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ABSTRACT 

丁 his dissertation reports on three studies of I he cognitive representations and processes in visual 

recognition of Chinese two-character compound words. Because Chinese two-character compound words 

are composed of two spatially separated characters which themselves are words, there has been a debate 

about whether these words are represented and processed in the mental lexicon as unitary wholes or as 

combinations of the component characters (Zhang & Peng, 1992; Taft & Zhu, 1995). 

The first two studies are concerned with whether Chinese two-character compound words have 

decomposed or holistic orthographic representations in the mental Icxicon. Study I made use of the high 

frequency orthographic neighbor inhibition clTcct (Grainger & Jacobs, 1996; Davis & Lupkcr, 2006) in the 

masked priming paradigm. It was found that a high frequency orthographic neighbor (e.g.,简TT, means 

virtually in English) inhibited recognition of a low frequency target word (e .g.,简略，means brief in 

English). The high frequency orthographic neighbor inhibition effect was supposed to be caused by lexical 

competition between prime and target words (Grainger & Jacobs, 1996). Therefore, the observation of 

inhibition in Study 1 suggests that the prime words have word-level representations that compete with those 

of target words for lexical access. Il is argued that the activated word-level lexical representation is likely to 

be orthographic representation, rather than phonological and semantic representations, because the 

influence of phonology was found to be limited in a follow-up experiment, and the semantic relatedncss 

between the prime and target words was low. Furthermore, because ihe inhibition effects were stronger for 

semantically opaque than transparent compound words, it seems that opaque words are more likely than 

iransparenl words to be represented as unitary units. 

Study 2 adapted the transposed-letter similarity effect in English (Forstcr, Davis, Schoknccht, & 

Carter, 1987; Acah & Pcrca, 2008) into transposed-character similarity effect in Chinese to further examine 

the orthographic representation of Chinese compound words. Study 2 examined the processing of both 

transposable and unlransposable compound words to distinguish the decomposed account (which assumes 

morpheme-to-word activation) and ihc holistic account (which assumes activation of word-level 

orthographic representation) of the menial representation of Chinese compound words. It was found that 

transposable word-word pairs (e.g. ,领带，means lie in English-带领，means lead in English) did not 

produce significant priming effects. This result is inconsistent with the decomposed account, but is 
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explicable in terms of the holistic account. Two follow-up experiments show that the iransposed-character 

similarity effects differ for transparent (e.g., ！诉{故，means proud in Fnglish) and opaque words (e.g., ."jlAi, 

means careless in English). Transposed nonwords show significant facililalion effect to the original words 

when the original words were opaque (e.g.,虎''j-厂！；虎）but not when they were transparent words (e.g., 

做骄-骄做 ) . I t suggests that opaque words arc more likely than transparent words to be represented as 

orthographic wholes. The findings of word-level orthographic representation and the influence of semantic 

transparency provide convergent evidence for the conclusions readied by Study I. 

The third study investigated whether or not the meaning of a component morpheme would be 

activated in ihc proccss of recognizing a Chinese two-character compound word. Current accounts of 

morphological processing disagree on whether morphological processing is fonii ihcn meaning, or form 

with meaning (Fcldman, O'Connor, & Del Prado Martin, 2009; Davis & Rastle, 2010). The focus of the 

debate is actually whether morpheme meaning activation occurs al early stage of compound word 

processing. This study attempted to contribute to that debate by trying to dissociate morphological 

processing of form and meaning. The method was to investigate masked priming cfleets produced by 

priine-larget pairs that contained a pair of semantically related morphemes but without any overlap in 

orthography, phonology or whole-word meaning ( e . g . ,吃惊 /surprised in Knglish/- t-t /break one s 

promise in English/). Since there was no overlap between the prime and the target in form, any priming 

effects produced could be allribuled unequivocally to activation of morpheme meaning ( e . g . , 吃 b o t h 

means eat in English). The results of Study 3 show thai morpheme meaning activation without form 

overlap occurred as early as the first 60ms of word processing. This finding is more consistent with the 

form-with-meaning lhan the form-then-meaning account. 

[n sum, the three studies suggest that, on one hand, Chinese compound words, particularly the 

opaque ones, seem to be represented as holistic orthographic units in the mental lexicon. On the other hand, 

the meanings of the component morphemes are activated in visual recognition of Chinese compound words, 

suggesting a decomposed acccss. The implications of these results for a model of Chinese compound word 

representation and access, as well as ihc dispute between morpho-orthographic and morpho-semanlic 

decomposition accounts of morphological processing in other languages, were discussed. 
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摘 要 

巾文 i i合双卞词山两个可中.独成词的汉卞构成。在汉15字调研究领域对于从合双卞词的表征 

和通达历米存在幣体表征和分解; rC两种观点（Zhang & Peng，丨992; Taft & Zhu，丨995)�为丫解决这 

—Z/I•论，本文试图通过三个研究进一少探i�丨屮文ii合双：？••词的表征和通达。 

研究一和研究均关注中文^£1>双卞词在心理词典中的词形农征M题。研究一使用掩蔽A，丨动 

范式 Y t^�i瓶频家族临近调抑制效(Grainger & Jacobs，1996; Davis & Upker , 2 0 0 6 )來探 i � J此H题。 、 

、 研 究 结 i l i 显 示 ， 商 频 家 族 临 近 词 （ 如 ， 隨 干 被 试 对 低 频 家 族 临 近 同 （ 如 ， 嶋 的 识 别 。 

G r a i n g e r和 J a c o b s (1996) t人为 /7T觀家徙傲斯激效•足A'彳动词和M标词之叫的词汇竟争引起的。 

研究一的结来农明A '丨动间和目标词粮调水平的农征得到了激活并在词汇通达过卜相互党争。进 

—少而宵，/£�•.述加T.过权中似轩可能被激活的整词表征足词形农征：而不足语奇或语义表征。这 

足因为后续研究农明ffi••洋方面的彫响非常有限，而A'：^动词和tl标词之叫的语义相关度也小,••!!,。》)外， 

• .： 实验结果猛示商频不透明后动词（如，成就)比治 i•频透明彳动问（如，维办、对其低频家族临近词 

(成见ct 产生电)<M�l高频家族临近词抑制效应。据此推断，小透明词比透明词更宵可能拥 

‘街粮询水、r•的词形农彳1丨:。 

为了进--步探卜丨屮义义fr双’i^'•词的心理表征，研究：把英文研究中所发现的 

效/々发I接成汉换份々/叙没欢/丨并加以使用(Forster, Davis, Schoknecht, & Carter，1987; Acah & Perea， 
r 

2008)。为了鉴别分解表征假说（认为存在词素到粮词的激活）和稱词表征假说（认为存在粮词水卞 

词形表征的激活），硏究二N)i i� j•考察了可换位复合词（如，领带-带m和不可换位 i i含词（如，傲 

骄-骄做、的加T过程。研究结來湿不，可换位词对（如，领带-带领)并小会促进彼此的加I:�格 

词表征假说可以对结架做出解释。后续实验发现透明同（如，骄做、和不透明词（如 .物的汉 
« 、 

•换位相似性效应A<VA�贝体而宫，汉t-换位后得到的非词有助T•不透明词的加：丨：（如，虎马-

粗对透明词的加丁（如，%骄了骄傲、并无艱响.该结果表明，透明词比不透明词史•可能以整体表 ， • . 

：效 、：〜_ 、 
‘ 征的方式存储在心理 i iA中。 fe丨究二证：孟〒4调词形表征的存在及语义透明度的影响。这拽结来与‘ 

‘ . . . 、 
• » 

. 研 究 一 的 结 來 二 致 。 ‘ 
S * • . 

： 本文关M:的辦二个保点足“中文复合双字词的心理表征足如何通达的？”。丨爿前在词索加丁. 

方面的研究对于词素语义和形式激活的相对速度仍存在争论：词索语义激活滞后丁•词索形式激活还 

，足二者足同时激活的（Fddman，O'Connor, & Del Prado Martin, 2009; Davis & Rastle，2010)?争论的 
» ‘ ‘ 

依点实质上足词桌迅义能^^在^^合词加丨:的甲」则介段得到激活》研究三试图分离词素语义激活和词 t 

：广 • 111 
r-；- y 



教形式激活，以朋对解决上述<^••论科所帮助。该研究巾1|彳疾沼义相关的),'|动丨^^�和|丨标同（如，吃惊-» « 

贫冷•）在
二
；•‘•形、进合、和粮词丨义方111丨均无相关。W而，所观测到的V丨动效丨、V:只能！tiw rA'l动{ill和 

丨！标词中M•义相关卩D桌的激活（如，/么，-/T)。研究三发现丨丨��索IN‘义合例加I:的似初60 •；圣秒就得 

.到了激话。该结]^^1支持询索祸义和1«^]索形式丨|彳时激活的假说》 

简而" i i�之，上述三个研究的结 i l i农明中文 i i l ^双字词（特別足小透明询）可能在心理典中 

-'、…軒粮例水卞：的词形农祉；问时，在中文挺合双字1^^]的通达过祝中，词索I?丨义得到了激活，从而支待 
* . 

分解通达的理论假说。这些结来深化了对我们中文复介双字 i i f j认知农征和通达的理解，也为解决问 

素形式论和同索iS•义论提供了实验’11丨：掘。 
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Chapter /.. Introduction 

Chapter 1 Introduction 
i 

• - - > 

1.1 Context of the study 

One of the hotly debated issues concerning visual recognilion ol Chinese words is 

the representation and processing of compound words. Despite the fact that Chinese 

compound words are formally composed of two components (characters), previous 

studies have shown that they may be processed as wholes and that word-level 

representations and processing may affect characler-lcvcl processing. 

Take Word Superiority KlTccl (WSB) in Chinese as an example. It was found that 

characters included in real compound words are more likely to be correctly reported than 
» 

ft 

those included in two-character nonwords (Mok. 2009) (e .g. ,态 /appearance in English/ 

in 态度 I manner in English/ vs. in 态^^). Similar findings were also observed in an eye 

� m o v e m e n t study by Yan, Tian，Bai and Rayner (2006). They found that word frcqucncy 

alTccls reading time on compound words and moderates ihc clTect of character frequency. 

Specifically, the frequency of characters included in low frequency compound words 

affected reading time on compound words, while the frequency of characters embedded ‘ 

in high frequency compound words did not. The moderation cfleet of compound words 

on component characters was also observed by Li, Rayncr and Cave (2009), who Ibund 
that character identification accuracy was much higher when the characters comprised 

• • • 

1 



Chapter I ： Introduction 

one four-character word ( e . g . ,不知 f f \ j'S，I be at a loss in English/ ) ihan two 

two-character words (e.g., 速切实’ /rapidly in English/; /practical in English/). * 

If Chinese compound words arc represented as wholes, it is not surprising that 

compound words rather than characters are found to be the basic processing units in 

normal Chinese reading. Bai, Yan, Zang, Liversedge and Rayner (2008) iound that 

inserting a space between every two iwo-character words in a text did not intcrlere with 

normal reading, while inserting a space between every two characlcrs that fonn a word 

did. It suggests that. two-character words are likely to be processed as unitary units. ‘ 

However, their results should be taken with cautions because abnormal spacing between 

characters destroys word boundaries and may increase cognitive processing load. 

Although these studies show that Chinese compound words may be represented 

and processed as unitary wholes, one aspect that they did not make clear is which kind of ‘ 

whole-word representation exists for Chinese compound words. A word's representation ， 

in the mental lexicon consists of three interlocking parts - an orthographic, a phonological 

and a semantic representation (Pcrfclti, Liu, & Tan，2005). Researchers have found that 

Chinese compound words arc likely to have word-level phonological representations 

(Law, Wong, & Chiu, 2005) and word-level semantic representations (Zhou, 

Marslcn-Wilson, & Shu, 1999). However, the status of orthographic representation 

remains a question. In visual word recognition, the most important component of lexical 

representation is orthographic representation because it opens the door of the mental-

2 



Chapter I: Introduction 

lexicon. Thus, Ihc present study aims to investigate word-level orthographic 

representations of Chinese compound words. 

f 

How arc lexical representations of Chinese compound words acccsscd? This 

question concerns morphological processing of compound words. Morphemes arc 

‘ linguistic units thai conjoin both word form (orthography and phonology) and meaning 

information. Thus，morphemes may function as orthographic indicators for access of 

compound word entries in the mental lexicon. At the same lime, morphemes may also act 

as meaning atoms for access of compound word meaning. 

Compound words are one kind of complex words thai arc composed of two free 

morphemes. On the one hand, the majority of Chinese words are compound words, and 

therefore, studies of morphological effects in Chinese mainly deal with compound words. 

On the other hand, Ihc main types ot complex words in the English language arc inllecled 

and derived words. Thus，the review of previous studies of morphological clTccts will be 

mainly about such complex words when it comes to the English language. 

The effects of component morphemes on complex word processing have been 

extensively studied in the past three decades since Taft and Forstcr's (1975; 1976) 

pioneering studies. Researchers have proposed several models ta account for numerous 

empirical findings about complex word processing. In accordance with their fundamental 
1 

theoretical assumptions, such models can be divided into two sides: localist and 

3 



Chapter I ： Introduction 

distributed accounts. 

» 

The localist accounts can be further divided into early and late variants, 

depending on the assumed time course of morphological decomposition. Early 

decomposition accounts include the Prclcxical Model (Taf�t & Froster, 1975; 1976), the 

Inlcraclivc Activation Model (Tafl, 1994; Taft & Zhu, 1995) and ihe Dual route Model 

(AAM model, Caramazza, Laudana, & Romani, 1988; MR model, Baayen, Dijkstra, & 

Schreuder, 1997). Bolh the Prclexical Model and the Interactive Activation Model 

assume that Ibrm-bascd morphological decomposition is prclexical and obligatory. 

However, the Dual Route Model assumes that there are both a morphological 

decomposition route and a whole word access route and the two routes are relatively 

independent of each other. 

Late dccomposilion accounts include the Supra-lcxical Model (Giraudo & 

Grainger, 2000; 2001) and the Hybrid Model (Diependaele, Sandra, & Grainger，2005; 

2009). The Supra-lexical Model asserts that morphological activation lags behind whole 

word activation. But the Hybrid Model includes both a siiblexical morpho-orthographic 

decomposition and a supra-lexical morpho-semantic activation. 

The Distributed Model, also called the Connectionist Model (Plaut & Gormerman， 

2000)，denies the existence of discrete morphological units. It is proposed that a 

distributed network of nodes representing form and meaning can capture morphological 

4 



Chapter I ： Introduction 

relationships by changcs in ihc weights of the conncclions between the nodes. . 

Morphological processing has also been examined in Chinese, mainly with 

compound words. The first documented study of Chinese compound word processing is 

Zhang and Peng {1992), who found that characlor frcqucncy affected Icxical decisions to 

compound word targets, suggesting thai component characters/morphemes are activated 

in Chinese compound word processing. In the following decade, a great amount of 

research on Chinese compound words was conduclcd and theoretical frameworks were 

developed. Influential models include the Multi-level Interactive Activation Model ( Tall 

& Zhu’ 1995; 1997; Taft, Liu, & Zhu, 1999), the Intra/lnler Connection Model (Peng, Liu, 

& Waiig， 1999) and the Non-Hierarchical Scmanlically Based model (Zhou， 

Marslcn-Wilson, & Shu, 1999). All models of Chinese compound word processing 

acknowledge Ihc coexistence of morpheme and word-level representations. The 

Multi-level Interactive Activation Model assumes that niorphcmc-level representation is 

set at a lower level than whole word level representation. The other two models contend 

that the two types of representations are set al the same level. However, a review of the 

literatures shows that few developments have been made since these early works. 

In short, current models of morphological processing in compound word 

recognition differ with respect to two major issues: (1) the locus of morphological 

processing - prelexical or supralexical; and (2) the nature of morphological processing -

morpho-orthographic or morpho-semanlic (Davis & Rastle，2010; Feldman, O'Connor, & 
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Del Prado Martin, 2009). 

、、 
�j~ -

1.2 Research questions 

The present research has two foci. The first is about the mental representation of 

Chinese compound words; the second is about morphological processing in the acccss of 

Chinese compound words. These two research questions were tackled in three studies. 

• 

1.2.1 Research question 1 

Previous studies have revealed that Chinese compound words may be represented 

as wholes but they did not make a distinction among dilTcrcnt types of representations. 

Thus the first research question, addressed in Studies 1 and 2, concerns whether Chinese 

compound words have word-level orthographic representations in the mental lexicon. The 

influence of semantic transparency on compound word representation will also be 

addressed. 

1.2.2 Research question 2 

The second research question is related to the access of Chinese compound words. 

Study 3 investigated morpho-semantic activation and its lime course in the processing of 

Chinese compound words. 

6 
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1.3 Significance 

The research will contribute to the field of compound word processing from the 

following three perspectives: 

Firstly, the present study will show whether Chinese two-character compound 

words are represented as two individual orthographic representations or one holistic 

orthographic representation. The influence of semantic transparency on compound word 

representation will also be revealed. The results of the present study, together with the 

findings of word-level phonological representations (Law ct al.，2005) and word-level 

semantic representations (Zhou ct, al” 1999), will reveal- a full picture of lexical 

representations of Chinese compound words. Meanwhile, ihc findings will also bear on 

whether human's cognitive system emphasizes more on storage cconomy or 

computation/processing efticicncy. 

Secondly, the findings of Study 3 will be used for distinguishing among different 

models of morphological processing. The results may reveal the occurrence and the 

time-course of morpheme meaning activation in Chinese compound words processing 
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Chapter 2 Literature Review 

2.1 Chinese compound word 

According to the State Language Work Committee (2008)，approximately 72.05% 

of the most commonly used Chinese words (40351 out of 56008) are two-character words. 

The major word-forming device for Chinese two-character words is compounding, which 

refers to a language mechanism of creating new words by combining or putting together 

two mono-morphemic words (or characters in Chinese). Compounding is the easiest way 

to create or transfer new meanings in both Chinese and alphabetic languages (Libben & 

Jarema, 2006, p2). Thus, investigation of the storage and processing of Chinese 

compound words will not only help to clarify ccrtain issues about Chinese words, but 

also contributes to our knowledge on the most important morphological mechanism in 

human languages. 

Chinese compound words represent meaningful wholes but are formally 

composed of two free morphemes. Each component morpheme corresponds to one 

character on print and one syllable in sound. Chinese Characters are highly productive in 

that each can combine with as many as hundreds of other characters to form different 

two-character words. Take the character 风 ( w i n d in English) as an example, it can 

combine with other characters to form 357 different words (State Language Work 

Committee, 2008). Given that Chinese compound words are formally composed of two 
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highly productive characters, it is tempting to ask whether Chinese compound words are 

represented as holistic units or as two decomposed units in the mental lexicon. 

The representation and access of Chinese compound words may be attected by 

factors such as semantic transparency and word frcqucncy. Semantic transparency refers 

to the degree of semantic relatedness between component morphemes and the whole 

word. Such relationship is much closer in transparent than opaque compound words. 

Compared to transparent words, it is much harder to get the meaning of opaque words by 

the sum of the component morpheme meanings. Thus，opaque words are more likely than 

transparent words to be represented and accessed as wholes. 

Another factor that may affect compound words' whole-word representation is 

word surface/lokcn frequency. Word surface/token frequency refers to the total number of 

times a word appears in a corpus (Diependaele, Grainger, & Sandra, in press). 

Whole-word frequency has been found to facilitate the processing of complex words in 

studies of both alphabetic languages (e.g., N is wander, Pollalsck, & Rayncr, 2000) and 

Chinese (e.g., Yan, Tian, Bai，& Rayner，2006). For example, Yan and colleagues (Yan, cl 

al.’ 2006) found that word frequency affect eye fixations in reading Chinese texts and 

moderate the effect of character frequency. Although the frequency of the characlcrs 

embedded in low frequency words shows significant influence on participants' reading 

speed, the frequency of the characters embedded in high frcqucncy words docs not. Such 

findings may suggest that high but not low frequency words may have whole word 
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representation and their component characters do not play a role in word processing. 

The following section is divided into two parts: the first part concerns the 

representation/storage of Chinese compound words; the second part concerns the role of 

morphological processing in the access of Chinese compound words. Previous studies of 

these two aspects will be reviewed and the research gap the present research aims to fill 

will then be brought forward at the end of each part. 

2.2 Representation of Chinese compound words 

2.2.1 Dccomposcd representation of Chinese compound words 

As mentioned in the last section, compound words are highly productive because 

characters can combine with one another to form a large number of new words. Thus, it is 

reasonable to suspect that Chinese compound words are represented in terms of 

characters. If this is the case, characters in different words should share one node in the 

representational network. Each character will not be represented more than once. 

Otherwise, the same character would be represented repeatedly in different compound 

words. Obviously, representing Chinese compound words in terms of characters may 

save some cognitive capacity. Thus, pioneer researchers of Chinese compound word 

studies have suggested that Chinese compound words are represented in a decomposed 

’ w a y in the mental lexicon (Zhang & Peng，1992). 

However, there are reasons to doubt that Chinese characters may not be the 
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optimal unit in which Chinese words are represented. First of all, bccause of its high 

productivity, a character may have very different meanings when it appears as a 

component in different words. Such characters are quite similar to homographs in Hnglish. 

For example, the meanings of Ihc character ti in the words 士JI听(means inquire about 

in English) and 打架(means fighl in English) are entirely different, 'ihus, it is hard to 

determine the exact meaning of the character based on character representation alone. A 

word context is often necessary for determining the meaning of component characters. 

Secondly, the pronunciation of some characters is undetermined with the visual 

form of a single character. For example,会 can be pronounccd as /hui4/ in 会议 

(means conference in English) and /kuai4/ in 会 i；卜(means accountant in Hnglish). For 

such characters, it is quite necessary to rely on word context lo dccide their sounds and 

meanings. 

Considering the above two aspects, if component characters arc the basic 

representational units, the processing of Chinese compound words would not be elTicicnt. 

Alternatively, if Chinese compound words are represented as unitary wholes, the match 

between visual input and internal mental representation would be as fast as a dictionary 

look-up process. The processing of component characlcr/morpheme within the word 

context would also be facilitated after the compound word has accesscd its corresponding 

representation in the mental lexicon. Hence, there are processing efficiency advantages 

for representing Chinese compound words as orthographic wholes in the mental lexicon. 

11 
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2.2.2 Holistic representation of Chinese compound words 

Previous models ol�Chinese compound words representation and processing hold 

different views on the status of word-level orthographic representations. Specifically, the 

Semantic Overlap Model (Zhou, Marslen-Wilson, Taft, & Shu, 1999) denies the existence 

of word-level orthographic representations of Chinese compound words. Instead, it 

assumes that word-level orthographic representations are simply a combination of 

component characters' orthographic representations. Conversely, the Multilevel 

Interactive-activation Framework (Taft et al•，1999) acknowledges the existence of 

word-level orthographic representations of compound words in the mental lexicon. It also 

assumes that morpheme-level representations are located at a lower level than word-level 

representations and are connected upwardly with word-level representations. In addition 

to the above two accounts，the balso acknowledges the existence of word-level 

representation but did not make a distinction among semantic, phonological and 

orthographic representations. 

Some empirical studies provided evidence for word-level representations of 

Chinese compound words. For example, the influence of word-level information on 

component character processing has been revealed by the word superiority effect (WSE) 

in Chinese. It has been found that a single character is perceived better when it is part of a 

two-character word than when it is embedded in a two-character nonword (Mok, 2009). 

These results can be explained if two-character words activate word-level representations 
• 
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in the mental IcxiGon that facilitate character-level processing. 

Positive feedback from word-level processing lo character-lcvcl processing was 

also observed in other studies. For example, in Li, Rayncr and Cave (2009), four 

characlcrs were briefly presented on the screen and the participants were asked to report 

them verbally. The four charactcrs can be combined into a single four-character word or 

two 2-charactcr words. It was found that the reporting accuracy was much higher in the 

single word condition than the two words condition. Il implies that the presented 

characters were processed in terms of words. The advantage of single word condition 

over two words condition may reflect the ease of processing one word than two words. 

Two-charactcr words are likely to be the basic processing units in normal Chinese 

reading, too. Bai and colleagues (Bai, Yan, Zang, Livcrscdge, & Rayner, 2008) found thai 

inserting a space between two Iwo-character words did not interfere with normal reading, 

while inserting a space between two charactcrs that do not form a word did. However, 

although these results suggest that two-character words are processed as wholes, they . 

should be taken with cautions because abnormal spacing between characters destroys 

word boundaries and may increase cognitive processing load. 

The existence of word-level representations is further supported by the finding 

that compound words can be automatically activated in normal reading. InhofF and Wu 

(2005) inserted four characlcrs constituting two words in a sentence and asked 
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participants to read them. In the ambiguous condition, the central two characters of the 

four target characters can also form a word (e.g.,专不斗'�?-'�{, means stmients of 

vocational school in English;科学 is also a word that means science in English). But in 

the control condition, the central two characters did not form a word (e.g., 然科'�J^:, 

means natural science in English� ,The results show thai the gaze duration and total time 

on the four target characters were much longer in the ambiguous condition than the 

control condition. It suggests thai any two characters falling in the perceptual span can be 

activated even though this word does not fit the parsing. 
/ 

However, one aspect that these studies did not make clear is which kind of 

word-level representation is activated. Different kinds of word-level representations 

should be distinguished. For semantic representation, it is quite likely for opaque 

compound words to have word-level representations; but it is uncertain whether 

word-level semantic representation is necessary for transparent words because whole 

word meaning is almost equivalent to the combination of component morpheme 

meanings. For phonological representation, word level representation is especially 

important for characters that have more than one pronunciation (e.g.,会议/hui4 yi4/ vs. 

会 i|7kuai4 ji4/). But such characters are not the majority of Chinese characters. 

Importantly, the situation of whole-word orthographic representation is entirely unknown 

because characters are written in the same way no matter it is used alone or as 

components of compound words. Word-level orthographic representation may not be 

necessary because it is exactly the same as a combination of component characters. 
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2.3 Access of Chinese compound words 

After discussion of the representation of Chinese compound words, another 

question is how such words are accesscd. Whether compound words arc accesscd as 

wholes or as two units in compound word processing has been hotly debated. Recently, 

however, the involvement of component morphemes has been accepted by most 

researchcrs. The focus of the debate now is in what ways component morphemes are 

involved. In other words, the concern is whether component morphemes act as 

orthographic cucs for compound word access or as semantic components for compound 

word meaning computation. The two accounts arc called morpho-orthographic account 

and morpho-semaiitic account in the following part. 

2.3.1 Morpho-semantic account 

Morpho-semantic activation has been routinely examined with the 

morpho-semantic transparency effect in previous studies (Morris, Frank, Grainger, & 

Holcomb, 2007; Rucckl & Aicher, 2008). Specifically, if transparent and opaque complex 

prime words produce significantly different magnitude of priming effects on their stems, 

morpho-scmantic activation is inferred. Conversely, if transparent and opaque words 

produce similar priming effects, it is inferred that morpho-semantic information is not 

involved in early morphological processing. Behavioral, eye movement and neural 

studies have been used to test morpho-semantic activation. 
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One of the pioneer studies of semantic transparency effect on complex words 
• r • •‘ 

processing is Marslen-Wilson, Tyler, Waksler’ and Older (1994) in English. In a cross 

modal (auditory-visual) priming experiment, ihcy found morphological priming for 

transparent complex words and their stems (e.g., government-govern) only, but not for 

opaque complex words and their stems (e.g., apartment-apart). The results suggest that ‘ 

transparent complex words were processed in a decomposed way, while opaque words 

were treated as wholes. Thus, it is inferred that semantic factors affect morphological 

processing becausc the only ditYerence between transparent prime-target pairs and opaque 

prime-target pairs was the degree of semantic relationship. Similar results were also 
‘ W 

obtained with the long term priming paradigm (Rueckl & Aicher, -2008). 

The semantic transparency cHcct was also observed with Chinese compound 

word by Wang and Peng (2000). Using unmasked visual priming paradigm (prime 

, duration 100ms)，initial morpheme-compound word priming (e .g. ,美，beautiful in 

English -美丽，beautiful in English), final morpheme-compound word priming (e.g., FJH 

beautiful in English 一 美RH beautiful in English) and morphologically related compound 

word priming (e.g.,炎好’ fine in English 一 ^ M beautiful in English) all revealed larger 

priming effect produced by transparent pairs than opaque pairs. This finding suggests that 

morpheme meaning activation occurs in Chinese compound word processing. 

Morpho-semantic activation was also observed in neuropsychological studies. For . 
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example, Bollc, Schulz and Dobel, (2010) measured the neural activation (indicated by 

MEG) of lexical decisions to derived German adjeclivcs, pseudo-derived words that 
t 

replace the suffix of a real word by a synonymous suffix, and anomalous pseudo-derived 

words that replace the suffix of a real word by a suffix out of role. The results show that 

compared to real words and synonymous suffix pseudowords, Icxical decisions to 

anomalous suffix pseudowords increase brain activity of the left temporal lobe in the time 

window of N400. The results suggest that morpho-semantic analysis took place in 

complex words processing. 

kn 

The influence of morpho-semantic processing on neural activation was also 
» ‘ » 

observed by Morris, Frank, Grainger, and llolcomb (2007) with a backward masked 

priming paradigm�(primc duration 50ms, backward mask 20ms) in a lexical decision task. 

They observed graded' cfFects for semantically transparent pairs (e.g., hunter-HUNT), 

semantically opaque pairs (e.g., cormr-CORN)’ and orthographical ly related pairs (e.g.， 

k 

scandal-SCAM) for both N250 and N400 component. The results show that semantic 
« -

transparency affects morphological - decomposition and thus provide more evidence to • * 

morpho-semantic processing. Feldman el al. (2009) found similar results. 

、 
i -

’• . The I above studies used indirect methods to infer the activation of 
•H I 

• ‘ 

morpho-semantic information. Direct evidence of morpheme meaning activation was also 
\ ‘ 

observed in normal reading by White, Bertram and Hyona (2008)，who found that a 

-、 ， 

/ parafoveal preview word semantically related to the second constituent morpheme of a 
.：二丄 ‘ 

. 〜 
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, target compound word brought facilitation effect on later eye movement indictors (i.e., 

‘ gaze duration, total reading lime) on the target. 

2.3.2 Morpho-orthographic account 

Although the studies reviewed in the last section show that morpho-semantic 

‘ac t iva t ion occurs in complex word processing, other researchers observed semantically 

blind morphological decomposition. The latter groups of studies used both complex 

word-root pairs and root-complex word pairs as prime-target pairs, both bimorphcmic 

and multi-morphemic words, and both low frequency words and high frequency words. 

* 

Morpho-orthographic decomposition is different from pure orthographic 

processing. For example, Rastle, Davis, and New (2004) found that transparent (e.g., 
Sr 

cleaner-CLEAN) and opaque (e.g., corner-CORN) complex words produced similar 

amount of facilitation to lexical decisions of their roots, in a masked priming paradigm 

(SOA丨 42ms). However, pure orthographic primes (e.g., brothel-BROTIf) did not bring 

significant ellcct to target word recognition. This finding was confirmed by Longtin and 

Meunier (2005) by the masked priming paradigm (SOA 47ms) with pseudowords 

consisting of roots and suffixes and by Marslen-Wilson, Bozic, and Randall (2008) with 

different SOA conditions (i.e., SOA 36，48，& 72ms). All these studies show that 

1 Stimulus-Onset Asynchrony (SOA) refers to the length of time between the beginning of prime afid the 
beginning of target. 
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morpheme processing is form-based and insensitive to semantics, but it differs from 

orthographic processing. 

Morpho-orthographic decomposition was also evidenced for multi-morphemic 

Russian words with the masked priming paradigm (prime duration 59ms) (Kazanina, 

Dukova-Zheleva, Geber, Kharlamov, & Tonciiilescu，2008). Miilli-moiphemic words 

containing two suffixes were used as primes and their roots containing one suffix were 

used as targets. The results show that both transparent prime-target pairs (e.g.，gor-k-a — 

GOR-A) and pseudo-derived prime-target pairs (e.g., limk-a ~^LUN-A) produced similar 

facilitation, but orthographically related pairs (e.g., part-a ~*PAR-A) did not. 

The conclusion of automatic morpho-orthographic decomposition in most of the 

studies reviewed above was drawn on low frequency complex words processing. The 

influence of word frequency on morphological processing was examined by McComiick, 

Brysbaert, and Rastlc (2009). They found that complex primes produced similar 

facilitation to their stems, regardless of word frequency, with a forward masked priming 

experiment. The results show that morphological decomposition took place in both low 

and high frequency complex words. 

The morpho-orthographic decomposition account also received support from eye 

movement studies (Pollatsek & Hyi3na，2005; Frisson, Niswander-Klement, & Pollatsek， 

2008). For example, Pollatsek et al. (2005) recorded eye movements of participants when 
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they were reading sentences containing a Finnish compound target word. Semantic 

transparency of the target words was manipulated. The results show that the semantic 

transparency of the target words did not have significant cfleet on the gaze duration on 

the target words. It suggests that semantic information may not affect the processing of 

Finnish compound words. 

Besides eye movement studies, morpho-orthographic decomposition was also 

observed in neuropsychological studies. For example, Lavric, Clapp, and Rastle (2007) 

used the masked priming paradigm (prime duration 42ms) to test the influence of 

semantics on morphological decomposition in an ERP study. The N400 component 

activated by opaque morphological pairs (e.g., corner-CORN) and transparent 

morphological pairs (e.g., hunter-HUNT) was quite similar. Both morphological pairs 

elicit greater priming efleet than orthographic pairs (e.g., brolhel-BROJlI). 

Similar pattern of brain activation was observed for transparent and opaque 

Hebrew complex word pairs with priming paradigm (Bick, Goelman, & Frost, 2008). In 

this study, half of the prime-target pairs were semanlically related and the other half were 

semantically unrelated despite sharing a root. The FMRI results show that the activation 

of semantically related and unrelated morphologically related pairs did not differ 

significantly. The results suggest that morphological processing in Hebrew was also 

independent of semantics. 
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\ ； It was also found that the brain region of morphological processing overlapped 

-,r, more with that of orthographic processing than semantic processing in an FMRI study 

(Gold & Rastle, 2007). In this study, lexical decisions to pseudo-morphological complex 

word pairs (e.g., corner-CORN), orthographically related pairs (e.g., brothel-BROTH) and 

semantically related word pairs (e.g., forest-TREE) were recorded in a masked priming 

paradigm (SOA 30ms). The results show three brain regions for morphological 

, decomposition, with Iwo of them (the posterior portion of the fusiform gyrus and the 

extrastrialc region in a posterior portion of the middle occipitall gyrus) overlapped with 

orthographic activation. The specific region for morphological decomposition was the 

anterior portion of the middle occipital gyrus. T hese results provided a neural basis for 

morpho-orthographic account of morphological processing. 

2.3.3 Form-then-meaning account 

1 

The reason that there is evidence supporting either morpho-scmanlic processing 

or morpho-orthographic decomposition may lie in the differences in the experimental 

'V . paradigms. Specifically, significant differences between transparent and opaque words 
-

V. 

were found in cross-modal priming, unmasked visual-visual priming and masked priming 

with long prime duration. However, under masked priming, where the prime words are 

not consciously perceived, null effect of semantic transparency was often observed. If 

this is the case, these findings are consistent with a form-then-mcaning account of 

morphological processing of complex words. 
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The form-then-meaning account has gained some empirical supports in the past 

decade. For example, Rastle, Davis, Marslen-Wilson, and Tyler (2000) found that 

transparent complex words produced consistent facilitation to their roots (e.g., 

departure-DEPART) in both short and long SOA conditions, while opaque complex 

words produced facilitation in the two shorter SOAs (43 and 72ms) but not in the long 

SOA condition (230ms). It suggests that morpho-orthographic decomposition that can be 

observed with both transparent and opaque words took place at the very early stage of 

compound word processing, while morpho-semantic activation that can only be observed 

with transparent words occurred at a later stage of complex word processing. 

The form-then-meaning processing was also observed by Longtin, Segui, and 

Halle (2003)，who examined morphological processing with French complex words by 

both masked visual priming (SOA46ms) and unmasked auditory-visual priming. The 

results of masked visual priming experiments show that prior presentation of a 

transparent complex word, an opaque complex word, and a pseudo-derived word 

produced similar facilitation lo target root words. However, the results of auditory-visual 

priming experiment show that only transparent complex words produced facilitation to 

target root words. The contrasting findings with masked visual priming and unmasked 

cross-modal priming experiments suggest that scmantically blind morphological 

decomposition may takes place at the early stage of complex word processing, while the 

semantic factors took effect at a later stage. Similar findings were also found by Feldman, 

Soltano, Pastizzo, and Francis (2004). 
f 
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The form-then-meaning hypothesis also received support from neural studies. For 

example, Morris, Grainger and Holcomb (2008) found thai the brain activities of the 

participants might differ when they were processing transparent and opaque related 

prime-target pairs, depending on the stage of processing. They found that transparent and 

opaque words elicited similar pattern in the early stage of the N250 component that 

should be regarded as an early stage activation component. However, the neural 

activation pattern for transparent and opaque words differed from each other on ihe late 

stage of N250 component that may reflect lop-down semantic activation. 

2.3.4 Debate between form-then-meaning and form-with-meaning accounts 

Although the form-then-meaning account was supported by some empirical 

studies, the debate between morpheme-orthographic account and morpho-semantic 

account is far from settled. The critical issue is whether morpho-semantic activation 

occurs at the very early stage of complex word processing. Some found that morpheme 

meaning activation occurs at a later stage of compound word processing and thus 

supported the form-then-meaning account (Rastle, Davis, Marslen-Wilson, & Tyler, 

2000); while others observed morpheme meaning activation at the very early stage of 

compound word processing and thus supported the form-with-meaning account (Feldman, 

O'Connor, & Del Prado Martin, 2009). In fact, it is difficult to differentiate the two 

accounts. The critical difference between them seems to lie in the sequence of morpheme 
• • 

form and meaning activation. If morpheme meaning activation is observed as soon as 
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morpho-orthographic decomposition, it is supposed to support the form-with-meaning 

account. Otherwise, if morpheme meaning activation lags behind morpho-orthographic 

decomposition, it is supposed to support the form-then-meaning account. 

On the one hand, Rastle and Davis (2008) concluded that the facilitation produced 

by transparent and opaque complex words to their root were quite similar in size (30 vs. 

23ms) after a review of nineteen recent studies on semantic transparency effect in 

morphological processing under masked priming. Considering that the durations of the 

* primes in the reviewed studies ranged from 33ms to 59ms, their analysis show that at the 

very early stage of complex word processing, morpho-orthographic decomposition may 

be blind to semantic factors. 

On the other hand, an opposite conclusion was reached by Feldman, O'Connor， 

and Del Prado Martin (2009) after reanalyzing the same set of masked priming 

experiments reviewed by Rastle et al. (2008). Feldman and colleagues noted that there 

was a small but statistically insignificant effect of semantic transparency found in the 

reviewed studies. When the results from the individual studies were pooled in a combined 

analysis, a significantly larger priming effect by transparent words than opaque words on 

their respective stem was found. Similar result was also found in their new experiment 

(Feldman et al., 2009) and other studies with masked priming (e.g., Diependaele, Sandra, 

& Grainger, 2009). Such findings suggest that morpho-semantic processing was indeed 

observable at the very early stage of complex word processing and thus were against the 

> 
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form-then-meaning account. 

In the face of the counterview from Feldman et al. (2009)，Davis and Rastle (2010) 

pointed out that some unmatched orthographic factors for transparent and opaque 

complex words may contribute to the results of Feldman et al., (2009). Specifically, some 

opaque complex words containing quite irregular suffix changes (e.g., hliss-blistery) were 

not treated as morphologically related pairs by other researchers (e.g., McCormick et al., 

2009). Including such words as opaque words may contribute to the significant differcncc 

observed between transparent and opaque words by Feldman et al., (2009). In addition, 

Davis and Rastle (2010) used a more sophisticate method (funnel plots) to summarize 

former studies and confirmed their original conclusions (Rastle & Davis, 2008). 

2.4 Summary 

Chinese compound words are meaningful units but composed of two 

morphemes/characters. How such words are represented in the mental lexicon is an 

intriguing question. Previous studies have not reached a consensus (e.g., Zhang & Peng, 

1992; Taft et al., 1999). They did not distinguish among orthographic, phonological and 

semantic representations (e.g., Bai et al., 2008). Whether Chinese two-character 

compound words are represented as orthographic wholes or not in the mental lexicon is 

still an open question. The present study aims to fill this research gap. 

The second focus of the present study concerns the access of Chinese compound 
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words. The current debate on morphological processing centers on two aspects: the time 

course of morphological processing (prelexical or supralexical) and the nature of 

morphological processing (morpho-orthographic or morpho-semantic). These two points 

can be combined into one question: Can morpheme meaning be activated at early stage of 

compound words processing? The second aim of the present study is to test morpheme 

meaning activation during Chinese compound words processing. 

In order to answer the above two research questions, a series of masked priming 

experiments was conducted. These experiments used the masked priming paradigm 

instead of the unmasked priming paradigm, because of two reasons: (1) It has been 

reported that in the masked priming paradigm with short prime duration, participants are 

likely to perceive the prime unconsciously. But in the unmasked priming paradigm, 

participants are likely to perceive and process the primes consciously. As a result, the 

observed effects might be affected by the response strategies of the participants. (2) The 

masked priming paradigm is supposed to detect early, automatic processing. According to 

Perfetli, Tan and Liu (2005), activation of orthography in Chinese character processing is 

quite fast and precedes phonological and semantic processing. Since the aim of the first 

two studies was to examine orthographic processing of Chinese compound words, the 

masked priming paradigm is more appropriate than the unmasked priming paradigm. 

Similarly, because study 3 aims lo test whether or not morpheme meaning activation 

, occurs al early stage of Chinese compound words processing, the masked priming 

paradigm is appropriate. 
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Chapter 3: High frequency orthographic neighbor inhibition effect in Chinese 

Chapter 3 

Study 1 ： High frequency orthographic neighbor inhibition effect in Chinese 

3.1 Introduction 

The orthographic representation of Chinese compound words was investigated 

with high frequency orthographic neighbor inhibition effect in Study 1. Orthographic 

neighbors in English initially referred to words that differ only in one letter, with the 

other letters remaining at their positions (e.g., take-lake) (Coltheart, Daclaar, Jonasson, & 

Besner, 1977). Later, researchers (e.g., Davis, Pcrea, & Acha，2009) held that 

orthographic neighbors should include addition (e.g., width-with), deletion (e.g., 

fright-freight) and transposed neighbors (e.g., trial-trail). Some researchers (Nakayama, 

Sears, & Lupker，2008; Janack, Pastizzo, & Feldman, 2004) went even further to suggest 

that two words with 50% orthographic similarity should be regarded as neighbors. 

High frequency neighbor inhibition effect refers to the finding that lexical 

decision responses to words with a high frequency orthographic neighbor are slower than 

to those without a high frequency neighbor (Grainger & Jacobs, 1996). In masked 

priming, a high frequency neighbor prime (e.g., able) inhibits a lexical decision response 

to a low frequency neighbor target (e.g., AXLE), compared to control (e.g., door). 

However, a low frequency neighbor does not inhibit but facilitate the lexical decision 

response to a high frequency target (Forster & Davis, 1984; Segui & Grainger，1990; De 
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« 

Moor, Vcrguts, & Brysbaert, 2005; Davis & Lupker, 2006). 

0 

In accordance with Grainger and Jacobs (1996), the high frequency neighbor 

inhibition cffcct is caused by selective lateral inhibition among word candidates, as 

proposed in the Interactive Activation Model (McClelland & Rumelhart，1981). Word 
* » 

candidates refer to words that get activation to some degree in the lexical access of target 

word because they are related to the target word in certain aspects, such as orthography, 

phonology and semantics. Selective lateral inhibition refers to the inhibition produced by 

a word candidate to all the other activated word candidates. In visual word recognition, 

words sharing orthographic similarity are strong competitors of each other for lexical 

access. A word's ability to inhibit another word's activation is assumed to be a function of 

its word frequency. In other words, a high frequency word that has a high baseline 

activation level can be activated to a much stronger level than a low frequency word. 

Thus, the activated lexical representation of a high frequency word can interfere with the 

lexical access of its low frequency neighbors. 

This explanation predicts that nonword primes sharing orthographic similarity 

with target words would not produce inhibition because nonwords are not assumed to 

occupy lexical representation at all. Many studies (Forsler, Mohan, & Hector，2003; Perea 

‘ & Lupker’ 2004) have confirmed that compared to an unrelated nonword (e.g., dolr), a 

nonword orthographic neighbor (e.g., axue) brought facilitation to target word (e.g., 

AXLE) processing due to orthographic similarity. The results show that the orthographic 
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neighbor effect is modulated by prime lexicality. 

If the high frequency neighbor inhibition effect is caused by two Icxical 

representations competing for lexical access, this effect can be used lo investigate 
A 

whether or not Chinese compound words are represented as wholes in the mental lexicon. 

Specifically, if Chinese two-character compound words are represented as holistic units 

(i.e., occupy lexical entries in the mental lexicon), the representation of a high frcqucncy 

neighbor would inhibit lexical access of a low frequency neighbor. Otherwise，if there are 

no word-level representations, facilitation will be found between two orthographic 

neighbors due to orthographic similarity. In short, inhibition effect is supposed lo occur 

on the lexical level and facilitation effect is supposed to occur on the prclcxical level. 

、 
Thus, inhibition or facilitation between a high frequency orthographic neighbor and a low 

frequency orthographic neighbor in Chinese can shed light on the underlying 

representation status of Chinese compound words. 

Orthographic neighbors in Chinese cannot be defined in the same way as in 

alphabetic languages, considering the great differences between the two writing systems. 

In Chinese, characters sharing the same phonetic radicals (e.g.,资，璜，琐，磺，横） 

were defined as orthographic neighbors by Li, Bi, and Zhang (2010). Two compound 

words sharing one component character (e.g.,美M，means beautiful in English and 美食， 

means choice food in English) were defined as orthographic neighbors by Huang, Lee, 

Tsai, Tzeng, and Huang (2006). Bccause compound words are the objects investigated in 
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the present study, orthographic neighbors used here follow Huang et al. (2006). ^ 

Overview of Study 1 

Study 1 was designed to explore word-level orthographic representations of 

/ 

Chinese compound words. Four experiments were conducted to lest high frequency 
»I 

orthographic neighbor inhibition effect in Chinese and to detect the influence of semantic 

transparency on such effect. The first two experiments cach included two 

sub-experiments in which either the initial or final character overlapped in the 

prime-target word pairs. Experiment 1 attempted to reproduce the high frequency 

orthographic inhibition effect with Chinese compound words by following the procedure 

that previous studies had used to obtain such effects with alphabetic languages. 

Experiment 2 improved on Experiment I by matching the phonological lexicality of word 

and nonword neighbors. 

、�-. 
- -

To detect the effect of semantic transparency on compound word representation, 

semantic transparency of both prime and target compound words were added to the 

design of Experiment 2 to develop Experiments 3 and 4. Experiment 3 used neighbors 

# 
sharing the initial character and Experiment 4 used neighbors sharing the final charactp. 

Experiments 3 and 4 both included four parts: (1) Transparent prime-transparent target 

('IT); (2) Opaque prime-transparent target (OT); (3) Transparent prime-opaque target 

(TO); (4) Opaque prime-opaque target (00) . ^ 
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• » 
% 

3.2 Experiment 1 
i 

The predictions of Experiment 1 arc as following: (1) High frequency word 

' neighbors should produce inhibition to low frequency targets due to lexical competition, 

‘ i f compound words liavc lexical entries in the mental .lexicon. (2) Nonword neighbors 

should producc facilitation to target words due to orthographic similarity. 

w 

f 

3.2.1 Experiment la 

— ’ • \ 
Method . 

、^ 

Participants ‘ 

‘ Forty college students from the South China Normal University participated in the 

present study. All of them were native Chinese speakers, right handed, and had normal or 
* 

correct-to-normal vision. They voluntarily took part in the study and were paid for their 

participation. Experiments 1 and 2 used the same participants. 

Design 

This was a 2x2 within subject design. The first factor was orthographic 

neighborhood of the prime and target .words (neighbor or not). The second factor was 

lexicalily of the prime words (orthographic word or nonword). 

Materials 

^ 31 
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• Twenty-eight low frequency compound words (e.g.,简略，means briefm English) 

were selected as target words. The mean frequency of target words was 54 per million 

(Institute of Language Teaching and Research, 1986). Each target word was paired with 

four types of primes: a high frequency orthographic neighbor (e.g., fnj i i , means virtually 

in English)，a high frequency unrelated word (e.g., 示，means practical in English), an 

orthographic nonword neighbor (e.g., f?)•贤）and an unrelated nonword (e.g., The 

mean frequency of orthographic neighbors and unrelated word was 1377 and 1477 per 

million, respectively. The same number of nonword targets (e.g.,保赌）was designed in 

the same way as .word targets. Another 20 pairs of word pairs were used for practice. 

The critical materials were arranged in a Latin-Square Design. All materials were 

divided into four blocks. Each block included 28 word targets and 28 nonword targets in 

four different conditions. Each target word only appeared once in one block, preceded by 

one type of primes. The participants were divided into four equal subgroups and each 

subgroup did only one block. In each block, the materials were presented in randomized 

order. Other linguistic characteristics of the prime words (i.e., frequency rank ^, 

neighborhood size and stroke number of component characters) are shown in Table 3-1. 

2 The character frequency rank was according to State Language Work Committee, 2008, that cut the 
commonly used 56,008 words into 2969 frequency ranks. 
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Table 3-1 Linguistic characteristics of the stimuli used in Experiment 1-2 

Linguistics characteristics Exp la Exp lb Kxp2a Kxp2b “ 

Frequency rank of initial character 1842.51 2892.54 1808.96 2903.34 

(1952.00) (4533.58) (1887.46) (4835.01) 

Frequency rank of final character 2853.Q6 2277.10 3969.87 2250.70 

(3603.83) (2840.68) (3811.53) (3004.86) 

Neighborhood size of initial charactcr 丨 02.94 68.12 98.62 75.70 

. (62.54) (76.71) (65.04) (75.67) 

‘ N e i g h b o r h o o d size of final charactcr 92.34 112.89 83.77 105.17 

(124.53) (113.68) (107.38) (114.81) 

Stroke number of initial character 7.98 8.28 8.10 8.43 

(2.44) (2.64) (2.36) (2.81) 

Stroke number of final character 7.95 8.37 8.00 7.90 

(2.95) (2.89) (2.84) (2.61) 

Note. Standard deviations in parentheses 

» 
‘ •？ 

Procedure 

The stimuli were presented by a computer on a 15-inch liquid crystal display. All 
、 ？ 

the characters were set in 18 font of Song Font. The words presented at the center of the 
V 

scrcen were approximately 2.7cmx 1.3cm in size. Participants sat about 60cm from the 

screen. The program was compiled by the E'-Prime 2.0 software. 
« 

»•-
0 
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Forward masked priming paradigm was employed. In the beginning of the 

experiment, a red fixation signal in 46 Font (the same size as a word stimulus) was first 

shown at the center of the screen for 500ms. Then a scries of symbols (####) appeared as 

mask and lasted for 500ms. After its disappearance, a prime word would be presented at 

the same position for 57ms. Then the target word turned up and stayed on the screen until 

the participant made a response on the keyboard. The task was a lexicon decision task in 

which the participants were to dccide whether the target was a real word or not. As soon 

as the participants made a decision, the target word disappeared and the participants were 

asked lo press a key to start the next trial. The participants could choose to rest every 20 

trials. 

At the beginning of the experiment, the participants were instructed about the 

procedure. Then there was a practice phase to make sure they understood the task. The 

practice phase consisted of 10 word-word and 10 word-nonword pairs. 

Results 

Table 3-2 RT (ms) and accuracy in Experiment la 

word prime nonword prime 

RT Accuracy RT Accuracy 

neighbor 855(192) .94(.24) 794(209) .97(.16) 

unrelated 809(187) .98(.15) 836(219) .96(.20) 

Note. Standard deviations in parentheses 
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The data of one participant was deleted due to high error rate. The data of another 

five participants were not used due to their long reaction time (M>2000ms). Only 

correct response was included for analysis. Reaction time that exceeded three standard 

deviations and those shorter than 300ms or longer than 1500ms was deleted (about 6%). 

One item was deleted becausc one of the four prime conditions was totally removed by 

the above criteria. 

The data were analyzed with Linear Mixed Effect Model by R program, using 

subject and item as random intercepts. The p-values were estimated by the Monte Carlo 

Markov chain (MCMC) sampling (Baayen, 2008). The orthographic neighborhood 

between prime and target words, prime lexicality and interaction of these two factors 

were used as predictors for log RT. In addition, the model also included the linguistic 

characteristics of the prime words including the frequency rank, neighborhood size and 

stroke number of both the initial and final characters as covariates. An example of lliQ 

equation is as follows: logRT = lexicality * neighborhood + (l|Subjcct)十(1 |largetword) 

+ freq 1 + freq2 + N1 + N2 + stroke 1 + stroke2. 

In total, 822 data points were used in RT analysis. The results show that the main . 

effect of prime lexicality was not significant (/ =-.62, /?>.05). The main efiect of 

orthographic neighborhood was significant (/ =-2.80, /K.Ol). The interaction between 

prime lexicality and orthographic neighborhood was significant (/ =3.83,/7<.01). Further 

analysis shows that this interaction was caused by inhibition produced by word 
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orthographic neighbors (F=5.90, p<.05) and facilitation produced by nonword 

orthographic neighbors (F=4.06, p<.05) to target word. In addition, none of the effect 

of covariate reached statistical significance (ps>,05). The pattern of the results is 

shown in Figure 3-1. 

860 J — ~~： , "i," .1 , ；、V、•："•. 

word prime nonwofd prime 

prime lexicality 

Figure 3-1 RT results in Exp la 

For accuracy analysis, 1053 data points were used. A logit mixed eflfect model 

using the same predictors and covariates as in RT analysis were constructed. The results 

show that the main effect of the stroke number of the initial character in prime words 

reached significance, odds ratio=^\2\, p<.05. It revealed that increase in the stroke 

number of the initial character enhanced the possibility for the participants to make a 

correct response. More importantly, the interaction between prime lexicality and 

orthographic neighborhood was also significant, odds ratio= 0.23,p<.05. Further analysis 

show that compared to unrelated words, high frequency orthographic word neighbors 

reduced accurate rate of the lexical decisions to target words (F=5.53，p<.05). However, 

the difference between nonword neighbors and unrelated nonwords was not significant 
-» 

：、々.•• * 36 
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(f-0.92, p>.05). No other effect reached significance (ps>.05). The pattern of the results 

is shown in Figure 3-2. 

.、•• ...:•‘•.'•-• .. ‘ \ ； • . . , • , . ' • • •T - .’ ，，.,,. •“‘,. ：• • r • • . , . • • 
、 ’ • . • • . ‘ , • ‘ " - , . • : 

0.98 - iV：̂  m m i l t ^ - . 

i • 一 _ i L 
word prime nonword prime 

prime lexicalfty 

Figure 3-2 Accuracy results in Exp la 

3.2.2 Experiment lb ) 

Experiment la used prime-target word pairs that share the initial morpheme. In 

order to explore the role played by character position in the processing of Chinese 

two-character, prime-target word pairs sharing the final character was tested in 
> 

Experiment lb. 

Method 

Participants, Design, and Procedure 
The participants, design and procedure were the same as Experiment 1 a. 

r： 
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Materials 

Twenty-eight low frequency two-character Chinese words (e.g.,路途，means on 

’ � Jhe way in English) were selected as target words. The mean frequency of target words 

� was 54 per million. Each target word was paired with four types of primes: an 

orthographic neighbor (e.g.,前途，means future in English), an unrelated prime word 

(e.g., 谋，means conspiracy in English), an orthographic nonword neighbor (e.g. ,盆 

途）and an unrelated nonword (e.g. ,驰谋) .The mean frequency of related and unrelated 
V 

prime word was 667 and 672 per million, respectively. The linguistic characteristics of 

the prime words including the mean frequency rank, the orthographic neighborhood size 

and the stroke number of the initial and final characters are shown in table 1-1. The same 

number of nonword targets was included. 

» 

Results 

Table 3-3 RT (ms) and accuracy in Experiment lb 

word prime nonword prime 

RT Accuracy RT Accuracy 

neighbor 733(168) .97(.18) 689(167) .99(.12) 

unrelated 721(175) .97(.16) 708(151) .99(.12) 

Note. Standard deviations in parentheses 

»v 

The data of one participant was deleted due to high error rate. Only correct 

response was included for analysis. Reaction time that exceeded three standard deviations 
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and those shorter than 300ms or longer than 1500ms was deleted (about 3.2%). 

In total, 1035 data points were used in RT analysis. The results show that the main ** 

cffect of prime lexical ity was not significant (/=.69, /7>.05). The main effect of 

orthographic neighborhood was significant (/=-2.61, p<.0\). The interaction between 

prime lexicality and orthographic neighborhood was significant (/=3.10, /7<.01). But 

simple effect analysis did not reveal significant difference between high frequency 

neighbor and unrelated word primes (厂 =0.67，/7>.05) or between nonword neighbor and 

unrelated nonword primes (F=2.33, /7> .05) . The effect of the neighborhood size of the 

second character in prime words reached significance (/=-2.09, p<.05). It shows that 

neighborhood size of the second character facilitate target word processing. No other 

effect of covariate reached statistical significance (/?s>.05). The pattern of the results 

is shown in Figure 3-3. 
• 

置 710 -》舊 ̂HBî 、广 mm ： _ 

： I K * 
word prime nonword prime 

prime lexicality 
Figure 3-3 RT results in Exp 1 b 
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For accuracy analysis, 1092 data points were used. A logit mixed effect model 

using the same predictors and covariates as in RT analysis were constructed. The results 

did not reveal any significant effect (ps>.05). 

3.2.3 Discussion of Experiment 1 

The results of Experiment la show that lexical decision responses to a low 

frequency word target preceded by a high frequency orthographic neighbor were slower 

than by an unrelated word. However, nonword neighbor primes produced facilitation to 

lexical decision responses to target words, compared to unrelated nonwords. On the one 

hand, the observed inhibition effect is likely to be caused by lexical competition between 

prime and target words. Otherwise, the visual similarity between prime and target words 

would produce facilitation instead. Additionally, the inhibition is most likely to be caused 

by competition between word-level orthographic representation of prime and target 

words. That is because phonological and semantic similarities between prime and target 

words are likely to produce facilitation in visual word recognition task. On the other hand, 

the observed facilitation for nonword targets shows that nonwords did not have lexical 

entries and thus did not produce Icxical competition to target words. 

Despite the results of Experiment 1 b showing that the effect produced by word 

neighbors and nonword neighbors, compared to their respective controls, were 

significantly different, the inhibition effect produced by prime-target pairs with the same 

» 
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final characters was not quite reliable as revealed by simple effect analysis (p>.05). Such 

- results suggest inferiority of the final charactcr in Chinese compound word processing. 

3.3 Experiment 2 

One aspect thai was not matched for word and nonword neighbors in Experiment 

1 was phonological lexicality. Specifically, the orthographic word neighbors in 

Experiment 1 can be pronounced as real Chinese words, but the nonword neighbors 

cannot. Thus，the difference produced by them may be confounded by phonological 

factors. To test this possibility, both orthographic word and nonword neighbors were 

made as phonological words in Experiment 2 (e.g.,划算，means cost-effective in English 

and 华算，the first characters,戈ij and were homophones, thus 华货 was a 

phonological word). In this way, any difference between the priming effects produced by 

orthographic word and nonword neighbors should be free from phonological influence. 

3.3.1 Experiment 2a 

Method 

Participants 

The same participants of experiment 1 look part in Experiment 2. 

Design 

This was a 1X1 within subject design. The first factor was orthographic 

neighborhood of the prime and target words (neighbor or not). The second factor was 

41 
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orthographic lexicality of the prime words (orthographic word or nonword). It should be 

noted that all prime words were phonological words. 

Materials 

The word targets were twenty-eight low frcqucncy two-character Chinese words 

(e.g.,路途，means journey in English). Their mean frequency was 44 per million. Each 

target word was paired with four types of primes: an orthographic word neighbor (e.g., 

路线，means route in English), an unrelated word (e.g.,实现，means accomplish in 

English), an orthographic nonword neighbor (but phonological word) (e .g . ,路 I股， 

homophone of 路线）and an unrelated nonword (but phonological word) (e.g.,实献， 

homophone of '实现).The mean frequencies of the related and unrelated words were 

1313 and 1380 per million, respectively. In sum, there were 112 pairs of word target. The 

same number of nonword targets was also used. 
* 

In addition to the 224 critical target words, another 20 pairs of materials (half 

word targets and half nonword targets) were created for practice. The target words used in 

this experiment were arranged in a Latin-Square design as in Experiment 1. The mean 

frequency rank, the orthographic neighborhood size and the stroke number of the initial 

and final characters of prime words arc shown in table 3-1. 

Procedure 

The procedure was the same as that of Experiment 1. 
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Results 

Table 3-4 RT (ms) and accuracy in Experiment 2a 

word prime nonword prime 

RT Accuracy RI Accuracy 

neighbor 757(182) .92(.27) 742(174) .96(.19) 

unrelated 712(178) .97(.16) 713(174) .95(.23) 

Note. Standard deviations in parentheses 

The data of one participant was deleted due to high error rate. Only correct 

responses were included in the analyses. Reaction times that exceed three standard 

deviations and those shorter than 300ms or longer than 1500ms were deleted (about 

4.0%). 

In total，996 data points were used in RT analysis. The results (Figure 3-4) show-

that the main effect of prime lexicality was not significant (/=-.39, /)� .05)., The main 

effect of orthographic neighborhood was significant (/=2.05, /7<.05). The interaction 

between prime lexicality and orthographic neighborhood was not significant (/二 1.20， 

/?>.05). In addition, none of the effects of the covariates reached statistical 

significance (/7S>.05). 
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770 

760 

wofd prime nonword prime 
prime ••xlcallty 

Figure 3-4 RT results in Exp 2a 

For accuracy analysis, 1092 data points were used. A logit mixed effect model 

using the same predictors and covariates as jfk RT analysis were constructed. The results 

show that increase in the neighborhood size of the initial character reduced the possibility 

to produce a correct response {odds ratio=0.99, /K.05)，but that of. the final character 

enhanced the possibility to produce a correct response {odds ratio=\.0\, p<.05). More 

importantly, the interaction between prime lexicality and orthographic neighborhood was 

also significant, odds rath: 0.15, p<.OL Further analysis shows that the accuracy to 

target word recognition preceded by a high frequency orthographic neighbor was lower 

than by an unrelated word control (厂 =8.29，/?<.01). However, the accuracy to target 

words recognition preceded by a nonword neighbor 'was not significantly different from 

that^preceded by an unrelated nonword control (F=1.05,p>.05). No other effect reached • . 

statistical significance (ps>.05). The pattern of the results is shown in Figure 3-5. 
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“ Figure 3-5 Accuracy results in Exp 2a 

c 
3.3.2 Experiment 2b 
i 

The difference between Experiment 2b and 2a was materials. The prime-target 

pairs examined in Oxpcrimcnt 2b shared final characters. 

Method - -

Participants, Design, and Procedure 

The participants, design and procedure were the same as Experiment 2a. 

Materials 

Twenty-eight low frequency two-character Chinese words (e.g.,路途，means 

journey in English) were selected as target words. The mean frcqiisncy Of th^ target 

words was 52 per million. Each target word was paired with four types of primes: an 

orthographic word neighbor (e.g.,前途，means future in English), an unrelated word 

(e.g.,阴谋，means conspiracy in English), an orthographic nonword neighbor (but 
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phonological word) (e .g . ,钱途’ homophone of 前途)and an orthographic unrelated 

nonword (but phonological word) (e.g., f f 谋’ homophone of 阴谋）.The mean 

frequencies of related and unrelated word ( i .e . ,前途 and 明谋）were 728 and 728 per 

million, respectively. The same number of nonword targets was also included. The mean 

frequency rank, ihc orthographic neighborhood size and the stroke number of the initial 

and final characters of prime words are in Tabic 3-1. 

Results 

Table 3-5 RT (ms) and accuracy in Experiment 2b 

word prime nonword prime 

RT Accuracy RT Accuracy 

neighbor 687(161) .96(.I9) 673(160) .97(.17) 

‘ unrelated 697(169) .97(.17) 686(145) .97(.18) 

Note. Standard deviations in parentheses 

The data of one participant were deleted due to high error rate. Only correct data 

was included for RT analysis. Reaction limes that exceed three standard deviations and 

those shorter than 300ms or longer than 1500ms were deleted (about 3.1%). 

In total, 1024 data points were used in RT analysis. The results revealed no 

significant ctTccl (ps>.()5). 

For accuracy rate analysis, 1092 data points were used. A logil mixed effect model 
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using the same predictors and covariates as in RT analysis was constructed. The results 

show thai the neighborhood size of the final character enhanced the possibility to producc 

a correct response {odds p<.05). It also shows that the stroke number of the 

final character enhanced the possibility to producc a correct response {odds ratio=\.25, 

/K.05). No other ctYect reach significance (/;s>.05). 

‘ 3.3.3 Discussion of Experiment 2 

Experiment 2a but not 2b reveal signilicanl inhibition clTect produced by high 

frequency orthographic neighbors to low frequency target words. In other words, the 

initial characters seem to be more important than the final characters in determining 

lexical competition. The implication of this finding for the representation of Chinese 

compound words will be discusscd in the General Discussion of this chapter. 

An unexpected finding of Experiment 2a was thai nonword neighbors (which 

were phonological words) also produced inhibition lo lexical decision responses to target 

words. This inhibition effect may be caused by the nonword neighbors activating the 
t 

orthographic representations of their base words. This is possible, considering that the 

iionwords in this experiment share an initial character with their base words and can 

be pronounccd identically. Still, the word neighbors sccTn to produce a more reliable 

inhibition effect than the nonword neighbors, bccause the accuracy analyses show a 

significant interaction effect between neighborhood and prime lexicality 一 
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3.4 Experiment 3 

The results of Experiment 2 show that high frequency Chinese compound words 

arc likely to produce lexical competition to the recognition of target words. Experiments 

3 and 4 went furtlier to test the influence of the semantic transparency of prime and target 

words on the observed high frequency orthographic neighbor inhibition cfleet. It is 

predicted that high frequency opaque compound words are more likely to inhibit the 

processing of their low frequency orthographic neighbors than transparent compound 

words. 

3.4.1 Method 

Participants 

Eighty new subjects from the same subject pool participated. 

Design 

This was a 2(orlhographic neighborhood) x 2(prime lexicality) x 2(target 

‘ transparency) x 2(prime transparency) mixed design. Orthographic neighborhood, prime 
ft 

lexicality and prime transparency were within-subject factors. Target transparency was a 

between-subject factor^ 

f 

Materials 

3 It is worth noting that inclusion of pseduohomophone nonword neighbors in the present study aims to 
make a balance between word and nonword neighbors on phonological aspects. 
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The transparent and opaque words were initially selected by the author and then 

were further examined by the participants after they had finished the main experiment. 

Eighty participants in Experiment 3 and 4 were divided into eight groups to evaluate the » 

semantic transparency of 818 words. Each group evaluated the semantic transparency of 

about 100 Chinese compound words. Participants were invited to evaluate the semantic 

relatedness between component characters and whole words on a seven-point scale with 

‘1’ representing 'highly unrelated' and ‘7’ ‘highly related'. T-tcsl show significant 

diflcrence between transparent (M=5.10, SD=0.16) and opaque (M=3.82, .S'0=0.91) 

words (r=-21.82,/7<.01). 

Materials for transparent prime-transparent target (FT) part 

Thirty-six low frequency Chinese compound words (e.g. ,货® i , means cargo ship 

in English;货 means goods and 船 means ship) were used as word targets. The mean 

frequency of target words was 37 per million. Each target word was preceded by cach of 

the following primes once an orthographic neighbor (e.g.，货 r p , means currency in 

English;货 means goods and rfj means money), an unrelated word (e.g.,稳定，means 

, stable in English;稳 means steady and 定 means fixed), an orthographic nonword 

neighbor (e.g.,货毕，毕.is a homophone of 币）and an unrelated nonword (e.g., U, 

订 is a homophone of 定 ) .The mean frequency of orthographic word neighbor and 

control words was 956 and 966 per million, respectively. 

•r* 

•c 

The prime-target pairs were arranged in a Latin-Square design. The total materials 
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were divided into four blocks. Each block included 36 word targets and 36 nonword 

targets in four different conditions (word neighbor, unrelated word, nonword neighbor, 

unrelated nonword). Each target word only appeared once in one block, preceded by one 

type of primes. The participants were divided into four equal subgroups and each 

subgroup did only one block. In each block, the materials were randomized anew. 

Materials for opaque prime-transparent target (OT) part 

Thirty-six low frequency two-character Chinese words (e.g., 杳 , m e a n s 

random inspection in English;抽 means draw out and 査 means check) were used as 

word targets. The mean frequency of target words was 32 per million. Each target word 

was paired with an orthographic neighbor (e .g. ,抽象’ means abstract in English;杣 

means draw out and 象 means resemble in English), an unrelated word (e.g., ]H全全， 

means serious in English;正 means correct and 经 means pass through in English), an 

orthographic nonword neighbor (e.g.,扣j|“J, |nj is a homophone of 象）and an unrelated 

nonword (e.g.,正京，京 is a homophone of 经 ) .The mean frequency of orthographic 

word neighbor and control words was 719 and 714 per million, respectively. 

Materials for transparent prime-opaque target (TO) part 

Thirty-six low frequency two-character Chinese words (e.g. ,表 I主j, means confess 

in English;表 means watch and 广i means white in English) were used as word target. 

The mean frequency of the target words was 39 per million. Each target word was paired 

with an orthographic neighbor (e.g.,表演，means performance in English;表 means 
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watch and 演 means play in English), an unrelated word (e.g.,防护，means protect in 

English; P方 means defend and 护 means protect in English), an orthographic nonword 

neighbor (e.g.,表Hlil: I眼 is a homophone of 演）and an unrelated nonword (e.g.,防21， 

K is a homophone of 护 ) . T h e mean frequency of orthographic word neighbor and 

control words was 941 and 931 per million, respectively. 

Materials for opaque prime-opaque target (00) part 

Thirty-six low frequency two-character Chinese words (e.g.，机智'，means tactful 
« 

in English;机 means machine and 智 means wisdom in English) were used as word 

targets. ITie mean frequency of target words was 38 per million. Each target word was 

paired with an orthographic neighbor (e.g.，机会，means opportunity in English;机 

means machine and 会 means conference in English), an unrelated word (e.g., 、？ 

means message in English;消 means eliminate and 息 means rest in Hnglish), an 

orthographic nonword neighbor (e.g.,机^T，Vl 1 is a homophone of 会）and an unrelated 

nonword (e.g.,消希，希 is a homophone of 息 ) .The mean frequency of orthographic 

word neighbor and control words was 809 and 804 per million, respectively. The same 

number of nonword targets was included in each part. The arrangement of the materials 

was similar as Experiment 1. Other linguistic characteristics of the prime words (i.e.，�

frequency, neighborhood size and stroke number of component characters) are shown in 

table 3-6. 
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Table 3-6 Linguistic characteristics of the stimuli used Experiment 3 

Linguistics characteristics T-T part O-T part T-0 part O-O part 

2018.26 1391.36 1671.60 1140.22 
Frequency rank of initial character 

(3836.50) (1527.42) (3799.73) (1099.99) 

2893.92 2485.11 2589.43 2986.19 
t 

Frequency rank of final character 
(3855.46) (3085.65) (2751.11) (4493.11) 

. 118.72 171.36 116.45 163.14 
Neighborhood size of initial character 

(85.07) (102.87) (85.82) (101.02) 

79.51 90.54 89.27 90.72 
Neighborhood size of final character 

‘ (75.10) (107.38) (103.84) (104.89) 

• -

8.11 7.24 8.16 7.22 
Stroke number of initial character 

(3.04) (2.74) (2.69) (2.68) 

8.44 8.25 7.99 7.97 
Stroke number of final character 

(2.69) (2.96) (2.98) (3.08) 
. - . l ： ^ 

/ 

Note. Standard deviations in parentheses 

Procedure 

Forward masked priming paradigm was used in the present study. The procedure 

was the same as that of Experiment 1. 
3.4.2 Results 
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Table 3-7 RT (ms) and accuracy in Experiment 3 

Transparent target Opaque target 

Transparent prime Opaque prime Transparent prime Opaque prime 

word nonword word nonword word nonword word nonword 

RT 817(145) 789(134) 768(137) 739(133) 854(137) 822(132) 804(150) 759(119) 
neighbor 

Accuracy .88(.33) .93(.26) .91 (.29) .94(.24) .84(.36) .86(.35) .81(.39) .85(.36) 

RT 810(135) 785(126) 761(130) 760(126) 845(140) 832(145) 776(119) 773(128) 
control 

Accuracy .92(.27) .90(.30) •93(.26) .92(.27) .86(.34) .88(.32) .87(.33) .86(,34) 

Note. Standard deviations in parentheses 

The data of one participant were deleted due to high error rale. Only correct data 

were included for analysis. Reaction time thai exceeded three standard deviations and 

those shorter than 300ms or longer than 1500ms was deleted (about 5.9%). 

In total, 4744 data points were used in RT analysis. The results show that the main 

effect of prime lexicalily was not significant (/=-. ! 6, p>.05). The effect of orthographic 

neighborhood was not significant (/=-.92, p>.05). The effect of prime transparency was 

significant (/=3.16, p<.05). Compared to opaque primes, transparent primes produced 

longer response to target words. The effect of the stroke number of initial character was 
* 

significant (,=2.44，p<.05). The more number of strokes the initial character of the prime 

words contained, the longer the responses to the target words were. The interaction 

between prime lexicality and ortHographic neighborhood was marginally significant ‘ 

(/^1.89, /7=.06). However, simple effect analysis does not show significant differences 
• . 
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‘between high frequency neighbor and unrelated word control (厂 =1.74, /?>.05), and 

between nonword neighbor and unrelated nonword control (F=0.77, p>.05). No other 

effect reached significance (/?s>.05). 

For accuracy analysis, 5688 data points were used. A logit mixed effect model 

using the same predictors and covariates as in RT analysis were constructed. The results 

show that compared to opaque target words, transparent words enhanced the possibility 

for the participants to make correct responses {odds ratio=2A\, p<.05). No other effect 

reached significance (/?s>.05). 

Because different response latencies were produced by different types of 

prime and target，we also did analyses for each kind of word pairs. In each part, 

prime lexicality and orthographic neighborhood between prime and target were used 
\ -

as within-subject and within-item factors. The jhiean frequency rank, orthographic 
} 

neighborhood size and stroke number of the initial and final characters were used as 

covariates. 

Results of transparent prime - transparent target (TT) part 

For RT analysis, 1217 data points were used. The results (Figure 3-6) show that 

the main effect of prime lexicality was significant (/=2.19,/7<.05). Compared to nonword 

primes, word primes produced longer response to target words. No other effect reached 

significance (ps>.05). 
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IS ‘ 
I 795 : ” [a-neighboT 

Wm I — 
word prime nonword prime 

prime lexicality 
Figure 3-6 RT result in Exp 3 (TT part) 

For accuracy rate analysis, 1440 data points were used. A logit mixed eftect model 

using the same predictors and covariates as in RT analysis were constructed. The results 

(Figure 3-7) show that the interaction between prime lexicality and orthographic 

neighborhood between primes and targets was significant (odds ratio=0.39, p<.05). 

Simple effect analysis show that this interaction was caused by significant inhibition 

produced by high frequency neighbor compared to unrelated word control (>-8.29, 

p<.01)’ and a null effect produced by nonword neighbor compared to unrelated nonword 

control (厂=0.18，p>.05). No other effect reached significance (/?s>.05). The pattern of 

results is shown in Figure 3-7. 
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. I 

imm 
word prime nonword prime 

prime lexicality 

Figure 3-7 Accuracy results in Exp 3 (TT part) 

Results of opaque prime - transparent target (OT) part 

For RT analysis, 1285 data points were used. The results (Figure 3-8) show that 

the main effect of neighborhood between prime and target was significant (/=-2.16, 

p<.05). More importantly, the interaction between prime lexicality and neighborhood was 

significant (/=! .99,p<.05). Simple effect analysis shows that the difference between high 

frequency neighbor and unrelated word control was not significant (F=0.06,/;>.05), and 

facilitation produced by nonword neighbor compared to unrelated nonword control was 
• 

marginally significantly (厂 =3.07，p=.07). No other eflecl reached significance (/7S>.05). 
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prime lexicality 

Figure 3-8 RT result in Exp 3 (OT part) 

For accuracy rate analysis, 1404 data points w^re used. A logit mixed cffect model 

using the same predictors and covariates as in RT analysis were constructed. No other 

effect reached significance (/;s>.05) 

Results oj transparent prime-opaque target (T-O) part 

For RT analysis, 1115 data points were used. The results show that no elTcct 

reached significance (/7S>.05). 
t-

For accuracy rate analysis, 1404 data points were used. A logit mixed elTcct model 

using the same prcdictors and covariates as in RT analysis were constructed. The results 

show that the frequency of both the initial and final charactcrs enhance ihc probability to 

produce a correct response {odds ratio-\.Q\, p<.05; odds ratio=\.0\, p<.05). It also 

shows that the neighborhood size of the final characlcr enhanced the probability to 

produce a correct response (odds ratio= 1.01, p<.05). No other effect rcached significance 

57 



‘ Chapter 5: Hi^h frequency orthographic neighbor inhibition effcct in C 'hine.sc 

(ps>.05). 
f « 

Results of opaque prime-opaque target (OO) part 

For RT analysis, 1117 data points were used. The results (Figure 3-9) show that 

the interaction between prime�lexicality and neighborhood between prime and target was 

significant (/=2.00, p<.05). Simple effect analysis show the inhibition (20ms) produced 

by high frequency neighbor compared to unrelated word control was not significant 

p>.05) and facilitation produced by nonword neighbor compared to unrelated 

nonword control was also not significant (F=0.08, p>.05). But the significant interaction 

effect did reveal different pattern produced by word neighbor and nonword neighbor 

compared to their respective control. No other effect reached significance (/7s>.05).. 

-I • I 

i . : 
word prime nonword prime 

prima lexici l i ty 

Figure 3-9 RT result in Exp 3 (OO part) 

For accuracy rate analysis, 1404 data points were used. A logit mixed efTect model “ 

using the same predictors and covariates as in RT analysis were constructed. The results 
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do not show any significant clTccl (jjs>.05). 

3.4.3 Discussion of Experiment 3 

The results of the combined analysis in Experiment 3 revealed a marginally 

significant interaction between neighborhood and prime lexicality. Separated analyses of 

RT for cach type of priinc-largcl pair show significiint interaction for opaque 

prime-transparent target and opaque prime-opaque target pairs. The common 

characteristic of these two types of primc-largcl pairs was that they both had opaque 

words as primes. I'lius. the observed interaction indicates that high frequency opaque 

neighbors were more likely lhaii transparent neighbors to bring inhibition lo lexical 

decision responses to low frequency target words (transparent or opaque). In other words, 

opaque compound words are more likely lo occupy lexical representations lhal compete 

with target words for lexical access. 

This conclusion should bc4akcn with cautions, because the accuracy analysis for 

transparent prime-transparent target also revealed a significant interaction between prime 

- lexicality and neighborhood. [:urther analysis show lhal high frequency neighbors were 

less likely lo induce a corrccl response than control, ll may suggest that high frequency 

transparent words are likely to occupy word level representations that may compelc with 
k 

other transparent words for lexical access. However, the results of RI' analysis do not 

show significant inhibition effect produced by a high frequency transparent neighbor a 

low frequency opaque target word. 
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3.5 Experiment 4 

3.5.1 Method 

In this experiment, the orthographic neighbors shared Ihc final character. The 

linguistic characteristics of prime words were shown in table 3-8. All the other aspects 

were the same as Experiment 3. 

Table 3-8 Linguistic characteristics of the stimuii used Experiment 4 

Linguistics characteristics T-T part O-T part 1-0 part O-O purl 

Frcqucncy rank of initial character 2864.75 2608.96 2794.78 2652.40 

• (3077.35) (3799.07) (3534.03) (3668.32) 

Frequency rank of final character 2338.79 2061.49 1732.78 2154.88 

(4790.68) (4823.60) (2172.25) (3624.84) 

Neighborhood size of initial character 88.74 109.24 91.61 107.26 

(110.13) (102.62) (113.88) (97.32) 

Neighborhood size of fmal charactcr 126.42 90.54 145.24 147.47 

(87.%) (107.38) (109.53) (104.80) 

Stroke number of initial charactcr 8.87 9.84 9.03 8.43 

(3.65) (2.74) (5.95) (3.07) 

Stroke number of final charactcr 7.86 7.78 1.99 8.22 

(2.74) (2.74) (2.78) (2.72) 

Note. Standard deviations in parentheses 

3.5.2 Results 
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Table 3-9 RT (ms) and accuracy in Experiment 4 

Transparent target Opaque target 

Transparent prime Opaque prime Transparent prime Opaque prime 

word nonword word nonword word nonword word nonword 

RV 677(84) 696(75) -708(103) 722(121) 727(111) 731(111) 734(115) 721(96) 
neighbor 

Accuracy •92(.27) .9()(.30) .86(35) .88(32) .83(.37) .87(.34) .85(.36) .88(.33) 

Kl 682(87) 704(83) 699(103) 714(102) 7 1 7 1 9 ( 1 0 3 ) 727(86) 719(82) 
control 

Accuracy .94(.24) .91 (.29) .80(.32) .88(.33) .85(.36) .89(.32) .87(.34) .85(.36) 

Note. Standard deviations in parentheses 

I he data of one participant was deleted due to high error rate. Only corrccl data 

« 

were included for analysis. Reaction time that exceeded three standard tlcvialions and 

those shorter than 30()ms or longer than 150()ms was deleted (about 3.3%). 

In lotal, 4840 data points were used in RT analysis. The results show that the 

cITccl of prime transparency was marginally significant {r 1.75, 二.07). Compared to 

opaque primes, transparent primes produced longer response to target words. No olhcr 

etYect reached significance (/?s>.05). 

[:or accuracy rate analysis, 5688 data points were used. A logil mixed clVccl model 

using the same prcdictors and covariales as in R T analysis were constructed. The results 

show thai the ctTect of the neighborhood size of Ihe final character was significant {oc/ds 

ratio-] X)\, p<X)5). It suggests that neighborhood size of the final character enhanced the 
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probability tor participants to make a correct response. 

Results oj transparent prime-tnmsparent target (TT) part 
s 

1284 data points were used in RT analysis. The results show that the effect of 
% 

prime lexicality was significant (户-2.10，/;<.05). It shows that lexical responses to target 

words were much faster preceded by word primes than nonword primes. No other effect 

readied significance (/?s>.()5). 

For accuracy rale analysis, 1440 data points were used. A logit mixed clVcct model 

using the same predictors and covariatcs as in RT analysis were constructed. The results 

show that ihe clTect of the stroke number of the final character was marginally significant 

(odds ra(i()=Q.S9,尸=.07). Stroke number of the final character reduced the probability for 

participants lo make a correct response. 

Results of opaque prime-transparent target (OT) part 

1223 data points were used in RT analysis. The results does not show any 

significanl clTccl (/)s>.05). For accuracy rate analysis, 1440 data points were used. A logit 

mixed clYect model using I he same predictors and covariates as in RT analysis were 

constructed. The results show thai the etTect of the stroke number of the final character 

was significant {oihls =0.92, /,<.05). It suggests lhal increase in the stroke number of 

the final character reduced the probability for participants to make a correct response. 
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Resulls of transparent prime-opaque target (TO) part 

1168 data points were used in RT analysis. The results does not show any 

significant edccl {ps>.05). For accuracy rate analysis, 1404 data points were used.八 logit 

mixed effect model using the same predictors and covariates as in RT analysis were 

constructed. The results show that the effect of the neighborhood size of the final 

character was significant (odds rati()=^\.0\, p<.{)5). It suggests thai ihc neighborhood size 

of the final character enhanced the possibility for participants to make a correct response. 

Results of opaque prime-opaque target (OO) part 

1165 data points were used in RT analysis. The results does not show significant 

clTccl (/7S>.05). For accuracy rate analysis, 1404 data points were used. A logit mixed 

,effect model using the same predictors and covariates as in RT analysis were constructed. 

The resulls also does not show any significant eftect (/7s>.05). 

3.5.3 Discussion of experiment 4 

The results of Experiment 4 show that high frequency orthographic neighbors 

sharing the final character did not produce inhibition cfleet to lexical decision response to 

low frcqucncy target words. The null findings of Kxperiment 4 show the inferior status of 

the final character in Chinese compound words. : � > 

3.6 General Discussion of Study 1 

The resulls of Experiment I show that high frequency orthographic neighbors 
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produce inhibition to low frequency target words. Supposing that the inhibition is caused 

by lexical competition (Grainger & Jacobs, 1996), it can be argued that Chinese 

compound words have unitary lexical representations. The lexical representations arc 

likely to be orthographic bccause the contribution of phonological influence to the high 

�frequency neighbor inhibition efTect was found minimal in Experiment 2. The 

contribution of semantic representations is also unlikely because the orthographic 

neighbors used in the present study were mostly semantically unrelated. There is no 

reason thai their semantic representations would compete with each other for activation. 

Another reason that semantic representations cannot explain the inhibition effect is thai 

semantic elTecls should be facililalive rather than inhibitory. Thus, the occurrcnce of 

inhibition between orthographic neighbors is mainly caused by competition between 

word-level orthographic representations of prime and target words. 
< . 

Additional results of Study 1 (Experiments 3 and 4) suggest that word-level 

orthographic representations of Chinese compound words are affected by semantic 

transparency^. Opaque compound words are more likely to be represented as wholes than 

transparent words. Furthermore, the results of Study 1 also show that the initial characlcr 

plays a more important role than the final characlcr in compound words processing. 

Orthographic representations of Chinese compound words 

Besides the high frequency neighbor inhibition effccl observed in the present 

4 It should be noted that the semantic transparency cffcct was revealed in separated analysis for each type 
of prime-target pairs. The combined analysis of Experiment 3 did not reveal a significant Interaction 
between relatedness and semantic transparency of the primes. 
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Study, the existence of word-level orthographic representations for Chinese compound 
• ** 

words is further supported by the prime lexicality effect observed in Experiment 1. It was 

found that although inhibition occurred for word prime (HF)-word target (LF) pairs, prior 

presentations of nonword orthographic neighbors facilitated target words recognition. 

This indicates that lexical competition cannot occur if the primes do not occupy unitary 

lexical entries. Instead, facilitation due to prelexical similarity ( i . e . , form overlap) 

between primes and targets was observed. The findings are consistent with studies of 

alphabetic languages (e.g., horsier, Mohan, & Hector，2003). 

The present finding is consistent the Multilevel Interactive-activation Framework 

(Taft et al., 1999), which acknowledges the existence of word-level orthographic 

representations of compound words in the mental lexicon. Word-level orthographic 

representation may provide a theoretical explanation for the up-down interaction between 

word-level and character-level processing revealed by the WSH in Chinese (e.g., Mok, 

2009), and is probably a reason for automatic activation of compound words in normal 

Chinese reading (Inhofl' & Wu，2005). 一 

Besides the Multilevel Interactive-activation Framework, a more rcccnt model of 

lexical processing system that incorporates a 'lemma' level representation but not whole •‘ 

word orthographic representation/form may also be able to explain the high frequency 

orthographic neighbor inhibition effect in Chinese (Taft, Liu, & Zhu，1999; Taft & 

Nguyen-lloan, 2010). Lemma refers to ‘an abstract level of representation thai is 
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intermediate between the form and function levels' (Taft & Minh，2010). Both complex 

words and component morphemes have lemma representations. Lemmas of words that 

have morphological relationship but are semantically unrelated (e.g., corner-CORN) 

compelc with each other. However, such competition does not actually inhibit the 

activation of the ‘loser，，but affect which lemma reach activation threshold first. Even if 

inhibition occurs, the loser (lemma of Ihe target) is protected from being fully inhibited 

with short prime duration. Thus，small but significant facilitation is often observed with 

pseudo-derived complex words and their stems (e.g., corner-CORN), which is much 

smaller than that produced by truly derived word paris (hunter-IIUNT). 

Such competition between lemmas may not be able to provide a complete 

explanation of the present results. Firstly, it seems lo prcdicl a null effect for 

orthographically related but semantically unrelated prime-target pairs bccause of 

counteraction between character/morpheme-to-word lemma faciiitation and word lemma 

competition. Secondly, lemma competition cannot exclude the existence and the 

influence of whole-word orthographic representation (al Icxical level) entirely, because 

, lemma of whole words is not totally unrelated to whole-word orthographic representation. 

Instead, it is an abstract reflection of the connection of form and meaning. As a result, the 

competition attributed to lemma level can hardly be determined as being caused by form 

or by meaning. If there is lemma for whole words, both whole-word orthographic 

representations and semantic representations should also exist in the network. 
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It is worth noting thai there were important differences in ihc word materials used 

in previous studies that support the notion of lemma competition and the present study. 

Studies in alphabetic languages usually used complex words as primes and their stems as 

targets (e.g., corner-CORN)\ while the present study used two morphologically related 

compound words as prime-target pairs (e.g.,货船-货币、. 

The influence of word-level orthographic representation on phonological neighbor processing 

The results of RT analysis in Experiment 2a reveals that orthographic nonword 

neighbors thai can be pronounccd as real Chinese words also produced inhibition to 

lexical decision responses lo target words. However, phonological/syllable neighbors in 

Spanish (e.g., words sharing the first syllable) were found to produce facilitation instead 

(Carrciras & Perea, 2002). In this study, responses to prime-target pairs (nonword-word) 

sharing not only the first two letters but also the first syllabic was compared to that of 

prime-target pairs (nonword-word) sharing only the first two letters but not the first 

syllable. The results show that syllable-related primes brought larger facilitation to lexical 

decision to target words than letter-related primes. 

One aspect that differs from Carreiras and Perea (2002) and the present study is 

that the phonological neighbors were nonwords in the former, but real phonological 

words in the latter. Thus, it is not surprising to observe different priming cffcct in the two 

studies. It is possible that the orthographic nonwords/phonological words (e.g.,平符）in 

the present study can activate whole word orthographic representation of the base words 
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(e.g.,划算，means cost-effective in English) considering their orthographic overlap. The 

activated orthographic representations of the base words compete with that of the low 

frequency target words (e.g.,�p|•算，means calculate in English) and thus produce ‘ 

inhibition effect. 

The present finding is consistent with Zhou and Marslen-Wilson (2009) who 

found that lexical decisions to psdudohomophones (e.g.,严革）that shared a component 

character with the base words (e.g.,严二格，means rigid in English) were more difficult to 

be refused as real words. However, pscudohomophones (e.g., 开準 ) w i t h o u t 

orthographic overlap with the base words were not slower than control words lo make a 
> 

decision. It was supposed to be caused by semantic activation of the base words by 

orthographic overlapped pscudohomophones that counteract with the visual input. 

However, the difference between the two kinds of pseudohomophone is the degree of 

orthographic overlap witfi the base word. Thus it is possible that psdudohomophones 

sharing a component charactcr with the base words firstly activate word-level 

orthographic representations and then semantic representation of the base words. 

Despite the important influence of orthography, it is possible that the influence of 

phonology contributes to the null effect of nonword neighbors observed in Experiments 3 

and 4. That is to say, phonological representations of their base words may be activated 

by nonword neighbors and produce competition to target words. However, such 

competition may counteract with facilitation produced by perceptual similarity between 
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primes and targets, producing a null effect. Such interference is reasonable if 

phonological influence produces inhibition effect in primed lexical decision task. 

However, phonological neighbors were found to produce facilitation (Carrciras & Perca, 

2002). Hence, although phonological effect in the present study cannot be eliminated 

entirely, its influence should be limited. * 

Semantic transparency effect 

Word-level orthographic representations of Chinese compound words are found 

to be affected by semantic transparency in Study 1. The results show that Icxical 

competition occurs only with opaque prime words (regardless of the semantic 

transparency of target words). In contrast, high frequency transparent orthographic 

neighbors do not bring inhibition lo the low frequency target words (transparent or 

opaque). These results may imply that opaque compound words are more likely to be 

represented and acccssed in a holistic way，while transparent words arc stored and 

processed in a decomposed way, al least in the early stage of Icxical access considering 

masked priming used in Study 1. 

The importance of character position 

The influence of character position is also investigated in Study 1. The main 

findings of the present experiments do not reveal any significant effect brought by 

orthographic neighbor pairs sharing a final character. This finding has important 

, * 
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implications on the mental representation of Chinese compound words. It indicates the 

initial and final characters may have different roles in the processing of the compound 

words. The initial character should have processing priority over the final character. With 

respect to the mental representation of compound words, it is possible that the connection 

between compound words sharing an initial characlcr is much stronger than those sharing 

a final character. Taft, Liu and Zhu (1999) considered lhal order information of the two 

components in a compound word should be marked in the representational network. In 

such a way, transposed nonwords (e.g.,掌马）will not be recognized as real words (e.g., 

马举). 

Limitations and directions for further research 

It should be noted that the orthographic neighbors used in the present study are 

not exactly the same as that used in alphabetic language studies. Neighbors refer lo pairs 

of compound words sharing a component character. However, most of the orthographic 

neighbors used in the alphabetic studies arc mono-morphemic words. This divergence is 

inevitable because two-character compound words occupy the majority of modern 

Chinese words. As a result, cautions should be made to draw a cross-language conclusion 

on the effect of orthographic neighbors. 

For further studies, the influence of orthographic neighborhood size on 

neighborhood frequency effect should be examined. Using English words as materials, 

Nakayama et al.，(2008) found thai the high frequency neighbor inhibition effect was 
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only true for primes that have small family size. For primes that have large family size, 

both high and low frequency primes can produce inhibition to low and high targets. 

Whether the orthographic neighborhood size of component characters affect the mental 

representation of Chinese compound words or not needs further studies. 

Conclusion 

Study 1 provides evidence for the existence of word-level orthographic 

representations and that they are affected by semantic transparency. Opaque compound 

words arc likely to be represented as wholes. Considering thai the existence of 

word-level/lexical representation is a prerequisite of Icxical competition, the findings arc 

hard to be incorporated into a distribute model (Plaut & Gormerman, 2000) that denies 

the existence of discrete linguistic units, but arc more consistent with localisl models (e.g., 

Grainger & Jacobs, 1996; McClelland & Rumelhart，1981). 
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Chapter 4 

/ 

Study 2: Transposed-character Similarity Effect in Chinese 

4.1 Introduction 

This study is an altempt to use a new method, namely, the transposed-character 
、 

� similarity effect in Chinese, to investigate the orthographic representations of Chinese 

compound words. The transposed-character similarity effect in Chinese is adapted from 

ihc transposed-letler similarity effect first reported in studies of English words. 

Transposcd-letter (TL>) similarity clTect refers to the facilitation brought by a 

transposed nonword (e.g., jugde) to the processing of the original word (e.g., JUDGE) 

compared to a substituted nonword (e.g., jupte) (Acah & Perea, 2008; Chirstianson, 

� Johnson, & Rayner, 2005; Lupker, Perea, & Davis, 2008). This effect implies that the 

component letters of a word arc coded for their identity information regardless of position. 

The reason is thai if they arc codcd with specific position information, transposed and 

substituted nonwords should produce similar effect to the original words, considering that 

both of them have two letters different from the original words. Larger effect produced by 

% 

transposed primes suggests thai transposed words may activate orthographic . 

representations of the original words, regardless of Idler transposition (similar to 

repelilion priming). It suggests that the correspondence relationship between position and 
i 
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Idler is not exactly onc-to-onc and thai llic activation of position inlbrnialion lugs behind 

letter activation. TL similarity effect is inconsistent with the traditional slot-coding 

system in visual word recognition models such as the Interactive Activation Model 

(MeCMland & lUmielhart, 1981). 

The most important theoretical implication of the TL similarity cffcct is that its 

locus sccins to be lexical. Firstly, in rcccnt studies (e.g., Liipker, Perca, & Davis, 2008), 

primes are often shown in lower ease letters and targets in upper ease letters to cxclucic 

the possibility that the iransposcd-lettcr similarity cllect is due lo visual overlap between 

primes and targets. Secondly, the lexicality of target words is found to alTccl the direction 

of observed cITccls. On the one hand, when the targets were words (e.g., JI UXili ). prior 

presentation of transposed nonwords {c.^., Jui^ck') produced facilitation lo original words 

processing. On I he other hand, when the largcls were nonwords (e.g.. i\"‘:RSf(\ prior 

prcscnlalion of transposed nonwords (e.g., tnercs) did not priKluce facilitation lo the 

processing of I he original nonwords ( Pear & Lupker, 2003 a; i)eiea & Liipker, 2004; 

Christiaiison, Johnson, & Rayncr, 2005). Thirdly, transposed nonword primes were also 

found to produce semantic priming ctrccl lo target words semantical ly related lo I he 

original words (c.^.y jui^de-C 'OlIRT) (Pcrca & Lupker, 2003b). If repetition priming etVccl 

cannot exclude the inllucnce of pcrccptual similarity, semantic priming can certainly do. 

Thus, semantic*priming etTccl produced by TL nonwords clearly indicates that IL 

\ 

nonwords aclivatc the orthographic representations of their base words. Based on these 
w 

findings, it is quite certain that the locus o门,【，similarity clVcct is Icxical rather than 
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prelcxical (but sees Kinoshita & Norris, 2009). 

The si/,c oflhc 1 L similarity clVccl may be alTcctcd by the positions of transposed 

letters in a word. Johnson, l)erea and Rayner (2007) found thai eye fixations on target 

words were much shorlcr with parafoveal previews of transposed nonwords than < 

substituted nonwords. inirlhcrmorc, transposition of internal letters produced similar 

circcl on target words processing as identical previews; while transposition of final letters 

produced iiuich longer eye fixations on target words. 

Similarly, While, Johnson, Liversedge, and Rayner (2008) Ibund thai total reading 

time decreased gradually IVoin sentences containing nonwords produced by transposition 

of initial Idlers, sentences containing nonwords produced by transposition of final letters, 

and sentences containing nonwords produced by transposition of internal Idlers. Those 

findings suggest that nonwords produced by transposition of inlcrnal Ictlcrs were more 

likely than those produced by transposilion of external Ictlcrs lo activate orlhographic 

rcprcscnlalions of the original words. 

The direction of TL similarity ctTcct has been found to be alTccleci by the 

lexicality of transposed primes. In other words, iflhc transposed word is a word itself, the 

priming clTccl it produces is dilVcrcnl Ironi that produced by a iransposed nonword. 

Words are called transposablc words in the present study iflhc transposed words arc real 
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words ihcmsclves (e.g., sall-SLAT in Hnglish; J'j h.- I; in Chinese). Those are nol 

real words after transposition are called uiUransposahlc words. Take Diinabeilia, Pcrca 

•a 

and Carreiras (2009) as an example. They examined the 11 similarily ciVcct in Spanish 

with masked priming paradigm. They Ibuncl tacilitation Ibr unlransposablc prime-target 

pairs (e.g., cdero-C'EDRO, caJur in liiiglish) but a null etTccl for Iransposable 
V 

prime-target pairs (e.g., ccnh, in l:nglish-( 'EDRO, ccJar in linglish). The null ctVect 

was attributed lo Icxical level lateral inhibition bclvvccn prime and largcl wtmis that may 

olTscl I he facililation produced by ihcir orthographic similarity. Nonword primes did not 

produce such lateral inhibition because they were not Icxical unils. 

Lexical inhibition produced by a high frequency transposed \voi\l neighbor lo the 

base word was observed by Acha and Perea (2008) in an eye movement study. They 

found that later eye nunomcnt indicators (i.e., regression and lolal reading lime) were 

mucli longer for target words (e.g., silver) with a high frequency Iraiisposcd woril 

neighbor (e.g.. sliver) than those without a high iVcqucncy neighbor. I he clTccl observed 

on later stage indicators of eye movement indicates lhal it occurrccl al Icxical level rather 

lhan prolcxical/pcrceptual level. Similar results were also obtained by Johnson (2()()‘>). 

These findings suggest that orthographic reprcscnlation of a word's high tVcqucncy TL 

neighbor is automatically activated in I he processing of visual word recognition. * 

(xm this effect he adopted with Chinese Iwo-characlcr w nnls'/ 

'!; I', means immediately in Itnglish and 丄：'!/ means launc/ieJ in Hnglish 
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One underlying assumption of TL similarity eftccl is that words have holistic 

orthographic representations thai can be activated by ihcir corresponding transposed 
« 

nonwords. Thus，if transposed Iwo-charactcr Chinese words produce similar clTcct to the 

processing of real compound words, it can be inferred that two-character compound 

words in Chinese have holislic orthographic representations in Ihc mental lexicon. The 

assumplion underlying such infcrcncc is that if Chinese iwo-character 'words arc 

represented as an organic whole in our mental lexicon, the sequential arrangement within 

the whole may not afYect the processing of whole words because perception and 

processing of holislic units may have superiority over that o傲part units (e.g.. Word 

Superiority Kllbct’ Rcichcr, 1%9; Wheeler, 1970; Mok, 2009). Navon (1977) revealed the 

precedence of global over local features in visual perception. Parlicipants in his study 

were brie 11 y shown Icltcrs composed of smaller letters (e.g., an I I composed of small H or 

S) and were asked to make one of two types of response: local or global. In local 

response condition, participants were required lo report the small letter regardless of the 

big Icller. In global response condition, parlici pants were required to report ihc big letter 

regardless of the small letter. The results showed thai response to smaller letter was much 

longer under inconsistent ciMidition (i.e.. the big Idler and small Idler were dilTercnl, 

such as a big 11 composed of some small S) than consistent condition (i.e., I he big letter 

and small Idler were identical). It suggests lhal perception of local features is alTcclcd by 

global fcalures. However, the global response was not alVected by local features. In other 
- I - ' . 

words, response lalcncics were similar under inconsistent and consistent condition.'Such 

findings suggest that global features have -advantage in human's perception and may not “ 
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be influenced by local features with short presentation duration. Hence, il seems 
j 

reasonable to assume that transposed nonwords can activate whole-word orthographic 

representations if original words have global representation in the mental Icxicon, despite 

small changes in local features. 

Transporting the I L similarity effect to Chinese words should proceed with great 

caution bccause Chinese compound words arc composed of two characlcrs only. 

Transposed words produced by transposition ol' the initial and final characlcrs are quite 

dilTerciil from transposed Knglish words created by iransposition of two internal Idlers. 

The dilTcrcncc between Ihcm may be related to word types (compound words vs. single 

words) of the target words. 

.... 
？ - . 

s,'' « 111 fact, the processing of transposed English' compound words has been 
• , 、 . 

invcslig^ed. Taft (1985) found that transposed compound words such as stooltoad arc > . 

more dirticult lo rcjccl than controls such as tallmop for Knglish speakers. There arc two 

possible accounts. On the one hand, it may be thai spreading activation of component 

inorphenies lo compound word leads to the observed ctYcct. This is Taft's (1^)85) account. 

' On ihc other hand, il is possible that ihc transposed nonwords activale orthographic 

representation of the original compound words in a position-insensitive way. Thus, the 

conflict between the activated orthographic representation and visual input of a nonword 

required longer time to deal with. 
* 
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Processing of transposed Chinese compound words has also been investigated. 

Using unmasked semantic priming, Peng, Ding, Wang, Taft, and Zhu (1999) found that 

both the original word (e.g.,领带’ means tie in English) and a transposed compound 

word ( e . g . ,带领,m e a n s lead in English) can produce facilitation to a scmantically 

related word (e.g. ,曲.装,means business suit in English) with SOA 157ms. The result 

suggests that spread activation from component morphemes to compound word occurs 

and that activation of morpheme position information lags behind morpheme activation. 

Due to morpheme level activation of the prime word that is insensitive to position 

information, word-level representation of the original target word is supposed to gel 

activated and producc priming effect to a semantically related word. 

In addition to semantic priming effect, repetition priming effect was also observed 

between two transposable compound word pairs (e.g.,领带-带邻 j) with various SOA 

durations (SOA 57，157 and 314ms) (Ding & Peng, 2006). An unexpected finding in this 

experiment was that far low frequency compound word targets, when the transposable 

word pairs were not highly scmantically related, null effect rather than facilitation was 

observed. This etTecl was interpreted as word-lcvcl semantic competition canccling 

morphcmc-level facilitation. However, it is possible lhal word-lcvcl orthographic 

representation is firstly activated before the activation of word-level semantic 

representation in visual word processing. 

'Studies on transposed compound words processing can be divided into two parts, 
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based on whether the target compound words are transposable or not. For untransposable 

compound words, facilitation produced by transposed nonwords to original words 

processing can be explained by both morpheme-to-word activation and pre-activation of 

target words' word-level orthographic representation by the transposed primes. For 

transposable compound words, morpheme-to-word activation account can explain 

‘ facilitation cffect in semantic and repetition priming; while activation of word-level 
r 

orthographic/semantic representation of prime words can explain the inhibition/null effect 

to target word processing. However, previous studies (Tafl, 1985; Peng et al., 1999; Ding 

& Peng，2006) did not make a distinction between the morphcmc-lo-word activation 

account and activation of word-level orthographic representation account. 

To differentiate the above two possibilities - decomposed vs. holistic accounts. 

Study 2 investigated both transposable and untransposable Chinese compound words 

(Experiments 1 lo 3). The predictions are as following: (1) If there are word-level 

orthographic representations, transposable prime-target pairs (e.g., -H 卜.，means 

immediately in English-J：-4, means launched in English) would produce null effect or 

even inhibition because two activated orthographic representation would compete with 

cach other for lexical access; while untransposable pairs (e.g., /龙 虎，means 

careless in English) would produce facilitation bccause such transposed primes would 

only activate the word-level orthographic representations of the target words. (2) On the 
• • 

other hand，if Chinese compound words do not have holistic orthographic representations 
• . 

in the menial lexicon，both transposable and untransposable prime-large pairs should 
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produce facilitation due to spreading activation of morpheme-level information in the 

prime words to target words processing. 

To examine the influence of semantic transparency on word-level representation, 

transparent and opaque compound words were used in Experiments 2 and 3, respectively. � 

Facilitation by transposed transparent words to ihc original words can be attributed to 

both morpheme-to-word activation and activation of word-level orthographic 

representation. However, facilitation by transposed opaque words to the original words 

can only be attributed to word-level orthographic representation activation because 

morphcmc-lcvcl activation do not lead to whole word semantic activation for opaque 

words. 

In addition to the above three experiments, binding words arc examined in 

Experiment 4 to test the possibility that transposed words can activate word-level 

representation of the original words. Binding words contain two characters that can only 

combine with each olhcr. Taft and Zhu (1995) found that the naming latencies for initial 

characters of binding words (e.g., ！lllr. in 帆虫引）were much shorter than thai for final 

characters of binding words (e.g.,虫引 in 帆虫引).This finding suggests that component 

characlcrs of binding words do not have independent morpheme level representations. 

Binding words are much likely to occupy word level representations. Naming the final 

character needs longer time because participants have to skip Ihc sound of the initial 

character in the activated word level pronunciations. This study suggests that binding 
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words are represented as unitary wholes (or actually monomorphcmic words) and thus 

can only be processing in a holistic way. If transposed binding words can facilitate 

original word processing, it is certain that the whole word representation is activated by 

transposed prime words. 

4.2 Experiment 1: Transposable Words 

The efleet of prior presentation of a transposable word on later processing of the 

original word was tested in Experiment 1. As mentioned earlier, transposable words refer 

to those that are still real words after transposition of the initial and the final characters 

( e . g . ,马上 -卜 , I f compound words occupy whole word orthographic representations, 

the transposed words (e .g.,上马)would compete for lexical access with the target words 

(i.e., their transposed form, e .g . ,马 J : ) in a priming paradigm. Otherwise, the transposed 

words would facilitate the processing of the original words due to spreading activation 

from component morphemes to compound word (Peng, et al., 1999). 

4.2.1 Method 

Participants 

The participants were 40 undergraduate and postgraduate students of the Chinese 

University of Hong Kong. All of them had normal or correct-to-normal vision. They were , 

native Chinese speakers. All the participants were right handed. They voluntarily took* 

part in the study and were paid for their participation. 

a 

81 



Chapter 4: Transposed-character Similarity Effect in Chinese 

.Design 

4 

This was a 2 x 2 within subjccl design. The first factor was orthographic 

relatedncss between prime and target words (related vs. unrelated). The second factor was 

the word order of the primes (normal vs. transposed). 

Materials 

Twenty Chinese compound words were selected as target words. Each target word 

(e.g., -H h：, means at once in English) was paired with an identical word (e.g.,丄i h), a 

transposed word (e.g.,」.：'!/’ means start in English), a control word (e.g.,‘性质，means 

characteristics in English) or a control nonword ( e . g . ,质 ). The linguistic 

characteristics of the prime words such as the frequency rank, neighborhood size, stroke 

number of both the initial and final characlcrs are shown in Table 4-1. 

/ 
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Tabic 4- 1 Linguistic characteristics of the stimuli used in Experiment 1-4 

Linguistic characteristics Expl Exp2 Bxp3 Exp4 

‘ 9836.83 7877.05 9954.38 15829.13 
Frequency rank of normal words 

‘ (9887.60) (6451.03) (6502.62) (7486.11) 

-11911.30 
Frequency rank of transposed words 

(12589.58) 

1559.80 2332.92 3352.78 
Frequency rank of initial character 

(2022.83) (2307.86) (7202.71) 

1866.88 2662.00 3081.13 
Frequency rank of final characlcr 

(2269.50) (3158.26) (4512.09) 

203.40 123.98 149.38 
Neighborhood size of initial character 

(164.38) (225.34) (107.70) 

229.75 67.88 132.98 
Neighborhood size of final character 

(325.25) (64.72) (151.93) 

6.63 9.23 7,08 11.45 
Stroke number of initial characlcr 

(3.29) (3.29) (2.89) (3.73) 

9.13 9.61 8.18 11.08 
Stroke number of final character 

(10.52) (3.06) (3.00) (3.40) 
Note. Standard deviations in parentheses 

In addition to 80 pairs of critical materials, the same number of nonword targets 

was included as negative items of a lexical decision task. The design of nonword targets 

was made to be identical with word targets. Hach nonword targets were (e.g., P'l-11:) 

paired with an identical nonword (e.g., ih), a transposed nonword (e.g., il:阵)，a 

control word (e.g. ,书 ' ' j'，means writinf^ in Hnglish) or a transposed form of the control 

word (e.g.,写书，means write a book in English). Another 20 pairs of materials (half 

word targets and half nonword targets) were selected for practice. 

The critical materials were arranged in a Latin-Square design. All materials were 

divided into four blocks. Each block included 20 word targets and 20 nonword targets in 
. '' - ‘ 
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four different conditions. Each target word only appeared once in one block. In each 

block, the materials were randomized lo present. Each participant only did one block. 

V* 

Procedure 

The stimuli were presented by a computer on a 17-inch liquid crystal display. All 

ihc characters were set in 18 font of Song Font. The words presented at the ccnter of the 

scrccn were approximately 2.7cmxl.3cm in size. Participants sal about 60cm from the 

screen. The program was compiled by the B-Prime 2.0 software. 

A forward masked priming paradigm was employed. At the beginning of the 

experiment, a red fixation signal in 46 Font (the same size as a word stimulus) was first 

shown al the center of the scrccn for 500ms. Then a series of symbols appeared as 

mask and lasted for 500ms. After its disappearance, a prime word would be presented at 

the same position for 57ms. Then the target word turned up and stayed on the scrcen until 

the participant made a response on the keyboard. As soon as the participants made a 

decision, an interface would appear on the screen. The participants needed to press ihc 

“shift” button to begin the next trial. There was an interlace for rcsl every 20 trials. 

Before the formal experiment, there was a practice phase to ensure thai all the 

participants understood the task. 
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4.2.2 Results 

Table 4-2 RT (ms) and accuracy in Experiment 1 6 

Condition Normal words Transposed words 

RT Accuracy K1 Accuracy 

Related primed 676 (220) - .98(.14) 717(160) .95(22) 

Control primed 739 (195) .98(.16) 719 (190) .97(.I7) 

Note. Standard deviations in parentheses 

Only correct responses were used for R'T analysis. Reaction time that exceeded 

three standard deviations of each subject was deleted. Those shorter than 300ms and 

longer than 1500ms were also deleted. The criteria delete about 3.6% of the total data 

points. 

The RT data were analyzed with a Linear Mixed Hfleet Model, with subjccl and 

item as random intercepts. The p-values were estimated by the Monte Carlo Markov 

chain (MCMC) method (Baayen, 2008) using 10,000 samples. The rclatedness between 

prime and target words, word order (normal vs. transposed) and interaction of these two 

factors were used as predictors for log RT. In addition, the model also included other ‘ 

factors that may afiect the results as covariates. They arc some linguistic characteristics 

of Ihc prime words: the frequency rank* of ihc prime words，the frcqucncy of the initial 

6 'related normal words' refers to ‘identical prime'; 'related transposed words' refer to 'transposed word 
prime'; 'control normal words' refer to 'word control prime'; 'control transposed words' refer lo 'nonword 

� control prime'. * 
'Refer to State Language Work Committee (2008). 
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and final characters，orthographic neighborhood size of Ihc initial and final characters and 

stroke number of the initial and final characters. 
、. 

In total, 748 data points were used in RT analysis. It was found thai the main clTect 

of, word order was not significant (r=-.32, p>.05). The main cHccl of orthographic 

relatedness was not significant (/:.76, p>.{)5). The interaction between relatedness and 

word order was significant (/=-3.19, /?<•() 1). Simple effect analysis shows that this 

interaction was caused by facilitation produced by normal related words (厂 =4.41, 

p<.05) and null clTect produced by transposed related words (厂=1.12，尸>.05). In 

addition, none of the cffccl of covariales reached statistical significance (/>s>.05). 

The pattern of the results is shown in Figure 4-1. 

730 I H 
一 720 画 

IE： J _ • 1�二 • 

， 5 L i l l _ l l L 
normal words transposed words 

‘ w * 

Figure 4-1 RT results of Exp 1 (Transposable words) 

For accuracy rate analysis, 800 data points were used. A logil mixed effccl model 

- i * 
. appropriate for nominal dependent variables was adopted. It used the same prcdictors and 

covariatcs as in RT analysis. However, the results did not reveal any significant effect 
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(/;s>.05). 
• 、 

« ^ 

4.2.3 Discussion ‘, 

The observation of null effect by transposed words on the normal target words is 

‘ inconsistent with the lexical competition hypothesis (which predicted inhibition cfleets) 

and the hypothesis that there is spreading activation from morphemes to words (which 

predicted facilitation effects). Yet it is explicable if it is supposed that the cftect of the 

two cancels out each other. 

Other researchers (Ding & Peng, 2006) have also found null effect with 

transposable prime-target pairs (e.g.,领'®，means tie in English -带领，means lead in 

English). On hindsight, the failure to observe inhibition cffcct with transposablc 

prime-target pairs may be related to the word frequency of the prime and the target words. 
/ 

” _ . Presumably, strong competition occurs when high frequency words, which have a high 
jr 

baseline activation level, are paired with low frequency target words (Graiitger & Jacobs, 
• ‘ 

> � 1 9 9 6 ) . But, in this experiment and Ding and Peng (2006), the frequency of the prime and 

' the target words was nof manipulated to be high-low. Perhaps the orthographic 
9 

• , ' • 
representations of the prime words had not been activated sulliciently to inhibit lexical 

•V. > 
• • 

access of the target- words. Of course, one should be extremely cautious to make an 

_, inference based on a null effect. What can be said is that the -results of Experiment 1 
> 

neither reject nor support the notion that�Chinese compound words have word-level 

orthographic representations in the menial lexicon. This unsolved question will be further 
* 

jf > 
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explored in the following experiments. 

/ « 

4.3 Experiment 2: Transparent untransposable words 

The processing of untransposable words may provide more credible evidence to 

the activation of word-level orthographic representations of Chinese compound words. 
• 、 

The untransposable words arc not real words after transposition (e.g.,骄f放，means proud 

in English, is a real word but turns into a nonword 傲娇 after transposition.) and thus do 

not occupy representations in the mental lexicon. If the transposed nonwords can activate 
• » 

t word-level rcprcscnlalion of the original words, they should facilitate the processing of 

the original words. The decomposed account of morphemc-lo-word activation would also 

predict facilitation between prime and target words. However, it may have difficulty to 

explain the findings with opaque words. In other words, the decomposed account of 

、 

morpheme-to-word activation would predict facilitation between transparent transposed 

� nonwords and transparent target words, but not between opaque transposed nonwords and 

opaque target words. That is because semantic rclatcdness between component 

morphemes and opaque words is quite low. 

I 

As a result, investigation of the effect produced by transparent transposed 

nonwords lo transparent target words and that produced by opaque transposed nonwords 

to opaque target words would not only examine the influence of semantic transparency on 

whole word representation of Chinese compound words, but also helps lo make a 
- 8 8 
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、 • ，、 

distinction between the dccomposcd and holistic representation accounts. To achicve this 

goal, transparent and opaque compound words were used in Experiment 2 and 

. 、 

Experiment 3，respectively. 

• • 

4.3.1 Method 
I-

Participants 

The same participants in Experiment 1 participated in this experiment. 

Design 

, The design of this experiment was similar lo that of Experiment 1. 

# 

Materials 

Twenty transparent words were selected as target words. Each word target (e.g., 

顿他 means proud in English) was paired with an identical word (e.g.,骄傲)，a ‘ 

’ transposed nonword (e.g.,傲骄)，a control word (e.g.,利益，means benefit in English) 

or a control nonword (e .g . ,益利 ) .For nonword targets (e.g.,系齿)，each one was also 

paired with an identical nonword (e.g.,劍’f)，a transposed nonword (e.g.’ 前亲)， a 

control word (e .g . ,朗 M, means read aloud with expression in English) or a control 

^ • nonword (e.g., Iffi 朗 ) . T h e linguistic characteristics of the prime words such as the 

frequency rank, neighborhood size, stroke number of both the initial and final charactcrs 
I - * 

were in Table 4-1. The arrangement of materials was similar to thai of Experiment 1. 
‘ ‘、 

.. 1 • 
* 

‘ ‘ 

Procedure 
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、 • . 
. The procedure was the same as in Experiment 1. 

• . . . • : : 

• . i ‘ 
4.3.2 Results 

. Tabic 4- 3 RT (ms) and accuracy in Experiment 2 
: . . . • • 

Condition Normal words Transposed nonwords 

^ RT Accuracy RT Accuracy 

Kelaled primed 616 (168) .98(.14) 715 (179) .97(.I6) 

Control primed 676 (191) .96(.21) 706(196) .97(.17). 

Note. Standard deviations in par叩theses 

Only correct responses were used for RT analysis. Reaction time that exceeded 

three standard deviations of cach subjects was deleted. 'I hose shorter than 30()ms and 

longer than 1500ms were also deleted. The criteria delete about 4.9% of� the total data 

points. 

In total, 736 data points were used in RT analysis. The results (Figure 4-2) show 

lhal the main effect of word order was not significanl (户-.83，/?>.05). The main effect of 

rclatedness was significant (/=-3.33, /X.Ol). More importantly, the interaction between 

word order and relatedness was significant (/=-3.84, /7<.01). Simple effect analyses'show 

that this interaction was caused by facilitation produced by normal related words 

(F=29.84, "<.01) and null effect produced by transposed related nonwords (厂 =2.16， 

/?>.05). In addition, none of the effect of covariate reached statistical significance 
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(ps>.05). 

740 ] , ‘ 
720 ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

i l — 
normal words transposed nonwords 

Figure 4-2 RT results of Exp 2 (transparent untransposabic words) 

For accuracy rale analysis, 800 data points were used. A logit mixed effect model 

appropriate for nominal dependent variables was adopted. It used the same predictors and 

covariates as in RT analysis. The results (Figure 4-3) show that the main cfleet of 

relatedness was significant, odds ratio =5.03, p<.05. It suggests that compared lo 

unrelated primes, related primes enhanced the possibility for the participants to make a 

correct response. In addition, the main effccl of stroke number of the second character in 
4 

prime words was significant, odds p<.05. It suggests that increase of the 

stroke numbers of the final character decreased the possibility for the participants to 

make a correct response. X 
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Figure 4-3 Accuracy results of Exp 2 (transparent untransposable words) 

4.3.3 Discussion 

The results of Experiment 2 reveal significant repetition masked priming effcct 

with identical prime and target words. However, the transposed nonword primes did not 

produce significant effect lo the processing of the original words. Such findings shed 

light on the following two aspects: First of all, it suggests that transposed nonwords in 

this experiment did not activate Ihc orthographic representation of original words. 

Otherwise, facilitation would be observed. Secondly, it shows that the processing of 

transparent words is sensitive lo position information. As a result, the same 

character/morpheme in different position (initial vs. final) was not coded as the same and 

thus did not facilitate each other's processing. To sum up, the results of Experiment 2 did 
1 

not support the decompose account "(i.e., morpheme-to-word activation) of Chinese 

compound word representation and suggest that transparent compound words may not 

‘ occupy word-level orthographic representations in the mental lexicon, 
• ， _ ‘ ‘ 

•？ > 
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4.4 Experiment 3: Opaque untransposable words 

Experiment 3 examined the influence of transposed opaque nonwords on the 

•. , processing of the original words. Opaque words are more likely than transparent words to 

be represented as wholes in the mental lexicon. Thus, transposed opaque nonwords may 

be able to activate word-level orthographic representations of original words and thus 

produce facilitation to the processing of the original words. • 

4 

4.4.1 Method 

i 

Participants 

The same participants in Experiment 1 participated in this experiment. 

Design 

The design of this experiment was similar to that of Experiment 1. 

Materials ‘ 

Twenty opaque words were sclccted as target words. Hach word (e.g., lid, 

means careless in English) was paired with an identical word (e.g.,马f龙）’ a transposed 

nonword (e .g. ,虎马)’ a control word (e.g.,毕竞，means after all in English) or a control 

nonword (e.g., For nonword targets, each one (e.g., If•昨)was also paired with 

an identical nonword (e.g.,评昨)，a transposed nonword (e.g.,昨评)，a control word 

(e.g.,泉水，means spring water in English) or a control nonword (e .g . ,水M). The 

linguistic characteristics of the prime words such as the frequency rank, neighborhood 

size, stroke number of both the initial and final characters were in Table 2-1. The 
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arrangement of materials was similar to that of Experiment I. 

Procedure 

The procedure was the same as in Experiment 1. 

4.4.2 Results 

Table 4- 4 RT (ms) and accuracy in Experiment 3 

Condition Normal words Transposed nonwords 

RT Accuracy RT Accuracy 

Related pHmed 652 (199) .98 (.16) 742 (212) .97 (.17) 

Control primed 704(190) .95 (.21) 759(214) .97 (.18) 
Note. Standard deviations in parentheses 

Only correct responses were used for RT analysis. Reaction time that exceeded 

three standard deviations of each subjects was deleted. Those shorter than 300ms and 

longer than 1500ms were also deleted. The criteria delete about 3.2% of the total data 

points. 

In total, 749 data points were used in RT analysis. The results (Figure 4-4) show 

that the main effect of word order was not significant (/=-1.13, p� . 05 ) . The main effect of 
* • 

o V ’ 

relatedness was significant (/=-4.09, p<.01). The interaction between word order and 
' ‘ « . 

» 

relatedness was not significant (r=-1.65,/7>.05). An insignificant interaction suggests that 

the effect produced by identical words (52ms) and that produced by transposed nonwords 
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(17ms) were similar. If the effect produced by transposed nonwords was insignificant, a 

significant interaction should have appeared^. Thus, the results suggest that both normal 

and transposed related primes facilitate target word recognition. In addition, the main 

cffect of the stroke number of the initial character in prime words was marginally 

significant (/二 1.79’/7=.07). It suggests that the stroke number of the initial character 

‘ delayed lexical responses to target words. No olhcr effect of covariate readied 

statistical significance (/7S>.05). 

� D 
/ 

76� g ^ ^ 

I 720 . 

im - 1 1 ̂  
normal words transposed nonwords 

Figure 4-4 RT results of Exp 3 (opaque untransposable words) 

For accuracy rate analysis, 800 data points were used. A logit mixed effect model 

appropriate for nominal dependent variables was adopted. It used the same predictors and 

covariales as in RT analysis. The results show that the main eiTcct of the neighborhood 

. size of the initial character in prime words was marginally significant, odds rcUiu=\.0\, 

p=.01. It suggests that the increase of the neighborhood size of the initial character 

7 It should be noted that there is no need to conduct simple effect analysis with an insignificant interaction. 
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enhanced the possibility for the participants lo make a corrcct response^. No other elTcct 

. reached significance {ps>.05). 

4.4.3 Discussion 

The results of Hxperimenl 3 show that both identical words and transposed 

opaque nonwords produced facilitation lo the processing of target word, although the 

latter is weaker than the former (but not statistically different). It suggests that the 

transposed opaque nonwords could activate whole-word orthographic representation of 

the original words and thus produced the observed facilitation effect. This effect with 

opaque compound words is unlikely lo be caused by morpheme-to-word activation, 

considering the low semantic relationship between component morphemes and opaque 

compound words. 

4.5 Experiment 4: Binding untransposable words 

Binding words are monomorphemic words and thus can only be processed as 

wholes. Binding words provide a unique way to test whether whole-word orthographic 

representation can be activated by their transposed forms. This experiment will also 

reveal the importance of morpheme position information in whole-word orthographic 

representation. 

* Odds ratio refers to the possibility for an initial character with larger neighborhood size to induce a 
correct response divided by the possibility for an initial character with smaller neighborhood size to induce 
a correct response. It should be noted that although this odds ratio reaches statistic significance, the size of 
the difference between large and small neighborhood was quite small. 

• ‘ 9 6 
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4.5.1 Method 

Participanfs 

The same participants in Experiment I participated in ihis experiment. 

Design 

The design of this experiment was similar to lhal of Experiment 1. 

Materials 

Twenty binding words were selected as target words. Each target word (e .g . ,玫 

瑰，means rose in English) was paired with an identical word (e.g.,攻瑰)，a transposed 

nonword (e.g.,塊攻)，a control word (e.g.,換YiL means torrential in Hnglish) and a 

control nonword (e .g . ,论榜 ) .The linguistic characteristics of the prime words such as 

the frequency rank, neighborhood size, stroke number of both the initial and I'lnal 

characters were in Table 2-1. The arrangement of materials was similar to that of 

Experiment 1. 

Procedure 

The procedure was the same as in Experiment I. 

/ 

9 7 



Chapter 4: Transposed-character Similarity Effect in Chinese 

4.5.2 Results ,, 

Table 4- 5 RT (ms) and accuracy in Experiment 4 

Condition Normal words Transposed nonwords 

RT Accuracy RT Accuracy 

^ Related primed 672 (180) .98 (.14) 761 (209) .97 (.16) 

Control primed 700(195) . % ( . 2 I ) 798(233) .97 (.17) 

Note. Standard deviations in parentheses 

I 

Only correct responses were used for RT analysis. Reaction lime thai exceeded 

three standard deviations of each subjects was deleted. Those shorter than 300ms and 

longer than 1500ms were also deleted. The criteria delete about 3.1% of the total data 

points. 

In total, 753 data points were used in RT analysis. The results (Figure 4-5) show 

that the main effect .of word order was significant (/=-2.19,/?<.05). It suggests that normal 

words produced taster response than transposed nonwords. The main cfleet of relatedness 

was significant (/=-6.40,尸<.01), It shows that related primes produced faster response 

than unrelated primes. The interaction between word order and relatedness was not 

‘ significant (/=0.2l, p>.05). It demonstrates that both normal and transposed related 

primes facilitate target word recognition. No other effect of covariale reached statistical 

significance (/;s>.05). 
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normal words transposed nonwords 

Figure 4-5 RT results of Exp 4 (binding untransposable words) 

For accuracy rate analysis, 800 data points were used. A logit mixed effect model 

appropriate for nominal dependent variables was adopted. It used the same predictors and 

covariatcs as in RT analysis. The results show that the main effect of the stroke number of > 

. the initial character in prime words was marginally significanl, odds .13, p=.07. It 

reflects that the increase of the stroke number of the initial charactcr enhanced Ihc 

possibility for the participants to make a correct response. No other effect reachcd 

• significance (/;s>.05). 

4.5.3 Discussion 

The results of Experiment 4 show that transposed binding nonwords produced 

similar facilitation to the recognition of the original words as identical words. It suggests 

• that transposed nonwords can activate word-level orthographic representation of the 

. « ‘ 

� original words. Meanwhile, it suggests that morpheme position information was not 
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critical in word-level orthographic representation acccss. 

II should be noted that there is a potential challenge to the whole-word 

orthographic representation activation account. In the computer display of the stimuli, 

when Ihe semantic radicals of the two components in a binding word were identical (e.g., 

糊蝶)，the semanlic radical of the prime nonword slaved on the screen and became the 

semantic radical of� the target word. Thus, the observed facilitation may be caused by 

radical overlap between prime and target words. . 

4.6 General Discussion of Study 2 

. m 

Study 2 examined orthographic representations of Chinese compound words 

using transposed-character similarity eOect. Experiment 1 shows thai prime-target pairs 

of transposable compound words (e.g.,领带，means tie in English -带领，means lead in 

English) did not produce significant etVecl. It is possible lo be causcd by the offset 

between lexical competition (between prime and target words) and moipheme-to-word 

activation (from morphemes in prime words to target words). However, it is hard to draw 

conclusion about the status of orthographic representations of Chinese compound words 

based on this null elTccl. The issue was further investigated with Experiments 2 to 4. 

Experiment 2 shows that transparent transposed nonwords did not produce facilitation to 

transparent target words. This finding excludes the possibility of morpheme-to-word 

activation that would predict significant facilitation. Instead, the result may suggest that 
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transparent words do not have word-level orthographic representations that can be 

activated by transposed,nonwords. Experiment 3 shows that opaque transposed nonwords 

produced significant facilitation to opaque target words. This'effect cannot be caused by 

morphcme-lo-word activation because the‘ semantic relatedness between component 

morphemes and opaque compound words is really low. Thus, it is most likely that the 

opaque transposed nonwords activate word-level orlhographic representation activation 

of opaque target words. The results of Experiments 2 and 3 show that opaque compound 

words arc more likely than transparent compound words to be represented as 

orthographic wholes in the mental Icxicon^ In addition, Experiment 4 examined the 

intlucncc of binding transposed nonwords to the processing of binding target words (e.g., 

fl"l徘-徘fl"l，means wander in English). It provides evidence that it is possible lo activate 

whole-word orthographic representations of Chinese two-character words by transposed 

nonwords. Thus，the facilitation produced by opaque transposed nonwords to opaque 

target words was very likely lo be caused by activation of word-level orthographic 

representations of the opaque target words. 

y 
X 

I " 

The present findings are consistent with Ding and Peng (2006) who also observed 

insignificant inhibition by transposable prime-target words. The null effect found in the 

present study and Ding and Peng (2006) does not necessarily contradict the interference 

observed by Taft, Zhu and Peng (1999). Taft et al. used a lexical decision task without 

primes. They found that Icxical decision response was slower for transposable words (e.g., 

9 I did not conduct a combined analysis of Experiments 2 and 3 considering the different target items used 
in the two experiments. 
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颂带）than unlransposablc controls. They argued that transposable words suffer from 
if 

competition between activation of the Icxical representations of the transposed and the 

original words (e.g. ,带领） in a Icxical decision task. However，this explanation is 

inconsistent with the finding that words with multiple meanings are often recognizcd 

faster than single-meaning words in a lexical decision task (Jastrzembski & 

Slanners,1975). 

The present result is consistent with Tall cl al. (1999), who found that lexical 

decision responses lo transposed nonwords (e.g., were much slower that to control 

nonwords that cannot be transposed lo be a word (e.g.,返t勾）.They argued that the 

former, but not the latter, can activate the Icxical representation of their base words. This 

activation would induce a positive Icxical decision response, causing a delay in the ‘‘no" 

response. In the present study, significant facilitation by transposed nonwords to opaque 

target words ( e . g . , 虎 4 虎）was observed. Facilitation was observed because a 

transposed nonword activates a word representation lhal is identical with the target word. 

Hence, the inhibition observed by Taft et al. (1999) and the facilitation observed in the 

present study are in fact quite consistent with each other and can be explained by a 

similar cognitive mechanism. 

However, it should be noted that transposed-character nonwords used in the 

present study arc quite different from Iransposed-letler nonwords used in alphabetic 

languages. Firstly, transposition of characters is a manipulation of morphemes that are 
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much larger linguistic units than letters. A significant difference between morpheme and 

letter is that morphemes convey meanings but letters do not. Even after transposition, 

morphemes may send semantic cues of the whole words. It may facilitate activation of 

whole word representations and thus exaggerate the observed cffect. Secondly, the 

positions of transposed characlcrs and letters also differ. In studies with alphabetic 

languages, two internal letters were often transposed to gel a transposed nonword. 

However, compound words used in ihc present study only have two component 

characters and thus the transposition occurs with initial and final characlcrs. Position of 

the transposed components may have an influence on the observed effect (Johnson, Pcrca 

& Rayner，2007). Considering these two aspccls, it should be cautious lo integrate present 

observed cflect into the transposed nonword literatures. 

Underlying mechanism of the observed transposed-character similarity^ effect 

In sum, Ihc findings of Study 2 suggest that Chinese compound words, especially ‘ 

the opaque ones, arc likely to occupy whole word orthographic representations that can 

be activated by their corresponding transposed nonwords. As to the two candidate 

explanations for the findings of transposed compound word processing: decomposed 

morpheme-to-word activation and holistic activation of whole word representations, 

previous studies (Tafl, 1985; Peng et al., 1999) assumed that it is spreading activation 

from morpheme-level to whole-word level that contributes to the observed effcct; 

however, the findings of the present study support the second explanation - holistic 

activation of word-level orthographic representations much more. 
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Is it possible to explain the observed transposed character similarity effect with a 

decomposed account? A new Icxical processing model (Taft ct al., 1999; Taft & , , -

Nguyen-1 loan, 2010) argues for a decomposed account by accommodation of a 'lemma' 

level (see p.65). According to this model, the null elTect with transposable prime-target 

pairs (e.g., "？；;上-上丄!；’ Experiment 1) may be explained by the counteraction of 

morphcmc-lo-word lemma facilitation and word lemma inhibition. Thus, our observed 

results may be consistent with a decomposed representation account instead of a holislic 

representation account. However, as I have pointed out in Discussion of Study 1 (see 

p.65), involvement of a lemma representation cannot excludc the existence of 

whole-word orthographic representation，considering lhal 'lemma' represents an abstract 

connection of form and meaning. With such a view, whole-word orthographic 

representation should be included into a lexical processing model. In addition, 

considering the present task is a lexical decision one with visual input, it is more likely 

that the lexical competition occurs on orthographic level instead of semantic level or 

lemma level. Many studies with masked priming and lexical decision task did not found 

significant semantic priming effect (Bueno & Frcnck-Mestre, 2008; Taft & Kougious, 

2004). Overall, the observed effect with transposable word pairs may be hard to explain 

with a lexical processing mechanism without word-level orthographic representation. 

The role of morpheme position in compound words processing 

The different findings observed with transparent and opaque compound words 
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reflect that morpheme position information may take different effects in these two kinds 

of words. For transparent compound words, whole word meaning can be computed from 

Ihc meanings of the component morphemes. Morpheme position information may be 

important during this process, considering lhat whole word meanings of transposable 

transparent words, such as 领‘带(means tie in English) and 令贞(means lead in 

English), are totally different. However, due to the low relatedness between component 

morpheme meaning and whole word meaning in opaque compound words, meaning 

extraction from the first and second morphemes is not quite useful lo reach whole word 

meaning. As a result, position information in opaque words is nol lhat impbrlanl as in 

transparent words. The findings of Experiments 3 and 4 may suggest thai morpheme 

position information is not quite important for words thai arc represented as wholes. 

h 
Theoretically, on the one hand, the findings of transparent words are consistent 

with the hypothesis of the Interactive Activation Model (McClelland & Rumclhart, 1981) 

that component letters in words are decoded one by one, from left to right. On the other 

hand, the findings for opaque compound words conform to the hypothesis of the Multiple 

Read-out Model (Grainger & Jacobs，1996) that asserts two simultaneous active cognitive 

mechanisms for visual word recognition—a global criterion and a specific criterion. 

According to this model, readers may make their decisions based on the global activation 

level of the visual input or much detailed check of the specific criterion. Researchers (e.g., 

De Moor, Verguts, & Brysbaert，2005) have found that when the Icxical decision task 
.广.， 
•-， emphasize on speed, participants may rely more on the global activation level to make " 105 
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decisions and many errors are often produced. Conversely, if the Icxical decision task 

emphasizes more on accuracy, participants may rely more on the specific activation of the 

visual input and few errors would be produced. Such findings suggest that the two 

mechanisms for visual word recognition are quite flexible. In our experiments, the 

transposed nonwords were presented on the screen very shortly (i.e., 57ms) and were 

forwardly masked by a series of symbols (i.e., Thus, the processing situation of 

transposed nonwords in our experiments may be similar to tasks that emphasize on speed. 

As a result, considering the visual similarity between transposed words and the original 
、 . 

words, it is quite likely for the participants to access the orthographic representation of 

‘ the original words. 

Further research directions 

One factor that may affect compound words' whole word representation is word 

surface/token frequency, which refers to the total number of times a word appears in a 

corpus (Diependaele, Grainger, & Sandra, in press). The facilitation effect of complex 
e 

words' surface frequency has been evidenced in studies both in alphabetic languages (e.g.，�

Niswander, Pollatsek, & Rayner, 2000) and in Chinese (e.g., Yan, Tian, Bai, & Rayner, 

2006). Furthermore, the influence of semantic transparency may be moderated by word 

surface/token frequency. Considering that opaque compound words, regardless of 

frequency, are more likely to occupy word level entries in the menial lexicon, the effect 

of word surface frequency may be much stronger for transparent words. High frequency 

transparent words may be more likely than low frequency transparency words to be 
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represented as unitary units in the mental Icxicon. It is possible that the reason why 

Experiment 2 does not reveal facilitation produced by transposed nonwords to transparent 

target words is that the word frequency of such words arc too low. Further studies should 

take word frequency into consideration. , 

Another aspect that should be considered in future studies is whether the 

activation of morpheme position information is affected by the syntactic structure of 

Chinese compound words. The ipost common kinds of Chinese compound words are 

coordinates and subordinates. For coordinate words (e.g.,突丽)，bolh the initial and final 

morphemes are morphological head of the word. The two morphemes have equal 

contributions to compound word meaning composition. However, subordinate compound 

words (e.g.,美食）have only one morphological head which is often the final morpheme. 

It is possible that morpheme position information matters much in subordinate than 

coordinate words because it is important to localize the head morpheme in subordinate 

words processing. Considering different roles of initial and final morphemes in 

coordinate and subordinate words, coordinate transposed words may be more possible to 

activate whole word lexical representation than the subordinate words. However, whether 

the two kinds of compound words represented in different ways needs further studies. 

i 

In addition, the characteristics of the control words used in the present study may 

have some influence on the results. For example, if a control word is quite transparent, 
# 

transposed nonwords may have some semantic cues at character level. The transposed 

107 



Chapter 4: Transposed-character Similarity Effect in Chinese 

nonword ‘益利’，for instance, conveys the meaning of ‘benefit’ by its component 

charactcrs. Using such transposed nonwords as controls may potentially lead participants 

to emphasize on a decomposed processing style. Conversely, participants may emphasize 

more on a holistic processing style with opaque transposed nonwords as control (e.g. ,活 

快) .Other characteristics of the control nonwords/words, such as the concreteness of 

meaning and the number of meanings a character carries, may also have some influence 

on the priming effect. Further studies should take such factors into consideration. 

Conclusions 

The findings of the present study reveal psychological reality of word-level 

orthographic representations for Chinese compound words. Different representations for 

transparent and opaque words are also indicated by the present study. Transparent words 

may be represented in a system in which morpheme positions are marked, whereas 

opaque words in one similar to that posited in the Multiple Read-out Model. 

I 
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Chapter 5 
A 

Study 3: Activation of morpheme meanings in Chinese 

5.1 Introduction 

Study 3 examines how Chinese compound words are accessed. The focus is to 

investigate the role played by component morphemes in visual recognition of Chinese 

compound words. 

Whether morpheme activation is morpho-orthographic or morpho-semantic is still 

hotly debated. Dual-route models (e.g., Schrcuder & Baayen, 1995) assume that complex 

words are formally decomposed into morphemic units in parallel with whole word access. 

Supralexical model (Giraudo & Grainger, 2001) holds that morphological effect is 

semantically based bccause only root morphemes that are consistent with whole word 

meaning would get activation from the accessed whole word representations. To 

disentangle morpho-orthographic and morpho-semantic accounts, it is important to test 

whether the meaning of component morphemes can be activated in compound word 

processing. 

Recent studies examining morpheme meaning activation mainly rely on semantic 

, transparency effect in priming of derived words on their stems. If semantically 

transparent complex word-stem pairs (e.g. teacher-TEACH) produce larger priming 

I.. 
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effects than opaque pairs (e.g., department-DEPART), it can be argued thai morpheme 

meanings are activated. Using such materials, no difference was found between 

transparent and opaque pairs under masked priming with short prime duration (<60ms) 

(e.g., Rastle, Davis, & New，2004). It shows that in the early stage of compound word 

processing, morphological decomposition is form-driven, regardless of semantics. 

Conversely, significant difference was observed between transparent and opaque pairs 

under cross-modal priming, long term priming (i.e., with several items inserting between 

prime and target), unmasked visual-visual priming, and masked priming with long prime . 

duration (e.g., Marslen-Wilson, Tyler, Waksler, & Older, 1994; Rueckl & Aichcr, 2008). 

It shows that the meaning of component morpheme was activated in a later stage of 

compound word processing. Such findings may suggest that morphological processing is 

form-then-meaning activation. 

Contrary to the prediction of the form-then-meaning hypothesis, morpho-semantic 

activation was also observed under masked priming paradigm, with SOA shorter than 

60ms (Feldman, O'Connor, & Del Prado Martin, 2009). Similar results were also 

observed by Dicpendaele, Sandra and Grainger (2009) who proposed the Hybrid model 

that includes both morpho-orthographic decomposition at a sublcxical level and a 
* 

morpho-semantic activation at a supralexical level. However, other researchers disagree 

about the reliability and interpretations of such effects (Rastle & Davis, 2008; Davis & 

Rastle, 2010). Thus, whether morphological processing is form-then-meaning or 

form-with-meaning has not been yet clearly determined by semantic transparency 
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paradigm. � 

The critical dispute between the form-then-meaning and form-with-mcaning 

accounts is whether morpheme meaning activation occurs simultaneously with form 

activation. Considering that researchers consistently agree morpho-orthogrpahic 

processing occurs at the initial stage of morpheme processing, the unsolved problem is 

actually the timc-course of morpho-semantic activation. Thus, a direct way to 

differentiate the above two accounts is to examine the occurrencc of morpheme meaning 

activation in early stage of multimorphemic word processing without the.contribution of 

form activation. 

It can be accomplished with comparison between the priming cffect produced by � 

word pairs that overlap in morpheme meaning only and no other aspects {+Morph, 

-Ortho, -Phono, -Seman} with that produced by unrelated pairs. Dissociation of 

morpho-semantic overlap from other aspects is possible in Chinese. Many pairs of 

Chinese characters differ in visual forms and pronunciations but have almost identical 

meanings. For example, both 吃 / chi / and 食 / shi / mean eal. They can form a 

compound word pair 吃惊 fmeans surprised in English�and 食欲('means appetite in 

English) which, apart from a pair of semanlically related initial morphemes, have no 

overlap in form (orthography and phonology), or word semantics. Any priming effect 

between such word pairs can be attributed unequivocally to morphemic semantic 

activation. 
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The present study is the first to use Chinese compound word pairs that overlap in 

morpheme meaning only in a masked priming paradigm lo investigate morpheme « 

meaning activation. In the three experiments reported below, a target word was preceded 

by a prime that semantically overlapped with il in 6ne morpheme, in whole word, or 

nothing al all. ITie three experiments only differed in the position of the semantically 

related morphemes in prime-target pairs. 1 f the meaning of component morphemes can be 

activated, responses to the target words in the morpheme meaning related condition 

would be faster than those in the unrelated condition. 1 he occurrence of morpheme 

meaning activation would rule out the dual route models thai argue for Ibrm-based 

morphological processing (e.g., Morphological Race Model, Baayen, Dijksira, & 
f 

Schreuder, 1997). Models that assume morpho-semantic activation reflects supralexical 

clustering of a morphological family cannot provide a satisfactory explanation either, 

considering that the morpheme meaning related word pairs do not overlap in form and 

word meaning at all. To detect the relative speed of morpheme and word meaning 

activation, both short and long SO As (60 and 200 ms) are used in the experiments. II� 

morphological processing is fonn-with-mcaning, morpheme meaning activation should 

not appear later than word meaning activation. Otherwise, if morphological processing is 

form-then-mcaning, morpheme meaning activation may lag behind word meaning 
« 

activation. 

r 
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‘m 
5.2 Experiment 1 

t 

5,2.1 Method 

Participants 

The participants were 37 (19 females) undergraduate students at the Chinese 

� University of Hong Kong. They were native Chinese speakers, right handed, and had 

normal or corrected-lo-normal vision. They were paid for their participation. The same • 
» 

group of participants took part in all the experiments. 
� ‘ 

Design and materials 

This was a 3x2 within-subject design. The first factor was the semantic 

relationship between prime and target words (morpheme meaning related, word meaning 

related and unrelated).. This variable was manipulated within blocks. The second factor 

was SOA (60ms and 200ms). This variable was manipulated between blocks. 

Thirty-six target words were selected from a larger pool of 50 words. Fifty 

students at South China Normal University were paid to assess the degree of semantic 

relatedncss between each of these target words and a morpheme-related word, as well as 
tat 

a semantically related word, with 1 representing unrelated and 9 highly related. The mean 

rating for word pairs that overlapped in the first morpheme only (e.g.,吃惊，means 

surprise iq English-食欲，means appetite in English) and word meaning only (e.g., "j U 

means appetite in English -资欲，means appetite in English) was 2.2 and 7.5，respectively, 
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=-32.25, p<.001. 

Each of the 36 targe^words was paired with three different prime words, matched 

、 
on word frequency (Institute of Language Teaching and Research, 1986). Among the 108 

prime-probe pairs, 36 pairs contained semantically related initial morphemes but were 

. semanlically unrelated in word meaning (e.g.,吃惊，means surprised in En咖h-食砍， 

means appetite in English). Another 36 pairs were related in word meaning but did not 

contain semantically related morphemes (e.g. ,宵 口，means appetite in F‘nglish-位欲， 

means appetite in English). The rest were controls (e.g.,发愤，means strive resolutely in 

English-货'欲，means appetite in English). All the prime and target word pairs differed in 

both orthography and phonology. The average word frequency for the target words, 

、 

morpheme meaning related, word meaning related and control prime words were 38, 48, 

44 and 44 per million, respectively. Other linguistic characteristics of prime words 

including the mean frequency, orthographic neighborhood size and stroke number of the 

initial and final morphemes were in Table 5-1. 

/ 

•t 
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Table 5-1 Linguistic characteristics of the stimuli used in Experiment 1-3 

Linguistics characteristics Expl Exp2 Exp3 
A 

, Frequency rank of initial character 3478 (4592) 2546 (4326) 2866 (3814) . 

Frequency rank of final character 2050 (2720) 2744 (3461) 4155 (6629) 
？' 

Neighborhood size of initial character 78.18 (182.63) 101.31 (123.14) 86.04 (118.09) 
• • \ 

Neighborhood size of final character 92.69 (86.20) 83.91 (120.15) 89.06 (76.29) 

Stroke number of initial charactcr 10.97 (4.43) 9.94 (4.10) 11.01 (4.38) 

Slrokc nuinber of final charactcr ‘ 11.05 (4.21) 11.59 (4.46) 11.64 (4.24) 

Note. Standard deviations in parentheses 

‘ The 108 prime-probe pairs were divided into three blocks. Each target word only 

appeared once in each block, preceded by a different prime word each time. The 

combination of target word and prime word type across blocks and participants followed < 

a Latin-square design. In addition, each block contained the same number of nonword 

target trials as tillers. Totally, each subject did 216 trials under each SOA condition. 

Procedure . 
» » 

The stimuli were presented by a computer on a 15-inch LCD. All the characters 

were set in 18 font of Song Font. The words presented at the center of the screen were ‘ 

approximately 2.7cnix 1.3cm in size. Participants sat about 60cm from the screen. The % 

‘program was compiled by E-Prime 2.0. 
• 功 

• • • f 
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A forward masked priming paradigm was employed. Each trial began with a red 

fixation sign (font size 18) appearing at the center of the screen for 500ms. Then a pattern 

mask (###//，fom size 18) appeared on the screen for 500ms. After it disappeared, a prime 

word appeared at the same position for either 60 or 200ms. Then a target word appeared 

and remained until the participant made a lexical decision response on the keyboard. As 
»» 

soon as a response was detected, the target word disappeared and the participants were 

asked lo press a key to start the next trial. The participants could choose to rest every 20 

trials. 

At the beginning of ihe experiment, the participants were given instructions 

regarding the procedure, followed by a practice phase, which contained 10 word-word � 

and 10 word-nonword pairs. The praclicc phase was repeated until 90% accuracy was 

reached. 

The main experiment was divided into two equal parts differing only in SOA 

conditions (60 or 200ms). The order of SOA conditions was counterbalanced across 

participants. Hach pari consisted of three blocks of 72 trials. The trials within a block 

were randomized. 

5.2.2 Results and Discussion 

» 、 
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Table 5-2 RT (ms) and accuracy in Experiment 1 

Morpheme-related Word-related Control 

RT Accuracy RT Accuracy RT Accuracy 

SOA60ms 678(166) .90(31) 669(155) .89(.3I) 686(160) .88(,33) 

SOA200ms 707(182) .88(.33) 701(176) .89(.32) 727(190) .88(.32) 

Note. Standard deviations in parentheses 

The mean number of practicc phases for participants lo reach 90% accuracy was 

1.22. In reaction time (RT) analyses, only correct responses were included. RTs beyond 

three standard deviations were also excluded (about 3.5%). The data were analyzed with 

a mixed effcct model, with subject and item as random intercepts. The /?-values were 

estimated by the Monte Carlo Markov chain (MCMC) method (Baayen, 2008) using 

10,000 samples. The semantic relationship between prime and target words, SO A and 
f 

interaction of these two factors were used as predictors for log RT. The mean frequency, 

orthographic neighborhood size and stroke number of the initial and final morphemes 

were used as covariates. 

-

In total, 6824 data points were used. The results of model 1 show that relative to 
t 

� controls, response latencies of target words were significantly shorter following both 

.morpheme meaning related primes (/=-3.23, /7<.01) and word meaning related primes 

(/=-4.42,/7<.01). The short SOA (60ms) condition induced faster response to target words 

. than the long SOA (200ms) condition (/=-6.99,尸<.01). The effect of the final morpheme 

frequency was significant (/=2.31, /7<.05). The effect of the orthographic neighborhood 

117 



Chapter 5: Activation of morpheme meanings in Chinese ‘ 

size of the final morpheme was significant (/=-2.13’ p<.05). All the other effects were not 

significant (/7S>.05). Further analysis shows that the priming effects produced by 

morpheme and word meaning related primes were not significantly different (/=1.01, 

/ )� .05) . The pattern of the results is shown in Figure 5-1. 

730 -

""“rn 
720 - j i ' l 
71� • � . .: --I-I 
710 • i V. 

L o o ； … . ： — : — 

I�咖 . 、 : ： : . . ： h - ^ w S m ^ - t • • 。 ― 一 , 叫 
S 690 • ... / i ^ M T H . •wordTolated 
I If—rn • unrelated 

SOA60m8 SOA200ms 

Figure 5-1 RT results of Expl (initial morpheme related) 

For accuracy rate analysis, 7992 data points were used. A logit mixed effect 

models using the same predictors and covariates as in RT analysis were constructed. The 

results show lhal increase the stroke number of the initial morpheme decreased the 

possibility to induce a correct response {odds ratio:.91, p<.05). No other effect was 

significant {p>.05). 

t 

The results of Experiment 1 show that two words sharing a scmantically related 

morpheme produced facilitation effect in both short and long SOA conditions. It indicates 

that the meaning of initial morpheme was activated quickly and facilitated compound 

word processing. The occurrence of morpho-semantic activation as early as 60ms SOA 
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was consistent with the parallel dual route model but not the prefix-stripping model or the 

•,v supralexical model. 
1 

5.3 Experiment 2 

Experiment 2 investigated whether the meaning of the second morpheme can also 

be activated in compound word recognition. The results would bear on whether the two 

morphemes in Chinese compound words are processed in the same way. 

5.3.1 Method 

A new set of 108 prime-probe word pairs were selected by the same method used 

in experiment 1. Among them, 36 pairs shared the meaning of the second morpheme only 

(e .g . ,金融 financial-j^it reinforce), 36 pairs shared word meaning only (e.g.,力II剧 

aggravate- ikj reinforce) and the rest were unrelated ( e . g . ,论 i周 opinion- ih 

reinforce). Semantic relatedness was 2.1 for word pairs that contained a semantically � 

related second morpheme .only, and 7.7 for word pairs that were related in word meaning 

onty {t(35) =-43.46，/K.OOl). The average word frequency rank for the target words, 

morpheme meaning related, word meaning related and control prime words were 54, 56, 

52 and 59 per million, respectively. Another 108 word-nonword pairs were used as fillers. 

The arrangement and procedure were similar to those in experiment 1. The average 

frequency rank, orthographic neighborhood size and stroke number of the initial and final 
J 必 

morphemes of the prime words in this experiment were shown in Table 5-1. 

、 
5.3.2 Results and Discussion 
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Table 5-3 RT (ms) and accuracy in Experiment 2 

Morpheme-related Word-related Control 

RT Accuracy RT Accuracy RT Accuracy 

SOA60ms 680(167) .86(.35) 663(150) .86(.35) 680(151) .84(.37) 

SOA200ms 717(187) .87(.34) 700(183) ,87(.34) 714(186) .85(.36) 

Note. Standard deviations in parentheses 

The mean number of practice phases for participants to reach 90% accuracy was 

1.19. About 4.05% of the RT data was excluded based on the same criterion of 

experiment 1. The analysis was similar to that of experiment 1. 

In RT analysis, 6561 data points were used. The results show that relative to 

controls, response lj\tencies of the target words were significantly shorter following word 
* 

meaning related primes (/=-2.04, p<.01), but not significantly shorter following 

morpheme meaning related primes (/=0.65，p>.Q5). The short SOA (60ms) condition 

produced shorter response latencies to target words than the long SOA (200ms) condition 

((r=-5.06, /K.Ol). The effect of the stroke number of the final morpheme was significant 

((/=-2.16, /7<.05). All the other effects were not significant (ps>.05). The pattern of the 

results is shown in Figure 5-2. 
、 
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Figure 5-2 RT results of Exp2 (final morpheme related) 

For accuracy rate analysis, 7992 data points were used. The results of model 1 

show that relative to controls, accuracy rates of the target words were significantly higher 

following both morpheme meaning related primes (odds ratio=1.36, p<.05) and word 

meaning related primes (oc/c/ ratio= 1.41, p<.05). Pairwise comparison analysis show that 

the effects produced by morpheme and word meaning related primes did not differ 

significantly (p>.05). The results also show that increase the stroke number of the initial 

morpheme decreased the possibility lo induce a correct response {odds /^/"o二.08’/7<.05). 

：-• No other effects were significant (/7a>.05). The pattern of the results is shown in Figure 

5-3. 
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0.875 1 — — 

‘ SOA 60ms SOA 200ms 

Figure 5-3 Accuracy results of Exp2 (final morpheme related) 

The results of Experiment 2 show that the facilitation produced by prime-target 

word pairs sharing a semantically related final morpheme was detectable in response 

accuracy but not in response speed. It indicates that the meaning activation of the final 

morpheme was not quite reliable. The role played by the final morpheme in Chinese 

compound words seems to be quite limited. This finding may suggest that Chinese 

compound word recognition is serial and thus the initial morpheme gain much deeper 

processing than the final morpheme. 

5.4 Experiment 3 

Experiment 3 further examined morpheme meaning activation with prime-target 

word pairs sharing a semanlically related morpheme at different positions (i.e., the first 

morpheme of a prime word was semantically related to the second morpheme of a target 

word, and vice versa). Priming effect would not be observed if the critical factor 

determining such effect is position overlap. 
l. 
� i . 
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5.4.1 Method 

A new set of 108 prime-probe word pairs was selected by the same method used 

in the previous experiments. Semantic relatedness was 2.3 for word pairs that contained a 

semantically related morpheme only, and 7.5 for word pairs that were related in word 

meaning only (/^jj； =-32.25, /7<.001.). Among the 108 pairs of words, 36 pairs shared a 

morpheme on different positions. The first morpheme in prime words was semantically 

related to the second morpheme in the target words and vice versa (e .g . ,杀齒 sterilize-

宰 govern). Thirty-six pairs were related in word meaning only (e .g . ,把持 dominate-AL 
^� 一一一»— 

宰 govern), and the rest were unrelated (e .g . ,体味 appt'eciata-主.宰 govern). The average 

word frequency rank for the target words, morpheme meaning related, word meaning 

related and control prime words were 69，57’ 64 and 58 per million, respectively. Another 

108 word-nonword pairs were used as fillers. The arrangement and procedure were 
— — — 

similar to those in experiment 1 and 2. The average frequency rank, orthographic 

neighborhood size and stroke number of the initial and final morphemes of the prime 

words in Experiment 3 were shown in Table 5-1. 

> 

5.4.2 Results and Discussion 
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Tabic 5-4 RT (ms) and accuracy in Experiment 3 “ 

Morpheme-related Word-related Control 

RT Accuracy RT Accuracy RT Accuracy 

SOA60ms 669(158) .87(.34) 668(163) .84(.35) 681(147) .86(.35) 

SOA200ms 702(180) .86(.35) 696(183) .87(.34) 714(171) .85(.34) 

Note. Standard deviations in parentheses 

The mean number of practice phases for participants to reach 90% accuracy was 

1.41. About 3.75% of the RT data was excluded. The analysis was similar to experiment 

1. 

For RT analysis, 6605 data points were used. The results show that relative to 

controls, response latencies of the target words were significantly shorter following both 

morpheme meaning related primes '('=-2.10, p<.05) and word meaning related primes 

(r=-3.70, /7<.05). The short SOA (60ms) condition induced shorter response latencies to 

target words than the long SOA (200ms) condition (r=-5.70, p<.01). All the other effects 

were not significant (/7S>.05). Further analysis shows that the effects produced by 

morpheme and word meaning related primes were not significantly different (p>.05). The 

pattern of results is shown in Figure 5-4. 
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Figure 5-4 RT results of Exp 3 (cross morpheme related) 

For accuracy rate analysis, 7992 data points were used. The results show that 

relative to controls, accuracy rates of the target words were significantly higher following 

word meaning related primes {odds ratio=!.23, p<.05), but not significantly higher 

following morpheme meaning related primes (p>.05). No other effects were significant 

(ps>.05). The pattern of results is shown in Figure 5-5. 
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Figure 5-5 Accuracy results of Exp 3 (cross morpheme related) 
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Combined analyses 
J* 

In the combined analyses, the data of the three experiments were aggregated to 

examine the effect of morpheme and word meaning related primes, and whether or not 

the former was affectcd by the position of the related morphemes. The semantic 

relationship between primes and targets, SOA, the related morpheme position, their 

interactions and target word frequency (covariate) were used as predictors in the 

following models. The mean frequency rank, orthographic neighborhood size and stroke 

number of the initial and final morphemes were used as covariates. 

For RT analysis, 19990 data points were used. The results show thai relative to 

controls, response latencies of the target words were significantly shorter following both 

morpheme meaning related primes (,=-2.70，/7<.05) and word meaning related primes 

(/=-5.90, p<.05). Pairwise comparison analysis shows that the effects produced by 

morpheme and word meaning related primes did not differ significantly {p>.05). The 

priming efl^ct brought by either initial or final related morphemes did not differ from 

crossed related morphemes (/7>.05). However, the results revealed a significant 

interaction between morpheme meaning related condition and related morpheme position 

(/=2.15, /7<.05). It shows that in the morpheme meaning related condition, initial related 

morphemes brought faster response to the target words than final related morphemes. All 

the other effects were not significant (ps>.05). 

4 
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For accuracy rate analysis, 23976 data points were used. Similar analyses were 

done as with RT data. The results show thai relative to controls, accuracy rates of the 

target words were significantly higher following word meaning related primes (odds 

ratio=\AO, p<.05) and morpheme meaning related primes {odds ratio=\.36, p<.05). The 

results also show that compared to initial morpheme related primes, final morpheme 

related primes were less likely lo induce correct responses (odds ratio=0.76, p<.05). The 

mean frequency of the initial morpheme was also significant (oMs ratio= 1.11, p<.05). 

No other effect was significant (/?s>.05). 

5.5 General Discussion of Study 3 

The three experiments show clearly that two-character Chinese compound words 

can produce priming effects even though they do not overlap in orthography, phonology 

or semantics, but are connected by two highly semantically related morphemes. At 60ms 

i 

SOA the semantic properties of the compound constituents in the primes are accessed to a 

sufficient degree to spread activation to the constituent morphemes contained in the 

targets to facilitate lexical decisions to the latter. Our results are consistent with Feldman 

et al. ( 2009 ) f ind ing of early semantic transparency effects. Thus, quick morphemic 

semantic activation may not be specific to Chinese compound words, but a universal 

characteristic of complex word recognition. 

Generalization across languages should be taken with cautions, however, because 

there are important differences between the Chinese compound words used in the present 
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i 

Study and those in studies of alphabetic languages. Firstly, the component morphemes in 

Chinese compound words arc spatially segmented. This may facilitate fast 
> 

morpho-scmantic activation. Secondly, the prime and target words are both compounds, ’ 

instead of derived words and their stems. Thirdly, fast morpheme meaning activation may 

be related to the characteristics of the Chinese language. The relationship between ' ‘ . 

orthography and semantics is much closer in Chinese than in alphabetic languages. 
— ' 、 

Although the semantic transparency effect at very short SOAs has been used to 

argue for the form-with-meaning view and against the form-then-meaning view, it does 

not necessarily put the locus of morpho-semantic processing at a prelexical level. The "‘ 

hybrid model (Diependaele, et al” 2009) could also provide an adequate account if ii is 

assumed that, in parallel with a decomposed input to the morpho-orthographic 

r--. . representations, whole-word input to a corresponding lexical form representation enables "‘ 

a fast activation of morpho-semantic representations at a supralexical level in the case of 

transparent but not opaque primes. To the extent that this activation of morpho-semantic 

representations via whole-word lexical form representations is very fast, semantic 

transparency efleets, no mailer how early they are detected，cannot distinguish whether 

morphemic semantic activation is pre- or supralexical . -
• • 

Such a hybrid model or any models that posit morpheme meaning activation at a 
- • 

supralexical level only, may not be able to account for our findings that there are 

morpho-semantic priming effects between pairs of words that have no overlap in form or 
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word semantics. Considering that opaque prime-target word pairs are not assumed to 
• 

• 4 

� have related representations at the supralexical level, there is no reason why word pairs 

that share neither form nor meaning should. In that case, the morpheme meaning driven 

. priming effects cannot be explained in terms of supralexical morpho-semantic activation. 

" ‘ * 

On the other hand, a dual-route model in which the prclexical decomposition, 
t 

\ route parses a complex word into morphemic units that have both form and semantic 
•‘ * k 

properties is consistent with our findings of morpheme meaning driven priming effects. 

Although we cannot be certain that morpheme meaning activates before word meaning in 

our experiments because significant priming effects attributable to morpheme and word 

meaning related primes were both detected at 60 and 200ms SOAs, the fact that the 

former did not lag behind is still compatible with a prclexical account. Future 
. � 

. "experiments should use even shorter SOAs to ascertain that morpho-semantic 

‘decomposition can occur prior to whole-word access in order lo locate il as prclexical. 
> 

It is worth noting that concurrent occurrence of morpheme meaning activation 

‘ and whole word meaning activation may be consistent with the revised prclexical account 

’ (Taft & Nguyen-Hoan, 2010). This new model includes both ‘lemma’ representations of 
• I 

�component morphemes and complex words. Considering thai ‘Lemma’ represents 

‘ . . . 

abstract relationship between form and meaniftg, it can explain component morpheme 

‘ meaning activation by activation ol component morpheme lemma. Similarly, whole-word ， 

, • •、’ 

meaning activation may be e x p l a ^ d by activation of complex words lemma. 
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Finally, ihc inilucncc of morpheme position was also examined in the experiments. 

The final morpheme meaning activation was only detected by accuracy analysis but not 

by RT analysis. The combined RT analysis revealed that under morpheme meaning 

related condition, a cross related morpheme in the primes produced much faster response 

to the target words than a final related morpheme. The combined error analysis revealed 

that compared to final morpheme related primes, initial morpheme meaning related 

primes were more likely lo help participants make a correct response. These results may 

imply dominance of initial morphemes in Chinese compound word recognition because 

the initial morpheme played important role both in the initial and crossed morpheme 

related condition. In contrast, Juhasz, Starr，InhotT and Plackc (2003) found more salient 

influence of the final (head) morpheme of English compounds. It seems that the relative 

importance of morpheme position may differ across languages. 

To conclude, the present study provides evidence to tbrm-with-mcaning 

hypothesis of morphological processing because morpheme meaning activation is found 

to occur early in Chinese compound word recognition. These results can be explained by 

a dual-roiilc model that assumes morpho-semantic activation in parallel with whole word 

access. 
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Chapter 6 General Discussion 

6.1 Major Findings 

The present study found that Chinese two-character compound words are likely to 

have word-level orthographic representations in the mental lexicon. The representation of 

compound words is found to be affectcd by semantic transparency. Transparent words are 

likely to be represented in a decomposed way; while opaque words arc likely to be 

represented in a holistic way. During access of Chinese compound words, component 

morpheme meanings are found to be activated. The findings suggest that Chinese 

compound words may be represented as unitary units, but the meanings of component 

morphemes are activated and involved in compound word processing. 

6.1.1 Orthographic representation of Chinese compound words 
J 

The first research question of the present study is whether Chinese compound words 

have word-level orthographic representations. The results of Studies 1 and 2 provided 

empirical evidence to this question. In particular, Study 1 shows that high frequency 

orthographic neighbors produce inhibition to low frequency target words. Considering thai 
< 

the orthographic neighbors used in this study are two-character compound words, the 

observed effect suggests that compound words arc represented as orthographic wholes in 
‘ A ‘ 

the mental lexicon. It should be the lexical competition between two activated word-level 
、 
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orthographic representations that contributes to the observed inhibition etYect. Otherwise, 

two compound words sharing one character with each other would facilitate each other's 

processing due to visual similarity. The results of Experiments 3 and 4 of Study 1 show that 

high frequency orthographic neighbor inhibition elTccl was more likely lo be observed with 

opaque prime words (regardless of the semantic transparency of target words). Such 

findings suggest that high frequency opaque compound words are more likely than 

transparent words to be represented as orthographically unitary units. 

Word-level orthographic representation was also examined in Study 2 by 

transposed-character similarity effect. The result of Experiment 1 of Study 2 shows that 

transposable compound words produced null effect on the processing of the original words 

(e.g.,马上-上马).It excludes the possibility of morphemc-to-word activation that would 

predict facilitation with transposable word pairs and indicates a possibility for holislic 

activation of word-level orthographic representations. The results of two follow up 

experiments (i.e., Experiments 2 and 3) show that transposed opaque nonwords produced 

facilitation to Ihc original compound words (e.g.，虎马-马虎）but transposed transparent 

nonwords did not (e.g.,傲骄-骄傲).Such findings may suggest that opaque compound 

words are more likely to be represented as wholes than transparent words. That is because 

only if compound words are represented as wholes, can transposed nonwords activate 

word-level representations of the original words and produce facilitation to their processing. 

The findings of word-level orthographic representations are consistent with the 
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Multi-Level Interactive Activation Model (Figure 6-1) (Taft, Liu, & Zhu，1999). There are 

several orthographic representation levels in this model: the stroke level, radical level, 

component character (morpheme) level and compound word level, all of which arc 

interactive lo each other. Each level except the stroke level is connected to the semantic and 

phonological representations of the same level. The frequency with which that connection is 

used determines the connection strength. The most frequent link can be activated more 

quickly and easily. Therefore, high-frequency words are more likely (or faster) than 

low-frequency words to activate word-level orthographic representations. 

MEANING 、 

‘ ( j / i 
COMPOUND /"""triT'^ V --

WORD . • … - C i J l l ^ O 

MORPHEME J C ^ & ^ I … … 

/ V I PHONOLOGICAL 

—覽課 s 
STROKE ( 3 ) 0 

ORTHOGRAPHIC 
UNITS 

Figure 6-1 The multilevel interactivc-activatioii framework (from Taft & Zhu, 1995) 

However, the Multi-Level Interactive Activation Model seems to be unable to 

explain all the evidence collected in the present study. Firstly, two compound words sharing 

one character/morpheme (i.e., orthographic neighbors) should be positively connected in 

the Multi-level Interactive Activation Model. However, the results of Study 1 suggest that 
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orthographic neighbors in Chinese are possibly negatively connected with each other and 

thus compete for lexical access. Secondly，morpheme position information should be 

important in the connection from morpheme-level to whole word level representation in the 

Multi-level Interactive Activation Model. However, it is found to be not quite critical for the 

acccss of whole word orthographic representation in the present study, because Iransposed 

opaque nonwords are found to activate word-level orthographic representations of the 

original words. 

As a result, the findings of the present study may be explained by a new model. This 

new model holds that both word-level and character-level orthographic representations exist 

for Chinese compound words. It asserts that the existence of word-level orthographic 

representations of Chinese compound words does not falsify the existence of character-level 

orthographic representations. This view is consistent with the Multi-Level Interactive 

Activation Model (Tafl, Liu, & Zhu, 1999). However, the critical difference between the 

new model proposed in the present study and the Multi-level Interactive Activation Model 

is the relationship between word-level and character-level orthographic representations. In 

Taft's model, word-level representations of compound words are stored at a higher level 

than character-level representations. It seems thai word-level representation in this model is 

actually activated by character-level representations. However, the whole word 

orthographic representation proposed in the new model is stored at the same level with 

character-level representations. Whole word representation is activated by the visual input 

of the compound words as a whole. It is the total activation level of the whole words rather 
• t 
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than independent activation of each component character that determines the activation of 

whole word orthographic representations. 

6.1.2 Lexical representation of Chinese compound words 

The findings of the present study suggest that two-character Chinese compound 

words are likely to be represented as orthographic wholes in the mental lexicon. Other 

‘studies suggest that Chinese compound words are likely to have whole-word phonological 

and semantic representations in the mental lexicon (Law, Wong, & Chiu, 2005; Zhou, et al” 

1999). 

Law, Wong and Chiu (2005) provided evidence for the existence of whole-word 

• � 

phonological representation. They asked dyslexic children lo read two-character Chinese " 

compound words containing homographic characters whose pronunciation can only be 

disambiguated in word context (e.g.,交易 /gaaul jik6/ & 轻易/hingl ji6/). Law el al. 

(2005) found that dyslexic children can read the word as a whole correctly, despite that they 

did not know the meaning of the compound words. Conversely, some dyslexic patients with 

brain damage cannot make a correct pronunciation for characters that have more than one 

pronunciation in different word context (Law & Or，2001; Weekes, Chen, & Yin，1997; 

Weekes & Chen，1999). For example, the character 舶 should be pronounced as Ike2/ in 番 

%lfaanlke2/ and Igaal/\s\%1mlsyut3gaal/. However, these dyslexic patients pronounced 

節 as Igaal/ in 番郝 and /ke2/ in 雪郝.This result shows that the dyslexic patients could not 

read on word context but just randomly selected one pronunciation of the character. They 
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are surface dyslexic patients whose direct word-level representation system has been 

impaired but the phonological reading route is still intact. The contrast between these two 

kinds of dyslexia reveals the importance of word-level phonological representations in 

Chinese compound word processing. 

I Word-level semantic representation also gets some empirical supports. With a 
i 
i 

priming paradigm, Zhou el al. (1999) found lhal only those compound words with the same 
i ___ 

morpheme can facilitate each other constantly (e.g.,华贵， luxury in English -华丽，�

gorgeous in English). Word pairs that share orthography but no semantic relatedness (e.g., 

华贵,luxury in English 样侨,overseas Chinese in English) can bring facilitation with a 

shorter SOA but that facilitation turns into an inhibitory effect with longer SOA. The 

difference between the morpheme related prime-target pairs (e.g.,华贵-华丽）and the form 

related prime-target pairs ( e . g . ,华贵-华侨) l i e s in whole word semantic relatedness 

between the prime and target words. Specifically, the morpheme related prime-target pairs 

-are semantically related to each other, but form related prime-target pairs are not. Thus, the 

facilitation produced by the morpheme related prime-target pairs is mainly due to whole 

word semantic relatedness. Based on this finding, the authors argued that there is 

word-level semantic representation of Chinese compound words. 

On the whole, a word's representation in the mental lexicon includes three 

interlocking components: orthographic, phonological and semantic representations (c.f.，�

Perfetti, et al., 2005). Thus, evidences from these three aspects are all useful to determine 
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the status of lexical representation. The present finding of word-level orthographic 

representations, together with the findings of word-level phonological (Law et al.，2005) 

and semantic (Zhou et al., 1999) representations, support the psychological reality of 

holistic lexical representations of Chinese compound words. 

6.1.3 Morphological processing of Chinese compound words 

The dispute of recent studies on morphological processing is around 

form-lhen-meaning and fomi-with-meaning accounts. One way to resolve this debate is to 

examine whether component morpheme meanings are activated at an early stage of 

compound word processing. Therefore, the second research question of the present study is 

whether morpheme meanings are activated in Chinese compound word processing and its 

time course. Study 3 aims to test morpheme meaning activation in Chinese compound 

words processing by distinguishing the influence of form from meaning. To accomplish this 

goal, prime-target pairs that contained a pair of semantically related morphemes but did not 

relate to each other in orthography, phonology, and whole-word meaning. The priming 

effect produced by such prime-target pairs can only be attributed to component morpheme 

meaning activation in prime and target words. The results of Study 3 show that component 

morpheme meaning activation was observable at the first 60ms of word processing. This 

finding is more consistent with the form-with-meaning account than the form-lhen-meaning 

account. 

The finding of morpheme meaning activation in compound word processing is 
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consistent with a decomposed account of word access. It is not difficult to reconcile holistic 

representation with decomposed access of Chinese compound words, considering the 

findings of Study 3. The results show simultaneous appearance of word meaning activation 

and component morpheme meaning activation. It is possible that component morpheme 

meaning activation occurs at the same time with or even after whole word meaning access if 

morpho-semantic processing is quite fast. However, the supralexical locus of morpheme 

meaning activation has been ruled out in Study 3 (see p. 121). Thus, the findings of Study 3 

are most compatible with a dual-route model that assumes parallel activation of morpheme 

and whole word meaning activation. From this perspective, there may be two routes for 

whole word access: morpheme access route and direct word access route. These two routes 

may take place simultaneously in compound words processing to accelerate the speed of 

word access. Furthermore, in view of the findings of Studies 1 and 2, the importance of the 

two routes may differ for transparent and opaque words. The morpheme access route may 

be heavily relied on during transparent words access; while direct word access route is 

much more emphasized during opaque word access. 

6.2 Contributions of the present research 

The present study reveals that Chinese two-character compound words are 
• \ 

represented as holistic units in the mental lexicon. It suggests that our mental representation 

system may conform more to the principle of processing efficiency than storage efficiency. 

Representing compound words as holistic units in the mental lexicon inevitably requires 

repeated representation of component characters contained in different words. Such 
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representation needs more storage capacity than representing compound words as 

component characters. However, such representation may accelerate word access speed by 

direct match between visual input and the corresponding lexical representation in the 

•i. 

mental lexicon. 

As to the morphological processing in compound word recognition, Study 3 reveals 

the existence of early morpheme meaning activation by an innovative method. It also shows 

the relative speed of morphological decomposition route and whole word access route by a 

comparison between morpho-semantic effect and whole word semantic cffect. The results 

are useful for distinguishing among different morphological processing models. The 

occurrence of morpho-semantic activation within short prime duration is consistent with 

early decomposition accounts and the connectionisl account but not the late decomposition 

accounts. The relative speed of morpheme and word meaning activation support the parallel 

dual route model and the connectionist model rather than the supra-lexical model and the 

hybrid model. 

6.3 Limitations and directions for further research 

Firstly, although the present study used several potential influential factors as 

covariates in the statistical analyses, such factors (e.g., frequency, neighborhood size and 

stroke number of initial and final characters) may have interaction effect with the 

independent variables. The implication and validity of the present study are limited without 

investigation of such possible interactions. Further studies may try to test such interactions 
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in order to clarify the picture of cognitive processing of Chinese compound words more 

clearly. 

Secondly, although both Study 1 and Study 2 made use of experimental paradigms 

used in studies of alphabetic languages and obtained similar result patterns, it should be 

cautious to generalize the findings lo other languages. Specifically, the orthographic 

neighbors in Study 1 and the transposed nonwords in Study 2 are quite different from those 

used in alphabetic languages. Although the priming effects observed were significant, their 

magnitude was much smaller than that observed with alphabetic languages. Differences 

between materials may be the reason. 

Thirdly, as pointed out in the General Discussion of Study 1, mental representation 

of Chinese compound words may be malleable. Repeated processing of two-character 

words in daily reading may help to shape word-level representations in the mental lexicon. 

This hypothesis is consistent with the high plasticity of the human memory system. 

However, to draw such a conclusion needs more developmental evidence. Further research 

may investigate the existence and developmental trend of word-level orthographic 

representations for Chinese compound words with participants of different age groups. 

Fourthly, the results of the present study are drawn from behavioral experiments 

with brief presentations of compound words. Il may be not considered a natural context for 

compound word processing. A more natural way to examine the processing of compound 
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words is in normal reading. Eye movement studies can accomplish this goal by monitoring 

participants' eye movement indicators when they are reading sentences or texts. Results 

from eye movement studies would provide more evidence to the existence of whole word 

orthographic representations of Chinese compound words. 

Last but not least, a recent discovery of visual word form area (VWFA) by 

neuropsychologists provides a neural basis for the orthographic representation. Researchers 

using brain imaging techniques have localized a region in the fusiform gyrus that responds 

specifically to visual words (McCandliss, Cohen, & Dehaene, 2003). McCanciliss el al. 

(2003) found that VWFA shows larger activation to words than to nonsense letter strings. 

The hypothesis that VWFA corresponds to whole word recognition is further supported by 

studies of patients with brain damage. Researchers found that lesions in this brain area are 

associated with letter-by-letter reading strategy (Gaillard, Naccache, & Pinel，2006). Thus, “ 

if two-character Chinese compound words are represented as wholes, neural activation of 

VWFA by real compound words should differ from that of two-character nonwords. 

Whether this is the case or not needs further research. 
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Appendices 

APPENDICES 
Appendix I Stimuli used in Exp la (Study 1) 

Mn Vnrn., Ofthographic wofd … , . • Orthographic Nonword No largct „ „ ； ' . , W o r d control nonword , neighbor neighbor � 
'•‘ •"‘ _ • I — -- • — - ••• -1 I -一—— I., I I ,•_ _ • •. _ ^. . 

, lOliJ „ , shixidn . . Itixibn ^ Itilidn shlxOn 
‘ 路途 '火现 路线 路怜 实询 
- shttlln wfindlnB ^ •_ •CnjiQ shbhQ ‘ 
2 檢阁 hrm 份林 丨•orest 检定 Stable 檢究 树补 
, xi6nli6o , i6n((l� 匕 *i6ohu6 • _ xi6ox) idnnid 
‘ 笑 料 Jokes 叹气 Sigh 笑活 Juke 笑细 叹灭 
. himkao 處. "tlyUn •� •�， . hdokdn .� h6nni6 «0t ti 
4 报考 Apply 乌云 Dankelmuls报刊 Press 报斑 乌父 
C ql H J sufiwdi „ , q!yl ,, . . qlljl su6zh6n 
5 起立 Stand up 所消 I h e so-called起乂 Up_g 起比 所职 
, jianlu6 _ . . shljl • • jianzhi … . ji6nxt6n shlydu 
6 简略 Bfief 实际 Aetual 简直 Simply 简贤 实犹 
_ qiftqiao , sh6nglng 書 • qiiidbtiK • s-liSnshuA 
7 恰巧 Happened 神饿 Look 恰当 Appropnaic 拾余 神硕 
0 tanrdn , shflgiQ ^ tfinkb ^ • I6na6i shdchl 
8 坦然 （'aim 沙丘 Dune 坦克 Tanks 坦変 沙赤 
rt zhaozhl , pi lu … zhooha . /hO<>zh6nK pichdo 
‘ 招致 皮肤 Sk.n 招呼 call 招肿 皮朝 

zh'lNhl , . • nfcir6ng ^ zhldfio , ， / h l l u 6 n̂ ihdo 
10 指使 Insligau： 内容 Content 指导 Ou.dc 报罗 内袋 
,, qlnjln IniKyti , . . < | i n q i ^ • . Hlnzhl llngzhOn 
I I 亲 近 Close 领域 held 亲戚 亲智 领粘一 

, jiSshi „ ylci6riK h l., ylndnu ji6hu 
12� 移民� 丨mm丨grauon� 结实 Sol.d� 栘动 Mob丨丨e� 侈芒� 结忽�
,, chQ.s6 ,, • rOjIn . chtU.fl ^ chUshi rOjid 
13 出色 nxccllcm 如今 丨oday 出发 S t _ g 出石 如田 
,, k6usI II sheylng • g6uzbo ,, Kdupbn .sh6xl 
' ' 构思 Idea 摄彩 Photography构造Constmct丨on 构判 招膝 

zhOtiRshdttK , _ , .shi rti zh6nRyd …_. /.hfi 丨丨 k(i 丨丨�5n shlgitinR 
” 终 生 Lifelong Master 终于 Pmally 终犬 师腔 

,, Jf'jĵ  ,, . “anyC , . jlndnK ” .jlhufln lidnjudn 
丨 6 忿 切 U�gent 田野 F.cld 念 忙 Hastily 念 欢 田朽】 

.. . , xiOngxln I L yHĥi „ ytiydo xidnskuo 
” 预期 bxPeeled 相信 丨believe 腿 Pn:para_ 预符 相抗 

finphi . xlngzhl f 扣 k 丨 • • . fS 丨丨 Kudi xinR/.he 
1 8 分 派 ASS丨gnmem 性质 Nature 分析 Analysis 分怪 性者 
書n Zdn6n 广 xuflnchufln . z6r<!n ^ ... /tddo xiiflnf6n 
19 页难 Censure 过传 Pubhaty 资任Responsibility 贸到 宜犯 

kOinlng ,. . . yOctjiU ,, kaishl „ kdihdng yduiud 
20 幵 明 bnhghtcncd 迎求 Rcqu丨remenLs 开 始 Start 幵 红 躲妥 

,, I'lill . zain6n � liO<J6n8 “ liOyO /«5ixil 21 、右本II Huent Disaster 汝 Mobile _ , 十仏 
流利 灾难 流 动 流羽 灾徐 
b6nll P shcriKyln ^ binffi * • WnjlnK shSngdl 22 jni ror ^ Sound . .. Approach , � 
办理 声 W 办法 … 办经 • 声帝 

jlnku6i As SOOn as niozl.. 竇�• jlnguftn • jlndStiK nfluRuflnK 
” 尽快 possible 脑子 尽管 Although 尽登 脑广 
-. P̂ nju6 , . qOzh6 „. 【，6mlu6n • pdnzhQ iiOchAo 

判决 Judgment 曲折 lertuous 判断 Judge 判丨者 曲吵 
kimjlng Hy6ng “ kttnnan • kdngiOn lining 25� 也 Dilemma� 它丨 _ Use ^ Difficult ^ . 
困 境 利用 困难 困 扔 利宁 
"inhbu . kfiyi , � w6nll „ wfcnbdiiR kCnd 26 r, Greetings Can Problem _ foj tec 可以 问题 问 榜 可马 

__ hiftngO A .. RUldlnK ^ . . biinhiid ,,, biAnyi guInO 
27 Accidcnl ^ Provisions ^ ,, Change _ „ 

变故 规足 变 化 6 变业 规姆 
-- shftufd ^ jiftngshul „ . . . shfiushi ^ . -shfluydn jj6ngyl 

收复 Reeam 降水 P r e a p i t自 n收拾 Paek 收研 降已 
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Appendices 

Appendix 2 Stimuli used in Exp lb (Study 1) 

" " “ Orthographic word ~ “ Orthographic Nomvord 
No Target nd^bor Wo�d control "onw^d ,onirol 

^ neighbor 
Kita y!nii6u ^ cjiflntO p̂ nta chlaAu 

1 路途 RGad 阴谋.Omspiraey 前途 future 盆途 驰谋 
wengO yihui „ w6nK(J xiftnRli yiiihiiJ 

2 穩固 议会 PM-ent 顾圃 ^̂ tubbom 限困 幼会 
xidoHAo xiAngK* . yOlido •, • ji6li6o -sfl I is 

^ 笑料 J ^ s 享乐 Pleasuo: 预料 txpeeted • 棺 料 苏乐 
bdokOo • shfingyfe ^ .slkflo . • • sulkflo •ingyis 

4 报考 Apply 商业 Business 思考 Thmkmg ^ ^ 萌业 
qlll ktr6n dl̂ ll • • • jiflOKll nortn 

5 起立 Stand up 客人 Ciuests 独立 Independent 将 立 茱人 
ji6nlu6 oi{6njI zh6nlu6 . liJlii6 w6n.il 

6 简 略 •^nef 面积 Area 战 略 塊略� 闻积�
qi6qido pdidd l!nK<lift»> ^ xingq 丨 flo 曹 6nKd6 

7 恰 巧 Happened 拍打 Pat� 灵巧 Dcxtemy 咨 巧 往打 

tdnrdn pidol iang sul rdn shiifirfln /hdngl ibng 

8 坦然 ealm 涕亮 M然 Mhough 耍然 评.•跃 
zh6o/M\ qtngldnR ^ xlngzhi • cilnzhl tdlfiiiK 

9 招 致 incur 魄 朗 Sunny 兴 致 Interest 存致 塔•朗 
zhKshl shfioshti ,, jlshl hdishi kfrshO 

10 指使 instigate 少 数 I_ew 即使 fcven if 敗使 口！数 
qlnjin ,„ ibnRyl • * Hijln /.hdnRjin K̂ yi 

11 亲近 Uuse 同意 Agree 附近 NJear 蛇近 各意 
ylBln zhuIqiU ^ gftngnln 广. înln niiqiO 

12 栘民 丨mm丨grauon 追求 PursuU 公民 Cu.zcns 艾民 退求 
chfljii fenpfci lifinsfc , 'l6ns6 nibpti 

13 出色 excdiem 分配 D i s t r i b u t i o n脸色 U)uk 弥色 右配 
g6usT wdncĥHK • y I si sdsl kuclning 

14 构思 Idea 完成 Q^mpUne 意思 Mean 瑟思 阵成 
zh6nKsh«ng , 育 iiibiun wtlshftn* •• •• K̂ shens r«n«bi6n 
终 生 �'�felong 外 义 Outside 卫 生 Health 戈 生 仍 边 
jlqid shdushO qlnqî  qudngift zhKshii ^ 
急切 Urgent 手 术 Surgery 亲切 Conlial 泉 切 止木 

ytql shatOn . rlql , mdotjl zh“6n 
丨7 预期 Expected 沙滩* Bcaeh 日期 Date 毛期 折雄 

finpdi r6n|{yti banRp̂ i ,, wfeipAi (ingyu 
18 分派 AsMgrnnem 荣誉 帮派 Gang 宵派 棵姆 

z6xxtt\ ^ rbngjifi • kOridn • nidnnfin 
19 贲难,Censure 洛解 D丨ŝMve 苦难 SufTenng 念难 碑解 

kaininK . qlngxidnK • hiflonlng jlnlng jiflnxidng 
20 开 明 nnhehtcned 倾 向 renckrncy 表 明 Phat 季 明 ， 抢 向 

liim “ Iu6lu6 •‘ i ) U d n 1 l hdn 1) x 1 lu6 
21 流利 ••luent 路蛇 权利 汗利 系蛇’ 

bdnl 丨 lidngshi , . d6<)ll ^ bflnll zhLshi 
22 办理 粮 食 遒理 Reason 版理 稚食 ’ 

jlnku6i As SOOn as "I f«ng yilku6i dtikiidii yuburftnu 
23 尽 快 possible 叛絲 Bee 喻快 Happy 渡快 想 絲 

pAnju« JOndut jiOnjiiS tunjud shldul 
24 判决 Judgment 织 队 Army 坚 决 hrm 吞决 示队 

kiinjing .. llyi . htidnjing ,, . niijlng shflyi 
25 困境 Dilemma 利益 Interest 环境i:nvm)nmem 奴境 纱益 

t- 霄inh6u jiAoshI� 个 • qihbu " nuhdu 6ishl 
‘问候 Gfeetings 教师 Teaehers 气候 a_U: 木侯 挨师 

hi6nR(l I6ixin8 yu6ngti ^ plnKKd IfinxinK • 
27 变故 Accident 类 型 Pypc 缘 故 Heason 免故 览 型 ’ 

shfiufti „ •englifc . chdngfO „ jiOnRlti j\Hi 
28 收 复 Rccovcr 这 烈 Vu)km 里 轻 Repeat 姜 笠 济 烈 

» t 
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Appendix 3 Stimuli used in Exp 2a (Study 1) 
• 、 . 

^ ~ O n h o g r a p h i c w o r d “ • WordconUo, ： 二 。 N 二 ‘ 
‘ neighbor neighbor �咖 * 

. Ititd „ . Ilixi6ti „ . shlxidn „ . . lUxidn shixidn 

» 路途 Road 路线 l̂ mue 实现 Tb achieve 路限 实限 
^ w£ngii wCnding . , shtllln "Ending shftlln 

、 . ， 2 f g 固 检 定 . Stable 树 林 Forest 说 订 树 临 

, xidolido , , xidohud • , Idnql u * x<dohu6 iftnql .、 

3 笑 料 JDkcs 笑 话 JDke 叹 气 Sigh 笑 画 叹弃 
• . , hAukAu ‘ • hdokdn „ irtyiln , , , h6okan *QyOn 

, 4 报考 I Apply 报 刊 Press 乌云 Dark clouds 报 堪 鸟匀 

* nl 1 \ ^ Ml y) ,, . su6ii6i ,, . qi y I su6wti -
V 5 ；^立 Stand up 起乂 Uprising 所 讲 1 he s o i l e d 起宜 所 未 

, ji0nlu6 . „ . - jianzhl • shI ji , jifinzhi shl jl 
. 6 J 简略， 丨ir丨ef 简 直 Simply 实际 Actual 简 粗 实 记 

” qi^qido ,, , Mi6danR . • . johd , . qiddiinjj jUbii 
. \� 怜 巧 Happened� 恰 当 Appmpr丨ate� 局部 lx)cal� 恰 荡� 闻步�

• ^ tdnrdn „ , lAnkb - • shfigiO ^ Lflnk 各 -shdqio 

… 8 坦 然 Calm 坦 克 Tanks . 沙 丘 Dune 坦 刻 沙 秋 

. - „ zhaiuhl , zhflohO ^ ,, pl J u . zhflohO pl CO 

9 招 致 Inem 招 呼 Call 皮肤 Skm 招 忽 皮敷 

• A rhishi , . . zhlcJfio ,，. . ntiring 7.hM6(> ntirdng 

10 招 使 丨nsl丨gate 指 导 Guuk 内 容 Content 指 筋 内 贷 

,, (iJnjln Minqt „ , . UnRyO ,.； , , <«5nql UnRyii 
H 亲 近 Close 亲戚 Rclat丨vcs 领 域 he l d 亲器 领 玉 

, … ylnln , . - yldftng .. . jitshi . y i <l6nR jidshl 

、 ’ 丨 2 移民 丨mnugrauon 栘 动 Mobile 结 实 Solid 栘 冻 结 时 

,, jisj、 Financial jifejln rtljln jiSjin rUjIn 
丨3 接济 a i d ' 接 近 Close 如今 l o d a y 接 晋 如金 

.>. • •• g6u7.6o „ . shisylng • ^ u nbuibo shfeying 

. 14 构思 Idea 构逝 ĈcMmruetmn 摄影 Photography 构烛 摄颖 
,, /hOngshgng , .. , /hOngyii� 丨丨 shlfU zh6叫yil shi ftJ 

丨5� 终 g 生 Lifelong� 终 于 FmaUy�� 师傅 Master 终 鱼� 师咨�

,, dbnRtlng _ . ddngyudn ., . .,. .. liflnyfe ... , . <l6ngyu<)n ‘ u'iinyfi 
16 - 动 听 Sounds 动 员 Mobilization 田 野 h e l d 动 原 田 冶 

yiiul 广 , yixb^i „ xidriRxln . . yOb^i xidnRxln 

17 •预期 Expected 预络 '̂ reparation 相倌 1 bdieve 烦背 相畔 
,„ r«npdi • . fenxl . , . xingzhl � , • • f̂ nxl xlng/h) 
18 分派 AssignnKiU 分析 Analysis 性质 Ismure 分希 性治 

• ̂  z6rfen „ .. ... xufinchudn „ ur xuflnchudn 
. 19� 究难 ^ensure ^^任 Rcspons丨b山ty� 宽 传 Pub丨丨aty� 责认� 贫 船�

kAiaiOK . , kiish! ^ yfloqiU kflishl . y6o<ji\) 

20 开 明 l:nhgh丨ened 开 始 Start , 要 求 Requ丨jemcnis 幵 使 要 囚 ， 

• • ,, liflh . 丨 - . . . .. tlanwii * Htidong tl6n 胃 <i 
2丨 流利 Flucm 流 动 Mobile 耽误 Delay 流 洞 耽 物 

jly6 „ ,, jl jl „ ... lidnxl „ , • jl jl lianxl 
22 积圧 Backlog 积极 Pos.t.vc 联 系 Contact 积吉 朕 戏 

-- Blngkudi n . .. •Inggui nSuzl . mlngqui; 丨丨fiozl 
• 23 明 快 ringh丨 明 确 Clear 脑子 Bram 明 却 謹 

. ‘ ^ i)6nju« . . pAndudn , , _ _ pdnduin qOzĥ  ’ 
24 判 决 . j u d g m e n t 判 断 Judge 曲折 Tortuous 判 段 油舟 

‘ kdnjlng kQnnan rvw. i« l6iy<ing k0nn6n ibiydng 

25 困 境 Dilemma 困 难 Difficult 太 阳 Sun 闲 男 太 扬 

.’、 »6nh6u 广 ‘ wfenil „ . , kiy丨 *会ntl kftyl 

问 候 Grceungs 问题 Probkm 可以 Can 问 蹄 可已 

,, btdngd . . . . biftnhud guIcHng • bidnhu6 KufcHng 
• 27� 变 故 AccuJem� 变 化 . C h a n g e� 规 定 Provisions� 变 话� 规 订�

& sh6ufii „ sh6u.shi „ , ytd6ng . - .�：. .shdushl y!(16nR 

28� 收复 Keeovef� 收拾 Pack� 栘动 Mobile� 收时� 移冻�

： ‘ A � 

;r�..丨. ‘ ‘ 
4. 
^ • 

.•...‘ 
1 .-

：•>•.心. . 
V 

；i.-: V - * • 

• . •> 

! . . • . . 、 ： • . . 
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Appendices 

« 

Appendix 4 Stimuli used in Exp 2b (Study 1) 

N� .丨一 O 二 广 一 - ( ) g g 丨 c 二 二 

, Itito ,� , (|idnti) r . yinuOu , � nibniU yinni6u 
1 路途 Road 前途 Future - 阴〖该 Conspiracy 彳^̂ 途 .汪伐 
- wguKU wdngt] , . yUiiil ,, • . y\\ut\ 
2 丨細 Fum 顽丨y Stubborn 议.么 Parhamem 完剧 益会 

_ xiAolido , , yti l ido „ • , xiflnKlt yul i6o xifltiKlfc 
3 %料 Ji�kes 预料 丨•xpeeted 平乐 Pleusmê  犯料 想乐 
. bdokdo • • s【k6o .... . _, slidtiKV^ •、 s I k6o shfinKV ?̂ 
4 报专 A M y 思考 丨丨n g 稍 业 Busmcss 断巧， 伤 业 

^ Ml h • doll , , , . kir̂ n ,, • «iOh k扑 

5 起立 Stand «p 烛立 丨丨丨dcpende丨丨丨 ，兵.人 （丨uesb 丨料： 丨圾人 

6 简略 Bnef 战路 灿丨丨, 逐渐 Urmlually . 代略 烛渐 

7 价 巧 Happened 进巧 Dcxteniy 伪交 Hybrid 玲 巧 挪义-
„ ylnxiAn • . y(nn6u ,、 pl l U . ylnnrtu |iM ti 
8 阴 脸 lnsid««ms 阴 皮 狀 • Skm 丨架 脾肤 
代 /hAozhl , xlnfi/hl . • * t|InRlftn« xlnK/h\ 
9 招 致 Incur 兴 致 Interest 丨丨冷朗 Sunny 姓 致 节 朗 

7.hlslii , . ‘ jlslU ... ... nliiK/l ,, JlNhl "liiR/l 
. 丨(） 指使 I丨油gate 即使 Lven丨丨 名字 Name 处使 明卞 

,, gInJJn ,、， lu.il n icinsyl . lujln i6i»Ky» 
11 亲近 Ch’se 附近 Meat 同想 Agree 副近 进总 

ylHlh , RAnKnIn /hufqia 書、 . K̂riKmlii zhu I »i ill 
12 样民 丨丨丨丨migration 公 民 Ut咖ns 追 求 Pursuit 弓 民 雅 求 • hdylnti „ . hOxl ,, il6nR/u6 . . hOxI J6n«zu6 

^ 丨3 呼 应 ndu) 呼吸 Kcjipira丨ory 动 怍 Action 忽吸 冻 作 
^ • • k6usI • I y Ks i • - »6m:li6nK ^̂  • vt s) wdach^ns 

14 构思 Idea 意思 Mean 完 成 （ ĉ̂ mpleie 乂思 玩 成 
• e /.hdiiKsĥOK • r • w6ishC!!iK ,, ... iliihldi „ • • ituWldi 
15 终 生 Lilelong 丨丨生 Heallh 乂,待 Treatment 为生 队待 
• , •• t)Ingi6 „ , ’ shftushU ^ qlnqi办 sfuMishu 
16 总丨力 lirgcnt 衆切 手术 Surgery 饮切 肖.术 
• 一 cĥ itRjido ciit>iiKKonK « bly6u ., 1»� 
17 成 交 lumova 丨炎功 Success 必^^^ Ncccssary ^ 功 闭翅 

ziil '/.hdnK /Ill /hudnn rdn«yQ ,, ziH zhu6riR r̂JiîyU 
18 邪 证 nv.dcncc 邪 状 Coums 朵计 Honor 術 状 融样 
,,� yt»iil6i , . . ydiisliU _ sĥ tik6 , � yOiisliU slî nk̂  

运 价 叫丨丨丨 运 输 Transportation 深 别 Deep ,一输 仲 刻 
^ ^ w d i w o i i K ^ w f r i x i ^ ‘ ( | l n K \ i i n « . . . , i i i u K x i ^ U K 

20 威,我 Prcmc 威胁 lhrc«l 频 丨 ⑶ d c i i c y 危胁 消 
、， I i un ,., qiiaiill .. . . liKiUliS ,、 , tliibn 1 1 
21 流利 丨lucm 权利 丨 < i g h 丨 . 路 呢 （amt•丨 极利 落蛇 

l,<ml 丨 ，. <1<1<,1丨 „ UdiiKslii , lidiiKfili! 
22 办理 ••or 道地 Reason 拟贪 丨(khI 到理 梁众 
- - Jltikiidi As soon as yUkudi ,, fiiiK ,, yUki_<i1 ti\ Ons 
23 尽快 .poss ib le 愉快 Happy 带打 Bee 免快 
- . |>dnju6 , . . j i f l n j u i ,，. jfliulul . j ion jud JUnUui 
24 判决 Judgment 丨j^�决 丨mn 队 Amiy rn]决 i^J队 

kanjliiK � • hudtijinK � • . H y> , . . Iuidn.ilng 11 yl 
25� 困 境 Dilemma� 环 境 Hnvironment� 利益 Interest� 扭 境�

26 问候 Grcc丨mgs 气候 Uimme 教 仙 leachcrs 弃候 轿 师 � 

liidinRti . . , yu6"K0 „ I t i x l nn t yuangu linxInK 
27 变故 Acc.dcni 纟j故 Reason 戈 型 lypc 元故 丨私划 

Khaui O chAriKrii „ ‘ IfixiiiK ... , irlirtiifil VI IOIiOmk 
28 收笠 Km>m 讯 g tlgnrnt 旅行 Imvel ^ 聚 
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‘ A p p e n d i x 5-1 S t i m u l i used i n E x p 3 ( T T ) (S tudy I ) 

Otihutnphic NN«rd ,„ . , Onho»i»pJiK Numwid 
No Wotd wwilnil nonwurd 

‘ n«nhbor conm、l 

t tw E、抓P丨。� 尔办 Held JJ丨 I， SiRmil� 堪中�

•、 h S� 一� 一 •；：.；- 工时 , 
‘ 4 • '""I" , „、,„, -an-hl , .. I.««l.( 、On»hl ‘ 

4 m C M h� 伤听 U、训丨� 拟I� 细牧� 樹怖 . 

、 7 1 r (••'«。'•"><� 二 C�咖 cv - -

" • 咖 " t i n 丨》" i；'；； ； 
7 _如|««、 Phv$ic«J iMiu •AluuA una 

^ 7 Hfr-yy cxciioi, Up̂  加丨仰 m\ - Mop 地徐 

H ^ ^ l-nghih 英明 HciOtc 約 炎 ^ .1. 1-1 
g *�書 uhtttt t i n m t n .. » ronnudn . . • v l t u i仙 i Oitgudh 

析奶 WctiUing 豹^^ I•丨《h 餐议 、丨"丨 析 雩 ^ 
、 ll^tntn Jidtijdll • rdiHli • jlftngill i^Mi 

» m Cool „ fli >A»、《 VJft j j •战 尔.考 

“ T t T m " common -J-；,- ‘ - J " " ^ 

- ” A：* him Unliniiied 冬众 llwir 

l-chi, 砂叫 R«|m<iU>r> 肿 ^ Health 仔机 ^ • 

“ V r� 一 础 I � 一 c T S 

I ) . - 丨 " n F 一� ；;;; — 二�

n s ； — 一 " 77 • ^ 一 ； TT 
It ,.hOf« .. “ rh�如 ihAuf rh^rtt 
»» rt ftg P丨丨"丨丨 沉巾 丨丨《VV m农 沉众 出汰 

梦 dOtlftn Pi“l•“•彻 hM6u , yftuyudn Utbn 
W� 抽变� 胸 A c o r� 浓明 丨)•丨t� 袖取� 龙来�

- i n raiuiont w , ” i - , ti4i»4»« tftnao Mivai•種 

20 产 冬 W丨mc� 产龙 S c m n a 拥 作 Mnnnc 产幕 海任键 

‘ “ • i T J 咖 T S t ' T . 

K I - ；;̂  — 7 1 ： m V 
K ( — 瞧 K P�一 uve. ； iT r� 二�

-- «lrw(.lt , ihiMllil ‘ 》IU，0 一 iltitfjth) Blilaft 
• '' n s� 咖 t t . % N 咖 ,� ！丨I" U S 

“.nS ”�…TT TT tT t r 
« K ' • • " " - r v . n , ⑶ （ — l e x TOO•， ；.•‘；̂；̂  

梦 冲 丨则《 供押 、《«丨《 代路 K„hv«v p •认 f t谢 

,,, •ditdu - . «ftlffuo _ fQid .. tdifu^ 
r�灿� 外 m F卿评 m� 錄 ^ ^ 

、 J丨� 伤 A “ i » c d� 出v̂  (hdo� 内科 Comcru� 出绝� 内嫩�
- TiKWtiic VlHil 丨 . , Mnni vhOiit^t 

“ M l Q糾c •liic (糾时 m … 、後略. 

A w quid « T 丨 m a 4�穴 n 
W , • Bhiiltt ‘， liAiiUi tKhlu 

Mrpnwth« Vi ft f t 
t< iMutMx Main ih»im.iu* ,.’ • . rtfuu , 崖M^qu* t»n .u 
“ il. f i c n l u m o I F - W fT * � J : » f f « 

TAngtĵ hi V 、 A t the tame ru6«o ••tiMî ihf mi書& 
！6 ^^ ^ Same 丨 iO,丨 jfl ^ ^随 ^ li tfl ft 
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. • Appendix 5*2 Stimuli used in Exp 3 (O 0 (Study 1) 

- ^ — 二 
一 - . - — • 一 • ••.___•一. - • - • • I••丨.-.——- - - « - — . ‘ 。 - . . ,一 - .•一 _••-•. . » 

• 2 • TV 臉 I T'lr ^^ " n r 
, hate� • —̂ • * 丨 iiill 
^� 花術 丨ar� 花 卞 Peanut� 行华 丨.ugu•妙� 花 升 f}^ • ttCMtrfe _ , UtasMn ., . c < m \ t \ n ^� 大M T*"抓 K ft N•丨vc� 迷似 SupcistillOO ^ 针� 迷的�

5 S W Twiff 灰仆 风气 Amu»phe« X W ^ 
• ilBdnf ” - , BUin . . Ut«ln .. . UUXn *• ‘ 
6� 迷ConfuMJ� 迷伯 SU(W1丨moo� 货心 Vest ^^� 竹新�

’ 7 :尖敗 SepmmleJ� 欠 ^ OiMppomicd� 卜-游 Dimm丨丨Mm ^ •务� 山�

• . . dttMlAn _ • kuftlhtlA m t n t i ^ kuMhiiA ‘ 

r « rtna 油ey m Fron,� 快 tt� 的明� 快成�
V 涵丨明 Uunod Olive 沾法 \jvt\y 祀丨匆 UgM 丨丨̂丨載 光獻 

w^lai� 德. lu v̂̂ a t \\\ ^ >ni<»An 11 it 
J" f, Sccnuficntnie ^ r.., U«nm霣� 体S>«em� 卞伐� 体父雙�

• • rirupU ,, rinKjrAfii „ , . ylnitrdnf 
“fT地 ( V » Nuinrnm ；外 P«micul«l>� 竹仰� 格饭�
• • ikdshAM ^ , rba îifa " “ I rkCHMn clittihfa ‘ 
u� 出 ^ Sak� 出^ Hmh� 出 分 mnh .� 出 深 HI中�
,, tÂ hdnt ,• •afnB ., cAncjiltl , •dfdn 
丨3� 说Mcmprope •� 说进� 从 取 丨 "� 社 凡 从 « ‘ 
• ‘ tlifR«itlril _ rbfncfeiiK „ • * rorta , . xhfcfnjf»m • (•I ^ Kf Inteeer ^ j成 RoclifUBln*!* •站认 Dcvdupcd ，直条� ：̂̂答�

, , , r^ lM ... i^wiu • , lAniCfl . . . 16tuf�办i 

15 丨杰jj丨 丨cms 拟所 Waiuj 热议 >浪汝 
hfrthdn • - • • yAujitt ,, , tÂJI" 

16� 共•作 Uxn� 各,又 PoU\c� 并緊 （丨丨mal� 客弁�

〜 \ {AnrhuOt̂  . . UAMAn ., . . twftftiUV t l6ntAn 
IT� 大 政 SlyiMhi� 人然� 广抽 R� 广 m 

> • • KlftnlO • . ttaiirdn . • ihliAti.luAjt . , xIAiiiAh nUutludn 
. U� 供 Rcvc•丨 ed� 诚然 Otmouiiy� 卞投 Meiw� 紐 f . 断�

W ifi I)丨̂叫供 W ik Ob丨ec丨 拟 对 vn w U 
, thOll . , ihOthftiMI . J rti«acJld •上 • ihOtWnt rh^mJlft 
20 Subject .长银 Advooae� 丨获躭 Ach丨cvcmcn丨 ,：依� 成[{| 

«Qikftii« I， vQtl� 一 w*iOt6n ... •Oil� 書如 M6n 
21� 約沖 iSp•似C5 _ Phy«cs� 义作 . n i c� 拘 文 头 
22 将产 Spccu丨丨y 贼 Spy 细拖 CcJh 料议 棚货 

、， • . il6iij)ii . , niWlM« 广•“ qih«b0wi 
W 先 f, in^vmcc 先进 Ad��ic«a ^ ^ C^t ^ „ 怕行 

M� 糾々 Sptxuhs� 门.Speaalued� 小心 Cawfu丨 •，叫� 小欣�
如油 mi:丨™""丨 nil utti MI« 

,, ,,, . lilonthto . , „ . «uaiw(n blttt.lliUii •u»a»!« 
26� 站 „ Haum� 秘縱 SisncWU 关心 <onccn>� 体 i,� 欣�
, , *lftnih6<> ,. , «iOnll . »ftnri6n< ... _ raaiuAii* 
27� 如 供 • • icemML� 由f�将丨 A r «� 光 V丨imn ^ IH� 广�

l>(n»» , „ MnlAI , ,, JlAfl«tu . . . . WnlftI «»«iro 

2» 本 Pi Ch«,cic, 本来 Ongiiully 丫 夫 Wori 本裕 厂伏 

iklihuAn) „ , . .. • tklilt ^ rhu4nl6ii» . , � . • «liljl» rhu4iil«n« 
29� 孜Stm丨ghlUm̂ ard ^ Directly� 怖 统 l̂adiuwwl ^̂•【阶• 丨々 拽 

•010 . •thit n i Jln«1I . . nftJI Jln«ll JO u.欢 t丨的 Objecttvo ； M « . g «� 丨丨帝 t: 
tl ibO • t l l l t e i , , U«o<h»ii|| t l 116<i 

们� 资助 Kundm,� 资料 丨nCunnMioo f̂ � 衝 « ftl 
“ r i i l Independence� 『丨由 F丨ce (丨丨丨 ftxK� 丨‘丨议� 门揪�
, , „ . MiA«*i III* .1(111 

“ l?iM • 仰 所 而 lo-cUlod m Specinc Hi ,n U» 

35 — ' r i r� 險 / r r “ 丨 “ 、 J i ' w 
viKiotbn A ；M«Ri« 料,,• lUMitpinji • • )ti6iii< uluiUitm 

UK�着 3K m Pnncipio� 水 L c v r i g.冲� 水))> • 

« 
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Appcmitcex 

A p p e n d i x 5 - 3 S t imul i u s e d in E x p 3 ( T O ) ( S t u d y 1) 

� Oihoicrspliic �’ . 
No Twvrt Orthi)graphic word ncighbot Wjfd coiiUol noimoril 

•丨•丨 .-I .. — —-—..-_~_ - , . - ？?ifih和I I 

1 曲赛 V.oJ«l 效丨jj ‘S_Bih 幼作 Acm、n 供 fl- ij, 

2 •‘ C-oofe«.on Pcrf�,m«n« Protcnon '么" '^*'；^ 
UdiMldi' ^ • Jlftiiyk _ irdJllatii： • * i iOoft gfii ti^iiK 

， « m J交 T i a n i t d i o n s £ 丨 ， 乂 • 改 说 

• 4� 分托 t),vid«d� 分析 . A " •训 r.a� 孙0丨》� 分rt 1： w 
S� 伐济 Fmiinculmd ConUcl� 政中 Health� 丨g�舟 » yi 

办 6� 进rtr Pn�**"̂ iil攻 A丨丨ock� 没条 tqu丨pmen丨 进 , 没 仲�

« f » Sub 本众 ludf a 丨>. M m ft « 
IdoliAn « . \tntu «,•<� tt办iti ^ ., lOtM^ii li畚 

" R t t «人 咖 W W �R孰山、形 gr , tt谈 
, “ •d iu� f t — ,, tftr|i6ii . , lulguAtiK h I6nki6n tuliitonit 
ID� 谈心 TWk� 谈判 NeK«__� 报丨. Prunumon� 谈盼�报光�
• • l i如 I I . I • vAiundi . , vfiiH)n« 

丨丨 条捜 t ohcrcm 条約 '"»'>• -iL 条丨-I • tt ir 
I tftiKvte I<0n«r&n On (ht ti^nnvon 11 Out f An • 

• . » « Acconm.od«..on� 通 丨 丨 丨 ( . , n , m u n . « U o « . 招 ^ cont .an� 迪 «丨 W 

u ^y^ Top m Mmd� 巧汗 M«»�fl«ko� 火迎�斯則�

M�没作 Ddcc丨cd� 投入 hpm� 穴 T产h� 投描�

Ml Wi� 丨 m�幼 (I F瓜•“丨、."̂  m H m 

" ‘ P m i g " <ASI> •丨7 供 s胃d 喊 ^ 
, «l6nnhJ ,, liuk rh«Hic l idndi l OjWMnc 

17� 现叫 ,v ,1； Ke«my ^ ̂  < apum� 现� 队 1(1 
I* if丨 a 丨丨_n<e 火 •丨《 巩湘(<on.ol.d,Oon 消茂 V w 

“ e ' \ 卜 加 f t in I 如 咖 咖 H I // Mu灿1 州•广 
itia*i>di iiiooim j l i t iht^yhQ 0 la ‘ 
丨丨彳脚 Ki Mf ( � tdrH 丨 招 忽 

« V?̂  Vacuum ^^ 冲 Tniih 令々办 U»cci 汽 梦 ^ 

fh6utl6i� tboMv^i 1 , iKIitia _ iMun^i ihl i hO 

22 湖约 nû UBMM 湘 ^ Armmd 丨行… ^ ^ 問啡 術W ‘ 
I I liftlttii lite^ii Mltiit̂ uK . I i w n (|| xKonx ‘ » 

21� 胡稱 Uibc� 邸门 Dcpannicnu ^^ . „ Wud. ^；^ R n 

坊地� 划 作 t.战丨聽� 切迎� 划�

, � “ “ vhOlfl .. ̂  •狐 • J riMiro IsuAtuhAnK 

, ：5�出O u t l e t� 出•长 城众 "̂dicncc�出伐�
, Chufttif la ^ ^ , fhuAnitdii 書、• itfttirhl ^ • rh«6n<t6(> J i t e rh l 

‘6 仍P m n c c n n g 烟 ^ itrnXc� 丨进冷 Pems丨 胡嫩 进 ^ 
«« rublud I* •• , c lift* 6 •• •dmiuan • • ru^ivd ««nt|udii 

27� 狱第� 秘丨JJ trior - ^ (omplrtd+v� 银务 -；̂  W 
» 曲 . • ^ ^ • • 丨 iMitlft „ . 116M1 . _ >16oltl l i t n i l 

2K� 边丨̂̂ llunk JQ路 Road� 权系 （onû � 逝龙� 戏�
. , „ il"t»h4ii , , dutiMI . kltnihl ihihiai >l«ntht 

这 ‘ X.) ( unm丨丨� 对丨》、 1丨油m«“� 阳 制 Umn� 对市� 附 梵�
A fbnc?参 rdiiftta •• _ raiifMOn • fftuRtl。 ydnyuori 
* ftV W M««<lmmor»� 故人� 油 Pj Acto丨� 故讲� 油凡��

改丨】 (ĥ t̂dxo 改汽 Impmo 縱明 A“’_e 改油 袖淑 
Italian toa^i I rotito . 翼仏 * 

U� 古丨OlU-rtshioncd 丨丨.代 Anc丨cm� 允作 Allo^^l� 占.飛� 允(玄�
baiidhH ，<unfm 戴 Ulytuti . 

n , , li«ldti 省、J ibdtid , � , “ hM6n /hdliU 

入】m w (細� ijSit (抑山"Jiy iS部 

)16rt»61 . • jtbnaldt* . . • • � [ . j 16M I An 
% 

9 
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APIX^CU 

Appendix 5-4 Stimuli used in Kxp 3 (OO) (Study 1) 

T . Orthographic word . „_�_,_�• Orthograpliic Nonttwrd nathbof W)fdcomrol nonuo.d ncBhlnn conlrol 
~~‘ m t u i n ~ ntnqlt ' . , <tMtiitoii it丨叫” iluUltaw 

1� 费稱 Inutcd� 焚 y j to,d«l� 曲 （ ordial •� 定让�
• bbnhMw haonliHig „ »lUte, W.>/hN«� 裏Ulftu 2� 保 ®� 祉 f t l It� 资 M « W� 资 W 

rk«ii|lUn� 一 • eMn狐JlCl . lUhAiii . . . <*h«iiK)t<l 11 chdn« 
» V ••剛山“ tt Ach丨cvonon丨� 众 场 Ach.cv«n.«l� 成丨丨丨 饥他 

, iMnrMng On Ihe tlaniian rljlta 丨丨 9n«r4n Jljlta 
• 'JJ JA ,pot •M ft� 位 51, Ofcouae. ^ ,.} « 贱 
‘ r . « Noi I-夫 WoA X-心 Wori I： f.|- 义 Vr 

jIxM JtSu) A KiOo«t ^ . . j \hu \ jtiftujiJ 
6 IlltV Opportun山《 ^ Oppo咖m« flij,： if, 

、 1 i«»«Jl JJn*!! 丨••6"lhO 丨 I blOorhta 
• ‘ , Broken� 样邱 Mnn«8« 标准 Miuugcf y� 淨�

, > *� 冷ifl� 冷却 Cooling� 例和 tooling� 冷张� 拥牧�
„ sli6atAu ,, , uhAiHluAn , , llMirtn kWudu6n 

, ‘ f； Jt r於投 Mean，� 大然 M«n« p�断� 大('> 
(huKian •batplm , , ilftMlAmi , ̂  . itwII'tiMt ii6ni[‘tae 
水仙 N«c»m� 水；p "vcl 现染 lad� 水 ifi 现 I.',] » ttvAl 1 tl xt „ 11 iwd«ftn 

丨丨� 体味 Apprcaalc� 体系 System »•产问� 冰,议 » 
__ 12� 畑„ Detail,� 畑细 fdh� 特务 jg-fe 

, , xlftiKit _ . tIAuiln .. ,1 rhvani«n ,. . , »ia<'»lt> jImSMNi 
U� 小，\ , sungy� 小心� （arcfu丨 •、门� （areM� 小欣 •、叫�
丨4� 曲丨~ ^^� 如V! Cn丨丨oU Cnlicai� 效於� 其介�

V x}]6iiU6o _ «h6ii(ii6ft liAnHrMt ih6<>|j|6u bAhUnc 
、� 丨5 m 料 Care� 脚 片 PhoUM� 本 搏 Pho丨os |(( «� 本 凌�

- rbdiHiiWaig , , ihotmio - ^ • <hda«16n« 广 - • • bonffto 
冲"•动 Impube� 冲突 Co«n.c.� 油免 M a� 冲托� 袖�,, ilMnMnc _ . H6tHTu«h . , , . ,. . diotruO" rtmtrf'* 17 动听 Sounds 动圾 Mob山灿OO� 打作 Mob.lim.oo� 动冗� 竹仰�

• • rfn*»(6n ,, f«n(.ll6n _ . , .\h«n«ii!ii« „ , _ ffnuJlftii 
丨丨 l-t m Com ‘如J yj Fcs^dai� 中 命 l̂emlal� 作 t. 
•、 ffudiipiA _ ffttOfKhd „ J. *16nr4« « itu6ntU6 kidntAn 
19 jQ Expwiixe� 广册 （Udio ^� 然� 广波 S I•丨 
, „ | | * « ,. JI <11 p . , rW»hfii J l i l l 'ha-iliHi 
2n� 极丨丨 j.mu� 极丨t Evlmndy� 出母 EM_rl>_ ^ ^� 出深�
, , J'tafHu JIaiMlJfln . JleniJOn 丨丨 6.«彻�

树 ftt w n? t r n « n r i i i 
, , JierilUif r J lH»u „ uMlurt . . JUk6u 
22� 依 光 Excuscmc� 讯丨-j Bxcuse ^fe� 仍揪�
, , JliHi« • JlnhuA _ , , »«»4I _ , .. .HnluA t«»Ol 
W� 进収 AMn«i、《 y j化 Evolumrn� 格外 EyroliiUon� 进丨為� 格炎�
,, lanxaAn „ I6b霞Ml „, • fb̂ Jlo • 16i，《f*丨 ）f6"Jln 
24 j j i游 RomMK� 抑併 WMstc� 政 j j j� 浪肺� 曲梅�

•Abu ^ • k&Kl»6tiff 雪 _ jrutaî  • .. . . fea^hftiiR 
jj虎 Cardcss j. Immcditfdy� 见則 Unmed丨Hclv (j�如� 识作�

I Mfidl h ,, adnli&w ^ Jlguftn _ ••nkdu jr«ufin 
26 & � k nn Doo� X： Doof niK� 机双�
, , I, i|ftiCXlRi ,, liftnjln ^ ql RXbdng xiOnJWi 

27 ^� 明 Scnuineni� 馆形� 先进 Ciae M f r� 先 rt 

“� 文死 Diploma 文件 He� 滿足 Fi丨。� 文战 讲银 

】•>�下决 Lnd� 卜•游 Dimmuetm� 竹心 Dommmm� 卜.⑴� 竹欣�
V . tlAnvAii . xUmldng ^� 虞 ... _ lidiixlAtif •Ap»h6H< 

现 W l>»»fifaccd� 伐 曲 Wienomcnon� 丨、丨. Ph«nom«K)n� 现 向� 如�
i lQinoK • KIIMU • huft«hfinK , 丨.6 丨丨 i l l hutMnt 

. M t i n 如丨 t i f� 花生 丨u•^叫c f f w .� 花升�
� r l q l „ . ylvdl . . rtOUftg . . ilflUlwi 

32 Lmouonal Mean� 打昕 Mean� 拓位 f | fr 

JJ� 成iS Idiom� 成分 Compoflcn"� 沾汰 Cnmponenu� 成踐� 沾麵�
34� 抽 hndume� 仙 圾 MnU^ j： Atrnmci� 仙丨g� 丨卜站�

rhMlniWa .. thuftniin* -..；‘.', Jl«rJi:« <liu««t6t.« JtOfOn* 
35� 作兴� 汝议 mdrnonal� 加工 I"«<l«_aJ� 掩油 加，i • ‘ . iiarln „ <latiu , . . ntnjm , . . iiailnt nOuJIi, i6� 打’印 Hunt IJ- Inquire abou丨� 脑妨 Inquire about� 打丨-�‘� 粉今�
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Appendices 

Appendix 6-1 Stimuli used in Exp 4 (TT) (Study 1) 
Orthographic . No Tirgcrt Orthographic word neighbor VMord control noiuwrd , 

- neiflbbor�咖怖‘ 
, ***�切如 Winl- rhftyl ihbfAn 
1 fjCH ㈣ » » Diff«enc« îHH Wft� 卞 W 
- •一丨 l_�如!ib̂iMt „ • rhudnq) •� U«ll»b4iii chu6n(|) " 
2 事 f u Appla咖 速 州 Kcvca\cd\y 明，又 P«m 怕 州 小 

3 W itt� 体 iU 丨empcfiuire W » Surnn� 样溢� 扑藥�
. yu*如 •\nttn Ki6iili6i.|t o . •liivftn liAnhAnf ；、？ 
4� 路 Wemocrnmn� 敏藝 Sen丨丨Uvc� 对丨丨： Rod W 感 先 纟 1 ： ；'“ 

• iOiUi6ii� 广 AMA- *MiiAn Iftngl^d .. i)ital6n� 丨如 III …0 

*� 抓线 emum 济丨jj Stnightlmc ^ 花 Î pmy 执丨g� 部花�
• , rWnRfd . . , . • • h«fO • cKu6fi|k6ii � Ii6f6 cliudnxkOu 

6� 乘法 MulupLcUon ^^法 L e g U i n咖� 曲 u W n d u w� 似法� 格�
. rhvtnurt • . thift _ - • TftnNO _ tlily« rtnhu\ . - 7 m�收 bn.n:p«n«u3h.p� 雄丨业 Pmfa麵al� 哀会 Bxnquc丨 访 ， “ 

* qtnif i i i D ^ j t w-j »6nfiln� 广 . • . Jidujr) t tAnsitn J i6or l 
K «丨丨丨 丨丨yW丨cvc� 通丨茂 Communiclion,� 交̂^ Trnnwct瞧� 補讲� 桥秘�

tiiduid quttiOtt hft�丨丨彻 p. . , . 'ludnjo Ii*IMM 
9 躲 jy h»ud t�貼 Global ^ ^ Buaboard� 权尚� 項板�

…山州 ^州 Pecs 请Mcmung 庞用 只y. 
II Canci^m rhttnji* i f tUiAni . . . rhttnjift Cdl lUni 
丨丨抑W Coftcue� 拽站 Pure� 改贷 丨mpnned� 两访�丨丧议�

丨2 i i lW Scu丨cmcn丨� 気佔 Ncighbon� 纟鄉 rrop丨cul� 粘仍� 紹带�
Iifaatfln lilo翼Iftn • (kdhAI „ (ilnRtdn ilQh6i 

丨3 針 ( ortro丨Ubk 平怕 Fla. 人嘴 ‘S« 肝识 {【海 
fbfi»ittt , • *hU••如� 書 J • Jftb6fl •• ,. fthlbidti )at»6n • 
SI S 'l» a Incidcm 书办 lidd� 斤；变 ； 

,< H'̂ HAu eu 1 u j bldutftn _ . •6，hAu I“0or6ti I� 取 f Singer� 押 T Shue hands 权演 Performance� 卧 休 演�
_ i r , 脇 Ancrschoo. T丨 âk� ，二�二�

17 D�删剛咖 n ；‘̂；； Cms « Negoti.tions ；;；̂  ‘ 
• •� 奠 •它 o^ rUAngfO _ • j\ ftng . . chditfrd J1fft:MC 

rtfi IR�奴 ？f.W Mowoofi j f ^ if 
wm R印丨》 fft tt R 印 S k W Mind� 虫 y� 投 IJ 

rhiiOngikhl .. .. itidnnh! _ , fdoidtO ^ yuQnslit fdnihO i(丨 ^ 始 Founding -取始 Onginal 防 ̂  丨on 始 #沪 
,, httrUi ,. . «6|1(V)|1( - • till 111 AIII „ lOntrl 111 lutiufiim 
21� 哼曲 Lcho� 供进 Supply 报广 Piomoiion (fjj'V� 进翼广厲�

22 R„,,„h “�»»* I�如 ji�如 ”如)r�砉 WoJIOn 
‘ “ WSIF R叫®h 丨丨i ff held -u 讲 ŝ .vn̂  甜 保 该 

23 保养 M_l««ncc 代办 Numuon 彻 1 力 《 柏作 ŷ  ^ 
, , JAll _ , bi l l „ . haAbl ,. b i l l huAb) 
24� 明例 Rx»mplc� 比例 R«UO� 货市� 印� 彼例 WiTi 
“� 文 M Ocnllcandqmci� 安样 Quid yj�定 Subic 

i«6nK<ild “ n^U� 會 、 . J i n� 会 ， qQItU JM16 

2fi� 戊则 �•饥wd丨� 区明 U_ITemKe 随� 丨n丨抓�� ⑷外 jf烈 ” 
， 一 27 M,cm Vi«, '二‘ F.«h 

r6«d6i FrcfcrcnliaJ a«ngd4l ,,, h«lt ^ ,, Mli ‘ “U： Vf� 丨丨c•丨mem ，W Wmi� 合理 R恤onnWc jj将� 何押 • 
qinkufti , � I * iftkudl „ lAnfVtm _ jrOkudi tMifxOn 

.29� 動快� 切丨�險快 Happy� 通讯 Commun.cM.ons� 伍快� 耽！代�
ruflniln« • (lUIiif T • ... ilUtcg rl«dl 30� 拟OngmaHhape� 地形 T卿n� 此外 In •ddihon� 讲形�到外�

JI� 術进 Accwed� 坑 j j R«po<uiblc� 外 ̂ ^ >-orc.gn� 社 9f� 龙 W 
titugit>n$ ntii^iig r Klild^i _ . . n^irdim ikldAo 

“ m ft 内容 r o n 丨 ^ Oti丨dc 住容 紙分 
» 出"Ma.ncn.nmce 筋门 Dcpon議„ -只•中 卿ch 布广！ ^ 
M 1:体� 辟休 Body� 例逝 （.丨咖� 深体 «« Si 
, , liutoJa _ . . . Ihlilu „ . Ii«du6n _ , ih1<ltl htJuftri “ anr Cdcb丨•丨c� 制度 Syu™� 不.断 Cononuoûlv� 致度� 布断�

POT。一 y g M..V r j " ( 一 一 s r g r ? ： 
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Appendix 6-2 Stimuli used in Exp 4 (OT) (Study 1) � 

丨 VJ ft Pouncy� 束性 Simply� 卞识 Simply� 所性 HAH 
• likOn “ qlcOu ^ 八， t l ihhnt � � 办 qtc4«» »Uh/»ot 
2 枚堪 Pwuirc 枕第 Dmftms 丨进 tirmftiw 权供 (ft 
, qlnjnrfln , iû fudn , , .. itondldo «k>ridldo 
3 袋維 Amnity 绝食象 Insulation 中划 iMuUUon 决後 明 
• ildnxUi _ . liDsIng „ \t%h ^^^ lUliAnK ibsh 

4 先行 taadvwc^ 流行 Pop 竹色 Pop 则厂r xei 
_ 5 酣讲 Ftccmisk 龙筑 Enveloped 没机 Lnvdop̂sd 降視 ^̂  机 

• Uimihn „ , tl 蓽 I6n • � • y«iwl6 n i\»ttn ytnxi^ 
6� 付曲 Back� 体曲 De«m 职卜 Decern� 於也� 袖卜�
^ t̂ hAn ^ .丨 pdrhftn 丨、丨 . Ii6ul6u , ,丨 • P̂ chftn ktulta 
7� 特产 Specially� 产 Uankmplcy ^ 头 Binlniptcy� 魄产� 揪失�
• ，bill ^ , c b i n , libiMti 〜 仗 c M l I ‘ 'lft«««i 

I . > ^ j j S_gth� 吃力 Dimcu丨丨� 拥符 D丨ITicul丨� 銜力�
„ rhmnt yUS^iat liWquA slnf^tng Unriut 

9 长明 丨denhfy 英明 冷却 Wise 费明 访却 

10 徵杯 Work 本宋 Abi丨丨ty 冲突 AWity 笨，jj 充突 

H 本色 Chwuctcf 样 也 讲 口 Look 沈 色 W n 

llntJT , . .. ciAimJI thOuKt6n« ^ .. «limcJI rhdui急如^ 
丨2 a 机 Un&p� 动机 Mouviuoa� 抽 象 MoUv«丨on� 冻 机 愁 取�
,, î iUnc . Mtoiis 广 • —• xln<U . xingU 

M H Accompiny 合 CTomnict 行个 Conlncx 何 p 形 
sboshtoit c^hrvUr huftuMnx i idt t iHu < lanihftn 

14� 丨s生 Schoim� 花先 i^tonMi� 天议 P^uX� 划生� 添终�
i ,, titdniin Cease lo bo UUJa ,, • «l6rrtu .. . hkixin ubynu » , 

15� 变心 fi丨ihrui n心 r 游 Vol� 衍心� 任游�

， •， rOhud « ku6ih<i« ql 611x1611 ^ kudlhtM̂  f|l6iul6n 
丨6 好沾 Rou而ct丨on 快活 Hwy 前钱 Hippy 位« H « 

Ql R«jri» … nftoJtD _ rh«ii<b«D - • ndojil* rh^iifbln - 17 Bluevcn, B_， 成本 Bnmw 快筋 权本 
• • |uft&t6n . . nftttn丨6n _ • (!6iuiru6n ‘ guOntitAn U6ntru«n 丨》 tt 念 双念 C«n«p丨 动 pj Concept , 关念 «-； M 

suliktn „ ., rhSsM" „. . qlr® „ , rhftshtii J1 r« ‘ 19� 随分 PonaWc� 出夺 Binh� 余 Bitih� 扔场� 骑余�
, „ •iai.r»i _ «I(V.f*l . J t q l «l«nf*' J i l l M� 免赞 Ffcc� 消资 UMSumDf 极Consumer� 第符 /̂jf 
21� 敢込 Difrct ^ Dcvdnpcd� 从讲 Devdnped� 法达� 匆！jt 
22� 炎格 Form� 广格 Slnclly ^ MmtJy 3�格 ff y； 
, , r l l l n i „ •• Wnllnn <illtt ^ Unlln攏 Ml to • 

“ { < n Colltr 本供 Abihly 企闻 AWitv f f 并 Hft) 
W� 失足 Shp� 湖足 M«丨� 文作 Meet� 法记� 闻作�
, , lOsaiftn • iMsuiui _ UrMflu t_6Mi6ii 丨 

25 佔 访 bsum耻� 打於 Going� 立场 Gomj：� 达托� 泣场�

26� 并讲 Side by side� 安讲 Arrangements� 畑 Arrnngcmcnu� 绝排�
Cdnotl • OfTiciol c Blanjl ihOnJl 

• 27� 公务 business� 特务 Spy� 尔紀 Spy� 怎务� 粘紀�
fdnitilnK - qfncxinf , , *i6ftj»n „ l i f l n j l n 

2 丨 方 形 Sq_� 情形 CMSC� 先进 Case� 形 料 进�
thAnguOni p, . rflodiitoie •itojl , ydneute« îdrjl 

• 29 p j j光 PiMh B H 光 .彻丨 o n� 酣m V丨如n� 渐 光� 拥积�
^ i l t i ,, . Unlal _ . . „ th f j l i - hM6i iMJift 

30 ^ foreign� 本来 Onguully� 成接 OtigiiuUy� 舞 來 执 接�

31 independent { f ^ Authority 紀甚 A«ihorit>- ’ ， 
tlnixl ^ *iaoir itguta titox\ JIfuO丨丨 

32� 件思 Slop� 泊坦 New� 机关 Neu,� 通以� 堪关�
33 大 ‘ 丨dephwu 现 ‘ Phenommon 场上 Phenomenon tS W 卜 

MMW丨 Black and •(ntboi . , . »hut|i丨t̂ t , 
！fS f j White m Cl lenders丨and� 水平 Undm丨and� 样广丨� 稅平 • 

„ bdnjlbn o ^ rUift" 丨如 rnmm̂ nlt r丨 J 丨如 

IS 货见 Rare g 见 Commenis 当然 CommenU ^ ^ 兑然 

W 她 tcK«lalion� 方法 Method,� 力 jfe Methods� 芳法 rfu 
» • I 
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Appendix 6-3 Stimuli used in Exp 4 (TO) (Study I) � 

^ ^ OrtWr•̂丄c�卿d Wordconuol —二�
： n°»hbor nd«hbo,� 功咖' 
Pleasing to Pleasing to rbftyi iiioydn ch6ri I m IM the eye K W the eye OMTcmcct ^^� 捕只�, qldnib̂ � 、；< • • Unxh6o ... _ Utn Uodv rfto|li6u lIvAn 

• 2 猫 M Violcnl� 风藥 Vmleni� 沐溢 tempeninire f- »� 搏组�
, rinl»d«| xianli60i . . . ilAKdii ^ .. Midnhdng ••n戴�3� 分灯 Dmdend „�虹 Dividend� 敏 jg S_U« tf. M « 
, UAahuA _ ,, Itatfaua „ „ h4(« , lAufhua h«t« 

， 4� 天花 Sm«Ilpo>i� 浪花 Smallpox� 伪去 Leg山maw� 朋花� 河法�

- lAikiti _ . . . ihliiAn _ , ctuiaii||k6u tlililAn 

5� 改口 Changed lo� 窗 p Changed to� 进伐 SUMglii line «�口� 快�S 
6 F-mofOfliU Emolion.1 jjjj； Prof抑 onal ^^ 
7 """'Ml c,i|. P、i_„ qaO'OH p,^.., kfllf6«| quanta 7� 流放� 开放 Exile� 全站 Cob.I t f l 放 來 w 
• ,�且 J , . • » hiilidR . - • . • idftfjiln _ t Ants In 

A�板 Old-fishioned ^ ̂  Old-nutuoned� 通倌 Communications� 明 fti tA H 
“� 他h«u . . . . . . JtOoyi _ fatigiMu Jido jrl ” 舟 f. WurdetouK� 放手 Murderous� 交站 TrwncUtms� 坊 j.� 丨姑�

liftnfbul )r6nhiil fMrtmi r6i»lwl rkitbug lU� 相 合 a么 ^ ^ m ；11� 轮会� 肺 川�

II ri>i«A， Sooner or (iTngtAo Sooner or (httnjid « qfncxAo cb4nji« H 3ii V 丨ftû � 濟 liter n « m m 
丨 2 我 J., Confession� 芬 ^ Confeston� 改议 Improved� 沧由� 托议�

“ ,1� 丨如舶 I rftdfti i rn ja K i — 丨 4� 必* 

丨3� 时带 丨P� 沾带 Jj(带� 林例�

• • Idnll�把 c J J kbdlifto . pfoftAn sbOlidu p|n«(«ii 
14� 老饭 Rxpencnccd� 熟炼� 平均 FUi ^̂ �炼 m 
丨5 W询 •油nd� 人海 Mmd� 彬变 丨ncidcm� 济海� 仍变�

头吁 Tbp� 讲弓 Top� 彬办 Held� 畔 犯 办�
• , J16(mI6ii , � culcJ6u h • t6nu6n gut<l6o tdnudn 17� 交进 Deal丨nes 轨 jg Dcahngs� 谈判 Nqjo丨mu丨on，� 敗泊�

rtngUnu Spread JlUtti Spread Uipd . jir«n« **� 放 W rumoR f W njtnon� 袖迫� 寄 W� 仿 iO 
. Ill -, »Onihl»c fdnicMi _ *dhth«ni fOnxhfi 

‘ ‘ ‘ 工整 Neal •；£ « NC� 防 Prulccnon� 九 整 ^ 
谈心 �""k fti心， Talk� 博花 Snowfl.ke� 拥 心� 血花�

，•� 建 ÔMUit , rtngi&rig ndnfthl ytiiR)r6ii| 

21� 口失 BoUi� 描失 Bold� 穴界 Nutntioo� 方失 ‘笼界�
“� 明用� 地用 Sketch� 英明 Hcroie� 拍闲 应./) 
,, <h&ad6o _ . - ‘ Idliido _ . . . xl6ufr6n�八. xlflncfdn 
23 ^�到 Thoughtful� 来到 Thoughlful� 相反 On ihe cooiran'� 箱到 If�反�
. . Jlftfi*4l « . . cUdJ . . dUini civdl d)ilii« 

见外 Sceoumde� 此外 ！《«o_de� 地形� 站外� 讲形�

，< jlndQ _ chAngUll _ «»ixi6o _ • cMtifilU 
25 进浓 Progress� 托度 Progfm� 激笑 Simk� 城度�
,, darft „ , sHlwU ^ , M\ntih\ shlvtt x1n|«M 
26 Book«� 彬物 Book,� 性欣 •� 山物� 伤如�

, nldngudfi V rAutudo rAocvftn _ yAugtidn yfturudti “� 年X� 有关 Year� 行X� 友关� 友X 
JUHUiflfi • . •� 叫AtJidri , . Xt6itilib •• , ifU ĉllftn tldnghO 

2 » 彳 公 A Indcccm� 缺点 UuJeccm� 相孔 Mutual� 却办� 乡丑�
rlftM « , •• lidiigfhi _ • fOaA , lUftxi4)I fUi6 

29� 日食 Solar edipse� 供食 So丨n/edipse 胁 Complex 银食� 负併�
，n Hdoll _ . . xb»iill 广• . lAordn _ . . 7.U11II Idordn 
30� 条押 Cdierem ^ ^ Coherent� 老人� 日dcHy� 珍押� 办+ ,, • . . (̂iifBlng . . . 4I60IO _ . xMuKBlnf ii6oi(i 
JI� 仟命 Appointed� 生 命 Appo丨mcd� 进路 Road� 声 命� 盗路-

,， kdnRll . .. , sK«nU . . . . chuftntfido ^ i^blntl �hiftn韈x^ , 

“ 杭 体 Amibody 办体 Anubody 似边 Crwle « 体 M S 

“ 威 « 伦 <58 jpj 来 UkT 圾 ^ (来 
tutdit6& - bOdnftn tJildtt _ bftUuftn t h ldb 

M� 报断 Infer� 不断 ln�er� 制度� ⑽m� 布断� 志度�
35� 较 M� 力讲 cromcst� 任务 Ttsi� 利 •� 刃务�

^ WnfftR bafstt rti6�書 A _ bOftn ru6*a 
孙�本分 Sub� 部分 Sub� 粘报 Enof ^� 性汉�

i 
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Appendix 6-4 Stimuli used in Exp 4 (OO) (Study 1) 

OithoBrmluc xvord " “ Onhogr•巴k Noimord 一 S ,� 衡 dcoouul conuol 
, lima . ., nv«„ul.ifnl »1I>_»»« iMudio 
1� 利索 Agile� 钱 索 Clitt� 拥 到 IVrnghlful� 粘 衆 州 到 _ 

nil* „ • t«s* „ aftbu . t*»» •«hO ！ ‘ 
2 &也 Color 他 虎 Utfi 
3� 保边 Take can.� 丨取 Weigh!� 起 Driving� 字绝 0« 
4� 沙� Tmdumu� 卞跟 Wonfa� 龙性 Simply C:丨职� 抽性�
, dialft , >ftntit Jutyiiftn _liUr"«n 5 低"F kw 职下 绝丨教 渐下 决战 

qlnidlbo „ . dAadlte . 丨丨 taliHt „ <lftmll6o llllh«n« 
6 谓 S e n _ « l� 雄 通 Monolonom 执 j j Pnp 两� 析 f j 

7 T咖 rer -il Specu.«ivc Bnvelcpcd 
« 'rS：� 一 Tit �“� B— S^r 

tlgA . t f c * � , . . b*iuih\ . . ... «f就办�

9 ^ Phyi丨que� 资格 Qiuhriciuon� 本讲 Ability� 兹格 ^ ̂  
»0 M««mi«i in ti� 知nou' mn » t̂ � 妬m • • iiTuln ^ J feiiln p . . gudnhudl •lt\n r»tnhn6\ “ X W Trusurf� 迷讲 SupcnfLod 关怀 Ure� 弥供� 双怀�
12 y?； S.ingv A 咖 — D� 一,cd t r ? 

chonitldnt • • rhOcUini • •. tibyAu . wibfou 
冲动 丨 : f ： ^ Aclmr 下游 Dimtuuwm� 廣动 if； 

• , bajTnx „ KUOfiiJInx .. — kM6ih40 t«6ii«JUt« kudlhwA 
•4� 布』送 Ĵ ĉ ety� 光 K Sc咖� 快活 H.ppy 逛供� 洽沾�

Jtfeii • J q 1611116(1 __ . t̂tgna 
15� 圾目 J»mu 资月 Hhndnew� 的拽 Fnmt� 巴 H « tik 
• , JlAoUh - . • chingbfto niojlu , chfln̂ Wn nftojftt •6 ®本 Scnpt� 成本 O如� 狄筋 Bnins� 祝本� 取筋�
17� 体味 Apprrailc� 总昧 Menn g�味 Mean� 乂味� 乂味�
• • ttoiuiitiR 0 . dot i UK Inquire� 舶丨丨 tur .i^.h daun* dauui 
18� 动 听 Soundi� 打折 about� 打听� 丨叫训etbool� 搭听� 格斩�

19� 降找 From� 光钱 Ugh丨� 访汲 Uvdy� 广线� 成汝�
20 X咖phohc� 外 Particu丨arty� 成分 Compcncnti „(̂外� 稅分�
,, llngshl� 广 , ！ : , fad® . tonisbl fa,Id 
21� 教讲 Coniultr� 从班 In� 发込 DcveJoped «[� 乏込�

lAfiiA alio Iflnlliii ql to bAn 1 ！ ng 
22 Blueprint Attcmpl 本拍- Ability pW » «! 
„ JlaofJIu� 似,1 rMi;«Jltt . .. clrtanJH" Arhi,.v«n«,l * cModJI� cMn«JiO 
23 树此 Will 成耽 Achievemeni 成欽 Achicvcmeoi 押就 探躭 

丨chto* Ostcnistion ond ll<-Mn| llcMn* 
“� 排场 it V, •̂丨丨如丨丨‘If U� 如叫 W. WW " ii6rbAnf • • llcbdng “ . • Ohpdi . UcbAtvf’ 
25� 下 J* End� 立场《 Posiuon An叫emenu yj 场 K�排�
“ r � B m k e n OUSa ^^ Spv 
“ K N��e -JJ Ôlibêldy ^^^ Cd. ^ 

kOiBfni - , . , cdncBti** qlKOltil f,^^ c6nf«ln« 
“� 幵明 Enlightened� 柏明 Smirt� 情形 C«e� 慧明� ，形�

…J , L J IftdUn “ Jldtftn* tj — . lOtMti Jl如aiM： 
29 Is板 Old.ftshioord� 老板 Boss� 加工 Procos丨ng� 灼板 « V. 

diftnxU • |uOni!n� 广 biftothftn j j fwdwfn lilftotliDn 
30 办心 De««1 \心 Conun� 林拖 Sund«d� 双心� 格縱�

Armdfii ^ • r̂ Kudnx • • . rdrrian* •‘dtijt 
31 ^ ^ Boxonlhccnr 丨职•光 Vmoo� 演 光 报职 

相 料 Care� 资丨nfonnauon� 丨丨〗 I•丨ee� 进料� 字山�

, , kftmti . .. . jatt ___.. Jtinihi „. jaii Ji«"«i<< 
33� 抗体 Antibody� 丨琳 Spccifk� 簡灯 Simply� 秘体� 破必�
34� 利息 In teres!� 消患 Ne>«� 刑总 Newi� 激^^� 曲虫�

“ t t 奶 S T c � ~ X T - K r 
36 cov. r m R�叫-丨 T S Methods ‘ ⑶ 
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Appendix 7 Stimuli used in Exp 1 (Study 2) 

No Target Identical word control word transposed words control transposed 
‘ word 

, xlngxidng . x丨 njjx丨6ng • f6ng „ xidngxInR . . fengml ,, 
‘ 形 Hi 丨mage 形象 Image 密一 Bcc 染形 P丨Olographic 妹蜜 Honey 
^ cu6gu6 . CU6RU6 . .. hudtO „ . gu6cu6 ^ , iUhu6 
2 妨过 Miss 丨样过 M丨ss 胞•用 Pamt 过银 Fault 图画 Picture 
i gftnggudn gdngKUfln no 丨 c. guOnRdtiK� 广 .shtRti , 
3 公 关 PR 公 关 PR , 故 银 Story 关 公 Guan 明故 Acadcnt 
A r6nqlnfj r6nqlng xlhuiin 丨.丨 qlngrdn 丨 huOnxI . 
4 人 情 Human 人情 Human 再欢 Like 情 人 Lover 欢再 Joy 
C X丨nKKfln xlnKKSn «；_•、， nlOnfli . . K S n x J n R _ nainiii Dairy 
5 性 感 S e x y . 性 感 Sexy 牛奶 M丨丨k 感 性 Sens丨bihty 奶中 
A f 此 htt . rdcho 丨 . KCchbng „. . chOffl ^ thdnRRC . 

发出 Issued 发出 Issued 耽唱 Singing 出发 Starting 唱 g Singing 
7 自私 Sclhsh 自私 Selfish 画笔 Brush 私 ̂ ^ Privaldy 笔画 Stroke 

« xi<M.(l丨 ^ xidiifl丨 , k6xu6 o • tdixi6 • � . xu6kc- „ ‘. 
8 下台 Step down 下台 Step down 科学 Scicncc 台下 Aud丨cnce 学枓 Subject 
Q zfiiRRul , zfitiKBUI , , nQ6r • � , Kul7.6nK „ _ 6rn0 Sons and 

9� 总扫� 丨s always 总扫 丨s always 女儿 Daughter 扫总 Belongs 儿女 

10 Good-looking 广 I Good-looking 广 Production •；̂卞了� Optimistic 广 P r o d u c c 

11 - s 尖 T o a c h i e v c To achicvc Color '边"实 Reality 墓 ‘ 益 - C o l o r 

12 •̂ ，丄“Immediately Immediately workm ^̂；；?"̂ '̂ âunchcd Artificial 
I , „ qidnif _ hudchdiT 龙 • ti(\\6n • chdihud 

,丨3 前提 Premise 前播 Premise 火 躲 Match 提^ 前 Advance Firewood 
,- Jl6nw6n ^ • . j i d n霄 , , , , chdhud � ^ ••• w6njidn , hudchd Scentcd 
丨 4� 见 閣 Knowledge 见 ^̂^ Knowledge� 茶花 Camdha� 闻 � 见 Smdl 花 
IC JifchB Jicba _ ydshuO .„ , . , bdjlc , shuOyd 
15 结巴 Stammer 结巴 Stammer 牙刷 Ibothbrush 巴�结 fawn 刷。圣 Brushing qlrCn Ar.or.. …丨丨 . * r 6 n s h 6 n K , ... r6nql „ , . shCngrin ^ 

‘ «o ，人 Angry 气人 Angry 人 生 Life 人气 Popularity 生"人 Stranger 

• 7 …hflo p , PlHflo p . „ „„ rcng.shdn _ bflopf _ , . shdnrenR ^ 
17� 皮包 Bncka_se� 皮包 Bndb咖 风顔 Fan� 包皮 Forcsk丨n� 摂 风 Fan 
to sb6nKhai CI,„„„1,„； sh6nghai . . qlnRRfln . , hflishOnK „ Kdnglng , , , . 

上 海 Shanghai 」：海 Shanghai 情 想 Emotional 海 上 Sea 感 情 Feelings 
to *Oxtn d6illn« , , xInxO . llnKddl� 卞�

虚心 Modasly 庞 心 Modcsl̂ y 带 领 Led 心 庞 DiHidenl 领 带 Tie 

• - 20 "^：^ Solar Terms 戰 Solar Terms ĵ ；̂；' Play Iniegnty ‘；"̂'；̂. Volat.le 

I 
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Appendix 8 Stimuli used in Exp 2 (Study 2) 
V 

No Target Identical word 油二二& control word control nonword 

, JlfloAn JlOodo n — J 6ojiao 7,hu4nyc „ _ , yfezhufln 
1 骄傲 骄傲 Proud 傲骄 专业 Professional 业 专 
, alnjli . ., iilnJI6 . ., J16uln blaoyO … yOblOo 

2 敏捷 Agile 敏捷 Agile 烛敏 标消 Slogan 谓标 
, JU6 , , jlMi , , d) h , � . Mil) 
3 寂真 Lonely 寂寞 Lonely 寞寂 地理 Geography 理地 
. ydnst . y6nsii . suy6n dul/hdriR� 广， . , chdngdtil 

4� 严爾 Senous� 严浓 Senous� 浓严� 队 艮 Captam� 长 队 

c llnnyudn qlngyubn • ,, _ yu6nqlnK shfeshl _ •,• • shlsht 
5 m Pfefer 情想 Pfefer •想情 设施 F�lmes 拖设 
. lOnwO “ I6nwt „ woidn shlchd , chdshi 

6 贫污 Corrupt丨on 贪污 Corruption 污访 视察 Inspection 察视 ， 
， qinK.sh6u glng.shiu . . sh6uqlnK shOtftnK ,、 . IdnKshO 

7 淸 泡 Meager 消 澳 ’ Meager 瘦 滑 〃 疏 通 Dredge 通 疏 
dlOoxlfc diOoxib xifccllao .sh<jk6nK� 乂�广 k/mjishd 

� 8 ；周谢 Wither 调谢 Wither 谢；周 数 控 NC 控 数 

Q Jiftnludi . •K6nliid) .. , lu6sdn sfitiKchl _ , chlsfinn 
9 敗落 Scattered 敗落 Scattered 落敗 松牠 Jldaxalion 驰松 

• ‘ xldnnti xldnati ,, niixidn Rdilttn , , Itmn61 
10 後m hnvy 衆形 丨：nvy 根後 槪论丨 n t r o d u c n o n 论概 
1, ch6nKnu6 chdngnud - nu6ch6nK jOhul� 作 hui jti 
丨 丨 承 诺 Comm丨咖m 承 诺 Commitment 访 承 �聚会 Party 会“ 

12 認 Rehabilitation ‘ 仏 ^ Rehabilitation � S m o o t h 
,1 ‘ yueshd ‘ yu6sh(j shtjyue pi n«f>dn , , p6n|>lng 

约汝 Conslramls 约义 Constraints 束约 评 判 Judge 判评 
1/1 . . . hlmidn . .. BiAiihl xidnghb ^^ , hOxIdtiK 

避免 Avoid 避免 Avo丨d 免避 相 互 Mutual 巨相 

ydijlan ydulan _ l6nyou .sliQbdo _ • ,, bdoshO 

15 游览 T 胃 游览 Tour 览游 书组 Schoolbag 也书 
臂 ennu6n ... 霄 Cnnufln ,,, nudnwfen JiAngdl • dl JIdnR 

16 温 暖 Warm 温 暖 Warm 暖 溢 降 低 l^ewef 低 降 

. “ 丨>7 zliftngtjl zhfinm丨 �,„„. qlzh6nR qlnqi „ , . (ttqin 
1 7 整 齐 Neat 整 齐 Neat 齐 整 亲戚 Relatives 戚亲 

,n youchdu , T ui^ yauchdu _ , , . chbuyau fftngxlOn „‘, xidnfCnR 
:� 忧 愁 Troubled� 忧 愁 Tmublcd� 愁 忧� 风 险 R.sk� 险 ^ 

,n „ xiOll „ 11x10' JidJIn „ JInjio 
1 9 , , 修 理 Repair 修理 Repair 理修 加紧 Step up 紧加 

f如u丨 fURul 8Ul f<i Jidnxl ,xl_Jifln . , 
20 进资 Wealth 进贵 Wealth - ^ ^ 问陳 Gap 険间 
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Appendix 9 Stimuli used in Exp 3 (Study 2) 

N o ， Target Identical word transposed word corUrol word control nonword 
. ndhu ,， , •flhu� 广 , hOnft JiflngjlQ jUJi f l im 

' ‘ t；̂虎 Careless� 马虎 Careless� 虎马� 讲 究 Stress� 究 讲�
, hCnbO „ , bCnbO „ . Hflbdn rOHh6u “ shfiurU 
2 拜波 奔波 Flush 波奔 入手 Sum 手入 
, idnbdi _ • iQnbdl • h6\ ifln dudny<Sn ydndudn 

3 坦白 坦白 ••rank 白坦 断符 Assert丨on 汽断 
, JIfinzhI … , Jianzhl , /.hljifln faniahCn /.hCnfanR 

4 ••简直 Simply 简 商 S.mply ^ ^简 方 针 ^ohcy 针 方 
, gancu) ‘ . ROm;u» ..� 丄 culR^n gudnRjlnK ,, ̂  • jlngKuang 

5 干脆 AUogcthCT .跪 Altogether 脆干 光进 摂光 
I(ij6ihu6 •• ku6ihu6 ,, hu6kti6i y6ob0 ^ 

6 快 活 Happy 快 活 Happy 活 快 躲不 Or 不要 

7 Red Dust RcdDusl 。 二 % 。 义 Bold 实 

, Jdsuitn� 广 . ilftstmn ^ . su6nd6 pidol lang , I idngplOo 
8 打 算 Going 打 毋 Oo.ng 裤 打 渐 亮 H c M 亮 难 

. fCnKqti ,, rtfiRijii ,, qOeeriK „ Shigub 
9 风趣 Humof 风趣 Ilumof 趣风 过失 huilt 失过 

Jt linidn •� llnidn . ml6ntl ICnggt , K̂I.CnK 
• « 10 体面 Dceem 体曲 Dccent 面体 风格 Style 格风 

• • duOnxfdng • • , dudnxidng • • , xidnRdudn cJATh ,, , fdcJa 

11 端 详 Looked 端 作 Looked 详 端 打发 Semi 发打 

shly) „ . shlyl • ‘ , yjshl 16(>ll6n _ , 1 i6nl6o 
12 失k Frustrated 失意 丨rusUa丨ed 意失 老练 Rxpcr丨enecd 练老 

slhin . . slbon . . bflnsl IdnKBOn _ . •bnldnR 
B 死板 Kigid 死板 HigKi 板死 浪漫 Homantie 漫 浪 

IQqidn ,, foqian ,, qlflnfO Il.su6 . suM 1 
14 肤浅 Shallow 耿浅 Shallow 浅狀 利货 Agile 索利 

15 " ； Y o u t h Youth 泣 A l m o s p h c r c 

,, nioolidii ... nlAoiido Udoaldo du6k"丨 kiilduft 
16 苗 条 、 ‘ S l i m . 術 条 Shm 条 苗 多弓 Thanks 弓多 

chuuxidng .. , . chfluxiAnK .. . • xlbngchdu b«nsh、 shlbfcn 
1 7 抽 象 Abstract ^ 抽 象 Abstract 象 抽 . 本 琪 Abih丨y 举本 

•� guAdiidn ^ . " Ku6du6n , � . . iJu6nKu6 fSnndO .„„� 
18 果断 Dccisive 與 断 Decisive 断 果 风度 Demeanor 度风 

19� 关 键 Key� 关 银 Key� 银 关� 格外 Partieulanly� 外格�

renKwfei ... renRwfei „, • weifsng huiKfll „ K̂lhuA 
. 20 风g味 H a胃 风 味 flavor 味 风 活’：乡： Deserve 〖头活 

ft f> • 
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Appendix 10 Stimuli used in Exp 4 (Study 2) 

NO Target 丨 dem 丨 ca 丨醫d 二二 comro 丨而d ：二 

, imtdo ^ potdo ^ laopo rcnfto ,, , , t'tifcn 

2 面 贿 Grapes 葡 陆 Grapes 萄 葡 盼 附 Commanded Bfjlj^ 
, tdni.̂  . , lamfc n . . ifeiftn Jiaohu6 _ hiidjifio 
3 ,轻;g Perturbed� 志：̂ ;̂ Perturbed� 校 衍 Cunn丨ng� 悄 校�
, l o j l ^ , l a j t P L JI lo hddu „ ‘. „ iJi6hO 
4 垃圾 Garbage 垃圾 Garbage 圾垃 糊碟 Butterfly 媒 糊 ‘ 
产 hQp6� 處 L hQp6 • . p6hfl pdn«h6 . b6bAn« 
5 犹 泊 Amber _ Amber 拍 耽 膀 碑 Majestic 碑 确 

, pdlhuat ,,,」 • pdlhud丨 , hudiixJ丨 blOnCil ,, . rohifln 
6� 徘 栖 Wander� 徘 栖 Wander� 徊 徘� 银 紹 Uat� 猫 躲�

_ qfOyIn . <|IOyln ,. yJnqiO chAuchO ,, .. • chOchbu 

7 姐袖 hanhworm 姐判 harthworm 卸姐 辟路 .llcsiMc 话肪 
„ |)1 nKPOng _ . , pln«i)6nR - . , ... pOnRpIng p ⑴ ^ , . ,, lipJ 
8 . 兵 兵 Tabic lennis 兵 斥 Tabic Icnnis 兵 兵 職 Fhunderbolt 坊 旅 

A ql uQ n , qf qO ^ • qQ(|f Idnghel . , boi IdnK 
9 m •bugged 崎炮 Kugged 枢崎 狼 朔 Lmbammed 项 狼 

KOnydn . , 曹dnydn .... , y6n»0i_ kCngijiOnK C o m m o n qianKkenK 
10 婉 极 Wind 婉 躲 Wind j j ^ 婉 拽 销 Sense 饼 f i 
, , chAngJltiR Look forward chanRjlng Look forward jlngcheng lOotlno ^ ddoino 
' ' I t I f U) 愤 W to I f ^ 榜叨 Nag 叨拐 
, , feiliOnR ,、r reibdnK , 、 W i U K f C 丨 （jingzhfl ... , . zhQdlng 
12 徘 瑰 i;>efamation 排 请 Defamation 傍’体 盯 射 lold ：^ U丁 

, • i f l n t i a n PL nidnlidn „ . UflnBldn pdnKhudnfi . . . , hudnKP<lnK 
^̂  m m Shy 抽 缺 Shy 嫉 睡 彷 槐 Wamlenng 撞 彷 

JilidnR _ . , jniAnK t . , 丨丨 flnjijl Kflnlfln „ , ISnKfln 
14 伎 俩 Tndc 伎 俩 I ndc 俩 伎 嫩 视 Olives 揽 撤 

• 产 qidocul • • , qidocui , • . cuiqida kCddu , . tl6nk(： 
15 惟 n Aguish 愧 伸 Languish 俾 愤 彬抖 ladpule 抖彬 
,, qldnfcbAo , - qidngbfio- b6oqi6n« pOfO HlpO 

16 袖 丨nfam 檢條 Infam 播檢 如扰 Creeping 拔如 
,， yOnzhI _ yanzhi „ zhiyftn B^nBldng ,, IdnRBdng 
口 姻 脂 Rouge 明 脂 Rouge 腊 躯 报 肤 Hazy 脫 报 

*， Bdndo . a6nAo . nOoaA pdnshOn , , shOnpdn 

i8 玛 理 Agate 妈 现 Agate 綱 彌 距 Stumble ^ 保 • 
• „ t nu6 ,, e nud „ , n<) 6 a 6 h , 11 
• 9 辆讲 Graceful 躲解 Graceful 瞬彳 荣莉 i ^ m m c 莉荣 

.. Kdngd • . , KOngA . , . gAKfln Btixu X U B O . 

20 进 胜 Awkward 拔 姐 Awkward 松 饭 , 躺 Alfalfa 稱 啓 
I 
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A p p e n d i x 11 S t i m u l i u s e d in E x p 1 ( S t u d y 3 ) 

• No Tina Morpheme m̂mg,elMed me.n..»g fd.tai prime Unrel.led pnme 
‘ » 言 a Swlhrough Kntmledge Comprehend Spaceship 

2 ; Perfrc. After Jl Complete SkyUii 
3 ^ Footpnn. Sen" >M>«cabo«m Conc«ied ‘ 

. •« T ' i ' B,nJ， Cheer , D « . « o n ‘ 

乏 拷 幼� 拓j土 G«b� 轻 求 Lightly� 敗 4 NC 

* ik 丨c�始庞� 曲緣 Ducuision� 水时 Waicr 
7� 食欲 Appcme� 吃说 Surprise� 树口 Appciite� 发怕 fc»»«g丨� • 

大 8 fcWect J.,- ^ • l-oud� 场论 jnlioductjon� 及冬戏 Cifois 
• MinttAtiM • 慕如dtt Allcnd a tU) nibXut ... . iUi»6 ^ 

9 …轮 Whcfĉ uli� 走 J矣 school� 下薄 Whcreabomi� 刃作 Project 
1 0 = R u s h R u n » � � 町 =丨^ 昨口丨出 丨;^ C o i k � 

行 波 W ，� 雄 为 e x e r t i o n� 烹 拥 � 

丨丨 Kmd 115 Tender foehng 卞，; ‘��順 
• ‘丨 2 r完 Bcch�講� 丨丨� 丨 )R o o m {ir； Gap 

•丨 J 二 AdvM,c«J N.ghi school i;广二“ Coumiy . 
札故 如抓y 亡田 Sutqug如I日、 ,Hctd 样博 U/y 
将 y 伤共 Wounded 酴供 Shy 代礙 Rnlltant 
I —欲 Han� 资 叛 AAcmards� 潔略 Straicg> Fjijoy , 

丨 7 Kou - - CO 一 丨观 ‘ 

7m ； P I . V — S.PO - - Rep.. 
• … T t • 恤 一 j S ： " "" 7i l'： M•棚 M�咖 . 

20'� 人� 丨 扔 Urowiw� 出丹 Fool� 消杀 Mwwcre 
21� 饭承 i-ow� 读小 Short and imall� 滑沉 Depressed •作 Bombing 

• P 笑 y 後 yS Sloo ^ 饭 丨•augh� 费 Mulberry 
“ T S ' ‘ f m Shabby 'J"�’Depr«s.un Hon, 

. » 仏 Jf r 編 „ i ^； ' S 丨丨州 Rcfi 啊 ； R u u e d 

25� 古场� 份朴 hrui^� 以免 To avoid •^瓜 Otafheadj 
, , O ikhUdn .. hdnjtdn „ IOIKM .狄 R饥� 圾敗 hvuimon ^ Rare� 埋喪�丨nipeci 

M a 政气 Hcitmg 射丨格. Kind H Schedule 
ilAnit! . . t̂ Mi Acupuncture UnrÛ  »d!c«t> 广 • 
稱茅、limghi� 穴位 评ini� 农货 S«through ^ ff Coal 

29� 坦本 Frank� 伊 g ( aim� 益稱 Upnght� 进 ^ Coiuider 
J, I ,, , ji叙h! •• _ itmMp̂  Public 3(1讲架 Kidnap� 稱扎 Bandog� 幼对 丨 丨 丨 公 作 浙 抓 

iHUbi „ ... . tOJJ i^Mtngi^n ^ u . 

ft tit Modified P始 MippJy� 装 扮 Dren up� 种山 Meihan 
„ • • M i * . , , da ID ... . . j kuteci^ns “ 

朱味 Lnmimed ^̂法 Can not� 持字 l̂o bethe word ^�丁 Absenteeism 
� n i n n a . . xhAt^ibc • tUbi • 

tH 路 Jti Oblique fire ^ ^ Love 項的 Uwyer 
5 4 ••似 M n r ^ i u r h d r i o h i - C o d c o f J U r _ * 

3 4� 品比 M o r 1 " > 控 、 ^ Mft 守 o m d u c i ^ 

t tniu r ^ thklJIS 、 . f|OiM ^ itTtn “ 
• “ «>E� 迫究 Invemtaic� 明遲 Expd ^̂，箱 Kxpenence 

3 6 y y R c p v . ^ . o n • y y ' y y R ^ n • 
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Appendix 12 Stimuli mecl in Exp 2 (Study 3) 

No T̂Bet Mi�|£:p:二Woid me«nmg rcliU«d pnine pnme 
ffniKtianii , . jtniuuOti ！~“ 二 . . 

1� 风 先 S««c� 取 充 Lmul� 树双 Undic晰� 内糾 Vuccral 
9� 山 ** rtuxit̂ i* Intidtf qft*i6” ... 
2 政稱 Bo丨torn Ime 幼小 Vmnj ^ ^ .nrotrnmiun IN % I恤（ 

"̂；? Ch 一。n， Men ^^ Ng.uTau 二 义 Hockc 
4� 访必 M«cv� 竹良 oner� 右丨辦 ‘ Kind� 价湘 （丨 
‘ ulaldii “】 mjOiuM „ , dlftnjl / ‘ JllkhQ * WA 锁" ft 跃鍵d 狄记 ”，》« ’农布 I,•、灿,ck 
, #h6i«uAn , , rhailil ... Mt^Al , tfhl^uffvo • ， WW ^ ffj lieatmeni ^ ^ (uisine ^ ^ < hief 
. 丨Uft . . M 6 Pictui« kuUOi. _ ift»h) . „ 
‘ «�本 AI如 IM ill .tbum V�批� 够供 Uim ««Hy 
• nkimoiiR „ , h«f«ti4i , , - rM«i ... •OYtt •• • 

»� 吃 托 P叩"I機t ft )? UufW� 《们 lop� 冰 ( 
n 巍慕 Until* , nhf j l • , . kuAiicvdnf； , 

9 刊I Rdalcd t"! W (IttMil 沖 ji^ Involved ^ 狡 )^nutiiptiK>us 

I" Ourny� 叫始 Uidup "供� 伪说• P«3ur> 
11 qttftni^n . . •‘ .. TtHl ni „ trtJilkMtit „ 不― 

� VI'11 羞JmrtlA • . huOHcjiftt* , , , , . .. „ 

12 4於塊 内 Undm教 依 饰 Wildcmesw y 名 S u e m i l k n n m e 

B ^ ^ rcfrntnation� 讽冲 Meriitic •地、气 (uid y, Kapti 

U ‘5拟；;'�—•iVam “制� � — M . J O S U C '“,；；̂̂  Slender 
15 ？••J •；Jn'S" Slow a o u n ；I; J J ConccuxJ )‘；；”;• Sull 

"I I . l»6“�idM J^i . 丨rtttrt lAnsvdrt ^ 
曾il�路� 丨 d畑 miQ K»nd �� 说对 Ronwmc I 

， jtmOM ... > Jift.Kl •. , . l0m"6>, ‘ 
效化 Sitwgmrti� 命嫩 i'lnonctf ^iil^i 丨.AttCdbaMr ^� 脚 Aigumcnt 

r * •• . • Ittiui • I 
rt�供 卜丨叩 ir»Vi t 奴 f i i m Ni8hi 

W Shcm oir VJ'S' P l 他 • … S h o w o f f ••冗、“Matchmake. 
nk̂ fifj， FMIM̂US ĥdncK̂n • xtAnJtft 翼 _. • • tdurJi 合�MI • • m n. A hut.mc.liil« f»i m """"" ftll 丨《 ；戈 W 

，, p'l^l . bSftjrWM t'w the k«<l(h«iMI „ • • •Oi’、Mr_ ‘ • 」 
JI M4K"h 附 .enrtcc 抗 Iti « 深 Ad�咖“" 
, KUJtttf . vlnfti* ^ • , •And •‘ , |iOl»6i • 
** W 明 IJecJinc iK 火 Ocvuldof 辦林 tuphftnism ^ ^ Auction 
� luMOng .. ,1 I h«im\0 ... ^ liAiitanit h . fAnc�u6ti „ • 
•” « 4 tk ！ft ( • 鄉 i H ik // M 
,, KMnnJiliMI fWjftK ... •hltlng .. . , fHittt •• 

^ fj »*npul«� He* l.j (•ash,on 分队 

“ T i ; p 一 ： ； = 0 ' X 一 • 

il,:; tS • 於 t'S 
” fHiMdn c ““一 •一 … r t î m mA Mllt«k«n Mniljrl “ ‘7 细代 Son «erv.c« 只 5 Son 认 „ idenlity M A； *�叫幼… 

, 術命 NosuUu ^xf Spml 不,•专 1>|丨nuv 山沟 fUme 
‘ ,, „ , •m̂nyli _• . , Ûl .. 

{'> ^ ^ txcdlcn丨 作而 Kcu��errd ^ OuUiandinj; 伤 Mann 
inAtgtfn nthitn HmIkO “ 、tt»ln« . • ‘ 

# i l ^ « w a � 资 jjjf i \ n c 舟扣 Patrvwaittf 办 ^ Wake 

n hjiM hoci ,;jqj^、 Sc_m Omn_uc l ？广二" 
"iJJ loleiani� 外奴 A|f|>e«ianctf ^�解 l̂mWisumlmn •.休 Subject 

•n •叫 ihl tMhllAK t rUtA „ . 梦 
呢冶 •广 Inpiumcni� 松扔 Pumshmait� 打相 （ji�tf 

u .. ,. • 鱼 ；Ovirii „ -
从 场 jjj noUl 明押 Aciod 作拽 llfiraiUamnl 相 f/ Ptfrformaiictf 
外 » M L卯f ffl I* Aburd pj 头 Acadcn丨 油 ^ Uo/e «»IM.> thtnplR ... •Jittnit̂ t ... 3f, 靖 I� <opy 这站 I,他wc 商 u »， c i m 

‘ 丨 71 ‘ 
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Appendix 13 Stimuli used in Kxp 3 (Sluily 3) 

No 1¥ibc1 V̂ortl meaning icUlcU pnnie UiiieltiicU pfimc 
一. n̂MbU : 7i ”•舶"IK“ 曾、， . . « t i h l V"•一 

IS )H ��•»*、州 赠 l>onile � I 矛 卜aiCtt*" ^^奶 S\%lcm 

之 W « « I 如, II. KI ' "‘‘ ih ^ 
‘ 探丨《̂ 1零丨丨c 丨•汽按 P咖 tn)?! F抓、、州 
• rdlMin) , , , , «liAt>iluA , MtdhfO , • a ^ i\ 
4 iim Hide WW ^ � 0 miK 丨加咖》 

• Jt II A •tnthti nCmlM - ,, _ ih0tt\(6n ... 
^ Acqummrn 文 t)iECit j饭‘权 CoUcclme 械 Mu»w 

(.� 镇.供 Lonely ^ ^ ^ A i r U n n e ^ 乂 I onoly , 衫 诚 S m c c f c 

, fOnM» • � • • , huOn«iliO ('ru\>tl , . • * i � t t 广• ^ 

7 心 »d_b««ich «5丨朋 丨,謝, « m Cu,丨赚 ‘ 
« Convo ’ ^ M«. Ad 咖鹏,u, 

. .. 二丨'J； Hen. '•7..’丨；ir "•‘ 二 Spcc 丨(k«i 咖 

10 lllim 抑 l>cl.v 7；̂；；；' »••_•«� O-cumfacncc 
• • luAnlft . . , • ilif^iiiliudn _ ywfihOhK . . _ . > l« » , � • 

11 ft Mdodv 明令Tumouf 伊 Mo\cn»cni j氏欠 VUin 
,, raraticiHlCS fArem 痕 cĵ  y •知“、“ 

U 17： M 似•ahh lU'A ““⑽I ik tt -u wt 丨 
. kMOfKOns h rhuliitt) ftudiiihdii DcclAfOtlOfl of 

• 张 I ， 、 叫 潘 析 PnuuM� 吹 1. H>»B Vf At »<u 
14 ‘*；；"̂； Su.,.u-...u> AOcrschmM Su.p.c.oo» Alarm Clock 
“ T ’ J [ « Spcci.1 'J；"'；；" R«,H,n..b.l.lv 、；&�g Smile 
U> ^ L\patwi\o 爛警件 Fiudito 矿 Upon _必仇 Uiimn 

rU(»HUil •• , {A-'Aml Connoli i^njion viu.i i ' ' t tî  L 奶 M d n� 人 w� 冷 m 
U othrt t.n,« '̂**"!；' Ilmpn>um 0,d« Vftl 
I" P*"""洲 W! f? 丨"、 rQ 16 '̂ """"C 

s； T m - 'rr 
， . - ^ i r 如 I 収 I 切 • 、 侧 I 

mnirUi^nx 【， l U g i t t „ , jlfmitlOn I “ • li^iiBhdnf 

f 91 Scctiic m ^ Sutplut ^ A«r»i:tMm% ^̂  ^ u'lal 
1\ J:.麥 Dimimalc •六 ĵ j B«ictcticid«il 把 ( o n i r o l 认认 Appicci»ie 

, '"；,； 一 n \V如"o _龙 Repealed、 ；̂二 Fm 
‘ » 二 ; h..lu.c ；; llccnu llerca. '̂；；'̂； I g 

, , , , • fAMNlittd Bad ••lltlOn *** 时 •供會 

2h ( ‘>叫咖" 糾 � f i 丨 叫 r v I,”山•̂加 t i ‘似he丨ont 
27� 劲；丨 H.ICC B 丨丨"HUP� 、烟 ""�d� tftMtO ... . . •UlAii ,�L ^ , * 2K 仿⑴ Covet 树 h SLouhpad 迷想 Ob««,on 袖fixmihu Pmv«fl<u,J 寒 P u H p c m y •二" IMt Va IS ptosipcfnui Si'. T » f" ‘ • •) 9 
31)� 报J?� 离iH OiiU叫cow� 丨,丨丨绝 Rrtmir� 松祝 My 

， M " j^ j jy j Dawn ^ ^^ Sensible 解 ijl! i U w n MiMenancc 

‘ .2 IW.V .»u.pu. r>cclmc ^ t n l 

” n...k "J''̂；' Uyinp • -JT'；；' Rcu-J 二： ImcmomrnoJ 
u 、f|77 t),I.KC.. PC 丨 form咖 c "̂ "̂'J；' "J 'T 、仙"如 

^ ” T ‘ 二“ _ 丨丨丨"丨| ' r « 仙、c丨— 
Ui 气••轉 l i m e d 决 Y Laughing 没“ l m \ ”、、善知j MtnJd J 
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