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國 立 政 治 大 學 研 究 所 碩 士 論 文 提 要 

研究所別：語言學研究所 

論文名稱：詞性及語意限制對詞彙歧義解困的影響：中文歧義詞處理的眼

動研究 

指導教授：蔡介立 

研究生：陳柏亨 

論文提要內容：(共一冊，39901字，分 5 章 18節) 

兩種語句處理模型曾被提出以解釋閱讀句子時語法及語意資訊的互動。句法

優先模型(syntax-first models)認為詞性判斷必定先於語意分析，而制約滿足模型

(constraint-satisfaction models)則認為不同的資訊在語句理解的過程中會同時被

處理。本研究檢驗兩種語句處理模型能否解釋語句中的詞彙歧義解困(lexical 

ambiguity resolution)。 

許多眼動研究曾發現詞彙歧義詞的次要語義偏向效應(subordinate bias 

effect)，顯示語意偏向次要語義的語境能加速激發歧義詞的次要語義並且產生語

義競爭。然而，語境的語法在詞彙歧義解困中扮演的角色並不清楚。因而，不同
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語義分屬不同詞性的詞性歧義詞便提供我們一個媒介以檢驗詞彙歧義解困中詞

性及語意限制的互動。 

本研究的目的有二：(一) 檢驗詞性限制能否決定中文詞性歧義詞的語義解

困；(二) 檢驗中文歧義詞語義的詞性是否會影響次要語義偏向效應。實驗一我

們將四種不同類型的中文非均勢同形異義詞置於語法及語意皆為次要語義偏向

的句子裡；實驗二則將四種不同類型的中文非均勢同形異義詞置於語法為次要語

義偏向但語意中立的句子裡。受試者閱讀句子時的眼動表現會即時被記錄。 

實驗一的結果發現：(一) 四類型歧義詞的次要語義偏向效應只反映在目標

詞後區域的二次閱讀指標上；(二) 就效果量而言，NV 歧義詞的次要語義偏向

效應在目標詞及目標詞後兩個區域都比 VN 歧義詞來得大。實驗二的結果則發現：

(一) VN 歧義詞的次要語義偏向效應從目標詞區的首次閱讀指標就出現，並且

持續至目標詞及目標詞後兩個區域的二次閱讀指標；(二) 另外三類型歧義詞的

次要語義偏向效應直到所有分析區域的二次閱讀指標才反映出來；(三) NV 歧

義詞的次要語義偏向效應比 VN 歧義詞出現得更晚也更不明顯。整體而言，本研

究的結果顯示詞性限制並不是影響中文詞性歧義詞語義解困的唯一因素。此結果

支持制約滿足模型，並反對句法優先模型的預測。 
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Abstract 

Two primary sentence processing models have been proposed to account for the 

interaction between syntactic and semantic information in reading sentences: 

Syntax-first models assume that syntactic-category assignment must precede semantic 

analysis, while constraint-satisfaction models propose that information from different 

sources is processed and weighed at the same time during sentence comprehension. 

The present study examined whether these sentence processing models, which assume 

different contribution of syntactic category and semantic context, can explain the 

resolution of lexical ambiguity in sentences. 

Several eye movement studies have demonstrated the subordinate bias effect 

(SBE) for lexical-semantic ambiguous words (i.e., NN/VV homographs), indicating 

that a subordinate-biased semantic context can boost the activation of the subordinate 

meaning of ambiguous words and causes meaning competition (Duffy, Morris, & 

Rayner, 1988). However, the role of syntactic context in lexical ambiguity resolution 

is less clear. Syntactic category ambiguous words (i.e., SCA words; VN/NV 

homographs), whose alternative meanings differ in syntactic category (e.g., watch in 

English), serve as a means of examining the interaction between syntactic category 

and semantic constraints during lexical ambiguity resolution. 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

xv 
 

The purpose of the present study was twofold: (a) to examine whether the 

syntactic category constraint can determine the semantic resolution of Chinese SCA 

words, and (b) to investigate whether syntactic category of alternative meanings of 

Chinese homographs can influence the SBE during lexical ambiguity resolution. Four 

types of Chinese biased homographs (NN, VV, VN, and NV) were embedded into 

syntactically and semantically subordinate-biased sentences (Experiment 1) and into 

syntactically subordinate-biased but semantically neutral sentences (Experiment 2). 

Participants’ eye movements were recorded as they read each sentence. 

In Experiment 1, the results showed: (1) The SBE for the four types of 

homographs was significant only in the second-pass reading on the post-target words. 

(2) Numerically, the NV homographs revealed a larger effect size of SBE than VN 

homographs on both target and post-target words. In Experiment 2, the results showed: 

(1) The SBE for VN appeared from the first-pass reading on the target words and 

lasted to the second-pass reading on the target and post-target words. (2) The SBE for 

the other types of homographs did not occur until the second-pass reading in all 

analyzed regions. (3) The SBE for NV occurred much later and less obviously than 

that for VN. In general, our findings support the constraint-satisfaction models and 

reject the prediction of the syntax-first models, suggesting that the syntactic category 

constraint is not the only factor influencing the semantic resolution of SCA words. 
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Chapter 1  

Introduction 

1.1  General background 

Human comprehend countless auditory and written sentences in daily life. To 

successfully understand the meaning of sentences, people need to integrate plenty of 

information (e.g., syntactic, semantic, pragmatic information, etc.) provided in the 

sentences. Thus, it arouses the interests of psycholinguists and neuropsychologists in 

the way information from different sources is integrated in human’s mind and brain. 

More specifically, how syntactic and semantic information interact during sentence 

comprehension is one of the hot issues.  

Two distinct classes of sentence processing models have been proposed to account 

for the interaction between syntactic and semantic information—syntax-first 

(garden-path) models and constraint-satisfaction models. The syntax-first 

(garden-path) models assume that syntactic and semantic information is processed 

serially (Frazier & Rayner, 1987; Friederici, 2002; Friederici, Hahne, & Mecklinger, 

1996; Rayner, Carlson, & Frazier, 1983). Syntactic-category assignment must precede 

semantic analysis. In contrast, the constraint-satisfaction models propose that 

semantic and syntactic information are processed in parallel (Macdonald, 1993; 

Macdonald, Pearlmutter, & Seidenberg, 1994; Trueswell & Tanenhaus, 1994; 

Trueswell, Tanenhaus, & Garnsey, 1994; Trueswell, Tanenhaus, & Kello, 1993). 
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Different sources of information are processed and weighed at the same time during 

sentence comprehension. Previous neurolinguistic research on Indo-European 

languages (e.g., German and French) mostly supported the syntax-first models 

(Friederici, 2002; Friederici, Gunter, Hahne, & Mauth, 2004; Friederici et al., 1996; 

Friederici, Steinhauer, & Frisch, 1999; Hahne & Friederici, 2002; Isel, Hahne, Maess, 

& Friederici, 2007). However, the functional primacy of syntactic category 

assignment was not obviously found in Chinese studies (Li, 1998; Wang, Mo, Xiang, 

Xu, & Chen, 2013; Yu & Zhang, 2008; Zhang et al., 2013; Zhang, Yu, & Boland, 

2010). The discrepancy might result from the unequal transparency of syntactic 

information manifested in the Indo-European languages and in Chinese (Zhang et al., 

2010). Thus, it is of theoretical significance to investigate the interaction between 

syntactic and semantic contextual information during Chinese sentence 

comprehension. 

Ambiguity resolution can provide an opportunity to examine these sentence 

processing models. Most literature is established by investigating how people resolve 

syntactic ambiguity (e.g., The horse raced past the barn fell.) in sentences. 

Nevertheless, whether these sentence processing models can explain the resolution of 

lexical ambiguity (e.g., bank in English) in sentences should be examined. 

Lexical ambiguity is a robust phenomenon of language, in which multiple 
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meanings can be expressed through a single linguistic form (either visual or acoustic). 

Homographic words can be roughly subdivided into two types, homonymy and 

polysemy (Lyons, 1977). Homonymy contains multiple meanings which are 

etymologically or semantically unrelated, such as bank (river bank/financial bank), 

while polysemy involves multiple senses which are etymologically or semantically 

related, such as hook (fish hook/cloth hook). Recent psycholinguistic and 

neurolinguistic studies have demonstrated that homonymy and polysemy are 

psychological distinct and being processed in different ways (Beretta, Fiorentino, & 

Poeppel, 2005; Frazier & Rayner, 1990; Klepousniotou, 2002; Klepousniotou & 

Baum, 2007; Klepousniotou, Pike, Steinhauer, & Gracco, 2012; Klepousniotou, 

Titone, & Romero, 2008; Pickering & Frisson, 2001; Rodd, Gaskell, & 

Marslen-Wilson, 2002). Multiple meanings of homonymy are exclusive and stored as 

different representations, while multiple senses of polysemy are not mutually 

exclusive and may share a core representation. To avoid lumping all things together, 

the present study primarily focuses on homonymy, also called homophonic 

homographs.  

Over the past three decades lexical ambiguity resolution has been one of the hot 

issues in psycholinguistics and neurolinguistics. Researchers have been interested in 

whether one or multiple meanings are activated when an ambiguous word is 
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processed. A lot of studies have shown that meaning dominance (i.e., frequency of use) 

may influence the activation level of alternative meanings of a homograph. The 

dominant meaning (i.e., high-frequency meaning) is easier to reach a high activation 

level than the subordinate meaning (i.e., low-frequency meaning) (Burgess & 

Simpson, 1988; Hogaboam & Perfetti, 1975; Simpson, 1981; Simpson & Burgess, 

1985). When the alternative meanings are equally frequent, they reach a high 

activation level simultaneously and compete with each other (Duffy, Morris, & 

Rayner, 1988; Rayner & Duffy, 1986; Seidenberg, Tanenhaus, Leiman, & Bienkowski, 

1982; S. C. Sereno, Pacht, & Rayner, 1992).  

However, the meaning dominance is not the only factor which can influence 

lexical ambiguity resolution. An increasing number of studies have been concerned 

with the role of context, especially semantic context, in resolving ambiguous words. 

There are two views: one is selective access view, and the other is exhaustive access 

view. Selective access view assumes that only the context-appropriate meaning is 

activated (Glucksberg, Kreuz, & Rho, 1986; Schvaneveldt, Meyer, & Becker, 1976; 

Simpson, 1981; Simpson & Krueger, 1991; Tabossi, 1988; Tabossi, Colombo, & Job, 

1987; Tabossi & Zardon, 1993), while exhaustive access view proposes that multiple 

meanings are activated initially regardless of contextual bias (Onifer & Swinney, 1981; 

Seidenberg et al., 1982; Swaab, Brown, & Hagoort, 2003; Swinney, 1979; Tanenhaus 
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& Donnenwerth-Nolan, 1984; Tanenhaus, Leiman, & Seidenberg, 1979). Recent eye 

movement studies have consistently found a subordinate bias effect (SBE) for biased 

homographs (i.e., the frequency of alternative meanings is not equal) (Duffy, Kambe, 

& Rayner, 2001; Duffy et al., 1988; Pacht & Rayner, 1993; Rayner & Duffy, 1986; 

Rayner & Frazier, 1989; Rayner, Pacht, & Duffy, 1994; 盧怡璇, 2012). For example, 

Duffy et al. (1988) observed longer fixation durations on biased homographs than on 

frequency-matched unambiguous words when the preceding context was biased 

toward the subordinate meaning of the homographs. In order to explain the SBE, the 

reordered access model (Duffy et al., 2001; Duffy et al., 1988) was proposed to 

highlight the early impact of semantic context on the activation of multiple meanings. 

The subordinate-biased context boosts the activation of the subordinate meaning and 

leads to the competition between the alternative meanings.  

In addition to meaning dominance and context, syntactic category is another factor 

influencing the processing of ambiguous words. Pickering and Frisson (2001) 

conducted an eye-movement study to investigate the SBE of biased homographic 

verbs and found there was no SBE in the target region. Thus, they suggested the 

resolution of biased homographic verbs is not as fast as that of biased homographic 

nouns. This study implies the necessity of distinguishing different types of 

homographs based on syntactic category in investigating lexical ambiguity resolution.  
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Nevertheless, there is a lack of experimental data for examining the influence of 

syntactic context on lexical ambiguity resolution, since most literature on lexical 

ambiguity resolution has mainly focused on those ambiguous words whose 

component meanings share a single syntactic category, (i.e., lexical-semantic 

ambiguity), such as bank. In fact, there are some ambiguous words whose component 

meanings cross different syntactic categories, called syntactic category ambiguous 

words (SCA words), such as watch (a clock/to look). Investigation of SCA words can 

shed light on functional primacy of syntactic constraint from the preceding context. 

For example, Folk and Morris (2003) observed an absence of the SBE for SCA words 

in sentences which are semantically- and syntactically-biased toward the subordinate 

meaning. The observation was considered the evidence that syntactic category 

constraint can mediate the semantic ambiguity resolution. This result can fit into the 

syntax-first models, in which the analysis of syntactic information is assumed to 

precede the analysis of semantic information. However, an alternative explanation of 

the absence of the SBE for SCA words is that the inherent difficulty of verb meaning 

limits the speed of activation and delays the meaning competition. Therefore, the aim 

of the present study is to systematically investigate the influence of syntactic category 

and semantic constraints on the resolution of Chinese lexical-semantic and syntactic 

category ambiguous words. Our ultimate goal is to see whether the syntax-first 
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models or the constraint-satisfaction models can explain lexical ambiguity resolution 

in sentences. 

 

1.2  Research questions 

In the present study, we conducted two eye movement experiments using the 

normal reading task to investigate the influence of syntactic category and semantic 

constraints on Chinese lexical ambiguity resolution. In Experiment 1, four types of 

disyllabic homographs (NN, VV, VN and NV) 1 were embedded into sentences 

involving syntactic category and semantic biases toward the subordinate meaning, 

while in Experiment 2 only the syntactic category constraints preceded the 

homographs. Each homograph was assigned a frequency-matched unambiguous word 

as control, which can fit into the same sentence frame. Specific research questions are 

listed as follows: 

(1) Would syntactic category constraints determine the semantic resolution of Chinese 

SCA words? The syntax-first (garden-path) models predict the absence of the SBE, 

while the constraint-satisfaction models predict the presence of the SBE. 

(2) Would syntactic category of alternative meanings of Chinese homographs 

influence the SBE during lexical ambiguity resolution? 
                                                        
1 NN, VV, VN and NV are used as marks for the four types of homographs. The first and the second 
letter represent the syntactic category of the dominant and the subordinate meaning, respectively. For 
example, VN represents the homograph whose dominant meaning is a verb and subordinate meaning is 
a noun. 
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Chapter 2  

Literature Review 

 

2.1 Mechanisms of sentence processing  

The primary task of comprehending a sentence is to integrate plenty of 

information from different sources (e.g., syntactic structure, word semantics, 

real-world experience, etc.). Some researchers have been debating how syntactic and 

semantic information interact during sentence comprehension. With different 

assumptions, two primary classes of models were proposed: syntax-first models and 

constraint-satisfaction models. The following sections introduce the two models and 

review some empirical evidence. 

 

2.1.1 Syntax-first models 

The most influential model of syntax-first accounts is the garden-path model 

(Frazier, 1979, 1987, 1989; Frazier & Rayner, 1982; Rayner et al., 1983), which was 

originally proposed to explain the resolution of syntactic ambiguity. In this model, 

sentence comprehension is assumed to engage two serial processing stages. At the 

first stage, sentence comprehension relies on construction of the simplest sentence 

structure, which is based on the syntactic category information. More importantly, the 
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mechanism of syntactic processing is modular, impervious to non-syntactic contextual 

information (e.g., lexical-semantic, pragmatic information). Therefore, the language 

processor considers only available structural information to generate a single 

candidate structure. At the second stage, non-syntactic information is taken into 

consideration. If the initial candidate structure turns out to be inconsistent with 

non-syntactic information that is processed during the second stage, reanalysis occurs 

and leads to processing difficulty. 

Rayner et al. (1983) conducted an eye-tracking experiment and supported the 

idea that semantic and pragmatic information cannot influence the initial syntactic 

analysis during sentence comprehension. In their experiment, they manipulated the 

relative likelihood of possible real world events (i.e., the plausibility of sentences) and 

the appearance of relative pronoun, constructing four types of sentences: (1) reduced 

implausible: The dealer sold the car wasn’t sure that it was safe.; (2) reduced 

plausible: The teenager sold the car wasn’t sure that it was safe.; (3) unreduced 

plausible: The teenager who was sold the car wasn’t sure that it was safe.; and (4) 

active implausible: The teenager sold the car but wasn’t sure that it was safe.. In 

terms of the total reading time (per character) on whole sentence, they found no 

differences between the reduced implausible and the reduced plausible sentences, 

while both types of reduced sentences were read longer than were the unreduced 
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plausible and active implausible sentences. In addition, the reading times on the 

unreduced plausible sentence were longer than on the active implausible sentences. 

They further discovered that the longer reading times on both types of reduced 

sentences resulted from their longer reading times in the disambiguating region (e.g., 

wasn’t sure that it was safe), which indicated that readers initially constructed the 

simplest structure (i.e., the active sentence structure) and encountered processing 

difficulty when realizing the sentence was a reduced relative-clause sentence. And the 

lack of increased reading times on the implausible sentences suggested that the 

plausibility did not influence the initial syntactic analysis. In sum, the study of Rayner 

et al. (1983) supported the idea that during sentence comprehension the initial 

syntactic analysis was independent and impervious to semantic analysis. 

Recently, Friederici et al. (1996) and Friederici (1995, 2002) also proposed a 

neurocognitive model of sentence processing on the basis of electrophysiological data. 

In this model, three phases are proposed to specify the time course of syntactic and 

semantic processes (see Figure 1). During phase 1, syntactic structure is constructed 

based on syntactic category information. Violation of syntactic category information 

usually elicits an early left-anterior negativity (ELAN) around 100-300 ms after target 

word onset (Friederici, Pfeifer, & Hahne, 1993; Hahne & Friederici, 1999; Hahne & 

Jescheniak, 2001). During phase 2, morphosyntactic and semantic information is 
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processed. Words that are semantically inconsistent with the prior context usually 

elicit a larger negative brain potential (N400) (300-500 ms), peaking around 400 ms 

(Kutas & Federmeier, 2000; Kutas & Hillyard, 1984; Neville, Nicol, Barss, Forster, & 

Garrett, 1991). Finally, phase 3 represents integration and reanalysis of various types 

of information. Both syntactically anomalous and garden-path sentences usually elicit 

a positive brain potential (P600), peaking around 600 ms (Hagoort, Brown, & 

Groothusen, 1993; Osterhout & Holcomb, 1992; Osterhout, Holcomb, & Swinney, 

1994). Interestingly, when a word violates both syntactic category and semantic 

constraints in a sentence, only an ELAN but no N400 appears (Friederici et al., 1999). 

This finding supports syntax-first models, in which syntactic analysis is assumed to 

precede semantic analysis.  

 
Figure 1. A simplified diagram of Friederici’s auditory sentence processing model 
(adapted from Friederici (2002), Figure 1) 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

12 
 

 

2.1.2 Constraint-satisfaction models 

An alternative class of models, constraint-satisfaction models, is proposed to 

challenge syntax-first models in the 1990s (Macdonald, 1993; Macdonald et al., 1994; 

Macdonald & Seidenberg, 2006; Trueswell & Tanenhaus, 1994; Trueswell et al., 1994; 

Trueswell et al., 1993). According to constraint-satisfaction models, two stages of 

sentence comprehension are unnecessary. Sentence processing engages one 

mechanism, in which all sources of information are available to interact among one 

another. Non-syntactic constraints need not wait until a second stage to influence 

ambiguity resolution. One of the important assumptions in constraint-satisfaction 

models is that multiple candidates are activated initially and weighted by probabilistic 

constraints (e.g., frequency, plausibility, etc.). When the probabilistic constraints are 

strongly consistent with one analysis, processing is easy because no selection is 

needed. In contrast, when multiple analyses are equally supported by constraints, 

processing difficulty takes place due to the competition between multiple candidates.  

Trueswell et al. (1994) conducted an eye movement experiment and suggested 

that the lexical-semantic information (e.g., thematic-role) can be used by readers 

immediately during comprehending relative clauses. They manipulated the animacy 

of subject noun (animate: defendant vs. inanimate: evidence), the relative clause type 

(reduced vs. unreduced), and the type of verb in the relative clause (ambiguous 
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regular verb: examined vs. unambiguous irregular verb: drawn). Comparing reduced- 

with unreduced-relative clauses with animate subject nouns (e.g., reduced: The 

defendant examined by the lawyer turned out to be unreliable.; unreduced: The 

defendant that was examined by the lawyer turned out to be unreliable.), they found 

longer first-pass reading times for reduced-relative clauses in the disambiguating 

region and longer second-pass reading times both in the verb and the disambiguating 

regions. These results indicated that readers began to encounter processing difficulty 

because they mistook the verb as a main verb initially. For inanimate subject nouns, 

neither first-pass nor second-pass reading times showed significant differences 

between reduced- and unreduced-relative clauses in any region. Thus, there seemed 

no processing difficulty with the inanimate nouns. Nevertheless, Trueswell et al. 

discovered that their inanimate stimuli varied in patient-typicality (i.e., whether the 

noun is a good patient or theme with regard to the verb following). For example, their 

norming data of patient-typicality indicated the textbook－loved pair obtained a low 

score, resulting in weak semantic fit, while the evidence－examined pair received a 

high score, resulting in strong semantic fit. Further analyses of first-pass reading times 

revealed that the lack of processing difficulty remained only in the case of strong 

semantic fit. In the case of weak semantic fit, reduced-relative clauses required longer 

first-pass reading times than did the unreduced both in the verb and the 
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disambiguating regions. Therefore, the study of Trueswell et al. (1994) suggested the 

influence of semantic information in an early stage of sentence comprehension. 

In sum, the two primary models of sentence processing have been proposed to 

elucidate how syntactic and semantic information interact during sentence 

comprehension. Nevertheless, most evidence comes from the findings of syntactic 

ambiguity resolution. It remains unclear whether these sentence processing models 

can explain the resolution of lexical ambiguity. In the next section, some crucial 

issues and findings of lexical ambiguity resolution are reviewed first, and then some 

implications of distinct sentence processing models for lexical ambiguity resolution 

are put forward. 

 

2.2 Issues of lexical ambiguity resolution 

Over the past three decades, psycholinguists and neurolinguists have been 

interested in lexical ambiguity resolution by using various methodologies, such as 

cross-modal priming, eye-tracking and event-related potentials (ERPs) methods. A 

primary issue concerns whether multiple meanings of an ambiguous word are 

activated at the same time. Previous research has demonstrated that meaning 

dominance, syntactic category and contextual constraints have an impact on semantic 

resolution of ambiguous words. 
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2.2.1 Meaning dominance 

Meaning dominance was defined as the relative frequency of usage of alternative 

meanings involved in an ambiguous word. It can be assessed by using the 

free-association technique, in which subjects write down the first meaning that came 

to mind when given the ambiguous word in isolation (Gawlickgrendell & Woltz, 1994; 

Hogaboam & Perfetti, 1975). Based on meaning dominance, two types of homographs 

can be differentiated: balanced homographs and biased homographs. Balanced 

homographs have multiple meanings whose frequencies of usage are equal, while 

biased homographs have one dominant (high-frequency) meaning and other 

subordinate (low-frequency) meanings. For example, “同志” is a balanced Chinese 

homograph with two equally-frequent meanings (comrade/homosexual), and “儀表”is 

a biased Chinese homograph with a dominant meaning (appearance) and a 

subordinate meaning (instrument panel). 

 Previous research has demonstrated that meaning dominance would influence the 

activations of alternative meanings of homographs (Carpenter & Daneman, 1981; 

Duffy et al., 1988; Rayner & Duffy, 1986). In a neutral context (i.e., the context where 

no disambiguating information is provided), the alternative meanings of a balanced 

homograph were activated simultaneously (Rayner & Duffy, 1986; Swinney, 1979), 

while the dominant meaning of a biased homograph was retrieved prior to the 
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subordinate meaning (Hogaboam & Perfetti, 1975; Simpson, 1981). Swinney (1979) 

investigated the semantic resolution of balanced homographs by using a cross-modal 

priming paradigm with a lexical decision task. In the cross-modal priming paradigm, 

subjects listened to sentences containing lexical ambiguities (e.g., bugs) followed by a 

visually-presented target (e.g., contextually-appropriate: ant; 

contextually-inappropriate: spy; unrelated: sew). Their task was to determine whether 

the visually-presented target formed a word or not. The results demonstrated 

facilitated lexical decisions for the visual targets immediately following the end of the 

homographs, no matter when the target was related to the contextually-intended 

meaning or the contextually-unintended meaning of the ambiguity. Also using the 

lexical decision task, Simpson (1981) examined meaning activation of biased 

homographs in Experiment 1 by presenting the homographs in isolation (e.g., bank), 

which were immediately followed by two types of target words (e.g., 

dominant-related: money; subordinate-related: river). In addition to the prime-target 

related pairs, prime-target unrelated pairs (e.g., prime: calf; dominant-unrelated 

targets: money; subordinate-unrelated target: river) were used as controls. Compared 

to the unrelated controls, only when the target word was related to the dominant 

meaning was the lexical decision latency facilitated. This study supported the ordered 

access model of lexical ambiguity resolution (Hogaboam & Perfetti, 1975), 
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suggesting that biased homographs were resolved on the basis of the relative 

frequency of the meanings when there was no disambiguating context. The retrieval 

of the dominant meaning was faster than that of the subordinate meaning. 

 

2.2.2 Syntactic category 

Words from different syntactic categories are linguistically, psychologically and 

neurologically distinct. Some electrophysiological and imaging studies have reported 

distinct brain responses (ERPs / activation areas) to nouns and verbs (Federmeier, 

Segal, Lombrozo, & Kutas, 2000; Liu, Hua, & Weekes, 2007; Rösler, Streb, & Haan, 

2001; Yokoyama et al., 2006). For example, Federmeier et al. (2000) found ERPs 

elicited by unambiguous nouns were more negative than those elicited by 

unambiguous verbs between 250 and 450 ms. In addition, unambiguous verbs 

preceded by appropriate syntactic context elicited a left-lateralized frontal positivity 

which was not found for unambiguous nouns. Rösler et al. (2001) also discovered that 

N400 elicited by nouns had a larger amplitude than that elicited by verbs, and that 

reaction times were shorter to noun targets than to verb targets in their primed lexical 

decision task. These findings seem to suggest that nouns and verbs are processed 

differently in the brain.  

As reviewed by Vigliocco, Vinson, Druks, Barber, and Cappa (2011), it may take 
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more efforts to process verbs than to process nouns in sentences. Semantically, typical 

nouns often refer to objects, while verbs are usually used to express actions where 

participants need to integrate several events. Syntactically, verbs need to assign 

thematic roles (e.g., agent, patient, theme, etc.) to other words (often nouns) in 

sentences. Morphologically, verbs are more complex and have more inflections than 

nouns, especially in the Indo-European languages (e.g., German, French, etc.). 

In terms of behavioral differences, a lot of empirical research has reported a 

processing advantage of nouns over verbs, i.e., nouns were processed faster than verbs. 

This processing advantage of nouns were repeatedly replicated in different 

experimental tasks, such as lexical decision (Rösler et al., 2001; J. A. Sereno, 1999; J. 

A. Sereno & Jongman, 1997), noun/verb categorization (J. A. Sereno, 1999), and 

semantic categorization (Tyler, Russell, Fadili, & Moss, 2001). For example, J. A. 

Sereno and Jongman (1997) controlled overall frequency of occurrence and number 

of letters for unambiguous pure nouns and unambiguous pure verbs in a lexical 

decision task and found the latencies to nouns were significantly shorter than those to 

verbs whenever the stimuli were monosyllabic or disyllabic. Their results indicated 

that processing verbs was more demanding than processing nouns, which they 

attributed to differences in inflection structure between nouns and verbs. According to 

them, in English nouns were used with its bare form more frequently than verbs, so 
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the responses to nouns were faster than to verbs when the bare form was presented. 

Moreover, J. A. Sereno (1999) also replicated the processing advantage of nouns both 

in a noun/verb categorization task and a lexical decision task. In their experiments, 

nouns and verbs with either high- or low-frequency were presented to either the left or 

right visual fields of subjects. Both tasks revealed very similar results: the responses 

to nouns were significantly faster than those to verbs; however, in the noun/verb 

categorization task, the advantage of nouns vanished when the stimuli had 

low-frequency. In addition, the hemispheric difference was shown only for verbs: the 

responses to verbs were significantly faster in the case of right visual field compared 

to the case of left visual field. 

Other research investigated reasons for the processing difference between nouns 

and verbs. For instance, Kauschke and Stenneken (2008) used two types of German 

nouns (man-made vs. biological objects) and verbs (transitive vs. intransitive verbs) 

with their bare form in a visual lexical decision task. In addition to the processing 

advantage of nouns over verbs, their results also showed that the responses to 

intransitive verbs were significantly faster than those to transitive verbs, indicating the 

influence of syntactic factor since transitive and intransitive verbs differ in their 

argument structure. In a second experiment, they used inflected word forms by adding 

plural-suffixes and personal-suffixes to nouns and verbs respectively, constructing 
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three subsets (e.g., NELK-EN—RUPFEN: pinks—(to/we/they) pick; 

KLUB-S—SIEG-T: clubs—(he/she) wins; HENGST-E—HÜPF-E: stallions—(I) 

bounce). Their reaction time data again demonstrated the noun advantage in all 

subsets, suggesting that the noun-verb discrepancies in processing cannot be 

attributed to word form and morphological complexity.  

In addition, from the perspective of language acquisition, the evidence that verbs 

are acquired later than nouns may reflect the psychological complexity of verbs 

(Gentner, 1982, 2006). Evidence from eye movement showed that the main verb in 

simple active sentences received longer fixation durations than other grammatical 

elements (e.g., function word, the subject, the object, etc.), indicating readers paid 

more visual attention to the main verb in sentences (Rayner, 1977). Therefore, it is 

reasonable to consider more processing loads for verbs than for nouns during sentence 

comprehension. 

Actually, the larger difficulties of processing verbs compared to nouns also 

influence the resolution of ambiguous words. Pickering and Frisson (2001) conducted 

eye-tracking experiments to investigate the processing of verbs, including verbs with 

multiple meanings (homographs), verbs with multiple senses (polysemy), and 

unambiguous verbs. The two types of ambiguous verbs were biased in terms of the 

frequencies of alternative interpretations. They manipulated whether preceding 
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context or succeeding context containing disambiguating information and whether 

dominant or subordinate interpretation was supported by the disambiguating 

information. Thus, in the case of ambiguous verbs, four conditions were formed: (a) 

supportive-dominant, (b) supportive-subordinate, (c) neutral-dominant, and (d) 

neutral-subordinate. For unambiguous verbs, the presence of disambiguating 

information in preceding context was the only variable (supportive vs. neutral). For 

the homographic verbs, they found no context and meaning frequency effects in the 

measures of initial processing (i.e., first-pass time and first-pass regressions) in the 

verb region; instead, in the region immediately following the verbs, the context effects 

were observed on first-pass time and the meaning frequency effects emerged on both 

total time and second-pass time. Table 1 shows their findings for homographic verbs. 

 
Table 1 
The summarized findings for homographic verbs from Pickering and Frisson (2001) 

Measures 
Sentence 

Region 1 
(context) 

Region 2 
(verb) 

Region 3 
(intervening) 

Region 4 
(noun) 

Region 5 
(end) 

First-pass time  
(Gaze duration)   

Context 
Context & 
Frequencyb 

Context 

First-pass 
regression   

Context 
  

Second-pass time 
(Rereading time)  

Context Frequencya 
  

Total time 
  

Context & 
Frequencya   

Note. Context: neutral > supportive; Frequencya: subordinate > dominant; Frequencyb: 
subordinate < dominant 
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Pickering and Frisson (2001) suggested that the resolution of homographic verbs 

was delayed in comparison with that of homographic nouns, since the SBE was not 

observed in the verb region but in the following region. The delayed resolution 

allowed alternative meanings of homographic verbs to reach a high level of activation. 

As a result, the meaning frequency effects did not occur immediately in the verb 

region. The context effects observed in Region 3 indicated a selection process 

between multiple meanings. The late occurrence of the meaning frequency effects 

suggested that the dominant meanings were easier to be integrated into the sentence 

context than the subordinate meaning.  

In addition to ambiguous verbs, another type of homograph involving a verb 

meaning is syntactic category ambiguous words (SCA words), whose multiple 

meanings cross different syntactic categories (e.g., watch). People may encounter 

syntactic category ambiguities when there are SCA words in the sentences. Previous 

literature on the resolution of syntactic category ambiguities yielded different findings. 

Frazier and Rayner (1987) proposed a delay model: When no disambiguating 

information is provided prior to a syntactic category ambiguity, the resolution would 

be delayed until helpful information is encountered, regardless of interpretation 

preference of the ambiguity itself. The delay model can account for Frazier and 

Rayner’s results: (a) reading times on the ambiguous word phrase (e.g., desert trains) 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

23 
 

 

were longer when preceded by a disambiguating determiner (e.g., I know that this 

desert trains young people to be especially tough.) compared to when preceded by a 

non-disambiguating determiner (e.g., I know that the desert trains young people to be 

especially tough.), and (b) reading times on the remainder of the sentence, containing 

disambiguating information, showed an opposite pattern. Assuming analyzing 

syntactic categories of words takes time, these results indicated that syntactic category 

assignment occurred immediately when there is disambiguating information but 

delayed until the presence of disambiguating information when the preceding context 

is neutral. 

According to Frazier (1989), the language processor handles ambiguities at each 

level in different ways. For syntactic ambiguities, only the simplest structure is 

considered and constructed. For purely semantic ambiguities, multiple meanings are 

available and selection is rapid based on preference or contextual bias. For syntactic 

category ambiguities, selection is delayed until the presence of disambiguation, 

though multiple meanings and syntactic categories are initially available. In short, a 

delay mechanism was assumed to handle the resolution of syntactic category 

ambiguity. 

However, the resolution of syntactic category ambiguity is delayed probably 

because it takes more time to process a verb meaning. Pickering and Frisson (2001) 
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have suggested that the resolution of ambiguous verbs is delayed due to the inherent 

processing difficulty of verb meanings. It is reasonable to suspect that the difficulty of 

processing verbs may also affect the resolution of syntactic category ambiguity. It 

seems unnecessary to assume a special delay mechanism for syntactic category 

ambiguities. The empirical evidence that both ambiguous verbs and syntactic category 

ambiguities are not resolved rapidly indicates the influence of the inherent processing 

difficulty of verbs. 

On the other hand, some studies supported immediate resolution of syntactic 

category ambiguity (Gibson, 2006; Jones, Folk, & Brusnighan, 2012; Macdonald, 

1993). For example, Jones et al. (2012) conducted eye movement experiments to 

investigate how biased SCA words are resolved in disambiguating or neutral contexts. 

In Experiment 1, preceding context provided syntactic category information 

consistent with either the dominant or subordinate meaning of SCA words (e.g., I was 

shocked to see him counter the offer so quickly.). The results showed no ambiguity 

effects (ambiguity > unambiguous controls) in gaze duration measures whenever the 

prior context was biased toward the dominant or subordinate meaning, indicating that 

the syntactically appropriate meaning was initially selected. However, the ambiguity 

effects indeed emerged in later eye-movement measures, such as regression-out 

probability from target words and second-pass time on prior disambiguating context, 
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only when the subordinate meaning was biased. These processing costs suggested that 

readers had difficulty in integrating the subordinate meaning due to the activation of 

the dominant meaning. In Experiment 2, preceding context was neutral and 

disambiguating information was provided in post-target region (e.g., We watched her 

duck eat all of the bread.). The results showed ambiguity effects in different measures 

consistently in the subordinate-biased condition, including gaze duration on target 

words2, regression-out probability from post-target regions, second-pass time on 

target words, and second-pass time in post-target regions. The ambiguity effects 

indicated processing costs of the inconsistency between the initially selected 

(dominant) meaning and the context-intended (subordinate) meaning. In addition, in 

the subordinate-biased post-target region, first-pass times were shorter for the 

ambiguity condition compared to the control condition. The authors claimed that this 

resulted from the increased regression-out probability and may indicate that readers 

tended to recover the context-intended (subordinate) meaning by making regressions. 

Taken together, their findings suggested that readers immediately select one meaning 

for SCA words and rejected the delay model proposed by Frazier and Rayner (1987). 

To sum up, it is questionable whether syntactic category ambiguity is resolved by 

a unique delay mechanism. The delay model was proposed on the basis of the delayed 

                                                        
2 The increased gaze durations for biased syntactic category ambiguities were not predicted by either 
the delay model or the immediate processing theories. Jones (2012) suggested that the increased gaze 
durations may be caused by parafoveal-on-foveal processing or undershot saccades.  
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resolution observed on balanced SCA words in neutral contexts. However, the 

investigation on biased SCA words in disambiguating and in neutral contexts did not 

support the delay model. This indicates that the resolution of syntactic category 

ambiguity is not always delayed. Instead, like lexical-semantic ambiguity resolution, 

the probabilistic constraints matter. Previous research has demonstrated the influence 

of syntactic category of meanings on lexical ambiguity resolution. Presumably, the 

inherent processing difficulty of verb meanings would delay the semantic resolution 

of SCA words. Therefore, it is of importance to distinguish homographic nouns, 

homographic verbs, and SCA words when examining lexical ambiguity resolution. 

 

2.2.3 Contextual constraints 

2.2.3.1  Semantic constraint 

Hitherto the focus has been more on the lexical nature of ambiguous words. 

However, more often than not people resolve lexical ambiguity in sentences rather 

than in isolation. Thus, of great significance is whether sentential contexts could 

influence the resolution of lexical ambiguity. If any, would different types of contexts 

exert distinct influence on the resolution of ambiguous words? Most literature has 

attended to the influence of semantic context. For balanced homographs, prior 

semantic information seemed effective in constraining meaning activation of the 
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homographs, resulting in the selective access. For example, Schvaneveldt et al. (1976) 

asked subjects to perform the lexical decision task on triples of words, in which the 

first and the third word were semantically either related or unrelated to the second 

word, which was a homograph. Decreased reaction time was observed on the third 

word when the first and third words were both related to the same meaning of the 

homograph (e.g., SAVE-BANK-MONEY). However, the reaction time on the third 

word was not significantly facilitated when the first and third words were related to 

different meanings of the homograph (e.g., RIVER-BANK-MONEY). The results 

suggested that the prior semantic context established by the first word led people to 

selectively access only one meaning of the homographs. For biased homographs, 

more mixed results have been shown in previous studies. Some research supported the 

selective access view, that is, contextual information has an early impact on the 

activation of lexical meaning (Glucksberg et al., 1986; Schvaneveldt et al., 1976; 

Simpson, 1981; Simpson & Krueger, 1991; Tabossi, 1988; Tabossi et al., 1987; 

Tabossi & Zardon, 1993). Other studies bolstered the exhaustive access view, in 

which the meaning activation is assumed to be encapsulated in a modular system and 

contextual information helps select an appropriate meaning at post-lexical stage  

(Onifer & Swinney, 1981; Seidenberg et al., 1982; Swaab et al., 2003; Swinney, 1979; 

Tanenhaus & Donnenwerth-Nolan, 1984; Tanenhaus et al., 1979).  
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Recent eye movement studies on lexical ambiguity resolution have clearly 

depicted the interaction between meaning dominance and semantic contextual 

influence (Duffy et al., 1988; Rayner & Duffy, 1986). For instance, Duffy et al. (1988) 

manipulated ambiguity types (balanced vs. biased homographs) and disambiguating 

locations (pre-target vs. post-target disambiguation) in a normal reading experiment. 

Target words (either balanced or biased homographs) were embedded into a 

two-clause sentence, in which one clause contained the target word and the other 

contained disambiguating information. Each ambiguous word was also paired with a 

frequency- and length- matched unambiguous control word, which can fit smoothly 

into the same sentence as the corresponding homograph. The results showed that gaze 

durations on the balanced homographs were longer than those on biased homographs 

or on the control words when preceding context contained no disambiguating 

information. This ambiguity effect was presumably due to the competition of multiple 

meanings of the balanced homographs. In addition, when preceding context contained 

disambiguating information toward the subordinate meaning of the biased 

homographs, readers fixated longer on the biased homographs than on the balanced 

homographs or on the control words. This effect, the subordinate biased effect (SBE), 

demonstrated the interaction between meaning dominance and semantic contextual 

information (Rayner et al., 1994). Furthermore, there was no significant difference 
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between the gaze durations on the balanced homographs and on the control words in 

the biasing context. 

The SBE was robust and consistently found in many eye movement studies (Duffy 

et al., 2001; Duffy et al., 1988; Pacht & Rayner, 1993; Rayner & Duffy, 1986; Rayner 

& Frazier, 1989; Rayner et al., 1994; 盧怡璇, 2012). Although the longer gaze 

durations on balanced homographs in a neutral context can be explained by the 

exhaustive access view, the absence of ambiguity effect for balanced homographs 

preceded by disambiguating information was not predicted. In order to explicate the 

SBE, the reordered access model (Duffy et al., 2001; Duffy et al., 1988) was proposed 

to highlight the early influence of semantic context. In neutral contexts, meaning 

dominance can mediate the resolution of lexical ambiguity. On the other hand, in 

biasing contexts, the semantic information can boost the activation level of the 

context-intended meaning. As a result, for balanced homographs, the intended 

meaning has a higher level of activation and become available earlier than the 

unintended one, resulting in the absence of meaning competition. For biased 

homographs, context and meaning dominance jointly determine the availability of 

alternative meanings. In dominant-biased contexts, only the dominant meaning 

reaches at a high level of activation due to support from both context and meaning 

frequency. In the subordinate-biased contexts, the access of the subordinate meaning 
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is speeded with the help of context, while the dominant meaning still reaches at a high 

level of activation. Thus, the alternative meanings compete with each other. To sum 

up, inconsistent with the assumptions of the modular, exhaustive access view, the 

reordered access model allows the interaction between semantic contexts and meaning 

dominance to influence initial access of meaning. 

 

2.2.3.2  Syntactic constraint 

In addition to semantic context, syntactic context is also important to word 

processing in sentences (Marslen-Wilson & Tyler, 1980; Tyler & Warren, 1987; West 

& Stanovich, 1986; Wright & Garrett, 1984). Syntactic category ambiguity provides 

an opportunity for investigating the influence of prior syntactic constraints on lexical 

ambiguity resolution. The key issue is whether leading syntactic category constraints 

can mediate semantic resolution of syntactic category ambiguities. Previous research 

has shown discrepant results. Seidenberg et al. (1982) conducted a series of 

cross-modal naming experiments to probe meaning activations of balanced noun-noun 

and noun-verb ambiguous words at a short (0 msec) or long (200 msec) stimulus onset 

asynchrony (SOA). In their Experiment 3, noun-verb ambiguous words were preceded 

by a syntactically-biased but semantically-neutral context and followed by a target 

word, which was semantically related to one of the alternative meanings, forming two 
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conditions (i.e., congruent: They bought a rose－FLOWER; incongruent: They all 

rose － FLOWER). Control sentences were also constructed by replacing the 

ambiguous word with an unambiguous word, which was unrelated to the target word 

(e.g., They bought a shirt; They all stood). The results showed that subjects named the 

target faster in both congruent and incongruent conditions than in the controls at the 

short SOA, but that only in the congruent condition was the target named faster at the 

long SOA. These results supported that both meanings of syntactic category 

ambiguous words were initially activated even with the presence of syntactic category 

constraints. Using the same paradigm, Tanenhaus et al. (1979) also obtained similar 

results and supported the exhaustive access for syntactic category ambiguous words. 

Some recent electrophysiological studies have also directed attention to the 

processing of SCA words in the syntactically well-specified context (Federmeier et al., 

2000; Lee & Federmeier, 2006, 2009). Lee and Federmeier (2009) examined the 

effects of syntactic and semantic context on ambiguity resolution for noun-verb 

homographs, using the ERP methodology. In Experiment 1, they manipulated two 

variables, word types (NV-homographs vs. unambiguous words) and sentential 

context types (congruent vs. syntactic prose). Congruent sentences provided syntactic 

category and semantic information (e.g., He said the long, graceful bird was called a 

swallow.), while syntactic prose sentences provided only syntactic category 
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information but incoherent semantic information (e.g., He realized the young, English 

life was assigned a swallow.). They found that a sustained frontal negativity (200-700 

ms) was elicited by the NV-homographs in the syntactic prose sentences. However, 

the sustained frontal negativity was largely reduced when additional semantic 

information was available in contexts, that is, in the congruent sentences. In addition, 

N400 elicited by the NV-homographs was still more negative than by unambiguous 

words in the congruent condition. Furthermore, in Experiment 2, they found that 

NV-homographs elicited larger N400 than did unambiguous words only when context 

was biased toward the subordinate meaning of homographs. To sum up, the sustained 

frontal negativity suggested that syntactic category information alone cannot 

exclusively select the context-intended meaning of SCA words. Semantic information 

is also important to the semantic resolution of SCA words. In addition, the ambiguity 

effect on the N400 indicated that the activation of the dominant meaning of 

NV-homographs is automatic and cannot be prevented by the subordinate-biased 

contexts. 

In contrast, some recent eye movement studies buttressed the view that syntactic 

category information can guide meaning resolution of SCA words (Folk & Morris, 

2003; Jones et al., 2012). For example, in Experiment 1, Folk and Morris (2003) 

embedded biased noun-noun and noun-verb homographs into sentences which were 
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both semantically and syntactically biased toward either the dominant or subordinate 

meaning of the homographs. They observed longer gaze durations and second-pass 

times on the noun-noun homographs compared to the unambiguous control words, 

only when preceding context instantiated the subordinate meaning. This ambiguity 

effect was also shown in the post-target region, i.e., spillover times. However, for 

noun-verb homographs, no matter when prior context instantiated the dominant or 

subordinate meaning, the ambiguity effect was only found on spillover times and 

second-pass times, but not on gaze durations. Table 2 shows a summary of their 

results in Experiment 1. 

 

Table 2 
The summarized results of Experiment 1 from Folk and Morris (2003) 

Measures Contextual bias 
Word type 

NN VN 

Gaze Duration 
Subordinate A > UA A = UA 
Dominance A = UA A = UA 

Spillover 
Subordinate A > UA A > UA 
Dominance A = UA A = UA 

Second-pass Time 
Subordinate A > UA A > UA 
Dominance A = UA A = UA 

Note. NN: noun-noun homograph; VN: noun-verb homograph; A: ambiguous words; 
UA: unambiguous words 

 

In Experiment 2, Folk and Morris (2003) further examined the influence of 

syntactic category constraints alone on the meaning resolution of SCA words. Unlike 
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Experiment 1, balanced noun-noun and noun-verb homographs were embedded into 

sentences which were semantically neutral but syntactically biased toward the noun 

meaning of the homographs. Semantically disambiguating information was provided 

in succeeding context. The results showed longer gaze durations on noun-noun 

homographs and quasi-first pass times (go-past times) in the disambiguating regions 

compared to the unambiguous control words. However, the ambiguity effect did not 

occur on spillover times. For noun-verb homographs, no processing difficulty was 

found in any measure, indicating that the context-intended meaning was initially 

selected with the help of syntactic category constraints.  

Taken together, Folk and Morris’ experiments replicated the SBE for noun-noun 

homographs; in contrast, there was non-significant SBE for noun-verb homographs. 

Thus, they suggested that syntactic category information can mediate the meaning 

resolution of SCA words, as aligned with a syntax-first account of sentence 

processing. 

 Nevertheless, it remains unclear whether the SBE would be absent when prior 

context instantiates a subordinate verb meaning of SCA words, since the sentence 

context was always consistent with the noun interpretation in Folk and Morris’ study. 

In addition, the results of Folk and Morris’ study may not completely support the 

syntax-first account, since the SBE still occurred in second-pass times and in the 
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post-target region for SCA words, suggesting a delay of meaning competition. As 

suggested by Pickering and Frisson (2001), a verb meaning may need more time to 

access and reach a high level of activation than a noun meaning. As a result, meaning 

competition between the alternative meanings of SCA words might be delayed. The 

absence of the SBE observed by Folk and Morris may be simply due to the processing 

difficulty of a verb meaning. 

In summary, it is still controversial whether syntactic category information can 

determine the meaning resolution of syntactic category ambiguity. Although some 

research has demonstrated that lexical-semantic ambiguity and syntactic category 

ambiguity might not be resolved in the same way, different combinations between 

meaning dominance and syntactic category are not taken into consideration. As a 

result, the present study attempts to clarify the influence of syntactic category and 

semantic constraints on the resolution of Chinese lexical-semantic and syntactic 

category ambiguities.  

 

2.3 Implications of sentence processing models for lexical ambiguity resolution 

With regard to lexical ambiguity resolution, syntax-first models predict 

differences between lexical-semantic (NN/VV homograph) and syntactic category 

(VN/NV homograph) ambiguous words. For lexical-semantic ambiguous words, the 
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syntactic processor can do nothing to discriminate between meanings at the first stage, 

since both meanings share the same syntactic category. At the second stage, all 

sources of non-syntactic information (e.g., meaning dominance, semantic contextual 

bias, etc.) are involved. When these sources of non-syntactic information are 

inconsistent (e.g., a subordinate-biased context), processing difficulty (e.g., the 

subordinate bias effect) occurs. In addition, the inherent properties of verb may cause 

delayed resolution of VV homographs. In contrast, for syntactic category ambiguities, 

only the syntactic category appropriate meaning would be activated because the 

syntactic processor is able to select the appropriate meaning at the first stage. Thus, no 

processing difficulty is predicted. 

Under the assumptions of constraint-satisfaction models, when different sources 

of information are incompatible (e.g., a subordinate-biased context), resolutions of 

four types of ambiguous words (NN, VV, VN and NV) are difficult because multiple 

meanings are equally activated. In addition, lexical-semantic information (e.g., 

processing difficulty of verb meaning, meaning dominance, etc.) may immediately 

affect meaning resolution. Therefore, VV homographs might not be resolved as fast as 

NN homographs. Furthermore, the SBE for SCA words vary to some degree based on 

processing difficulty of the context-unintended meaning. For example, when a VN 

homograph is embedded in a subordinate-biased context, the context-unintended 
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meaning is a verb, which needs more time to reach a high activation level, resulting in 

a somewhat delayed meaning competition. In contrast, when an NV homograph is 

embedded in a subordinate-biased context, the context-unintended meaning is a noun, 

reaching a high activation level fast, leading to an immediate meaning competition. 

As a result, the SBE for VN homographs may be less obvious than that for NV 

homographs in a subordinate-biased context. 

 

2.4 Processing of Chinese ambiguous words 

With different types of ambiguous words and experimental paradigms, studies on 

Chinese lexical ambiguity resolution have also obtained discrepant results. Using 

lexical-semantic ambiguous words (i.e., NN/VV), some researchers demonstrated the 

selective access of multiple meanings of Chinese ambiguous words (任桂琴, 韩玉昌, 

& 于泽, 2008; 周治金 & 陈永明, 2006; 陳怡蓉, 2008; 韩玉昌, 于泽, & 李立洁, 

2009), while others found the multiple access in Chinese lexical ambiguity resolution 

(任桂琴 et al., 2008; 周治金 & 陈永明, 2006; 陳怡蓉, 2008; 楊芝瑜, 2010; 盧

怡璇, 2012; 韩玉昌 et al., 2009). Similar to English findings, meaning dominance 

and contextual bias jointly influence Chinese lexical ambiguity resolution (任桂琴 et 

al., 2008; 楊芝瑜, 2010; 盧怡璇, 2012; 韩玉昌 et al., 2009). In a neutral context, 

multiple meanings of Chinese balanced homographs were activated approximately at 
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the same time and competed with each other, while processing difficulty occurred in 

the disambiguating region following biased homographs when the subordinate 

meaning was context-intended, indicating that the dominant meaning was selected 

initially (任桂琴 et al., 2008; 韩玉昌 et al., 2009). In a biasing context, the SBE 

was also observed for Chinese biased homographs. Using a normal reading task and a 

visual world paradigm, 盧怡璇 (2012) conducted two eye-tracking experiments to 

investigate how Chinese biased homographs are resolved in a subordinate-biased 

context. In her Experiment 1, three types of target words were manipulated: 

low-frequency homographs (A), low-frequency unambiguous words (LF), and 

high-frequency homographs (HF). The results showed the significant SBE (A > LF) in 

gaze durations and second-pass times on the target as well as in go-past time and 

rereading probability in the post-target region. In her Experiment 2, the time course of 

Chinese lexical ambiguity resolution was examined. The results showed that both the 

dominant and the subordinate meaning were activated prior to the acoustic onset of 

post-target. Taken together, the two experiments demonstrated that the dominant 

meaning was still activated even in a subordinate-biased context, supporting the 

reordered access model. Finally, the resolution of Chinese ambiguous verbs was also 

delayed. 韩玉昌  et al. (2009) observed a delayed SBE for Chinese biased 

homographic verbs in a subordinate-biased context. The SBE was delayed until the 
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second-pass reading on the disambiguating information following the target. 

Research on the semantic resolution of Chinese SCA words has also obtained 

inconsistent findings and supported different accounts. As in English, a delayed 

resolution of Chinese SCA words was also observed. Using a moving window 

paradigm, 武 宁 宁  and 舒 华  (2003b) found longer reading times in the 

disambiguating region that followed the SCA words compared to controls, no matter 

when the dominant or the subordinate meaning was context-intended. Nevertheless, 

some studies supported the constraint-satisfaction models. Using a normal reading 

task, 武宁宁 and 舒华 (2003b) observed longer reading times and more regressions 

from the disambiguating region only when the subordinate meaning was 

context-intended, indicating an immediate resolution of Chinese SCA words. Another 

interesting research did not find the results completely consistent with either the delay 

model or the constraint-satisfaction models. 張亞旭, 劉友誼, 舒華, and 孫茂松 

(2003) suggested that the strength of probabilistic constraints can determine how 

syntactic category ambiguities are resolved. When the probabilistic constraints are 

weak, the syntactic parsing principles (i.e., to construct the simplest structure) can 

mediate the resolution of syntactic category ambiguity. In their study using a moving 

window paradigm, two types of Chinese SCA words (i.e., VN: 交代; NV: 包裝) 

were preceded by a neutral context and followed by a verb-biased context (e.g., 最後
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村長終於給了馮莉一個交代事件發生經過的機會). One of the important results 

showed that NV caused larger processing difficulty than VN in the disambiguating 

regions, indicating that the probabilistic constraints (e.g., frequency of meaning) can 

modulate the resolution of syntactic category ambiguity. In addition, when the 

probabilistic constraints are weak3, the processing difficulty was still observed in the 

disambiguating regions, demonstrating an effect of syntactic parsing principles. 

Generally, their findings supported the constraint-satisfaction models. However, it is 

unclear whether the syntactic parsing principles or the probabilistic constraints guided 

the readers to select the noun meaning for NV. Thus, to conclude the probabilistic 

constraints determine how syntactic category ambiguity is resolved, this study 

warrants a type of strongly-biased VN (i.e., the verb meaning is far more frequent 

than the noun meaning). If processing difficulty for strongly-biased VN can be found 

instantly in the target region, it means both the syntactic parsing principles and the 

probabilistic constraints are considered simultaneously, which can strongly buttress 

the constraint-satisfaction models. 

To sum up, the resolutions of Chinese lexical-semantic and syntactic category 

ambiguity are still unclear. Although some researchers have investigated how 

meaning dominance and contextual bias interact during Chinese lexical ambiguity 

                                                        
3 According to the authors, the mean proportion of noun to verb meaning of the VN was 0.9; thus, the 
VN used in this experiment were near balanced.  
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resolution, the findings diverge and bolster different accounts. Moreover, there is a 

lack of thorough examination on how different combinations between meaning 

dominance and syntactic category are resolved during sentence comprehension. 

Therefore, the present study attempts to clarify the influence of syntactic category and 

semantic constraints on the resolution of Chinese lexical-semantic and syntactic 

category ambiguities. Experiment 1 aims to examine whether the syntactic category 

constraints can determine the semantic resolution of Chinese SCA words and to 

investigate whether syntactic category of alternative meanings of Chinese 

homographs would influence the SBE during lexical ambiguity resolution. Four types 

of disyllabic homographs (NN, VV, VN and NV) were embedded into sentences 

involving syntactic category and semantic biases toward the subordinate meaning. 

Experiment 2 aims to directly examine whether the semantic resolution of Chinese 

SCA words can be determined by the syntactic category constraints alone. The four 

types of disyllabic homographs were embedded into semantically neutral sentences 

containing only syntactic category information consistent with the subordinate 

meaning. Frequency-matched unambiguous words were also used as control words, 

which can fit into the same sentence frames constructed for their corresponding 

homographs.  
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Chapter 3  

Experiment One: 

Syntactic category and semantic constraint effects on lexical ambiguity resolution 

 

The aims of Experiment 1 were (1) to examine whether the syntactic category 

constraints can determine the semantic resolution of Chinese SCA words and (2) to 

investigate whether syntactic category of alternative meanings of Chinese 

homographs can influence the SBE during lexical ambiguity resolution. The purpose 

was to assess the availability of syntax-first account and constraint-satisfaction 

account on explaining the semantic resolution of syntactic category ambiguity. In 

Experiment 1, low-frequency biased homographs were embedded in sentences in 

which the sentential context was syntactically and semantically biased toward the 

subordinate meaning. Frequency-matched unambiguous words were used as control 

words. Previous studies demonstrated that gaze duration (GD), second-pass time, and 

spillover were important eye-movement measures for the subordinate bias effect (SBE) 

(Folk & Morris, 2003; 盧怡璇, 2012). According to syntax-first models, the SBE (A 

> UA) was expected for NN and VV homographs because the syntactic category 

constraint cannot distinguish between the alternative meanings and both meanings 

were activated and competed. The SBE may last until the post-target region. In 
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addition, the inherent properties of verb may cause delayed resolution of VV 

homographs as compared to NN homographs. In contrast, for VN and NV 

homographs, only the syntactic category appropriate meaning was activated because 

the syntactic processor was able to select the meaning. Thus, no SBE was predicted in 

the target and post-target regions. However, according to constraint-satisfaction 

models, the SBE was predicted for four types of ambiguous words because multiple 

meanings were activated. The SBE may last until the post-target region because the 

subordinate-biased context conflicted with the activated dominant meaning. In 

addition, the SBE would be immediately modulated by syntactic category of 

alternative meanings. The SBE for VN homographs might be less obvious than that 

for NV homographs, since the dominant-verb meaning is activated more slowly than 

the dominant-noun meaning. 

 

3.1  Method 

3.1.1  Participants  

Forty undergraduate and graduate students (9 males and 31 females) aged 

between 19-26 years old (mean age = 21) were paid to participate in Experiment 1. 

All participants were native speakers of Mandarin Chinese and had normal or 

corrected-to-normal vision. None had participated in any previous norming study. 
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3.1.2  Materials and design 

Eighty biased homographs, including 4 types (NN, VV, VN, and NV), and 80 

corresponding unambiguous words (NNN, VVV, NVN, and VNV) were used as target 

words in Experiment 1. Word-form frequency, word stroke, and frequency of the first 

character (C1F) obtained from Academia Sinica Balanced Corpus of Modern Chinese 

(Academia Sinica Balanced Corpus, 2004) were matched for homographs and 

unambiguous words (see Table 3). The two-way analysis of variance (ANOVA) with 

word type and ambiguity as independent variables was conducted for the word 

properties. For word-form frequency, there was a significant difference among word 

types, F(3, 152) = 4.72, p < .01. Post hoc comparisons using the Bonferroni test 

revealed that the frequency of VN was significantly higher than that of NN (p < .01) 

and that of VV (p < .05). There was no significant difference between homographs 

and unambiguous words, and the interaction was non-significant (Fs < 1, ps > .3). For 

word stroke and C1F, the main effects and the interaction were non-significant (Fs < 3, 

ps > .07). 
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Table 3 
Examples of word materials and means (and standard deviations) of word properties 
for each condition in Experiment 1 

Word 

type Ambiguity Word 

Dominant / Subordinate meanings Word property 

Dominant Subordinate Frequency Stroke C1F 

NN 

A 風聲 
消息；傳聞  

(rumors; news) 

風的聲音 

(the sound of wind) 

7.62 

(6.6) 

18.70 

(5.29) 

1149.59 

(1134.19) 

UA 巨響 巨大聲響 (a loud crash) 
6.8 

(6.84) 

19.4 

(4.88) 

881.99 

(851.13) 

VV 

A 算帳 
與人爭執或報復 

(to revenge) 

計算帳目 

(to do accounts) 

9.44 

(8.89) 

20.65 

(4.97) 

748.91 

(773.62) 

UA 記帳 計算帳目 (to do accounts) 
8.81 

(7.74) 

21.6 

(4.04) 

754.77 

(778.4) 

VN 

A 效力 
為人出力或服務 

(to serve) 

功能、效果 

(the efficacy) 

14.88 

(12.3) 

18.60 

(4.83) 

942.63 

(829.96) 

UA 功效 功能、效果 (the efficacy) 
14.55 

(12.77) 

18.7 

(5.22) 

906.80 

(927.07) 

NV 

A 制服 
規定式樣的服裝 

(the uniform) 

用力量駛人屈服 

(to subdue) 

11.88 

(8.15) 

20.95 

(4.45) 

1097.27 

(1018.17) 

UA 逮捕 緝拿犯人 (to arrest) 
8.34 

(8.8) 

20.1 

(4.45) 

734.24 

(698.21) 

Note. A = ambiguous words; UA = unambiguous words; C1F = frequency of the first 
character 

 

Sentences were designed in such a way that both the preceding and the 

succeeding sentential context were semantically and syntactically biased toward the 

subordinate meaning of the homographs. For semantic bias, a word semantically 

related to the subordinate meaning of homographs and the control words was 

embedded in the preceding context. For syntactic category bias, we used a pre-target 

word to constrain the syntactic category of the targets to the syntactic category of 
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homographs’ subordinate meaning. Pre-target, target and post-target regions were all 

disyllabic Chinese words. A total of 80 sentence frames were constructed where the 

homograph and the corresponding unambiguous word can fit the context into the 

same position. The beginning of target words was located in the range of 14th to 18th 

character in the sentence containing 25 to 27 characters. Table 4 shows the examples 

of target words and experimental sentences. Two experimental lists of trial sequences 

were established in such a way that the homograph-embedded and the corresponding 

unambiguous word-embedded sentences were not in the same list. Each list consisted 

of 90 sentences, including 40 homograph-embedded sentences (10 for each type), 40 

unambiguous word-embedded sentences (10 for each group) and 10 filler sentences. 

The order of experimental sentences was randomized in each list, and each sentence 

was presented only once for each participant. The experiment consisted of five blocks 

of 18 trials, beginning with 2 filler trials. Around one third of trials were followed by 

a true-false comprehension question. 
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Table 4 
Examples of targets and sentences for each condition in Experiment 1 

 
 Sentence 

Type Conditions Preceding context Target Succeeding context 

NN 

A 由於強烈颱風肆虐，屋外的猛烈

Due to the terrible typhoon, outside 

the house there was strong 

風聲 

sound of wind 
持續一整晚沒有停

止。 

lasting overnight. UA 
巨響 

crashes 

VV 

A 銀行的上級主管要求會計每天 

The manager of bank asks the 

accountant 

算帳 

to do accounts 

之後要立即向他報告

帳目。 

and then report to 

him. 
UA 

記帳 

to do accounts 

VN 

A 
看病的時候，醫生說過期的藥已經

失去 

When diagnosing, the doctor said the 

expired medicine had lost 

效力      

the efficacy 足 以 對 抗 病 菌 。    

to fight the germs. 
UA 

功效      

the efficacy 

NV 

A 這名受過專業訓練的員警已經成功

The trained police officer has 

successfully 

制服  

subdued 
搶劫銀行的通緝犯。

the fugitive who 

robbed the bank.  UA 
逮捕  

arrested 

Note. A = ambiguous words; UA = unambiguous words 

 

Prior to eye-tracking experiment, six norming studies were conducted to ensure 

the appropriate manipulations of word semantics and sentential contexts. For word 

semantics, ambiguous words should be biased homograph, which has two distinct 

meanings with biased dominance (relative frequency of use). For sentential contexts, 

both syntactic and semantic context should be biased toward the subordinate meaning 

of homographs. Table 5 shows the summarized results of all norming studies in 

Experiment 1. A total of 160 Chinese sentences were chosen for Experiment 1, 
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including 80 homograph-embedded (20 for each type) and 80 corresponding 

unambiguous word-embedded sentences (see Appendix A).  

 
Table 5 
Means (and standard deviations) of words and sentences in all norming studies for 
Experiment 1 

  Type 

Norming studies Ambiguity NN VV VN NV 

1. Meaning dominance A 0.86 (0.09) 0.88 (0.11) 0.84 (0.14) 0.9 (0.1) 

UA 0.99 (0.06) 1 (0) 1 (0) 1 (0) 

2. Meaning relatedness  

(1 = not related; 7 = much related) 

A 2.14 (0.79) 2.15 (0.86) 2.4 (1.22) 2.31 (0.94) 

UA － － － － 

3. Word predictability A 0.04 (0.05) 0.04 (0.07) 0.03 (0.07) 0.04 (0.1) 

UA 0.03 (0.05) 0.04 (0.05) 0.05 (0.06) 0.04 (0.06) 

3. Syntactic category bias A 0.96 (0.08) 0.96 (0.06) 0.96 (0.06) 0.97 (0.06) 

UA Identical to the corresponding homographs 

4. Semantic bias A 0.92 (0.07) 0.94 (0.06) 0.9 (0.12) 0.95 (0.07) 

UA － － － － 

5. Syntactic category of target 

word 

A 0.99 (0.05) 1 (0.02) 0.93 (0.13) 0.87 (0.19) 

UA 0.99 (0.02) 0.99 (0.02) 0.99 (0.04) 0.92 (0.22) 

6. Plausibility  

(1 = not plausible; 7 = very plausible) 

A 5.7 (0.72) 5.53 (0.68) 5.82 (0.46) 5.65 (0.67) 

UA 5.95 (0.54) 5.76 (0.54) 5.81 (0.49) 5.8 (0.47) 

Note. A = ambiguous words; UA = unambiguous words 
 

3.1.2.1 Norming study 1: Meaning dominance 

This norming study aimed to pick appropriate Chinese biased ambiguous words of 

four types (NN, VV, VN and NV) and unambiguous control words for the present 

experiments. The dominant and the subordinate meaning of biased ambiguous words 

were determined by 40 participants’ responses. Due to insufficient qualified biased 

ambiguous words after the rating, another group of 40 participants were invited to rate 
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the meaning dominance for the additional ambiguous and unambiguous words. All 

participants’ native language was Mandarin Chinese. 

One hundred and eight Chinese disyllabic ambiguous words and 140 Chinese 

disyllabic unambiguous words were collected from various resources, including 現代

漢語多義詞詞典 (袁暉, 2001), 中文多字多義詞自由聯想常模 (胡志偉, 陳貽

照, 張世華, & 宋永麒, 1996), 詞彙歧義解困的次要語義偏向效應再視：中文

多義詞的眼動研究證據 (盧怡璇, 2012), and Academia Sinica Balanced Corpus of 

Modern Chinese (Academia Sinica Balanced Corpus, 2004). The unambiguous words 

were collected which were suitable to be embedded in the same position as the 

corresponding ambiguous words in sentences. 88 ambiguous words and 140 

unambiguous words were rated in this norming study.4 Two lists were constructed, 

and 20 participants were assigned to rate one of the lists. The ambiguous words and 

their corresponding unambiguous words were assigned to different lists. All words in 

each list were presented in a randomized order. Some examples of the questionnaire 

are provided in Appendix B. 

Participants used the words in the list one at a time to generate a comprehensible 

sentence according to the first meaning that came to their mind. In addition, they were 

instructed that position of the target words in generated sentences was not restricted 

                                                        
4 20 out of 108 collected ambiguous words that have been rated in the Interpretation Preference Task 
conducted by 盧怡璇 (2012) were not rated again in the present norming study. 
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and that the meaning of target words in generated sentential context should be clear 

enough. Five practices were given to participants before the main task, and the rating 

could be completed around one hour. 

To obtain participants’ first interpretation of each word, we examined the 

generated sentences to check the meaning of target words in each sentence based on 

the following online resources, Revised Chinese Dictionary and Chinese Wordnet 

(CWN)  . Each word’s meaning dominance was calculated as the proportion of 

participants’ first interpretation. If all participants recognized a word with the same 

interpretation, then the meaning dominance of the word would be 1. Ambiguous 

words were regarded as biased if the meaning dominance was above 0.7.5 Their 

dominant meaning was the interpretation with which at least 70% of the participants 

recognized the words, and subordinate meaning was the one with which less than 30% 

of the participants recognized them. Unambiguous words were chosen only when the 

meaning dominance was 1.6 Overall, sixty-two biased ambiguous words and 114 

unambiguous words passed the meaning dominance rating. 

 

3.1.2.2 Norming study 2: Meaning relatedness 

The aim of meaning relatedness rating was to ensure that the dominant and the 
                                                        
5 For VN ambiguous words, they were regarded as biased if the meaning dominance was above 0.6 
because of insufficient materials. Only 2 words’ meaning dominance was 0.65, and 1 was 0.6. 
6 1 unambiguous word was chosen whose meaning dominance was 0.75 because there was no other 
suitable candidate unambiguous word for the corresponding ambiguous word. 
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subordinate meaning of ambiguous words were semantically unrelated. Twenty 

undergraduate and graduate students were paid to participate in the rating. All 

participants’ native language was Mandarin Chinese, none of whom had participated 

in the Meaning Dominance Rating. 

Sixty biased ambiguous words (8 NN, 11 VV, 20 VN, and 20 NV) obtained from 

Norming study 1 were used to construct two understandable sentences for their 

dominant and subordinate meanings respectively. A questionnaire was constructed, in 

which the ambiguous words, meaning definitions, and sentences were presented (see 

Appendix C). Four lists were generated with different randomized word orders, and 

each was rated by 5 participants. 

Participants read one ambiguous word at a time and then read two definitions of 

both the dominant and the subordinate meaning of the ambiguous word. They 

continued to read two example sentences. Subsequently, they were asked to rate the 

semantic relatedness between the two meanings on a 7-point scale (where 1 = not 

related; 7 = much related). Three practices were given to participants before the main 

task, and the rating could be completed around half an hour. 

The results showed that most ambiguous words were qualified homographs, that is, 

their meaning relatedness was below 3.5. Including 20 qualified biased homographs 

having been rated in Lu’s study, 80 homographs (20 for each type) were chosen for 
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the eye-tracking experiment. The one-way ANOVA on meaning relatedness showed 

no significant difference across four types of homographs, F(3,76) = .34, p = .80. 

 

3.1.2.3 Norming study 3: Word predictability and syntactic category bias 

A cloze task was used to ensure that both biased homographs and unambiguous 

words were unpredictable from the preceding context. In addition to word 

predictability, syntactic category bias rating was conducted to evaluate the syntactic 

category constraint from the preceding context. The sentences were rated by 40 

participants. Due to insufficient qualified sentences after the rating, another group of 

40 participants were invited to rate the additional sentences. Eighty undergraduate and 

graduate students were paid to participate in Norming study 3－6. All participants’ 

native language was Mandarin Chinese, and none of them had participated in 

Norming study 1 and 2. 

There were 80 selected word pairs of homograph and unambiguous word as well 

as 80 sentence frames into which both the homograph and the corresponding 

unambiguous word can fit. Both the preceding and the succeeding sentential context 

were semantically and syntactically biased toward the subordinate meaning of the 

homographs. A questionnaire was created, in which the preceding context, the target 

word (either ambiguous or unambiguous), the definitions of the dominant and the 

subordinate meaning of the homograph, the succeeding context, and the entire 
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sentence were orderly presented (see Appendix D). Two lists were generated, each 

containing 40 sentences for homographs and 40 for unambiguous words. The sentence 

frame shared by the homograph and their corresponding unambiguous word was not 

presented in the same list. Each list was rated by 20 participants.  

Participants were presented with the preceding context at first, and they had to 

write down a word to continue the sentence and to report the syntactic category of the 

word they had written. After the participants wrote down the word and the syntactic 

category, the target word (either ambiguous or unambiguous) showed up in the next 

column automatically. For the ambiguous targets, the definitions of both the dominant 

and the subordinate meaning also showed up simultaneously. Participants had to 

choose one definition which they considered more consistent with the preceding 

context, and then to judge the syntactic category of the target word. After they judged 

the syntactic category of the target word, the succeeding context was presented and 

the participants had to choose one definition again based on the succeeding context. 

For the unambiguous targets, participants only need to judge the syntactic category of 

the target word. Finally, the entire sentence showed up and the participants evaluated 

the plausibility of the sentence on a 7 scale (where 1 = not plausible; 7 = very 

plausible). Four practices were given to participants before the main task, and the 

entire questionnaire took around one hour to complete. 
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Word predictability was determined by the proportion of subjects who continued 

the sentences with the exact target words. The sentence materials were qualified when 

the predictability of target words was below 0.2, that is, less than 20% of the subjects 

predicted the exact target words in the cloze task. The two-way analysis of variance 

(ANOVA) with word type and ambiguity as independent variables was conducted for 

word predictability. The main effects and the interaction were non-significant (Fs < 1, 

ps > .90), indicating there were no significant differences among word types and 

between homographs and unambiguous words. 

 Syntactic category bias for each word was determined by the proportion of a 

certain syntactic category among 40 subjects’ reports. It was expected that at least 

90% of the subjects’ reports were consistent with the syntactic category of the 

subordinate meaning of the homographs (either noun or verb).7 The average biases 

for the 4 groups of corresponding unambiguous words were identical to those of 

homographs, since they shared the same preceding context. The two-way analysis of 

variance (ANOVA) with word type and ambiguity as independent variables was 

conducted for syntactic category bias. The main effects and the interaction were 

non-significant (Fs < 1, ps > .77), indicating there were no significant differences 

among word types and between homographs and unambiguous words. 

                                                        
7 In the present norming study, subjects’ report of adjective was counted as that of verb on the basis of 
the classification in Academia Sinica Balanced Corpus of Modern Chinese. Actually, there is a lack of 
clear-cut distinction between adjectives and verbs in Mandarin. 
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3.1.2.4 Norming study 4: Semantic bias 

The aim of semantic bias rating was to ensure that the sentential contexts before 

and after homographs were both semantically biased toward the subordinate meaning. 

The participants and materials were same as those in Norming study 3; the procedure 

was described in Norming study 3. Semantic bias was established by the proportion of 

subjects who selected the subordinate meaning of the homographs based both on the 

preceding and on the succeeding context. The results of one-way ANOVA on semantic 

bias of the sentential context showed no significant difference across four types of 

homographs, F(3,76) = 1.58, p = .20, indicating that the semantic biases of the 

sentential context were equally strong for different types of homographs. 

 

3.1.2.5 Norming study 5: Syntactic category judgment of target words 

In the task of syntactic category judgment, participants have to judge the syntactic 

category of a certain word in sentences. This task has been adopted in previous 

research Yang, Wang, Chen, and Rayner (2009). The aim of syntactic category 

judgment was to ensure the consistency between the syntactic category of target word 

and the syntactic category constraint from the preceding context.  

Syntactic category of the target words was checked by the proportion of a certain 

syntactic category (either noun or verb) among 20 participants’ reports. The value of 
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syntactic category judgment of a word was 1 if all participants recognized that the 

word was a noun (for NN, VN, and unambiguous noun) or a verb (for VV, NV, and 

unambiguous verb).8 The two-way analysis of variance (ANOVA) with word type 

and ambiguity as independent variables was conducted for syntactic category 

judgment. There was a significant difference among word types, F(3, 152) = 6.66, p 

< .001. Post hoc comparisons using the Bonferroni test revealed that NV obtained 

significantly lower correctness on syntactic category judgment than NN (p = .01) and 

VV (p < .01). There was no significant difference between homographs and 

unambiguous words, and the interaction was non-significant (Fs < 3, ps > .1). 

 

3.1.2.6 Norming study 6: Sentence plausibility 

A sentence plausibility rating was conducted to ensure that all experimental 

sentences would make sense to native speakers of Mandarin. The two-way analysis of 

variance (ANOVA) with word type and ambiguity as independent variables was 

conducted for syntactic category bias. The main effects and the interaction were 

non-significant (Fs < 3, ps > .09), indicating there were no significant differences 

among word types and between homographs and unambiguous words. 

3.1.3 Apparatus 

An SR Research EyeLink 1000 Desktop Mount eye tracking system was used to 
                                                        
8 There were some homographs and unambiguous words whose value of syntactic category judgment 
below 0.9: 1 NN, 1VN, 4 NV, 1 NVN and 1 VNV. 
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record eye movements at the rate of 1000 Hz. Eye movements were recorded from the 

dominant eye, though viewing was binocular. Sentence stimuli were presented in 

black on a gray background on a computer monitor (1024×768 pixels). Each sentence 

was displayed on a single line in the middle of the screen. The size of each character 

was 32×32 pixels with a space of 4 pixels between characters. Participants were 

seated 70 cm away from the screen and the width of a character with the space before 

it subtended approximately one degree of visual angle. 

 

3.1.4  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 sit in 

front of the monitor. They were assigned to one of the two experimental lists of trial 

sequences and were given the instruction presented on the monitor. After reading the 

instruction, the participants performed a nine-point calibration and validation 

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

calibration, the experimental trial would start. At the beginning of each trial, the 

participants were asked to fixate on a cross, located at the position where the first 

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

sentence was displayed and the cross vanished. The participants were instructed to 
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read each sentence at their own pace. They were asked to fixate on a right-most cross, 

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

current trial when understanding the sentence meaning. Around one third of sentences 

were followed by a true-false comprehension question. The participants answered the 

true-false question based on the information from the previous sentence by pressing 

either the left button “yes” (是 shi) or the right button “no” (否 fou). Feedback was 

presented on the monitor after they pressed either button. Eight practice trials were 

presented at the beginning of the experiment. The entire experiment consisted of 90 

trials, divided into 5 blocks, lasting about forty minutes. Figure 2 shows the diagram 

of the experimental procedure in Experiment 1 and 2. 

 

Figure 2. A diagram of experimental procedure in Experiment 1 and 2 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

59 
 

 

3.2  Data analysis 

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

word (the homograph or unambiguous word) and post-target word (the two-character 

word following the target word). Fixation durations and probabilities on the ROIs 

were analyzed, which can be divided into two groups based on different definitions of 

fixations, the first-pass and the second-pass eye movement measures. The first-pass 

measures can primarily reflect processes of word recognition, while the second-pass 

measures represent integration of semantic and syntactic information (Rayner and 

Liversedge (2004). The definitions of measures used in the present study are listed in 

(1). 

 

(1) The definitions of the first-pass and the second-pass eye movement measures: 

A. First-pass durations and probability measures: 

a. First fixation duration (FFD): the duration of the first fixation on a word 

independent of the number of fixations made on that word 

b. Single fixation duration (SFD): the duration of the only fixation on a word 

c. Gaze duration (GD): the sum of all fixations on a word before moving to 

the following word 

d. Skipping rate (SKIP): the probability of skipping a word during first-pass 

reading 
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e. Refixation rate (RFR): the probability of refixating a word during first-pass 

reading 

B. Second-pass durations and probability measures: 

a. Go-past time (GPT): the time from first entering a region until moving past 

that region forward 

b. Rereading time (RRT): the sum of fixations returning to a given region 

after the first-pass reading 

c. Total viewing time (TVT): the sum of all fixations in a given region 

d. Rereading rate (RRR): the probability of returning to a given region after 

the first-pass reading 

e. Regression-in rate (RIR): the probability of making a regression onto a 

given region 

f. Regression-out rate (ROR): the probability of regressing out of a given 

region immediately following the first-pass reading on that region 

 

Data of 5 participants were excluded from the analyses and were replaced with 

new qualified data because of much higher blinking rate. In addition, trials were 

eliminated from the analyses for the following reasons: (1) the first-pass fixation 

duration on the ROI was shorter than 80 milliseconds (msec) or longer than 800 msec, 
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(2) the total viewing time on the ROI was shorter than 80 msec or longer than 1500 

msec, (3) there was a blink on the ROIs, (4) fixations fell out of the range of ROIs, 

and (5) the fixation was in the beginning or at the end of each trial. Overall, for the 

data of first-pass reading, the removed trials accounted for 2.56% (target) and 2.31% 

(post-target). On the other hand, for the data of second-pass reading, the removed 

trials accounted for 4.53% (target) and 4.31% (post-target). The average accuracy of 

comprehension test was 91.56%. The present study used the linear mixed-effects (lme) 

model (Baayen, Davidson, & Bates, 2008) with crossed random effects for subjects 

and items to analyze the eye movement data. The fixed effects of ambiguity, syntactic 

category of target word, and syntactic category of the dominant meaning of 

homographs were evaluated by using the lmer program of the lme4 package (Bates, 

Maechler, & Bolker, 2012) in R 2.14.1 (R Development Core Team, 2011). For the 

main effect of ambiguity (amb<A-UA>), we subtracted means/probabilities for all 

types of unambiguous words from those for all types of homographs. For the main 

syntactic category effect of target word (wc_sub<V-N>), we subtracted 

means/probabilities for nouns from those for verbs in terms of syntactic category of 

target word, regardless of ambiguity. For the main syntactic category effect of the 

dominant meaning of homographs (wc_dom<V-N>), we subtracted 

means/probabilities for nouns from those for verbs in terms of syntactic category of 
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the dominant meaning of homographs, regardless of ambiguity. Simple effects were 

evaluated when the target word was a noun (amb@subN; dom@subN; 

amb*dom@subN) or a verb (amb@subV; dom@subV; amb*dom@subV) and when 

the dominant meaning of homographs was a noun (amb@domN; sub@domN; 

amb*sub@domN) or a verb (amb@domV; sub@domV; amb*sub@domV). Finally, 

the ambiguity effect was also evaluated for each word type (amb@NN; amb@VV; 

amb@VN; amb@NV). Regression coefficients (bs), standard errors (SEs), t values 

(for durations), and p values (for probability measures) estimated from priori contrast 

tests are reported. We only reported t values and p values for significant (t > 2 or < -2; 

p < .05) and marginal (t > 1.8 or < -1.8; p < .07) effects. 

 

3.3  Results 

3.3.1 Target words 

3.3.1.1 Duration measures 

Means and standard errors of both the first-pass and second-pass duration 

measures for each condition on target words are shown in Table 6. The statistic results 

of all analyzed effects for the duration measures on target words are listed in Table 7. 

None of these duration measures showed the syntactic category effect or the 

ambiguity effect. 
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Table 6 
Experiment 1: Means and standard errors of the duration measures for all conditions 
on target words 

Duration measures (ms) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass FFD NN 241.64 (4.72) 247.55 (5.19) -5.91 

VV 244.48 (4.49) 254.06 (5.09) -9.58 
VN 245.37 (5.27) 246.38 (5.28) -1.01 
NV 253.32 (6.04) 245.54 (4.81) 7.79 

SFD NN 241.15 (5.04) 248.08 (5.57) -6.93 
VV 241.49 (4.86) 254.12 (5.69) -12.63 
VN 244.81 (5.61) 246.32 (5.66) -1.51 
NV 252.62 (6.47) 244.81 (5.13) 7.81 

GD NN 261.78 (6.26) 276.09 (7.14) -14.31 
VV 276.90 (7.18) 283.06 (7.27) -6.16 
VN 267.05 (7.21) 265.52 (6.81) 1.53 
NV 284.04 (7.83) 265.32 (6.55) 18.72 

Second-pass GPT NN 304.09 (11.48) 306.14 (10.13) -2.05 
VV 321.36 (11.53) 322.55 (11.26) -1.20 
VN 314.40 (11.37) 311.85 (12.68) 2.54 
NV 318.33 (11.16) 299.34 (10.82) 18.99 

RRT NN 283.44 (20.53) 311.11 (21.09) -27.66 
VV 394.56 (36.79) 323.87 (25.86) 70.70 
VN 292.04 (19.16) 314.13 (23.97) -22.09 
NV 285.12 (16.49) 307.56 (23.77) -22.44 

TVT NN 317.85 (11.49) 307.95 (9.20) 9.90 
VV 344.29 (12.39) 320.60 (9.32) 23.69 
VN 321.70 (10.69) 318.00 (11.04) 3.70 
NV 322.47 (9.94) 310.00 (10.45) 12.48 

Note. A = ambiguous words; UA = unambiguous words 
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Table 7 
Experiment 1: Statistic results of all effects for the duration measures on target words 

Effects (t value) 
1st-pass 2nd-pass 

FFD SFD GD GPT RRT TVT 

(Intercept) 241.52 232.51 222.62 179.98 156.5 171.59 

amb<A-UA> -0.59 -0.73 -0.25 0.36 -0.78 0.97 

wc_sub<V-N> 0.69 0.25 1.38 0.72 1.53 0.99 

wc_dom<V-N> 0.38 0.26 0.27 1.01 1.22 1.23 

amb*wc_sub -0.16 -0.25 0.65 0.23 1.56 0.55 

amb*wc_dom -0.4 -0.38 -0.26 -0.19 1.54 0.19 

wc_sub*wc_dom 0.09 -0.04 0.79 0.57 0.56 0.51 

amb*wc_sub*wc_dom -0.63 -0.79 -1.13 -0.82 0.36 0.11 

amb@subN -0.3 -0.34 -0.63 0.09 -1.69 0.3 

amb@subV -0.53 -0.69 0.28 0.41 0.54 1.07 

dom@subN 0.21 0.22 -0.37 0.31 0.47 0.51 

dom@subV 0.33 0.16 0.75 1.13 1.24 1.23 

amb*dom@subN 0.16 0.29 0.61 0.45 0.86 0.05 

amb*dom@subV -0.73 -0.83 -0.98 -0.72 1.32 0.21 

amb@domN -0.13 -0.24 0.01 0.38 -1.65 0.55 

amb@domV -0.7 -0.79 -0.36 0.12 0.53 0.82 

sub@domN 0.42 0.21 0.41 0.1 0.68 0.34 

sub@domV 0.55 0.15 1.54 0.92 1.47 1.06 

amb*sub@domN 0.34 0.38 1.25 0.74 0.86 0.31 

amb*sub@domV -0.56 -0.74 -0.34 -0.42 1.35 0.47 

amb@NN -0.33 -0.44 -0.88 -0.25 -1.8 0.17 

amb@VV -0.9 -1.08 -0.5 -0.22 1.29 0.91 

amb@VN -0.1 -0.03 -0.01 0.38 -0.59 0.25 

amb@NV 0.15 0.1 0.89 0.8 -0.56 0.61 

 

3.3.1.2 Probability measures 

Means and standard errors of both the first-pass and second-pass probability 

measures for each condition on target words are shown in Table 8. The statistic results 

of all analyzed effects for the probability measures on target words are listed in Table 
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9. For the first-pass probability measures, SKIP showed no effect. RFR revealed that 

verbs were refixated more than nouns in terms of target word’s syntactic category (b 

= .29, SE = .15, p = .05). The subordinate-by-dominant syntactic category interaction 

was significant (b = .30, SE = .15, p = .05); verbs were refixated more than nouns 

when the dominant syntactic category is verb (b = .59, SE = .21, p < .01).  

 

Table 8 
Experiment 1: Means and standard errors of the probability measures for all 
conditions on target words 
  

Probability measures (%) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass SKIP NN 30.43 (2.33) 28.83 (2.31) 1.60 

VV 24.43 (2.17) 30.43 (2.33) -6.01 
VN 31.70 (2.37) 32.06 (2.36) -0.36 
NV 28.87 (2.30) 31.36 (2.36) -2.50 

RFR NN 11.07 (1.91) 12.45 (2.00) -1.38 
VV 14.53 (2.05) 13.28 (2.07) 1.24 
VN 9.06 (1.77) 8.27 (1.69) 0.79 
NV 13.87 (2.09) 9.36 (1.79) 4.51 

Second-pass RRR NN 21.05 (2.09) 15.57 (1.86) 5.49 
VV 16.88 (1.91) 16.05 (1.89) 0.83 
VN 19.26 (2.03) 18.13 (1.96) 1.13 
NV 20.21 (2.06) 15.06 (1.83) 5.15 

RIR NN 14.21 (1.79) 11.61 (1.65) 2.60 
VV 9.87 (1.52) 8.68 (1.45) 1.19 
VN 12.14 (1.68) 11.66 (1.64) 0.48 
NV 14.44 (1.80) 10.13 (1.54) 4.31 

ROR NN 10.86 (1.91) 10.26 (1.84) 0.61 
VV 8.84 (1.66) 10.74 (1.89) -1.90 
VN 12.88 (2.07) 10.90 (1.91) 1.98 
NV 8.46 (1.69) 7.92 (1.66) 0.53 

Note. A = ambiguous words; UA = unambiguous words 
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For the second-pass probability measures, RRR revealed that homographs were 

reread more than unambiguous words when their dominant meaning was a noun (i.e., 

NN & NV) (b = .42, SE = .21, p = 0.04). Both RIR and ROR showed no significant 

effects. 

 
Table 9 
Experiment 1: Statistic results of all effects for the probability measures on target 
words 

Effects (p value) 
1st-pass 2nd-pass 

SKIP RFR RRR RIR ROR 

(Intercept) 0.00  <2e-16 <2e-16 <2e-16 <2e-16 

amb<A-UA> 0.34  0.42  0.12  0.21  0.81  

wc_sub<V-N> 0.30  0.05  0.36  0.20  0.11  

wc_dom<V-N> 0.89  0.67  0.75  0.15  0.32  

amb*wc_sub 0.17  0.25  0.97  0.65  0.39  

amb*wc_dom 0.42  0.85  0.20  0.40  0.80  

wc_sub*wc_dom 0.19  0.05  0.71  0.52  0.68  

amb*wc_sub*wc_dom 0.81  0.37  0.99  0.92  0.51  

amb@subN 0.77  0.82  0.26  0.57  0.42  

amb@subV 0.10  0.15  0.29  0.24  0.68  

dom@subN 0.41  0.10  0.97  0.57  0.68  

dom@subV 0.31  0.25  0.63  0.15  0.34  

amb*dom@subN 0.69  0.63  0.36  0.60  0.76  

amb*dom@subV 0.46  0.42  0.36  0.52  0.53  

amb@domN 0.92  0.48  0.04  0.13  0.73  

amb@domV 0.21  0.67  0.86  0.78  1.00  

sub@domN 0.84  0.97  0.70  0.65  0.16  

sub@domV 0.10  0.01  0.36  0.18  0.38  

amb*sub@domN 0.43  0.15  0.98  0.69  0.89  

amb*sub@domV 0.26  0.86  0.97  0.81  0.27  

amb@NN 0.62  0.59  0.15  0.43  0.72  

amb@VV 0.10  0.63  0.92  0.72  0.44  

amb@VN 0.94  0.87  0.88  0.98  0.43  

amb@NV 0.53  0.13  0.16  0.18  0.89  
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3.3.2 Post-target words 

3.3.2.1 Duration measures 

Means and standard errors of both the first-pass and second-pass duration 

measures for each condition on post-target words are shown in Table 10. The statistic 

results of all analyzed effects for the duration measures on post-target words are listed 

in Table 11. For the first-pass duration measures, the effects of syntactic category and 

the effects of ambiguity were non-significant. For the second-pass duration measures, 

GPT revealed more go-past time for ambiguous words compared to unambiguous 

words (b = .05, SE = .02, t = 2.26), especially when the homographs’ dominant 

meaning was a noun (b = .06, SE = .03, t = 2.19). RRT revealed more rereading times 

for ambiguous words compared to unambiguous words when the homographs’ 

dominant meaning was a verb (b = .14, SE = .06, t = 2.14), especially for VN (b = .24, 

SE = .08, t = 2.86). There was an ambiguity-by-dominant syntactic category 

interaction (b = .10, SE = .05, t = 2.06), indicating larger ambiguity effect for 

dominant verb meaning, especially when the homographs’ subordinate meaning was a 

noun (b = .16, SE = .06, t = 2.42). TVT revealed more total reading times for 

ambiguous words compared to unambiguous words when the homographs’ 

subordinate meaning was a noun (b = .05, SE = .03, t = 1.90). 
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Table 10 
Experiment 1: Means and standard errors of the duration measures for all conditions 
on post-target words 

Duration measures (ms) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass FFD NN 242.13 (5.02) 238.14 (4.94) 3.99 

VV 241.25 (5.64) 238.21 (5.16) 3.04 
VN 247.39 (5.27) 236.41 (5.19) 10.98 
NV 247.77 (6.42) 245.21 (6.10) 2.56 

SFD NN 242.25 (5.12) 236.16 (5.03) 6.09 
VV 237.32 (5.66) 234.93 (5.14) 2.40 
VN 247.55 (5.48) 235.87 (5.60) 11.68 
NV 244.49 (6.89) 244.19 (6.47) 0.29 

GD NN 260.78 (6.28) 261.70 (7.40) -0.91 
VV 260.72 (7.84) 258.98 (7.34) 1.74 
VN 263.70 (7.03) 258.31 (7.34) 5.39 
NV 278.09 (8.65) 263.11 (7.15) 14.98 

Second-pass GPT NN 319.00 (13.76) 294.81 (10.77) 24.18 
VV 319.45 (15.94) 294.06 (12.41) 25.39 
VN 296.93 (11.19) 288.56 (10.66) 8.38 
NV 333.34 (14.28) 302.82 (12.04) 30.52 

RRT NN 265.31 (15.48) 308.38 (32.68) -43.06 
VV 321.16 (27.38) 307.11 (30.36) 14.06 
VN 372.89 (28.72) 288.92 (23.36) 83.97 
NV 262.11 (19.45) 307.85 (33.14) -45.74 

TVT NN 296.54 (8.55) 294.23 (9.85) 2.31 
VV 309.16 (11.57) 304.03 (12.22) 5.14 
VN 324.37 (12.73) 303.18 (11.38) 21.19 
NV 322.06 (11.10) 310.79 (11.19) 11.27 

Note. A = ambiguous words; UA = unambiguous words 
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Table 11 
Experiment 1: Statistic results of all effects for the duration measures on post-target 
words 

Effects (t value) 
1st-pass 2nd-pass 

FFD SFD GD GPT RRT TVT 

(Intercept) 246.27 239.21 214.39 180.18 137.19 169.23 

amb<A-UA> 1.38 0.76 1.09 2.26 0.84 1.73 

wc_sub<V-N> 0.83 0.7 0.86 1.02 -0.49 0.72 

wc_dom<V-N> 0.57 0.75 -0.11 -0.99 1.26 0.33 

amb*wc_sub -1.06 -1.64 -0.33 0.12 -0.99 -0.94 

amb*wc_dom 0.33 0.24 -0.58 -0.76 2.06 -0.07 

wc_sub*wc_dom 0.18 0.41 0.2 0.29 0.4 0.13 

amb*wc_sub*wc_dom -0.35 -0.1 -0.77 -0.16 -1.24 -0.45 

amb@subN 1.73 1.72 1.01 1.51 1.34 1.9 

amb@subV 0.22 -0.61 0.53 1.67 -0.1 0.55 

dom@subN 0.27 0.25 -0.21 -0.89 0.61 0.14 

dom@subV 0.54 0.83 0.06 -0.52 1.17 0.34 

amb*dom@subN 0.49 0.24 0.14 -0.42 2.42 0.27 

amb*dom@subV -0.01 0.09 -0.95 -0.65 0.56 -0.36 

amb@domN 0.76 0.38  1.21  2.19  -0.84  1.28  

amb@domV 1.17 0.69  0.35  1.03  2.14  1.15  

sub@domN 0.49 0.24  0.50  0.56  -0.63  0.45  

sub@domV 0.72 0.79  0.76  0.94  -0.08  0.63  

amb*sub@domN -0.52 -1.11  0.32  0.20  0.17  -0.35  

amb*sub@domV -0.97 -1.21  -0.76  -0.03  -1.64  -0.97  

amb@NN 0.91 1.07 0.64 1.42 -0.72 1.17 

amb@VV 0.14 -0.36 -0.29 0.71 0.33 0.13 

amb@VN 1.52 1.35 0.79 0.75 2.86 1.51 

amb@NV 0.17 -0.51 1.08 1.69 -0.46 0.65 

 

3.3.2.2 Probability measures 

Means and standard errors of both the first-pass and second-pass probability 

measures for each condition on post-target words are shown in Table 12. The statistic 

results of all analyzed effects for the probability measures on post-target words are 
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listed in Table 13. For the first-pass probability measures, SKIP revealed that the 

post-target following VN was more likely to be skipped than that following NV (b 

= .31, SE = .16, p = .06). There was an ambiguity-by-subordinate syntactic category 

interaction (b = .15, SE = .08, p = .05). The ambiguity effect was larger in the 

post-target region following NV compared to following NN (b = .21, SE = .11, p 

= .07). The post-target following VV and NV homographs was more likely to be 

skipped than that following unambiguous words (b = .22, SE = .11, p = .05). The 

post-target following an NV homograph was more likely to be skipped than that 

following unambiguous word (b = .31, SE = .16, p = .05). In addition, RFR revealed 

that the post-target was more likely to be refixated when homographs’ dominant 

meaning was a noun compared to when being a verb (b = - .40, SE = .22, p = .07). 

RFR showed no significant effects of ambiguity. 

For the second-pass probability measures, RRR and RIR revealed higher 

probability of rereading and regression-in when the homographs’ dominant syntactic 

category was verb, especially when the homographs’ subordinate syntactic category 

was verb (ps < .01). RRR and ROR revealed higher probability of rereading and 

regression-out for homographs compared to unambiguous words, especially when the 

homographs’ subordinate syntactic category was verb and when the homographs’ 

dominant syntactic category was noun (ps < .05). In addition, RRR revealed the 
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ambiguity-by-subordinate-by-dominant syntactic category interaction (b = .21, SE 

= .11, p = .05). The ambiguity-by-dominant syntactic category interaction was 

significant when the homographs’ subordinate syntactic category was noun (b = - .31, 

SE = .15, p = .04), indicating larger ambiguity effect for NN than for VN. The 

ambiguity-by-subordinate syntactic category interaction was significant when the 

homographs’ dominant syntactic category was verb (b = .30, SE = .15, p = .05), 

indicating larger ambiguity effect for VV than for VN. ROR revealed higher 

probability of regression-out for homographs compared to unambiguous words when 

the homographs’ subordinate syntactic category was noun (b = .46, SE = .22, p = .04). 

Finally, both RRR and ROR revealed the ambiguity effect for NN; RRR also revealed 

the ambiguity effect for VV; ROR revealed the ambiguity effect for NV (ps < .05). 
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Table 12 
Experiment 1: Means and standard errors of the probability measures for all 
conditions on post-target words 
  

Probability measures (%) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass SKIP NN 35.04 (2.42) 37.24 (2.44) -2.21 

VV 45.04 (2.51) 41.79 (2.50) 3.24 
VN 43.70 (2.52) 45.15 (2.52) -1.45 
NV 38.97 (2.47) 32.65 (2.38) 6.33 

RFR NN 9.09 (1.81) 9.39 (1.87) -0.30 
VV 8.49 (1.92) 10.81 (2.09) -2.32 
VN 5.96 (1.61) 8.84 (1.94) -2.87 
NV 14.10 (2.28) 11.15 (1.96) 2.95 

Second-pass RRR NN 16.62 (1.91) 12.53 (1.69) 4.09 
VV 17.78 (1.94) 12.60 (1.70) 5.19 
VN 17.20 (1.94) 19.22 (2.01) -2.03 
NV 15.04 (1.84) 13.62 (1.74) 1.41 

RIR NN 8.71 (1.45) 7.57 (1.35) 1.14 
VV 10.57 (1.56) 7.09 (1.32) 3.48 
VN 11.11 (1.62) 12.47 (1.69) -1.36 
NV 6.86 (1.30) 6.94 (1.29) -0.08 

ROR NN 17.06 (2.37) 10.25 (1.95) 6.82 
VV 13.21 (2.33) 9.09 (1.94) 4.12 
VN 11.01 (2.12) 8.84 (1.94) 2.17 
NV 15.45 (2.37) 8.56 (1.75) 6.89 

Note. A = ambiguous words; UA = unambiguous words 
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Table 13 
Experiment 1: Statistic results of all effects for the probability measures on post-target 
words 

Effects (p value) 
1st-pass 2nd-pass 

SKIP RFR RRR RIR ROR 

(Intercept) 0.00  <2e-16 <2e-16 < 2e-16 < 2e-16 

amb<A-UA> 0.36  0.54  0.02  0.26  0.00  

wc_sub<V-N> 0.17  0.16  0.41  0.66  0.96  

wc_dom<V-N> 0.10  0.07  0.02  0.00  0.15  

amb*wc_sub 0.05  0.53  0.43  0.53  0.69  

amb*wc_dom 0.67  0.09  0.39  0.79  0.44  

wc_sub*wc_dom 0.30  0.85  0.14  0.17  0.46  

amb*wc_sub*wc_dom 0.47  0.72  0.05  0.16  0.88  

amb@subN 0.46  0.41  0.27  0.72  0.04  

amb@subV 0.05  0.99  0.03  0.24  0.01  

dom@subN 0.06  0.27  0.56  0.28  0.12  

dom@subV 0.63  0.13  0.01  0.00  0.61  

amb*dom@subN 0.84  0.37  0.04  0.40  0.51  

amb*dom@subV 0.42  0.12  0.45  0.26  0.66  

amb@domN 0.35  0.39  0.03  0.57  0.00  

amb@domV 0.73  0.13  0.29  0.30  0.09  

sub@domN 0.77  0.22  0.72  0.23  0.57  

sub@domV 0.08  0.40  0.10  0.53  0.65  

amb*sub@domN 0.07  0.44  0.42  0.60  0.85  

amb*sub@domV 0.38  0.86  0.05  0.12  0.72  

amb@NN 0.52  0.95  0.03  0.42  0.03  

amb@VV 0.39  0.31  0.04  0.08  0.14  

amb@VN 0.70  0.26  0.50  0.71  0.35  

amb@NV 0.05  0.22  0.32  0.97  0.02  

 

3.4 Discussion 

Experiment 1 demonstrated the syntactic category effects (V > N) of the target 

words and the dominant meaning of homographs on different ROIs. In the target 

region, the syntactic category effect of the target words reflected in the first-pass 
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probability measure RFR, indicating that verbs are inherently more difficult to process 

than nouns. This finding is consistent with the study of J. A. Sereno (1999), in which 

subjects responded to nouns significantly faster than to verbs in both the 

categorization task and the lexical decision task. In addition, no significant syntactic 

category effect of the dominant meaning was found in the target region, indicating 

that the dominant meaning is not instantly activated when readers first encounter 

homographs in sentences. On the other hand, the syntactic category effect of the 

dominant meaning shown in the post-target region reveals that the activation of nouns 

is easier and faster than that of verbs. During the first-pass reading on the post-target, 

the lower skipping rate and higher refixation rate shown when the dominant meaning 

of target words was a noun indicated that the dominant meaning, if a noun, had 

already been activated. The inconsistency of syntactic category between the dominant 

meaning and the contextual constraint resulted in the spillover. However, it was not 

until the second-pass reading (RRR & RIR) on the post-target that the processing cost 

(V > N) of the dominant verb meaning occurred. These results suggested that it takes 

more efforts for readers to process a verb than a noun. Our findings is in agreement 

with the Chinese study of 張亞旭 et al. (2003), in which Chinese NV caused larger 

processing difficulty than VN in the disambiguating regions. In their study, NV and 

VN were preceded by a neutral context and followed by a verb-biased context. The 
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results showed that both NV and VN caused longer reading times relative to 

unambiguous controls in the disambiguating regions, indicating that readers selected 

the noun meaning for both SCA words. However, the increased reading times caused 

by NV lasted longer than those caused by VN. Thus, they suggested that it was easier 

for readers to assign the syntactic category in the case of NV. In summary, syntactic 

category would influence the processing of homographs. The syntactic category of the 

target words has an immediate effect in the target region, while that of the dominant 

meanings exerts influences in the post-target region.  

For the ambiguity effects, Experiment 1 demonstrated a delay of the subordinate 

bias effect (A > UA). Generally, the SBE for the four types of homographs did not 

occur until the second-pass reading in the post-target region. The absence of the SBE 

in the target region might result from different reasons for different types of 

homographs. For NN homographs, inconsistent with the predictions of both models, 

the SBE was delayed until the second-pass reading in the post-target region. This 

might result from the strongly biased semantic context, since the syntactic bias from 

the preceding context is unhelpful for the selection of appropriate meaning. The 

elimination of the SBE has been reported by some researcher using strong contextual 

manipulations or priming words (Seidenberg et al., 1982; Vu & Kellas, 1999; Vu, 

Kellas, Metcalf, & Herman, 2000; Vu, Kellas, & Paul, 1998). For VV homographs, 
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both the strongly biased semantic context and the processing difficulty of verbs may 

cause the absence of the SBE. Like NN homographs, the syntactic bias from the 

preceding context cannot select an appropriate meaning. In addition, previous 

research has demonstrated that the resolution of VV homographs is delayed 

(Pickering & Frisson, 2001). For SCA words, VN and NV homographs, though the 

SBE was absent on the target, it was still reflected in RRT and ROR in the post-target 

region, indicating that the syntactic category constraint from the preceding context 

does not prevent the activation of the dominant meaning. As for the absence of the 

SBE in the target region, it is possible that the processing difficulty of verb meaning 

delays the competition between alternative meanings. 

A further examination on the effect size of ambiguity reveals a difference between 

VN and NV homographs. Numerically, NV obtained a larger size of the ambiguity 

effect than VN. In the target region, both the first-pass (FFD, SFD, GD, RFR) and 

second-pass (GPT, RRR, RIR) measures revealed a pattern of SBE for NV, but this 

was not the case for VN. In the post-target region, the ambiguity effect also showed a 

larger size for NV compared to VN in GD, GPT, and ROR. This finding suggested 

that some probabilistic constraints, other than the contextual constraints, may also 

influence the semantic resolution of SCA words. The inherent processing difficulty 

and meaning frequency are related to the activation speed of the alternative meanings 
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of SCA words. When the dominant meaning is a noun and the subordinate meaning is 

a verb (i.e., NV), the dominant meaning can be activated much faster than the 

subordinate meaning. Thus, with the strongly subordinate-biased preceding context, 

the dominant meaning would compete with the context-intended subordinate meaning, 

resulting in a larger ambiguity effect. Our finding is consistent with the results 

obtained in 張亞旭 et al. (2003) that the increased reading times caused by NV 

lasted longer than those caused by VN. 

With respect to the sentence processing models, our results agree with the 

assumptions of the constraint-satisfaction models. Non-syntactic information is 

immediately considered during lexical ambiguity resolution. Our findings showed the 

absence of the SBE in the target region, indicating the influence of semantic 

constraint from the preceding context. The subordinate-biased semantic information 

guided the readers to activate the subordinate meaning at the beginning. As a result, 

for NN and VV, readers did not encounter meaning competition in the target region. In 

addition, our findings also showed the SBE was delayed until the second-pass reading 

on the post-target, as opposed to the prediction of syntax-first models. The syntactic 

category constraint cannot determine the semantic resolution of SCA words. Thus, for 

VN and NV, meaning competition still happened and the SBE arose in the post-target 

region. Taken together, the findings in Experiment 1 imply that semantic constraint 
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exerts an early influence on lexical ambiguity resolution and that the syntactic 

category constraint cannot determine the semantic resolution of SCA words.  

In fact, Folk and Morris (2003) also observed the delayed SBE for VN in 

semantically- and syntactically-biased context, and they suggested that the SBE was 

delayed because syntactic category assignment can restrict semantic resolution to the 

syntactically appropriate meaning of SCA words. Nevertheless, this explanation 

cannot explicate the unequal effect sizes of the SBE between VN and NV in our study. 

Although the SBE was absent in the first-pass reading on target words, it remains 

unclear whether the delay of the SBE for SCA words in the semantically- and 

syntactically-biased context was due to the semantic constraint, the syntactic category 

constraint, or both. Some previous research has suggested that a strongly biased 

context may result in selective access or eliminate the SBE during lexical ambiguity 

resolution. For example, Seidenberg et al. (1982) found lexical ambiguity resolution 

was selective when the preceding context involved a lexical-priming word (i.e., a 

word semantically-related to either meaning). Vu et al. (1998) manipulated the 

semantic specificity of verb and subject noun to investigate whether lexical ambiguity 

resolution can be influenced by the strength of sentence constraints. The results 

showed a multiple access in the ambiguous condition (e.g., He located the bat.) but a 

selective access in the strongly-biased condition (e.g., dominant-biased: He splintered 
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the bat.; subordinate-biased: He wounded the bat.) whenever the dominant or 

subordinate meaning was context-intended. Both studies supported the idea that 

strong semantic constraints can restrict lexical ambiguity resolution to the 

context-appropriate meaning, which may be responsible for the absence of the SBE in 

the first-pass reading on target words in Experiment 1. 

In addition, compared to English and Indo-European languages, Chinese 

morphology allows less transparency on syntactic category. The language-specific 

properties may decrease the functional primacy of syntactic category assignment 

during Chinese sentence comprehension. Some previous empirical findings have 

suggested that syntactic processing does not precede semantic processing in Chinese 

(Wang et al., 2013; Yang et al., 2009; Yu & Zhang, 2008; Zhang et al., 2013; Zhang et 

al., 2010). Thus, in Experiment 2, we used sentences in which only the syntactic 

category constraint preceded the targets to examine whether the strong semantic 

constraint can be responsible for the absence of the SBE in Experiment 1 and whether 

the syntactic category constraint is sufficient to determine the semantic resolution of 

SCA words. 
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Chapter 4  

Experiment Two: 

Lexical ambiguity resolution with syntactic category constraint 

 

Experiment 2 examined whether the syntactic category constraint alone can 

determine the meaning resolution of syntactic category ambiguity. The biased 

homographs were embedded in sentences in which the preceding context provided no 

semantic information but syntactic category information consistent with the 

subordinate meaning. Disambiguating semantic information was only available in the 

succeeding context. Frequency-matched unambiguous words were used as control 

words.  

According to both syntax-first and constraint-satisfaction models, the SBE was 

not expected for NN and VV until the subordinate-biased disambiguating information 

was encountered. In the target and post-target regions, readers would initially select 

the dominant meaning, since the preceding syntactic category constraint cannot 

distinguish between the alternative meanings of homographs. In the disambiguating 

region, the subordinate meaning would be activated and compete with the dominant 

meaning, resulting in a first-pass processing difficulty. Afterwards, readers would 

experience difficulty in integrating the subordinate meaning into the sentences, so a 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

81 
 

 

second-pass processing difficulty was expected in all analyzed regions.  

On the other hand, for VN and NV, syntax-first models predicted neither 

first-pass nor second-pass processing difficulties in any region, since the syntactic 

category constraint from the preceding context determined the subordinate meaning 

from the very beginning. In contrast, constraint-satisfaction models predicted both 

first-pass and second-pass processing difficulties in all analyzed regions, since readers 

consider the syntactic category constraint and meaning dominance simultaneously. In 

the target region, the subordinate meaning was supported by syntactic category 

constraint and competed with the dominant meaning, resulting in a first-pass 

processing difficulty which might spill over to the post-target region. When the 

disambiguating information was available, readers may spend time reading back and 

forth to disambiguate, resulting in second-pass processing difficulties in all analyzed 

regions.  

 

4.1 Method 

4.1.1 Participants  

Forty undergraduate and graduate students (7 males and 33 females) aged 

between 18-25 years old (mean age = 21) were paid to participate in Experiment 2. 

All participants were native speakers of Mandarin Chinese and had normal or 
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corrected-to-normal vision. None had participated in any previous norming study and 

Experiment 1. 

 

4.1.2  Materials and design 

Eighty biased homographs, including 4 types (NN, VV, VN, and NV), and 80 

corresponding unambiguous words (NNN, VVV, NVN, and VNV) were used as target 

words in Experiment 2. Most of the words were the same as Experiment 1. For better 

control over the word properties, 10 homographs (2 NN, 2 VV, 1 VN and 5 NV) and 

15 unambiguous words (5 NNN, 4 VVV, 1 NVN and 5 VNV) used in Experiment 1 were 

replaced with new words in Experiment 2. Table 14 presents the means and standard 

deviations of word-form frequency, word stroke, and frequency of the first character 

(C1F) for homographs and unambiguous words used in Experiment 2. The two-way 

analysis of variance (ANOVA) with word type and ambiguity as independent 

variables were conducted for the word properties. For word-form frequency, word 

stroke and C1F, the main effects and the interaction were non-significant (Fs < 3, ps 

> .07), indicating there were no significant differences among word types and 

between homographs and unambiguous words. 
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Table 14 
Means (and standard deviations) of word properties for each condition in Experiment 
2 

 
 Word property 

Type Ambiguity Frequency Stroke C1F 

NN 
A 7.82 (8.08) 18.25 (5.64) 973.11 (965.64) 

UA 7.96 (8.66) 18.50 (4.36) 913.17 (792.01) 

VV 
A 9.31 (8.98) 20.60 (5.11) 739.54 (781.72) 

UA 8.55 (7.92) 20.55 (4.48) 697.45 (933.79) 

VN 
A 12.83 (10.74) 18.90 (5.04) 910.94 (841.67) 

UA 13.11 (12.50) 19.40 (5.62) 765.33 (780.79) 

NV 
A 10.74 (7.70) 20.15 (4.83) 1040.50 (928.43) 

UA 7.84 (7.85) 20.75 (4.34) 773.59 (769.04) 
Note. A = ambiguous words; UA = unambiguous words; C1F = frequency of the first 
character 

 

Sentences were designed in such a way that the preceding context provided no 

semantic but syntactic category information consistent with the subordinate meaning 

of the homographs. For syntactic category bias, as in Experiment 1, we used a 

pre-target word to bias the syntactic category of the targets toward the syntactic 

category of homographs’ subordinate meaning. A disambiguating word, which was 

semantically related to the subordinate meaning of the homographs, was located in the 

succeeding context. An intervening region (at least four characters) was inserted 

between the ambiguous word and the disambiguating word. Pre-target, target and 

disambiguating regions were all disyllabic Chinese words. A total of 80 sentence 

frames were constructed where the homograph and the corresponding unambiguous 

word can fit the context into the same position. The beginning of target words and 
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disambiguating words was respectively located in the range of 12th to 14th and of 18th 

to 21st character in the sentences, which consisted of 25 to 27 characters. The 

construction of experimental lists was identical to Experiment 1. Table 15 shows the 

example sentences of each condition.  

 

Table 15 
Examples of targets and sentences for each condition in Experiment 2 

 
 Sentence 

Type Conditions Preceding context Target 
intervening 

region 

Disambiguating 

word 

Succeeding 

context 

NN 
A 

即便待在室內，外頭依然傳來 
風聲 

以及猛烈 雨聲 令人畏懼。 
UA 巨響 

VV 
A 

媽媽發現身旁的朋友都會 
算帳 

避免自己 開銷 超出原先預期。 
UA 記帳 

VN 
A 

經過長期觀察，研究人員發現 
效力 

對於銷售 藥丸 非常有幫助。 
UA 功效 

NV 
A 

大眾一致認同這次能夠順利 
制服 

那些凶狠 搶匪 都要歸功員警。 
UA 逮捕 

Note. A = ambiguous words; UA = unambiguous words 
 

4.1.3 Norming studies of ambiguous words and sentential contexts 

Prior to the eye-tracking experiment, seven norming studies were carried out to 

ensure that word semantics and sentential contexts are successfully manipulated. 

Table 16 shows the summarized results of all norming studies in Experiment 2. A total 

of 160 Chinese sentences were chosen for Experiment 2, including 80 

homograph-embedded (20 for each type) and 80 corresponding unambiguous 

word-embedded sentences (see Appendix E).  
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Table 16 
Means (and standard deviations) of words and sentences in all norming studies for 
Experiment 2 

  Type 

Norming studies Ambiguity NN VV VN NV 

1. Meaning dominance A 0.86 (0.09) 0.88 (0.11) 0.85 (0.14) 0.92 (0.10) 

UA 0.99 (0.06) 1.00 (0.00) 1.00 (0.00) 1.00 (0.01) 

2. Meaning relatedness  

(1 = not related; 7 = much related) 

A 2.00 (0.69) 1.98 (0.66) 2.35 (1.14) 2.11 (0.75) 

UA － － － － 

3. Word predictability A 0.01 (0.04) 0.01 (0.02) 0.02 (0.07) 0.01 (0.03) 

UA 0.00 (0.01) 0.04 (0.11) 0.00 (0.01) 0.00 (0.01) 

3. Syntactic category bias A 0.94 (0.07) 0.97 (0.04) 0.95 (0.07) 0.94 (0.09) 

UA Identical to the corresponding homographs 

4. Semantic bias (preceding) 

(1 = not related; 7 = much related) 

A_dom 1.71 (0.50) 1.63 (0.46) 1.91 (0.77) 1.43 (0.36) 

A_sub 2.06 (0.77) 1.73 (0.39) 2.12 (0.69) 2.06 (0.57) 

UA 2.00 (0.69) 1.73 (0.46) 2.12 (0.77) 1.88 (0.65) 

4. Semantic bias (succeeding) A 1.00 (0.02) 0.96 (0.10) 0.95 (0.10) 0.98 (0.06) 

UA － － － － 

5. Syntactic category of target 

word 

A 1.00 (0.02) 0.99 (0.03) 0.87 (0.12) 0.87 (0.12) 

UA 0.99 (0.03) 0.99 (0.03) 0.98 (0.05) 0.94 0.17) 

6. Disambiguation  

(1 = not related; 7 = much related) 

A 4.91 (0.49) 4.84 (0.72) 5.08 (0.80) 4.65 (1.02) 

UA 4.85 (0.78) 5.44 (0.70) 4.97 (0.90) 4.98 0.90) 

7. Plausibility  

(1 = not plausible; 7 = very plausible) 

A 5.79 (0.38) 5.61 (0.53) 5.75 (0.41) 5.79 (0.34) 

UA 5.80 (0.35) 6.03 (0.36) 5.88 (0.44) 5.79 (0.45) 

Note. A = ambiguous words; UA = unambiguous words; A_dom = dominant meaning 
of ambiguous words; A_sub = subordinate meaning of ambiguous words 

 

4.1.3.1 Norming study 1: Meaning dominance 

Sixteen new ambiguous words and 22 unambiguous words were rated by 40 

Mandarin-speaking participants. The procedure and the criteria for selecting word 

materials were identical to Norming study 1 in Experiment 1. Overall, eleven biased 

ambiguous words and 20 unambiguous words met the criteria. Eventually, ten 
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homographs (2 NN, 2 VV, 1 VN and 5 NV) and 15 unambiguous words (5 NNN, 4 

VVV, 1 NVN and 5 VNV) used in Experiment 1 were replaced with new words. Means 

of meaning dominance were 0.86, 0.88, 0.85, and 0.92 for NN, VV, VN, and NV, 

indicating that they were highly-biased homographs since one of the meanings of 

homographs accounted for over 85 % of the subjects’ interpretations. 

 

4.1.3.2 Norming study 2: Meaning relatedness 

Meaning relatedness of 23 new ambiguous words was rated by 40 

Mandarin-speaking participants, who also participated in Norming study 1. Two lists 

were constructed to avoid the participants rating both the meaning dominance and the 

meaning relatedness of same words. The procedure and the criteria for selecting word 

materials were identical to Norming study 2 in Experiment 1. Overall, twenty biased 

ambiguous words were qualified homographs and 10 were substituted for the 

homographs used in Experiment 1. The one-way ANOVA on meaning relatedness 

showed no significant difference across four types of homographs, F(3, 76) = .82, p 

= .49. 

 

4.1.3.3 Norming study 3: Word predictability and syntactic category bias 

Forty Mandarin-speaking participants participated in Norming study 3－7; none 
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of them had participated in any previous norming study, nor the eye-tracking 

experiment. Forty new sentence frames were constructed in a way that both the 

homograph and the corresponding unambiguous word can fit into the same one. A 

new questionnaire was created, in which the preceding context, the definitions of the 

dominant and the subordinate meaning of the homograph, the target word (either 

ambiguous or unambiguous), the succeeding context, a parallel display of the 

disambiguating word and the target word (either the homograph with its subordinate 

meaning or the unambiguous word), and the entire sentence were orderly presented. 

The procedure and the criteria were identical to Norming study 3 in Experiment 1. 

The two-way analysis of variance (ANOVA) with word type and ambiguity as 

independent variables was conducted for word predictability and for syntactic 

category bias. For word predictability and syntactic category bias, the main effects 

and the interaction were non-significant (Fs < 3, ps > .10), indicating there were no 

significant differences among word types and between homographs and unambiguous 

words. 

 

4.1.3.4 Norming study 4: Semantic bias 

The task of rating semantic bias was altered in Experiment 2. For the 

homograph-embedded sentences, the participants were asked to rate the semantic 
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relatedness between the preceding context and both meanings of the biased 

homographs, respectively. For the unambiguous word-embedded sentences, they were 

asked to rate the semantic relatedness between the preceding context and the 

unambiguous word. The reason we changed the task was to avoid the influence of 

meaning dominance and syntactic category constraint as much as possible. If, as in 

the semantic bias rating in Experiment 1, the participants had been asked to choose 

one definition which they considered more consistent with the preceding context, they 

would have probably chosen the dominant meaning for NN and VV homographs or 

the subordinate meaning for VN and NV homographs, which was consistent with the 

syntactic category constraint. As a result, directly evaluating the semantic relatedness 

on a 7-point scale (where 1 = not related; 7 = much related) might be a better way to 

probe whether the preceding context was indeed semantically neutral. In addition, the 

participants were asked to write down any word in the preceding context which they 

considered semantically related to the target words (either the dominant or the 

subordinate meaning for the homographs). On the other hand, we followed the 

procedure of the semantic bias rating in Experiment 1 to probe the semantic bias in 

the succeeding context. 

The two-way analysis of variance (ANOVA) with word type and ambiguity as 

independent variables was conducted for semantic bias. There was a significant 
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difference among word types, F(3, 228) = 3.90, p < .01. Post hoc comparisons using 

the Bonferroni test revealed that VV obtained significantly lower semantic bias than 

VN (p < .01). The main effect of ambiguity (A_dom, A_sub, UA) was also significant, 

F(2, 228) = 6.24, p < .01. Post hoc comparisons using the Bonferroni test revealed 

that the dominant meaning of homographs obtained significantly lower semantic bias 

than did the subordinate meaning of homographs (p < .01) and unambiguous words (p 

< .05). However, the interaction was non-significant, F(6, 228) = .73, p = .62. 

 

4.1.3.5 Norming study 5: Syntactic category judgment of target words 

The procedure and the criteria were identical to Norming study 5 in Experiment 

1. The two-way analysis of variance (ANOVA) with word type and ambiguity as 

independent variables was conducted for syntactic category judgment. There was a 

significant difference among word types, F(3, 152) = 9.45, p < .001. Post hoc 

comparisons using the Bonferroni test revealed that VN obtained significantly lower 

correctness on syntactic category judgment than NN and VV (ps < .05), and that NV 

obtained significantly lower correctness than NN and VV (ps < .001). There was a 

significant difference between homographs and unambiguous words, F(1, 152) = 9.41, 

p < .01. Homographs obtained significantly lower correctness on syntactic category 

judgment than did unambiguous words. The interaction was significant, F(3, 152) = 

4.08, p < .01. 
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4.1.3.6 Norming study 6: Disambiguation 

The aim of disambiguation rating was to ensure that the disambiguating word we 

used in the succeeding context was semantically related to the subordinate meaning of 

the homograph and can indeed help readers disambiguate. For the ambiguous targets, 

as soon as the participants chose one definition based on the succeeding context, both 

the disambiguating word and the homograph with the definition of its subordinate 

meaning were parallel displayed. For the unambiguous targets, as soon as the 

participants judge the syntactic category of the target word, the succeeding context 

was presented followed by a parallel display of the target and the disambiguating 

word. The participants were asked to rate the semantic relatedness between the 

disambiguating word and the target word (either the homograph with its subordinate 

meaning or the unambiguous word) on a 7-point scale (where 1 = not related; 7 = 

much related). The two-way analysis of variance (ANOVA) with word type and 

ambiguity as independent variables was conducted for strength of disambiguation. 

The main effects and the interaction were non-significant (Fs < 3, ps > .10), indicating 

there were no significant differences among word types and between homographs and 

unambiguous words. 

 

4.1.3.7 Norming study 7: Sentence plausibility 

The procedure and the criteria were identical to Norming study 6 in Experiment 
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1. The two-way analysis of variance (ANOVA) with word type and ambiguity as 

independent variables was conducted for sentence plausibility. There were no 

significant differences among word types, F(3, 152) = .06, p = .98. However, the 

plausibility for homograph-embedded sentences was significantly lower than that for 

unambiguous word-embedded sentences (F(1, 152) = 4.90, p = .03). The interaction 

was non-significant (p > .08). 

 

4.1.4 Apparatus 

Apparatus was identical to Experiment 1. 

 

4.1.5 Procedure 

Procedure was identical to Experiment 1. 

 

4.1.6 Data analysis 

In Experiment 2, three regions of interest (ROIs) were subject to analyses of eye 

movements: target word (the homograph or unambiguous word), post-target word (the 

two-character word following the target word), and disambiguating word (the 

two-character word providing disambiguating information in the succeeding context). 

The eye-movement measures we analyzed and the criteria we used to eliminate data 
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were identical to Experiment 1. Data of 2 participants were excluded from the 

analyses because they had first-pass blinks in the target region on more than a quarter 

of all trials; data of another 3 participants were also excluded from the analyses 

because most of fixations fell out of the range of the sentences. These data were 

replaced with new qualified data. Overall, for the data of first-pass reading, the 

removed trials accounted for 3.41% (target), 2.84% (post-target), and 2.56% 

(disambiguating). On the other hand, for the data of second-pass reading, the removed 

trials accounted for 5.66% (target), 4.97% (post-target), and 4.22% (disambiguating). 

The average accuracy of comprehension test was 96.33%. The statistical analyses 

were identical to Experiment 1, except that the effect of word frequency in each ROI 

was partialled out since we had not controlled the word frequency in the post-target 

and the disambiguating region.  

 

4.2 Results 

4.2.1 Target words 

4.2.1.1 Duration measures 

Means and standard errors of both the first-pass and second-pass duration 

measures for each condition on target words are shown in Table 17. The statistic 

results of all analyzed effects for the duration measures on target words are listed in 
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Table 18. For the first-pass duration measures, both the main effect of syntactic 

category and that of ambiguity were non-significant in any measure. However, the 

ambiguity-by-dominant syntactic category interaction was marginally significant in 

FFD (b = .02, SE = .01, t = 1.81), indicating larger ambiguity effect for dominant verb 

meaning. FFD and SFD revealed significant ambiguity effect when the homographs’ 

dominant meaning was a verb (FFD: b = .04, SE = .02, t = 2.23; SFD: b = .04, SE 

= .02, t = 1.90). FFD, SFD, and GD revealed significant ambiguity effect for VN (ts > 

2). 

For the second-pass duration measures, the main effects of syntactic category 

were non-significant in any measure. However, RRT revealed significant 

subordinate-by-dominant syntactic category interaction (b = - .1, SE = .05, t = -2.12). 

Verbs obtained less rereading times than nouns when the dominant syntactic category 

is verb (i.e., VV < VN, b = - .16, SE = .07, t = -2.22). In addition, in terms of 

homographs’ dominant syntactic category, verbs also obtained less RRT and TVT than 

nouns when the target word was a verb (i.e., VV < NV, ts < -1.8). On the other hand, 

the main effect of ambiguity was significant in RRT and TVT (ts > 2), especially when 

the subordinate meaning was a noun (i.e., NN & VN, ts > 2). RRT also revealed 

significant ambiguity effect when the homographs’ dominant meaning was a noun (b 

= .13, SE = .07, t = 2.02) and marginal ambiguity effect for NN (b = .17, SE = .10, t = 
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1.80). GPT and TVT revealed significant ambiguity effect when the homographs’ 

dominant meaning was a verb (GPT: b = .06, SE = .03, t = 1.86; TVT: b = .14, SE 

= .05, t = 2.67), especially for VN (ts > 2). 

 

Table 17 
Experiment 2: Means and standard errors of the duration measures for all conditions 
on target words 

Duration measures (ms) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass FFD NN 266.47 (4.82) 264.85 (5.07) 1.62 

VV 266.87 (5.06) 256.61 (4.41) 10.26 
VN 280.14 (5.86) 264.97 (5.28) 15.18 
NV 267.73 (5.35) 272.63 (5.35) -4.90 

SFD NN 267.26 (5.38) 265.18 (5.57) 2.08 
VV 264.22 (5.75) 256.29 (4.82) 7.92 
VN 281.70 (6.68) 265.81 (5.77) 15.89 
NV 268.25 (5.95) 268.36 (5.85) -0.12 

GD NN 300.61 (6.82) 300.41 (7.17) 0.19 
VV 306.99 (7.38) 300.11 (6.94) 6.88 
VN 321.55 (7.85) 297.57 (7.09) 23.98 
NV 305.35 (7.82) 309.29 (7.33) -3.94 

Second-pass GPT NN 340.04 (10.17) 346.86 (11.10) -6.82 
VV 339.18 (9.88) 333.66 (10.61) 5.51 
VN 361.92 (11.17) 328.65 (10.71) 33.27 
NV 340.33 (11.97) 336.30 (10.17) 4.03 

RRT NN 388.24 (22.85) 319.45 (20.04) 68.79 
VV 325.64 (21.40) 311.17 (26.17) 14.48 
VN 402.24 (21.38) 375.53 (30.96) 26.70 
NV 381.49 (21.71) 368.56 (24.97) 12.93 

TVT NN 416.93 (14.45) 372.36 (10.89) 44.57 
VV 384.12 (11.39) 355.36 (11.25) 28.76 
VN 441.03 (13.97) 366.02 (12.60) 75.01 
NV 414.21 (14.33) 408.12 (14.08) 6.09 

Note. A = ambiguous words; UA = unambiguous words 
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Table 18 
Experiment 2: Statistic results of all effects for the duration measures on target words 

Effects (t value) 
1st-pass 2nd-pass 

FFD SFD GD GPT RRT TVT 

(Intercept) 225.52 216.2 217.98 183.43 140.65 160.49 

amb<A-UA> 1.31 1.28 0.98 1.21 2.24 2.74 

wc_sub<V-N> -0.5 -0.6 0.04 -0.7 -1.15 -0.26 

wc_dom<V-N> -0.08 0.2 0.61 0.32 -0.92 -0.9 

amb*wc_sub -0.99 -0.96 -1.26 -0.95 -1.23 -1.15 

amb*wc_dom 1.81 1.39 1.52 1.38 -0.5 1.01 

wc_sub*wc_dom -1.17 -1.42 -0.88 -0.09 -2.12 -1.72 

amb*wc_sub*wc_dom -0.18 -0.67 -0.72 -0.97 -0.48 -0.8 

amb@subN 1.62 1.58 1.58 1.52 2.45 2.74 

amb@subV 0.22 0.22 -0.2 0.19 0.72 1.12 

dom@subN 0.77 1.15 1.05 0.29 0.84 0.58 

dom@subV -0.89 -0.86 -0.19 0.17 -2.15 -1.86 

amb*dom@subN 1.4 1.46 1.58 1.65 -0.01 1.28 

amb*dom@subV 1.16 0.51 0.56 0.29 -0.69 0.15 

amb@domN -0.35 -0.08 -0.38 -0.12 2.02 1.21 

amb@domV 2.23 1.9 1.79 1.86 1.19 2.67 

sub@domN 0.47 0.58 0.64 -0.43 0.71 1.03 

sub@domV -1.2 -1.44 -0.6 -0.57 -2.22 -1.41 

amb*sub@domN -0.57 -0.2 -0.38 0.02 -0.55 -0.24 

amb*sub@domV -0.84 -1.16 -1.42 -1.37 -1.17 -1.4 

amb@NN 0.16 0.09 0 -0.09 1.8 1.04 

amb@VV 1.01 0.54 0.26 0.35 0.02 0.92 

amb@VN 2.12 2.12 2.21 2.23 1.67 2.83 

amb@NV -0.64 -0.2 -0.53 -0.07 1.05 0.67 

 

4.2.1.2 Probability measures 

Means and standard errors of both the first-pass and second-pass probability 

measures for each condition on target words are shown in Table 19. The statistic 

results of all analyzed effects for the probability measures on target words are listed in 
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Table 20. For the first-pass probability measures, SKIP revealed that verbs were less 

skipped than nouns in terms of homographs’ dominant syntactic category, especially 

when the target word was a verb (i.e., VV < NV, b = - .35, SE = .16, p = .03). RFR 

showed no effect. 

For the second-pass probability measures, the main effects of syntactic category 

were non-significant in any measure. However, ROR revealed significant 

subordinate-by-dominant syntactic category interaction (b = .45, SE = .20, p = .03). 

Verbs obtained less probability of regression-out than nouns when the dominant 

syntactic category was noun (i.e., NV < NN, b = - .66, SE = .29, p = .02). In addition, 

in terms of homographs’ dominant syntactic category, verbs also obtained less 

probability of regression-out than nouns when the target word was a noun (i.e., VN < 

NN, b = - .53, SE = .28, p = .06). RRR and RIR revealed that verbs obtained less 

probability of rereading and regression-in than nouns in terms of homographs’ 

dominant syntactic category, especially when the target word was a verb (i.e., VV < 

NV, RRR: b = - .56, SE = .25, p = .03; RIR: b = - .47, SE = .25, p = .06). On the other 

hand, both RRR and RIR revealed significant main effect of ambiguity (ps < .001), 

significant ambiguity effect whenever the target word was a noun or a verb (ps < .05), 

significant ambiguity effect when the homographs’ dominant meaning was a verb (ps 

< .01), and marginal ambiguity effect when the homographs’ dominant meaning was a 
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noun (ps = .07). In addition, both RRR and RIR revealed significant ambiguity effect 

for VN (ps < .01); RIR also revealed significant ambiguity effect for VV (b = .75, SE 

= .36, p = .03). 

 

Table 19 
Experiment 2: Means and standard errors of the probability measures for all 
conditions on target words 
  

Probability measures (%) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass SKIP NN 20.46 (2.04) 15.84 (1.86) 4.62 

VV 14.73 (1.80) 13.91 (1.78) 0.82 
VN 18.44 (1.98) 17.95 (1.95) 0.49 
NV 19.17 (2.01) 17.88 (1.95) 1.29 

RFR NN 15.76 (2.07) 15.48 (2.02) 0.28 
VV 18.79 (2.15) 19.88 (2.21) -1.09 
VN 19.55 (2.25) 15.09 (2.01) 4.46 
NV 15.06 (2.03) 19.30 (2.22) -4.24 

Second-pass RRR NN 30.40 (2.38) 23.88 (2.19) 6.52 
VV 25.07 (2.23) 17.46 (1.96) 7.61 
VN 33.24 (2.45) 19.63 (2.04) 13.61 
NV 32.36 (2.41) 24.67 (2.22) 7.69 

RIR NN 18.67 (2.01) 11.29 (1.62) 7.38 
VV 17.15 (1.94) 9.52 (1.51) 7.63 
VN 21.35 (2.13) 9.95 (1.53) 11.40 
NV 18.83 (2.02) 15.65 (1.87) 3.18 

ROR NN 11.36 (1.81) 11.56 (1.79) -0.20 
VV 9.48 (1.62) 8.98 (1.59) 0.50 
VN 9.80 (1.70) 5.73 (1.31) 4.07 
NV 7.77 (1.53) 7.12 (1.47) 0.65 

Note. A = ambiguous words; UA = unambiguous words 
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Table 20 
Experiment 2: Statistic results of all effects for the probability measures on target 
words 

Effects (p value) 
1st-pass 2nd-pass 

SKIP RFR RRR RIR ROR 

(Intercept) <2e-16 <2e-16 0.00  <2e-16 <2e-16 

amb<A-UA> 0.19  0.87  0.00  0.00  0.10  

wc_sub<V-N> 0.25  0.25  0.82  0.60  0.30  

wc_dom<V-N> 0.10  0.20  0.08  0.27  0.72  

amb*wc_sub 0.52  0.09  0.68  0.35  0.96  

amb*wc_dom 0.52  0.17  0.40  0.21  0.69  

wc_sub*wc_dom 0.15  0.90  0.18  0.12  0.03  

amb*wc_sub*wc_dom 0.47  0.72  0.50  0.88  0.28  

amb@subN 0.16  0.29  0.01  0.00  0.22  

amb@subV 0.64  0.18  0.03  0.04  0.28  

dom@subN 0.89  0.33  0.78  0.75  0.06  

dom@subV 0.03  0.40  0.03  0.06  0.20  

amb*dom@subN 0.33  0.23  0.28  0.44  0.28  

amb*dom@subV 0.95  0.46  0.91  0.32  0.64  

amb@domN 0.16  0.30  0.07  0.07  0.39  

amb@domV 0.64  0.37  0.00  0.00  0.14  

sub@domN 0.84  0.38  0.43  0.14  0.02  

sub@domV 0.07  0.45  0.27  0.47  0.39  

amb*sub@domN 0.33  0.37  0.85  0.44  0.48  

amb*sub@domV 0.95  0.13  0.44  0.58  0.42  

amb@NN 0.09  0.92  0.24  0.08  0.90  

amb@VV 0.71  0.66  0.11  0.03  0.62  

amb@VN 0.77  0.10  0.01  0.00  0.13  

amb@NV 0.77  0.17  0.15  0.46  0.32  

 

4.2.2 Post-target words 

4.2.2.1 Duration measures 

Means and standard errors of both the first-pass and second-pass duration 

measures for each condition on post-target words are shown in Table 21. The statistic 
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results of all analyzed effects for the duration measures on post-target words are listed 

in Table 22. For the first-pass duration measures, both the main effect of syntactic 

category and that of ambiguity were non-significant in any measure. FFD and SFD 

revealed a reverse syntactic category effect of homographs’ dominant meaning when 

the target word was a verb (ts < -1.8), indicating less reading time for the post-target 

words following VV compared to those following NV. The ambiguity-by-dominant 

syntactic category interaction was significant in FFD, SFD, and GD (FFD: b = .03, 

SE = .01, t = 2.21; SFD: b = .03, SE = .01, t = 2.04; GD: b = .03, SE = .02, t = 1.98). 

In addition, the interaction effect was also marginally significant in FFD when the 

target word was a verb (b = .03, SE = .02, t = 1.85), indicating larger ambiguity effect 

for the post-target words following VV than those following NV. FFD, SFD, and GD 

revealed significant ambiguity effect when the homographs’ dominant meaning was a 

verb (ts > 2). In addition, FFD also revealed marginal ambiguity effect when the 

target word was a noun (b = .03, SE = .02, t = 1.8). The ambiguity effect for VN was 

significant in FFD, SFD, and GD (FFD: b = .06, SE = .03, t = 2. 12; SFD: b = .05, SE 

= .03, t = 1.8; GD: b = .06, SE = .03, t = 1.89). 
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Table 21 
Experiment 2: Means and standard errors of the duration measures for all conditions 
on post-target words 

Duration measures (ms) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass FFD NN 264.67 (5.51) 265.03 (5.73) -0.37 

VV 260.74 (5.69) 247.92 (5.13) 12.81 
VN 273.29 (6.29) 253.11 (5.04) 20.18 
NV 258.82 (5.50) 264.24 (5.24) -5.42 

SFD NN 261.41 (6.03) 264.30 (6.09) -2.89 
VV 255.63 (5.78) 244.44 (5.53) 11.18 
VN 272.16 (6.67) 254.15 (5.33) 18.01 
NV 257.71 (6.01) 260.07 (5.48) -2.36 

GD NN 289.94 (7.07) 291.77 (7.68) -1.83 
VV 290.02 (8.12) 271.96 (7.31) 18.06 
VN 296.35 (7.60) 276.65 (6.72) 19.70 
NV 287.98 (7.33) 291.21 (7.64) -3.23 

Second-pass GPT NN 353.50 (13.85) 334.50 (12.54) 19.00 
VV 338.86 (13.22) 310.02 (11.27) 28.84 
VN 372.84 (14.79) 311.39 (11.43) 61.44 
NV 368.26 (16.17) 336.22 (12.18) 32.04 

RRT NN 357.30 (19.29) 343.07 (25.27) 14.23 
VV 308.52 (15.93) 286.01 (13.99) 22.50 
VN 377.19 (22.22) 284.73 (14.18) 92.46 
NV 365.03 (21.30) 376.27 (28.60) -11.24 

TVT NN 406.97 (14.31) 358.51 (12.73) 48.46 
VV 368.91 (12.28) 320.32 (10.02) 48.59 
VN 404.59 (14.12) 323.74 (9.28) 80.85 
NV 379.66 (12.75) 365.73 (12.80) 13.93 

Note. A = ambiguous words; UA = unambiguous words 

 

For the second-pass duration measures, RRT and TVT revealed a reverse main 

effect of homographs’ dominant syntactic category (ts ≦ -1.8), indicating that the 

post-target words obtained more rereading and total viewing times when the syntactic 
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category of homographs’ dominant meaning was noun compared to when being verb. 

GPT and RRT also revealed a reverse syntactic category effect of homographs’ 

dominant meaning when the target word was a verb (ts < -2), indicating more go-past 

and rereading times for the post-target words following NV than those following VV. 

On the other hand, GPT, RRT, and TVT revealed significant main effect of ambiguity 

(ts > 2), significant ambiguity effect when the target word was a noun (ts > 2), 

significant ambiguity effect when the homographs’ dominant meaning was a verb (ts 

> 2), and significant ambiguity effect for VN (ts > 2). In addition, TVT also revealed 

significant ambiguity effect when the target word was a verb (b = .08, SE = .03, t = 

2.77), significant ambiguity effect when the homographs’ dominant meaning was a 

noun (b = .08, SE = .03, t = 2.81), and significant ambiguity effect for both NN and 

VV (ts > 3). 

 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

102 
 

 

Table 22 
Experiment 2: Statistic results of all effects for the duration measures on post-target 
words 

Effects (t value) 
1st-pass 2nd-pass 

FFD SFD GD GPT RRT TVT 

(Intercept) 219.63 212.03 204.34 159.72 176.94 163.66 

amb<A-UA> 1.23 0.93 1.45 3.48 2.63 5.68 

wc_sub<V-N> -0.97 -1.26 -0.8 -0.43 -0.11 0.12 

wc_dom<V-N> -1.7 -1.52 -1.59 -1.61 -1.96 -1.8 

amb*wc_sub -1.29 -0.7 -0.75 -1.2 -1.04 -1.73 

amb*wc_dom 2.21 2.04 1.98 1.17 0.99 1.76 

wc_sub*wc_dom -1.08 -1.3 -0.82 -1.41 -1.13 -0.57 

amb*wc_sub*wc_dom 0.42 0.05 0.33 -0.71 -0.81 0.38 

amb@subN 1.8 1.16 1.57 3.34 2.57 5.28 

amb@subV -0.04 0.16 0.49 1.6 1.13 2.77 

dom@subN -0.46 -0.18 -0.56 -0.17 -0.58 -0.89 

dom@subV -1.95 -1.96 -1.69 -2.12 -2.24 -1.69 

amb*dom@subN 1.28 1.42 1.17 1.34 1.26 0.98 

amb*dom@subV 1.85 1.46 1.63 0.33 0.13 1.5 

amb@domN -0.71 -0.8 -0.38 1.66 1.22 2.81 

amb@domV 2.38 2.07 2.38 3.24 2.45 5.18 

sub@domN 0.04 -0.02 -0.02 0.68 0.75 0.5 

sub@domV -1.41 -1.76 -1.11 -1.25 -0.83 -0.29 

amb*sub@domN -1.24 -0.53 -0.78 -0.35 -0.18 -1.52 

amb*sub@domV -0.61 -0.45 -0.29 -1.33 -1.26 -0.94 

amb@NN 0.38 -0.19 0.28 1.45 0.99 3.13 

amb@VV 1.26 1.14 1.48 1.36 0.87 3.01 

amb@VN 2.12 1.8 1.89 3.24 2.55 4.32 

amb@NV -1.36 -0.93 -0.81 0.91 0.73 0.9 

 

4.2.2.2 Probability measures 

Means and standard errors of both the first-pass and second-pass probability 

measures for each condition on post-target words are shown in Table 23. The statistic 

results of all analyzed effects for the probability measures on post-target words are 
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listed in Table 24. For the first-pass probability measures, SKIP showed no effect. 

RFR revealed marginally significant main effect of ambiguity (b = .26, SE = .14, p 

= .06), significant ambiguity effect when the target word was a noun (b = .38, SE 

= .20, p = .05), and marginal ambiguity effect for NN (b = .47, SE = .26, p = .06). For 

the second-pass probability measures, RIR showed no effect. Both RRR and ROR 

revealed significant main effect of ambiguity (ps < .001), significant ambiguity effect 

whenever the target word was a noun or a verb and whenever the homographs’ 

dominant meaning was a noun or a verb (ps < .05). In addition, RRR showed 

significant ambiguity effect for the post-target words following all types of 

homographs (ps < .05); ROR showed significant ambiguity effect for the post-target 

words following VN and NV (ps < .05). 
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Table 23 
Experiment 2: Means and standard errors of the probability measures for all 
conditions on post-target words 
  

Probability measures (%) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass SKIP NN 24.48 (2.20) 23.38 (2.16) 1.10 

VV 32.47 (2.38) 32.48 (2.37) -0.01 
VN 25.84 (2.23) 30.28 (2.32) -4.44 
NV 23.92 (2.15) 27.06 (2.26) -3.14 

RFR NN 16.38 (2.19) 11.22 (1.84) 5.16 
VV 13.51 (2.13) 11.03 (1.94) 2.48 
VN 12.72 (1.98) 10.29 (1.85) 2.43 
NV 14.14 (2.03) 12.72 (1.98) 1.42 

Second-pass RRR NN 28.00 (2.32) 20.90 (2.09) 7.10 
VV 23.68 (2.18) 18.09 (1.96) 5.59 
VN 28.00 (2.32) 20.10 (2.04) 7.90 
NV 27.49 (2.29) 22.61 (2.16) 4.88 

RIR NN 12.00 (1.68) 9.26 (1.49) 2.74 
VV 12.11 (1.68) 10.08 (1.53) 2.03 
VN 11.47 (1.65) 12.37 (1.67) -0.90 
NV 11.52 (1.64) 10.37 (1.57) 1.15 

ROR NN 13.62 (2.06) 8.93 (1.68) 4.69 
VV 13.62 (2.14) 11.03 (1.94) 2.59 
VN 16.19 (2.21) 7.75 (1.63) 8.44 
NV 17.01 (2.19) 11.11 (1.88) 5.90 

Note. A = ambiguous words; UA = unambiguous words 
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Table 24 
Experiment 2: Statistic results of all effects for the probability measures on post-target 
words 

Effects (p value) 
1st-pass 2nd-pass 

SKIP RFR RRR RIR ROR 

(Intercept) 0.00  <2e-16 <2e-16 <2e-16 <2e-16 

amb<A-UA> 0.19  0.06  0.00  0.26  0.00  

wc_sub<V-N> 0.87  0.82  0.46  0.63  0.42  

wc_dom<V-N> 0.18  0.24  0.26  0.85  0.64  

amb*wc_sub 0.91  0.36  0.83  0.63  0.45  

amb*wc_dom 0.64  0.94  0.78  0.41  0.96  

wc_sub*wc_dom 0.84  0.77  0.84  0.90  0.23  

amb*wc_sub*wc_dom 0.13  0.47  0.80  0.38  0.19  

amb@subN 0.31  0.05  0.00  0.65  0.00  

amb@subV 0.39  0.50  0.00  0.25  0.03  

dom@subN 0.26  0.30  0.34  0.96  0.62  

dom@subV 0.43  0.52  0.50  0.83  0.22  

amb*dom@subN 0.16  0.65  0.70  0.23  0.39  

amb*dom@subV 0.47  0.57  0.99  0.96  0.31  

amb@domN 0.55  0.18  0.00  0.17  0.01  

amb@domV 0.20  0.20  0.00  0.83  0.01  

sub@domN 0.79  0.70  0.68  0.79  0.14  

sub@domV 0.99  0.97  0.50  0.67  0.82  

amb*sub@domN 0.33  0.22  0.98  0.78  0.69  

amb*sub@domV 0.25  0.90  0.74  0.33  0.15  

amb@NN 0.79  0.06  0.02  0.24  0.13  

amb@VV 0.93  0.39  0.03  0.39  0.45  

amb@VN 0.08  0.33  0.01  0.60  0.01  

amb@NV 0.27  0.94  0.03  0.44  0.02  

 

4.2.3 Disambiguating words 

4.2.3.1 Duration measures 

Means and standard errors of both the first-pass and second-pass duration 

measures for each condition on disambiguating words are shown in Table 25. The 



‧
國

立
政 治

大

學
‧

N
a

t io
na l  Chengch i  U

niv

ers
i t

y

106 
 

 

statistic results of all analyzed effects for the duration measures on disambiguating 

words are listed in Table 26. For the first-pass duration measures, both the main effect 

of syntactic category and that of ambiguity were non-significant in any measure. 

However, SFD and GD revealed significant syntactic category effect of homographs’ 

dominant meaning when the target word was a verb (ts > 1.9), indicating that the 

disambiguating words obtained more fixation durations in VV condition than in NV 

condition. In addition, GD revealed a reverse syntactic category effect of target word 

when the homographs’ dominant meaning was a noun (b = - .07, SE = .04, t = -1.86), 

indicating that the disambiguating words obtained more gaze durations in NN 

condition than in NV condition. 

For the second-pass duration measures, GPT revealed significant 

subordinate-by-dominant syntactic category interaction (b = .08, SE = .03, t = 2.59). 

When the target word was a verb, the disambiguating words obtained more go-past 

times in VV condition than in NV condition (b = .12, SE = .04, t = 2.72). When the 

homographs’ dominant meaning was a noun, the disambiguating words obtained more 

go-past times and total viewing times in NN condition than in NV condition (ts < 

-1.8). When the homographs’ dominant meaning was a verb, the disambiguating 

words obtained more go-past times in VV condition than in VN condition (b = .08, SE 

= .04, t = 1.83). On the other hand, GPT also revealed marginally significant main 
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effect of ambiguity (b = .04, SE = .02, t = 1.86), significant ambiguity effect when the 

homographs’ dominant meaning was a noun (b = .06, SE = .03, t = 2.17), and 

marginally significant ambiguity effect for NN (b = .07, SE = .04, t = 1.93). RRT 

showed no effect. 

Table 25 
Experiment 2: Means and standard errors of the duration measures for all conditions 
on disambiguating words 

Duration measures (ms) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass FFD NN 269.43 (5.55) 259.26 (5.42) 10.16 

VV 268.99 (5.84) 262.28 (5.25) 6.71 
VN 267.17 (5.60) 264.41 (6.19) 2.75 
NV 254.59 (5.67) 255.13 (5.46) -0.54 

SFD NN 264.61 (5.96) 258.91 (5.95) 5.70 
VV 270.46 (6.44) 260.87 (5.68) 9.59 
VN 262.49 (5.70) 261.37 (6.53) 1.13 
NV 250.90 (6.00) 252.42 (5.39) -1.52 

GD NN 301.67 (7.98) 285.21 (7.22) 16.46 
VV 297.84 (7.53) 290.77 (7.18) 7.07 
VN 292.69 (7.53) 282.24 (7.23) 10.45 
NV 280.24 (7.89) 269.42 (6.57) 10.82 

Second-pass GPT NN 352.20 (12.62) 321.54 (11.72) 30.66 
VV 350.88 (13.17) 355.49 (14.11) -4.61 
VN 326.85 (11.38) 319.94 (11.63) 6.90 
NV 323.48 (12.08) 300.86 (11.22) 22.62 

RRT NN 361.44 (27.38) 336.63 (21.19) 24.81 
VV 318.13 (17.46) 367.40 (21.12) -49.27 
VN 331.96 (20.64) 351.29 (23.48) -19.34 
NV 358.91 (27.56) 328.69 (22.04) 30.22 

TVT NN 378.49 (13.19) 370.14 (11.55) 8.35 
VV 372.10 (11.75) 380.09 (12.80) -7.99 
VN 378.51 (12.51) 361.93 (12.07) 16.58 
NV 347.85 (12.74) 331.22 (11.44) 16.62 

Note. A = ambiguous words; UA = unambiguous words 
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Table 26 
Experiment 2: Statistic results of all effects for the duration measures on 
disambiguating words 

Effects (t value) 
1st-pass 2nd-pass 

FFD SFD GD GPT RRT TVT 

(Intercept) 218.7 217.8 210.48 183.78 145.6 163.96 

amb<A-UA> 0.93 0.94 1.6 1.86 -0.68 0.15 

wc_sub<V-N> -1.11 -0.85 -0.97 -0.12 0.51 -1.57 

wc_dom<V-N> 1.21 1.38 1.05 1.34 -0.78 1.23 

amb*wc_sub -0.58 -0.37 -0.6 -0.61 0.34 -0.53 

amb*wc_dom 0.18 0.59 -0.13 -1.27 -1.5 0.3 

wc_sub*wc_dom 1.28 1.52 1.77 2.59 -0.83 1.33 

amb*wc_sub*wc_dom 0.91 1.15 0.37 0.04 -0.37 -0.08 

amb@subN 1.1 0.94 1.59 1.78 -0.81 0.49 

amb@subV 0.24 0.4 0.69 0.86 -0.22 -0.27 

dom@subN -0.04 -0.08 -0.5 -0.87 0.03 -0.04 

dom@subV 1.72 2.01 1.94 2.72 -1.04 1.77 

amb*dom@subN -0.53 -0.4 -0.36 -0.95 -0.91 0.27 

amb*dom@subV 0.76 1.22 0.17 -0.85 -1.19 0.15 

amb@domN 0.52 0.24 1.2 2.17 0.52 -0.1 

amb@domV 0.8 1.1 1.06 0.42 -1.77 0.32 

sub@domN -1.63 -1.62 -1.86 -1.84 0.86 -1.95 

sub@domV 0.13 0.49 0.59 1.83 -0.26 -0.18 

amb*sub@domN -1.04 -1.06 -0.68 -0.46 0.45 -0.32 

amb*sub@domV 0.24 0.56 -0.17 -0.41 -0.02 -0.44 

amb@NN 1.16 0.95 1.39 1.93 0.06 0.16 

amb@VV 0.74 1.18 0.63 0.01 -1.32 -0.09 

amb@VN 0.4 0.38 0.86 0.59 -1.18 0.54 

amb@NV -0.35 -0.57 0.35 1.17 0.57 -0.28 

 

4.2.3.2 Probability measures 

Means and standard errors of both the first-pass and second-pass probability 

measures for each condition on disambiguating words are shown in Table 27. The 

statistic results of all analyzed effects for the probability measures on disambiguating 
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words are listed in Table 28. For the first-pass probability measures, SKIP revealed 

marginally significant syntactic category effect of homographs’ dominant meaning (b 

= .24, SE = .13, p = .07), indicating that the disambiguating words were less skipped 

in NN condition than in VN condition. RFR showed no effect. 

For the second-pass probability measures, both the main effect of syntactic 

category and that of ambiguity were non-significant in any measure. However, RRR 

and ROR revealed significant subordinate-by-dominant syntactic category interaction 

(ps < .05). When the target word was a verb, the disambiguating words obtained more 

probability of rereading and regression-out in VV condition than in NV condition (ps 

< .05). When the homographs’ dominant meaning was a noun, the disambiguating 

words obtained more probability of rereading and regression-in in NN condition than 

in NV condition (RRR: b = - .53, SE = .24, p = .03; RIR: b = - .52, SE = .28, p = .06). 

When the homographs’ dominant meaning was a verb, the disambiguating words 

obtained more probability of regression-out in VV condition than in VN condition (b 

= .58, SE = .25, p = .02). On the other hand, RIR and ROR revealed 

ambiguity-by-dominant syntactic category interaction (ps < .05). ROR also revealed 

the significant interaction when the target word was a noun (b = - .45, SE = .21, p 

= .03), indicating larger ambiguity effect for the disambiguating words in NN 

condition than in VN condition. In addition, RIR and ROR revealed significant 
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ambiguity effect when the homographs’ dominant meaning was a noun (ps < .05). 

ROR also revealed significant ambiguity effect for NN (b = .60, SE = .29, p = .04). 

 

Table 27 
Experiment 2: Means and standard errors of the probability measures for all 
conditions on disambiguating words 
  

Probability measures (%) Type 
Ambiguity Effect size 

A UA A－UA 
First-pass SKIP NN 25.38 (2.21) 24.16 (2.18) 1.22 

VV 27.25 (2.26) 26.15 (2.23) 1.10 
VN 30.18 (2.32) 27.95 (2.28) 2.23 
NV 29.59 (2.31) 28.90 (2.30) 0.69 

RFR NN 15.12 (2.10) 11.99 (1.90) 3.13 
VV 12.77 (1.99) 12.54 (1.96) 0.23 
VN 13.60 (2.08) 10.71 (1.85) 2.89 
NV 12.04 (1.97) 8.39 (1.68) 3.65 

Second-pass RRR NN 23.91 (2.17) 27.18 (2.29) -3.27 
VV 30.45 (2.36) 27.46 (2.27) 2.99 
VN 25.13 (2.23) 24.94 (2.21) 0.19 
NV 18.65 (1.99) 18.90 (2.01) -0.25 

RIR NN 12.60 (1.68) 16.36 (1.90) -3.76 
VV 14.44 (1.80) 13.73 (1.75) 0.71 
VN 15.08 (1.84) 15.06 (1.83) 0.02 
NV 10.10 (1.54) 11.02 (1.61) -0.92 

ROR NN 14.93 (2.10) 10.03 (1.77) 4.90 
VV 14.95 (2.13) 13.94 (2.05) 1.01 
VN 8.24 (1.69) 10.83 (1.87) -2.59 
NV 11.44 (1.94) 8.09 (1.66) 3.35 

Note. A = ambiguous words; UA = unambiguous words 
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Table 28 
Experiment 2: Statistic results of all effects for the probability measures on 
disambiguating words 

Effects (p value) 
1st-pass 2nd-pass 

SKIP RFR RRR RIR ROR 

(Intercept) <2e-16 <2e-16 <2e-16 <2e-16 <2e-16 

amb<A-UA> 0.99  0.11  0.64  0.23  0.12  

wc_sub<V-N> 0.80  0.32  0.28  0.07  0.46  

wc_dom<V-N> 0.11  0.77  0.08  0.16  0.40  

amb*wc_sub 0.35  0.65  0.56  0.86  0.56  

amb*wc_dom 0.33  0.56  0.17  0.05  0.02  

wc_sub*wc_dom 0.37  0.23  0.03  0.30  0.02  

amb*wc_sub*wc_dom 0.56  0.46  0.63  0.74  0.43  

amb@subN 0.49  0.12  0.43  0.28  0.49  

amb@subV 0.53  0.44  0.94  0.50  0.13  

dom@subN 0.07  0.50  0.79  0.78  0.28  

dom@subV 0.62  0.32  0.01  0.10  0.02  

amb*dom@subN 0.78  0.91  0.50  0.19  0.03  

amb*dom@subV 0.29  0.37  0.21  0.13  0.30  

amb@domN 0.52  0.13  0.21  0.04  0.01  

amb@domV 0.46  0.46  0.50  0.54  0.61  

sub@domN 0.67  0.13  0.03  0.06  0.27  

sub@domV 0.39  0.89  0.42  0.57  0.02  

amb*sub@domN 0.31  0.85  0.95  0.92  0.88  

amb*sub@domV 0.80  0.38  0.42  0.69  0.31  

amb@NN 0.78  0.30  0.30  0.09  0.04  

amb@VV 0.74  0.92  0.29  0.48  0.69  

amb@VN 0.48  0.26  0.93  0.88  0.33  

amb@NV 0.26  0.27  0.45  0.17  0.11  

 

4.3 Discussion 

The ambiguity effects for the four types of homographs were observed in different 

eye movement measures and regions. Specifically, for NN homographs, the SBE did 

not occur until the second-pass reading in the post-target and disambiguating region, 
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indicating that readers encountered a conflict when integrating the dominant meaning 

into the subordinate-biased succeeding context. Similarly, the SBE for VV 

homographs emerged in the second-pass reading in the target and post-target region. 

For VN homographs, the SBE was pervasively shown in the first-pass and 

second-pass measures in the target and post-target region, suggesting that the 

dominant meaning was instantly activated even though the preceding context was 

semantically-neutral but syntactically-biased toward the subordinate meaning. Finally, 

for NV homographs, the SBE was not apparent but still occurred in the second-pass 

reading in the post-target region, revealing that the interference from the activation of 

the dominant meaning. 

Experiment 2 demonstrated that the SBE for NV occurred much later and less 

obviously than that for VN, the pattern of which was opposite to the findings of 

Experiment 1. A possible explanation may relate to the activation speed of the 

alternative meanings. Previous findings have demonstrated that nouns can be 

activated faster than verbs due to its less processing difficulty (Rösler et al., 2001; J. A. 

Sereno, 1999; J. A. Sereno & Jongman, 1997). In the case of NV, the dominant 

meaning is a noun, which can be activated very fast, while the subordinate meaning is 

a verb, whose activation needs time. Presumably, the noun meaning of NV can be 

activated much faster than the verb meaning. As a result, in the semantically-neutral 
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context as in Experiment 2, readers may easily select the noun meaning for NV, 

resulting in less obvious SBE in the first-pass reading. However, readers may 

encounter a conflict when integrating the noun meaning into the succeeding context, 

which was biased toward the subordinate verb meaning. Thus, the SBE occurred in 

the second-pass reading. In the case of VN, the meaning dominance may ‘reorder’ the 

activation speed of the noun and verb meaning. The activation of the verb meaning 

can be boosted with the help of its high frequency, while the activation of the noun 

meaning would slow down due to its low frequency. As a result, the activation speeds 

of the alternative meanings might be somewhat equivalent. When the preceding 

context was semantically-neutral, VN would be like a balanced homograph. The SBE 

for VN occurred instantly in the first-pass reading because of the competition between 

the two meanings, and the SBE lasted to the second-pass reading since readers made 

regressions to integrate the subordinate meaning. These findings suggest that the SBE 

for SCA words can be modulated by meaning frequency and unequal processing 

difficulties of the noun and the verb meaning. In addition, the syntactic category 

constraint seemed not very influential during the meaning resolution of Chinese SCA 

words. Otherwise, the results should have been similar in both experiments. If the 

syntactic category constraint had been very constraining, VN should have had less 

obvious ambiguity effect because the subordinate meaning can be easily selected. 
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Identical to Experiment 1, the results of Experiment 2 also agree with the 

assumptions of the constraint-satisfaction models. Without semantic bias in the 

preceding context, the syntactic category constraint and the meaning dominance 

jointly determine lexical ambiguity resolution. For NN and VV, the meaning 

dominance can guide the ambiguity resolution at first because the syntactic category 

constraint is useless to distinguish between the alternative meanings. Our results 

showed no SBE in the first-pass reading in the target region, verifying that only the 

dominant meaning was activated. However, the dominant meaning is inconsistent 

with the subordinate-biased semantic information in the succeeding context, 

contributing to the SBE in the second-pass reading in all analyzed regions. These 

results are congruent with the findings of Duffy et al. (1988) and Rayner and Duffy 

(1986), in which equal time was spent in the target region but more time was spent in 

the subordinate-biased disambiguating region when preceded by the biased 

ambiguous words than by the unambiguous words, given a neutral preceding context 

was used. For SCA words, the meaning dominance also influences the semantic 

ambiguity resolution, though the syntactic category constraint can distinguish between 

the alternative meanings. Inconsistent with the findings of Folk and Morris (2003) and 

Jones et al. (2012), our demonstration of instant and long-lasting SBE for VN and 

relatively-late SBE for NV provides strong evidence against the syntax-first models. 
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The syntactic category constraint in the preceding context cannot mediate the 

semantic resolution of Chinese SCA words. In addition, the SBE for VN, compared to 

that in Experiment 1, occurred earlier in the target region and lasted longer in 

Experiment 2, suggesting that a lack of semantic information would lead readers to 

experience greater difficulty in resolving the semantic ambiguity of SCA words. This 

finding supports the constraint-satisfaction models and corresponds to that of Lee and 

Federmeier (2009), in which a sustained frontal negativity elicited by SCA words was 

largely reduced when additional semantic information was available in contexts. 
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Chapter 5  

General Discussion 

 

The present study aims to investigate whether the syntactic category constraint 

determines the semantic resolution of Chinese SCA words and whether syntactic 

category of alternative meanings of Chinese homographs influences the SBE during 

lexical ambiguity resolution. In Experiment 1, using a semantically- and syntactically- 

biased preceding context, we demonstrated a delay of SBE for lexical-semantic 

(NN/VV homograph) and syntactic category (VN/NV homograph) ambiguous words. 

The SBE for the four types of homographs was delayed until the second-pass reading 

in the post-target region. In addition, the SBE for SCA words was modulated by 

syntactic category of the alternative meanings. NV had the largest SBE among the 4 

types in the target region, while VN had the smallest SBE among the 4 types in the 

post-target region. In Experiment 2, we used a semantically-neutral but 

syntactically-biased preceding context and provided disambiguating semantic 

information in the succeeding context. The results showed that the SBE for VN 

appeared from the first-pass reading in the target region and lasted until the 

second-pass reading in the target and post-target region, while the SBE for the other 

types of homographs did not occur until the second-pass reading in all analyzed 
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regions. The SBE effects of Chinese SCA words found in different measures and 

regions in two experiments apparently favor the constraint-satisfaction models. 

Meaning frequency and syntactic category of the meanings conveyed in a homograph 

mainly determine the speed of lexical ambiguity resolution. The contextual constraint 

from semantic rather than syntactic category can influence the lexical resolution 

during the reading of sentences. 

 

5.1 Syntax-first or Constraint-satisfaction 

Our findings support constraint-satisfaction models. In Experiment 1, consistent 

with the findings in the study of Folk and Morris (2003), the SBE for SCA words was 

not found in the target region but was instead delayed until the second-pass reading in 

the post-target region. Folk and Morris suggested the absence of SBE for SCA words 

in the target region indicate the prior syntactic category constraint can mediate the 

semantic resolution of SCA words. Nevertheless, this suggestion cannot explain why 

the SBE for SCA words was still present in the post-target region, which provides 

evidence against syntax-first models. Under the assumption of constraint-satisfaction 

models, the absence of SBE for SCA words in the target region might result from 

strongly-biased semantic and syntactic category constraints. That is, the preceding 

constraints are so strong that the activation of dominant meaning is delayed. As a 
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result, in Experiment 2, when the preceding context provided only syntactic category 

constraint, the SBE for SCA words was present instantly in the target region, 

indicating the preceding semantic constraint indeed plays a role during the resolution 

of SCA words.  

The previous eye-movement studies reported inconsistent findings when SCA 

words are preceded by syntactic category constraint alone (Folk & Morris, 2003; 

Jones et al., 2012; Stites, Federmeier, & Stine-Morrow, 2013). One possible reason is 

that the case in which noun is biased and the case in which verb is biased are lumped 

together in the study of Jones et al. (2012). Given that the access of verb meaning is 

not as fast as that of noun meaning, the meaning resolution of SCA words would be 

different in the two cases. Thus, the findings in Experiment 1 of Jones et al. (2012) 

that the SBE did not emerge on GD in the target region might be simply because the 

noun and the verb meaning of SCA words were used half and half in each condition. 

Another reason is that different kinds of “semantically-neutral” context are employed 

which may still differ at the degree of message-level information. For instance, in the 

studies of Folk and Morris (2003) and Jones et al. (2012), plausible context but 

semantically-neutral toward either meaning of SCA words were used, which can still 

provide semantics for sentence comprehension. In contrast, in the study of Stites et al. 

(2013), syntactic prose context was used, which consisted of meaningless 
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combination of content words, not providing any semantics for sentence 

comprehension. It remains possibility that readers employ different reading strategies 

when they encounter the SCA words in sentences using different kinds of 

“semantically-neutral” context. 

To sum up, our findings in both experiments support constraint-satisfaction 

models and disagree with syntax-first models. The dominant meaning can be activated 

even if it is not favored by the preceding contexts. The syntactic category constraint 

alone cannot determine the semantic resolution of SCA words. Semantic constraint, 

meaning frequency, and inherent processing difficulty are primary sources 

determining ambiguity resolution. 

 

5.2 Syntactic category constraint 

The functional primacy of syntactic category assignment has been supported by 

research on English and Indo-European languages (Frazier, 1979, 1987, 1989; Frazier 

& Rayner, 1982; Friederici, 1995, 2002; Friederici et al., 1996; Friederici et al., 1999; 

Rayner et al., 1983). For example, when a target word violates both syntactic category 

and semantic constraints from the preceding context, N400 was not observed; instead, 

ELAN was found around 100-300 ms after target word onset (Friederici et al., 1999). 

These studies suggested that syntactic analysis precedes semantic analysis during 
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sentence comprehension. Does syntactic category constraint play a role in Chinese 

sentence comprehension? Under the assumption of constraint-satisfaction models, the 

answer is definitely yes. However, syntactic category constraint seems less influential 

than probabilistic constraints during Chinese sentence comprehension. On the one 

hand, both Experiment 1 and Experiment 2 demonstrated that the SBE for SCA words 

cannot be successfully eliminated by syntactic category constraint, suggesting that the 

dominant meaning can still be activated though being inconsistent with the preceding 

syntactic category bias. Thus, this finding rejects the functional primacy of syntactic 

category assignment and supports the influence of probabilistic constraints. On the 

other hand, both Experiment 1 and Experiment 2 revealed unequal effect sizes of the 

ambiguity effect for VN and NV homographs. If the syntactic category constraint 

indeed played a very influential role in the semantic resolution of SCA words, the 

subordinate meaning would be selectively activated either in the case of VN or NV 

homographs. The difference between VN and NV homographs indicates that the 

syntactic category of alternative meanings is more influential than the preceding 

syntactic category constraint. Our Experiment 2 demonstrated the SBE for 

strongly-biased VN, indicating that the probabilistic constraints are more influential 

than the syntactic category constraint during Chinese sentence comprehension. 

In addition, several eye-movement and ERP studies have also revealed that the 
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functional primacy of syntactic category assignment was not so obvious in Chinese as 

compared to in Indo-European languages (Li, 1998; Wang et al., 2013; Yu & Zhang, 

2008; Zhang et al., 2013; Zhang et al., 2010). Instead of using SCA words as probes, 

these studies employed the violation paradigm in which the target word / character 

either conforms to or violates the preceding context with regard to semantic and 

syntactic category constraints. Eye movement research showed that the violation 

effect in both the pure semantic violation condition and the semantic + syntactic 

violation one did not differ from each other in terms of the appearance time (Yang et 

al., 2009), indicating that the syntactic processing does not precede the semantic 

processing in Chinese reading. Similarly, ERP research demonstrated a larger N400 

for the semantic + syntactic violation condition in comparison with the pure syntactic 

violation condition (Zhang et al., 2010), indicating that the semantic integration is not 

blocked by the syntactic category violation. The authors suggest the lack of syntactic 

primacy in Chinese might result from language-specific characteristics. Unlike some 

Indo-European languages (e.g., French, German), Chinese has few morpho-syntactic 

markers and vague boundary of syntactic category, so it is possible that readers rely 

on the syntactic category constraints to a less degree during Chinese reading. 

In sum, although constraint-satisfaction models allow syntactic category 

constraints to be considered in Chinese sentence comprehension, some 
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language-specific properties reduce its availability. 

 

5.3 Semantic constraint  

The present study verifies that semantic constraint plays an influential role during 

ambiguity resolution. For lexical-semantic ambiguous words (NN/VV), both 

Experiment 1 and 2 showed the SBE was absent on the first-pass measures for the 

target and present on the second-pass measures. Our findings seem inconsistent with 

those in the previous studies (Duffy et al., 2001; Duffy et al., 1988; 盧怡璇, 2012), in 

which the SBE for NN and VV was obviously observed on the measures of initial 

processing in the target region. One possible reason is that the preceding semantic 

constraint we used in Experiment 1 might be so strong that the subordinate meaning 

could be selectively activated. A comparison of the first-pass duration measures 

between Experiment 1 and 2 may shed light on the strength of semantic constraint 

(see Table 29). First, regardless of ambiguity, the durations were increased in 

Experiment 2, indicating readers needed more time to access a word when the 

preceding context provided no semantic information. Second, Experiment 1 showed a 

reverse pattern for the ambiguity effect (A < UA), but this pattern was eliminated in 

Experiment 2. This finding also indicated that the semantic constraint in Experiment 1 

was strong enough to lead readers to activate the subordinate meaning of homographs 

sooner than to access the unambiguous meaning. This facilitatory effect for the 
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subordinate meaning of homographs might be because the context was more 

semantically related to the subordinate meaning of homographs compared to the 

unambiguous word. To test this explanation, a norming study of semantic relatedness 

between the context and the target words should have been conducted. 

 
Table 29 
A comparison of means of first-pass duration measures between Experiment 1 and 2 

Measures Type Ambiguity Experiment 1 Experiment 2 

FFD 

NN 
A 241.64  266.47  

UA 247.55  264.85  

VV 
A 244.48  266.87  

UA 254.06  256.61  

VN 
A 245.37  280.14  

UA 246.38  264.97  

NV 
A 253.32  267.73  

UA 245.54  272.63  

SFD 

NN 
A 241.15  267.26  

UA 248.08  265.18  

VV 
A 241.49  264.22  

UA 254.12  256.29  

VN 
A 244.81  281.70  

UA 246.32  265.81  

NV 
A 252.62  268.25  

UA 244.81  268.36  

GD 

NN 
A 261.78  300.61  

UA 276.09  300.41  

VV 
A 276.90  306.99  

UA 283.06  300.11  

VN 
A 267.05  321.55  

UA 265.52  297.57  

NV 
A 284.04  305.35  

UA 265.32  309.29  
Note. A = ambiguous words; UA = unambiguous words 
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As for syntactic category ambiguous words (VN/NV), Experiment 1 demonstrated 

that the SBE was absent until the second-pass reading in the post-target region, while 

Experiment 2 obtained the SBE instantly on the measures of initial processing in the 

target region. These findings are in agreement with the suggestion of Lee and 

Federmeier (2009) that semantic information is also important to the semantic 

resolution of SCA words. In their electrophysiological study, a sustained frontal 

negativity (200-700 ms), elicited by the NV-homographs in the syntactic prose 

sentences, was largely reduced when additional semantic information was available in 

contexts. Our findings accord with theirs in a way that the SBE for SCA words was 

elicited when the preceding strong semantic constraint was eliminated. In addition, 

they also found NV-homographs elicited larger N400 than did unambiguous words 

only when context was biased toward the subordinate meaning of homographs, 

indicating the automatic activation of the dominant meaning of NV-homographs in the 

subordinate-biased contexts. Our experiments also demonstrated the SBE for SCA 

words on the second-pass measures. 

 

5.4 Inherent processing difficulty 

The present study provides evidence for a difference in the inherent processing 

difficulty between nouns and verbs. In Experiment 1, we observed the syntactic 
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category effects (V > N) of the target words in the target region. Refixation rate was 

higher when the target words were verbs compared to when the target words were 

nouns. This finding suggests that processing verbs needs more efforts. In addition, we 

also observed the syntactic category effects of homographs’ dominant meaning in the 

post-target region. The first-pass probability measures showed larger processing costs 

(i.e., lower skipping rate and higher refixation rate) when the homographs’ dominant 

meaning was noun, while the second-pass probability measures showed larger 

processing costs (i.e., higher rereading and regression-in rate) when the homographs’ 

dominant meaning was verb. These results indicate that the activation of noun 

meanings is faster than that of verb meanings. Our findings are consistent with the 

observations of some previous research using lexical decision task in which nouns 

were processed faster than verbs (Rösler et al., 2001; J. A. Sereno, 1999; J. A. Sereno 

& Jongman, 1997). 

The difference in the inherent processing difficulty between nouns and verbs also 

influences the SBE during lexical ambiguity resolution. Both experiments revealed an 

unequal effect size of the SBE between VN and NV homographs. Experiment 1 

showed that the SBE for VN was less obvious than that for NV, while Experiment 2 

demonstrated that the SBE for VN occurred earlier and more pervasively than that for 

NV. These findings may result from the different compositional nature of VN and NV 
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homographs. The differential processing difficulties between the alternative noun and 

verb meanings may interact with the meaning frequency, influencing the activation 

speeds of the alternative meanings of SCA words. In the case of VN homograph, the 

activation speeds of the alternative meanings might be somewhat equivalent. On the 

one hand, although the verb meaning is originally more difficult to process than the 

noun meaning, the activation of the verb meaning can be boosted due to the help of its 

high meaning frequency. On the other hand, although the noun meaning originally has 

less processing difficulty than the verb meaning, its activation would be slowed down 

because of the low meaning frequency. Therefore, for VN, when the context involved 

strongly-biasing constraints in Experiment 1, the context-intended meaning can be 

quickly selected, resulting in the absence of SBE. Nevertheless, when the context 

lacked the strongly-biasing semantic constraint in Experiment 2, the alternative 

meanings of VN were activated simultaneously, contributing to the pervasive SBE. In 

the case of NV homograph, the activation speeds of the alternative meanings differ to 

a great degree. On the one hand, the noun meaning can be activated very fast because 

it has less processing difficulty and high frequency at the same time. On the other 

hand, the activation of the verb meaning would be very slow due to its larger 

processing difficulty and low frequency. Thus, when the strongly-biasing constraints 

was used to boost the activation of the verb meaning in Experiment 1, the alternative 
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meanings of NV might compete, showing a pattern of SBE. Nevertheless, when the 

strongly-biasing semantic constraint was eliminated in Experiment 2, readers 

activated and selected the noun meaning fast, resulting in the absence of SBE. 

 

5.5 Limitations and future research 

In the present study, both experiments employed the sentences involving the 

syntactic category constraint. To constrain the syntactic category in the target region, a 

pre-target word was often used to provide the syntactic category cue. For example, 

adjectives (e.g., 猛烈) were used in the pre-target region to provide a cue for nouns 

(e.g., 風聲). As a result, whether the readers fixate on the pre-target words might be a 

good index of readers’ notice of the syntactic category constraint. A further analysis of 

the effects on the target and post-target words can be done based on those trials on 

which the readers have first-pass reading on the pre-target words. This analysis can 

help us to validate the effects observed in the present study. In addition, in Experiment 

2, the semantically-disambiguating information was only provided in the succeeding 

context by employing the disambiguating words which were semantically-related to 

the subordinate meaning of homographs. Although the present results showed that the 

ambiguity effects were apparent in the second-pass reading on the target and 

post-target words, it needs to be clarified whether these effects arose indeed because 
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of the conflict between the initially-selected meaning and the disambiguating 

information provided. Thus, another further analysis can be done based on those trials 

on which the readers have first-pass reading on the disambiguating words. This 

analysis can help us to clarify the sources of the apparent ambiguity effects. 

The present study demonstrated that VN and NV homographs obtained unequal 

size of the ambiguity effect, indicating that the inherent processing difficulties of the 

alternative meanings and meaning frequency can jointly influence the semantic 

ambiguity resolution of biased SCA words. Nevertheless, it remains unclear whether 

the inherent processing difficulty also influences the semantic ambiguity resolution of 

balanced SCA words in syntactically- and semantically-neutral sentences. Based on 

the previous findings for processing balanced homographs in neutral sentences, 

balanced SCA words would require more reading times than their frequency-matched 

unambiguous words if the processing difficulty with noun and verb meaning does not 

exert influence. Otherwise, the reading times on balanced SCA words would be 

similar to those on unambiguous words since the noun meaning can be activated 

earlier than the verb meaning. Furthermore, given the larger processing difficulty with 

verbs, one of the factors that could contribute to the processing difficulty is transitivity. 

Transitivity is related to the internal argument structure of verbs. Transitive verbs 

require at least two arguments (Subject and Object), which are considered more 
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complex than intransitive verbs, which requiring only one argument (Subject). 

German transitive verbs seemed more difficult to process than does German 

intransitive verbs (Kauschke & Stenneken, 2008). However, research on English 

verbs suggested that verb complexity did not affect fixation times (Rayner & Duffy, 

1986). Thus, it is of significance to investigate whether transitivity can influence the 

difficulty of processing verbs, and if so, whether transitivity influences the activation 

of different meaning of homographic verbs whose alternative meaning differ in 

transitivity.
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Appendixes 

A. Materials of Experiment 1 
No. Word type Ambiguity Preceding context Target Succeeding context 

1 

NN 

A 
韓式料理店的老闆想利用正統 

銅板 
做出美味烤肉讓顧客品嘗。 

UA 銅盤 

2 
A 

便利商店的店員抓著自製的加長 
把柄 

擦拭店裡的上層窗戶。 
UA 拖把 

3 
A 

日式甜甜圈店營業兩年以後的所有 
分號 

已經超過五十間了。 
UA 分店 

4 
A 

那位公正的法官被大眾稱作現代 
青天 

之後，自覺責任更重大。 
UA 賢良 

5 
A 

由於強烈颱風肆虐，屋外的猛烈 
風聲 

持續一整晚沒有停止。 
UA 巨響 

6 
A 

段考之前老師幫同學們在課本畫上 
底線 

標示重點，方便複習。 
UA 記號 

7 
A 

這家航空公司聲稱每架飛機上的所有 
儀表 

都是全新科技打造。 
UA 面板 

8 
A 

希望新的執行長上任後能夠使得 
氣象 

全面好轉，促進業績。 
UA 景況 

9 
A 

媽媽新買的一款芳香劑不僅使得 
口氣 

清新，效果更是持久。 
UA 氣味 

10 
A 

這位模特兒被大家認為是艷麗 
花瓶 

已經很久，她仍努力轉型。 
UA 美女 

11 
A 

每天吃飯前媽媽要我幫忙把所有 
飯碗 

擺好並且端菜上桌。 
UA 餐具 

12 
A 

神祕的老者對於觀看天象以及利用 
八卦 

算命非常感興趣。 
UA 易經 

13 
A 

敵對陣營偷偷在我方安排了許多 
眼線 

暗地裡蒐集重要情報。 
UA 臥底 

14 
A 

許多民眾認為在辯論會中聽到的那些 
牛肉 

完全沒有建設性。 
UA 政見 

15 
A 

囂張跋扈的同學以為自己有強硬 
後臺 

幫忙撐腰就為所欲為。 
UA 靠山 

16 
A 

出身於書香世家，他的父母對於 
家教 

非常重視並嚴格要求。 
UA 教養 
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No. Word type Ambiguity Preceding context Target Succeeding context 

17 
 

A 
他穿高領毛衣想把脖子上的那個 

草莓 
遮蓋起來，怕被人發現。 

UA 印痕 

18 

 

A 
醫生透過聽診器發現爺爺位於 

心房 
附近有不尋常的怪聲。 

UA 心室 

19 
A 

狡猾的綁匪綁架人質後沒有釋出任何 
回音 

通知家屬交付贖金。 
UA 信息 

20 
A 

登山隊表示在樹林裡迷路要尋找 
出路 

脫困非常困難得靠經驗。 
UA 通道 

21 

VV 

A 
縝密的作戰計畫讓軍隊順利由後側 

抄襲 
敵軍取得致勝的關鍵。 

UA 圍剿 

22 
A 

當新會計了解如何將大量收據快速 
報銷 

之後，效率提升不少。 
UA 報帳 

23 
A 

學長為人熱心對於朋友的事喜歡 
插花 

幫忙提供解決方案。 
UA 插手 

24 
A 

新聞提醒民眾當颱風來臨水庫需要 
放水 

期間避免到下游區域。 
UA 排水 

25 
A 

國文老師透露這次期中考除了要求同學 
背書 

之外還要寫作。 
UA 背誦 

26 
A 

雖然暴雨即將來襲，但他仍然選擇 
開動 

遊艇前往外海的小島。 
UA 行駛 

27 
A 

為了整頓學校的紀律，訓導主任決定 
修理 

違反校規的同學。 
UA 處罰 

28 
A 

綁匪要求人質的家屬到路邊信箱 
取信 

之後立刻交付贖金。 
UA 收信 

29 
A 

植物人因為無法行動，需要有人幫忙 
翻身 

避免背部長出褥瘡。 
UA 按摩 

30 
A 

上車之前計程車司機幫忙乘客 
提起 

行李放到後車箱就定位。 
UA 拿起 

31 
A 

不講道理的老闆對無辜的職員 
開刀 

並且遷怒到其他組員身上。 
UA 重罰 

32 
A 

長途旅程讓許多旅客只能拿出手機 
打發 

時間或是闔眼休息。 
UA 消磨 

33 
A 

銀行的上級主管要求會計每天 
算帳 

之後要立即向他報告帳目。 
UA 記帳 

34 
A 

加入黑道多年以後，他決定從此 
洗手 

不再做黑心違法的壞事。 
UA 退出 
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No. Word type Ambiguity Preceding context Target Succeeding context 

35 
A 

衣櫃裡面那件時髦的襯衫已經 
退潮 

許久，不像當初那樣好看。 
UA 過時 

36 
A 

那位外表俊俏的新聞主播到處 
留情 

拈花惹草，所以形象很差。 
UA 風流 

37 
A 

因為公司的財務吃緊，許多員工必須 
走路 

離開公司找新工作。 
UA 解聘 

38 
A 

運氣不好的賭徒認清贏錢的機會已經 
泡湯 

之後，黯然地離開。 
UA 落空 

39 
A 

孫悟空為了幫助唐三藏取經奮力 
收拾 

許多心懷不軌的妖魔。 
UA 消滅 

40 
A 

一篇好的廣告宣傳除了能使產品 
發燒 

之外，更能發揮創意。 
UA 暢銷 

41 

VN 

A 
為了搭上這班列車，許多遊客擠進 

站台 
裡面等候列車進站。 

UA 車站 

42 
A 

物理老師講解考題時在黑板上畫的一個 
力圖 

非常簡單易懂。 
UA 圖表 

43 
A 

新聞報導某些地區過度抽取地下 
潛水 

導致當地地層下陷。 
UA 河水 

44 
A 

這位棒球選手在比賽中獲得了致勝 
打點 

之後，全隊氣勢大振。 
UA 得分 

45 
A 

這幅鄉土繪圖描繪出牧場裡許多 
黃牛 

開心吃草的愜意模樣。 
UA 乳牛 

46 
A 

花園裡的蝴蝶翩翩飛舞，有的停在 
花心 

採蜜還不停拍動翅膀。 
UA 花蕊 

47 
A 

山村的居民與野生動物共處的獨特 
風光 

吸引許多遊客前往。 
UA 景色 

48 
A 

兩間有名的科技大廠根據這份 
協同 

決定一起合作開發新產品。 
UA 合約 

49 
A 

裁縫店的老闆娘說褲子上的這個 
開口 

已經嚴重到無法修補了。 
UA 裂紋 

50 
A 

國家歷史博物館這次預計要展出的玉製 
如意 

出土於台東鄉鎮。 
UA 手鐲 

51 
A 

網購送貨員請我在這份收據上面印著 
抬頭 

字樣的欄位上簽名。 
UA 姓名 

52 
A 

一顆寶石是否有價值的關鍵在於 
光彩 

是否自然並且透澈。 
UA 光澤 
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No. Word type Ambiguity Preceding context Target Succeeding context 

53 
A 

大考將近老師鼓勵大家撐過這個 
禮拜 

之後就可以放鬆心情了。 
UA 週末 

54 
A 

住持在寺廟桌上擺放許多佛教的知名 
經典 

提供給信徒翻閱。 
UA 典籍 

55 
A 

看病的時候，醫生說過期的藥已經失去 
效力 

足以對抗病菌。 
UA 功效 

56 
A 

來自不同背景的聽眾讓講者沒有 
把握 

可以讓大家都聽懂。 
UA 自信 

57 
A 

美術課時老師從家裡帶來精美 
雕塑 

栩栩如生讓學生大開眼界。 
UA 畫像 

58 
A 

做研究必須非常嚴謹要從各種 
面向 

思考問題才不會太過偏頗。 
UA 思維 

59 
A 

數學老師在邏輯課堂上寫了許多 
命題 

要求學生練習判斷真假。 
UA 公式 

60 
A 

立法委員主要的工作除了制訂 
規律 

之外，還要維護黨政立場。 
UA 準則 

61 

NV 

A 
許多學生為了連假期間能夠順利 

過節 
放假早已網路預訂車票。 

UA 過年 

62 
A 

這名受過專業訓練的員警已經成功 
制服 

搶劫銀行的通緝犯。 
UA 逮捕 

63 
A 

這一本科幻小說非常暢銷已經 
翻版 

印刷了許多語言的版本。 
UA 再版 

64 
A 

比賽結束之後所有的球員立刻 
下場 

休息並接受媒體採訪。 
UA 退場 

65 
A 

多年的職場經驗讓原本單純的同學 
油條 

許多，變得油嘴滑舌。 
UA 世故 

66 
A 

全方位的才藝訓練讓天資聰穎的同學 
動靜 

全能，備受矚目。 
UA 文武 

67 
A 

在正式發功之前，氣功師父已經事先 
運氣 

很久避免造成內傷。 
UA 修練 

68 
A 

古代後宮嬪妃爭寵，許多嬰兒尚未 
滿月 

已經遭受陷害而夭折。 
UA 彌月 

69 
A 

自從養老院把傳統的手動輪椅 
電動 

改良之後，操作更加方便。 
UA 特製 

70 
A 

當網頁出現異常時，電腦工程師馬上 
回報 

程式的錯誤訊息。 
UA 檢視 
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No. Word type Ambiguity Preceding context Target Succeeding context 

71 
A 

這間餐廳生意非常好，服務生忙著 
招呼 

客人，沒有時間休息。 
UA 迎接 

72 
A 

這位獨居老人過世後沒有子嗣幫忙 
料理 

後事引起社工關切。 
UA 照料 

73 
A 

寵物訓練課程使得原本調皮的貓咪 
親人 

許多，不再破壞傢俱。 
UA 溫馴 

74 
A 

出家多年的尼姑勸告世人要經常 
懷抱 

慈悲以及感恩的心。 
UA 抱持 

75 
A 

小孩的哭鬧聲讓火車上的乘客悄悄 
笑話 

那對父母的管教不當。 
UA 取笑 

76 
A 

通往那座海上小島的道路必須等到海水 
低潮 

之後才會出現。 
UA 消退 

77 
A 

那位老闆信用很好，只要說過的話一定 
算數 

並且馬上兌現。 
UA 守信 

78 
A 

傳統的調味讓四川飯館的麻婆豆腐 
地道 

許多，不再備受批評。 
UA 正統 

79 
A 

他決定在母親節當天帶媽媽到高級餐廳 
品味 

豪華餐點的味道。 
UA 品嘗 

80 
A 

開戰之前軍隊總司令下令務必盡全力 
保全 

君王和百姓的安危。 
UA 保衛 
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B. Examples of the questionnaire in Norming study 1: Meaning dominance 
 

題號 目標詞 造句欄 

1 同志   

2 啟動   

3 末端   

4 動人   

5 報酬   
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C. Examples of the questionnaire in Norming study 2: Meaning relatedness 
 

題號 目標詞 詞義解釋 句子 
評兩個語義關聯性高低 

(1最低，7最高) 

1 算帳 

與人爭執較量或報復 
小明對小華一直懷恨在心，誓言

有一天一定要找他算帳。 

 

計算帳目 
銀行的會計每天都忙著算帳，龐

大的帳目讓人頭疼。 

2 開刀 

動手術 
爸爸身上長了一顆脂肪瘤，醫生

建議他趕快開刀拿掉。 

 

責備、懲罰別人 
我們老闆非常不講道理，常常拿

無辜的職員開刀。 

3 走路 

徒步行走 
有了智慧型手機後許多人都當

低頭族走路時都不看路。 

 

開除、解聘 
這間公司陷入財務危機聽說在

過年前會有許多員工必須走路。 
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D. Examples of the questionnaire in Norming study 3 to 6: Word predictability, syntactic category bias, semantic bias, syntactic category 
judgment of target words, and sentence plausibility 

 
Part of homographs: 

題號 未完成句子(前語境) 預測詞 
預測

詞性 
目標詞 語意偏向 

詞義選擇

(1or2) 

目標詞

詞性 
後語境 

詞義選擇

(1or2) 
全句 

句子合理性

(1-7) 

1 
花園裡的蝴蝶翩翩飛

舞，有的停在 
花朵 名 花心 

1. 花蕊的中心 
1 名 採蜜還不停拍動翅膀。 1 花園裡的蝴蝶翩翩飛舞，有的停在花心採蜜還不停拍動翅膀。 7 

2. 形容一個人風流 

2 
新聞報導某些地區過

度抽取地下    

1.  

      2.  

3 
便利商店的店員抓著

自製的加長    

1.  

      2.  

 
Part of unambiguous words: 
題號 未完成句子(前語境) 預測詞 預測詞性 目標詞 目標詞詞性 後語境 全句 句子合理性(1-7) 

1 自從颱風讓全班去畢業旅行的計畫 取消 動 落空 動 之後，大家都很失望。 自從颱風讓全班去畢業旅行的計畫落空之後，大家都很失望。 7 

2 出身於書香世家，他的父母對於 
       

3 開戰之前軍隊總司令下令務必 
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E. Materials of Experiment 2 

No. Word type Ambiguity Preceding context Target 
Intervening 

region 

Disambiguating 

word 
Succeeding context 

1 

NN 

A 
老闆自信滿滿地指著這些 

銅板 
保證店內的 烤肉 絕對道地。 

UA 廚具 

2 
A 

電視台的資深男主管握住 
把柄 

緩緩推開 木門 查看房間內部。 
UA 手把 

3 
A 

因為這次嚴重的疏失，所有 
分號 

即將暫停 營業 等候重整。 
UA 分店 

4 
A 

現代社會讓大眾都非常期待 
青天 

再現，讓所有 貪官 自慚形穢。 
UA 清官 

5 
A 

即便待在室內，外頭依然傳來 
風聲 

以及猛烈 雨聲 令人畏懼。 
UA 巨響 

6 
A 

老師在課堂上提醒同學注意 
底線 

並且念出 重點 加深大家印象。 
UA 記號 

7 
A 

主管特別交代一定要檢查 
儀表 

是否能顯示 數值 才可正式啟用。 
UA 面板 

8 
A 

近幾年大眾都在觀望全球 
氣象 

是否能再次 蓬勃 促進經濟發展。 
UA 景況 

9 
A 

購物專家向觀眾分享如何使得 
口氣 

能夠長久 清新 自然的祕訣。 
UA 氣味 

10 
A 

當地政府終於順應民意規劃 
平台 

提供民眾 觀景 賞鳥的新去處。 
UA 空地 

11 
A 

弟弟和妹妹互不相讓地搶奪 
飯碗 

使得媽媽拍打 餐桌 斥責兩人。 
UA 餐具 

12 
A 

隔壁的老先生說他會利用 
八卦 

主動幫鄰居 算命 改運消磨時間。 
UA 易經 

13 
A 

專家認為就算花錢找來更多 
眼線 

依舊無法幫助 警方 抓到歹徒。 
UA 臥底 

14 
A 

每到這個時間點，就有人端出 
牛肉 

想要欺騙 選票 贏得勝利。 
UA 政見 

15 
A 

根據週刊報導那位模特兒利用 
後臺 

暗地在背後 施壓 獲得冠軍。 
UA 靠山 

16 
A 

校長說學生的父母非常重視 
家教 

並且嚴格要求 禮節 是否周到。 
UA 教養 

17 
A 

辦公室的同事看見經理帶著 
草莓 

上班就盯著 脖子 故意挖苦他。 
UA 印痕 
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No. Word type Ambiguity Preceding context Target 
Intervening 

region 

Disambiguating 

word 
Succeeding context 

18 
A 

老師帶來的資料可清楚看見 
心房 

裡頭的一些 血管 阻塞的樣子。 
UA 心室 

19 
A 

一般情況下若是耐心等待 
回音 

依舊沒有收到 通知 就是淘汰了。 
UA 信息 

20 
A 

這篇報導提及有一名外籍 
槍手 

非法攜帶 槍枝 遭到警方逮捕。 
UA 流氓 

21 

VV 

A 
據說上級小心謹慎地討論如何 

抄襲 
敵方陣營 殲滅 眾多敵軍。 

UA 圍剿 

22 
A 

桌上那些東西若想要快速 
報銷 

只要準備 收據 以及文件即可。 
UA 報帳 

23 
A 

那位女老師就是喜歡不停 
插花 

並且任意 介入 別人的工作。 
UA 插手 

24 
A 

那裡有許多工作人員正在 
放水 

避免日後 水庫 水位過滿而潰堤。 
UA 排水 

25 
A 

根據專家建議，想要有效 
背書 

必須趁著 記憶 深刻時完成。 
UA 背誦 

26 
A 

當大家發現不管怎樣都無法 
開動 

之後，只好把 車子 停在路邊。 
UA 行駛 

27 
A 

媽媽告訴老師必要的時候可以 
修理 

一下欠缺 管教 的年幼弟弟。 
UA 處罰 

28 
A 

他這麼做是為了讓老奶奶 
取信 

方便，不會遺漏 信箱 裡的信件。 
UA 收信 

29 
A 

健康狀況不好的爸爸想要 
翻身 

舒緩一下 背部 受到壓迫的肌肉。 
UA 按摩 

30 
A 

經過長久訓練之後，大家 
提起 

這些沉甸甸的 重物 顯得很輕鬆。 
UA 拿起 

31 
A 

他這樣的做法只是拿貓咪 
開刀 

順便藉此 遷怒 調皮的孩子。 
UA 出氣 

32 
A 

弟弟好奇地問爸爸為何已經 
打氣 

許久卻不見 氣球 膨脹起來。 
UA 充氣 

33 
A 

媽媽發現身旁的朋友都會 
算帳 

避免自己 開銷 超出原先預期。 
UA 記帳 

34 
A 

聽說都是因為那個男人決定 
洗手 

導致計劃案 停擺 毫無進展。 
UA 退出 
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No. Word type Ambiguity Preceding context Target 
Intervening 

region 

Disambiguating 

word 
Succeeding context 

35 

 

A 
剛才有一位男性在警察面前 

撕票 
引來許多 投票 民眾圍觀。 

UA 拉票 

36 
A 

史書上記載這位皇帝從不 
留情 

或是隨便 調戲 女子而負有盛名。 
UA 風流 

37 
A 

當老師聽到自己兒子被迫 
走路 

之後，感嘆 失業 人口不減反增。 
UA 退職 

38 
A 

弟弟得知這次旅行非常可能 
泡湯 

之後，露出 失望 的表情離去。 
UA 落空 

39 
A 

這款線上遊戲主打玩家必須 
收拾 

許多可愛 怪物 並且蒐集寶藏。 
UA 消滅 

40 
A 

有許多專家一致認為已經 
發燒 

過頭的一些 商品 即將退流行。 
UA 暢銷 

41 

VN 

A 
新聞說有上萬人不停湧入 

站台 
使得快速 列車 遲遲無法行駛。 

UA 車站 

42 
A 

同學們一致認同老師透過 
力圖 

引導大家解決 物理 難題的教法。 
UA 圖表 

43 
A 

這部紀錄片揭露了台灣許多 
潛水 

受到嚴重 汙染 造成生態破壞。 
UA 河水 

44 
A 

資深評論員認為獲得多少平均 
打點 

對於評鑑 擊球 能力很重要。 
UA 得分 

45 
A 

遊客在假日可以看見許多 
黃牛 

整日悠閒地在 農場 吃草曬太陽。 
UA 乳牛 

46 
A 

這一部影片近距離地拍攝 
花心 

上方的幾隻 蝴蝶 採蜜的過程。 
UA 花蕊 

47 
A 

詩人站在這座山頭遙想昔日 
風光 

只能感嘆 美景 早已不復見。 
UA 景色 

48 
A 

那間餐廳的主廚明天將攜帶 
協同 

出國與廠商 簽署 投資事宜。 
UA 合約 

49 
A 

弟弟著急地詢問媽媽這個 
開口 

是否還可以 縫補 回復原狀。 
UA 裂紋 

50 
A 

爺爺開心地拉著家人說這些 
如意 

以及其他 骨董 價值不斐。 
UA 手鐲 

51 
A 

同學們等待助教謹慎地檢查 
抬頭 

以及其他 收據 之後才離開。 
UA 姓名 
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No. Word type Ambiguity Preceding context Target 
Intervening 

region 

Disambiguating 

word 
Succeeding context 

52 

 

A 
訓練有素的專家只要利用 

光彩 
即可判斷 鑽石 優劣和等級。 

UA 光澤 

53 
A 

爸爸無奈地告訴媽媽說這個 
禮拜 

還有下個 星期 他都得加班。 
UA 週末 

54 
A 

媽媽每天睡覺前都會翻閱 
經典 

用心感受 佛教 教義的精髓。 
UA 典籍 

55 
A 

經過長期觀察，研究人員發現 
效力 

對於銷售 藥丸 非常有幫助。 
UA 功效 

56 
A 

爺爺最喜歡和鄰居分享一些 
笑談 

還有說些黃色 笑話 消磨時間。 
UA 趣聞 

57 
A 

這個小型市集販賣的許多 
雕塑 

得到不少知名 工藝 大師的讚賞。 
UA 畫像 

58 
A 

這幅曠世鉅作不應該只從一種 
面向 

或是個人 觀點 欣賞詮釋。 
UA 思維 

59 
A 

老師要求同學謹慎地審視 
命題 

並且利用 邏輯 判斷其真假值。 
UA 公式 

60 
A 

面試官說這份工作有許多 
規律 

需要大家 遵守 才可順利進行。 
UA 準則 

61 

NV 

A 
老闆對於職員私下和同事 

過節 
相約一起 度假 玩樂並不知情。 

UA 過年 

62 
A 

大眾一致認同這次能夠順利 
制服 

那些凶狠 搶匪 都要歸功員警。 
UA 逮捕 

63 
A 

經過考慮之後，他決定讓作品 
翻版 

並且重複 印刷 許多版本。 
UA 再版 

64 
A 

一場傾盆大雨讓所有人立刻 
下場 

穿上外套 休息 以免著涼。 
UA 退場 

65 
A 

同學說他的家教學生太過 
油條 

使得周圍 單純 的同學避而遠之。 
UA 世故 

66 
A 

日本這次的暴風雪讓大家充分 
見識 

氣候變遷的 威力 越發強大。 
UA 領教 

67 
A 

爺爺告訴大家一定要事先 
運氣 

方可發動 氣功 以免造成內傷。 
UA 修練 

68 
A 

護士小姐告訴家屬在尚未 
滿月 

以前這個 嬰兒 隨時都可能夭折。 
UA 彌月 
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69 

 

A 
同學正在台上示範如何正確 

包裹 
常見的各種 傷口 以避免感染。 

UA 包紮 

70 
A 

突發狀況使得大家一時無法 
回報 

任何最新 消息 而慌了手腳。 
UA 檢視 

71 
A 

老人告訴記者他長年持續 
勞作 

都是為了行銷 農村 的特級農產。 
UA 種田 

72 
A 

根據新聞報導沒有人幫忙 
料理 

獨居老人的 後事 引發社工關切。 
UA 照料 

73 
A 

最近一期的研究指出過於 
親人 

導致這些 動物 的狩獵本能退化。 
UA 溫馴 

74 
A 

媽媽時常告訴弟弟應該避免 
懷抱 

過度理想的 期望 而不切實際。 
UA 抱持 

75 
A 

爸爸疑惑地對我說他剛剛 
入門 

之前發現 門口 有個奇怪的記號。 
UA 開門 

76 
A 

大家對新搬來的鄰居非常 
感冒 

都是因為他的 惡行 傳遍全社區。 
UA 厭惡 

77 
A 

議員指控市長早就知道無法 
算數 

仍然做出 承諾 來欺騙大眾。 
UA 守信 

78 
A 

爸爸興奮地說要找到如此 
地道 

同時價格又 實在 的東西很困難。 
UA 正統 

79 
A 

主持人說今天的節目將帶大家 
品味 

台灣傳統 美食 的絕妙滋味。 
UA 品嘗 

80 
A 

史書上記載著這群人奮力 
保全 

得來不易的 國家 而犧牲了自己。 
UA 保衛 
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