Taiwan, with

normal or corrected-to-normal vision. None had participated in any norming study.

3.1.2 Materials

Seventy-two two-character compound words were selected as target words,

whose frequency ranged from 1.0 to 13.4 per million words, averaging 6.0, as

estimated from Academia Sinica Balanced Corpus of Modern Chinese (Academia

Sinica Balanced Corpus, 2004). They all consisted of two characters with their own

meanings, that is, they were all compounds. Another 72 two-character compounds

were selected as SR previews. Their meanings were matched to the corresponding

target word. According to the findings of previous studies (Cui, Drieghe, et al., 2013;

Cui, Yan, et al., 2013), the process of Chinese compounds seems to be serial in nature,

and is modulated by the relation of the constituents. Therefore, in order to ensure that

readers retrieve the meaning of the compounds, the highest-frequency neighbors were
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selected so that the recognition of the first constituent could facilitate the processing

of the whole word. Their frequencies were not matched to the targets, since they were

to be compared with previews without related meanings. However, their frequencies

were controlled from 10.0 to 60.0 (M = 26.5, SD = 1.46) per million words to avoid

frequency effect (Rayner & Dufty, 1986).

UR previews came from the same set of words as SR previews. They were

re-matched so that their meanings were unrelated to those of their correspondent

target words. Another set of previews was set up as NW control. They all constituted

of two real characters, but the combinations were all meaningless.

All of SR, UR, and NW previews shared no character with the corresponding

target, nor did they shared the same pronunciation and onset phoneme with their

target, in order to avoid any phonological or orthographic preview effect (Liu et al.,

2002; Tsai et al., 2004). About one-third of the materials were verbs, while others

were noun. The number of strokes of first character (C1), second character (C2), and

total strokes were matched. One-way ANOVAs were conducted to compare these

properties of each group of words. There were no significant differences between the

groups (Fs <3, ps > .1). Table 1 presents the properties of each group of previews.

37



Table 1
Means and standard errors of word frequency per million, C1, C2, and total strokes of

the two constituents of each preview condition in Experiment 1

Targets and ID prev. SR/UR prev. Non-word prev.
Word example # § “early morning” # B “daybreak” B
Word frequency 5.99 (0.44) 26.52 (1.46) -
Cl1 strokes 10.71 (0.54) 11.97 (0.52) 10.92 (0.37)
C2 strokes 10.10 (0.50) 9.43 (0.56) 10.46 (0.34)
Total strokes 20.81 (0.65) 21.40 (0.72) 21.38 (0.44)

A sentence frame was construction for each target word. The onset of the
two-character region of interest lies between the 12" and 18" character in the
sentences. None of the target words were at the end of the sentence, nor would they be
preceded or followed by any punctuation marks, since they were surrounded in the
front and in the back each by a two-character word. All the sentences were within a
length of 27 characters including punctuation marks, and were presented as one line
on the screen. An example of such sentence with different previews underlined is
given below, following the order of identical, semantic related, semantic unrelated,

and nonword preview:

Q) IERPETHGFHARERET/ AR/ BN/ EERGEAERZAT
“Huang usually gets off work at early morning/daybreak/pork/non-word before

the sun comes up.”

Four experimental lists of trial sequence were established in a fixed random

fashion. Each list consisted of 72 trial sentences and 8 fillers, split into four blocks.

Each block contained 4 trials for each of 4 conditions, plus 2 trials from one of the

conditions. With 2 filler trials which were fixed-randomly scattered in the block, there
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were totally 20 trials in one block. Before the experiment trials, four exercise trails

were presented to familiarize the participants with the procedures of reading and

comprehension questions.

Prior to the eye-tracking experiment, a norming study was conducted to ensure

that meaning relatedness between each group to be so as designed. In addition,

predictability and plausibility of each preview with the pre-context were also assessed

in the norming study. Nonword previews were excluded since they had no meaning at

all. Table 2 lists the results of each norming study.

Table 2

Means and standard errors of rated results of the norming study for Experiment 1
ID SR UR

Meaning relatedness - 5.22 (0.09) 1.39 (0.05)

Word Predictability 0% 0% 0%

Plausibility 5.91 (0.08) 5.25(0.15) 1.84 (0.07)

3.1.2.1 Norming study: Meaning relatedness, sentence predictability, and

sentence plausibility

This norming study was designed to determine the following three things: (1)

Meaning relatedness between the target and SR or UR previews, (2) how predictable

ID, SR, and UR previews were under the pre-context, and (3) how plausible these

previews were when embedded in the pre-context. Thirty students of National
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Chengchi University were recruited and paid for the rating. None of them participated

in the eye-tracking experiment. They were all native Mandarin Chinese speakers.

Six fixed lists were created by combining one of the two lists for semantic

relatedness and one of the three lists for sentence predictability and plausibility. The

two semantic-relatedness lists contained 72 target words, each paired with either a

semantically related compound or a semantically unrelated compound. Each

semantic-relatedness lists contained equal amount of ID-SR and ID-UR pairs. The

three sentence lists contained all 72 sentence frames as well. Sentences in each list

were embedded with equal amount of ID, SR, and UR previews and were balanced

across the three lists.

Subjects were randomly assigned to one of 6 the list. First they were asked to

rate the semantic relatedness of each word pairs in the semantic-relatedness sub-list

on a 7-point scale, where 1 means completely unrelated and 7 means extremely

related. Once they had completed the semantic-related part, the instruction on the next

sub-list was given and they proceeded to the next part. At the beginning of each trial

in the sentence sub-list, only sentence fragment prior to the target region was visible.

Subjects were asked to write down a two-character word which they thought to be

suitable for the sentence to precede, but not necessarily to end the sentence. Once a

two-character word was written, the sentence frame embedded with a certain type of
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preview was shown. Their task then was to judge the plausibility of this sentence

fragment on the 7-point scale. Only when they fully answered one trial, i.e. when they

completed the plausibility rating, would the pre-context of next trial showed up. The

full list was design in the way that they had to write their answers obligatorily serially

from the top of the list. Three practice trials preceded each sub-list to familiarize the

subjects with the task.

The results of semantic relatedness judgment showed that the meanings in each

ID-SR pair were matched and those in each ID-UR pair were not. The meaning

relatedness of SR words to the target were all above 3.5 (M = 5.2, SD = 0.09), while

that of UR words were all below 3.5 (M = 1.4, SD = 0.05) and were distinct from that

of SR (F >3, p < .05).

Predictability data from 10 of the participants were discarded due to

mal-control of the rating environment. As for the data of the rest of the participants,

while for some pre-contexts, subjects did have a bias toward a specific word and not

for others, none of these predicted words were the target or belonged to any group of

previews. For every sentence frame, no words from preview or target set were written.

Thus it was safe to say that although the sentences had different constraints (from as

low as 10% to 75%), for each sentence frame, none of the selected previews were

predictable.
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As for sentence plausibility, sentences were all plausible when embedded with

identical preview (all above 3.5, M = 5.9, SD = 0.08), and so were those with SR

preview (M = 5.3, SD = 0.15). Those with UR preview, on the other hand, were all

implausible with rated plausibility all lower than 3.5 (M = 1.8, SD = 0.07) and were

distinct from SR preview (F > 3, p < .05). Again, this rating involved none of

nonword previews since the results were expected to be zero predictable and total

implausible.

3.1.3 Apparatus

An Eyelink (SR Research, Osgoode, ON, Canada) 1000 Desktop Mount

eye-tracking system with a sampling rate of 1000 Hz was used to record gaze

positions during the experiment. Eye movements were recorded from the dominant

eye, though viewing was binocular. Sentences were displayed in a single line at the

middle of the screen on a 19-in. ViewSonic PT795 monitor (1024x768 pixels in

resolution and 100 Hz in vertical refresh rate).

The experimental program was implemented in Matlab (MathWorks, Natick,

MA) using the Psychtoolbox 3.0.10 (Brainard, 1997; Pelli, 1997) and the Eyelink

toolbox (Cornelissen, Peters, & Palmer, 2002) to display the stimuli and to

communicate with eye-tracker core libraries. Detecting the eye position across the
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boundary took 3 to 4 ms, and an additional 8 ms (maximum) was needed to complete

the display change.

The sentences were displayed in black on a light gray background. The size of

each character presented on the screen was 32x32 pixels, with a four-pixel-wide space

between each character. The viewing distance was 70 cm, and so the character width

and the space before it subtended a visual angle of 0.9°.

3.14 Procedure

The entire experiment was conducted in a dimly lit and noise-attenuated room.

Prior to the experiment, the participants were tested for their dominant eye and then

sat in front of the monitor. Each of them was assigned to one of the four experimental

lists and was given both oral instruction and the instruction presented on the monitor.

After the instruction, the reader performed a nine-point or five-point calibration and

validation procedure to ensure the accuracy of eye movement recording. Given a

successful calibration, the experiment started out. At the beginning of each trial, the

participant was asked to fixate her/his eyes on a cross at the location where the first

character of the sentence would be displayed. Once they fixated on the cross, the cross

would vanish and the sentence would be displayed. The participant was instructed to

read the sentence at her/his own pace. When s/he understood the meaning of the
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sentence and was ready to move on, s/he would fixate the eyes on a right-most cross,

located below the last character of the sentence, and press a button simultaneous to

end the display. Around one third of the sentences were followed by a true-false

comprehension question. The participant answered the question based on the sentence

s/he just read by pressing either the left button “yes” (& /shi/) or the right button “no”

(% /fou/). Feedback was presented on the monitor after s/he gave the answer with the

button. The entire experiment procedure lasted about fifty minutes.

Pre-trial procedure

&3V

ATEEDORV A AMIELE R TR

MERESSE | Instruction
(-} o . . . . . .
Nine-point calibration and validation
o ° -]

Trial procedure

Fixation cross

Sentence presentation

AEARL IS AR LN

WEOAARAEDF ;o b e

Comprehension question

RECEXINE
L2 8

Next trial

Figure 3. Eye-tracking experiment procedure in this study

44



3.2 Data analysis

Three regions of interest (ROIs) were subject to analyses of eye movements:

target word region, pretarget word, and posttarget word region. All of these were

two-character region. Fixation durations and probability measures on the ROIs were

analyzed.

In this study, only early eye movement measures were subject to the analyses.

These include first-pass measures such as FFD or skipping rate, among others. The

reason for the selection is that this study was designed to probe the process of lexical

activation rather than sentence comprehension. The rationale is based on two

assumptions that have been shared by many eye-tracking studies, namely

immediacy-of-processing hypothesis and eye-mind hypothesis (Just & Carpenter,

1980). While these hypotheses were not without challenges or revisions, they built up

the basic idea that fixation on a certain region reflects the processing of the text

information in that region. Given that reading includes a series of processes from raw

visual input of text to sound and meaning (early lexical activation), to disambiguation,

integration of meanings, and eventually to comprehension (late context integration),

early measures could reflect the loads of early processing including semantic retrieval.

The eye movement measures used in this experiment then are listed below in (3), and

the calculation of each eye movement measure is depicted in Table (3).
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(3) The definition of the eye movement measures used in this study:

i. First Fixation Duration (FFD): the duration of the first fixation in the ROI
independent of the number of first-pass fixations made in the region

ii. Single Fixation Duration (SFD): the duration of the only first-pass fixation
in the ROI

iii. Gaze Duration (GD): the sum of all first-pass fixations in the ROI before
moving out of the region

iv. Skipping Rate (SKIP): the probability of skipping a word during first-pass
reading

v. Refixation Rate (ReFix): the probability of refixating a word during

first-pass reading

Table 3
The fixation patterns and corresponding calculation of each eye movement measures

used in the present study

TR A .. . BRI A .. . DR A e .-

@ @
(bs) @ —®

Subject A Subject B Subject C
Subject A Subject B Subject C
First Fixation Duration a2 b2 no
Single Fixation Duration a2 no no
Gaze Duration a2 b2+b3 no
Skipping Rate no no yes
Refixation Rate no yes excluded from the
calculation

Shaded fixation points indicate fixations on the target word #%/5] “time”

Nine participants observed more than 10 display changes, and so data of these

participants were excluded from the analyses and were replaced with new qualified
46



data. Data of another one participant was treated the same way due to high blinking

rate. Trials were also deleted from the analysis for the following reasons: (1) Fixation

duration on the ROI was shorter than 80 ms or longer than 800 ms. (2) There was a

blink on the ROIs. (3) Fixation fell out of the range of ROIs. (4) The fixation was at

the beginning or at the end of the trial. (5) Display change occurred after the eye

fixated on the target region. Overall, for the data of first-pass measures, 6.9% (237) of

trials were removed based on these criteria. For each duration measures, 28.1% (966),

41.8% (1438), and 29.4% (1011) of trials were removed respectively from the

database of FFD, SFD, and GD. Further, in order to launch analyses with preview

time and preview space as covariates, trials were further excluded when its preview

space or the preview time was unavailable. Preview time utilized pretarget single

fixation duration. The criterion for valid preview time was valid pretarget’s single

fixation followed immediately by target’s first-pass reading. Preview space utilized

launch site into the target. The criteria for launch site was set to be within 2.5

characters prior to the target word region, not only because a majority of launch site

fell in this range, but because this is the average size of perceptual span in Chinese

(Inhoff & Liu, 1998). Overall, 35.8% of data were retained for the analyses.

The present study used linear mixed-effect model (LMM, Baayen, Davidson, &

Bates, 2008) for estimation for duration measures, and generalized linear mixed-effect
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model (GLMM) for probability measures, both with crossed random effects of

subjects and items. The /mer function from the Ime4 packages (Bates, Maechler,

Bolker, & Walker, 2014) was utilized in the R 3.1.2 environment for statistic

computing and graphics (R Development Core Team, 2014). Based on estimation with

boxcox function (Box & Cox, 1964; Venables & Ripley, 2002), duration measures

were first log-transformed before entering the models. While the results of analyses

were presented with log-transformed value, graphs and raw data will be presented in

normal scale. For significant (p < .05) and marginal significant (p < .07) effects,

regression coefficients (bs), standard errors (SEs) will be reported. Alongside, while

t-values are to be reported in tables for duration measures, significance level of each

of these effects was estimated using Monte Carlo simulation with confint function in

the R environment and will be reported as well. Probability measures, on the other

hand, will be reported with p-values. Sliding contrast was used to test SR preview cost,

semantic preview benefit, and lexical effect, which are respectively means or

probabilities of SR - ID, UR - SR, and NW - UR. As described above, preview space,

preview time, and their interaction were used as covariates in the analyses of target

and posttarget region. Preview space was also used as a covariate in the analysis of

pretarget region.
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3.3 Results

3.3.1 Pretarget region

Pretarget region is the two-character region before the target word. In addition

to item and subject as crossed random effects, the analyses in this area included

preview space as a covariate, which is the same set of data as launch site of target

word but within two-character range. This criterion difference is explicable: In order

to assess how preview of the next word affects pretarget region, in other word,

parafoveal-on-foveal effect (POF) (see Schotter et al., 2012 for a summary), only the

situation is considered where fixation on the pretarget is followed by a fixation on the

target. When the pretarget region has its first-pass fixation but launch site for the

target region is beyond two characters, this implies that regression occurred after

pretarget region was fixated during first-pass reading. Since the nature of the

influence of this regression is largely unclear, this portion of data was left out. In

addition to preview space, since pretarget word frequency was not controlled at the

first place, log-frequency of pretarget words was also used as a covariate in the

statistic model.

The results of analysis of pretarget region are listed in Table 3. For duration

measures, SR preview cost did not reached significance. There was a semantic POF

for FFD (b = -0.056, SE = 0.028, p < .05), and it was marginal for SFD (b = -0.058,
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SE = 0.030, p < .07) and GD (b = -0.068, SE = 0.035, p < .07). What should be

noticed is that the regression coefficients for this effect are negative. That is,

previewing something semantically related will increase the processing load at foveal

vision. Lastly, lexical effect was not significant. Neither probability measures reached

significance for all effects of interest.

In order to investigate the details of this semantic effect, fixation times for each

condition were linearly regressed and plotted against preview space (Figure 4). The

graphs show that, when eyes fixated more closely to the target, preview times increase.

This increase was slower for UR words, resulted in longer preview fixation times

when previewing ID, SR, and surprisingly non-words.

Table 4
Results of analyses of pretarget fixation duration in Experiment 1 and the interactions

with preview space (p.s.) pretarget log word frequency (w.f.)

FFD SFD GD

b SE t b SE t b SE t
(intercept) 5.48 0.02 264,69 5.48 0.02 249 33 5.54 0.02 207 .54
SR -ID 0.03 0.02 1.15 0.03 0.03 1.11 0.03 0.03 1.08
UR - SR -0.06 0.03 2.27% -0.06 0.03 2.18% -0.07 0.03 2.28%
NW - UR 0.05 0.03 2.05% 0.04 0.03 1.57 0.07 0.03 2.13*
word freq. -0.01 0.01 2.57% -0.01 0.01 -2.59% -0.02 0.01 -2.83%%
prev. space 0.04 0.01 3.83%k% 0.04 0.01 3,57k 0.08 0.01 6.32%%%
SR - ID :wf 0.01 0.01 0.55 0.01 0.01 1.19 0.01 0.01 0.91
UR - SR :wf 0.01 0.01 1.01 0.01 0.01 0.88 0.01 0.01 0.52
NW - UR :wf -0.03 0.01 -1.83 -0.02 0.02 -1.26 -0.02 0.02 -0.88
SR-1D :p.s. -0.05 0.03 -1.63 -0.05 0.03 -1.51 -0.06 0.03 -1.73
UR - SR :p.s. -0.05 0.03 -1.70 -0.07 0.03 2.33% -0.07 0.04 -1.80
NW - UR :p.s. 0.04 0.03 1.14 0.04 0.03 1.14 0.06 0.04 1.60

wxp <005, #*p < .01, *p < .05, +p < .07.
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Figure 4. Estimated FFD (left panel), SFD (right panel), and GD (middle panel) on
pretarget words of Experiment 1 to preview space, with pretarget word-frequency-
related effects and random effects of participant and item removed. Errorbands

showed 95% of confidence intervals.

3.3.2 Target region

The analysis of target region involved two covariates, preview space and
preview time. Table 4 presents the results of the analysis in this region. In this region,
SR preview cost was not significant, and neither were its interactions with the
covariates. Semantic effect was robust for all three measures (FFD: b = 0.074, SE =
0.032, p < .05; SFD: b = 0.091, SE = 0.036, p < .05; GD: b = 0.111, SE = 0.043, p
< .05). Unlike the findings in pretarget region, the direction of the effect is positive,
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which indicates semantic preview benefit. This effect also interacted with preview

time (FFD: b = 0.165, SE = 0.089, p < .07; SFD: b = 0.225, SE = 0.101, p < .05; GD:

b =0.236, SE = 0.104, p < .05). The three-way interaction between semantic preview

benefit, preview time, and preview space reached significance for GD (b = -0.579, SE

=0.199, p < .005). Lexical effect was not significant across the duration measures, but

it also interacted marginally with preview space for FFD (b = 0.097, SE = 0.050, p

< .07). Skipping rate in this region showed SR preview benefit (b = 0.494, SE = 0.245,

p < .05), where SR previews caused more skipping then the ID previews.

Table 5
Results of analyses on the target region in Experiment I, with preview space (p.s.),

preview time (p.t.) and the interaction (both) of the both as covariates

FFD SFD GD

b SE t b SE t b SE t
(intercept) 559  0.02  240.01%#* 5.60 0.02  224.99% 570 0.03  211.14%%*
SR -ID 0.05  0.03 1.54 0.03 0.04 0.91 0.02 0.04 0.58
UR - SR 0.07 0.03 2.33% 0.09 0.04 2.52% 0.11 0.04 2.55%
NW - UR 0.00  0.03 -0.12 0.00 0.04 0.04 0.03 0.04 0.59
prev. time 0.02  0.03 0.51 0.04 0.04 1.08 0.01 0.04 0.36
prev. space -0.01  0.02 -0.68 -0.02 0.02 -1.18 -0.03 002  -1.27
p.t.:p.s. 0.04  0.06 0.77 0.05 0.07 0.75 -0.03 0.07 -0.52
SR-1ID :p.t. 0.00  0.09 0.05 0.06 0.10 0.60 0.09 0.10 0.89
UR - SR :p.t. 0.17  0.09 1.86+ 0.23 0.10 2.23% 0.24 0.10 2.26%
NW -UR :p.t. 0.08  0.09 0.95 0.09 0.10 0.89 0.07 0.10 0.69
SR-1D :p.s. 0.04  0.05 0.88 0.03 0.05 0.64 0.07 0.06 1.17
UR - SR :p.s. -0.03  0.05 -0.66 -0.04 0.06 -0.65 0.00 006  -0.03
NW - UR :p.s. 0.10  0.05 1.95+ 0.10 0.06 1.69 0.01 0.06 0.24
SR - ID :both -0.16  0.16 -1.02 -0.16 0.17 -0.98 -0.02 0.18 0.12
UR-SR:both  -027 0.7 -1.62 -0.27 0.20 -1.36 -0.58 020  -2.91%wx
NW-UR:both 005 0.17 0.28 0.08 0.21 0.39 0.27 0.20 1.36
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3.3.2.1 Modulation of preview time and preview space

In the target analysis, preview time and preview space were put as the

covariates in the statistic models of the reading times. In order to further investigate

the influences by these covariates, fixation durations of each preview condition were

plotted against preview space (Figure 5) and preview time (Figure 6), as in the

analysis of pretarget fixation durations.

From the pattern of Figure 5, one could see that fixation durations of SR have a

different pattern than those of ID and UR. For FFD, when the preview space is

beyond two characters, ID and SR pattern together. As preview site getting closer to

the target, pattern of fixation duration of SR splits up with that of ID, which is

reflected on the interaction with positive estimation between SR preview cost and

preview space.

The interaction with preview time has a simpler pattern. Regression line of each

condition was grouped in two, splitting up from each other when pretarget were

fixated longer. The interaction pattern showed a positive correlation of effect size of

semantic preview benefit to preview time. From the pattern of semantic preview effect,

one can also exclude the possibility that deficient previewing time of UR made UR

and SR incomparable. Although UR does occupy a smaller portion of preview time,

for the section where both UR and SR have data, their lines do split up for all three
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measures, which indicates semantic preview effect within a same range of previewing

time.
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Figure 5. Estimated FFD (left panel), SFD (right panel), and GD (middle panel) on
target words of Experiment 1 to preview space, with only random effects of

participant and item removed. Errorbands show 95% of confidence intervals.

54



| FFD GD SFD

500+

4001

@

£

- +

c ,.f

=] -

g 7

-8-300- el

—

- ‘o "lln-.-.-

©

-

=

200+

100- T T T T T T T T T
S (8] S ) (8] ) S ) S
& & K & & K & & °

Preview Time (ms)

ID === == SR = == s R = === NW

Figure 6. Estimated FFD (left panel), SFD (right panel), and GD (middle panel) on
target words of Experiment 1 to preview time, with random effects of participant and

item removed. Errorbands show 95% of confidence intervals.

There was also a significant three-way interaction in GD. In order to present

this interaction, the data set for GD was first split by the median of preview space, and

was then plotted to preview time. The reason why the data was split by preview time

but not preview space is that the interaction of semantic preview benefit with preview

time for GD was also significant. It would be more informative to compare how GD

patterns with preview time under different preview space condition. The pattern in

Figure 7 showed that the interaction pattern in Figure 6 for GD was mostly for small

preview space. That is, when the eyes previewed the target from 1.05 character away

from the target, longer preview time resulted in larger semantic preview benefit. And
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when the preview site was within 1.05 character space, more preview time resulted in
less semantic preview benefit, even though the pattern is rather obscure. While this
three-way interaction for FFD and SFD was not significant, it has relatively high
t-values for the two measures. Therefore the similar plotting scheme was applied to
FFD and SFD. The three-way interaction for these two measures pattern similarly to

GD, although the statistics were not significant.
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Figure 7. Estimated GD on target words of Experiment 1 to preview time under large
preview space condition (within 1.05 characters, left panel) and under small preview
space condition (beyond 1.05 characters, right panel) with random effects of

participant and item removed. Errorbands show 95% of confidence intervals.
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333 Posttarget region

For all duration measures and probability measures inspected, there were no

relevant effects in posttarget region. Since the manipulation in this experiment

regarded mostly about lexical processing, such late measure as spill-over was not

expected. The results of the posttarget region analysis were listed below in Table 5.

Table 6
Results of analyses on the posttarget region in Experiment 1, with posttarget log word

frequency (w.f.) as covariate

FFD SFD GD

B SE t b SE t b SE t
(intercept) 5.44 0.02 224.55%k% 544 003  212.30%%* 5.49 0.03 203,51 %%
SR -ID -0.02 0.03 -0.50 001 003 -0.28 -0.02 0.04 -0.55
UR - SR 0.00 0.03 -0.01 0.00  0.03 0.07 0.02 0.04 0.44
NW - UR -0.03 0.03 -1.03 003 003  -0.95 -0.04 0.04 -1.06
word freq. 0.00 0.01 -0.79 0.00  0.01 -0.48 -0.01 0.01 -1.21
SR - ID: w.f. 0.02 0.02 1.16 0.02  0.02 1.16 0.01 0.02 0.66
UR - SR: w.f. -0.02 0.02 -1.15 002 002  -1.05 -0.02 0.02 -1.07
NW-UR:wf. 0.2 0.02 1.26 0.01 0.2 0.90 0.02 0.02 0.89
3.4 Discussion
34.1 Parafoveal-on-foveal effect

In this experiment, semantic preview effect was found in both pretarget region

and target region. It was in expected direction in target region that having previewed a

semantically related preview resulted in shorter fixation times than semantically
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unrelated preview. However, in pretarget region, the effect was in the opposite

direction as that in target region. There are two proposed explanations for the effect

found in pretarget region. The prolonged fixation times for identical and

semantic-related previews were probably due to preprocessing and integration

processing of the preview when the preview seemed plausible (Kennedy & Pynte,

2005). This explanation, however, cannot reconcile with reading times of NW

previews, which has no semantic information for plausibility judgment or integration

process but caused numerically but not significantly longer pretarget fixation times

than UR previews. UR previews were also implausible to the pre-context and imposed

no processing load on integration as well. And thus according to this explanation, NW

should be more similar to UR than ID or SR. The alternative involves the detection of

anomaly. For the semantic unrelated preview, the sentences were implausible. When

the subjects detected such anomaly, they may be predisposed to saccade earlier to the

target region. This explanation may reconcile with the fact that pattern of pretarget

reading times of NW was more similar to that of ID and SR. Since a NW preview had

no specific word meaning, it was insufficient to conduct a plausibility judgment.

34.2 SR preview cost

SR preview cost was not observed in this experiment. Not only was the main
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effect far from significance, but none of the interactions reached significance. This is

actually in concordance with the first experiment in Yang (2013). Although

plausibility for SR was not controlled in the first place, the rating results showed that

inserting the SR preview to the sentence pre-context produced plausible sentence

fragment. In Experiment 1 of Yang (2013), synonymous transposed words under

plausible pre-context yielded no transposed preview cost. There is another factor in

the design of this experiment that may cause this lack of SR preview effect. Among

the materials, word frequencies of ID previews were lower than those of SR (and

therefore UR) previews. Since lower word frequency may require more processing

resource and therefore increase the reading time, this increment may offset the benefit

brought by identical previews and consequently obscure the SR preview cost. This

conjecture is further supported by the fact that skipping rate in this experiment was

higher for SR than ID. Such influence of previewed word frequency on skipping rate

is concordance with the results of Experiment 1 of (Yen et al., 2008).

343 Semantic preview benefit

Semantic preview main effect was significant in this experiment, along with

some of the interactions. This concords with previous studies that semantic preview

benefit is rather ostensive in Chinese than in some other languages (Tsai et al., 2012;
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Yan et al., 2009; Yan, Risse, et al.,, 2012; Yang, 2013; Yang et al., 2012). The

experiment here further demonstrated that semantic-related previews of two-character

length without other overlapping lexical features also provide preview benefit during

reading.

However, as for the interaction, previous studies and this experiment exhibits

diverse patterns. In the second experiment by Yen et al. (2008), as mentioned above,

they used previews with the same C1 homographic morpheme (SM), with different

but homographic morpheme (DM), and unrelated controls. Although the DM

previews did not show preview benefit based on the comparison with the controls,

they did found preview benefit in another analysis with data split by prior reading

times. In the analysis, they split the data by prior fixation duration at 220ms and tested

each group of data independently. They found that, with longer prior fixation duration,

reading times from DM previews resembles those from unrelated controls. Because

the disambiguation of the morphemes between SM and DM previews requires

accessing the whole word meaning, it indicates that longer preview time facilitates

word semantic processing. This is the pattern observed in this experiment that longer

preview time resulted in larger UR-SR gap.

Another study, however, showed a different picture. In the study by Yan, Risse,

et al. (2012), preview space was manipulated by the position of the boundary. In their
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first dataset, boundary was set right before the target word, and in the second dataset,

it was set before the single-character word prior to the target. Although it is not

completely parallel, the first dataset is similar to larger preview space in this

experiment in contrast to the second dataset, which confined the preview space to be

at least one-character away from the target, like the small preview space condition in

this experiment. They found that in the first dataset, semantic preview benefit

decreased when preview time increased. The reading times of semantic preview

patterned like those of identical preview around one end of preview time at 150ms,

but they became more alike to those of unrelated preview at the other end of 400m:s.

The same interaction with preview time was observed and significant for GD for the

second dataset, where preview space was limited. Semantic previews resulted in

shorter reading times than unrelated previews with shorter preview time but in longer

reading times with longer preview time. The pattern, however, is more alike to the

pattern observed under large preview space condition (see the left panel of Figure 7).

That is, the pattern observed in Yan, Risse, et al. (2012) is confined only to the

situation when previewing from a closer site to the target. One could attribute the

discrepancy to the scopes of the effects. In their study, while the target region was also

a two-character word, they manipulated the semantic relatedness of the first character.

That is, they investigated the semantic preview benefit of the first constituent of
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two-character words. While in this experiment, it was the two-character words

themselves that were manipulated. While extracting the semantic information of the

whole two-character word requires at least lexical information of both constituents, a

preview of better quality may be necessary for a comparable reading pattern to

single-character preview.

3.4.3.1 Plausibility effect on semantic preview benefit

Although semantic preview benefit was demonstrated in this experiment, a

caveat should be noted. In this experiment, while semantic relatedness was

manipulated, plausibility to the pre-context was not controlled across the materials

like the sentence frames of Experiment 1 in Yang (2013). In her Experiment 2,

however, when the plausibility of the sentence frames for both ST and DT previews

were controlled, she found no difference between the two conditions. Although this

difference was the presence of transposed preview cost in the two conditions, which

could be influenced by other factors such as difference in word frequency between

identical and other previews, it did point out the problem of plausibility control.

Taking the effect between identical and transposed preview of DT condition in both of

her experiments for example, plausible pre-context may at least diminish the gap

between reading times of identical and semantic unrelated preview (in her case, to
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insignificance). In addition, Yang et al. (2012) also reported plausibility effect.

Reading times for implausible & unrelated previews were longer than the average of

reading times for plausible & unrelated and plausible & related previews. This

indicates that implausible pre-context may exert its own effect and lengthened the

reading times for implausible previews.

Theoretically, plausibility judgment requires at least partial semantic access.

The existence of plausibility effect is in fact a proof for at least partial semantic access.

However, it remains questionable whether Chinese readers start integrating

two-character compounds as early as during preview, without an observable interval

when only the meaning of the compound was access. According to the design of

Experiment 1, there is no telling whether the observed differences between SR and

UR arose from difficulty in integration of the previewed words, i.e. plausibility effect,

or simply from semantic accessing of the previews. The design of Experiment 2

would therefore control the sentence pre-contexts to be plausible for both SR and UR

previews. There are two reasons why the plausible context was chosen instead of the

implausible context. First of all, as indicated in pretarget analysis of this experiment,

anomalous pre-contexts may interrupt normal reading and shortened preview time.

Another reason is that in Chinese, word-level semantic preview benefit may not be

observable under implausible pre-context (Yang et al., 2012). Therefore the design of
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Experiment 2 would utilize plausible pre-contexts to optimize the settings for

semantic preview benefit.
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Chapter 4. Experiment Two: Semantic preview benefit with plausible pre-context

Experiment 2 was designed to resolve the confounding in Experiment 1. The

experiment design of Experiment 2 was similar to experiment 1 except that each

preview in the sentence frame was confined to plausible. Two-character words in

traditional Chinese were chosen as targets and previews in the boundary-paradigm

experiment. Before fixation point saccaded cross the boundary, readers might receive

one of the following previews: (1) Identical preview (ID), which was the same

two-character words as the target, (2) semantic-related preview (SR), which was

semantically related to the target, and (3) semantic-unrelated preview (UR), which

was semantically unrelated to the target. Non-word previews were excluded from

Experiment 2, because a non-word preview is presumably always implausible to the

sentence frame, and the control of plausibility is the issue here in Experiment 2. An

item thus consisted of three kinds of previews embedded in the same sentence frame,

with one of the preview being the target. The difference in eye-movement pattern

between ID and SR conditions is the SR preview cost. In Experiment 1, the SR

preview cost was also observed for skipping rate, but it might be the results of less

control of plausibility for SR condition. According to the previous studies, where

similar preview cost was minimal when SR previews were plausible to the sentence

frames, SR preview cost may not be observed in this experiment. The differences
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between SR and UR conditions are then semantic preview effect, which is the main

concern in this experiment. The existence of semantic preview effect is then the

decisive result in this experiment, where plausibility and semantic effects can be

separated with reference to Experiment 1.

4.1 Method

4.1.1 Participants

Thirty students or members from National Chengchi University community (22

females, 8 males), with age ranging from 18 to 29 (M = 20.9, SD = 1.50) were

recruited for the eye-tracking experiment. Participants were paid for their

participation. All of them were native speakers of Taiwan variety of Mandarin

Chinese, with normal or corrected-to-normal vision. None had participated in

experiment one or any of the norming studies.

4.1.2 Materials

Ninety two-character compound words were chosen to be the target words, 36

of which were the same as target words in Experiment 1. Criteria for selection of

target words and their respective SR previews were the same as those in experiment

one. UR previews in experiment two, on the other hand, were not the same word set
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as SR previews, but were selected independently in order to be semantically unrelated
to the target word but to fit plausibly into the sentence frame. Again, one-thrid of the
materials were verbs, and the others were nouns. Word frequencies of SR and UR
words were matched, but not with that of target/identical preview. Character
frequencies and stroke numbers of first and second character in each group of preview
words were controlled in the same fashion (s < 1.6 between SR and UR). Previews in
any set shared no common characters or onset phonemes to prevent unwanted preview

benefits. Table 5 summarizes the word properties of each group of previews.

Table 7
Means and standard errors of word frequency per million, C1, C2, and total strokes of

the two constituents of each preview condition in Experiment 2

Targets and ID preyv. SR previews UR previews
Word example 7% % “early morning” % B “daybreak” #&E “MRT”
Word frequency 12.12 (1.27) 29.85 (1.62) 20.87 (1.75)
CI strokes 11.31 (0.46) 12.27 (0.47) 12.19 (0.46)
C2 strokes 10.51 (0.46) 10.28 (0.50) 10.13 (0.44)
Total strokes 21.82(0.61) 22.54 (0.65) 22.32 (0.65)

Sentence frames were constructed for each target word in a way that the
sentence fragments before the target word position were plausible when followed by
any one of the previews from the respective item set. The onset of target word lay
from the 12th to 18th character position in the sentences. Sentence lengths ranged
from 21 to 27 characters long. Other design parameters followed those of Experiment

1. An example of the experiment sentences were given below with different previews
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underlined following the order of identical, semantic-related, semantic-unrelated

preview:

4) R PR T ISR RERE T/ R/ RERG R RAT
“Huang usually gets off work at early morning/daybreak/MRT before the sun

comes up.”

Three experiment lists were constructed in fixed-random orders. Each list

consisted of 90 experiment trials and 6 fillers distributed in 3 blocks. Each block

began with their 2 fillers to bring the subject back to the experiment context after the

inter-block breaks. Three conditions were equally and randomly distributed in every

block. Four practice trials preceded the blocks at the beginning of the experiment to

familiarize the participants with the experiment procedure.

Prior to the eye-tracking experiment, the same two norming studies were

conducted as in experiment one to assess whether (1) meaning relatedness of preview

to the target was as designed and (2) the combination of pre-context with preview was

plausible for each item. Further, predictability of each target/preview was also

assessed in order to control for predictability effect. Table 6 lists the results of each

norming studies.

Table 8

Means and standard errors of rated results of the norming studies for Experiment 2
ID SR UR

Meaning relatedness - 5.57 (0.08) 1.83 (0.06)

Word Predictability <10% < 7% <7%

Plausibility 5.45 (0.08) 5.47 (0.07) 5.10 (0.09)
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4.1.2.1 Norming study: Meaning relatedness, sentence predictability, and

sentence plausibility

The purpose of this norming study was the same as that in Experiment 1, except

that in this experiment, plausibility for all three previews was expected to be high.

Thirty students of National Chengchi University were recruited and paid for their

participation. They were all native speakers of Taiwan variety of Mandarin Chinese.

Neither did they participate in any studies of Experiment 1, nor did they participate

the eye-tracking experiment.

Three fixed random lists were constructed for the study. They were composed

of two sub-lists as in the norming study of Experiment 1. Sixty balanced word pairs

were in each semantic-relatedness sub-list and 90 sentence trials in each sentence

sub-list. The difference between this norming study and that of Experiment 1 was that

in this norming study, any sentence fragment with any one of the previews was

plausible, and therefore 50 fillers were inserted in each sentence sub-list. Other

settings and procedures were the same as in Experiment 1.

The results showed that the meaning of SR preview was related to target/ID

previews for each item, and the other way around for UR previews. Meaning

relatedness for ID and SR preview was all above 3.5 (average = 5.57, SD = 0.08),

while that of ID and UR preview was all below 3.5 (M = 1.83, SD = 0.06). Further,
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the difference between the two groups of meaning relatedness was significant (r =

35.72, p < .001).

Predictability of a preview from its pre-context is presented as percentage of hit

of the previews in all two-character words that the participants had written down. For

all three groups of previews, each preview was written by the participants less than

10% of time. Therefore, previews used in this experiment could be regarded as

unpredictable by the pre-context.

Results of plausibility of previews with pre-context showed that sentence

fragments from the beginning up to the target region were plausible with either ID,

SR, or UR preview taking the target region (all above 3.5; ID: M = 5.45, SD = 0.08;

SR: M =5.47,SD =0.07; UR: M =5.10, SD = 0.09).

4.1.3 Apparatus

The experiment setting and apparatus was identical to Experiment 1.

4.1.4 Procedure

The procedure was identical to Experiment 1.
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4.2 Data analysis

Identical to Experiment 1, target region, pretarget region, and posttarget region

were subject to the analyses. Also following the design of Experiment 1, first-pass

duration measures and probability measures were analyzed. Eight participants

observed more than 10 display changes, and so their data were excluded and were

replenished with new participants. Criteria for data selection were identical to those of

Experiment 1, and the resulting data loss rate was 6.2% (159) for first-pass measures

and 28.4% (723), 38.8% (988), 29.2% (742) respectively for FFD, SFD, and GD. In

this experiment, preview quality and previewing time span were also taken into

consideration, and therefore preview space, which was implemented using launch site,

preview time, which was implemented with pretarget single fixation duration, and

their interaction were included as covariates in the statistic models as well. With valid

preview space and preview time, 33.9% (862) of data points were retained for

first-pass duration analysis for target region.

Tools of analysis and reported items were identical to Experiment 1. The

difference was that according to the design of this experiment, only SR preview cost

(SR-ID) and semantic preview benefit (UR-SR) would be evaluated in the models

using sliding contrast.
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4.3 Results

4.3.1

Pretarget region

Pretarget region is the two-character region before the target word. In addition

to subject and item as crossed random effects, the analysis included preview site as

covariate. Since this ROI was pretarget, preview site would be equivalent to last

fixation position or launch site of the target region. Furthermore, since pretarget word

frequency was not controlled at the first place, it was also taken into account as a

covariate in pretarget analysis. For pretarget analysis, none of duration measures or

probability measures reached significance, and so were their interaction with the

covariates. The results are listed in Table 8.

Table 9

Results of analyses on the pretarget region in Experiment 2, with pretarget log word

frequency (w.f.) and preview site (p.s.) as covariates

FFD SFD GD
B SE t b SE t b SE t
(intercept) 543 0.02 229,57 543 0.02  226.46%% 5.46 0.02 221.60%%
SR -ID -0.03 0.02 -1.67 0.02 002  -1.28 -0.02 0.02 -1.13
UR - SR 0.01 0.02 0.35 0.01  0.02 0.43 -0.01 0.02 -0.41
word freq. 0.00 0.01 -0.56 0.00 0.01 -0.53 0.00 0.01 -0.26
prev. site 0.04 0.01 3.80%%% 004 001 336k 0.06 0.01 4.66%%
SR - ID: w.f. 0.00 0.01 0.02 0.00  0.01 -0.46 -0.01 0.01 -0.61
UR - SR: w.f. -0.01 0.01 -0.62 -0.01 001 -0.87 0.00 0.01 -0.29
SR - ID: p.s. 0.00 0.03 0.08 0.00  0.03 0.16 0.02 0.03 0.49
UR - SR: p.s. -0.02 0.03 -0.84 -0.02 003 -0.71 -0.05 0.03 -1.64
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4.3.2 Target region

The analysis of target region involved previewing space, preview time, and

their interaction as covariates for duration measures and bare model without

covariates for probability measures. Table 7 represents the results of target region

analysis. For duration measures, main effect of SR preview cost was not significant,

but it interacted with preview space for all three measures (FFD: b = 0.112, SD =

0.051, p < .05; SFD: b =0.117, SD = 0.053, p < .05; GD: b = 0.140, SD = 0.061, p

< .05). There were also a three-way interaction between SR preview cost, preview

space, and preview time for all FFD (b = -0.002, SD = 0.001, p < .05) and SFD (b =

-0.002, SD = 0.001, p < .05). Semantic preview effect had no significant main effect

or any significant two-way interaction, but it also had a three-way interaction with

both covariates for FFD (b = 0.002, SD = 0.001, p < .05) and SFD (b = 0.002, SD =

0.001, p < .05). As for probability measures, none of the main effects or interactions

reached significance. Table 9 presents the results of the analysis.
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Table 10
Results of analyses on the target region in Experiment 2, with preview time (p.t.),

preview space (p.s.), and the interaction (both) of the both as covariates

FFD SFD GD

b SE t b SE t b SE t
(intercept) 5.53 0.02  233.68%** 553 0.03 209.84%%* 5.62 0.03  179.01%**
SR -ID 0.04 0.03 1.46 0.02 0.03 0.76 0.02 0.03 0.72
UR - SR 0.00 0.03 0.11 0.00 0.03 0.03 0.03 0.03 1.10
prev. time 0.00 0.00 0.74 0.00 0.00 0.30 0.00 0.00 -0.19
prev. space -0.04 0.02 -1.78 -0.05 0.02 -2.26% -0.08 0.03 -3.00%**
p.s.:p.t. 0.00 0.00 -0.78 0.00 0.00 -0.52 0.00 0.00 -0.16
SR -1ID :p.t. 0.00 0.00 -0.98 0.00 0.00 -1.26 0.00 0.00 -1.21
UR - SR :p.t. 0.00 0.00 0.38 0.00 0.00 -0.36 0.00 0.00 0.24
SR -1D :ps. 0.11 0.05 221% 0.12 0.05 2.19% 0.14 0.06 2.28%
UR - SR :p.s. -0.05 0.05 -0.94 -0.08 0.05 -1.50 0.03 0.06 -0.46
SR —ID :both 0.00 0.00 -2.50* 0.00 0.00 -2.27% 0.00 0.00 -1.01
UR - SR :both 0.00 0.00 2.30% 0.00 0.00 2.57* 0.00 0.00 0.61

4.3.2.1 Modulation of preview space and preview time

None of the main effects of the planned contrasts reached significance in this

experiment. For SR preview cost, it only reached significance in a two-way

interaction with preview space for all three duration measures, and in a three-way

interaction with both preview space and preview time for FFD and SFD. For semantic

preview effect, only the three-way interaction reached significance for FFD and SFD.

In order to examine these interactions, reading times were likewise plotted against

preview space to inspect the interaction of SR preview cost. The data of FFD and SFD

were then split up and plotted as well for the three-way interaction.
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The interaction between the SR preview cost and preview space is quite clear

once plotted. For all three measures, the gap between the dashed line (SR) and the

solid line (ID) is rather small for large preview space, but they split up when the eyes

fixates near the target word during previewing. As for semantic preview effect, which

is the difference between dotted dashed line (UR) and dashed line (SR), not only do

the two lines entangle with each other, but their difference does not change

significantly with the preview space. Although there is a pattern in SFD and FFD,

where the reading times for SR is longer than those of UR when the preview site was

within one character, this interaction does not reach significance, and thus one should

not overemphasize this pattern.
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Figure 8. Estimated FFD (left panel), SFD (right panel), and GD (middle panel) on

target words of Experiment 2 to preview space, with random effects of participant and

item removed. Errorbands show 95% of confidence intervals.

Semantic preview effect does not reached significance in any two-way

interaction but only in the three-way interaction. It is therefore disputable which

covariate should be split up in two groups and which should be plotted as a

continuous variable. Here, in order to compare the results with Experiment 1 and with

previous studies, preview time was again plotted as the continuous variable, while the

datasets of FFD and SFD was split by the median of preview space. The three-way

interaction would be the difference in their pattern between the two groups. Figure 9

and Figure 10 are the split plots for FFD and SFD, respectively.
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Figure 9. Estimated FFD on target words of Experiment 2 to preview time under large
preview space condition (within 1.21 characters, left panel) and under small preview
space condition (beyond 1.21 characters, right panel), with random effects of

participant and item removed. Errorbands show 95% of confidence intervals.
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Figure 10. Estimated SFD on target words of Experiment 2 to preview time under
large preview space condition (within 1.2 characters, left panel) and under small

preview space condition (beyond 1.2 characters, right panel), with random effects of

participant and item removed. Errorbands show 95% of confidence intervals.

The interaction patterns show that with large preview space, which is within
1.21 character space for FFD and 1.2 character space for SFD, semantic preview
benefit increases with preview time. And when previewing from a farther site, the
lines for SR and UR mostly tangle up in FFD, and there is a trend for SR previews to

have longer target SFD than UR previews with longer preview time.

4.3.3 Posttarget region
Posttarget analysis included posttarget word frequency due to the same reason
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as in pretarget analysis, but did not include preview time or preview space. In this
analysis, none of the main effects reached significance nor did they interact with the

covariate (Table 10).

Table 11
Results of analyses on the posttarget region in Experiment 2, with posttarget log word

frequency (w.f.) as covariate

FFD SFD GD
B SE t b SE t b SE t

(intercept) 5.48 0.02 25347 547 002  257.48%%x 5.52 0.02 235,33k
SR -ID 0.00 0.02 0.22 0.00  0.02 0.04 -0.01 0.02 -0.40
UR - SR 0.02 0.02 0.87 0.02 0.2 0.98 0.02 0.02 1.10
word freq. -0.01 0.01 -2.04% -0.01  0.01 2.14% -0.02 0.01 -2.86%*
SR - ID: w.f. 0.02 0.01 1.61 0.02  0.01 1.68 0.02 0.01 1.30
UR - SR: w.f. 0.00 0.01 -0.35 -0.01 0.1 -0.51 0.00 0.01 0.22

4.4 Discussion

In Experiment 2, the main effect of semantic preview effect observed in
Experiment 1 was absent. Only the three-way interaction between semantic preview
effect and the interaction of the two covariates reach significance for FFD and SFD,
while such interaction was significant only for GD in Experiment 1. As for SR
preview cost, while it was totally absent for main effect, it was positively interacted
with preview space, and the three-way interaction was also significant. In non-target
region, shortened pretarget reading times for UR condition in Experiment 1 were not

observed in this experiment.
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44.1 Parafoveal-on-foveal effect

The absence of pretarget semantic preview effect was expected. In Experiment

1, the proposed explanation was the observation of anomaly during preview. In the

design of Experiment 2, such anomaly was eliminated by plausible combination of

previews and sentence pre-contexts. Therefore, the result of Experiment 2 in pretarget

region further vindicated the hypothesis proposed in Experiment 1.

4.4.2 Semantic preview benefit

The lack of semantic preview main effect is consistent with the conclusion of

Yang (2013) that for two-character words, only plausibility effect can be detected. But

this is in contrast with the results of Yang et al. (2012) that semantic preview benefit

can be observed only under plausible pre-contexts but not under implausible ones.

The difference may be due to the discrepancy is experiment design. The target words

and previews in their study were single-character words. In order to further

investigate this issue, the patterns of how semantic preview effect interacts with

preview time and preview space in this experiment and in previous studies should be

compared. Although semantic preview main effect was not significant in Experiment

2, the difference between the patterns of its interaction with preview time is greater

under different preview space conditions. When previewing at a site near the target
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word, preview benefit for FFD and SFD was increasing with preview time. This is

similar to what was observed in Yen et al. (2008) that longer preview time helped to

disambiguate the different homographic morphemes. On the other hand, when

preview site was about 1.2 characters and beyond, the pattern reversed. Small preview

space in this experiment lead to a pattern in SFD that semantic preview benefit

decreased and eventually became cost with increasing preview time. This pattern then

is similar to the ones discovered in Yan, Risse, et al. (2012), even though their targets

and previews were the first constituent characters of two-character words. As

mentioned in the discussion of Experiment 1, their studies found that semantic

preview benefit decreased, and became cost when previewing from beyond

one-character range (their dataset 2), which is consistent to the pattern here.

Following the explanation in Experiment 1 that previewing from a closer site

results in a similar pattern in the experiment with single-character previews (Yan,

Risse, et al., 2012), it could therefore be due to the similar reason, that plausible

contexts also ease the process and result in the similar reading pattern, even when the

previewing site is far from the target. However, it does not reconcile with the fact that

when previewing from a closer site, the trend for semantic preview benefit reverses

again, and increases with preview time. For UR previews in both experiments, this

should be the optimal preview condition, with plausible pre-context and large preview
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space. To be consistent with previous explanation, the integrated partial sentential

meanings may be the cause here. While better preview is available, previewing the

target may have resulted in integration of the sentence meaning. Amending the

sentence meaning may again depend on how close the previewed meaning is related

to the true meaning. This hypothesis requires experiments investigating into, for

example, different possible integration processes to verify.

4.4.3 SR preview cost

In contrast to Experiment 1, SR preview cost interacted with the covariates in

this experiment, although the main effect remained insignificant. Following the

discussion in Experiment 1, the lack of SR preview cost is in concordance to Yang

(2013). And since the word frequencies of ID previews/targets were lower than those

of SR and UR previews as in Experiment 1, the same reason of lack of SR preview

cost main effect as in Experiment 1 could apply here. While SR preview cost was not

the core issue in this study, the interaction pattern may need further studies with finer

control to resolve.
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Chapter 5. General Discussion

In this study, two boundary-paradigm experiments were conducted to

investigate semantic preview benefit of Chinese two-character compound words. In

Experiment 1, there were identical, semantic-related, semantic-unrelated, and

non-word previews for each target word embedded in the sentence frame which was

plausible for identical and semantic-related previews, but not for the rest of the two.

Experiment 2 applied the same design, but non-word previews were excluded and the

sentence frames were plausible for all three of the previews. In Experiment 1, the

comparison between UR and SR thus comprised the effect of meaning relatedness to

the target and previews’ difference in plausibility to the sentence pre-context, while

that effect in Experiment 2 could be said to be irrelevant to plausibility difference.

5.1 Parafoveal-on-foveal effect

The core issue of the study is semantic preview benefit. In Experiment 1, the

effect was found as early as pretarget first-pass duration measures, but in the reverse

direction that readers spent less time on pretarget region when previewing UR

preview. Such an early effect was not found in Experiment 2. When the eyes fixate on

the pretarget region, the word at the target region was still preview, and so this effect

is related to the interaction between the preview word and the pretarget word. In this
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study, the effect was attributed to the relation between the pre-context and the preview.

The shortened pretarget reading times were due to the situation where the readers

detected an anomaly when previewing the implausible UR preview during reading,

and hence made a premature saccade to the place of the anomaly, namely the target

region. This is supported by two other observed phenomena. First, only UR previews

but not NW previews along that caused this shortened fixation times. Since NW

previews had no real meanings to incur anomalous situations. Secondly, with

plausibility control in Experiment 2, such effect disappeared. This suggests that

implausibility in Experiment 1 was indeed the source of the POF. However, such

explanation was inconsistent with previous studies. The studies with word previews,

single-character or two-character, reported null POFs (Yang, 2013; Yang et al., 2012),

while among studies investigating preview benefit from the first constituent character

of two-character words, Yan et al. (2009) reported POF from semantic related

previews. But in Yan et al. (2009), previewing a semantic related preview resulted in

shorter pretarget GD, significantly shorter than the unrelated and phonological

previews. This is again in contrast with current findings.

The findings in Yan et al. (2009) can be attributed to the fact that the preview

words were actually all nonwords except for the identical previews. Therefore the

comparison between the semantic and unrelated previews did not involve the
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difference in whether an anomaly was detected. Without a whole-word meaning, the

result may only reflect the lexical processing of individual characters but not a

primary comparison for anomalism. But this explanation is not adequate for the other

two studies that reported null POFs, since the materials in their studies were

independent words. Since judgment for anomalism may involve various factors such

as syntax, semantics, transitional probability, contextual constraints, or strength of the

effect from the previous factors, there may have been different factors at work that

resulted in the diverse results. Taking the example sentence with control preview for

DT from the first experiment in Yang (2013) for instance: #x-fZ % 2 # oo Z % —

¥ & 89 X4 - “The boat ticket hanging in uncle’s study is a precious relic.” The

sentence fragment up to the target region is not as bad to be an anomalous sentence

fragment after all. Further studies may therefore be necessary to address this issue of

anomaly detection.

5.2 Semantic preview benefit

The two experiments demonstrated that semantic information of a parafoveal

two-character words can be accessed, and such effect can be modulated by plausibility

of the preview in the pre-context. The difference in plausibility resulted in the main

effect between the SR and UR previews, which then disappeared when plausibility
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was controlled in Experiment 2. Such a pattern seems compatible with the conclusion

made by Yang (2013). However, her conclusion was based on the presence of

transposed preview cost based on different transposed previews. Although the word

frequency of identical preview words in this study was not well controlled to match

the other previews, the same statistic models were built with another set of planned

contrast for a fair comparison between SR/UR preview cost and transposed preview

cost in the two studies. The following table shows the pattern of these preview costs

in this study:

Table 12
Main effects of non-identical preview costs from both experiments
FFD SFD GD
b SE t b SE t b SE t

Experiment 1

SR - ID 0.05 0.03 1.54 003 004 091 0.02 0.04 058

UR - ID 0.12 0.03 381445 013 0.04 344w 014 0.04 3,11
Experiment 2

SR - ID 0.04 0.03 1.46 002 003 076 0.02 0.03 0.72

UR - ID 0.04 0.02 1.64 002 003 081 0.06 0.03 1.90+

Intercepts and interactions with the same set of covariates as LMMs for target region

above were omitted.

The pattern of the main effects is consistent with those from Yang (2013). In

this study, semantic preview also manifested itself in the interactions with covariates

for preview time and preview space in Experiment 1, and only so in Experiment 2.

Therefore, one could make the conjecture that the semantic preview effect may still
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have existed in Yang (2013), but such effect was too elusive that it was not observable

without analysis with preview time and preview space.

5.2.1 Modulation of preview time and preview space

Previous discussion has compared the results of each experiment with previous

study analyzing preview effects with preview time and preview space. Logically, there

were three types of interaction with preview time. Firstly, preview benefit, i.e. the

difference in reading times between the unrelated previews and the semantically

related previews, decreases with preview time. This is observed in Yan, Risse, et al.

(2012). On the contrary, preview benefit may increases with preview time. Though

not directly, Experiment 2 in Yen et al. (2008) indicated that readers could access the

right morphemic meaning, which depended on the whole word process in their design,

only with longer preview time. Secondly, the benefit may largely remain the same

across different preview time. With three-way interactions found in both experiments,

different patterns of interaction with preview time were also found for different

preview space, as listed in the following table.
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Table 13
Trends of interaction between semantic preview effects and preview time under

different preview space conditions in the two experiments

Large preview space Small preview space

(previewing site near the target) (previewing site away from the target)
Experiment 1 Decreasing (FFD, GD) Increasing (SFD, FFD, GD)
Experiment 2 Increasing (SFD, FFD) Decreasing (SFD)

In large preview space condition in Experiment 1 and small preview space

condition in Experiment 2, the effect decreases with preview time, like the

observation in Yan, Risse, et al. (2012). Their proposal for this phenomenon is that

with longer preview time, accumulation of lexical information from the parafoveal

preview may eventually come to the point where difference between the semantically

related preview and the target becomes too significant to cause any benefit. This can

also explain the disappearance of DM preview benefit in Yen et al. (2008), where long

preview time allowed the readers to distinguish the difference between two

homographic morphemes.

The two increasing patterns should be discussed separately. The reason for this

is that they were under extremely different preview conditions. The pattern found in

Experiment 1 was the preview benefit when the readers previewed from about

one-character away, with UR previews being implausible to the pre-context. SR

previews, on the other hand, were previewed under the same condition in Experiment

2, which means that the accumulation of lexical information up to a too-much level
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should also be there in Experiment 1. The fact that semantic preview benefit still

increased under this circumstance indicates that implausibility may have blocked

further semantic access for the UR previews, which not only lead to null lexical effect

but also the premature saccade conjectured above for pretarget semantic preview

effect.

The increasing pattern in Experiment 2 should have another underlying

mechanism, since preview time and preview space were very different that of the

increasing pattern in Experiment 1. Activation of lexical meaning would not be the

cause here, because from previous discussion, it has been conjectured that semantic

activation could reach the level that cancels semantic preview benefit under worse

preview condition, such as farther preview site or implausible UR. Therefore, one

could resort to integrated meaning, as logically the next step after semantic activation.

The level of difference between meanings of sentence fragments with the preview and

with target should be different for SR and UR. While this was not tested in this study,

it could be the reason why under optimal preview condition, SR previews became

again better previews than the UR ones.

5.2.2 Implication to reading models and contextual processing in reading

In this study, the existence of semantic preview effect, though minimal, seems
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to further support the theoretical architecture of attentional gradient models and

against attention shift models. The mechanism proposed in E-Z Reader incline to

prohibit words that have been identified in L1 stage to be the target of saccade

programming, while semantic activation is performed during L2, which starts after the

completion of L1. Although in SWIFT, activation level of a word decreases during the

second stage of lexical processing (lexical completion stage), which gradually lowers

the probability of the word to be the next target, the stochastic target selection process

could still select such a word as target. Therefore, following the architecture of

SWIFT model and the finding in this study, one could conjecture that during reading,

words within a window around the fixation are activated in parallel, though not

homogeneously. Such lexical activation could reached the level at which semantic

information is activated.

However, one caveat should be noted: The discrepancy of reading behaviors

between the two experiments indicates plausibility effect at work, which implies

higher level processing. While most of the models include no mechanism for how

higher level processing could influence eye movement patterns (Reichle, Warren, et

al., 2009), E-Z Reader 10 (Reichle, Warren, et al., 2009) does consider how such

processing may influence eye movements. However, it is an integration stage

following the completion of L2 and it induces regressive saccades or prohibits current
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saccade programing to the next word when the integration process fails. Since it is so

late a process, the previewed plausibility effect observed in this and previous studies

may not be attributed to this process. Another possible theoretical explanation for this

contextual factor is predictability, which is included in both SAS and GAG models. In

E-Z Reader, predictability of the up-coming word determines whether the word

should be skipped or modulates the time of both L1 and L2 processing. In SWIFT,

predictability modulates the rate of the lexical completion stage. In Experiment 1,

predictability was controlled to be 0% and in Experiment 2, it was controlled to be

under 10%. With this design, the effect induced by predictability, as assumed in these

models, should not confound the effects observed in Experiment 1&2.

However, as has pointed out in Schotter et al. (2015), contextual constraint is a

contextual properties that is related to but not equal to predictability. While

predictability means how a certain word form is predictable from the context,

contextual constraint defines a range and a genre of concepts that is determined by the

pre-context. While such constraints in the two experiments varies in a relatively large

range, semantic genre of these constraints were not inspected. The following section

will discuss the possibility of intervention from such contextual constraints.
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5.2.3 Contextual constraint as an alternative to plausibility effect

As has been demonstrated in some ERP studies, maybe contextual constraint,

rather than predictability of a certain word form, is the key factor in lexical activation

during reading (Kutas & Hillyard, 1984; Metusalem, Kutas, Hare, McRae, & Elman,

2012). Although eye-movement models usually utilize predictability as the contextual

factor, there have been eye movement studies that showed the influence of contextual

constraint.

Schotter et al. (2015) demonstrated that contextual support is necessary for

semantic-related non-synonyms in English to exhibit preview benefit. In their first

experiment, sentences were designed to moderately constrain toward the targets

(average 21%, and 75% when the responses belonging to the general idea of the target

were also counted), and semantic preview benefit was observed. The comparison

conducted in their second experiment along with the previous results from Schotter

(2013) showed that such a contextual support is necessary for general semantic

preview benefit in English. The rationale under the phenomenon is that constraining

sentences activate not a single word form but a group of related concepts, or a range

of ideas that could manifests itself in various word forms. When an expectation has

been made about the range of the up-coming words, the parafoveal word should be

easier to identify than under neutral pre-context.
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In the current study, sentence contexts were all controlled not to be predictable

to any preview. While sentence pre-contexts have different degrees of constraint

(10%-75% in Experiment 1; 6.7%-56.7% in Experiment 2), targets and previews

were written by rating participants less than 10% of the time. In Schotter et al. (2015),

however, they counted the constraint to the target via combining responses belonging

to the genre as the target. According to this calculation, there might be such difference

in constraints in the material. Take the following experiment sentence from

Experiment 2 for example:

OERET P EEETS EVSLPS P s Sl

While the target 4[] “contract” and the corresponding UR preview 7 3R

“newspaper clip” never appeared in participants’ answers, UR-related items have been

massively answered, including words such as Xk, X ZF, ® X, B =, Bk, 3R,

XA, #wX. They sum up to a 50% constraint in the rating. While this pre-context

biases toward the UR preview, others may bias toward either the UR preview or the

ID/SR preview. Although plausibility control in Experiment 2 was not consistent to

the contextual constraint control when calculated in the way proposed by Schotter et

al. (2015), according to their account, biasing toward a certain genre of idea would

help accessing semantic information parafoveally the specific word form belonging to

that genre. In the case of Experiment 2, this could lead to over-activation of UR
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preview when the context was biased toward it. It would then lead to greater cost

when the unexpected target was foveally read. Such an account, needs more research

as well in order to further test this possibility and to determine whether such an

account is plausible for Chinese two-character words.

5.3 SR preview cost

Previous studies in Chinese preview benefit have demonstrated phonological

and orthographic preview benefits. In this study, however, such effect is rather elusive

in that in both experiments, while among previous studies, the presence of

non-identical preview cost was diverse. The diversity could be due to the difference in

materials or the definition of such effect. For example in Yang et al. (2012), the

identical effect that reached significance was the comparison of reading times of

identical condition to the average of the other three condition. As for Yang (2013),

there was no non-identical preview cost as well in the second experiment. In another

experiment (Experiment 1, Yen et al., 2008) investigating preview benefit of

two-character compounds, identical preview benefit was found between unrelated

previews (e.g. #iL/R “antigen”) and identical previews (e.g. /F4#¢ “aide”) for FFD

and GD. The design was more similar to that of Experiment 1 in that their unrelated

previews were less plausible than identical previews in the sentence frames (p < .001).
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Additional analyses were than conducted in both experiments for a fair

comparison with previous studies. Alongside with the contrast discussed in 5.2,

planned contrasts that tested reading times between average of non-identical previews

and identical previews were also applied in LMMs. The following table integrates the

non-identical-to-identical effects from different experiments discussed above for

comparison.

Table 14
Selected results of non-identical-to-identical effect from various studies that match in

their designs as close to those in current study

Experiment Unit Contrast to identical condition Main effect

Yang et al. (2012)
Experiment 1  1-char. word Related-implausible and unrelated-implausible = Yes
Experiment 2 1-char. word  Related-plausible, unrelated-plausible, and Yes

unrelated-implausible

Yen et al. (2008)

Experiment 1  2-char. word  Unrelated-implausible Yes
Yang (2013)

Experiment 1 ~ 2-char. word  Related-plausible No

Experiment 2 2-char. word  Unrelated-plausible No
This study

Experiment 1  2-char. word  Unrelated-implausible Yes

Experiment 1 2-char. word Related-plausible No

Experiment 1 2-char. word Unrelated-implausible and related-plausible Yes

Experiment 2 2-char. word  Related-plausible No

Experiment 2 2-char. word  Unrelated-plausible No

Experiment 2 2-char. word  Related-plausible and unrelated-plausible No

From the comparison above, it seems that even non-identical preview effect

requires some plausibility contrast between the identical previews and the
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non-identical, semantically related previews in order to be significant. Such

interpretation should remain undetermined at this point, since for those experiments

that showed no non-identical preview cost, the identical previews themselves were not

well controlled, as stated in Yang (2013) and as presented in both experiments in

previous chapters. In this study, as mentioned in Experiment 1, SR preview cost may

have been blurred by the lower word frequency of the targets and identical previews.

5.4 Limitations and suggestion for future studies

This study aims to demonstrate semantic preview benefit for Chinese

two-character compounds. Experiment 1 demonstrated that semantic information can

be accessed from two-character compounds parafoveally, while Experiment 2 further

confirmed that while much of the difference between SR and UR conditions were due

to intervention from implausible pre-context, semantic relatedness was still reflected

in the interaction between reading times, preview time, and preview space. However,

the intervention from plausibility was only conjectured from the data at hand, and

there could be other mechanisms at work for the plausibility control in the

experiments. For example the account of contextual constraint proposed by Schotter

et al. (2015) could have been a factor in Experiment 1 that lengthened the target

reading times for UR conditions. While in this study, rated plausibility was the only
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reference for the control, further studies or analyses are needed in order to address this
issue of integration process.

Another issue related to this study is the internal structure of Chinese
compounds. While this study has focused on generalizing the results by Yang (2013)
to general two-character compounds in Chinese, there are still other types of
two-character words such as monomorphemic word or, as have been argued by some
linguists to be words, combination of single-character adjective-noun pair (e.g. 4cit).
It has been demonstrated that processing of these two-character words can be
influenced by the closeness of the constituents (Cui, Drieghe, et al., 2013). Other
intra-word relation between constituent characters in two-character compounds also
varies to some extent. For example, inherent syntactic structure between the two
characters, such as verb-object (e.g. Bk $% ) or modifier-noun (e.g. % £), or
transparency, which was briefly discussed in Introduction, may all influence the
process of semantic activation and meaning integration. The modulation of preview
benefit by foveal load could also play a role here. It has been demonstrated that foveal
load may limit the cognitive sources available for parafoveal processing (Tsai et al.,
2012; Yan, Kliegl, Shu, Pan, & Zhou, 2010). The interaction between cognitive load
required by the first constituent and the intra-word relation could incur different
process in semantic activation of the word, and in turn result in various possibilities
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regarding semantic preview. While this study showed that meaning of general

two-character compounds can be access during preview, detailed mechanisms and

nuance differences underlying these results require more research to answer.
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Appendices

A. Materials of Experiment 1

Sentence frame ID SR UR NW
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Sentence frame ID SR UR NW
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AP R0 > R GV ML 6y F AL R IFIR o w3 e FA AW
MR E RRGEERS T RESREE  HFRUHERFER HE EF BA i
BARBRS  E—RES RRMFRE TS EAHRE - R &% RR &4
FIRARITFAE R EARBER TRROBETE - Y ER KR OEARE

ERGBIRSAABMERTENA  BEHAEFHA - T F+E BF B4
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FHBRARRBERFA M BAFT RIGRRFE - A RER O Bk BR
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WA RBRANAL  BFREFRBRFLBH TG RAY - KR OEF ORA OHFR
A1 RAR BB IR R e M 3% R 64 & b B R ARAT DA MRS B Sh R Ao ki kE O OBR
BRGHERZEACHY L@ B AE R ABHREFK - FEB  FH8  OFEXR K3
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Sentence frame ID SR UR NW

BHWERZGIA—REREHRY > 2B FALE - Fi7 WE  HE 22X
—RFTAMBREMS TR S BT B EMGETHRRIEE - Bk MR mA gR
BFEHTHHLFAEANERARTEF A e ERGEY - 38 BT RY  REE
FE—HEFXKRE > BANPINALSBCE LR N3EE - & RAE £#% HA

B. Materials of Experiment 2

Sentence frame ID SR UR
BRHBMEHRIAFRIBRERGITRERPE - A Bk A
MY AN EERE A MRAR NI o4 LA e Esk - &R B4 TR
EEHENN R LD ST RER U FTHEER - 28 $& #HE
EEOREERET  WHAERKIRURBIEE - X MH BE®
Hop k] 3R ELE B A M Ak 0 B8 ATk 5 A e E o #E  BHE WHR
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ARG EEMMERB AR EINR » HEABETTH) £ - E# BHF  EW
BEZEA% > - EEXRBIRAHBREEREN T #E B BA
BARBWR LM S FRATRTHERLZFRORS - R R wF
EFREAGH TN ERERERRR LB ARG E - 2k BE NIz
KRBT RO S F B 403l B AT MR R th B B ey B R o A A -
B A ERET ey REARGOFREYE - % £% mi
RRETHEREG & — 184 AR 2 3 s R o R Wb Eib
BT HAMANERR—AWE AWML TEP HYEH i - WE S HER Sl

BB REAEREEROGHMBEEFTER - g FER BAF
BTG nE] A THBITA BRI - He  Hik #F
St BE KR LHRERBERME HETEH - B Ak Ek
M A6 faFo 2616 AT B H B 0I5 B2 E AR R BRI R - HiE B4 XF
NERAEERZ I bk EMA ERREME TAE Rk BE HRE
& EAABI A Ak 0 RABBAE B R 8 SARE % E SN o b R Mt
—EAEERE  EERRRA KRG H A RPIRAT Y EH - KE % WA
TR A IR R AT T AR £ 0 Ky BT A o e B BE
AR R AT i X RN S SRR 0 ABE R KBORML - #E #8 &Y
FTHREBIETRABRITLE LT FELERO EN R - TE ER A5
BHETRRBRE 2L RARSHRERL > RTEREY - %% AmAE LE
AAELCEREMTRAEFEERFTROEMLEIE - BE % B4y
BEMARE LHEA MR A Atk B EE - mE ARE W4
NEFE THGRMA L ERFFRGEEERZAT - FF O OAR  H#dE
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Sentence frame ID SR UR

RERE K ITHBBEREERE BB LEANRE - EE F¥ R
ZHEHERRAARRAGHRBE RO REER - A 2% &
BFFMGERFENHEEEART T HFhHERE - e RA A
MAEHR > TROZAERTERNAZERBIEANT] - HE SRR R E
NZFRFGHBMEIME R EWRBE L 0 AR AR AME - B R Ak
BREARBEY RS EBIMRHKRE - AT HGHA - hmE ®mA HEK
T2 RHRZ A > FIEERE—ERREFEBRRETE - Tk 4APHR AR
BRREHATEF R AL XRIFEH - SBRERFAME - X% FHA  FE
EF ST AR CRERBRENBS B E adEf - B B &
BROGFEHUAEFAHBRKEGZMN B AEA - mE BM  OEE
IMEBMRGES  ARXREFRBEHEARGIBTEY - #F aiR A
HHEGAZETHRASCABBYTENEE - A% B Xk
NREEOFARLEBEL ;P EERORIEMBRE - &  H4H  F4
BETHEBER > DABRRBFEIARR LI UAP - /e EFFE OB
ERBREHT  FRIZET0&KMFLEETHRGFRELE - ;IR EHF T
EMY—HBEEY  FEZAMBRBE—FHRRE - LTSS B N =3
BREXGAHASANFZ2EEMBEFBRES e MY As

R R& AR LA 5 M ST — RO RR B AR - Mo E BRH
SEZAMEREREF S EERE S ABTBRE - 2¥ HE BE
EWEY > BRBABRAREAGEIBERANSRERRKR - HE  HmE A
e Ry FHR ARl EASTASRAE DRI - BE LR MR
B LB 0B R RAE 0 AR\ AT A SRR AR R T IR - Ris o kR OBK
SR A ey RGAE SR E REITHRRE - BHR Ay A%
BT lataamrER A 5 BT AR ERRAE - OB Rk
EHROEREAR K EBREHGORE  EMTHSLEAHN - BRSO OBR #RE
BEUREEMERA RSB EBTHATHHAL - wmHA IR EHK
HRUERERRTTRRBEZ LA ERENHRE ad mAK ER
RIBEGESF S A TBREHEEHT - sisdneg - B BB BE

B LR XBERREAN B GELE ZEZET X - W RE Rk
AFZE T ZF% 0 AGHLREDD M AETE - BE  HaE WHE
AP LR GIIRLRB MY B RFBIRFR - BEE e &8
X RKRAEMBEEBTHFSGREE A RFREM - S22 B8R F#
FEN LB AR BN EELEBREROER FEH FH A
MHRERD RAROARNCEBPEREFUARGT % - B B EAR
HRFR SR E - SRR R F AR Fp R M
FI R RBEREGTREBIURH 2 H £ - g £Bk BEC
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Sentence frame ID SR UR
HBTREEH T BEGE T ASMBRLELT ROHA - BER BERF HE
thHEE AL - % F YL EF E A 3 ML iRon ke N EF N E HH OWE OBHM
RBMTHGER - RASBEALZNETHEHERIALE - #/E  HBo FH
BARGEZRBAETRS A OBEHRENOERLZ & - K GREIR MRk
NIERLAN TR A THIEHRBERE > B THEEHEY - B ORM ok
ATREM RO EHR  BBERTER DT » BEAH G - FR EH BB
BAFELTTELHERERREFR LOE K& - X AM RE
ERERTUM G ERREN T BRET ROF &R - B RE M
BRI RERNAE  BREFRRFSHABRORAY - ER EY Edw
NSRBI R AL BT A KPR TARRE BITHHA - i e H
HEREOHERATHEROFEEHEERAKNET X - % R BX
BXREHRA AR/ THELHRBRALEERYIEIH - BA R BH
BEIAMCEBEHFTHSREEHEFHETMEE - Rt ®&  FR
BRI RE R NS B R hrEr e AT - BERE A% MR
S BASGAR B E R T B tfke - T WmE B
HEGTFARKLEXZLBH T TRGH - 3% %A M
BE-WHERBEE  ERETHMZEBRE T4 ARE - EE O ER  E®
FES R 2 TR RATERBBATR AR E Ry - £38 BT A
BEMKFETHENBREAREEGOHERTROMMIB X - £ Kk S
TR R —ERR o BAIPI A SR E AR NG E - B RE Ee
FAMBR T D RREBRRBIERBOTARSE - #% M %A
AR IR T — 8/ i EIRAL E 6 R 4 o ER - BTR A
BB ARFTHNE ZRBERE - KEHBH B - mEe RE X

NEH BIARE SR AR S BBRGTER e N EAR AR F Be A2 HH
BWHAELEFZF LA  FHBRR S WS FHEERE KA AkHFE OERT
BBk hk B » do— R R R BB/ F X BRPHER - B Eel ER
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