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Abstract , 

Three experiments were conduclcd to provide u bcUer understanding about the 

fundamental processes involved in Chinese speech recognition. Specifically, we 
> 

intended to answer three questions. F-irst, arc siibsyllabic units like individual 

phonemes or whole syllables the basic encoding units in Chinese speech recognition? 

Sccond, docs lone play a significant role in generaling candidate words before correct 

identification? Third, how can the different meanings of homophones be resolved? 

in Hxpcrimcnl 1, we used ihc gating paradigm to explore ihc three issues. Results 
J 

suggested thai both siibsyllabic (onset) and syllabic representations were important in 

recognizing Chinese monosyllables. Tonal constraints emerged only when context 

was available. And context also facililaled homophone recognition. In Experiment 2, 

the visual-world paradigm was used to verify the-major findings in gating. While the 

salience of jiyllable and the absence of tonal constraints without context were 

replicated, the onset cffcct was greatly diminished. Further analyses suggested that 
» 

acoustic similarity might also play a role in speech recognition. Experiment 3 also 

employed the visual-world paradigm. The resolution of Chinese homophones was 

found to be inilucrtc^d by relative meaning frequency and context position. Based on 
n 

these findings and those from related studies, we proposed a model of Chinese speech 

perception, in which initially, segmental and suprasegmental types of information 

were processed in separate but interacting pathways. Outputs from Ihc two pathways 

were then combined at a later time point and jointly activated Ihc corresponding 

morpheme. Implications of the model and its relations to previous findings are 

discussed. -
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众 Chapter I 

Introduction 

While language is perhaps the Vdcfaull" tool of communication for ordinary 

people all over ihc world, the form by which linguistic ability is realized differs 

substantially, l o r example, dilTercnl languages have their own phonemic distinctions 

(e.g., / � / and /I/ arc treated the same in Japanese, but not in English), arc .governed by 
» f 

unique principles in word formation (e.g.，no inflection exist in Chinese), and iYivolvO 

ihcir own structural constraints (e.g., Japanese prefers a SOV structure than SVO). 
ft 

Whether differences in these surface characteristics arc translatable into differences in 

« 

the underlying principles in language processing is an imeresting and imporlanl 

theoretical question. In the present dissertation, answers to part of this question will 

be explored from the pcrspcctivc of ambiguity resolution in Chinese speech, which 

has a number of unique features distinct from the mostly-researched Indo-European 

languages such as English. Through such investigation, it is cxpecled that a working 

model of Chinese speech comprehension can be constructed，and contrasted with 

existing theories based primarily on Indo-European languages. 

This dissertation is divided into seven chapters. The first chaptcr aims at 

introducing general concepts about how ambiguities exist at different levels of the 

speech signal. Also, three important unique features of Chinese speech arc described 

with reference to how they possibly create distinct processing demands in ambiguity 

resolution in Chinese spccch, and they arc related to the research goal of illuminating 

unexplored areas of speech processing in previous studies. The second chaptcr 

focuses on past research on spccch processing and lexical ambigiiily resolution 

conducted mainly in English.- We will sec thai while theories developed based on 

these studies can explain yarious phenomena in processing English, they may not be 
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directly applicable to I he ease of Chinese speech ciiie lo its unique characlerislics. 

Chapter 1 hrcc outlines I he paradigms and the hypotheses of lhrcc experiments aiming 

al investigating whether Ihc three unique features reviewed in I he inlroduclioti 

actually mailer in Chinese speech processing. C'haplers Four, Five, and Six report I he 

I hrcc experiments conduclcd and discuss their results separately. Chapter Seven 

offers a general discussion of how the data from the three experiments conlribulc lo 
J 

Ihc understanding of Chinese spccch comprehension，and ihc more general issue of 

cross-langLiagc ditTcrencc in processing dynamics. The ultimate goal is to provide 

empirical constraints for models of Chinese spccch comprehension. 
等 

1.1 Multi-level ambiguities in language 

In language processing research, presenting participants with stimuli of 

multiple interpretations and examining hovy they can come up with a proper 

understanding has always been an important technique. This procedure has provided 

valuable insights in studying ihe underlying cognitive mechanisms in various aspects 
* 

of langiiSge processing. Representative examples adopting such approach include 

studies on lexical access (e.g., Borowsky, & Masson, 1996; Hi no, Lupker, & Pcxman, 

2002; Rubenslein, Garfield, & Millikan, 1970), syntactic processing (e.g., (jrodner, 

Gibson, & Tunstall, 2002), and discourse effects (e.g.. Binder, 2003). In the present 

dissertation, the same approach will be taken to study the unique problems in Chinese 

speech processing. ‘ 

/. /. / Temporary perceptual ambiguity . 

Indeed, despite the apparent ease in comprehending utlcranccs made by others, 
- 4 

a closer inspection of the speech signal will reveal a high degree of ambiguities al 
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different levels, from the very fundamental uncertainties due lo insufficient acoustic 

inputs (Dahan & Gaskell, 2007) up to higher level language uses such as metaphors 

and indirect requests (Coulson & van Petlen, 2002). Specifically, unlike ihe relatively 

simultaneous availability of word features in the visual domain, acoustic signals of a 

spoken word only unfold gradually over lime. This temporal stretching creates 

temporary acoustic under-specificalion in signal interpretation. For instance, simply 

perceiving the onset consonant /b/ will be insufficient for determining whether the 

syllable will be /bi:/ or /be/. Similarly, knowing that il is /bi:/ will not guarantee it is 

/bi:m/ but not /bi:t/. Therefore, to make sense of the inputs, one has to monitor the 

unfolding signal continuously and integrate later acoustic inputs incrementally with 

earlier ones until enough information is gathered. Actually, one fundamental finding 

in speech perception is that people appear to make hypothetical candidate words 

based on the acoustic information available thus far and use new incoming 

information to test those hypotheses. Candidates inconsistent with the bottom-up 
« 

inputs would be rejected from further consideration (Marslen-Wilson & Welsh, 1978; 

see also Chapter 2.1). 

Evidence for such acoustic level disambiguation comes mainly from studies 

related to the uniqueness point, which refers to the point at which the string of inputs 

is consistent with only a single interpretation (i.e., it is no longer ambiguous). These 

studies employed paradigms such as gating (Grosjean, 1980) and pause-detection 

(Mattys & Clark, 2002). Reaction lime data showed that words with earlier 

uniqueness point，irrespective of word length, are recognized faster, presumably 

because the initial ambiguity inherent in these words requires less acoustic 

information to clarify. More importantly, the pattern of responses in gating tasks 

directly highlighted the presence of competition among partially active lexical 
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candidates thai were consistent with ihe current acoustic inputs; participants provided 

various alternatives and showed low level of confidence about their responses until 

enough acoustic inputs had been received. This competition among lexical candidates 

and the corresponding disambiguation are captured by most contemporary theories of 

speech perception as an incremenlal integration of phonemes or phonetic features 

from onset to the uniqueness point (Ciaskell & Marslen-Wilson, 1997; Marsien-

Wilson & Welsh, 1978; McClelland and Elman, 1986). These theories, and their 

applicability to Chinese speech, will be reviewed in Chapter Two. 

/. 1.2 Morphemic ambiguity 

Besides acoustic under-specification, ambiguity can also be characterized at 

the morphemic level when the same physical unit is linked to different meanings. For 

instance, the prefix “in-，，of “invalid” and “inside’’ are quite different: The former 

means “not” while the latter denotes the opposite of “out”. Similarly, the suffix “-er” 

in “heater” and “faster” a}so represents distinct meanings. In principle, this situation 

reflects ambiguity resolution on the smallest meaningful scale because the remaining 
t 

portion of the word should have provided enough contextual information to retrieve 

the correct morpheme meaning. This allows the investigation of sensitivity to 

minimal ambiguity. Despite such theoretical potential, very limited works have been 

done on it’ especially in the auditory modality. Bertram and his colleagues were 

perhaps the only group of researchers who had systematically investigated the issue 

(e.g., Bertram, Hyona, & Laine, 2000a; Bertram, Laine, Baayen, Schreuder, & Hyona, 

2000b). They studied what they called "affixal homonymy” in Finnish, which is 

considered to be a morphologically rich language. Specifically, they tested whether 

the ambiguous suffix ‘‘-ja，，(either as a deverbal subject noun marker or to denote 
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partitive plural) led Finnish readers to rely more on ihe morphological route ot lexical 

access. Results of lexic^decision on isolated words showed no evidence of 

morphological effect (Bertram et al‘，2()0()a). On the other hand, employing an eye 

tracking and self-paced reading technique, it was found that reading limes of the same 

stimuli in sentence context displayed a delayed morpheme (meaning) frequency effect, 

suggesting thai morphemes are nevertheless a valid processing unit among Finnish 

readers (Bertram et al.，2()()()b). Bertram el al. (2()()()b) attributed the discrepancy 

between studies to the support of prior sentential context in resolving the ambiguous 

suffix "-ja,，，causing recognition through morpheme to be more efficient than whole 

word access. Two important conclusions can be drawn from their studies: First, 

morphemic ambiguity is a valid and testable phenomenon. Second, the prior sentence 

context is effective in affecting the relative availability of the meanings of the suffix. 

However, the studies by Bertram et al. (2000a; 2000b) failed to answer the 

more critical question about the processing dynamics in resolving morphemic 

ambiguity. The only information available is the relatively late effect of morpheme 

frequency compared with word frequency. Without more details about when and how 

the correct meaning of a suffix is available, it is impossible lo confidently interpret the 

null effect in lexical decision as evidence of less efficient disambiguation of suffix by 

base morpheme alone (Bertram et al., 2000a) compared with disambiguation by prior 

sentence (Bertram et al., 2000b). It is because the resolution processes may simply be 

too fast lo be captured by traditional approaches like lexical decision. Indeed, a 

previous eye-tracking study of reading Chinese two-character words in sentences did 

reveal a rapid ambiguity resolution process once contextual information was 

encountered (Wong, 2000). Similar conclusion was arrived in Tsang (2006), who 

showed thai a single morpheme is sufficient to trigger rapid meaning resolution in 
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Chinese disyllabic words. In two experiments, Tsang investigated the disambigualion 

of homonyniic morphemes (i.e., those thai share both orthography and phonology 

such as /gaau3/'; f l � w h i c h means either education or religion). Results suggested 

that an initial ambiguous syllable can be resolved by a contextual syllabic without any 

delay (Expcrimenl 1). Moreover, a prior senlenlial context even allowed anticipation 

of the correcl meaning before the ambiguous syllable is encountered (Expcrimenl 2). 

The results ihus converged with Bertram el al. (20()()b) on the existence of�morphemic 

ambiguity. Moreover, it further illustrated the power of a minimal context in 

resolving this ambiguity, at least in languages where words arc easily decomposed 

into isolated, discrete morphemes, such as Chinese (Packard, 1999) or Finnish 

(Bertram et al., 20()()a; 20()()b) 

Still, one aspect of morphemic ambiguity resolution was left unanswered. In 

Chen, Tsang, Chan, and Wong (Experiment I; manuscript) and Tsang (2006, 

Experiment 2), a prior sentential context was available before the ambiguous 

morpheme. There were no conditions in which a single preceding morpheme-served 

as the disambiguating context. Therefore, the results only provided partial evidence 

about the effect of minimal context in morphemic ambiguity resolution; while a 

succeeding morpheme is useful in Tsang's Experiment 1，it is unclear whether a 

preceding context morpheme is equally constraining. This issue will be elaborated in 

Chapter Three. 

I.IJ Lexical ambiguity 

While the i^sue of morphemic ambiguity is new and not much is known about 

its underlying resolution processes, the investigation of lexical ambiguity resolution 

Wc follow the Cantonese Romantization Schcmc proposed by the Linguistic Society of I long Kong. 
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has a long history since the 1970s. Actually, besides validating ihe phenomenon of 

morphemic ambiguity, another equally importani contribution in Tsang (2006) is the 

discovery thai the mechanisms for resolving morphemic ambiguity parallel those for 

resolving lexical ambiguity. In his experiments, two variables, namely the position of 

disambiguating context and ihe relative frequency between the alternative meanings, 

were manipulated. Both variables exerted significant impact on the resolution 

processes. This pattern of results was consistent with the reordered access model 

developed to explain lexical ambiguity resolution (Duffy, Morris, & Rayncr, 1988). 

Therefore, the results in Tsang provided the theoretical basis for researchers to borrow 

concepts and models established in lexical ambiguity to study ihc issue of morphemic: 

ambiguity resolution. 

Specifically, lexical ambiguity refers to the situation in which the same word 

is linked to different concepts. A classic example is the word "bank”, which means 

either the "river bank” or the "financial institute". The investigation of the underlying 

principle by which the meanings of these ambiguous words are represented and 

retrieved can make a significant contribution to the more fundamental question about 

the architecture of the mental lexicons. Numerous studies have confirmed an 

advantage for such ambiguous words over unambiguous words (e.g., Kellas, Ferraro, 

& Simpson, 1988; Rubenstein el al., 1970). Specifically, Kellas el al. obtained faster 

reaction limes and lower error rates for ambiguous words compared with control 

unambiguous words and pseudowords in two lexical decision experiments. Similarly 

effects were obtained in word naming (see Borowsky & Masson, 1996; Hino el al., 

2002; Lichacz, Herdman, LeFevre, & Baird, 1999). This pattern of results was 

typically interpreted as supporting evidence for models assuming an interactive 

distributed lexical representation with extensive feedback connections from semantic 
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layer lo orthographic and phonological layers (Btmnvsky & Masson, 1996; Hino cl al., 

2002; Kcllas cl al., 1988). 

Another implication from the studies of lexical ambiguity concerns the 

mechanisms involved in semantic retrieval during comprehension. Interestingly, in 

contrast lo observ ations of ambiguity advantages in lexical decision and naming, 

responses lend lo be slower for ambiguous words when scmanlic access is required, 

such as semantic calcgorizalion (Hino cl al., 2002), rclalccincss judgment (Chwilla & 

Kolk, 2003), and sentence comprehension (Rayner & Fra/.icr, 1989). These studies 

provided important empirical constraints for the construction of models related to 

meaning resolution in lexical ambiguity. Details of these models will be discussed in 

Chapter Two. 

1.1.4 Non-literal meanings 

Ambiguities in comprehension penetrate through higher levels of language use 

such as indirect request, metaphor and irony. A good example is Ihe utterance “It is 

very hot", which may act as an indirect request to turn on the air-condkioner, rather 

than simply describing a fact or event. To comprehend these non-literal meanings, 
f 

one will require a combination of various contextual supports, some of which are 

perhaps verbal signals, and many others are conveyed nonverbally (Kelly, Barr, 

Church, & Lynch, 1 W ) . For instance, Kelly et al. have demonstrated that pointing 

gestures can effectively facilitate the indirect request interpretation of utterances. 

Moreover, other studies suggested that factors like predictability, conventionality, and 

plausibility are important in determining the relative time course of activation of 

literal and non-literal meanings (Gibbs, 1983; Titone & Connine，1994). Therefore, 

resolution al the pragmatic level appears to be no less simple. It is co-determined by a 
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number of taclors rclalcd to ihc conlcxlual bias and relative availability ot'dilTcrcnl 

meanings, jusi as ihc ambiguity resolution al other levels. 

In the present ciisserlation, focus will be on the more fundamcnlal resolutions 

al the acoustic and morphemic levels. It should be noted thai although traditionally, 

the investigation of basic speech unit is not a particular concern in the ambiguity 

resolution literature, this issue is actually highly relevant. It is because when ihc unit 

of processing is expanded into ihc whole phrase or even the whole senlcnce, there will 

no longer be any ambiguity as the processing unit is disambigualed internally. In 

other words, I he exploration of processing unit is indeed fundamcnlal lo ambiguity 

resolution. This is less an issue in English because researchers generally agreed that 
# 

phonemes and words arc important encoding units. However, much more works 

about this have lo been done in Chinese. It would be important to clarify the basic 

encoding unit of Chinese speech to ensure the description of ambiguity resolution al 

the appropriate levels. In particular, if acoustic inputs are mapped onto Chinese 

words directly, ambiguities at prelexical levels will be irrelevant to Chinese speech 

processing. Moreover, understanding the processes al diffcrenl levels will be crucial 

in constructing a possible model of Chinese speech perception, which has a number of 

unique features thai undermines the validity of generalization of models developed in 

Indo-European languages. 

1.2 Unique characteristics of Chinese speech 

Although the study of speech processing in Indo-European languages has a 

long history, the issue is relatively unexplored in Chinese. It is unclear whether the 

results obtained in Indo-European languages can be generalized lo Chinese, which has 

many unique characteristics. Specifically, Chinese has a very simple morphosyllabic 
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Structure such lhal each syllable has its own meaning (Chen, 1()92; 2001 ； Chen & Yip, 

2001). This increases I he saliency of whole-syllables compared with individual 

phonemes. Moreover, Chinese spccch can be calcgori/cd as a tonal language. In 

contrast to most Incio-Eniropcan languages, in Chinese lexical distinction is made not 

only by segmenlal ciics (i.e., phonemes) but also by pitch, a suprascgmenlal cue. The 

reliance of Icxical lone in spccch perception presents a fundamental challenge to 

modeling speech rcco-gnilion because pilch level is correlated wilh many other 

fcalurcs like gender and emotion. Only very limited information is known about how 

Icxical lone is cxtraded and integrated lo segmental information in spoken word 

recognition (e.g.. Culler & Chen, 1997; Sum, 2003; Ye & Conninc，1999). Finally, 

while Icxical lone helps differentiate otherwise identical segments, homophony 

(identical syllable-plus-tonc) is still serious in spoken Chinese, (iivcn that each 

syllable-plus-lone unit is also a morpheme and has its own meaning, ihc homophonic 

morphemes will also create morphemic ambiguity similar to the homonymic 

morphemes in Tsang (2006). Whether the resolution of such ambiguity is similar lo 

that observed by Tsang previously is an empirical question. 

Given the special properties of Chinese speech, it is desirable lo understand its 

underlying processing mechanisms and compare them with those observed in Indo-

European languages in order to construct a universal model of speech perception. In 

the following, we will discuss in more details the uniqueness of Chinese spccch, and 

how the special properties might produce distinctive processing demand. 

1.2.1 Syllable as the prominent unit 

There arc at least three reasons to speculate that syllables, instead of phonemes, 

are the fundamental unit in Chinese speech perception. First, linguistically, each 
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spoken syllabic in Chinese corresponds lightly to a wrillen characlcr and a meaningful 

morpheme (Chen, 2001). Moreover, syllables in Chinese arc relatively simple (fewer 

possible combinations than other languages, sec Chen, Chen, & Dell, 2002; Cheung, 

Chen, Lai, Wong, & Hills，2001) and more “outstanding” acoustically (no 

"iinslrcsscd" syllables). In contrast, Rnglish syllables often involve complex 

phonemic combination such as consonant dusters. Also, only one syllable is stressed 

in mulli-syllabic words, rhcrcforc, compared lo English speakers, Chinese speakers 

are potentially more capable to extract structures consistent with syllabic boundary 

during speech comprehension. 

Second, developmental data among Chinese-speaking children has 

consistently shown belter perfonTiance in tasks assessing syllable awareness than 

those assessing phonemic awareness (Cheung cl al., 2001; Mcl^ridc-Chang, Bialyslok, 

Chong, & Li, 2004). For instance, Cheung el al. (2001) delivered a sound-matching 

task to children aged four lo eight. When children al different ages performed the 

matching based on whole-syllable, accuracy rcachcd 90%, as compared lo about 50% 

accuracy when matching onset, rime or coda. Even within a group of children who 

had received explicit Pinyin training that sensitized them to phonemes, accuracy in 

phoneme matching was still about 20% behind that of syllable matching. Converging 

evidence of syllabic prominence in Chinese children was obtained in another study 

using syllable deletion and onset deletion tasks (McBride-Chang el al., 2004). 

Furthermore, in this study syllabic awareness predicted Chinese reading better than 

phonemic awareness while the reverse was true for reading English. These results 

suggested that syllables are particularly relevant to Chinese processing and prc-school 

children have already been sensitized to this representation unit. 
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I bird, results from Chinese specch product ion converged on I he importance ol' 

syllables among adult Chinese speakers (Chen, 2()()(); Chen cl al.’ 2002). In a spccch 

error study, Chen (2()()()) lound thai Chinese speakers frcquenlly commit errors 

involving movement of I he whole syllabic. Kor example, the word /qingl /.hu()2ciu4/ 

("ifl Jiil'i"； '‘clarity”）was spoken as /qingl du2du4/, a ease ()r anticipation of the ihircl 

syllable. In another well-controlled cxperimenlal study employing the implicit 

priming paradigm, Chen ct al. (2002) discovered thai while whole syllables facililalcd 

responses significantly, onset alone failed to produce any effect. Assuming 

perception is the reverse of production, it is reasonable lo expect similar syllabic 

prominence during spoken word recognition. In other words, Chinese word 

perception will be less sensitive lo phonemic contrasts during the course of activating 

and selecting items in the candidate set. 

In summary, the research reviewed above siipporlcd taking syllables as the 

basic units in constructing Chinese speech perception model. This means that syllabic 

is the first abstract phonological representation (i.e., having psychological validity) in 

the Chinese speech perception system. On the other hand, some studies suggested 

that among adult Chinese speakers subsyllabic units might recruit distinct neural 

mechanisms (Siok, Jin, Fletcher, & Tan，2003) and prime auditory word recognition 

(Sum, 2003). Also, mismatches in subsyllabic units of target words appeared to 

create interference in sentence comprehension (Schirmer, Tang, Penney, Guntcr, & 

Chen, 2005) as well. Yet, whether these results suggest that phonemes mediates 

normal speech perception or simply reflect Chinese adults' ability to decompose 

syllables into phonemes in specific tasks is still unclear. For instance, Ihe study by 

Siok et al. (2003) required participants to perform phonemic judgment (see also Chen 

cl al. (2002) for proposal of phonemic decomposition after syllable is available). 
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I here lore, a belter understanding on this issue would be important lo accurately 

describe ihc phonological unil(s) mediating Chinese speech perception. 

1.2.2 Importance of lexicaI tone 

licsides Ihc prominence of syllabic, Chinese has another inlcrcsling feature 

diffcrcnl from other Indo-European languages, namely the use of fundamental 

tVcqucncy (i.e., pilch) to distinguish lexical units. In other words, distinct Chinese ‘ 

lexical units can be constructed through assigning different lone values lo ihe same 

syllable. For instance, ihc Mandarin (the major dialect of Chinese) syllable /ma/ can 

mean "mother" or "horse" when it is produced with a high rising pitch (tone 1) and a 

dipping pitch (lone 3) respectively. Therefore, lexical tone serves to clarify the high 

degree of meaning uncertainty that an isolated syllable carries alone. This kind of 

lexical tone differentiation is exclusive to tonal languages, although other • 

suprascgmental cues like stress pattern in multi-syllabic words and intonation over the 

whole sentence arc also present in non-tonal languages like English. To a certain 

extent, the employment of tonal distinction increases the information density carried 

in monosyllabic units and reduces the reliance on extra segments for disambiguation. 

For example, the syllable /yi/ has more than 170 homophones (e.g., ‘‘ ‘‘,fi’，，‘‘疑”， 

clc...), but this number is greatly rcduced for the syllable-plus-tone unit /yi4/ (e.g., 

‘‘£:，’； see Li & Yip, 1998). Therefore, in principle, tones should be a valuable cue for 

maximizing efficiency in spoken word identification in tonal languages. Indeed, 

empirical evidence supported the importance of tonal constraints in Chinese speech 

perception (e.g., Schirmer et al., 2005; Yc & Con nine, 1999; Zhou, Qu, Shu, (iaskcll, 

& Marslen-Wilson, 2004; but also see Cutler and Chen, 1997, for weak lone effccls). 
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Acoustically, lone is carried by the pilch level (or fundamental frequency FO) 

in speech. When onset pilch level combines with another acoustic feature, the pitch 

contour, which refers to ihc variation in I () over lime, the identity of ihc lone being 

heard can be defined. Therefore, varying either or both ot'lhcsc tonal features over 

the same syllabic leads to entirely different meanings. How lone is combined with the 

segmental information during Chinese speech comprehension has been ihc focus of 

previous research. Some studies found thai during semantic access, tonal constraint 

was employed at least as quickly as the segmental one (Brown-Schmidt & Canseco-

(ionzalez, 2004; Schirmcr cl al.，2005; Yc & Connine, 1999 Experiment 2; Zhou et al. 

2004). Zhou ct al. (2004) employed a cross-modal semantic priming procedure to 

study the availability of tonal constraints. They presented their participants with 

auditory disyllabic words before a visual target. The congruent prime was 

semantically related to the target while the tone-altered one was not. If lone did not 

exert early effect on meaning access, participants would confuse the tone-altered 

prime with the congruent one. Then lexical decision on the visual target should be 

facilitated in both congruent and tone-altered conditions. However, no facilitation 

was obtained in the tone-altered condition, suggesting that tonal constraint is 

immediate and would not allow semantic access of words sharing segments but 

differing in tonal information. 

In another study, Yc and Connine (1999) found that when the target syllable 

was preceded by a strong context, tonal violations were detected immediately. 

Specifically, when the target syllable served to complete an idiom, recognition of the 

lone in this syllable became faster than that of vowel. Tone has also been found to 

exert early constraints on semantic access in Ihc context of sentence comprehension. 

For instance, Brown-Schmidt and Canseco-Gonzalez (2004) studied the N4()0 ERP 
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componuil clicilcd when listuiers encounler an anomalous word in a scfitcncc thai 

differed from the predicted one either by syllable or lone. Results indicated thai the 

onset of N4()() in ihe lonc-mismalch condition is as ca^y as, if not earlier than, the. 

syllable-mismatch condition. Similar results were obtained in Schirmcr el al. (2005), 
T' 

which contrast rime-mismatch condition with tone-mismatch condition. Therefore, 

empirical evidence suggested that lone is available as quickly as, or even more 

accessible than (as in Ye and Conninc, 1999), segmental information in meaning 

retrieval in Chinese speech. 

Although lone can provide early constraints in meaning retrieval of spoken 

Chinese, it may indeed be available late perceptually. Specifically, according lo 

Cutler and Chen (1997) the acoustic features of tones “are primarily realized upon 

vowels" (p. 176), presumably because the vowel nucleus allows more FO variations, 

which is necessary to reveal the shape of tone contour. On the other hand, phonemic 

contrasts arc more localized as specific arliculatory cues (e.g., voice onset time; place 

of articulation, etc...). Culler and Chen hypothesized that this precision allows Ihc 

onset and rime of a syllable to be available earlier than tone. This hypothesis received 

supports from an auditory lexical decision task. Participants made more false alarms 

(incorrectly accepted nonwords as real words) on disyllabic words when syllables 

mismatched on tone than on onset or vowel, suggest!ng^hal participants relied more 

on segmental information in lexical access. Similar difficulty was observed in a 

syllable-matching task (Experiment 2，Cutler & Chen) and a tone-vowel detection 

task (Ye & Connine, 1999). Furthermore, Luo et al. (2006) discovered that pre-

altenlively, tonal features are indeed first processed in the right hemisphere, which is 

also the processing center for music and intonation. However, compulation of lexical 

lone relies primarily on the left hemisphere, jusl as other segmental information 
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((iandour, el al., 2003). Therefore, lone has both linguistic and non-linguistic 

properties and the perception of fundamental frequency may lake lime to be 

transferred to the language system and convcrlcd lo lexical tone. When semantic 
i 

context is available, this transfer process may be speeded up and lead lo ihc early 

constraints observed in other studies. 

Conclusively, empirical evidence suggested an important role of lone during 

Chinese spoken word recognition. Its cffcct appears lo be slower when its perceptual 

nature was emphasized, but the cffcct emerges much faster when the task concerns 

more with meaning retrieval. However, not much is known about the role of tone in 

candidate generation and elimination before I he actual target is finally identified^. In 

other words, what we know is simply the product after stable identification. However, 

il is possible that lone can activate its own set of lexical candidates. Hints for such 

activation could be found in previous studies. First, Li and Yip (1998) used a gating 

paradigm to study the recognition of homophones. Interestingly, they found that，for 

example, when the target is /kwong3/, not only do segment-sharing candidates like 

/kwong4/ were reported, items sharing tone only, such as /gok3/, /gwok3/ and /kok3/ 

were also produced, suggesting that they had been included in the candidate set. 

Similarly, in Sum (2003), even when an auditory prime was altered such that only 

lexical tone remained the same (e.g., /baaul/ changed into /kwingl/), il could still 

facilitate subsequent auditory word recognition to the same degree as the original 

prime, suggesting that the original prime had been activated based on tone-sharing 

alone. 

1.2.3 Highly homophonic 

2 Although Yc and Con nine (1999) proposed a modified TRACE model that incorporated a “toneme，， 

layer, they did not actually study the timc-to-timc changes of activation level due to tonal informalion. 
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Although tone greatly reduces ambiguities carried in a syllable, the syllable-

plus-tone unit can still be ambiguous due lo the existence of homophones. For 

instance, /gaau3/ in Cantonese can refer to morphemes meaning “education，，or 

“religion，，(as in the character “教” in ‘ a n d ‘‘教'化/church，’）and 

“comparison” (as in the character ‘‘較” in ‘‘較 lib'compete"). This one-to-many 

mapping between syllable and morpheme is nothing trivial when one realizes how 

frequent this occurs in Chinese. For instance, Li and Yip (1998) noted that in the 

four-tone Mandarin system, 80 percent of syllable-plus-tone units are ambiguous and 

55 percent even have five or more meanings. In some extreme cases, such as in the 

six-tone Cantonese dialect, more than 50 meanings like lion, death, silk, thought, 

teacher, poem，etc., can share one single pronunciation /si 1/ (Chinese character 

database, hUp://humanum.arts.cuhk.edu.hk/Lexis/lcxi-can;0. In this article, this 

phenomenon of one-to-many mapping between particular syllable and morpheme is 

called morphemic ambiguity, an issue that must be addressed in order to construct a 

comprehensive model of spoken Chinese comprehension. 
t. 

‘ ^ 

The most straight-fonvard way to solve the problem of morphemic ambiguity 
. A 

is to bypass the morpheme layer and directly activate whole word lexical entries from 

acoustic features. As words are accessed holistically, any sublexical ambiguity will 

、 

be irrelevant and will not require extra resources to compute (Packard, 1999). 

However, such position is inconsistent with the large body of empirical research 

confirming a morpheme decomposition route of lexical access (e.g., Alvarez, 

Canreiras, & Taft, 2001; Frost，Kugler, Deulsch, & Forster，2005; Marslen-Wilson, 

1999; Niswander-Klement & Pollatsek, 2006; Peng, Liu, & Wang, 1999; Taft, Liu, & 

Zhu, 1999; Zwitserlood, Bolwiender, & Drews，2005). These studies generally 

supported a morpheme effect beyond that induced by mere form overlapping (Alvarez 
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et al.，2001; Frost el al.，2006), which is still present after control.ling for whole-word 

factor (Niswander-Kiemeni & Pollatsek, 2006; Tafl, et al.，1999) and is observable in 

different languages (e.g., Chinese, English, and Spanish). 

Yet，morphemic ambiguity may actually alter the availability of morphemes in 

lexical access. For instance, according to a study in Finnish (Bertram el al.，200()b), 

ambiguous affix might reduce the reliance of morphemes in lexical access. 

Previously, Tsang (2006) tested whether morphemes were bypassed in Cantonese 

spoken word recognition and the results he obtained indeed suggested robust 

morphemic involvement. In his study, a special case of homophonic morpheme, the 

homonymic morpheme, was studied. Homonymic morphemes share both 

orthography and phonology but have two or more meanings (e.g., “教” /gaau3/), one 

of which has a higher frequency of use (i.e.，the dominant meaning). Testing the issue 

of morpheme involvement with these specific cases has the advantage of intrinsic 

control over confounding due to physical form because the visual and auditory forms 

.are exactly identical across morpheme conditions. However, this also greatly limits 

the usable item pool, causing difficulties in generalizing the findings to other 

ambiguous syllables. Thus, it is unclear whether the conclusions in Tsang (2006) are 

equally applicable to the homophonic morphemes such as /sil/ (meaning “獅”，lion; 

“師，，，teacher; and “絲，’，silk, etc."). 
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Chapter 2 

_ Theories 
t 

In this chapter, important theories relevant to speech perception and ambiguity 

resolution will be reviewed. These theories were based mainly on research in Indo-

European languages. Much fewer works have been done in other languages, such as 

the East-Asian ones. Therefore, it is unclear whether the theories can be generalized 

to Chinese, a language with many distinctive features. In the last part of each section, 

recent progress in modeling Chinese speech comprehension will also be reviewed. 

2.1 Theories of speech comprehension ^ 

“The history of research on spoken word recognition is largely a history of 

word recognition models" (Jusczyk & Luce, 2002, p. 502). Although these models 

vary in the exact mechanism, such as whether top-down feedback or lateral inhibition 

is incorporated, most of them agree that speech recognition is characterized by cycles 

of activation and selection. In each cycle, the speech recognizer receives acoustic 

input and integrates it with inputs from previous cycles. Lexicons that are consistent 

with the inputs thus far will be activated. -This "candidate set” of lexical items will 
r 

then enters a stage of selection. When a particular item reaches certain activation 
4 

threshold or remains the most active at a pre-specified processing deadline, this item 

will be ‘‘selected” (recognized). Within this general framework, researchers have 

worked for thirty years to answer three fundamental questions about the processing 

dynamics in speech recognition (Frauenfelder & Peeters, 1998): 

1.) What items will be included in the candidate set? 

2.) How do the candidates affect each other during the selection process? 

3.) When is the word recognize (i.e., the definition of selection deadline)? 
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In this paper, three widely-discussed spoken word recognition models, 

including ihe cohort model, TRACE, and Neighborhood Activation Model (NAM) 

will be reviewed. As wc will see, existing models answers these questions mainly 

through proposing specific phonemic processing mechanisms. 

2.1.1 Cohort model 

According to the cohort theory (Marslen-Wilson & Welsh, 1978), bottom-up 

phonemic input is solely responsible for determining what items will be included in 

the candidate set. Initially, all words that are consistent with ihe first phoneme heard 

will become active. This initial candidate set is called the "cohort". For instance, 

when the onset /b/ is perceived, onset-matched lexical items such as "beam", ‘‘beetle，， 

and "beaker' will be activated. Uncertainties in this initial cohort are then 

disambiguated by subsequent incoming acoustic signals such that only candidates 

which still align completely with the input remains and any slight mismatches are 

“kicked out” from the cohort. The process continues until only one candidate in the 

set is consistent with all incoming signals received thus far (i.e., reaching the 

uniqueness point of that word). This candidate is consciously recognized. It should 

be noted that in this architecture, words in the cohort do not compete with each other 

directly. A word, even with high frequency and small number of competitors, will be 

recognized late when there is another word that diverges with it at a late acoustic 

point. In other words, the time required for successful word recognition is entirely 

dependent on the position of uniqueness point. 

The cohort model is an important first step in modeling speech recognition. Il 

successfully established several important processing principles, like the effect of 

uniqueness point, that need to be considered in understanding the processing 
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dynamics in spoken word recognition. It has been modified in light of new empirical 

evidence against some of its major assumptions, such as its ovcr-reliance of word 

initial information (Marslen-Wilson, 1987). Ciaskcll and colleagues have also 

explicitly implemented the model in computer simulations using a distributed 

processing architecture (Gaskell & Marslen-Wilson, 1997; (iaskell. Hare, & Marslen-

Wilson, 1995). Despite these variations, the model maintains its original claim that 

there are no direct competitions among the candidate items. This stands in sharp 

contrast lo TRACE, which relies heavily on lateral inhibition among partially 

aclivaled words in the selecting the "correct" candidate for stable recognition. 

2.1.2 TRACE 

Adopting an interactive-activation framework, McClelland and El man (1986) 

proposed the TRACE model of spoken word recognition. The model incorporates 

three hierarchically organized layers, namely feature, phoneme and word. Between 

layers are extensive feedforward and feedback excitatory connections. More 

importantly,^ units within a layer are connected with inhibitory loops, leading lo a 

winner-take-all phenomenon. Therefore, when a particular word is highly active 

because it matches well with the incoming features and phonemes, it will also exert 

strong inhibition on other words, leaving itself as the only active unit in this layer. In 

other words, unlike the cohort model, TRACE assumes that partially activated words 

compete with each other directly. When an absolute activation threshold is reached, 

or one item is more active compared with other partially active words to a certain 

degree, the best-fit item wins the competition and is recognized. 

Another important distinctiveness of TRACE is related to its definition of 

candidate set from which the "correct" word is selected. The "cohort set" in the 
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traditional cohort model includes only onscl-aligncd words so any noise al word onset 

will lead to failures in word recognition because there are no mechanisms allowing 

acouslic features al later time points to recover early mismatches. This ovcr-rcliancc 

on onset information is clearly inconsistent with our daily experiences of natural 

conversation, in which we can nevertheless rccognizc what others say despite a noisy 

environment or unclear word segmentation. The inleraclivc-activalion architecture of 

TRACE provides a natural solution to this problem: Acoustic features entering the 

system at any time point can lead lo excitations al the phoneme layer, which in turn 
• i 

activates the corresponding matched words. Therefore, even when a word initial is 

not perceived properly, the word can still be activated if later acouslic cues converge 

on it. In short, al any time slice, some items in the candidate set will be inhibited due 

to mismatches with the input, while other items may receive activations from new 

inputs strong enough to overcome the lateral inhibition originally exerted on them. 

This greatly improves the "mobility" of items in the candidate set. 

The inclusion of candidates that match the input al any position may 

dramatically increase the candidate set size. This seemingly unrealistic consequence 

is partly avoided by the lateral inhibition: Items lhal are only weakly consistent with 

the inputs will not enter the set because they are strongly "repelled" by current items 

that match better. Another approach to alleviate the problem is to assume an upper 

limit in the number of items that can concurrently enter the selection process. This 

approach is adopted in another connectionisl model, namely ihe Shortlist model 

(Norris, 1994). In this model, the system first “shortlists” some highly activated items. 

These items are then fed into an interactive-activation network similar to TRACE. A 

word is "recognized" when certain threshold is reached. 
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2.1.3 Nei^hhorhood A c livalion Model (NAM) 

While the cohort model and TRAC F model are explicit processing model thai 

emphasize on the underlying median isms of recognition, pmponcnls of NAM {Lucc * 

& Pisoni, arc more interested in how the global similarity among words can 

atTccl the outcomes of complcx internal processing. Il has the niosl detailed 

specification of factors involved in determining successful recognition. For instance, 

I he model proposes lhal recognition of a word will be less successful (leading lo 

longer read ion lime and higher error rales) when it is low in frequency, has many 

neighbors (particularly when these neighbors arc comparatively high in frequency) 

and has many confusable phonemes. 

The most important deviation of NAM with other models is the concept of 

neighbors, which characterizes the competitor set in this archiledurc. Neighbor in 

NAM is defined as a group of "similar sounding words”. More specifically, 

neighbors of the word “cat” include words that differ from it by only one phoneme 

through addition (e.g., “cast”)，deletion (e.g., "at") or substitution (e.g., “kit”). 

Activation level of each neighbor is directly proportional lo the "degree of match with 

the input，，（Jusczyk & Luce, 2002, p.5()4). The activation level of a particular 

neighbor is then translated to ihc probability that it is what the input actually con^cys. 

This probability is in turn correlated with the time required for successful recognition. 

I 

Although the model provides a detailed description of factors involved in computing 

the probability thai a particular word will be recognizee!, it docs not mention much 

about the temporal dynamics during such computation. In particular, it includes no 

descriptions of how the unfolding signals are mapped to ihc lexicons. Yet, its success 

in correctly predicting performances on lexical decisions and naming tasks supports . 

the validity of certain model assumptions (e.g., neighborhood size effect). This 
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motivates Lucc, (loldingcr, Auer, and Vilevilch (2000) lo revise NAM lo 

acconimodalc ihc incremental nature of spoken word recognition lo make it a real 

processing model thai take into consideration processing dynamics like competition 

among neighbors. 

2.1.4 Current trend in model ddvclopmcnt 

The most recent development of specch perception models look into accounl 

Ihc statistical regularities of specch signal in a corpus-based manner (Prolopapas, 

1999). These Baycsian models of specch perception complcmenlcd the traditional 

approach by showing how the acoustic variability could be processed (e.g., (laskcll & 

Marslen-Wilson, 2002; Norris & McOueen, 2008). Units such as phonemes and 
< 

syllables become less meaningful in ihc pri)babilislic context. Moreover, these 

models also emphasized the abundance of information in the speech signals (Chalcr & 

Manning, 2006>，thereby challenging the nalivisl view (e.g., Chomsky, 1965), which 

claimed that external inputs alone would be insufficient for language acquisition. 

This idea explicitly linked the acquisition and processing aspects of linguistic function 

together. However, a prerequisite of developing this type of models would be a lot of 

empirical works and corpus analyses, both of which arc lacking in Chinese spccch 
* 

processing at present. Therefore, this study serves more as an initial step in gathering 

useful empirical data. Concepts and terms will follow more closely the traditional 

approach to facilitate a comparison across different languages. 

2.1.5 Chinese speech comprehension 

As reviewed above, most existing theories consider phonemes or phonemic 

features as the fundamental input units in modeling the processing dynamics of 



Anibiguily resolution in C'hiiicsc spcccli 36 

spoken word recognition. In contrast, the effect of suprascgmental cues on spoken 

word recognition is left unspecified. The over-emphasis on phonemes or phonemic 

features and the ignoranl of suprascgincnlal cues in speech perception can probably be 

atlribulcd lo I he fact thai existing models of speech perception arc constructed based 

on English and olhcr Indo-Huropean languages, in which suprascgmenlal in formal ion 

plays only a limited role in differentiating lexical items. Therefore, conducting 

research in olhcr languages is important to extend the limitations in existing models. 

Although not many works have been done on modeling Chinese speech 

perception, Yc and Conninc's study (1999) provided an encouraging framework for 

further investigation. They were interested in studying how lexical lone affected 

Chinese speech perception. Results suggested thai although Chinese speakers were in 

general more sensitive lo scgmcnlal cues, tonal features werv' still imporlanl in lexical 

access, especially in highly constraining context. Based on these results, Yc and 

Con nine modified the TRACE model (McClelland & Elman, 1986) to explain 

phenomena in Chinese speech perception. Specifically, ihey proposed a "lonemc" 

layer lo incorporate the unique reliance of lexical tone in distinguishing lexical items. 

They also replaced the word layer in the original model with a syllabic layer to 

account for the prominence of syllable in Chinese speech. Activation in the tonemc 

layer was graded, such that more similar tones would be confused more easily. 

Moreover, the lonemc layer received both bottom-up feedforward inputs from 

acoustic features and lop-down lexical feedbacks. Yet, because of the high rale of 

homophone in Chinese, feedback activation was in general weak unless a highly 

constraining context was provided. Other aspects, such as the existence of lateral 

inhibition, and the connection between syllable and phoneme layers, were identical to 

Ihc original TRACE model. Figure I presents the modified model. 
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igurc 1 Modified I RACE model in Yc and Cormine (1999) 

Lexical Node 

Features 

Despite the important contributions by Yc and Conninc (1999), there were 

several potential limitations. First, even though the importance of syllables was 

acknowledged, input features were still mapped onto phonemes. This fit the vowel 

sensitivity Ye and Conninc observed, but the special status of syllable�in Chinese led 
» 

one to wonder whether features were also directly connected to syllables. Second, 

while tone is a suprascgmcntal cue very different from segmental ones, its treatment 

in the model as a tonemc layer resembled phonemes and syllables. In contrast, other 

suprascgmcnial cues such as stress pattern were treated differently in the literature. 
« � 

For instance, stress was considered as part of the information in the "metrical frame", 

which was separated from processes of segmental retrieval in speech production 

(Levelt, Roelofs, & Meyer, 1999). Finally, although the model was intended to be a 

processing model of speech perception, the vowel/tonc monitoring task in Ye and 

Conninc did not provide information about candidate generation and elimination 
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before actual idenlificalion. it also tailed lo reveal the time course by which various 

spccch units were available. This information would be essential for model 

evaluation and construction. 

2.2 Theories of kxical ambiguity resolution 

The discrepancy between the fad that many lexical items have multiple 

meanings and people's subjective unawarencss of ambiguity has evoked considerable 

interest among psycholinguists. This is because, on the one hand, lexical ambiguity is 

a prominent phenomenon in many languages that models for language comprehension 

must account tor. On the other hand, studying ambiguity resolution can provide 

important insights about the nature of human language processing system, such as 

whether semantic access should be considered as a modular or an interactive system 

(Duffy el al.’ 1988; Hogaboam & PerfeUi’ 1975; Kambc, Rayner, & Duffy，2001; 

Simpson, 1981; Swinncy, 1979; Tabossi, 1988; Vu & Kellas, 1999; Vu, Kellas, & 

Paul, 1998). More specifically, researchers usually conceptualize Ihe extraction of the 

appropriate meaning in ambiguous words as involving two mechanisms. The first is a 

lexical-retrieval system which is sensitive to lexical properties such as meaning 

frequency. The second is a context-integration system that allows the sclcction of 

context-fit meanings. Although it is beyond doubt that the ultimate constraint for 

appropriate meaning sclcction is context, there are rigorous debates on when 

contextual effects can be seen. Researchers in the field can be divided into two 

groups along the modular-interactive dimension. Advocates of the modular view 

suggested that context only exerts a late effect after initial lexical access. In contrast, 

other researchers asserted that early meaning retrieval has already been constrained by 

word-context interaction. 
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2.2.1 Modular view of semantic access ‘ 

Models adopting the modular view usually assume ambiguity resolution to go 

through a strict serial two-stage process, in which the initial stage of lexical access is 

automatic and encapsulated. Context can only exert effects on the product of initial 

access but not alter the acccss itself. A classical example of this type of model is the 

exhaustive acccss model (Swinney, 1979), which suggests thai all meanings of an 

ambiguous word arc activated upon initial encounter. Confirmatory evidence of this 

claim was obtained in studies using cross-modal priming, in which participants were 

presented with a spoken sentence thai ended with a two-meaning ambiguous word. 

When a visual probe appeared immediately (() ms SO A) after the auditory prime, 
、 

facilitation was obtained for probes related to either meaning of the final ambiguous 

word, irrespective of the prior scnlenlial context. Facilitation on probes related to the 

context-inappropriate meaning ceased when SOA is lengthened to 250 ms, a period 

required for context to exert effects. 

Another rrtodel with a modular architecture is the ordered .access model 

proposed by Hogaboam and Perfetli (1975). They noticed that when asked to provide 

definitions of words with multiple meanings, participants usually started from the 

most frequently used meaning (i.e., the dominant meaning). In other words, 

availabilities of the different meanings of an ambiguous word appeared to be ranked 

by their relative dominance. With this in mind, Hogaboam and Perfetli did not agree 

with the idea of simultaneous activation of all meanings. Instead, in their theory, only 

the most dominant meaning is activated during initial access. That meaning is then 

integrated with the preceding context. If it fits, the system will process the next word. 
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Otherwise ihe system need to go back to retrieve ihc next most dominanl meaning. 

The cycle continues until integration with context is successful. 

2.2.2 Interac tive view of semantic access 

In contrast to the modular view, models with an interactive architecture do not 

dissect Ihc comprehension process into two distinct stages. Rather, lexical and 

contextual influences arc argued to operate together during comprehension. For 

instance, according to the selective acccss model (Simpson, 1981; Tabossi, 1988), 

context docs not simply "select” the appropriate meaning out of the available 

candidates (as exhaustive access model implies) but can "determine" the entire 

meaning retrieval process such thai only the conlext-fit meaning will ever gel 

activated in the first place. Vu et al. (1998) further suggested that contextual effect 

would be strengthened if its constraint is "strong" enough, which means the conlexl 

can form a coherent representation with one meaning of the ambiguous word. 

Another interactive view of ambiguity resolution is the reordered access model 

proposed in Duffy et al. (1988). Whilst selective access model emphasizes the 

absolute influence of context, reordered access retains the role of lexical properties. 

Similar to the ordered access model (Hogaboam & Perfctti, 1975), Duffy et al. 

highlighted the importance of relative dominance among the different meanings an 

ambiguous word has. They proposed that upon encountering an ambiguous word, all 
•9 

meanings will be activated, with their activation levels being proportional to their 

relative frequency of use. In other words, the most dominant meaning will be the 

mostly activated one. However, a prior context can boost the activation level of the 

context-fit meaning so that with contextual support, a subordinate meaning can 

become as active as the dominant one. This implies a cost for retrieving the 
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subordinate meaning not because it is available late biil because it is as active as the 

dominant meaning and 少us requires extra resources to select among ihc equally 

available meanings. Supports for this subordinate bias effect came mainly from cyt̂  

movement studies on reading comprehension (e.g., Duffy et al•，1988; S^reno, 

0，Donnell, & Rayner, 2006; Screno, Pachl, & Rayncr, 1992). The basic rationale for 

recording eye movetncnls during reading is that any difficulty in meaning relricva] 

and integration will be directly translated into longer fixations times at the point 

difficulty is met (Rayncr, 1998). Empirical evidence revealed lenglhened reading 

limes at the ambiguous word when previous context recruited its subordinate meaning, 

thereby confirming predictions made by ihc reordered access model. 

I 

2.2J Ambiguity resolution in Chinese speech 

As reviewed previously, ihe morphosyllabic structure in Chinese, combined 

with its highly homophonic nature, leads to the prevalence of morphemic ambiguity 

‘ in Chinese speech perception. While there are many studies on lexical ambiguity, 
I 

virtually no published data concern ambiguity resolution at the morpheme level. 

However, as the smallest meaningful linguistic unit, meaning resolution of morpheme 
» 

is non-trivial. For instance, the effective meaning resolution for the ambiguous prefix 

“in-” in “inside，，and “invalid，，or the ambiguous suffix “-er，，in “beaker，’ and 

"quicker" is fundamental for successful comprehension of the whole word. Thus, 
t 

theoretically, understanding its underlying mechanisms is crucial for constructing a 

valid model of word recognition. Moreover, this issue allows us lo lest whether a 

.general mechanism for meaning resolution is applicable to both lexical and morpheme 

level resolutions, or there are distinct processes involved. 
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As a first attempt lo investigate the issue, Tsang (2006) studied the recognition 

of Cantonese spoken disyllabic words with the visual world paradigm (Tanenhaus & 

Spivey-Knowlton, 1996; Tanenhaus, Spivey-Knowlton, Eberhard & Sedivy, 1995). 

The materials used in this study began with a homonymic syllable and ended with a 

disambiguating context morpheme. For example, the syllable “教” /gaau3/ is 

ambiguous, meaning "education" and “religion，，in “教師，，/gaau3si 1/ (teacher) and 

‘‘教'i?-:” /gaau3tong2/ (church) respectively. All ambiguous materials used in the 

study were biased, meaning there was a highly frequent dominant meaning (such as 

“education” in “教”).In the first experiment, Tsang investigated the time course of 

activation of the different meanings “教” /gaau3/ contains and the temporal locus of 

disambiguation by the contextual morphemes “帥，，/sil/ and ‘”i?” /tong2/. The results 

are interesting. First, the dorfiinant meaning was always more active than the 

subordinate one during initial access of the ambiguous syllable. Second, after the 

contextual morpheme disambiguated the ambiguous syllable towards the subordinate 

meaning, the dominant meaning remained more active than an unrelated distracter for 

about 300 ms. Finally，albeit delayed and weakened compared to the dominant 

meaning, the subordinate meaning was always more active than a control baseline. 

In the second experiment, a prior sentential context was constructed before the 
• t 

target disyllabic words. Prior context greatly increased the activation level of the 

context-appropriate meaning, especially when it is the dominant one. Therefore, the 

whole pattern observed in Tsang (2006) suggested that morphemes are important 

processing units during Chinese spoken word recognition, and the one-to-many 

syllable-morpheme mapping did lead to the issue of morphemic ambiguity, which 

should be considered in constructing models of comprehension. Most importantly, 

both the dominant and the subordinate meanings were always available, with a faster 



乂 Ambigui ty resolution in Chinese speech 17 

and stronger activation for the dominant meaning. And the activation level of a 

particular meaning can be flexibly altered by a prior context. The results were overall 

consistent with ihe predictions made by the reordered access model (Duffy et al., 

1988). In other words, morphemic ambiguity resolution is resolved using similar 

mechanisms as those employed in lexical ambiguity resolution. 

However, as mentioned in the introduction, the use of a sentential context in 

the second experiment in Tsang (2006) precludes us from drawing a strong conclusion 

about morphemic level ambiguity resolution with preceding disambiguating 

information. It is because the constraints induced by a prior sentence and a prior 

morpheme may be qualitatively distinct. It is thus desirable to conduct an experiment 

in which the ambiguous syllable is preceded by a single contextual morpheme. 

Although such experiment is not possible in Tsang due to limitations in his 

homonymic materials, using homophonic morphemes as materials could solve this 

problem and allow more rigorous testing on the issue. 
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Chapter 3 

Overview of Three Experiments 

This chapter provides a general overv iew of the three experiments to be 

reported. Specifically, purposes of the experiments, backgrounds about the paradigms 

used, and the main hypotheses will be covered. 

� 

3.1 Aims 

It is it is surprising to find so few studies on Chinese speech given the 

aforementioned uniqueness. Therefore, the purpose of this thesis is to construct a 

working model of Chinese speech perception through studying the mechanisms 

involved in resolving the multi-level ambiguities inherent to the speech signal. Three 

issues are of particular interests, including the fundamental encoding unit in Chinese 

speech, the processing dynamics of tone, and the resolution of homophonic 

morphemic ambiguity. Answers to these questions not only allow us to better 

understand the processing of Chinese speech but also illuminate on the unexplored 

areas in existing speech perception models that are based primarily on Indo-European 

languages. Furthermore, it provides the ideal opportunity to test the generalizability 

of processing principles discovered in other languages such as English or Dutch. 

In particular, three experiments were conducted to study Chinese speech 

perception. The first two experiments aimed at offering general information about the 

more fundamental issues about the role of tone and other segmental units in the 

identification of Chinese monosyllabic words. Experiment 1 employed the gating 

paradigm (Grosjean, 1980), which has been a fruitful technique in exploring the basic 

units and mechanisms involved in speech perception (see Grosjean, 1996 for a brief 

review). In Experiment 2，preliminary results obtained in Experiment 1 were further 
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tested with the visual-world paradigm developed by Tancnhaus and his colleges 

(Tanenhaus & Spivey-Knowlton，1996; Tancnhaus ei al., 1995). Using the same 

visual-world paradigm. Experiment 3 tested how the correct meaning of homophonic 

morphemes, a frequent phenomenon in Chinese, could be retrieved. This experiment 
* 

also serv ed as an extension of the study of homonymic morphemes in Tsang (2006). 

3.2 Paradigms 

This section presents the basics for the gating paradigm and the visual-world 

paradigm, which were two important techniques in studying spoken word recognition. 

3.2.1 Gating 

The gating paradigm used in the present experiment was developed by 

Grosjean (1980). In a typical gating paradigm, participants will be presented with 

segments of a speech stimulus repeatedly. The first segment is usually very short but 

the presentation time (duration from onset) increases in successive pass (gate) until 

the entire stimulus is presented finally. After each gate, participants are asked to write 

down their guess to the stimulus identity, and judge how confident they are to their 

guess, based on the information they heard so far. Depending on the issues under 

investigation, procedure can be modified accordingly. For instance, the unit of 

segment (time, phoneme, syllable, etc.), segment size, presentation format, context 

availability, and response type can vary flexibly. In the present study, we followed 

the most traditional version including successive presentation of time segments with 

written responses. 

The variables of interest in the gating paradigm include the number of gates 

that participants need to correctly recognize the target and establish high confidence. 
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Moreover, I he tentative answers made by I he participants and how their guesses 

changed as more acoustic inputs are gathered also provide valuable information about 

the trajectory of lexical retrieval of the targets. Actually, the pattern of guesses 

participants made before correct target identification constitutes the earliest evidence 

supporting the incremental nature of speech perception: Initially, participants produce 

diverged responses with low confidence. As they gathered more acoustic inputs, 

however, the diversity of guesses decreases until they finally converged on a single 

answer with high confidence. This pattern also fits perfectly with Cohort model's 

(Marslen-Wilson & Welsh, 1978) description of the candidate generation and 

elimination processes. Moreover, correct identification can usually be achieved 

before the final gate, indicating thai partial information is sufficient for recognizing 

spoken words. All these findings provide important constraints in attempts to model 

the detailed dynamics of speech perception. 

The gating paradigm has been validated by showing sensitivity to various 

well-established factors of word recognition, such as frequency and word length 

(Grosjean, 1980; Tyler, 1984). Robust context effect was also demonstrated with the 

paradigm. More importantly, the pattern of candidate generation has been argued to 

provide important insights on what hypothetical linguistic units are important in 

human speech perception. In particular, Tyler showed that a group of Dutch speakers, 

initial acoustic information was mapped onto consistent phonemes, suggesting that 

phoneme was a valid processing unit. 

Given its relevance to the present research goal and the ease in administration, 

we employed the gating paradigm in Experiment 1 as our first step to understand the 

mechanisms in Chinese speech perception. It should be noted, however, that the 

paradigm has been criticized for involving unnatural strategies and/or contamination 



乂 Ambiguity resolution in Chinese speech 17 

from posl-access processes. Nevertheless, results obtained with gating would still be 

valuable in guiding further rigorous lest with the visual-world paradigm in 

Experiments 2 and 3. 

3.2.2 Visual-world paradigm 

The basic theoretical ground for the visual world paradigm can be traced back 

lo Cooper's work (1974), in which participants simultaneously saw a visual display 

containing several objects and heard a prose passage that included the objects' names. 

Although participants were not explicitly requested to look at any object during 

listening to the speech, results indeed suggested that they spontaneously fixated on I he 
/ 

object once it was supported by the acoustic signals. While Cooper's work did not 

produce an immediate impact on speech comprehension research, Tancnhaus and 

colleagues (Dahan & Tancnhaus, 2004; Tanenhaus & Spivey-Knowlton, 1996; 

Tanenhaus et al., 1995) employed this idea and developed the visual-world paradigm 

for online monitoring of speech processing with high temporal resolution. The typical 

procedure of their experiments included presenting participants with a display 

containing several concrete objects. At the same time the experimenter would deliver 

a target detection instruction (e.g., "click on the X，，). Participants' eye-movements on 

the various objects were recorded as they performed the target detection task. 

Usually, objects in the visual display arc having particular relationship. For 

instance, in Allopenna, Magnuson and Tanenhaus (1998)，objects with names sharing 

the same onset (e.g.，“beaker” and "beetle'') or rime (e.g., ‘‘beaker” and "speaker") 

were put together. Through a simple linking hypothesis, Allopenna et al. concluded 

that the fixation proportion on the various objects in the display is a direct function of 

the underlying lexical activation of the objects' names. Higher fixation proportion 
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reflects stronger activation. In olhcr words, by tracing ihc changes in fixation 

proportion on different objects, we can obtain an ctTcclivc index of relative lexical 

activation over t ime� . It is similar to a "conlinuous" version of gating, in which I he 

availability ot different candidate words in the participants' mind at different limes is 

probed by ihc fixation proportions, rather than by slopping the signal and asking the 

participants to write down what they have in mind. In addition, later results 

confirmed the validity of ihc paradigm in reflecting the time course of activation of 

various candidate words given the inputs received so far. Such activation is a genuine 

lexical event involving conceptual information of the target, rather than simply 

matching a pre-activated phonological form with the incoming acoustic signals 

(Dahan & Tanenhaus, 2005; Huetlig & Allmann, 2005). 
, * 

Employing the visual-world paradigm, various issues about speech perception 

have been studied. For example, Dahan, Magnuson and Tanenhaus (2001) 

investigated the time course of the frequency effect in spoken word recognition. They 

found a higher activation level for words with higher frequency at the earliest possible 

moment, ruling out a post lexical decision bias interpretation. In another line of 

studies, researchers (Altmann & Kamide，1999; Kamide, Allmann, & Haywood，2003) 

were interested in the effects of sentential constraints. Results indicated that the 

context effect was so strong that even a single verb could affect the activation level of 

the subsequent noun. For example, activation of "cake" rose much more quickly 

following the verb “eat” than “move”，presumably because typically people think of a 

cake as edible rather than movable. In short, the paradigm had been validated by 

showing sensitivity to both frequency information and contextual constraints. 

Moreover, results from Allopenna el al. (1998) also indicated that the paradigm could 

‘It was estimated that about 200 ms is necessary to program and execute a saccadc. rhcrclbrc, at any 
time point the fixation is reflecting the activation level 200 ms ago. 
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be used lo investigate the basic units of canclidalc generation and elimination in 

speech perception. When objects in ihc display shared an imporlanl processing unit, 

hearing the name of one objccl would lead lo fixations on the other because both were 

receiving supporting bottom-up evidence and would be included in the candidate sets. 

For example, if the onset was an important unit in candidate generation, hearing 

"beaker" would also activate the onset-sharing word "beetle" and lead lo more 

fixations on il. Otherw ise, fixation proportions on "beetle" would be identical to an 

unrelated dislractcr (sharing nothing) such as "dolphin". 

Using ihc visual-world paradigm to further investigate the results obtained in 

Experiment I has several advantages. First, the paradigm makes use of the natural 

human tendency lo look at the objects in the visual field as they are mcnlioned in 

speech. As eye movements are continuous and fast, this provides high temporal 

resolution information necessary to reveal the changes in activation level of various 

candidate words. Second, interpretation is easy because the activation level of a 

specific lexical unit can be inferred directly from the fixation data (Allopenna ct al.， 

1998). Finally, the paradigm allows continuous monitoring of the relative activation 

levels of different meanings over the whole time course of word recognition. This is 

much more natural than gating or other priming procedures. 

3.3 Major hypotheses 

Consistent with the findings in Indo-European languages, studies in Chinese 

speech perception (e.g., Li & Yip，1998; Schirmer et al.，2005) have shown thai il is a 

highly incremental process involving candidate generation and elimination. However, 

given the unique properties of Chinese speech compared with other I nclo-European 

languages, the incremental nature might not be realized in ihe same way in different 
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languages. Specifically, we hypothesized lhal Chinese speakers would rely on lexical 

lone in generating hypothetical candidates before correct identification. In other 

words, we cxpcctcd lo observe participants writing down word candidates lhal shared 

only lone with targets in the gating paradigm. We also cxpcctcd lo sec higher fixalion 

proportion on objects sharing lone with targets than objects sharing nothing with 

targets in the visual-world paradigm. 

Moreover, given the salicncc of syllable in Chinese speech, we hypolhesizcd 

,lhal the acoustic in formal ion was mapped directly onto whole syllabic rather than , 

individual phonemes in ihc course of spccch perception. In this case, parlicipanls 

would rely less on subsyllabic information in candidate generation. I liey would nol 

produce candidates that shared only phonemes but nol ihe whole syllable in the gating 

task, in addition, participants would be fixalcd more on syllable-sharing competitors 

than on competitors sharing on subsyllabic units. 

Finally, Tsang (2(X)6) proposed that the resolution of homonymic morphemic 

ambiguity in Chinese spccch followed closely the prcdiclion of reordered access 

model. In particular, both relative meaning frequency and context exerted strong 

influence in retrieving the correct meaning. We expected the same pattern would be 

I rue in resolving homophonic morphemic ambiguity. Without a prior context，the 

dominant meaning would be more available than the subordinate meaning initially 

until the disambiguating morpheme helped activate the subordinate meaning. In 

contrast, when there was a preceding contextual morpheme, the subordinate meaning 

could be available immediately upon encountering the ambiguous homophone. 
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Chapter 4 

Kxpehmcnt 1 - Recognition of Chinese Syllables 

Two gating experiments were conduclcd lo provide a brief overview of 

Chinese spccch perception. Specifically, Ihcy served to rcplicalc in Chinese speech 

several fundamcnlal properties found in perceiving Indo-European speech, such as its 
« • 

incremental nature, the recognition based on partial information, and its sensitivity lo 

context. Furthermore, by analyzing the types of error made by our participants in the 

experiments, we could obtain a general idea of whether the unique characteristics of 

Chinese spccch could produce significant impacts on speech perception. 

4.1 Experiment 1A - reco{；ni/ing isolated monosyllables 

In Experiment I A, we employ the gating paradigm (see (irosjean, 1980; 19%) 

in testing how Chinese speakers recognized isolated monosyllabic words as increasing 

amount of acoustic information was provided. First, based on the results from 

previous gating experiments in English, we expected our participants lo generate 

various response candidates when only limited information was given. However, 

with more information, participants would converge on a single “correct” 

interpretation. Moreover, such convergence would occur before the whole syllable 

was available. Second, if Chinese speakers arc still sensitive to subsyllabic units 

despite the prominence of syllables, they should produce a significant amount of 
拳 

onset-sharing and rime-sharing errors during the course of recognition. On the other 

hand, if syllables are the prominent processing units in Chinese speech, participants 

would be as likely to commit whole-syllabic errors. Finally，given that lexical tone 

was found to be an important feature in Chinese speech processing in previous 

research (Li & Yip, 1998; Ye & Connine，1999), we expcctcd to observe candidate 
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general ion basccT solely on lonc-sharing. In other words, there would be a significant 

amount of errors with inlacl lexical lone. 

4. /. / Participants 

Twenty unciergradualcs {12 males) in The Chinese University of Hong Kong 

participated in the experiment. All of them were native Cantonese speakers and none 

reported hearing deficits. They were paid $50 for participation. Informed consent 

was obtained and full debriefing was delivered after the experiment. 

4.1.2 Materials and Design 

Twenty-four Cantonese monosyllabic words were prepared (see Appendix A). 

To facilitate ihc direct comparison across tasks, identical materials were used in the 

present gating experiment and Experiment 2A. Therefore, the words were chosen on 

the basis of satisfying the constraints of the visual-world paradigm. In particular, 

each target monosyllabic word could be paired with an onset-shared competitor (O), a 

rime-shared compelilor (R), a syllable-shared competitor (S)，and a tone-shared 

competitor (T). For instance, the target /bou3/ (Yij； cloth) was paired with /bui 1 / 

cup), /dou I/ (力；knife), /bou 1/ ( t^; pol), and /coi3/ (菜；vegetable) for the four 

conditions respectively. Although we only tested participants' responses towards 

segments of the target syllables in the gating experiment, it should be noted thai all 

items were picturable concrete nouns for the presentation in visual-world. Moreover, 

only I he tone-shared competitor had identical tone to the target, while the other 

competitors shared another lexical tone. Finally, according to the Chinese Character 

Database developed by Research Centre for the Humanities Computing 

(http://humaniim.arts.ciihk.cdu.hk/Lcxis/lexi-can/), items across conditions were 

http://humaniim.arts.ciihk.cdu.hk/Lcxis/lexi-can/
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closely matched for log-frcquency (log-frcqucncy = 2.84, 2.75, 2.82, 2.93, and 2.93 

for the target, ()-, R-, S-, and T-condilions respectively; F<4’”2> 二 .261,"“、.）‘ 

The stimuli were recorded by a female native Canloncsc speaker who was 

naive to the details of ihc experiment. She had received training in phonctics and was 

leaching relevant courses in kindergartens. However, she was instructed to produce 

the largcl monosyllables naturally to resemble daily conversation. Recording was 

made on a DAT tape in a sound-proof chamber. Each word was recorded three limes 

and the bcsl token (in terms of clarity and naturalness) was selected for digilalization 

at 44.1kHz. All cligitalized materials were manipulated with Cool-Edit Pro 

(Synlrillium Software). Peak amplitude was normalized to 7()dB. Each selected 

token of the largcl monosyllables was then segmented into gates with 40ms increment 

size, until the last gate contained the whole syllable. For example, there were 13 gates 

for the syllable /bou3/, which was 494 ms long (40 ms, 80 ms, 120 ms, 160 ms, 200 

ms，240 ms, 280 ms, 320 ms, 360 ms, 400 ms, 440 ms，480 ms, and 494 ms). The 

durations and the number of gates for each target word are listed in Appendix A. 

4.1.3 Procedure 

Participants were tested in groups of five in a sound-proof room. They were 

told that in each trial, they would hear segments of a Cantonese monosyllable, one at 

a lime with increasing segment size (i.e., successive presentation). In particular, the 

first segment contained the initial .40ms of the target syllable. The second segment 

included the first gate plus an additional 4()ms, and so on, until the whole syllable was 

presented. Participants were instructed to try their best lo identify the target 

monosyllabic word based on the segment they heard, write down their answer, and 

rale their confidence level about their ‘‘guess，，on a lO-poinl scale (10 = very 
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confidenl). They were encouraged to write down the first word that came lo their 

mind, and if they were not sure about how to write the word in mind, they could 

replace it with a homophone or write down a contextual character for disambiguation. 

Presentation of materials was via speakers conncclcd lo a personal computer and was 

controlled by an cxperimenlcr. There were 412 segmenls in total. After each segment, 

participants were given about 10 seconds lo respond. The whole experiment lasted 

for about an hour. 

4.1.4 Results and Discussion 

The target syllable /jyu5/ rain) was eliminated from further analyses 

because no participants could recognize it correct I y"̂ .. Three variables were 

particularly relevant lo the present research questions. First, we calculated the amount 

of information needed for identifying the target monosyllabic word (or its 

homophones) after excluding error trials. In this study, the "recognition point” was 

defined as 1.) the gate at which a correct identification was made with confidence 

rating of 8 or above; or 2.) the intermediate gate in which the correct syllable was 

written down for three consecutive segments regardless of confidence level. The 

second criterion was included because some participants were very persistence in 

their "guesses" despite their subjective feelings of uncertainty. The two criteria 
p 

converged most of the lime. If they conflicted, the criterion thai led to an earlier 

estimation was t a k e n T h e gate of recognition of a particular syllable was divided by 

its total number of gates to estimate the amount of information needed for recognition. 

4 Re-examination of the segments suggested that a wrong token was sclcctcd for this syllable in gating. 
This token was replaced with the better one in Experiment 2, which improved the recognition accuracy 
o f the whole syllabic to 97% ‘ 
5 in r/o of all trials, participants produced the correct response but conform lo neither criteria (e.g., they 
only wrote down the same syllabic for two consecutive trials with low confidencc). These trials were 
coded as missing and were not analyzed further. 
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Consistent with studies in Incio-European languages (e.g., (irosjcan, 1980; Marslcn-

Wilson，& Welsh，1978), participants could recognize ihc Cantonese monosyllables 

when only partial in formal ion was given (66.39% of ihc whole syllable, range = 50.55 

to 84.72; /,22) 二 14.80，/) < .01, one-sample l-lcsl against 100). 

Next, for trials in which participants failed to identify even when the whole 

syllabic was presented (i.e., errors in filial responses), we analyzed the type of errors 

they made. Tabic 1 shows the distribution of different types of error with examples. 

Table 1. Distribution of different types of error in Experiment 1A 

Type of error Example % of error 

No-sharing faan6 baak 1 1.30 

Onset-sharing coeng4 -> cat 1 3.48 

Rime-sharing bou3 -> doul 2.39 

Syllable-sharing bou3 boul 20.00 

Tone-sharing fu3 si3 1.52 

Onset-pl us-tone-sharing leoi6 -> 丨ou6 2.83 

Rime-plus-tone-sharing tai4 — cai4 2.17 

The total error rate was 33.70%, which indicated that the recognition of 

isolated Cantonese monosyllables was indeed difficult. Inspecting Table 1，it should 

be clear that participants confused syllables with different tones most easily (厂 i 32 )= 

8.99, MSE = 0.012 p < ,01). Tonal error was much more prominent than any other 

types of error in protected LSD test (/s = 3.07 to 3.51，all /7S < ,01). Moreover, only a 

few (1.52%) errors were generated based on tonal-sharing only, arguing against our 

expectation that tone alone was enough to create lexical candidate activation. Table 2 

displays the exact distribution of tonal errors when participants produced syllable-

sharing responses. This is essentially a confusion matrix which provides details about 

which tones arc more easily confused. 
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Table 2. Confusion matrix of tonal errors in Experiment 1 A. 
Correct response 

Tone 1 Tone 2 Tone 3 Tone 4 Tone 5 Tone 6 

Tone 1 - 0 24 2 0 6 

Tone 2 0 - 0 3 0 0 

Actual Tone 3 2 0 - 18 0 15 
response Tone 4 0 0 0 - 0 0 

Tone 5 0 7 0 7 - 0 

Tone 6 0 1 5 0 1 -

、 The confusion matrix clearly shows that there seems to be more errors for 

target monosyllables with Tone 3 and Tone 4. Some observations could be made. 

First, the three level tones (1 ,3 , and 6) seemed to be highly confusable. Second, the 

two rising tones (2 and 5) are also confusable. Third, the falling tone (4) was difficult 
r 

to recognize and participants did not prefer to give Tone 4 responses. 

The distribution of errors actually resembled the pattern observed in Cutler 

and Chen (1997). In one of their experiments, they asked participants to decide 

whether two successively presented Cantonese monosyllables were identical. In the 

mismatching trials, they found that when the syllables differed only in tone, 

participants' error rate was much higher than in conditions where the difference was 

on other dimensions. In other words, the present gating result converged with 

previous evidence and argued against the constraining power of le^kfal tone in 

perceiving spoken Chinese. 

To provide further information about whether tonal constraint was utilized in 

recognizing the isolated monosyllables, we inspected the word candidates participants 

generated before they arrived at the correct interpretation. Results suggested that in 

13.91% of trials, participants had generated at least one candidate word that shared 

with the actual target only on tone (e.g., /sat6/ as /faan6/; /ci2/ as /sing2/) during the 
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course of identification. However, given that there were six tones in Cantonese, this 

value was actually no belter than chance (/(22> = .73, /z.‘v., one-sample /-test against 

16.67%)^. This again suggested that lexical lone might not be particularly 

constraining in recognizing isolated monosyllables. 

There were also cases in which candidates sharing rime were proposed (e.g., 

saan 1 / as /faan6/; /sau6/ as /zau6/). Yet, most of the times, participants generated 

onset-shared candidates during recognition. For instance, a typical response profile 

towards /coeng4/ ( K ; wall) would include initial "guesses" such as /cyut3/, /ceol 1 /, 

/coek3/, and /coeng3/ before the correct interpretation arrived finally. This reliance of 

word onset in generating hypotheses about what was being heard supported the idea 

that Cantonese speakers were also sensitive to subsyllabic information. Moreover, it 

was consistent with studies in Indo-European languages showing the special role of 

word onsets in spoken word recognition (e.g., Allopenna el al.，1998; Marslen-Wilson, 

& Zwitserlood, 1989). Such onset-sensitivity made s ^ s e in gating because the initial 

portion of target words was all participants could base in responding during early 

gates. This issue would be covered again in Experiment 2A. 

On the other hand, sensitivity to subsyllabic units should not be taken as 

evidence against the role of whole-syllable in Chinese speech perception. Actually, 

the prevalence of syllable-sharing errors suggested that syllables were also highly 

prominent. To test whether syllable representation existed over and above onset and 

rime, a two-way Analysis of Variance (ANOVA) with onset-sharing and rime-sharing 
r 

as two within-item factors was conducted on ihe proportion of errors (Figure 2A)^. 

We obtained a significant interaction (F(i,22) = 8.93, MSE = 0.015, p < .01) such thai 

6 Obviously, it was just an estimation bccausc not all tones were equally productive. 
7 We excluded the tone-sharing cases in order to observing the pure cft'cct of segmental information. In 
other words, wc only included syllable-sharing (tonal) errors, onset-sharing (rime-plus-tone) errors, 
rimc-sharing (onsct-plus-tonc) errors, and no-sharing (complete) errors in the analysis. 
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I here were iriorc syllable-sharing errors (/,22) = 3.10, 3.35, and 3.51 when compared 

with onset-sharing, rime-sharing, and no-sharing conditions, all ps�.01). The 

significant interaction suggested that syllable was more than jusl the combination of 

onset and rime. 

Figure 2 A. Proportion of errors as a function of. onset-sharing and rime-sharing. 
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Figure 2B. Proportion of errors as a function of onset-sharing and tone-sharing. 
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Figure 2C. Proportion of errors as a function of rimc-sharing and tone-sharing. 
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We also conducted similar two-way ANOVAs crossing onset-sharing/rime-

sharing with tone-sharing (Figure 2B to 2C). None of the effects approach 

significance 1,22> < 1). 

4.2 Experiment IB - recognizing monosyllables in context 

Although researchers differed in their views about when contextual effects 

emerged, it is generally agreed that context must at some points exerts effects on 

lexical access. However, virtually all previous research on contextual effect 

concerned how a preceding sentence constrained recognition. It is still unclear 

whether contexts as short as a single morpheme can also influence succeeding 

meaning retrieval in speech perception. Actually, in the classical gating study, 

Grosjean (1980) demonstrated that short contexts facilitated recognition less than long 

contexts. On the other hand, Tsang's result (2006) suggested that a single morpheme 

was enough to disambiguate another homonymic morpheme. In Experiment 1B, we 

intended to verify Tsang's finding in homophonic morphemes, which is the more 

general case of the previously tested homonyms. Two factors were factorially 
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manipulated, namely the position of conlexlual morpheme and ihc relative dominance 

of the intended homophone. The main purpose was lo sec if a morphemic contcxl 

could facilitate syllable identification in gating. Furthermore, we compared the 

recognition perfomiancc across conditions and contrasted the patterns observed with 

ihe processing dynamics predicted by various ambiguity resolution models. 

4.1.1 Participants 

Twenty-four undergraduates (12 males) in The Chinese University of Hong 

• Kong participated in the experiment. All of them were native Cantonese speakers and 

none reported hearing deficits. None of them had participated in Experiment I A. 

They were paid $50 for participation. Informed consent was obtained and full 

debriefing was delivered after the experiment. 

4.2.2 Materials and Design 

The present experiment adopted a 2 (context position: preceding or succeeding) 

X 2 (meaning frequency: dominant or subordinate) factorial design. Again, the 

materials in Experiment IB were identical to those in Experiment 3 to facilitate 

comparison across tasks. Twenty pairs of homophonic syllable were selected such 

that each could form picturable disyllabic concrete nouns in the four conditions (SD: 
» 

succeeded context-dominant meaning, SS: succeeded context-subordinate meaning, 

PD: preceded context-dominant meaning, PS: preceded context-subordinate meaning; 

see Appendix B). 

Moreover, we conducted a series of pilot testing to ensure that the materials in 

the four conditions were properly matched. First, the dominant meaning of the 

syllable should be more frequent than the subordinate meaning. However, the written 
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character log-frcqucncy (http:/ humanum.arts.cuhk.cdu.hk Lcxis/lcxi-can ) between 

ihc two conditions was significant only in one-way I-test < /…�=1.85, / ; < .05). 

Therefore, lo validate I he meaning frequency manipulation, 20 students who did not 

participate in any main experiments were presented with the twenty syllables in « 

isolation. They were instructed to write down the first monosyllabic word that came 

lo their mind after hearing the syllables. If they were not sure, wc»presented the 

syllable again until it was dear to them. Results suggested that the dominant meaning 

(mean = 54%, S. D. 二 25%, range = 10% lo 86%) was always written down at least 

iwicc as frcquemly as the subordinate meaning (mean = 1 I %, S. I). = 12%, range = 

()"b to 24%). Paired-sample /-tests indicated a significant difference between 

frequencies of ihe two meanings (/(iî ) = 6.82，/) < .01). 

Second, wrillcn character log-frequency for the contextual morphemes 

{http://humanum.arts.cuhk.edu.hk/Lxxis/lexi-can/) was matched across conditions 

(Fs<i.n)) = .51 to 1.62, all n.s.). Finally，because there was no available word 

frequency corpus in Hong Kong undergraduates, another independent group of 20 

participants rated their subjective familiarity to the words on a 6-point Likcrt scale (6 

=highly familiar). Again, there were no significant differences observed (mean = 

3.98, 3.77, 4.01，and 3.86, S. D. = 0.98, 0.90，0.86，and 0.57, for SD, SS, PD, and PS 

conditions respectively, all Fs<ij9) < 1). Any effects observed in the present 

experiment were thus irrelevant lo unmatched word level familiarity. 

Recordings were done by the same female speaker in Experiment 1 A. We 

recorded bolh the isolated monosyllabic homophones (for the present gating) and the 

disyllabic words for the four conditions (for Experiment 3). Other details of recording 

and editing were identical to those in Experiment 1 A. Appendix B also lists 

information about the durations of these stimuli. 

http://humanum.arts.cuhk.edu.hk/Lxxis/lexi-can/
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4.2.3 Procedure 

1 he procedure was identical to thai in Hxpcrimcnl I A, with a few exceptions. 

First, for every trial, a contextual morpheme was given in the answer sheet on which 

participants wrote their "guesses" lowards the syllabic segments ihcy heard. C onlcxt 

position was indicated by leaving a spate before or after ihc context for participants to 

wrilc down their responses, f^irlici pants were told thai the context "might help I hem 

lo identify the speech segments" bui they were not requested to write down words thai 

had to fit I he context. Scconci, each syllable was presented only oncc lo each 

participant. Therefore, the eighty possible target words were divided into four lists 

such that within list, ihc same syllable occurred only in one condition and I here were 

equal number of syllables in each condition; across list，the same syllabic occurrcd in 

ail conditions. Six participants completed each list as a group. Each of them received 

a total of 337 gates. They were given about 10 seconds to respond after each segment. 

The whole experiment look about an hour. 

4.2.4 Results and Discussion 

In 2.29% of all trials, participants wrote down the correct response but 

conform to neither criterion of correct recognition (criteria idcnlical to those in 

Experiment 1 A). These trials were excluded from further analyses. In 6,25% of trials 

(no difference across c o n d i t i o n s , 厂 = .07 to 1.49, all /?.‘�>’ participants produced a 

correcl homophonic response which was not consistent with the contextual morpheme. 

However, they indicated that they simply forgot how to write the intended character. 

Therefore, these responses were considered as correct. Tabic 3 presents ihc 
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pmporlion of gales needed for correct recognition and I he (distribution of error types 

across the four conditions tor the remaining dala. 

Table 3. Mean proportion of eatcs for recognition and types of error in Fixpcrimcnl I U. 
- I - X . . 一 — - hm •• I • , • - 丄 一 • • — ^ ― — — • •‘ 

. ‘ sr) m ss i》s 
[ ) 'Vo\t>|^atciJCeclcd tor recognition 44.77 43.S2 44.90 47.39 

No-sharing 0.21 ().()() ‘ ( ) . ( ) ( ) 0.21 

Onset-sharing 0.42 0.42 ().S3 0.42 

Rime-sharing 0.42 0.00 ().()() 0.21 

Syllable-sharing 0.21 0.21 I.X8 1.04 

lone-sharing 0.00 ().(M) 0.00 ().()() 

Onset-plus-tone-sharing ().(M) 0.62 ().()() 0.21 

R imc^p^fis-lonc-sharing 1.04 0.21 0.21 0.21 

Note: SD = succeeded context-dominant meaning; SS = succcedcci context-
subordinalc meaning, PD = preceded context-dominant meaning, PS = preceded 
context-subordinate meaning. 

Similar lo Experiment I A，participants could identify the target syllabic with 

only partial information. Although correct identification was apparently faster when 

context was available (mean proportion of gate for recognition = 66.38% and 44.69% 

for Experiments 1A and 1B respectively), we would not elaborate on this further 

because the two cxpcrimcnls employed differenl stimuli. Yel, it should be noted lhal 

facililatory context effect on spoken word recognition has been documented in similar 

gating experiments (e.g., Groscjan, 1980). * 

Furthermore, ihcrc were no significant differences among the four conditions 

< 1, all n.s). In other words, in the present gating experiment, the mere 

presence of a morphcmic context could facilitate recognition, regardless of whether 

the context was available early or late, and whether the more frequcnl or the less 
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tVcqucnl meaning was to be retrieved. This pa 11 cm sccnis lo fil well with ihc scleclivc 

access niocicl of ambiguity resolution (Simpson, 1 1 ; Tabossi, I9S8) which assumes 

an absolute influence by context. In contrast, it is inconsistent with models that 

includc eft eels of meaning frequency such as ordered access model (Hogaboam & 

Pcrfciti, 1 )̂75) and reordered access model (Duffy ol al., I鴨；Scrcno c( al., 2006). 

However, the pattern might be atlribulcci solely u> ihc loose lime conslrainl of 

responding in a gating task. Wc will return to this issue in Kxpcrimcnl 3. 

I hc overall error rate of lixporiment 1 B (8.%%) was much lower than lhal in 

B X peri men t IA (33.70%, /(41 > = 4.16, p <�.01). Also, there were no significanl 

differences across conditions (Fs^jg, = .02 lo 1.28, all n.s). These results again 

supported the mere prcscncc of context was enough lo facilitate syllabic recognition 

in gating experiments (Cirosjcan, 1980; 1985). Furthermore, comparing ihc 

distributions of error types across Experiment 1A and I B，il is obvious that I he largest 

discrepancy lies on the amount of tonal errors (Figure 3). Indeed, the inlcradion 

between experiment and lypc of errors was highly significant (尸…，246) = 5.26, MSE = 

67.74，尸 < .01). Post-hoc pairwise comparison suggested lhal only ihc proportion of 

tonal errors differed across experiments “(4" = 3.(M), p < .(K)l). Therefore, in contrast 

to Experiment 1 A, tone was actually quite constraining in Experiment 1B. 

Interestingly, in a recent experiment, Schirmcr ct al. (2()()5) discovered that when 

prior context was available, lexical lone could be as constraining as segmental 

information (rime) in lexical activation. In their experiment, participants heard a 

series of scnlencc and completed a congruity judgment. In some sentences, a corrcci 

monosyllabic word (e.g., /beng6/;病；illness) was replaced by a mismatched word. 

Results indicated that a lone-mismatch word (e.g., /bcng2/; gjf; biscuit; when the 

actual target was) produced an N400 of comparable size and latency lo the one 
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gcncralcd by a rime-mismatch woi\\ (e.g., /bou6/; slcp) in sciilcncc comprehension. 

I hcrcforc, Chinese speakers appeared lo be sensitive lo lexical tone in context 

(Bxpcrimcnt I B; Schirnier ct al., 2005) but not when the stimuli were prcscnlcci in 

isolation (Experiment 1 A; Cutler & Chen, 1997). • 

igurc 3. Distribution of types of errors in Rxperimcnl I A and Kxpcrimcnt 1 B. 
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Inspecting the candidate words participants generated before they reached I he 

final answers indicated that the faster convergence in Experiment 1B was not simply 

due to expectation of the target based on the contextual morpheme given. If they did, 

all their responses would have fit the context very well. This was not the case, 

however. Rather, resembling I he pattern in Experiment I A，participants produced 

many onset-shared candidates when limited information was given. For instance, 

participants produced candidates such as /luk6/ and /iaap6/ before the corrccl 

identificalion /laam$/, even though they could not combine meaningfully with I he 

context (sec Tyler, 19S4 for similar findings). However, participants needed less 

information for correct identification in Expcrimcnl 1 A, showing that context might 

act to speed up candidate convergence. In other words, under I he present gating 
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procedure, boUom-up acoustic signal coopcralcd with top-down conlcxlual bias to 

constrain Icxical activation (see Chrislianscn & Cliater, I ()()(); (laskcll & Marslen-

Wilson, 2(M)1 lor theoretical significance for such cooperation). 

4.3 Summary of K x peri men t I 

In two gating experiments, vvc successfully replicated in our Chinese speakers 

major findings of speech recognition observed in Indo-European languages with 

similar methodologies. First, partial information (about 50 to 6()'Vo of lota! acoustic 
» 

inputs) would be sufficient for corrcct recognition. In addition, before successful 

recognition, they generated candidales llial til the acoustic in formal ion available so far 

(i.e., onset-fit words). This illustrated that Chinese speakers also conform to I he basic 

principle of "active" speech processing: People will nol jusl sit and wait until all 

speech signals arc available (e.g., Allopcnna ct al.，1998; (jrosjcan, 1980). Rather, 

I hey actively generate possible hypothetical words based on what they have and test 

these hypotheses against the incoming in formal ion. This continuous or incremental 

processing appears lo be a universal characteristic of spcech perception. After all, 

given the limited capacity of short term memory (e.g.. Miller's magical number seven, 

1956), it would be highly risky to hold a copy of the spcech signal and delay 

immcdialc processing. Also, in ihc acoustic signal there is actually no dear syllabic 

boundary. It is thus not obvious when listeners can stop waiting and start processing. 

A more active processing dynamics may therefore be the more efficient alternative lo 

passive wailing. 

Second, in both Experimcnls 1A and 1B, our participants did not commit 

whole-syllable errors significantly more. In contrast, analyses on the distribution of 

error types suggested that most of ihc time, the errors made would share either onset 
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or rime wilh the actual target. Moreover, llic profile ot candidate generation be lore 

coiTccl recognition also indicated sensitivity lo word onsets. These data converged on 

the significant role of subsyllabic unit in Chinese speech perception, despite the 

observed prominence of syllabic unit in Chinese reading acquisition (Cheung cl al., 

2(M)1; McBridc-Chang ct al., 2004) and Chinese speech production (Chen, 2()()(); Chen 

ct al., 2002). Actually, latest finding (Wong & Chen, 2008) also supported ihc role of 

subsyllabic units such as rime in Chinese speech production. It is unclear why such 

discrepancy exists; tasks, materials, and procedure probably jointly contribute. In any 

case, it seems that the role of subsyllabic unit should nol be overlooked in studying 
\ 

Chinese spccch processing. �� 

On the other hand, it is also unlikely lhat syllable is completely irrelevant lo 

Chinese speech perception because there were more errors sharing the whole syllabic 

(onsel-plus-rime; i.e., tonal errors) than the sum of errors sharing onset (i.e., rimc-

plus-tonc errors) or rime alone (i.e., onsct-plus-rime errors; sec Experiment I A). This 

interactive nature supported a role of syllabic unit over and above subsyllabic ones. 

In other words, both syllabic and subsyllabic representations exist in processing 

Chinese spccch. 

Finally, while lexical tone is a distinctive feature in Chinese spccch thai helps 

disambiguate between otherwise identical syllables (e.g., /bou 1 / and /bou3/), its 

functional role seems lo be qualitatively different from lhat of segmental units like 

onset and rime. Such a conclusion is inconsistent wilh Sum (2003)，in which a 

primed auditory lexical decision task was used. In the present experiment, Cantonese 

speakers did nol appear to use lone to generate possible candidates before corrccl 

idemification like they did with onset. Moreover, without context, lexical lone could 

only play minimal role in constraining lexical access, whereas onset and rime were 
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Still Highly etTcclivc cues (txperimcnl 1 A). Indeed, ihcre were a large amouiil of lone 

errors. Also, the di fferencc between proporlions of onset-error and onsel-plus-tone 

error, and lhal between rime-error and rime-plus-—tone error, were not statistically 

significant. 

Y d , we cannot completely dismiss the role of lexical tone in Chinese spccch 

perception because when context was available, it became as important as segmental 

information (Experiment IB: Brown-Schmidl & Cmiseco-Gon/alez, 2004; Schirmcr 

cl al., 2005; Yc & Coniiine, 1999). Given that fundamental frequency of speech (FO, 

the physical realization of Icxical lone) varies according to gender, age, and/or 

emotion, generating candidates based on the perceived pitch level is likely to be 

misleading, especially when there are not enough acoustic context available for 

normalization (e.g., Moore & Jongman，1997; Peng, 1997). Therefore, wc speculate 

that lexical tone is playing less a generative role and more as a selective bias in Ihe 

dynamics of Chinese speech perception: When enough contextual information is 

available, it acts as a secondary source of constraints to eliminate candidates that fit 

ihe segments but violate the tonal envelop required by context. 

It should be noted that the successive presentation procedure adopted in the 

present gating experiments might have produced a conservative estimate of the 

recognition point (Walley, Michcla, & Wood, 1995). Yet，this will simply reinforce 

our proposal that partial information is sufficient for successful recognition. Also, the 

conclusions based on error types and candidates generation are independent to the 

estimation of recognition point. Therefore, the particular presentation parameters 

used here arc unlikely lo conlribule to the effects observed. On the other hand, given 

that participants were asked lo pause and write down their responses after hearing 

each segment, the gating procedure itself appears to encourage post-access processing 
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and response strategies (but see (irosjean, for counter-arguments). Specifically, 

participants may be more sensitive lo word onset because il has been presented 

repeatedly with increasing segment sizes. Also, ihc long lag between hearing the 

segment and deadline of responding could have allow participants to resolve 

ambiguity completely before writing down their responses, thus masking I he more 

dynamical details of I he resolution process. (Jiven these concerns, it is desirable lo 

rcplicate Experiment 1 with a more natural，sensitive, and online paradigm. In 

Experiments 2 and 3, we studied the same issues addressed in Experiment 1 with the 

recently developed visual-world paradigm (Tanenhaus & Spivey-Knowlton, 1996; 

Tancnhaus el al., 
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Chapter 5 

Kxperiment 2 - Fundamental units in Chinese speech comprehension 

Three experiments employing the visual-world paradigm were conducted to 

provide a detailed account about the fundamental processing units in spoken Chinese. 

In particular, we first tested the psychological significance of various hypothetical 

linguistic units such as onset, rime, tone, and syllable in Chinese speech perception 

(Experiment 2 A). Next, given the special role of word onset as hypothesized in 

different models of speech processing, we focused more specifically on the role of 

onset in Experiment 2B and 2C. Data gathered in these experiments would create the 

basis on which formal models of Chinese speech comprehension was constructed. 

5.1 Experiment 2 A — the role of onset, rime, syllable, and tone 

Experiment ？ s e r v e d as a rigorous lest for the relative importance of onset, 

rime, syllable, and tone in Chinese speech perception. Although in Experiment 1, we 

demonstrated that both onset and syllable were important units, while the role of rime 

and tone appeared to be unstable and secondary, the controversies over the validity of 

the gating paradigm precluded a strong conclusion on the issue. To gather additional 

data ^n the basic processing units in Chinese speech, we presented participants with 
• » -

the same monosyllabic words used in Experiment 1A and simultaneously tracked 
I 

their eye-movements over several pictures. Actually, a previous study by Allopenna 

et al. (1998) showed that the visual-world paradigm could detect robust effects due to 

rime-sharing, while gating was only sensitive to word onset. Given thai the acoustic 

details of rime and tone were available at a similar time point, visual-world might 

well be more sensitive to tone-sharing than the conventional gating procedure. 
f 

Therefore, we might be able to observe candidate generations based not only on onset 
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and syllabic, but also on rime and tone in Chinese speech perception with the more 

sensitive visual-world paradigm. In other words, as participants heard the target 

monosyllables and decided whether a concurrent visual display contained the 

presented word, we cxpcctcd lo see more fixations on the competitors that shared 

onset, rime, syllabic, or tone with the target than distraclcrs that shared nothing, which 

indicated that these competitor candidates were activated and considered during ihc 

course of spoken word recognition. 

.5. /. I Participants 
} 

r 

Thirty-two undergraduates {12 males) in The Chinese University of Hong 

Kong participated in the expcTimenl. Alj^if them were native Cantonese speakers 

with no known hearing-deficits and had normal or correct-to-normal vision. None of 

them had participated in the previous experiments and pilot tests. They were paid $50 

for participation. Informed consent was obtained and full debriefing was delivered 

after the experiment. 

* 

5.1.2 Materials and Design 

Materials used in Experiment 2A were identical to those in Experiment 1A 

(see Appendix A). Specifically, each of the 24 target monosyllables (e.g., /bou3/) 

formed four conditions by pairing with an onset-shared competitor (O condition; e.g., 

/buil /), a rime-shared competitor (R condition; e.g., /dou I /), a syllable-shared 

competitor (S condition; e.g., /boul/), and a lone-shared competitor (T condition; e.g., 

/coi3/), creating a total of 96 experimental trials. Each trial contained a target, one of 

its competitors and an unrelated control dislracter, which was actually taken from ihe 

competitors of other targets, shown on a visual display. For instance, one valid 
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experimental trial would include I he target bou3/, the onset-competitor /bui 1 and the 

unrelated distracter duu2/ (which was the onset-shared distraclcr for the largel /dc)u6/). 

Also, there were no orthographic or semantic relationships among the thrv^c items. 

Other triplets of items were created similarly so that each largel formed / m i s with all 
J 

/ 

competitors in its set. In addition, another set of 24 items was created with ihe same 

composition of conditions. However, the auditory largel in these trials could not be 

found in the vijiljal display (e.g., the syllable ting4 was presented for a visual display 

containing min6\ muk6/, and /wong4 , noticed that there was onset-sharing between 

two of the items). These trials served as fillers which required “no” responses in the 

target detection task. 

Objects shown in the visual display were simple line drawings obtained from 

the picture database in our laboratory or by searching in the Google Image Database 

(2(X)7). Each display contained the three objects in a triplet arranged in either v-shapc 

or inverted v-shapc (see Figure 4). The target object appeared equally often in each of 

ihe three positions. 

igure 4. A sample display used in the present visual-world experiments. 

Becausc the same target was paired with four different conditions, to avoid 

target repetition, the 96 experimental trials were divided into four lists. Within a list, 
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cach largel and its corresponding compclitors/distracters appeared only oncc. There 

were 6 trials for each condition in one list. Across lists, I he same largel was paired 

with all conditions and each competitor distraclcr appeared twice. The same set of 24 

fillers was added lo the experimental items, resulting in 48 trials in cach list. Finally, 

eight practice trials were prepared to acquaint participants with the procedure. 

5.1.S Proccdurt' 

Participants were tcsled individually in a sound-proof roDm. They were seated 

aboul 5(km from the computer screen. At this distance, cach picture on the visual 

display was within the size of 9° X and the inter-center distance between pictures 

was about 20°. Participants' eye-movements were recorded by the Eyclink 1 (KM) 

Desktop System (SR Research, Canada) with a sampling rate of l(KK)Hz. Viewing 

was binocular but we recorded fixation position of the right eye only. A chin-rest was 

used to minimize head movements. The standard nine-point calibration procedure 

was conducted to ensure ihc accuracy of fixation recording lo be within 0.5°. 

Each participant was assigned randomly to one experimental list (eight 

participants for each list). They were told that in each trial, a central fixation point 

would appear (for drift correction). After they established stable fixation on that point, 

they would be presented with a Cantonese monosyllabic word via speaker and a 

visual display containing three objects on the LCD monitor simultaneously. The ‘ 

visual display would remain on the screen until participants responded or after three 

seconds had passed (trial time-out). Participants were asked to decide whether the 

target word they heard was dcpicled by one of the objects on the screen by pressing 

corresponding keys on a gamepad connected lo the Eyelink system. Their eye-

movemcnis and responses would be recorded as they searched through the display. 
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Before ihc ex peri menial list, participants were given eight practice trials with 

materials not used in ihc actual cxpcrimcnl. Clarifications and additional practices 

were delivered upon request. After that, the 48 experimental trials were prcscnlcd 

randomly. Slimuli presentation and recording were controlled by the fixpcrimcnt 

Builder prov ided by SR Research. Participants' fixation accuracy was chccked every 

trial when the fixation point was shown. Re-calibration was conducted if needed. 

The whole experiment look about 20 minutes. 

5.1.4 Results and Discussion • 

Trials with incorrect responses or without responses within three seconds were 

coded as errors and eliminated from further analyses (11.33%). Trials in which 

responses were made without having fixated on the target were also discarded (1.04%) 

because it was unclear whether participants had really found the target with peripheral 

vision or they had misinterpreted the spoken syllable. Table 4 presents Ihc mean 

reaction times (standard deviations) and error ralCvS of target detection as a function of 

competitor conditiorfs. 

Tabic 4. Mean reaction times and error rates (standard deviations in parentheses) of 
target detection in Experiment 2A. 

Condition Reaction time (ms) Error rale {%) 

Onset-sharing 

Rimc-sharing 

Syllable-sharing 

Tone-sharing 

1516(253) 

1474(1%) 

t509(246) 

1389(2(K)) 

13.2 (11.0) 

6.3 (11.8) 

14.2(13.4) 

12 .2(8 .8 ) 

From Table 4 it is obvious that participants could recognize the target much 

easier than in Experiment 1 A. Identification seems to be particularly effortless in the 
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rimc-sharing condition (low error rate) and tone-sharing conciilion (fasl reaction lime). 

To verify these observations，one-way Repealed Measure ANOVA was conduclcd 

treating subject {FI) and item (F2) as random factor. Results indicated that I he four 

conditions differed significantly in reaction limes (厂v力= 4 . 6 8 , MS/: = 23220, p 

< .01 ； F2a r>Vi = 3.70, AfSE 二 36884, p < .05). Further pairwisc comparisons with 

LSD corrcclion suggested lhal the tliffcrcnce could mainly be attributed to faster 

reaction times in the tone-sharing condition =. 3.01, 2.71, 2.92 compared with 

onset-sharing, rimc-sharing, and syllable sharing conditions, all ps < .05; = 3.22, 

1.74, 2.30 compared wilh onset-sharing, rime-sharing,�and syllable sharing conditions, 

all ps < .1). There was also a significant difference in error rates across I he four 

conditions in subject analysis ( F / ^ =3.15, AfS/t = ().()13, p < .05; F2,i,,…二 1.37, 

MSE = 0.021, n.s.). Rimc-sharing condition had the lowest error rale compared wilh 

other conditions (t“川=2.29 to 2.55, all ps < .05). 

Next, in each condition, wc computed the mean fixation proportions towards 

the target, competitor, and distracter pictures over 100 ms lime windows from 0ms to 

1500ms after trial start. The results are presented in Figures 5 A lo 5【）. Imporlanl 

similarities across conditions emerge when inspecting the four figures. First, well 

before 15(K)ms (roughly the grand mean reaction time), participants were looking at 

the target exclusively in all conditions. This conformed to the basic underlying 

assumption of visual-world paradigm lhal participants needed lo look at the target 

before rcspomiing. Sccond, consistent wilh other visual-world studies, it look about 

150 ms to 2(K) ms to plan and execute saccades lo any pictures on the display. Third, 

there was a period of^onfusion (looking at ail pictures) before being able to fixate on 

the target unambiguously. 
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igure.5A. Fixation proportion over time for the onset-sharing competitor condition. 
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Figure 5B. Fixation proportion over time for the rime-sharing competitor condition. 
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igure 5C. Fixation proportion over lime tor the syllable-sharing competitor condition. 

-igure 5D. Fixation proportion over time for the lone-sharing competitor condition. 
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A closer inspection in the course of target fixations reveals dear diftcrcnccs 

across conditions. For the tone-sharing competitor condition, the period of confusion 
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was \ cry hnct. Kixalion proporljon towards the actual large! slarlcd rising 

monolonically al about 3(M) iiis a tier word onset and readied a plateau ai aboiU 700 

ms. In coiilrasl, the other coiuiilions had ihc targel fixalion increased a I 4(M)nis and 

I he plateau rcachcd at much lalcr (SOO ins lo 1(M)() ms). Moreover, I he rimc-sharing 

competitors appeared to be fixated more wilhin a lime window 500 ms lo 900 ms. 

Similarly, the syllable-sharing competitors were also fixated more from 300 ms lo ()0<) 

ms. It should also he noted thut in I he onscl-shariiig condition, I he unrelated conlix)! 

(Jislraclcrs were receiving more fixations initially. 

Jo verify the above mentioned observation with statistical analyses, wc 

col lapsed the fixalion proportions on different pictures from 201 ms lo ()00 ms lo 

represent ihc time wiiiciow of target syllables (2()() ms for saccadc planning and 

cxcculion; mean largcl syllabic (Juration roughly equal to 700 ms). Wc also included 

a more fine-grained analysis by separating the whole syllabic time window into Iwo 

parts (first part: 201 ms — 5(K) ms; second part: 501 ms — ()0() ms). I hc mean fixation 

proportions (standard deviations) of the four conditions in diffcreni lime windows arc 

presented in Table 5. 

Statistical analyses confirmed the observation. Repealed Measure ANOVAs 

treating competitor condition and picture of fixation as two independent variables 

revealed robust interactions between the Iwo factors in 201 - 9(M) m s � F I胸 二（).7(), 

\fSF = 77.%, p <.01; F2 …�Hs>-4.14, MSE 二 126.97, f ) < .01), in 201 - 500 ms (/•，/",. 

= 7.()S, MSE = 164.24, p < .01; F2 …‘ /<,v； = I.IS, MSP： = 124.76, n.s.), and 501 -

9()()ms (Ff …,IS…-8.71, MSE = 151.49, /; <.01; = 4.1 5，MSf： : 269.50, p 

< .01). A series of one-way ANOVAs was ihcn conduclcd compare the fixation 

proportions on the different pictures in cach condition and cach lime window. 
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Onset-sharing compvtitor comiition. One-way AN()VAs revealed a sigiiificanl 

picturc type main ctTcct within 201 5(K) nis {h i,： ：̂, 二 3.73, MSE = I 35.45, /, < .05; 

h 2i：仇、1). Contra 17 to our cxpcclation, however, parlicipanls fixatcti on the 

unrelated dislraclcr more oTlen lhan the onscl-sharing competitor ( " " / , = 2.56, p 

.05); i>thcr ciitTerciiccs were not significant. Wilhin 501 一 MOO nis, ihcrc was again a 

pjclure type mam ctTcct ( / • ’ / , :《：, : 1 1 , AfS/: - 200.42, /, < .001 ；厂二仆,=17.6S, 

i/S/： : 747.54. /> < .01). I hcrc were more fixations on the target picturc than both the 

competitor and distraclcr (all " s .01). For the whole lime wimimv 201 - ”00 ins, 

again ihc piciurc ctTcct was significanl (/' /,： <：, = 72.73, \/SF = , /) < .001 ； F2,： 

= 7.35, MSE = 570.75, p .01). Pairuisc comparisons indicated that there were 

more fixations on target than compclilor and dislraclcr (all />s < .01). I here were also 

more fixations on dislraclcr than competitor in subject analysis ( t I…,~ 3.10, p < .01). 

Rinw-sharin^ < ompctilor i on J it ion. Analyses revealed no significanl picture type 

cffecl wilhin 201 — 5(K) ms (F/,：, t,：, = 0.69; /•«?“’• •/…0.10). In contrast, there was a 

robust piciurc lypc effect wilhin 501 - M(M) m s � F ! , : , = 142.11, MSE = 117.75, /; 

< .(K)l; F2(:’ = 35.67, \1SE = 354.07, p < .01). Pairwisc comparisons indicalcd thai 

the fixation proportion on targets higher than that on competitors (all ps <.()!) which 

was in turn higher than lhal on dislraclcrs ifI,M, = 3.50, p < .01; t2i:.i> = 2.09 p < .05). 

Finally, the picturc lypc main effect was also significanl tor I he overall window 201 一 

m) ms (Fl,： o = 74.22, 65.86, p < .OOl; F2u\ 46, = 7.X3, MSF. 二 453.80, /; 

< .01). Participants fixated more on largcl pictures lhan both the competitor and 

distracler pictures (all ps < .05). 



Ambiguily resolution in C hinese spccch 1 82 

Syllahli'-sharin^ competitor conJition. I he fixation proporlii^n wilhin 201 — 500 ms 

showed a significanl pic lure type ctTccl {hi,： 二- 4.86, MSE -- 205.6^), p < .05; F2,: 

仆 , � I ) . in this early lime window, bolh I he largcl and the compel ilor liad already 

been tlxaicd significantly more than the unrelated control ( " s = 2.54 and 2.36 

respectively，bolh /，s�.OS). The piclurc lypc was further amplified in ihc later 

lime window 501 - ‘)00 ins {Fl,：, ,•：, = 5S.76, MSE = 242.36, p < .001; F2,：扑,二 1 7.61, 

！USE - 491.45. p - .01). Target pictures were fixated significantly more than 

conipclilors (all /)s < .05), which were in I urn fixated more than dislraclcrs (il,.{i, 二 

4.71，/) < .01 ； ： 2.53,1) < .05). Finally, wilhin the whole time window 201 - 900 

ins, a significanl picture lypc etTccl was observed (厂/“: <：, - 47.05, MSF = 107.35, p 

< .(K)l; F2,: 4f�> : 7.32, MSE : 407.58, p < .01). Participants fixated more on ihc 

targets than on ihc competitors ( " … , = 8 . 9 8 , p < .01: /二？= 3.98, /) < .01). I lowever, 

the difference between competitor and distracter fixations was only significanl in the 

subject analysis = 4.62, p <.()!; = 1.60, n.s.). 

Tone-sharing conij^ctitor con Ji I ion. There was a significanl piclurc lypc main cfYcct 

wilhin 201 — 5(K) ms in the subjcct analysis (尸/“’, 6：；= 19.49, MSf:= 16().()8，/) < .01). 

I hc target was fixalcd significanlly more than bolh competitors and dislraclcrs (all ps 

< .05), which did nol differ by themselves. For ihc later lime window 501 — ‘)(K) ms, 

Ihc piclurc type effccl was robust {Fl(： .<：； = I 87.86, MSE = 169.66, p < .001; F2,：仆, 

= 1 9，X f S E = 412.1 < .01). Again, the target was fixated significantly more 

than bolh cympctilors and dislraclcrs (all ps < .05). Exactly the same pattern could be 

observed when the whole 201 — 9(M) ms lime window was considered: Overall picturc 

type ctTecl was significant o = 163.88, MSE 二 74.43, p < .001 ； F2“�. = 22.37, 
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A/.S7； - 3S8.73, /> < .01), with ihc clitTcrcncc attributable lo higher fixation proportion 

on I he target pictures than I he other iwo pictures (all /，s < .01). 

l ahlc 6 presents a brief summary of the fixation proportions on targets, 

competitors, and dislraclcrs within ditfcrcnl lime windows tor each Condition. I hc 

most notable finding is that ii^thc lone-compclitor condilion, ^artitipanls could start 

fixaling on ihc acUial largel in the early time window of 201 - 50 0ms. In contrast, in 

ail other conditions, there was a relatively long period of uncertainty in which 

participants looked ai various pictures before making a strong commitment over any 

objcct. Such discrepancy seems lo be consistent with the results in Ex peri men I 1 A in 

suggesting thai lexical lone is not involved in candidate general ion. In other words, 

the tone-compctilor was not activated due to its tone-sharing with ihc target. As its 

activation level remained low, it would not be confused with the target and interfere 

with target fixations. F urthermore, the fast convergence of eye fixations on the largcl 

in this condition supported Ihe incremental nature of speech perception in Cantonese. 

Participants could rapidly integrate ihc acoustic signals received and came up with 

hypothetical candidates. As long as a specific candidate incl other response 

constraints (the visual display in the present study), it could create a response bias 

(recognition based on partial information) accordingly. 

Table 6. Summary of (Jiffcrcnces in fixation proportion across conditions. 
Condition 20 丨 一 5(K) ms 50 丨—9(K) ms 20 丨-()00 ms 

Onscl-sharing D - T > C * ， T � C = D T > D > C 

Rime-sharing T = C = D T > C > I) T > C = D 

Syllable-sharing T = C > I) T > C > D T > C > 1) 

Tone-sharing T > C = D T > C = D T > C = D 
Nolo: T = target fixation proportion; C 二 compelilor fixation proportion;『）二 
unrelated distracter fixation proportion; * = only the difference between dislraclcr and 
competitor reached significance. 
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I or I he rimc-sharing condition, initially parlicipanls were iiol sure about which 

picture would be ihc target before they finally gather enough in formal ion to rccogni/c 

I he actual largel, a patlcni lhat fit quite well with the results in galing. More 

imporlanlly, however, in this condition ihere were more compclilor fixations than 

disiraclcr fixations in the laic time window (501 - 900 ms). Participanls were 

sensitive lo the later portion ot the target words and used il to activate rime-malchcd 

candidates. The high activ ation of competitor words was then translated into a 

stronger bias of eye ga/.e towards them than towards the corresponding dislraclcrs. 

Result ot this condition not only supported the greater sensitivity lo rime in I he visual-

world paradigm lhan in gating (Allopcnna cl al., 1998), it also suggested that, given 

appropriate cxpcrimcnlal procedure, Cantonese speakers could respond based on 
% 

subsyllabic information. 

Again, the ability to utilize the subsyllabic rime did not imply thai syllabic 

played no role in Chinese speech perception. It is clear from Table 6 lhal unlike ihc 

rimc-sharing condition, which showed more competitor fixations only in the later time 

window, competitor fixation proportions were in general higher lhan the unrelated 

dislraclcrs (201 - 9(K) ms) in the syllabic-sharing condilion. Even in the early lime 

window (201 - 500 ms), ihc competitors were already fixaled significantly more than 

ihc dislraclcrs. Actually, I hey were as active as ihe real targets. In other words, 

contrary to I he complclc initial confusion in rimc-sharing, parlicipanls could very 

quickly isolate the corrcct syllable and separate it from other totally mismatched 

words. However, since there was a lolal segmental overlap between targets and 

competitors, participants needed more time lo gather subtle acoustic information 

(probably including lexical lone) before arriving at the corrcct inlcrprctalion finally. 

The general pallcrn of high compclilor fixations in ihis condilion was thus consistent 
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with Experiment IA in supporting the cxistcncc of independent syllabic ctYccls 

beyond ihc subsyllabic ones^. 

On the other hand, not all results in the present experiment were equally 

intcrprelable. The most unexpected finding was the observation of high distrainer 

fixations in the onset-sharing condition. In both the early (201 — 5(K)ms) and the 

overall (201 — (X)Oms) time window, there were significantly more fixations on the 

unrelated distracters than on the onset-sharing competitors. We also tested whether 

the slight elevation of fixation proportion on onset competitor within 901 - 12()()ms 

was significant (see Figure 5A). Unfortunately, il was not (both ps > A ). Following 

the same linking hypothesis as before, we were forced to conclude thai distracters 

were more highly activated than the corresponding competitors广 This was odd 

because distracters should be total mismatches to the speech signal. Furthemktr^^^ 

these results seems particularly unusual given the strong onset effect in candidatje 
• I 

generation in Experiment 1A and in previous studies using Indo-European languages 

(e.g., Allopenna et al.，1998; Marslen-Wilson & Zwitserlood，1989). They were also 

inconsistent with the rapid convergence on targets over distracters in jhe syllable-

sharing and tone-sharing conditions in the present experiment. 
% 法 

One possibility for such unexpected finding is that the onset-sharing was too 

brief in most of our materials. Its facilitation on competitor activation was therefore 

very small and could be easily overridden by quick negative feedback from later 

phonemes. Support for this proposal came from the visual-world study by Allopenna 

et al. (1998), who actually defined onset-sharing as overlapping of the whole initial 
* One possible concern here is that our participants were mistaking the competitor as the actual target. 
T w o observations argue against this possibility. First, target fixation was still the highest, indicating 
that participants could recognize the target. Second, we would cxpcct much lower miss (error) rate if 
competitors were mistaken as tat^gct. This was not the case, however, as Table 3 shows. 
9 It should be noted that the high fixation on distractcrs was irrelevant to uncontrolled picture properties 
because the same distractcr was the competitor in another trial. Its "attractivei^s" was thus balanced 
across conditions. , * 
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syllable (e.g., "bcakcf ' and "beetle" share the entire first syllabic). In their study. 

Strong onset-competitor activation could be observed over a 6()()nis time window. In 

order to provide more information about how onsel-sharing affect Chinese speech 

perception through candidate generation and selection, wc conducted Expcrimenl 2B 

with materials that should maximize the chance of observing onset-sharing effects. 

5.2 Experiment 2B - a deeper look to fhe role of word onset 

The primary goal of Experiment 2B was to investigate more deeply the role of 

onset in Chinese spccch perception. To be specific, we tested whether the absence of 

competitor activation over distracter in the onsel-sharing condition (Experiment 2A) 

could be attributed to the limited phonemic overlapping (a single initial phoneme) 

between the target and competitor. To achieve this goal, wc explicitly manipulated 

the degree of initial phoneme overlapping between the targets and its corresponding 
» 

competitors. In the present experiment, we compared the aclivalion of three types of 
\ 

competitor^ namely the onset-sharing condition, the onset-plus-sharing condition, 
) 

and the embedded word condition. While the onset condition again shared only a 

single phoneme with the target, the latter two conditions had larger overlapping with 

the target. For instance, /caai4/ (柴；firewood; onset-plus) and /caa4/ (茶；tea; 

embedded word) shared two phonemes with the target /caau4/ (災；nest). If the 

degree of phoneme overlapping really matters, we would observe more fixations on 

competitors than distracters in the onset-plus and embedded word conditions. 
f 

Experiment 2B also served the secondary goal in providing empirical data on 

how fully embedded words were recognized in Chinese speech. Answer to this 

question is not quite straight forward (Grosjean, 1985; Salvcrda, Dahan, & McQueen, 

2003). In principle, the isolation point of an embedded word should locate after its 
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word offset bccausc by definilion, I here is always another word thai shares all 

phoncmic conleni with it (e.g., /caa4/ was totally nested within/caau4/). With this in 

mind, a reasonable expectation is that recognition of embedded words should be 

delayed. Yd, some previous studies (e.g., Davis, Marslcn-WiUon, & (laskell, 2002; 
r 
V 

Salverda ct al., 2(M)3) showed the contrary: An embccldcci word could indeed be i 

rccogni/cd very quickly. Research on this topic has the important potential of 

informing how participants could successfully segment a particular word from the 

continuous speech stream. Virtually nothing about this was done in Chinese despite 

the presence of heavy word nesting (e.g., W:; smoke was embedded in Wife ash, 
which was in turn embedded m I^Miilil ; ashtray). The present experiment inlcnded to 

provide preliminary dalajon this issue. 

5.2.1 Participants 

Twenty undergraduates (eight males) irN4T^^Chinese University of Hong 

Kong were recruited for this experiment. They were paid $50 for participation. All 

of them were native Cantonese speakers, reported no hearing deficits and had normal 

or correcled-lo-normal vision. None of them had participated in the previous 

experiments. Informed consent was obtained and full debriefing was delivered after 

experiment. 

5.2.2 Materials and Design 

Eighteen target monosyllables were prepared for Experiment 2B. Although 

we tried to pair each target syllable with competitors from all three conditions (onset, 

onset-plus, embedded), we failed because of the constraints in visual-world paradigm 

that all items should be concrete nouns. Therefore, each target could only be paired 
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With two conditions. I or example, the target caau4 could only be paired with the 

onset-plus competitor caai4/ and ihc embedded competitor /caa4\ while the target 

baau I could be paired with ihc onset competitor • bou 1 and embedded compctilor 

baa I . Items in a set also shared lone so any effect could only be atlribulecl to ihe 

degree of segmental shanng. In total, there were 12 items for each condition (sec 

Appendix C ). In addition, vvc prepared 12 filler trials which had the target sharing 

nmc or tone with the cimipctilor to decrease participants' awareness to manipulation 

of ihc initial phonemes. Furthermore, there were 30 trials requiring “no,，responses in 

the target detection task. Procedure for syllable recording and editing was identical to 
« 

previous experiments. Appendix C also shows the duration of target syllables for 

experimental items. 

The expcrimcnial trials were divided into two lists such thai each target 

appeared only once in each list. Within a list, there were six items for cach condition. 

And across lists, all target-compctilor pairs were presented. The same set of fillers 

(12 items) and “no” trials (30 items) were added to each list, resulting 60 items in 

一〜total . Visual displays were prepared in the same way as Ex peri men I 2 A. 

5.2. J Procedure 
» 

Participants were randomly assigned to experimental list until there were 10 

persons in each list. Procedure was identical to that in Experiment 2A. The whole 
r 

experiment lasted for about 20 minutes. 

5.2.4 Results and Discussion 

All responses were made after fixating at the target. Trials with incorrect 

responses or without responses within three seconds were coded as errors and 
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eliminated from further analyses (16.67%). lablc 7 presents the mean read ion limes 

(standard deviations) and error rates of target detection as a fund ion of compel Kor 

、 
conditions. The overall values were comparable to those in F:xpcrimcnt 2A. Despite 

the apparent longer reaction time and higher error rate in the onset-shanng condition, 

none of ihc ettect approached statistical significance (all > . I). In this sense, 

difficulty in target dclcclion was closcly malchcd across conditions. 

T abic 7. Mean reaction times and error rates (standard deviations in parentheses) of 
target dc tcc t i^ in Fxperimcnt 2B. 

Condition Reaction lime Ous) Error rale (%) 

Onset-sharing 1542 (216) 

Onset-plus-sharing 1518 (246) 

Embedded word 1442 (226) 

19.2(14.5) 

12.6(1 1.9) 

18.4(14.1) 

Again, wc plotted the fixation proportion over lime curves for each condition 

from 0ms to 1500 ms. We also collapsed the three competitor conditions lt> produce 

an "onset (all)" curve which resembled the unspecified onset-sharing condition in 

Fixperimcnl 2A. Figures 6A to 6D display these curves. The shape of the “average,, 

curve indeed fils quite well with Figure 5A. So we have successfully replicalcd the 

unexpected pattern in the previous experiment with a different set of materials. 

Next, we examined the data with rcfercncc to our hypotheses. Contrary to our 

expectation, sharing more word initial phonemes did not help much in boosting the 

activation level of competitors. Actually, in all time windows, there were no 

interactions between competitor condition and picture of fixation {尸 7 6 , = .32 to 

1.14; F2(4 f^�= .07 to .37)'*'. Yet, a closer inspection on the curves suggests some 

potential differences in competitor activation across conditions: In the late l ime� 

In the item analyscN of Fxpcrimcnt 2B, compctitw condition was treated as a between-item factor 
bccausc target-competitor pairing was incomplete . . 
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igure 6B. Fixation proportion over time for the onset-plus-^iaring condition. 
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window (501 一 明 X) ms), participants appeared to fix ale more on ihc embedded word 

competitors than on the unrelated dislracters. This competitor fixation was much 
t 

weaker in Ihc other two conditions. We pcrtbrmcd a series of one-way ANOVAs to 

further tesl the fixation proportion as a function of piclurc type in each condition and 

lime window. Tabic 8 presents the mean fixation proportions (standard deviations) iir 
« 

each condition. 

igure 6A, Fixation proportion over time for the onset-sharing .condition. 
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igurc 6C\ Fixation proportion over time for the embedded condition. 

4l*J SOO •flA) •WO _ 1100 IJOO iJWO 1400 IbOO 

Tuik； 

•igure 6D. Fixation proportion over time after collapsing the three conditions 
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(•%�("-‘�//‘""/�' nwipcuior i on JI n<tn. Witliin tlic linio window 201 >00 ins, oiic-v\ay 

A NOV As revealed a signiticaiil piclurc lypc main cttcct in subjccl analysis (h I,： ,•、， 

3.42, \fSI' 4S9.34, p .05; F2,： ：：, I). I'airw isc cotiiparisons suggested lhat 

iiislraclcrs wcrc fi\alcd nn>fc than Ci>mpcUlors UI… 3.76, p ^ .01 ); other 

JitYcrcnccs wcrc nol significant. VVilhin 501 M̂M) ms, there was again a piclurc 

ctTcvt {FI,： Î > 40, \fSf： 430.34,/; .01; f J,： 6.04, \fSH 5^)2.43,/^- .01). 

Willi iTK>iv fixalions on targets than on dislraclcrs { i 4 . 7 0 , p � .01 ； t2,iti 3.14, f) 

• .01) and on compclilors (//,/v, 4.62, p ^ .01; 2.1 5, p .054) .卜orlhewMe 

limc window 201 parlicipanis fixaled on targets (F/,； is, 7.()7, MSE : 

3S4.42, /> < .01; F2,： ：：, 2.22, n.s.) significantly more than on competitors UI,…> : 

3.45, f ) < .01) and marginally more ihan on dislraclcrs …：2.45,厂（.05). 

Onset-plus-shann^ ionipctitor i ami it ion. I here were no significanl dilTcrcnccs in 

201 - 5(K) ms {hi,：�：1.62; h2,： ：：,: 0.26). The superior target fixaliims emerged 

in 501 — m) ms(F/,：� 二 31.35, V/.S7: = p < .01; F2“�. ：：, 二 I 1.79, \fSE : 

47().X(), p < .01). Pairwisc comparisons showed that targcls were fixated more than 

both the competitors ami distractcrs (all "s < .05), which did not differ by themselves. 

The same pattern holds tor the whole limc window 201 - ()00 ms (F//： _{s> == 14.04, 

USE = 328.01, p < .01; n,： ：：, - 5.35, MS/： = 4(M).44, p < .05). The higher fixation 

proportion on targets over compclilors and dislraclcrs was also robust (ail "s .05). 

Emhvddt'd word compelhtn condition. The overall fixation pattern (201 — 9(M) ms) 
( 

was similar to the other iwo conditions (/-'/,：. = 30.01, MSE 二 94» l , p < .01; f'’2,二 

: 1 .83 . n.s. ) in showing significanlly more largcl fixations {ps < .01). Yd, the 

.de ta i l ed time coursc in the embedded condition appeared lo be quite unique: Kvcn 



Ninbigiiitv icsi>Uiiion m ( “…c�e vpccch�” 

ihougli in I he early iniic vv nulov\ pailicipaiUs again had lower fixation proportions 
者 

{Fl,； ‘、， h) ()4, \fSI： I (>(>, p ‘ ()l; h J,： 0.74, /?.>) on coiiipclilors lhan on 

targois or ciislraclcrs (/>s ‘ .01 ), there was a rupkl boost in competitor aclivution williin 

501 ms (‘/:/,�，〜2S MSI： 256.27./； Ol; F：,： ：：, 5.62, MSI： 
1 
v.. 

P ()5) In this lime v\ iruUnv, fixalion proportion ow large Is was higher tlian thai on 

ci>mpctiu)rs (//,/<>, 3.67, p � ()1). which in turn was higher than thai on unrelated 

山simctcrs .VI 7. p ^ .01; I »2, /> OS! ). In olhcr words, perhaps being 

delayed, hul I he cnihcdciccl \\ ords were really acl ival cd and considered in ihc 

canduiatc set during the course of rccogni/ing I he aMTespomiing target monosyllables. 

lahle 9 presents a bnct" summary i)t" I he tlxalion proportion on targets, 

ct>mpoliU>rs, and ciislraclcrs wiihin ditTcrent time wiiidmvs for cach condilion. Wc 

rcplicatcd I he lack ofcompclilor aclivaiion with onset sharing in l:\pcriincn( 2A. � 

()nsct alone is ihcrcforc not a particularly strong dclenninanl tor caiuiidalc generation 

in online (^hincsc spccch perception. Moreover, in general parlicipaiils performed 

quite similarly across the ihrcc conditions (201 - >̂(M) nis): I hey couki rcach the largct 

and fixalcd on it significantly more lhan other pictures before responding. I his might 

accounl tor the lack of interaction between condition and picture in ihc initial analysis, 

indicating lhal more phoneme overlapping did iK)t necessarily lead to overall stronger 
> 

competitor act ival ion. 

Table (入 Summary of ditTcrcnccs in fixation proportion across conditions. 

Condition 201 - 5(M) ms 501 - 9(K) ms 201 -明M> ms 

Onset-sharing ! ) - ! > ( ' * T>C = I) T > C = I) 

Onsct-plus-sharing - T ( = D 1 � C : I) T > ( -【） 

Embedded word I) : T >C T > ( � I ) I > ( I) 

Note: T = largcl tixalion proportion; (: = competitor fixation proportion: I) 二 

unrelated dislractcr fixation proportion; * = only the diffcrcncc between dislraclcr and 
compclilDF rcachcd significance'. 
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I li>\\c\cr. l(H>king more closcly inli) the temporal evolulion ot competitor 

n\atK>ns c\>uld reveal clTccls due to larger plu>ncnic cncrlapping. Although usually 

compcutors had li>\vcr. or at best, equal, fixaiion pioporlions lo the dislraclcrs, within 

>01 m�cmhcd i l cd words were actually more highly aclivc than ihc unrelated 

control Jisiractcrs. This riiuiing appeared to be consistent with previous studies 

show ing contusion hclwccn cinhoddcd luid earner words (e.g., Vroonicn & de (ickicr, 

IW7). It should he noleti lhal the cm bedded words did ik>1 have I he same rime as ihc 

aciual largcl (e.g., aa in 'caa4 bul aau/ in caau4 ), so aclivalion could not be 

rcduccd lo ihc niiic-ovcrlapping eicnionslralcd in hxpcrimonl 2H. Moreover, the fact 

lhal competitors were noi fixated more than dislraclcrs in the onscl-plus condition 

suggested that merely having more phoneme overlapping was insufficicnl lo be 

included in the candidalc scl. Rather, the complclc embedding allowed facilitation to 

accumulate without inhibition from mismatched phonemes (as in the onscl-plus eases). 

As a result, perhaps fully embedded words would have a bcllcr chance lo be incliuicd 

into the candidate set than the onset or onset-plus compclilors. I his also suggested 

lhat Chinese speakers might aciually be sensitive lo phoneme level processing in 

spccch pcrccption. 

Yet. wc still have to explain why the activation of embedded word in Chinese 

speech recognition was delayed rather lhan immediate (Salvcrda ct al., 2(M)3). There 

arc no readily available solutions to this question. After ail, given ihc iiicrcmcnlal 

nature of human spccch perception, existing models usually assume auditory inputs lo 

exert immediate intlucncc. When searching ihrough^hji litcralurc, wc noticcd thai 

there was a recent interest in studying how fine acoustic details influence spccch 

comprehension. Results generally supported a strong role of subphoncmic features： 
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}xulicipanls vvcrc highly scnsilivc U> subilc acDUslic vanalioiis m vt>vvcl length (Davis 

ct al., 2(H)2; SaKcrda el al.. 2()<)3), \oicc-onsct lime (McMurray, Aslin, I ancnhaus, 

Spivcy, & Subik, 2()()S), aiul phoneme idcniity (Marslcii-\V ilson & Warren, l‘)94>. Ii 

IS also wcll-cstahlishcd thai co-articulalu>n coukl alter the acoustic rcali/alioii ot"a 

spccific phoneme (e.g., in du vs. ''di ). I hcrctbrc, wc spcculatcd thai I he acoustic 

tonus ot the targets and ci>nipclili>rs used were actually rallicr ditYcrcnl. In this ease, 

perhaps ihc low aclivalion level ot ct^mpctilors could be allnhiilabic lo our 

participanls' scnsiliviiy to aa>uslic details. 

\ o lest vvhclhcr the acoustic reali/atioii ot the target was clitTcrciil tVoin tliat ol 

I he conipciitDr, vvc ohlaincd typical tokens of the syllables we used from an online 

database (htlp:； iuitiianiini.aiis.cuhk.edu.hk l,c\is lc\i-can ) and use l�raat (l^ocrsnia & 

Ween ink, 2(M)9) lo generate the spcclrograms for the initial 3()()ms of each syllabic. 

I hen wc prcscnlccl sidc-by-sicic ihc I wo spcclrograms of cach largct-compclilor pair 

lo 23 naive participants, who ralcti the similarity between ihc two items on a 6-point 

Likcrt scale (6 = very similar). Two rcprcscnlalivc sets of spcclrograms arc shown in 

Figures 7A and 7B. 1 he similarity ratings differed across the ihrcc condilions {F2,: ‘ � 

=13.2^>, p < .01). The similarity of onset-sharing condition (mean = 1.78, S.l). 二（}.5()> 

w as significantly lower than thai of onset-plus condition (mean = 3.33, S.l). = 0 .92," 

<.()!) and that of embedded word condition (mean 二3.50, S.D. = 1.1 I，/，< .01)' *. 

More importantly, wc divided the largcl-compclilor pairs inlo acoustically 

similar and acoustically dissimilar items (cutolTsimilarity = 4) and plotted the 

fixation proportion over lime curves separately. Only seven items were in the similar 

group. Wc cxpeeled the compclilors would be activated more strongly when they 

“I acknowledged that this priKcdurc was not optimal in compunng acou>tic similunly. A better 
procedure would be dircctly comparing the values of fbrmanls unci lonTiant traiiMlions. ctc. I lowcvcr, 
this was the best I could (k) under limited rcsourccs. And as wc will see. mcainngfiil duta emerged 
even with th»s sub-i>ptimal prt>ccdurc. 
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were sharing acousiic features vviih tlic targcls. The curves arc presented m I igurcs 

SA lo SB. 

Figure 7A. An item used in the spcctiogram rating I ask (similarity rating > 4). 

A B 

igurc 7B. An item used in the spectR>gram rating task (similarity rating < 4) 
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rigurc S 八 .卜 p r o p o r t i o n over time tor the acoustically similar items. 

•ur.h' illv , 

I . 1 1 

I ‘ .m卜.t"* _ 
r M̂.tl V I' M 

igurc. Fixation proportion over time for the acoustically dissimilar items 
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As cxpecletl, for the acoustically similar pairs, there was a long period in 

which the competitors were indiscriminablc from the targets. In contrast, ihe 

activation level for competitors was much lower than the targets throughout the whole 

lime window. Tabic 10 presents the mean fixation proportions (standard deviations) 

on each type of picture in different lime windows separated by acoustic similarity. 

Tabic 10. Mean fixation proportions (%) and standard deviations (in parentheses) 
separated by acoustic similarity. ‘ 

Acoustically similar 會 Acoustically dissimilar 

T C D T C D 

201 --500 ms 22.18 26.52 21.10 25.74 12.43 28.56 
201 --500 ms (19.93) (34.00) (26.49) (30.51) (20.71) • (28.96) 

501 -- 9 0 0 ms 49.80 34.24 12.18 53.11 23.69 17.79 
501 -- 9 0 0 ms (23.77) (28.35) ( 1 0 . 3 0 ) : ：广(22.69) (18.52) (14.18) 

201 -- 9 0 0 ms 37.96 30.93 16.00 41.38 18.86 22.40 
201 -- 9 0 0 ms (19.34) (24.99) (14.51) .(22.96) (14.45) (17.58) 
Note: T = Target picture; C = Competitor picture; D = Unrelated control distracler 
picture. 

Despite obvious difference between the two curves, the interactions between 

similarity and picture type on fixation proportion were not significant (all ps> A ). To 

be consistent with previous analyses, we also looked into the details for each 

individual curve. However, interpretations should be cautious because this post-hoc 

analysis was done on unbalanced items. 

> 

Acoustically similar condition. There was no early difference (201 - 500ms) in 

fixation proportions across the three types of pictures (F2c. /：；< 1), supporting the 

early confusion seen from the curve. In the late time window (501 - 900ms), the -

picture type effect was only marginally significant sj, = 3.42, MSE = 731.00, p 

=.067). The target pictures were fixated significantly more than the unrelated , 

distracters = 3.89, p < .05). However, the 22% different between competitors 
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and dislraclers was jusl approaching significance ( “ … = 1 . 7 5 , p = 0.13). Finally, no 

significant results were found in the overall time window (F2t：. i:>= 1.49). 

Acoustically dissimilar condition. The apparent differences in the early window 

I limed out to be non-significanl (Fl,：. i:, = 2.03, / ; > . ! ) . In the later lime window 

(501 - 9()()ms), the picture type effect was significant (F2,：.力二 19.82, MSE 二 523.78, 

p < .01). Targets were having higher fixation proportions than competitors and 

dislracters < .01). The same paltem was true for the overall time window (F2, : jj> 

=8.31，MSE : 511.82, p < .01). Targets were again fixated more than competitors 

and dislracters {ps < .05). 

Table 11 presents the summary of the fixation proportions for each curve. 

Generally, there was a considerable period of confusion between targets and the 

corresponding competitors when they shared acoustic features. In contrast, the 

competitors could be differentiated from targets much more easily when they were 

dissimilar acoustically. In other words, consistent with recent demonstrations of 

subphonemic sensitivity in the perception of Indo-European speech, Chinese speakers 

also appeared to utilize fine acoustic details to constrain spoken word recognition. 

Table 11. Summary of differences in fixation proportion across conditions. 

Condition 201 - 500 ms 501 - 900 ms 201 - 900 ms 

Acoustically j = c = D T = C>D * T = C = D 
similar 

Acoustically 丁 = c 二 D . 丁〉C = D T>C = D 
dissimilar 

Note: T = target fixation proportion; C = competitor fixation proportion; D 二 

unrelated distracter fixation proportion; * = only the difference between targets and 
dislracters reached significance. 
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Specifically, Chinese speakers showed sensitivity to how well ihc incoming 

acoustic features fit with different onset-sharing candidates. In other words, acoustic 

inputs could vary in typicality towards a given phonological form in differenl words. 

、 
For better fits, the corresponding phonemic representation could be activated more 

quickly, resulting in stronger competitor activations. For instance, perhaps due to co-

arliculation, the /g/ in gun2/ was highly similar to the /g/ in /gu2/, but not the /g/ in 

/geng2/. Participants would therefore found thai /gLi2/ was also supported by the 
4 

acoustic inputs when /gun2/ was heard. As both /gun2/ and /gu2/ were activated, they 

competed for being recognized. The mutual inhibition might temporarily lead to a 

reduction of activation level for both candidates, compared with the mismatched 

dislracters. And the closely matched pair would also require a longer time for 

disambiguation, producing the observable confusion in the target detection task. In 

contrast, /geng2/ would not be highly activated because of its acoustic mismatch with 

the typical /g/ present in /gun2/. Actually, the more highly activated /gun2/ might 

exert strong interference on /geng2/ at both the phonemic level and lexical level via 

lateral inhibition (e.g., McClelland & Elman, 1986). The strong lateral inhibition 

might explain why onset-sharing competitors usually were fixated even less than the 

unrelated distraclers. 

J h e acoustic constraints observed in the present experiments appeared to be 

even stronger than previous studies. For example, Salverda el al. (2003) discovered 

that syllable length could help disambiguate embedded words from carrier words, yet 

the effect “was modest and the disfavored competitor remained active for a substantial 

amount of time after the disambiguating information was available” (p.81). They 

concluded that acoustic cues operated more like recognition bias favoring a particular 

candidate without being actively involved in the elimination of alternative candidates. 
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We would defer ihe discussion of such discrepancy lo the (ieneral Discussion. Al the 

moment, il should be noted thai in all onset-sharing condition, there was a delayed 

elevation in competitor fixations al some points in the curves. In other words, perhaps 

the acoustic constraint was just temporary in Chinese speech. Obviously, more works 

have lo be done lo illuminate the importance of subtle acoustic details in Chinese 

speech perception. 

In any case, ihc effect of acoustic similarity in the present experiment 

suggested that embedded words posed challenges to Chinese spoken word recognition 

through sharing acoustic features with the carrier words. Competitors that were not 

fully embedded in the targets (i.e., ihe onset-plus condition) could still be highly 

activated as long as they received acoustic support from the physical inputs. The role 

of acoustic inputs echoed with speech perception models assuming phonetic features 
* 

as the basic inputs into the system. Before discussing in more details about how the 

present findings could be related to these models, we conducted an extra experiment 

testing whether the availability of a concurrent visual display during spoken word 

recognition would be responsible for the patterns observed. 

5.3 Experiment 2C - the role of concurrent visual display 

As McMurray el al. (2008) noted, there were arguments around whether the 

presence of a concurrent visual display in the visual-world paradigm would encourage 

participants to adopt specific strategies, such as implicit naming, that were irrelevant 

to normal speech processing. Although there were direct evidence against such view 

(e.g., Dahan & Tanenhaus, 2005; Huettig & Altmann，2005; Magnuson, Dixon, 

Tanenhaus, & Aslin, 2007), we conducted Experiment 2C to explore how the visual 

display might be related to the pattern observed in Experiment 2B. Specifically, in 
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contrast lo the simultaneous presentation, we introduced a 3()0nis SO A between 

syllables and visual displays. Wc cxpcclcd thai, ihc delayed appearance of visual 

displays would discourage participants from implicitly naming the objects in I he 

display and then matching the names with the auditory inputs. It such implicit 

naming could actually account for I he low competitor fixations observed previously, 

wc should be able lo see higher competitor fixations in the present expcrimenl. 

5.2.1 Participants 

Fourteen undergraduates (five males) in The Chinese University of Hong 

Kong were recruited for this experiment. They were paid $50 for participation. All 

of them were native Cantonese speakers, reported no hearing deficits and had normal 

or correcled-to-noriTial vision. None of them had participated in the previous 

experiments. Informed consent was obtained and full debriefing was delivered after 

experiment. 

5.2.2 Materials and Design 

The same set of materials in Experiment 2B was used. 

5.2.3 Procedure 

Procedure was identical to Experiment 2B, except thai the visual displays 

appeared 3()0ms after the onset of the spoken syllables. 

5.2.4 Results and Discussion 

Results were analyzed in the samq way as in previous experiments. In 1.2% of 

trials, participants responded before having fixated on the target. These trials were 
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excluded from further analyses. I he overall error rale was 13.89%, which was 

comparable to lhal in Expcrimcnl 2B (16.67%). Table 12 presents the mean reactions 

times (standard deviations) and error rales of targe I detection as a fund ion of 

competitor conditions. The differences among conditions turned out lo be statistically 

non-significanl (ail / , s � • 1 )• 

* 

Tabic 12. Mean reaction limes and error rales (standard devialions in parentheses) of� 

Condition Reaction time (ms) Error rale {%) 

Onset-sharing 1316(229) 10.7 (15.5) 

Onscl-plus-sharing 1360(244) 17.9(21.1) 

Embedded word 1296(220) 13.丨（14.9) 

Figures 9A lo 9C shows the fixation proportion over lime for each condition 

from 0 ms to 1500 ms. It is clear from the figures lhal we ''successfully" rcplicatcd the 

low competitor fixations for onset-sharing and onset-plus-sharing competitors in 

previous experiments. On the other hand, the delayed activation of embedded 

competitors was also weaker tlian that seen in Experiment 2B, probably because when 

eye movements started lo be influenced by the activation of embedded compelitors'", 

participants had already gathered some acoustic information that unambiguously 

pointed towards the real targets. To quantify the observed pallcm, we again 

calculated the mean fixation proportion on each picture for diffcrcnl conditions. 

However, given the 300 ms delay of the visual displays, our time windows of interest 

also shifted 300 ms accordingly. In other words, the overall lime window now 

spanned from 501 lo 1200 ms, with the early and lale windows from 501 lo 8()()ms 

and 801 lo 1200 ms respectively. 

It should be noted that competitors started attracting eye fixations ut around 5()0ms in Hxpcrimcnt 2B. 
which was consistent with the nme when competitors were fixated more than dislractcrs in Experiment 
2C (ut 500+300 二 XOOms). 
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Tabic 13 displays ihc mean fixation proportions (standard deviations) on each 

picture in different conditions. The most important finding was the non-significant 

three-way interactions in the Experiment (2B vs. 2C) X Condition (onset vs. onscl-

plus vs. embedded word) X Picture type (target vs. competitor vs. distrainer) mixed 

ANOVA (/;s > .1 in all lime windows)'^. This supported our previous observation 

that having a 3()()ms-delay between spccch onset and visual display did nol 

significantly alter the relationship between degree of phoneme sharing and the pattern 

of competitor fixations. On the other hand, there were strong two-way interactions 

between Experiment and Picture type (F/(2,m) = 8.29 lo 16.57; F2aj>h) 二().76 to 22.9 L 

all < .01), This interaction obviously emerged due lo the higher target fixation 

proportion in Experiment 2C than 2B. To provide more information, and lo facilitate 

comparisons with previous experiments, we again conducted a series of analyses 

separately for each condition. 

n Interaction was also non-significant when time windows were defined with reference to word onset. 
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Onsci-.sharin^ conipciilor condilion. Within the lime window 501 - HOO ms, I he 

picture type main etTccl was significant by subject il'la.iu) 二 5.21, MSE 二 416.40, p 

< .OS； F2a.2i) : 1.60, n.s.). I)airwise comparisons with LSI) correct ion revealed lower 

fixations on compctilor lhan on targets and dislraclcrs = 2.72 and 2.47 

respectively, " s < .05). In I he later limc window (801 - 1200 ms), however, picture 

lypc cftecl was robust (F/,：.：,, 二 1 52.44, A/S/-： = 13S.()1, p < .001; = 79.09, 

MSE 二 236.33,/^ < .01). l argets were significantly fixalcji more than both the 

compelilors and dislraclcrs (all /)s < .01). Overall (501 - 1200 ms), participants also 

fixated more on targets y"�,:…=S().25，MSE = 127.88, p - .001; F2�—22� : 28.05, 

MS/-： 二 3 2 2 . p <.()!) lhan on competitors (/)s <.()!) or dislraclcrs (广s < .01). In 

other words, generally the targets could be readied quite easily and there was no 

compelilor activation over dislraclcr. In contrast to Experiment 2B, although 

dislraclcrs also appeared to be fixated more frequently lhan competitors, I he 

difference was only marginal. This could be attributed lo the f ad thai, even in the 

earliest limc window concerned, participants had already received some inputs 

necessary lo recognize the actual largets. 

Onset-plus-sharin^ competitor condition. The small difference in fixation proportions 

among different pictures was not statistically significant {FIa,2U) = 1.32; F2a,22)= 

0.62) in the early limc window. In contrast, ihc effect was robust in the later time 

window (F/,2.26, 二 42.42, MSf-： = 271 • 16,/) < .01 ； F2a22�= l^ . l8 , MSE = 605.66,p 

< .01). Again, targets were fixated more than both the competitors and dislraclcrs (all 

" s < .05). In ihc overall time-window, the picture type effect was significant (F /cu“� 

=22.44, MSI： = 239.25,尸 < .01; F2a,22) = 8.70, MSE = 527.41 ’ /, < .01). Targets were 

fixated more than competitors (/)s < .01) and dislraclcrs {ps < .05). This paltcrn is 
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consislenl wilh ihc one observed in 卜Experiment 2B and the onscl-sharing condilion in 

Hxpcrimenl 2C. 

Ijnhcdiicd word competitor condition. Similar lo Experiment 2B, in I he first lime 

window, parlicipanls fixated less on ihc embedded word competitors (厂/(2’26i 二 1 2 . 0 0 , 

MSE : 15().S5, J) < .01; F2(2.22) ‘ 1.()(), " •�•) than both ihc targets and dislraclcrs (y;s 

< .05). ！n contrast, ihc significant picture type cffccl (厂/<2,2(” = 43.94, MSE : 269.02， 

J) < .01； F2,2.22, - 3 丨.22, MSE - 3X0.75’ p < .01) in ihc laic lime window (XOl —丨 2()() 

ms) could be fully attributed lo the higher fixation proportions for targets than 

competitors or unrelated clislracters (all /;s <.()!). Unlike Experiment 2B, however, 

the higher competitor fixation over distractcr did not approach significant. Finally, 

similar to the other iwo conditions, fixation proportions differed among the three 

pictures in the overall lime window (厂/(2.2…=53.99, MSE = 1 12.76, p <.01; F2(2.22)= 

16.51, MSE = 374.75,/; < .01). Fixation on targets was significantly more than thai 

on competitors or^ij^lraclcrs (all /)s < .01). 

Table 14 presents a brief summary of the fixation proportions on differcnl 

pictures in each condition and lime window. An alternative account to the low 

competitor fixations in Experiment 2B rested on the arguments thai performance in 

the visual-world paradigm involved strategic processing. According to this view 

parlicipanls would implicitly name the objects in the visual display and matched ihc 

objccl names with incoming acoustic inputs. As a result, parlicipanls would be highly 

sensitive lo even the slightest acoustic mismatches. The competitors were supported 

less and received stronger lateral inhibition from the partially supported targets丨：If 

14 It should be noted that an increased sensitivity lo acoustic mismatch ol.competitors due to implicit 
naming was not equivalent to an increased sensitivity to acoustic match of target. The latter would 
need another mechanism to explain why target fixation could not emerge immediately. It also failed to 
explain why the target fixation was indeed higher with a delayed visual display. 
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such median ism could indeed explain I he low onscl-rclalcd compel i lor fixation in I he 

previous cxpcrimcnls, wc should be able to obtain more fixations onjjompclilor when 

implicit naming was prohibited by the delayed visual display. This prediction was not 

supported by llic results in Hxpcrimcnl 2C. In general, the pallcrn observed in this 

experiment is highly similar lo lhal in Hxpcrimcnl 2B. Interactions involving 

Experiment and Conclilion were not significant. If anything, ihc only clitTercncc was 

lhal embedded word competitors were fixated even less than I he previous experiment, 

which was directly contradictory to the prcdiclion by strategic processing. 

Table 14. Summary of differences in fixation proportion across conditions. 

Condition 501 - SOOms 801 - 12()()ms 50 丨 -丨 2()0ms 

Onset-sharing 丁二 [) > C T > C = D, T > (, = I) 

Onset-plus-sharing \ =C = D T > C = D T > C = I) 

Embedded word T = D > C T〉C 二 D T > C = I) 

Note: 丁 = target fixation proportion; C = competitor fixation proportion; D 
unrelated distrainer fixation proportion. 

On the other hand, the lower fixation proportion on embedded word 

competitors in Experiment 2C than in 2B could be explained easily by assuming lhal 

participants had galhcrcd sufficient acoustic information to identify the targets 

unambiguously (or at least confidently) at the time ihcy could start searching from the 

visual display given ihc 3()()ms delay. I h c target was thus less ambiguous and could 

attract eye fixations earlier and more strongly. This account could also accommodate 

the overall faster reaction lime and higher target fixation rates in Experiment 2C. 

Finally, in order to provide a rigorous lest lo the implicit naming hypothesis, 

wc divided ihc experimental materials into acoustically similar and acoustically 

dissimilar items as in the experiment 2B. If implicit naming was responsible for ihc 



70.00 

60.(j0 
%.00 
40.00 

30.00 

20.00 

10.00 

0.00 

100.00 

丨Xj.oo 

Ar:our:ii.-ally dissimilar 

0 100 200 MXJ 400 'jOO U/J 700 cWO 州 1000 1100 1200 1300 1400 • 

Time 

Ambigui ty resolution in Chinese speech 1 I 3 

acoustic sensitivity in our parlicipanls, wc should obtain identical response pal I cm in 

acoustically similar or dissimilar items. The corresponding curves of fixation 

proportion over lime arc plotted in Figures I OA and lOB. 1 able 15 shows the mean 

fixalion proportions (standard deviations) for cach type of items. 

-igurc I OA. Fixation proportion over time for the acoustically similar items. 
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Table 15. Mean fixation proportions (%) and slandard dcvialions (in parentheses) 
separated by acoustic similarity. 

Acoustically similar Acouslically dissimilar 

(， 丨） T C D 

501 -- SOO ms 
36.67 27.77 23.16 41.16 16.76 28.24 

501 -- SOO ms '(27.04) (23.18) (2S.96) (31.49) (1().72> (27.09) 

801 1 200 ms 
72.56 13.61 1 1.54 70.40 14.25 13.41 

801 1 200 ms (13.95) (17.93) (6.29) (20.83) (13.68) % (17.27) 

501 --1200 ms 
57.18 19.68 16.52 57.88 15.29 19.76 

501 --1200 ms (17.90) (12.16) (12.50) (19.75) (13.54) (16.97) 

Note: 1 = Target piclurc; C = (\)mpeliU)r picture; D = Unrelated control dislractcr 
picture. 

The three-way interactions among Rxperimcnl (2B vs. 2C'), Picture typo 

(target vs. competitor vs. dislraclcr), and Acoustic similarity (similar vs. dissimilar) 

were not significant (all F2‘�'(2,m�< 

I). This suggested that ihc 3()()ms delay of visual 

display did not significantly change I he relationship between acoustic similarity and 

picture fixation observed in Experiment 2B. In contrast, as in the previous analysis, 

there were more target fixations in Experiment 2C than in 2B, as revealed by the 

significant Picture X Acoustic similarity interaction (F2�'(2’_ = 5.76 to 16.48, all ps 
< .01). Further comparisons were done separately for each level of acoustic similarity. 

Acoustically similar condition. There was no significant difference of picture type 

cffccl (F2a, i2> < 丨）in the early lime window (501 - 8()() ms). In the laic lime window 

(801 - 1200 ms), there were more target fixations (F2,2. i2) 二 30.39, MSE = 276.49, p 

< .01) than competitors and distracters (all pa < .01). The difference between 

competitor and dislraclcr was not significant. Targets were also fixated more {F2a, i2) 

=11.55, MSE = 310.15, p < .01) than both competitors and distracters (all /)s < .05) in 

the overall lime window (501 - 1200 ms). 
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Acoustically dissimilar condition. Unlike ihe similar condition, there was a 

significant picture type effccl even in ihc early lime window iF2a, 5…=4.12, MSE = 

1047.87, p < .05), which was attributed solely to the higher fixation proportion of 

target over competitor {t2an) = 3.03, p < .01). In the late time window, picture type 

effect was robust (F2,2, i：) = 67.56, MSE = 458.04, p < .01). Fixation proportion on 

target was higher than that on competitors or distracters (all /;s < .01). In the overall 

time window，again target was fixated more (F2a. 12) = 37.14, MSE = 427.78,/) <.()!) 

than competitors and distracters (all ps < .01). 

Table 16 presents the summary of fixation proportions separated by acoustic 

similarity. The two patterns were similar, but there was a crucial difference: For the 

acoustically dissimilar items, there were more target fixations than competitor 

fixations in the early time window. However, it was not the case in acoustically 

similar items, in which participants were completely confused among targets, 

competitors and distracters. This result supported the prior analyses that strategic 

processing (such as implicit naming) alone could not account for the patterns 

observed in previous experiments. On the other hand, the present analysis and that in 
I 

Experiment 2B (Table 11) also diverged in several ways. The primary difference was 

the stronger (acoustically^™lar items) and earlier (acoustically dissimilar items) 

target fixations. Another notable cHfference was the greatly attenuated difference 

between competitor and distracter fixations for acoustically similar items in the late 
t 

time window (22ms vs. 2ms). The discrepancy across experiments could again be 

attributed to the lower ambiguity in target detection when the visual display was 

presented. 
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Condition 501 — 800ms 801 - 120()ms 501 -丨 20()ms 

Acoustically 

similar 

Acoustically 

dissimilar 

丁二C = D 

T > C = D * 

T > C = D 

T > C = D 

T � C = I) 

T > C = D 
V 

Note: T = target fixation proportion; C = competitor fixation proportion; D = 
unrelated dislracter fixation proportion; * 二 only the difference between targets and 
competitors reached significance 

5.4 Summary of Experiment 2 

Employing the visual-world paradigm, three experiments were conducted to 

verify and extend the patterns observed in Experiment 1. Consistent with the results 

in gating, participants in Experiment 2A did not show any candidate activation based 

on tonal information alone. In contrast, they were highly sensitive to syllables such 

that syllable-sharing competitors were readily available and attracted eye fixations 

during target detection. On the other hand，syllabic-sensitivity did not preclude the 

influence from subsyllabic units. In the time window when rime was acoustically 
t 、 

» ‘ 

available (501 - 90p ms)^ it could activate the rime-sharing competitor immediately 
» 

(see Allopenna et al.，1998 for identical results in English), suggesting that rime was 

also a valid unit in candidate generation and elimination during Chinese speech 
» • 

perception. 

The most unusual finding in Experiment 2A was the lack of candidate 

generation based on onset. Actually, fixation proportion on onset-sharing competitors 

was even lower than that on unrelated distracters. Given that speech onset was 

physically available first in the spoken word, it should receive zero inhibition from 

other phonemes and could fully activate its corresponding candidates. Therefore, 

typical models of speech perception (Marslen-Wilson & Welsh, 1978; McClelland & 

Elman, 1986) would assume a stronger role of onset than rime (Tyler, 1984). More 
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importantly, in Experin^ent IA we actually obtained results con finning such claim. 

The absence ot onset-e in Experiment 2A was thus inconsistent with ihe results in 

both previous studies in English and in Experiment 1 A. 

V 

Experinienls 2B and 2C were conducted to examine in more details the lack of 

onset etYect. We speculated thai a single phoneme sharing in Experiment 2A was too * 

brief to allow facilitation to accumulate. Rather, as information starling from the 

second phoneme was inconsistent with the onset-competitor, the inhibition resulted 

would outweigh the initial facilitation. If this speculation was correct, we should 

obtain stronger competitor activation when the degree of phoneme overlapping was -

higher. Results in Experiment 2B partially supported this hypothesis. Fixation 

proportion on embedded competitors was higher than that on dislracters in the late 

time window (501 - 900 ms). However, the same pattern was not observed in the 

early time window or in the onset-plus conditions. The fa^t that onset-plus-sharing 
t 

competitors were not fixated more despite sharing the same number of phonemes with 

the actual targets as the embedded words suggest that fully embedded words were 

indeed special candidates in the course of speech perception. Perhaps the extra 

phoneme in the onset-plus competitors had created inhibition, which offset the 

facilitation by the shared phonemes. In this sense, Chinese speakers might be 
ft 

sensitive to individual phonemes as well, even though syllables were important and 

prominent units in Chinese speech (Chen, 2000; Chen et al., 2002; Cheung et al” 

2001; McBride-Chang et al.，2004) 

Interestingly, when we split the competitors used in Experiment 2B by their 

acoustic similarity to the targets, we observed competitor activation over distracter in 

the acoustically similar items (it should be noted thai, however, strictly speaking, the 

difference failed to attain statistical significance). Although far from being conclusive. 
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this result appeared lo suggest thai Chinese speakers might be sensitive nol only to 

subsyllabic units, but also to the more fine-grained subplionurjic acoustic details in 

the speech signal. Indeed, such acoustic sensitivity fit well with recent evidence thai 

speech perception was highly influenced by subphonemic features (e.g., Davis et al., 

2002： Marslen-Wilson & Warren, 1994; McMurray et al., 2008; Salverda el al., 2003). 

Moreover, it provided a simple explanation for why the activation of embedded 

competitors appeared to be delayed: Early acoustic mismatch inhibited competitor 

activation, while later phonemic match reintroduced it back lo the candidate set. In 

other words, acoustic and phonemic processes were two distinct but interacting 

systems. Initially, acoustic process dominated candidate generation and elimination 

but the abstract phonemic representations slowly took the control. Similar 

mechanisms have been proposed to explain results in orthographic processing. 

Specifically, it was well-established that words which looked similar (physically) 

would inhibit each others, unless they also shared abstract orthographic representation. 

For example. Ding, Peng, and Tafl (2004) showed that in Chinese, primes which 

shared strokes with targets were inhibitory, while primes which shared radicals with 

targets were facililatory. 

Indeed, inspecting the fixation proportion over time curves for each onset 

related condition more closely, one would discover small (statistically non-significanl) 

but consistent elevations of competitor fixation in a later lime window. Presumably, 

this could also be explained by assuming that effects due to phonemic match lagged 

behind the acoustic effects. Such lag in phonemic influence also naturally accounted 
« 

for the discrepancy between Experiments 1 and 2: Given the loosened lime limit in 

responding in a gating paradigm, participants' responses had a higher chance to be 
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atYcclcd by the slowly emerging phonemes. They could thus prociucc responses lhal 

shared onset with I he actual targets in their guesses. 

Finally, Experiment 2C was conducted lo ensure the effects observed in 

Expcrimenl 2B could not be attributed to strategic processing in the visual-world 

paradigm. In this experiment, ihc visual display was presented 300 ms after speech 

onset. This minimized the chance of implicit naming. Yd, virtually identical results 

were obtained, except that participants were in general faster in arriving at ihc target. 

This pattern argued against the strategic account and validated ihe conclusions drawn 

from ihc prev ious experiments. 

The results obtained in Experiment 2 had important implications on modeling 

Chinese speech perception. On the one hand, I hey provided empirical support to the 

modified TRACE model proposed by Ye and Connine (1999), but on the other hand, 

they also suggested that the model needed further revision to account for all findings. 

In particular, the model emphasized the role of syllables Chinese speech and its 

interaction with lexical tone: The constraining power of lexical tone would remain 

weak until enough syllabic feedback was received. Such emphasis was justified by 

the observation thai syllable-sharing competitors in Experiment 2A were activated 

more early and more strongly than would be predicted by the addictive effect of 

onsets and rimes. Only at a later time point (501 - 900 ms) would lone be employed 

lo differentiate the otherwise identical syllables. ” 

However, the assumption that "tone information is a separate level of 

representation" (Ye & Connine, 1999, p. 619) similar to the phoneme level might be 

misleading. Candidate generation and elimination have been a standard component in 

speech perception models. And most existing models considered phonemes as the 

primary contributor of these processes. Treating lexical tones like phonemes would 
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imply similar lonal involvcmcnl in candidate generation and elimination. Although 

some earlier studies had reported positive evidence (e.g., Li & Yip, ! 998), in 

Experiment 2A we failed to find any traces of candidate aclivalion based on pure lone 

overlapping. Rather, as mentioned in the previous paragraph, lexical lone appeared lo 

be more relevant in eliminating lone-mismatch syllabic candidates. Therefore, it 

might be more appropriate lo consider lexical tone as something qualitatively 

different from other segmental representations. We will go back lo ihis issue in the 

General Discussion. 

Consistent with models in Indo-European languages, Yc and Conninc (1999) 

also assumed thai acoustic features were mapped onto phonemes, which in turn 

activated the corresponding lexical representations. Although the differential 

activation patterns between onset-plus competitors and embedded word competitors 

(Experiment 2B) also seemed to support the role of phoneme, given the salience of 

syllables, one might need to consider the possibility thai features could be directly 

mapped onto whole-syllable representations in Chinese speech. 

A related issue concerned the botlom-up acoustic inputs. While no one would 

deny acoustic signals as the fundamental components in speech, most researchers 

implicitly assumed thai menial operations worked on phonemes instead of acoustic 

features. Subphonemic acoustic variations were simply regarded as noises to the 
I 

recognition system. For instance, in TRACE model (McClelland & Elman，1986) 

acoustic variations due to coarticulation had to be "recovered" by lexical feedback for 

successful word recognition. This tradition of considering acoustic variations as 

noises probably rooted in the findings of categorical perception of phoneme, and 

gained nutrients from successful demonstration of phoneme effects in various 

experiments. However, actually more than 30 years ago there had been reports on 
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acoustic ctYccl in gating paradigm (LIlis, Derbyshire, & Joseph, 1971, see also Warren 

& Marslcn-Wilson, 1987). Yd, interests in conducting empirical (e.g., Davis cl al., 

2002; Marslen-Wilson & Warren, 1994; McMimay ct al., 2()()S; Salvcrda cl al.，2003) 

and theoretical (e.g., Ciaskcll & Marsleii-Wilson，1997; Norris, McQueen, & riUler, 

2 ()()()) works on how subphonemic features a ffee led speech perception did not emerge 

unlil more recently. In these works, acoustic variations were not Ircalcd as noises, but 

as useful information for activating ihc appropriate words during recognition. For 

example, Salvcrda cl al. (2()()3) proposed thai a longer syllabic duration helped 

recognition of embedded words from their carrier words. 

* 

The modified TRACE model in Chinese speech perception (Ye & Connine, 

1()()9) also lacked specification about the role of acoustic details. Although far from 

being conclusive, results from Experiments 2B and 2C appeared to suggcsl thai 

Chinese speakers may also be sensitive to acoustic match between largcts and 

competitors. Therefore, a comprehensive model of Chinese speech perception would 

have to include a more detailed description of the roles acoustic information played. 

A possible model will be proposed in the General Discussion 
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Chapter 6 

Kxpcrimcnt 3 - Morphemic ainhi紀uit> in Chinese homophones 

An cx peri men I using I he visual-world paradigm was conducted to investigate 

meaning retrieval of homophones in spoken Cliincse. Specifically, we tested I he 

ctfccts of Iwo factors, namely relative meaning frequency and conlcxl position, on 

ambiguity resolution of the homophonic morphemes. This study served as the 

replication and extension of a previous study on homonymic morphemes (Tsang, 

2006). Rcsulls oblaincd in this cxpcrimcnl would provide important insights on how 

fluent comprehension was possible in Chinese speech regardless of the frequent 

ambiguities encountered. 

6.1 Experiment 3 一 the role of meaning frequency and context 

In this cxpcrimcnl, we tested the resolution of homophonic morpheme in 

Chinese disyllabic words with the visual-world paradigm. Because multiple objects 

could be presented in the visual display, it allowed us to monitor the activation levels 

of different meanings simultaneously. This provides a direct Icsl for the multiple 

meaning activation in exhaustive access (Swinney, 1979) and reordered access (Duffy 

et al., 1988). Moreover, having a high temporal resolution, the paradigm is also 

useful in tracking the changes in activations level of each meaning during ambiguity 

resolution. Employing the same technique, Tsang (2006) found that both meaning 

frequency and the presence of prior context could affect the ambiguity resolution of 

homonymic morphemes during target detection. Specifically, when no prior context 

was available, both dominant and subordinate meanings were always activated, but 

the dominant one could be activated earlier and to a higher level. On the other hand, 

when biasing context preceded the ambiguous morpheme, the subordinate meaning 
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could be as available as ihc dominant one. In shim, I he overall pattern Ills well with ‘ 

ihc reordered access model, which was originally proposed to explain lexical 

ambiguity resolution. 1 he similarity in resolving morphcmic and lexical ambiguity 

suggcslcd thai perhaps a common system governed ihc corrccl meaning retrieval 

under uncenainty. lol lowing this, vvc cx peel eel the resolution of homophonic 

morphemes would follow ihc same principles. In other words, wc predicted that ihc 

dominant meaning woulei again be more available, and the presence of prior context 

could boost the activation level of the subordinate meaning. 

6.1.1 Participants 

Twenty-four undergraduates (eleven males) in The Chinese University of 

Hong Kong were rccruiled. They were paid $50 tor participation. All of�them were 

native Cantonese speakers, reported no hearing deficits and had normal or corrcctcd-

lo-nonnal vision. None of them had parlicipalcd in the previous experiments. 

Informed consent was obtained and full debriefing was delivered after experiment. 

6.1.2 Materials and Design 

Design and materials were identical lo those used in Experiment 1B (see also 

Appendix B). As described in Experiment 1B，properties of the ex peri men la I items 

were matched across different conditions (SD: succeeded contcxl-dominanl meaning, 

SS: succeeded context-subordinate meaning, PD: preceded conlext-dominanl meaning, 

PS: preceded context-subordinate meaning). Each trial was composed of a target 

(dominant or subordinate), a competitor (the alternative meaning), and a distrainer 

(items in other sets). For example, a valid trial in the SI) condition contained the 

dominant meaning target ‘‘M/,f>":，，(/fungizaangl/; kite), the subordinate meaning 
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compelilor "'J'/f.'jV (/fungicaau4/; honcycomb), and the unrelated dislracter " t I 

U''i"(^bui3h(>k3/; shell), which was actually the items in other sets. 

The twenty sets of experimental items were arranged inlo four blocks such thai 

within a block, cach item and ihc largel syllable only appeared once, and there were 

five trials for each condition. Across blocks, all items appeared three limes (as target, 

compelilor, and distraclcr) and cach target syllabic was paired with contextual 

syllables from all conditions. Eighty filler items thai required "no" responses in target 

dclcclion were also prepared. Each object in I he filler trials also appeared three limes 

lo resemble the composition of experimental trials. These filler trials were split inlo 

tour and added lo cach block. The forty items in a block were presented in random 

order. Eight practice trials were prepared. The preparation of spoken disyllabic 

words and>'isiial displays followed the same procedure in previous experiments. 

1.3 Procedure 

Each participant performed target detection for all four blocks of items. Each 

block began with calibration of eye-tracker. Between blocks, there was a short break. 

Block order was counterbalanced across participants. Other aspccls of ihe procedure 

were identical lo those in Experiment 2A. The whole experiment lasted for an hour. 

6.1.4 Results and Discussion 

In 0.56% of all trials, participants responded without having any fixations on 

ihc targets. These trials were discarded. Trials with incorrect responses or without 

responses within three seconds were coded as errors and cxcludcd from further 

analyses (9.74%). Tabic 17 presents the mean reaction limes (standard deviations) 

and error rales of target dclcclion for ihc remaining data in cach condition. Although 
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I he mean duration of the disyllabic words (about 1 2 ( ) ( ) m s ) was longer lhan I he 

monosyllabic words in previous experiments, largct detection limes were comparable. 

I here were significanl interactions bclwccn meaning frequency and conlexl position 

in both reaction limes (厂/,1,2” = 5.37, MSE 二 14928.22, p < .05; < I) and 

error rales 二 I 3.35, MSI.: = ().()()2, p < .01; = 1.54, "..�••). Pairwisc 

comparisons suggested thai dominant meaning produced faster responses lhan 

subordinate meaning only when no prior conlcxl was available U I � � 二 2.04，" = .053). 

In contrast, dominant meaning produced less errors than subordinate meaning only 

when prior context was available ("<23) = 4.05,/; < .01). Collectively, these results 

suggested thai ihc dominant meaning of the homophonic moiphernes was more 

available in largct detection. 

Table 17. Mean reaction limes and error rates (standard deviations in parentheses) of 
target detection in Experiment 3. 

Condition Reaction lime (ms) Error rale (%) 

Succeeded context-
Dominant meaning 

1463(180) 12.29(6.91) 

Succeeded context-
Subordinate meaning 

1555 (181) 11.25 (8.37) 

Preceded context-
Dominant meaning 

1551(170) 4.58(4.87) 

Preceded contcxl-
Subordinate meaning • 

1527 (149) 10.83 (7.76) 

Next, following Experiment 2, we plolled the fixation proportion over lime for 

each condition from Oms lo 1800 ms after spoken word onset (Figures 11A lo 11D). 

Striking differences can be observed when comparing the fixation patterns between 

conditions with (PD and PS) and without prior context (SD and SS). Within each 

context position, the dominant meaning also appeared to be more activated earlier 
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when it was I he largcl (PI) vs. PS) and also remain active for a longer period when it 

was the competitor (S[) vs. SS). 

iuurc I 1 A. Fixation proporlion over time for the SD condilion. 

igure 1 1B. Fixation proportion over time for the SS condition. 
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To verify the observation with statistical analyses, we again collapsed the 

fixation proportions on diffcrenl pictures in each condition. Following Tsang (2006), 

we extracted the lime windows of imerest by syllable durations. Given the typical 
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200 nis delay tor saccadc planning and execution, the first and second syllabic time 

windows were defined as 201 — 800 ms and 801 - 1400 ms respectively. We further 

included a lime window of 201 400 ms to look a I I he early ditTcrcnccs in ihe PD and 

the PS conditions. I he mean fixation proportions (standard deviations) on each 

picture in cach condition arc presented in Table 18. The ihrcc-way interaction among 

Relative Meaning Frequency (dominant vs. subordinate), C onlcxl Position (succecded 

vs. preceded), and�)icture Type (target vs. compelilor vs. distracler) was significant in 

the first syllabic lime window (F/,2.4(„ = 4.90，MSE = 37.90, p < .05; F2a ,m < I) and 

in the second syllable lime window {F/,2,4(» = 6.20, MSE = 51.23, p < .01 ； F2aM)= 

2.76; p = .076). Wc conducted further comparisons in cach condition to study the 

origin of interactions. 

Succeeded context-Dominant meaning. In the first syllable time window, there was a 

significant picture type main effect ( 厂 = 20.26，MSE = 37.75，p < .01; …< 

1). While the dominant target and the subordinate competitor did not differ in 

fixation proportions, both of them were fixated more than the unrelated distrainer (/)s 

< .01). In the second syllabic lime window, the activation of the dominant target 

continued lo rise (F/,2,46, = 523.17, MSE = 59.1 (), p < .001; F2,2.3k, =391.36, MSE = 

66.17,;? < .001) over both cdrnpetitors and distracters (/)s < .01). On the other hand, 
‘ $ * 

• r 
activation of the subordinate competitor dropped back to the baseline distracler level 

« 

> . 1). In brief, without a prior context, both dominant and subordinate meanings 

were equally available upon encounlering.the homophonic morpheme. However, 
« * 

oncc context was available, it exerted strong constraints so that only Ihc context-fit. 

dominant meaning remained active. 
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SucceccJcJ context-Suhordinatc meaning. Again, there was a significant picture type 

effect in the first syllabic time window (F/,2,46) = 32.97, MSE = 29.74, p < .01; F2a,m 

=1.25, n.s.). Similar to the dominant meaning condition, when no prior context was 

available, both dominant and subordinate meanings were equally available, both of 

which were fixated more than the unrelated distracters {ps < .01). In the second 

syllable time window, targets were robustly fixated more (F/(2.46) = 349.57, MSE = 

50.83, p < .001; F2,2.3s, = 70.30, MSE = 224.59, p <.()!) than competitors (ps < .01) 

and distracters {ps < .01), indicating thai context effect was strong and immediate 

even when the subordinate meaning was requested. More importantly, however, was 

the significantly higher competitor fixation than distracter fixation = 3.79, p 

< .01; = 1.61, p > .1). Such prolonged activation of dominant meaning 

competitors stood in sharp contrast to the rapid deactivation of subordinate 

competitors shown in the previous paragraph. Actually, this was consistent with the 

hypothesis that the dominant meaning was more available even when context biased 

towards the subordinate reading. 

•S, 
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Preceded context-Dominant "waning. In contrast to the previous two "late context" 

conditions, participants converged on the target much quicker in this condition. We 

first analyzed the fixation proportions in the 201 — 400 ms lime window. Participants 

had already fixated more on targets (厂/(2.4m = 10.82, MSE = 24.46, p < .01; F2<2.3s) <1) 

than both the competitors and distracters (f/̂：?； = 4.40 and 3.70 respectively, ps < .01). 

Similarly, in the first syllable time window, participants fixated on the targets (尸/(：；,々… 

=35.79, MSE 二 37.65，p < .01; F2(2m�= 2.51，MSE = 507.27, p = .095) significantly 

more than both the competitors and distracters (tl^si = 7.96 and 6.79 respectively, ps 

< .01 ； t2⑴丨=1.61 and 1.96, ps > .05). The superior target fixation was maintained in 

the second syllable time window {F1(2A(» = 692.38, MSE = 46.78, p < .001; F2(2,3K)= 

168.42, \1SE = 162.01,/? < .01). More interestingly, while targets were fixated more 

the competitors {/)s < .01 )，competitors were also fixated more than the control 

distracters (//,•’力=3.38,/; < .01; 12,i9, = 1.20,/? > .1). In other words, even with a 

prior context that biased towards the dominant meaning, and even when the dominant 

meaning was indeed retrieved very strongly and quickly, the subordinate meaning was 

not completely eliminated. This provided the clearest evidence against the 

assumption of absolute contextual constraint: Meaning consistent with context would 

be facilitated. But the alternative meaning would still be available, at least 
« 

temporarily. In short, there was multi-meaning activation as proposed in exhaustive 

access (Swinney, 1979) and reordered access (Duffy et al.，1988). 

Preceded context-Suhordinate meaning. When a prior context was biased towards 

retrieving the subordinate meaning, there was a brief period (201 - 400 ms) of 

complete confusion, in which distracters (F/,2.46) = 5.72, MSE = 55.18,/; < .01; 

F2(2.38) < 1) were fixated more than the targets and competitors {tlc^, - 2.91 and 2.84 
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respectively, ps < ,01). However, participants could go back to the target very 

quickly in the first syllable time window {FÎ 2At>\ = 17.15, \1SE = 42.10，p < .01; 

厂二：us�< 1 )• Yet, unlike the previous condition, participants not only fixated more on 

targets than competitors and distracters {tl,:h = 3.93 and 3.31, ps < .01 )，they actually 

also fixated more on distracters than competitors = 2.63, p < .05). This pattern 

was unexpected because in the succeeded context conditions, ihe dominant meaning 

was always more readily available. Perhaps when a prior context requested for the 

subordinate reading, it worked not only by boosting the subordinate meaning but also 

by inhibiting the dominant meaning. Finally, as in other conditions, there was a 

robust picture type effect in the late time window {FI^2^(^) = 302.32, MSE = 95.11，" 

< .001; F2(2.3k, = 238.85, MSE = 98.04, p < .001). Targets were fixated more than 

both the competitors and the distracters (all ps < .01). 

Table 19. Summary of differences in fixation proportion across conditions. 

Condition 201 - 400 ms* 201 一 800 ms 801 - 1200 ms 

Succeeded context- T = C > D T > C = D Dominant meaning T = C > D T > C = D 

Succeeded context- T = C > D T > C > D Subordinate meaning ^ T = C > D T > C > D 

Preceded context- T � C = D T > C = D T > C > D Dominant meaning 1 > C = D T > C = D T > C > D 

Preceded context- D > T = C T > D > C T > C = [ ) Subordinate meaning D > T = C T > D > C T > C = [ ) 

Note: T = target fixation proportion; C 二 competitor fixation proportion; D = 

unrelated distracter fixation proportion; * = only the PD and PS conditions included 
analyses in this time window because there were obviously no differences in the SD 
and SS conditions. 

Table 19 summarizes the fixation patterns in each condition and time window. 

First, there was a clear dominance effect. The dominant competitors remained fixated 

more than unrelated distracters in the SS condition, while fixation proportion of the 

subordinate competitors dropped more quickly in the SD condition. Similarly, the 
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dominant largcl could be reached faster (higher targcl fixation in 201 — 400 ms) in ihc 

PD condition than the subordinate target in ihe PS condition. Both pieecs ot evidence 

suggeslcd that ihe dominant meaning was more available than the subordinate 

meaning. 

Moreover, a robust context position cffect was also observed: Without prior 

context, both meanings were activated initially until disambigualing information was 

received. In contrast, when context preceded the ambiguous homophonic morpheme, 

contcxl-fil meaning would be more available oncc the homophone was perceived. 

Such context sensitivity in ambiguity resolution is inconsistent wilh modular models 

like exhaustive access (Swinney, 1979) or ordered access (Hogaboam & PerfeUi, 

1975), but fits perfectly with interactive models such as selective access (Simpson, 

1981) and reordered access (Duffy ci al., 1988). Still, simple selective access is 

unable to account for the activation of context-inconsistent meanings in the SS and 

PD conditions. In both conditions, the alternative reading was activated even when 

the context had decided what should be retrieved. Actually, similar multi-meaning 

activation could be observed in all conditions except in the PS condition. 

Collectively, the pattern appeared to be most consistent with the reordered 

access model proposed by Duffy et al. (1988): All meanings of an ambiguous unit 

would be activated，wilh the level of activation ranked by relative meaning frequency. 

On the other hand, this “default，，activation ranking could be rearranged by contextual 

information so that context fit meaning could receive a boost. Yet, the reordered • 

access model in its original form would have difficulty explaining why the dominant 

meaning competitor in the PS condition was not more available than the unrelated 

distracter. This is particularly odd because the subordinate competitor was activated 

in the PD condition, indicating that indeed the constraint of prior context was not all-
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or-none but graded. According to the original model, contextual bias worked by 

increasing the activation ot conlcxt-fil meanings, while the alternative meanings were 

unatTecled. The consequence was slower subordinate meaning retrieval because an 

extra selection process was needed to choose from the equally active dominanl (more 

frequent) and subordinate (boosted by context) meanings. 

In the present experiment, delay in subordinate meaning retrieval was absent 

or at best minimal (in the 201 — 4()()ms window). Perhaps the inconsistent meanings 

sometimes would receive inhibition 计om the context as well (sec, for example, Marlin, 

Vu, Kcllas, & Melcalf, 1999; Vu & Kellas, 1.999; Vu et al.，1998). In ihc PD 

condition, because the dominant meaning was supported by both dominance and 

contextual bias, rapid meaning retrieval and integration could succeed without 

inhibition on the subordinate meaning. In contrast, when the subordinate sense was 

required in the PS condition, both facilitation on the subordinate meaning and 

inhibition on the dominant meaning were necessary so thai integration was fast 

enough to keep up with the speed of incremental speech processing. In short, 

although ambiguity resolutions in different situations (e.g., al the morphemic level 

and at the lexical level; in the auditory modality and in the visual modality) may 

follow identical basic principles, details might differ to catch up with the specific 

processing demands in different modalities. 
t 

The pattern observed in Experiment 3 with homophonic morphemes is in 

general consistent with that in Tsang (2006) about homonymic morpheme rcsplulion. 

First, potential confounding factors such as familiarity were matched for whole words 

and contextual morphemes in both experiments. This allowed attribution of any 
A 

effects observed to properties of the homophonic or homonymic morphemes. The 
» 

observed meaning frequency effect thus supported ih'e role of morphemes in Chinese 
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disyllabic word recognition (e.g., Zhou, Marslcn-Wilson, I aft, & Shu, 1(斯)，even in 

conditions where whole word access might be more cfficicnl bee a use of the 

morpheme level ambiguily (Baaycn, Dijkslra, & Schreuder, 1997; Bertram el al., 

2()()()a). Therefore, although some linguists believed that morpheme level integration 

was "unwieldy and cosily" (Packard, 1999, p. 91), morphological-mcdialion was 

nevertheless the routine in word recognition, at least in languages like Chinese, where 

words can be easily dccomposcd into individual and isolalcd morphemes. Actually, 

moaning integral ion is an essential component for comprehension. After all，online 

integration is necessary at the lexical and sentence levels. Logically speaking, it is 

unclcar why a system that includes an online integration of morpheme would be 

especially disruptive. 

Second, both Ihc results in Experiment 3 and Tsang (2006) could bcsl be 

explained by the reordered access model of ambiguily resolution (Duffy cl al., 1988). 

Specifically, relative meaning frequency interact with the presence of a prior biasing 

context lo determine the course of meaning retrieval. Recently, Chen and Bo I and 

(2008) also employed the visual-world paradigm lo investigate meaning resolution of 

homophones. Similar to our conclusion, they also discovered both meaning 

frequency and context effects. The primary difference between our study and theirs 

lay in materials: We used homophones that mapped onto morphemes while they used 

homophonic words. The fact that Chen and Ik)land arrived al a similar conclusion as 

ours using homophonic lexical materials further strengthened our confidence thai 

ambiguity resolution at different levels follows identical principles. 

This experiment also extended the results in Chen et al. (manuscript). In Chen 

ct al.，participants' eye movements during the processing of written two-character 

Chinese words were monitored. Results also supported the reordered access model of 
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ambiguity resolution (DiitTy el al., 1988). 1 he fad thai similar findings could be 

found in processing I he simultaneously shown written words and I he serially available 

auditory words is a strong evidence supporting a general mechanism in ambiguity 

resolution. 

There arc subtle diffcrcnc^s between ihc present cxpcrimcnl and Tsang (2006), 

however. Specifically, in I he previous study, Tsang always obtained higher dominant 

than subordinate meaning activation in the first syllable time window when no prior 

contcxl was available (i.e., the SD and SS conditions). In contrast, both dominant and 

subordinate meanings were equally available initially in the prcscnl study. I he 

stronger activation of the dominant meaning was only revealed as a more prolonged 

activation in I he SS condition (Figure 1 1 B). There were no readily available answers 

for this discrepancy. Given that malerials in the two experiments were not matched, 

factors such as the strength of dominance bias, distinctiveness between meaning, 

whole word familiarity, etc... might all contributed lo the difference. For instance, 

homophone density'"'' (the number of characters sharing the same prynuncialion) is 

higher in the present experiment than in Tsang (mean = 1.32 and 1.10, S.D. 二 0.25 

and 0.33, respectively; t(,�=2.28, p < .05). In other words, upon hearing the first 

syllabic, activation would spread across more morphemes in the present cxpcrimcnl, 

which might have masked the activation in the dominant meanings. Also, in the 

present experiment the average (log) character frequency of the intended target is 

lower than that in Tsang (mean = 3.10 and 3.83 respectively, t�4> = 4.76, p < .01). 

(jivcn recent demonstrations of orthographic effects in spoken word recognition (e.g., 

Slowiaczek, Soltano，Wieting, & Bishop, 2003; Ziegler, Fcrrand, & Montant, 2004), 

the lower written frequency might also contribute to the slower emergence of meaning 

Log (number of homophones) was used lo compulc the difTcrcncc bccausc the distribution of 
homoph()"nc density is skewed. 
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frequency ctTecl because there were other more frcqucnl characters available. Further 

research would be needed lo lesl the influence of these factors and to verify whether 

homonymic and homophonic morphemes clicilcd subtly difTerent resolution 

mechanisms, in any ease, the general principle of interactivity bclwcen meaning 

frequency and context is valid across different materials. 

To summarize，Experiment 3 revealed robust frequency cffccl and context 

cffccl in the resolution of homophonic morphemes. The two factors interacted and 

constrained ihc retrieval of correct meaning. Such intcraclion appeared to be critical 

in calL-hing up with ihc demand of rapid specch perception so thai comprehension 

could remain fluent. Actually, ihc high speed of online language processing might 

have contributed lo the apparent universality of ambiguity resolution mechanisms in 

different linguistic units, across modalities, and various languages. In ihe (icncral 

Discussion, wc will see how these mechanisms constrain Chinese speech perception. 
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Chapter 7 

(jcneral Discussion 
« 

Despite the fad thai Chinese is one of ihc most widely-used languages in I he 

world, rclalivcly tew empirical works have been done to undcrsland I he cognitive 

mechanisms underlying its production and comprehension. 1 here arc virtually no 

established theories of�Chinese speech processing (except the simple dcscriplion in 

Yc & r()nnine, 1999). Therefore, researchers have lo rely on models developed in 

Indo-European languages in guiding ihcir research direction. However, given the 

many unique characteristics of Chinese speech, such as the existence on lexical lone 

(Culler & C hen, 1997; Schirmcr cl al., 2005; Yc & Conninc, 1999) and the salience of 

syllabic units (Chen, 2()()(); Chen cl al., 2002; Cheung ct al.，2001; McBridc-Chang ct 

al., 2004), the validity in dircclly employing ideas generated from other languages is 

left in doubt. In other words, a belter understanding about the fundamentals of 

Chinese language processing is in urgent need. The purpose of this thesis is to gather 

empirical information on Chinese spcech perception. In three experiments, we have 

studied how Chinese speakers deal with the ambiguities intrinsic to the speech signals. 

Specifically, we first ask what the basic segmental unit is in Chinese spcech 

perception, is it phoneme, just as in English or Dutch (Protopapas, 1999 for review), 

or is it syllable? Second, we investigate the role of tone in spcech perception. By 

definition, a tonal language such as Mandarin Chinese or Cantonese Chinese employs 

tonal contrast to differentiate lexical entries. Then, docs tone behave similarly as 

segmental cues? Is it also involved in the candidate generation and elimination . 

central to speech perception? Finally, we test how Chinese speakers retrieved the 

correct meaning in case of homophony. 
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Briefly staled, in the present experiments we found oul lhal while syllables 

were highly salient in Chinese spccch (Experiments 1 A and 2A), our participants 

were nevertheless sensitive to subsyllabic information during candidate generation 

and elimination (onscl in Experimenl 1 A, rime in Bxpcrimeni 2A). Yd , phoncmic 

ctTccls appeared to be weak, and lagged behind the influence by whole-syllables 

(onset cffccl in Experiment 1 A vs. 2A). More interestingly, subphoncmic details also 

strongly constrained the initial activation of hypothetical word candidates: Only 

words lhal fit the incoming acoustic features would be included in the candidate set 

(Experiment 2B). The sensitivity io fine acoustic characteristics in Chinese is 

consistent with similar findings in other Indo-European languages (e.g., Davis ct al., 

2002; Marslen-Wilson & Warren, 1994; Salverda el al., 2003). ll highlighted the 

needs to go beyond ihe traditional phoncmc-basccl approach in speech perception. 

On Ihc other hand, even though lexical tone is crucial for the recognition of 

Chinese spoken words, it does not appear to have a unique role in candidate 

generation. In contrast lo the preliminary report in Li and Yip (1998), or Sum (2003), 

we did not observe word activation based solely on tone-sharing without segment-

sharing (Experiments 1A and 2A). Rather, lexical tone was used lo eliminate 

mismatched candidates when context was available (Experimenl 1 B> or after 

sufficient segmental features had been received (Experiment 2A). This pattern was 

consistent with the perceptual disadvantage of tone (Cutler & Chen, 1997) and the 

tonal constraint on semantic access in idioms or sentences (Schirmer et al., 2005; Yc 

& (Tormine，1999). However, our results were inconsistent with Sum (2003), who 

proposed that any differences between segmental and suprasegmcntal effects were 

negligible! The results also did not justify the phoncmc-mctaphor of lexical tone 

proposed by Ye and Connine (1999). Suprasegmcntal information like tone and 



Ambiguity resolution in Chinese speech 1 I 3 

segmental information like phonemes or syllables should be tier be treated as 

something qualitatively different. 

Although lone might help meaning retrieval by disambiguating olhcrwise 

idenlical syllables, as reviewed in the inlroduction, syllabic homophony is still 

prevalent in Chinese speech. Yd , most of the lime, ambiguities are left unnoliced in 

natural conversation. This unawarencss about signal uncertainly cannot be attributed 

to a simple delayed meaning access after enough inputs arc gathered. Actually, 

meaning retrieval is immediate and governed by the relative dominance among 

various meanings such lhal dominanl meaning was activated more strongly than 

subordinate ones as shown in Expcrimenl 3. By definition the dominant meaning is 

Ihc more frequently used one. Therefore, a stronger activation of this meaning would 

guarantee successful comprehension in most cases. Also, the ambiguity resolution 

system is sensitive to the bias of prior context such that context-fit meaning could be 

activated more quitjkly. Overall, the results are consistent with the reordered access 

model of ambiguity resolution (Duffy el al., 1988). Moreover, these mechanisms 

could ensure efficient and correct comprehension most of the time. 

In this General Discussion, we will first outline a model of Chinese speech 

recognition based on the aforementioned findings. For instance, to account for the 

unique characteristics of lexical tone compared with other segmental units like 

phonemes and syllables, the model incorporates two independent yet interacting 

pathways，one suprasegmenlal and the other segmental. We will go into details the 

mechanisms in each pathway one-by-one. Then, the mechanisms by which outputs 

from the two pathways combine to activate the corresponding hiorphemes and words 

will be discusscd, with emphasis on resolution of ambiguous homophonic morpheme. 

Finally, possible directions for future research will be proposed. 
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7.1 A possible model of Chinese spoken word recognition 

(iiven the empirical constraints revealed in the present experiments (as well as 

findings in previous research), we propose a possible model of Chinese spoken word 

recognition here. The general workings of the model are presented in Figure 1 1. 

Figure 11 shows the flow of information among different systems and units. 
c-

The most noticeablc difference between this proposed model and the one in Ye and 

Connine (1999) is the separation of acoustic information into two types from the very 

beginning of speech perception. While the acoustic correlates of phonemes or 
I 

syllables'^ are processed in the segmental pathway, tonal features (i.e., fundamcnlal 
I 

frequency FO) are processed in the suprascgmenlal pathway. This separated ， 

processing of segmental and suprascgmenlal actually received neurological support. 

Employing a mismatch-negativity (MMN) paradigm, Luo el al. (2006) found that in a 

group of Mandarin Chinese speakers, the acoustic cues of lexical lone elicited 

stronger right hemisphere responses than the left hemisphere. In contrast, consonants 

produced the reversed pattern such that higher activation was found in the left 

hemisphere. Luo ct al. concluded from this double-dissociation that different aspects 

of the speech inputs were processed separately based on their acoustic properties very 

early in the pre-altentive stage. In other words, segmental and suprasegmental 

features are processed in the left and right hemispheres respectively. Only at a later 

time point will pitch information be transferred to the left hemisphere to fulfill its role » • 

as lexical lone in differentiating otherwise identical syllables. Such two-stage 

processing of tonal information received partial support from an fMRI study by 

Gandour et al (2003). In their study, participants were asked to judge whether two 

It should be noted that there arc still many uncertainties about the acoustic correlates underlying a 
specific phoneme. However, consensus has been rcachcd on a number of possiWc important 
dimensions, such as voice-onset lime (VOT), direction o f formant transition, etc. (Raphael, 2005) . 
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successively presented three-syllable phrases were identical. In critical trials, ihe final 

syllables of the two phrases differed in lexical lone. Candour et al. found that 

activation was stronger in the left hemisphere while performing lexical tone 

differentiation. Given that fMR丨 measured brain activity with low temporal resolution, 

the results appeared to reflect left hemisphere involvement when the pilch information 

was processed lexically (i.e.，in the second stage). 

The second importani difference of the present model compared with the 

modified TRACE model (Ye & Connine, 1999) is that we allow the segmental cues to 

map directly onto syllables. Actually, we also propose that the acoustic-syllabic 

linkage is stronger than the acoustic-phonemic one to account for the salience of 

syllable in the present Experiments 1 and 2A (as indicated by the larger arrow 

pointing towards the syllable box). On the other hand, we retain the phoneme 

representation in the model because when given appropriate instruction, native 

Chinese speakers could still demonstrate phoneme level awareness (e.g., McBride-

Chang et al.，2004; Ye & Connine, 1999). Moreover, the existence of a phoneme 

layer also helps explaining why our participants sometimes produced candidate words 

which shared only the onset phoneme with the actual target. However, to be 

consistent with the observation that such onset-sharing activation only occurred when 

the time limit of responding was loose (Experiments lA and IB), or after a relatively 

long time delay (Experiments 2A and 2B), we hypothesize that the acoustic-phoneme 

connection is weak. It will thus require a longer time before phoneme level 

representation accumulates enough activation to influence candidate word generation. 

We also include the conventional bidirectional linkage between phoneme and 

syllable, just as Ye and Connine (1999) did. The reason is simple: phonemes add 

together to form syllables, and syllables can be decomposed into constituent 



Ambigui ty resolution in C hinese speech 143 

phonemes. Although in the proposed model, this linkage is symmetrical，it should be 

noted that the influence of syllables on phonemes may be stronger than phonemes on 

syllables because the acoustic-syllable connection is tight. Syllable representations 

can reach recognition threshold very quickly (Experiment 2A), allowing less room for 

facilitation by phonemes. Syllabic feedback on phonemes is thus relatively strong, 

while the reversed link will be useful only under special circumstances such as the 

extraction of embedded words, where ambiguities in the correct target word persist 

long enough for phonemes to accumulate effects on syllables (Experiment 2B). 

On the other hand, the bidirectional connections between syllable and tone, 

and between morpheme and tone, are asymmetrical. This proposal is necessary to 

account for the effect of contexts in improving tonal constraints (Experiment 1A vs. 

IB; also see Brown-Schmidt & Canseco-Gonzalez, 2004; Schirmer et al.’ 2005; Ye & 

Connine，1999). Contextual information creates feedback on tones, strengthening the 

activation of the matching tone，which in turn constrains the activation of “correct” 
« 

syllable and the corresponding morpheme. Without a readily available context, tonal 

effects are weak and need a long time to accumulate before being able to affect 

candidate activation. 

A further difference from Ye and Connine's model (1999) is the lack of a 

direct phoneme-tone linkage in the present proposal. This is because, in Chinese 

speech, tone can seldom be identified on individual phonemes. Indeed, Gandour 

(1983) proposed thai the change of fundamental frequency over time (i.e., tone 

contour or direction) is an important tonal feature in Chinese speech. A longer steady 

stale of sound energy is required to realize the pitch movement. Therefore, lexical 

tone should better be conceptualized as being connected with the entire syllables 

rather than with phonemes. On the other hand, there are also proposals thai rime and 
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tone are actually a unified representation because the voiced pari (i.e., the vowel) is 

the primary constituent of the steady stale (see Howie, 1976 and Vance, 1977 for 

discussion). However, the independent effects of rime and tone observed in 

Experiments 1A and 1B (contrary lo the interaction between onset and rime) 

suggested that they are indeed separate units in Chinese speech perception. 

Specifically, the rales for rime-sharing, tone-sharing, and rime-plus-tone-sharing 

errors were identical statistically in gating. Moreover, the activation for rime-sharing 

competitors, but not for tone-sharing competitors in Experiment 2A, also supported 

that rime alone is independent from tone. As a result, we did not propose a specific 

linkage between rime and tone. 

I Finally, in the present model, we explicitly propose that the direct output of 

phonological processing is morpheme. Word level representations are activated via 

morphemes. In other words, Chinese speakers recognize spoken words through their 

constituent morphemes. This proposal is contradictory to some linguists' belief that a 

morphemic route of word recognition is improbable (Packard, 1999). However, it fits 

perfectly with the rapid morpheme activation and integration demonstrated in Tsang 

(2006) and the present Experiment 3. It is also consistent with the large body of 

evidence supporting the word recognition models that assume morpheme-mediation 

(e.g., Taft & Forster, 1975; Taft & Zhu, 1995). We also proposed feedback linkage 

from morpheme to the syllable and phoneme representations lo account for the 

context morpheme effect observed in Experiments IB and 3. 

Following this overview of the proposed model, we will cover in more details 

the processes in the segmental and suprasegmenlal pathways, and how their outputs 

combine to allow correct recognition of target morpheme. Special emphasis will be 
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placed on the implications of the proposed mechanisms and how they can be related 

to previous studies. 

7.2 The segmental pathway 

The segmental pathway starts from ihe extraction of subphonemic features 

from the speech stream. Although there are still uncertainties about the exact nature 

of the acoustic correlates of segmental units (Raphael, 2005), empirically speaking it 

has been demonstrated repeatedly thai people arc sensitive to these signals in spoken 

word recognition (Davis et al., 2002; Marslen-Wilson & Warren, 1994; McMurray et 

al.，2008; Salverda el al., 2003; Warren & Marslen-Wilson, 1987). Consistent with 

this, in the present study, fine acoustic details were captured online by our participants 

in their generation of hypothetical word candidates before successful target 

recognition (Experiments 2B and 2C): Candidate words are activated only when the 

inputs match well with the typical acoustic realization of these words. For instance, 

even though /haai4/ and /haa4/ are having extensive phonological overlapping, the 

embedded competitor /haa4/ was not activated in Experiment 2B, when participants 

heard /haai4/, because the typical acoustic realization of the initial portion of these 

two syllables differs drastically. Actually, as demonstrated in Experiments 2B and 2C, 

for competitors sharing initial phoneme(s) but with the typical acoustic realization 

being different from that of the presented target, inhibition occurred'^. Moreover, the 

inhibition between the differentially realized identical phonemes (e.g.，the /h/ in 

/haai4/ and /haa4/) was so strong that below-baseline fixation proportion was resulted. 

1 acknowledged that calling this efTcct as “inhibition，，might not be accurate bccausc the bclow-
basclinc fixation proportion did not occur in all competitor conditions. And there was no condition in 
which the different competitors were directly compared against a common baseline. So the 
"inhibition" could simply be a "lower activation". However, in any ease, wc still need to explain what 
causes the "lower activation" and the mechanisms proposed here would equally apply. 
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The inhibition on acoustically difterenl phonemes can be incorporated into the 

acouslic-phoncme/syllablc linkage and/or realized as lateral inhibition among 

phonemes or syllables. In the former case, while acoustically-tll phoneme/syllable 

receives excitation from the supporting features, acoustically-misfil ones actually 

receive interference. In the latter case, identical phonemes/syllables thai arc having 

different acoustic realizations are connected with inhibitory links, such that when the 

acoustically-fit phoneme/syllable is activated, it will interfere with other misfit items. 

In both cases, however, the same phoneme or phoneme-cluster appears to be 

represented more than once. This proposal is consistent with recent suggestions of 

episodic or semi-episodic view of phonological representation (Mittcrer & McQueen, 

2009), which assumes that concrete instances of the spoken words are also stored in 

the mental lexicon. A schematic overview of these two hypotheses is illustrated in 

Figure 13. 

igure 13. Acoustic effects on phonemes and syllables. 
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Wc prefer ihe lateral inhibition hypothesis of acoustic similarity effccl because 

it can also explain why the unrelated distraclcrs were not inhibited to ihc same degree 

as the differential I y realized identical phonemes despite both of them were different 

from the targets in terms of initial acoustic features. According to this hypothesis, the 

unbalanced inhibition on competitors and distraclcrs might be attributed to the lack of 

direct inhibitory links among different phonemes (e.g., /h/ and /p/ arc not connected). 

As acoustic inputs just activate the matching phonemes (e.g., the /h/ in /haai4/ but not 

haa4/), the phonemes, of unrelated distraclcrs actually receive neither supportive nor 

counlcractive acoustic evidence. In contrast, if inhibition is incorporated into the 

linkage between acoustic features and higher representations, the phonemes of 

unrelated distraclcrs should receive equal inhibition as those of competitors. 

A related issue is thai the acoustic effects observed in the present experiments 

appears to be much stronger than those in previous reports (e.g., McMurray el al.， 

2008; Salvcrda el al.，2003), in which words containing acoustically dissimilar 

phonemes were still more highly active than the unrelated baseline. In contrast, we 

obtained below-baseline activation for the acoustically dissimilar competitors. No 

explanation for this discrepancy is readily available because many factors (e.g., task, 

language and phonemic structure) may have contributed. Yet, we speculate thai the 

type of acoustic information studied may be particularly important. In previous 

studies employing the visual-world paradigm comparable to Ihc present Experiment 

2B, usually the temporal aspect of subphonemic feature was manipulated. For 

example, Mc Murray et al. (2(X)8) varied voice-onset lime along a continuum and 

Salverda et al. (2003) manipulated syllable duration. In contrast, the acoustic 

similarity effects in Experiment 2B reflected differences in spectral properties. .In 

most dissimilar pairs, it is the formant frequency and/or shape of formant transition 
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that differ. Previous neurological evidence (e.g., Zatorrc & Belin’ 2001) has shown 

lhal temporal and speclral properties of acoustic signals are dissociable and processed 

separately by different hemispheres. Briefly stated, speclral information is processed 

in the right hemisphere while rapid temporal changes arc processed in the left 

hemisphere. 

This speculation received partial support from an eye-moniloring study by 

Dahan, Magnuson, Tancnhaus, and Hogan (2001). In their study, Dahan cl al. created 

monosyllabic target words (W1) by cross-splicing two tokens of the same word 

(W1 Wl), two difterenl words (W2WI), or a nonword and a real word (N3W1 )• Such 

cross-splicing is likely lo produce extensive changes in spectral properties of the 

target (Wl) for the latter two conditions. Results suggested thai for trials with 

subphonemic mismatch (W2W1 and N3W1), target fixation was slower than in trials 

without mismatch (Wl Wl). More importantly, target fixation was also slower for 

W2W1 condition than N3W1, because participants had “wrongly，，activated W2 

based on the initial portion of the items (Experiment 2 in Dahan el al.). This also 

inhibited activation of the actual target Wl. Moreover, the initial inhibition by 

acoustic mismatch was later overridden by the phonemic match such that target 

detection was still successful in W2W1 and N3W1. In other words, the subtle 

subphonemic Matures played a role in temporarily activating the acoustical I y-matchcd 

words and inhibiting those having a different acoustic realization. This fits perfectly 

with the competitor activation in the acoustically similar condition observed in 

Experiment 2B. Therefore, the inhibitory linkages among identical phonemes with 
< 

differential acoustic realization may be particularly strong when they differ on 

spectral properties, leading to higher mutual inhibitions with spectral than temporal 

differences. However, one major problem exists in Dahan el al.: It is unci car whether 
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cross-splicing would have increased participants' sensitivity lo subphoncmic 

mismatches. It should also be noted thai the acoustic clTecl in Dahan ct al. (see Figure 

3) was not as immediate as in Salverda cl al. (2003) or in the present experiments. 

Certainly, more works have lo be done in studying the role of fine acoustic details in 

speech processing, especially in Chinese spccch perception. 

From the acoustic layer there arc two parallel route of activation spreading, 

namely the phoneme route and the syllabic mule. In the present model, we suggest 

thai the phonemic route is just secondary to Chinese spccch recognition because it is 

only weakly connected with the features. Rather, Chinese speakers mainly rely on the 

syllable route in spoken word recognition. This idea not only provides explanation 

for the robust syllabic effects observed in Experiments 1A and 2A，it also conforms lo 

linguistic hypothesis, developmental data (Cheung ct al., 2001; McBride-Chang el al., 

2004), and evidence from Chinese speech production (Chen, 2 _ ; Chen el al.，2002). 

This “marginal—ion，，of phoneme is perhaps the most unique aspect of Chinese 

spccch processing compared with Indo-European languages. Although phoneme is 

just a linguistic construction, its psychological validity has been largely unquestioned 

since the demonstration of phoneme level categorical perception. Phoneme has been 

incorporated in virtually all spccch perception and production models as an important 

unit thai intervenes between the abstract lexical representation and its acoustic 

realization. Even in more recent conncctionisl models of speech perception that 

allowed direct feature-lexicon connection (Gaskell & Marslen-Wilson, 1997), 

phonemes were still considered to be the basic unit in the phonological system. 

Actually, from ihe perspective of language acquisition, the salience of syllable 

in Chinese makes perfect sense because phonetics is not included in the syllabus of 

regular language education (at least in Hong Kong). Children grow up without having 
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learned explicitly how U> decompose spoken words into phonemes. The logographic 

nature 

graphcmc-phoncmc conversion spontaneously. In contrast, because each wriltcn 

Chinese character corresponds to a monosyllabic in speech, it is a common practice to 

learn Chinese through the pronunciation of the whole syllabic. This further interferes 

with the robustness of phoneme level representation in Chinese. As a result, 

individual phonemes cannot develop into routine processing units in Chinese speech 

among average undcrgradualcs in Hong Kong. Its ctYect will lag behind lhal of 

syllabic and emerge only when sufficient time is allowed. Therefore, when /haai4/ is 

heard, initially the phoneme-sharing /ho4/ or /haa4/ will nol be highly active. 

However, after ihc phoneme nodes have accumulated enough activation, they can still 

be more active compared with the control baseline. 

While we assume thai syllable is the actual phonological representation lhal 

maps onto morphemes in the semantic system, we do not intend lo propose lhal 

Chinese spcech perception is delayed until whole syllables arc available. Actually, in 

ExpcTiment 2，we observed clear target fixations before syllabic offset, which strongly 

suggested that Chinese speech perception is also immediate and active. It involves 

the typical candidate generation and elimination found in other languages. The 

syllable-based hypothesis simply suggests that these processes operate primarily on 

syllables. In other words, when /haai4/ is heard, /haaiS/ will be more highly active 

than /haa4/ and /haau4/, even though according to Ihc model in Ye and Connine 

(1999), /haaiS/ and /haa4/ and /haau4/ all differ from /haai4/ by only one distinctive 

feature and thus should be activated to a similar degree. 

To summarize, we propose that acoustic features arc import an I basic 

processing units in Chinese spcech perception. Feature-level contrasts are mapped 
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directly to bolh phonemes and syllables, bul the latter one plays ihc primary role in 

candidate generation and elimination before target idcnlificalion. This pattern may be 

inconsistent with the general assumption of phoncmc-bascd recognition in Indo-

European languages, but it Ills well with the results in the present study and llic 

pallcrn of language acquisition among our Chinese parlicipanls. 

7.3 The suprasegmental pathway 

In contrast lo a poor underslanding of the acoustic correlates of segmental unit， 

it is generally agreed that lexical lone is primarily realized as the fundamental 

frequency in the speech signal, while factors like durations and intensity play less a 

role (Gandour, 1983; Khouw & Ciocca’ 2007; Vance, 1976). As mcnlioncd 

previously, ihc acoustic processing of fundamental frequency appears to be 

dissociable from segmental processing (Luo el al., 2006). This provides justification 

for proposing an independent route of tonal processing. Moreover, we assume that 

the suprasegmental route is slow when no contextual feedback from is available. In 

other words, tonal identity is available late after enough information about 

fundamental frequency has been received. This naturally explains the perceptual 

disadvantage of tone (Cutler & Chen, 1997) and the present findings thai it is not 
J . 

particularly useful in generating hypothetical word candidates. After all, by the lime 

the whole tonal contour is identified, there has already been a great deal of segmental 

constraints thai inhibit other tone-sharing candidates. Therefore, perhaps lexical lone 

participated in Chinese speech perception only by differentiating otherwise identical 

syllables such as /haai4/ and /haai5/ (Experiment 2A). 

Cjiven that the acoustic correlates of lexical lone (i.e., fundamental frequency) 

are also related lo speaker variability (e.g., gender, age), emotion, and speech rate, it 
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is still unclear how abslracl the representation of lexical lone should be. While some 

rcsearchcrs^Moorc & Jongman, 1997; Peng, 1997) believed thai a normalization 

process would help adjusting each imiividual lone token according lo an abstract 

“template,，tone, it is also possible that each realization of spoken Chinese words is 

stored separately in ihc mental lex icon (i.e., the episodic view, (ioldinger, 1998; also 

sec Connine, 2004, for a semi-episodic view). According lo the latter hypothesis, 

details of each lone token arc stored. Tone perception is therefore sensitive lo fine 

acoustic features, just as segmental units. Al present, very limited works have been 

done on testing the two possibilities and results have been equivocal. For example, 

Yu (2007) showed thai subtle acoustic difference in exemplars of the same lone was 

meaningful. However, he argued thai the acoustic effects were restricted to 

modification of the tonal representation and did not reach consciousness. On the 

other hand, Francis, Ciocca, and Ng (2003) observed a flat discrimination curve of 

tonal contrasts, which indicated that acoustic details could reach conscious awareness 

and led to non-catcgorical discrimination of lexical lone. However，in the same study 

Francis el al. also discovered a sleep identification slope, which indicated categorical 

perception. In the present thesis, we did not include any manipulation of acoustic 

details. Therefore, we cannot estimate how sensitive our participants were towards 

the subtle difference in tonal features. Also, all materials were recorded by the same 

female speakers, normalization should be easy. Given these, we refrain from drawing 

strong conclusions about the abstractness of tone representation. More r^carch is 

clearly needed. It should be noted, however, that our assumption of a relatively slow 

tonal effect will still hold regardless of answer to this question. 

A related issue concerns how the different tones are connected by themselves. 

In Cantonese, there are six tones. Figure 13 shows the typical tonal profiles of the six 
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tones on ihe syllable /tW. As can be seen from the figure, there arc similarities and 

differences among the six tones. For example, the shapes of tones 1, 3 and 6 arc 

similar, and the starling FO values of tones 2，4, 5 and 6 are also similar. Actually, 

previous studies showed that Cantonese tones can be summarized by two dimensions 

((iandour, 1983; Khouw & Ciocca, 2007). The first dimension is pilch height, which 

refers lo the average fundamental frequency over the whole syllable and is useful to 

diffcrenliale ihc three level tones (high, mid,' and low; i.e., tones 1, 3, and 6 or tones 2 

and 4). The second dimension is pitch contour, which is ihe change in pilch level 

over lime. Pitch contour (especially the changes over the later pari) is important lo 

separate flat (tones 1，3, and 6), rising (tones 2 and 4) and falling tones (lone 5). In 

other words, subtle differences in fundamental frequency may really be necessary to 

differentiate the six tones. 

Note: Solid lines represent level tones; Dotted lines represent rising tones; Dashed 
line represent falling tone. 
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From Figure 14, one may comc up with the hypothesis that tones 1 and 3 

should be diffcrenliable from the other tones at the earliest moment because ihc pitch 

heights of these two tones are distinct. On the other hand, tones 2, 4, 5 and 6 are 

distinguishable only after more information about the contour is also received. In 

Experiment 2A, we did not manipulate the tonal similarity between competitors and 

the target tone. Rather, the lone-sharing competitors we used shared maximum 

similarity with the target (i.e., ihc tones were identical). Ciivcn thai no candidate 

generation had been obtained in such optimal condition, we speculated thai candidate 

words which shared only pitch height or pilch contour would also remain inactive. 

Y d , it is slill unclear whether the later constraint in eliminating tone-mismatched 

candidates would be dependent on tonal similarity. Actually, Cutler and Chen (1997) 

demonstrated that while tonal contrasts were in general more difficult to delect than 

phonemic contrasts in a matching task, differentiation of similar tones (tones 4 and 5) 

were particularly more difficult than dissimilar tones (tones 1 and 2). Unfortunately, 

the matching task in Cutler and Chen did not provide details about the time course of 

tonal influence. It would be important to replicate their results with the visual-world 

paradigm, which provides more information about activation changes over time. 

The connection between morpheme and tone explains the stronger tonal 

constraints when context is present (Experiment IB). Pre-existing morphemic context 

exerts facililalory feedback on the lexical tone, increasing its activation level. As a 

result, the tonal representation reaches activation threshold faster and exerts feedback 

back to the syllable level earlier than when no morphemic context is available. 

Finally, while we propose a suprasegmental route of lexical tone processing 

and assume thai this route lags behind the.segmental route (syllable), we are not 

suggesting thai processing of tonal information only starts after syllables are available. 
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In contrast, we believe the segmental and suprasegmenlal routes run in parallel. 

Different aspects of’ the acoustic inputs are extracted by different brain regions (Luo et 

al., 2006), which then feed into the corresponding systems for further segment and 

lone processing. The two routes continuously interact with one another until Ihey 

cooperate to activate the correct morpheme for recognition. Such proposal is indeed 

consistent with the results obtained when building speech recognition machine with 

statistical modeling in the engineering community. Specifically, Demmcchai and 

Makeliiinen (2001) proposed the linked detection mechanisms of tonal syllable 

recognition. In their model, acoustic inputs arc separately analyzed to segmental and 

tonal features, which then feed into the syllable and tone recognizers respectively. 

The two recognizers influence each other at every time step before successful 

identification is established. Comparing with other possible models, linked detection 

yielded the best outcomes, suggesting the proposal of independent, yet interacting 

pathways of segmental and suprasegmenlal processing may also have computational 

validity. Yet, it should be noted that in the present model, the linkage between tone 

and syllable is asymmetric (to account for the context effects), contrary to the 

assumption of symmetry in Deemchai and Makeliiinen. 

To summarize, although lexical tone is critical for the ultimate differentiation 

of otherwise identical syllables, its effect only emerges slowly. Indeed, it is more 

useful for eliminating mismatched words than for generating matched candidates. On 

the other hand, while our understanding about the nature of tonal representation is still 

shallow，we are pretty confident that the activation of tonal representations relies on 

operations independent to those dealing with segmental information. Yet, continuous 

interaction between the two systems seems necessary for efficient Chinese spoken 

word recognition. 
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7.4 Morpheme-mediation of spoken word recognition 

In the proposed model, the outputs of segmental and suprasegmenlal pathways 
« 

arc combined as they jointly access the morpheme level representation. However, the 

mapping between phonological unit and morphemic unit is not one-to-one. Rather, 

extensive homophony exists in spoken Chinese such thai the same tonal syllable may 

be linked lo more than one morpheme. We term this phenomenon "morphemic 
� 

ambiguity，，because it resembles the one-to-many mapping between word and 

meaning in lexical ambiguity. It turns out that the morphemic ambiguity resolution 

also follows mechanism in lexical ambiguity. Both context and meaning frequency 

matter. Therefore, in the model we assume that the syllable and lone will first jointly 

activate the most frequent meaning before the subordinate ones. Moreover, there will 

be feedback from morpheme to syllable and tone to account for the context effect. 

Investigation on homophonic morpheme resolution presents a strong test 

against the role of morpheme in spoken word recognition because ambiguities in 

morpheme may lead to more reliance on whole-word access (Bertram et al.，20()()b). 

Contrary to the beliefs that morpheme simply does not exist (Packard, 1999) or it 

affects spoken word recognition only post-lexically (Greber & Frauenfelder, 1999), 

we hypothesize an obligatory morpheme-decomposition route in Chinese spoken 

word recognition. Linguistically, Chinese speech has a light morphosyllabic structure 

such that each individual syllable clearly represents a single morpheme. Given the 

salience of syllables in Chinese as reviewed before, the assumption of morpheme-

based meaning access seems reasonable and natural. Furthermore, this hypothesis is 

also grounded empirically from the results in Tsang (2006) and in the present thesis 

(Experiment 3). In both studies, we employed the visual-world paradigm which is 
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sensitive enough to reveal ihc online speech processing (e.g., Allopenna et al., 1998; 

Tanenhaus & Spivey-Knowlton，1996). Results showed that morpheme frequency 

affected fixation proportion well before word offset. Given that word level 

characteristics were closely matched across conditions, the early morpheme effect 

could only be explained by morpheme activation prior to whole-word access. The 

observ ation of morpheme mediation in Chinese spoken word recognition is consistent 

with the findings in other languages (e.g., Taft, Hambly, & Kinoshita, 1986; Wurm, 

1997) and in written word recognition (e.g., Zhou et al., 1999). 

Besides the morpheme frequency effect, we also observed robust prior context 

effects in recognizing the correct morpheme. More importantly, previous studies on 

the issue typically employed sentential context (e.g.: Tsang, 2006; Zwitserlood, et al., 

2005), so it is unclear whether context effects also operate at the minimum 

meaningful scale of morpheme. In Experiment 3, we successfully demonstrated thai a 

single prior morpheme could provide sufficient contextual constraints to resolve the 

ambiguities in a homophonic morpheme (PD vs. SD conditions; PS vs. SS conditions). 

Therefore, we incorporate a feedback link from the morpheme layer to syllable and 

tone layers to account for the contextual bias created by an identified morpheme. 

Overall, this context sensitivity and the effect of morpheme frequency jointly support 

the reordered access model (Duffy et al.，1988) of morphemic ambiguity resolution. 

This strongly supports the possibility of a general ambiguity resolution system 

responsible for handling the one-to-many mapping between form and meaning at 

different levels of language processing. This also suggests that we should be cautious 

when inspecting previous demonstrations of whole-word access of ambiguous 

morphemes (Bertram et al.，2000b). Given that a single morpheme is constraining 

enough for retrieving the correct morpheme, the apparent lack of morphemic effects 
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may simply be attributed to the low sensitivity of the dependent measures. For 

instance, while robust morpheme involvement could be seen in ihc eye fixation 

patlem, we actually failed to obtain significant effects in ihc reaction limes and error 

rates of target detection. Presumably, when participants responded, all ambiguities 

had been resolved completely. The temporary difference in meaning availability was 

thus masked. 

Moreover, the existence of morphemic ambiguity resolution revealed in 

Experiment 3 was particularly important because it represented a crucial piece of 

evidence supporting the presence of a separate morpheme layer beyond whole-word 

representation. An alternative explanation of the morphemic effect was to reduce it to 

form or meaning sharing at the lexical level (see Feldman, 2()()(), for discussion). 

According to this hypothesis, lexicons with similar forms and meanings would cluster 

together in the representation space. The apparent morphemic effect was simply an 

emergent property of such clustering. In other words, a separate morpheme layer 

intervening between features and whole words was not necessary. This proposal, 

however, could not account for the pattern observed in resolving morphemic 

ambiguity. If morphemic effect was purely due to semantic clustering, it was unclear 

why the distinctive (i.e., low clustering) meanings of the homophonic morphemes 
t 

would be activated together. On the other hand, attributing morphemic effects solely 

to form sharing would also encounter difficulty because it could not explain why 

relative frequency of usage affected meaning availability. In short, the mere existence 

of morphemic ambiguity resolution supports Feldman，s finding (20(K)) that 

morphological effect ‘‘cannot be described simply as the 'sum，of a semantic and an 

orthographic effect” (p. 1441 )• 



Ambiguity resolution in Chinese speech 1 I 3 

It should be noted, however, lhat in Chinese compounding is ihe primary way 

ot combining morphemes. There arc in principle no inflections. So all materials we 

used in Experiment 3 are compound words. It is unclear whether morphemes play a 
* 

stronger role in processing compound words because the constituent morphemes 

contribute to ihe whole-word meanings. F:or example, Taft and Kougious (2004) 

showed lhat morpheme-like processing occurred in reading monomorphemic words 

such as “virus，，and "viral" because their form and meaning are correlated. On the 

other hand，results from studying inflected or derived words are equivocal. While 

some studies demonstrated robust morpheme-decomposition (e.g., Taft el al.，1986; 

Wurm, 1997, there were also reports of whole-word access (e.g., Schriefers, 

Zwitserlood, & Roelofs, 1991; Tyler, Marslen-Wilson, Rcntoul, & Hanney, 1988). 

Therefore, it would be important to extend the present findings to other types of 

morphemes. 

To summarize, although the activation of dominant meaning appeared to be 

weaker and delayed (see Figure 1 IB) compared to Tsang (2006), we in general 

successfully replicated the interaction between meaning frequency and context 

position in homonymic morphemes using homophonic morphemes in Experiment 3. 

Moreover, the exact mechanisms for resolution follow closely the pattern of reordered 

access model. Finally, the immediate morpheme frequency effect is interpreted as 

supporting a morpheme-decomposilion view of word recognition and the existence of 

genuine morpheme representations. 

7,5 Conclusion and Future directions 

The present thesis aims at gathering empirical data about the fundamentals of 

Chinese speech. In three experiments, we showed that acoustic features, phonemes, 
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and syllables arc all valid phonological units in Chinese speech. However, while the 

ef fects of acoustic features and syllables arc salient, the role of phoneme seems lo be 

secondary. Wc also obtained evidence of morpheme-mediation in recognizing 

Chinese disyllabic words. To summarize these findings, a possible model of Chinese 

speech perception is proposed in Figure 1 1. On Ihc other hand, a good model not only 

serves lo explain empirical findings, it also helps generating new hypothesis. Wc 

conclude the present thesis by suggesting several possible research directions. 

First，Ihc role of fine acoustic features in spoken word recognition has to be 

specified. Although wc observe a dear difference in activation level between the 

acoustically similar and dissimilar competitors, we did not manipulate this as an 

experimenial factor. Stronger evidence about acoustic effect can be obtained by 

directly manipulating the acoustic features and measuring its influences on lexical 

activation (e.g., McMurray et al” 2008; Salverda et al., 2003). Moreover, further 
t 

studies are needed to compare whether the type of acoustic contrasts manipulated 

(temporal or spectral) affects the size of acoustic effect. 

Second, the weak phonemic effect in Chinese speech perception may be 

related lo the emphasis of syllable-character linkage during reading acquisition. If 

this hypothesis is true, we should obtain stronger phoneme effect when children 

receive training in phonetics. Actually, McBride-Chang et al. (2004) showed thai 

children who have received PinYin (a phonetic system in Mandarin Chinese) trainings 

scored higher in phonemic awareness. It would be interesting to see if they also 

demonstrate stronger phoneme-sharing competitor activation in online spoken word 

recognition. 

Third, as mentioned previously, the six tones in Cantonese can be organized 

by two dimensions, namely pitch height and pilch contour. Some tones arc similar in 
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pitch height but differ in ihc conlour. In the present experiments, we did not 

manipulate the degree of similarity between competitor and target tones, (liven thai 

previous studies in Canlonese and Mandarin suggested significant cffecl of lone 

similarity (e.g.. Culler & Chen, 1997; Yc & Conninc, one may expect lo sec 

similar effects in Canlonese. On the other hand, the weak activation in identical-lone 

competitors may argue tor ihc contrary. Further investigations will be needed lo 

verify which of ihcsc positions is corrcct. 

Fourth, while in speech perception, ihc relative meaning dominance of the 

homophonic morphemes significantly affects the pattern of meaning retrieval, it is 

unclear whether it plays the same role in speech production. For instance,�)ohmes, 

Zwitscrlood, and Bo lie (2004) revealed identical priming effects on picture naming by 

transparent and opaque primes, suggesting thai in speech production, morpheme 

might be coded only at ihc form-level without any linkage to meaning. 

Fifth，methodologically speaking, one limitation of the visual-world paradigm 

is thai only concrete nouns could be used as materials because an easily recognizable 

visual display must be constructed along the auditory target. However, recently, 

McQueen and Vicbahn (2007) successfully replicated the competitor activations 

during spoken word recognition (Allopcnna et al.’ 1998) when ihe visual display was 

constructed by printed words. This greatly reduced the limitation in materials 

choosing and allowed further testing of similar issues in Chinese spccch. 

Finally, the model outlined in this thesis is comprehensive, yet, it is still a 

descriptive model that lacks prediction about its dctailejd temporal characteristics. As 

speech perception is highly incremental and dynamic, it is desirable to elaborate the 

model further with computer simulation such thai the outputs of simulations can be 

compared with the results in the visual-world experiments directly (see Allopcnna ct 
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al., 199S). However, a thorough understanding of Chinese spcech perception is 

neccssary lo implement a successful conipuler simulation. Al ihc present stage, 

perhaps the most important job is lo accumulate more empirical knowledge on Ihc 

issue. Wc believe the present thesis has contributed in achieving a bcller. 

understanding of Chinese speech. 
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