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Abstract of thesis entitled: 

The role of radical information in Chinese character recognition 

Submitted bv WU. Yan 

for the degree of Doctor of Philosophy in Psychology 

at the Chinese University of Hong Kong in May 2010 

This research was designed to examine the processing of different kinds of 

radical frequency information, i.e. frequency as a position-free radical, frequency as a 

position-specific radical, and frequency as a stand alone character. Whether the task 

or the composition of materials could influence the processing of such information 

was also examined. The first two were behavioral experiments and results indicated 

that effect of the position-free radical frequency was stable across the lexical decision 

task (Experiment 1) and the position decision task (Experiment 2). Effect of the 

position-specific radical frequency emerged only when the lexical decision task was 

available (Experiment 1). 

In Experiments 3 and 4，event-related potentials were recorded to verify the 

findings of the first two behavioral experiments. Similarly, Experiment 3 employed 

the lexical decision task and Experiment 4 used the position decision task. First, 

results revealed that a series of ERP components (PI50，P200, and N400) were found 

to be related to the effect of position- specific radical frequency when the lexical 

decision task was used (Experiment 3). However, when replacing the lexical decision 

task with the position decision task but keeping illegal characters as fillers, the effect 

of position-specific radical frequency became quite weak, which was only associated 

with P200 (Experiment 4a). Moreover, when using the position decision task but 

replacing illegal characters with geometric figures as fillers, there were no effects of 
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position-specific radical frequency any more (Experiment 4b). Second, the task was 

found to influence the time course for effects of position-free radical frequency, 

which was reflected by P200 in the lexical decision task (Experiment 3) and by N400 

in the position decision task (Experiments 4a and 4b). Finally, simple character 

frequency could play a role in processing compound characters in which simple 

characters were jsed as radicals, but such effect was significant only in the position 

decision task and it was reflected by a change in N400 (Experiments 4a and 4b). 

These findings indicate that position-specific radicals could play a role in 

character recognition, but this effect appears to be constrained by the task and/or the 

composition of materials. In contrast, effects of position-free radicals keep stable 

across different tasks and composition of materials. In addition, the findings also 

suggest that simple character information could exert influence on compound 

character processing，but only when characters are processed implicitly (e.g., in the 

position decision task). Implications of this research and future directions are 

discussed. 
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摘要 

本研究旨在探i�丨各种不同类别的部件频率信息：不携带位置信息的部件 

频率(frequency as a position-free radical),携带位置信息的部件频率（frequency as 

a position-specific radica丨)以及部4牛作为单字的频率(frequency as a stand alone 

character)在汉字加工中的作用以及作用的时程。同吋，本研究也探讨了任务范 

xC和材料对不同类别的部件频率信息加T的作用。实验1和实验2的结果品 

示，无论采用真假字判断作业（实验1)还是采用位置判断作业（实验2),不 

携带位置信息的部件频率在汉字识别中产生了重要作用；而携带位置信息的部 

件频率只在真假字判断（实验1)作业中才能发挥作用。 

实验3和实验4釆用脑电技术进一步探讨此问题。问理，实验3釆用真 

假字判断作业，实验4釆用位置判断作业。结果表明：首先，在真假字判断作 

业中，携带位置信息的部件频率引发了 P150, P200, N400—系列脑电成份的 

变化（实验3)；而当采用位置判断作业，促保留假字的存在时，携带位置信 

息的部件频率对汉字加工的作用强度明显变小，只表现在P200的变化上（实验 

4a)；此外，当只保留位置判断作业而不釆用假字为填充材料时，携带位置信 

息的部件频率不再对汉字加工产生作用（实验4 b ) �其次，不同的作业会导致 

不携带位置信息的部件频率对汉字加T的作用在时程上产生变化，真假字判断 

任务似乎会使该作用提前，引犮了 P 2 0 0的变化（实验3 )：而在位置判断 

(iDOsition decision)作业中，不携带位置信息的部件频率引发了 N400的变化（实 

验 4 a和 4 b ) �最后，该结果还表明，部件作为单字的频率信息可以对汉字加 

工产生作用，但只表现在位置判断作业中，会引发N400的变化（实验4a和 

4 b ) � 
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该研究结果表明携带位置信息的部件可以对汉字加丁.产生作用，但是该 

作用似乎受到任务和材料的限制；而不携带位置信息的部件对汉字加丁的作 f f l 

不受任务和材料的限制。此外，部件作为单字的信息可以对汉宁•加工产生作 

用，但是要在一定的条件下才能发生。搖于本系列研究的结果，本论文探 i�J•了 

其意义以及继续研究的方 l? iJ� 
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Chapter 1 

Introduction 

Chinese characters are the basic writing units in the Chinese script and 

character recognition is therefore fundamental to Chinese reading (Chen, 1992, 1999; 

Hoosain, 1991). Given the importance of Chinese characters, a number of studies 

have focused on how characters are recognized, such as how orthographic, 

phonological, and semantic information of a character are retrieved (e.g., Hsiao, 

Shillcock, & Lavidor, 2006; Liu, Tian, Li, Gong, & Lee，2009; Meng, Jian, Shu, Tian, 

& Zhou, 2008; Taft, 2006; Tsang & Chen, 2009; Tzeng, Hung, Cotton, & Wang, 1979; 

You, Chen, & Dunlap, 2009). In the present study, we focus on the role of 

orthographic information in Chinese character recognition. In the introduction section 

of this dissertation, we first give a brief description of the Chinese orthographic 

system, and then provide a summary of current research on orthographic processes in 

Chinese character recognition, describing some of the central areas of empirical 

investigation, and the major theories guiding that work. 

1.1 Chinese orthographic system 

Orthography of a language specifies the way it is written. In other words, 

orthography describes or defines the set of symbols used and the rules for writing the 

symbols. In alphabetic languages, the orthographic system can be described at two 

different levels, that is，letter level and word level. Words either contain at least one 

letter that is different from other words (e.g., who and why), or the same letters but in 

a different sequence (e.g., who and how). In the Chinese orthographic system, there 
I 

are more orthographic levels, i.e. Strokes, radicals, characters, and words. A Chinese 

word contains one or more characters, which in turn are composed of one or more 

radicals. A radical is composed of a signal stroke or a cluster of strokes. Besides, 
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many characters can appear in different positions within a compound word. For 

example, character 务(wu4, affair) can occur on the left (e.g.,务必’ must), on the 

right (e.g.,义务，obligation), or in the middle (e.g.,月li务部’ service department). 

Similarly, many radicals can appear at different positions within a character. For 

instance, radical 口 can occur on the left (e.g.,听 tingl, listen), on the right (e.g.,知 

zhil, know), at the top (e.g.,呆 dail，stupid), at the bottom (e.g.,杏 xing4, apricot) or 

in a range of several other positions in more complex characters (e.g.,语 yu3, speech; 

停 ting2，stop;熟 shu2, ripe). 

Particularly, there are two sub-lexical orthographic levels in the Chinese 

orthographic system, that is, radicals and strokes. Strokes are the smallest structural 

units in the Chinese writing system. There are five kinds of strokes: horizontal line, 

vertical line, dot, oblique line, and curved line (A Dictionary of Chinese Character 

Information, 1988; Fu, 1985). In linguistics, radicals can usually refer to components 

that serve as indexes when people look up a dictionary (Wang, 1981). The Chinese 

name for such a component is bushou (部首).However, Bushou is a limited concept 

which does not include all components of a character. One character contains only 

one bushou, the rest are decomposed into strokes. For instance, the character ‘‘铜 

h 

tong2, copper" is composed of a bushou ‘‘ ”，and six strokes (decomposition of 问). 

Later, researchers (Chen, Zhou, & Chen, 1987) in linguistics introduced another 

concept- all components of a character, regardless of their function, tend to be given 

the unified name of a radical (i.e. bujian,部件 in Chinese). However, in this 

dissertation, the term radical refers to all constituent components of Chinese 

characters. There are around 648 radicals that constitute around the 7,000 Chinese 

characters (A Dictionary of Chinese Character Information, 1988; Fu, 1985). 
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In alphabetic languages, letters (components of words) themselves generally 

have no meanings. But in Chinese, radicals of characters often have their own 

meanings. In Chinese characters, over 90% are structurally compound characters (A 

Dictionary of Chinese Character Information, 1988) and around 80% are phonetic 

compound characters (Honorof Feldman, 2006). Compound characters are defined 

as characters containing two or more radicals. A phonetic compound character is 

usually composed of a semantic radical carrying some semantic information, and a 

phonetic radical carrying some phonological information. For example, the “ I “ of 

‘‘铜” often refers to metal-related characters, whereas, pronunciation of ‘‘同 tong2" 

provides a phonological indication for that of ‘‘铜 tong2". � 

‘ J •' 

Besides, in the Chinese orthographic system, it is quite common for a certain 

component to have multiple identities. In Chinese, around 82% of words are single 

.character words (Modern Chinese Frequency Dictionary, 1990). Moreover, in 
« 

characters，around 50% radicals (such as ‘‘同’，in "铜’’）can be used as independent 

characters also (A Dictionary of Chinese Character Information, 1988). Actually, 

even a stroke itself (e.g., ‘‘一’’）can be used as an independent character or even a 

word. This is quite different from most alphabetic languages, in which, except some 

very few letters, such as “A” and ‘T，in English, could be used as words; most letters 

are just letters, they become words only when combined with other letters. 

Given these special properties, we could conclude that findings from research 

on alphabetic word processing may not be readily applied to the Chinese orthographic 

system. In other words, notwithstanding, the fruitful results and the relatively 

definitive conclusions about orthographic processing in alphabetic word recognition, 

the same may not be assumed to be universal phenomena across different languages 

(Grainger, 2008, a review). Thus, to develop a comprehensive model of orthographic 
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processing, studies on Chinese with distinct prosperities different from alphabetic 

orthography are evidently in need. Actually, over the past few decades, more and 

more studies on Chinese character recognition have been conducted, and relatively 

fruitful results have been obtained. 

1.2 Previous findings in the field of Chinese orthographic processing 

Extant research which has explored Chinese orthographic processing can be 

divided into three categories. The first one covered the studies to investigate the 

orthographic processing through manipulating the radical's functional information, 

namely, a radicaPs semantic or phonetic function (e.g., Feldman & Siok, 1997, 1999; 

He, Yin, Luo, & Weekes, 2006; Hsu, Tsai，Lee, & Tzeng, 2009; Lee et al., 2004; Lee 

et al” 2007; Su & Weekes, 2007; Zhou & Marslen-Wilson, 1999a). The second one 

covered the examination of the effects of orthographic information through 

manipulating a radical's structural information, such as a radical's form or its position 

(e.g., Ding, Peng, & Taft，2004; Ding, Taft, & Zhu，2000; Lai & Huang, 1988; Li, 

1998; Li & Chen, 1999a; Li & Chen, 1999b; Taft, 2006; Taft & Zhu，1997; Taft，Zhu, 

& Ding，2000; Taft, Zhu, & Peng，1999; Tsang & Chen，2009; Yeh & Li, 2002). In 

the first two categories, researchers explored the nature and the time course of 

orthographic effects through manipulating the information of a radical as a radical. 

However, in the third type of studies, the roles of orthographic processes were 

investigated through manipulating the information of a radical as a character, i.e. the 

information of a radical's simple character version (e.g., Ding et al., 2000; Ding et al., 

2004; Lee, Tsai, Huang, Hung, & Tzeng, 2006; Perfetti & Tan，1999; Zhou & 

Marslen-Wilson, 1999b). 

1.2.1 Orthographic effects through manipulating the radical's functional information 
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In recent years, many researchers have paid attention to the effects of radicals' 

functional information in compound character recognition. In the studies focusing on 

this issue, researchers usually manipulate combinability of a semantic or phonetic 

radical, which refers to the number of characters that share a semantic radical, or the 

number of characters that share a phonetic radical. Both behavioral and 

neurophysiological studies have confirmed the effects of radicals' combinability on 

visual character recognition. Besides, most neurophysiological evidence reveals that 

the radicals，combinability has an early effect on character processing, around 200 ms 

after the stimulus onset (e.g., He et al., 2006; Hsu et al.，2009; Lee et al., 2004; Lee et 

al.，2007). Because a radical's combinability to some extent reflects the density of 

orthographic neighborhood of a character that contains this radical, some researchers 

(e.g., Lee et al., 2004) argue that these findings demonstrate that the orthographic 

information could exert influence in the early stages of character processing, i.e. 

before the semantic processing of the character. 

1.2.2 Orthographic effects through manipulating the radical 's structural information 

The primary concern of the structural approach is not the functional roles 

radicals play but how radicals are represented in the mental lexicon, i.e. position-

specific or position-free. One proposal concerning this argument assumed that each 

radical is represented with positional codes in human mental representations. 

Accordingly, radicals such as “日” embedded in characters “明 ming2, bright", ”早 

zao3, morning","晶 jingl, crystal", etc, have distinct representations and each of 

them carries its positional information in the corresponding character. 

Evidences of position-specific radical representations were reported by Taft 

and his colleagues (e.g., Ding et al., 2004; Taft et al., 1999; Taft & Zhu, 1997). Taft 
、 丨‘. 

and Zhu (1997) discovered that radical frequency affected the reaction time (RT) of 
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characters in a lexical decision task (LDT). The decision time to items with radicals 

appearing in many characters (i.e. radical frequency is high) was faster than to those 

with radicals appearing in only a few. However, the frequency count was found to be 

position-dependent. In other words, only when an item shared a particular radical with 

a larger number of characters remaining in the original positions of that radical, its RT 

was faster. In contrast, when an item shared a particular radical with a larger number 

of characters in which the radical appeared regardless of positions, no facilitation 

effect was found, relative to its control condition. A similar evidence of position-

specific radical effects was also found in Ding, Peng, and Taft (2004)，in which a 

primed character decision task was used. Results revealed facilitative priming when 

the prime and the target shared the radical at the same position (e.g., “躯 qui, body" 

can prime ‘‘枢 shu 1，pivot"), but no such effects were observed when the shared 

radical appeared in a different position (e.g., “欧 oul, Europe"can not prime"枢”). 

Given this evidence, it seems reasonable to conclude that radical positional 

information plays an important role in visual character recognition. However, when 

considering the findings for the effects of position-free radicals (e.g., Lai & Huang, 

1988; Li & Chen, 1999b; Tsang & Chen, 2009; Yeh & Li，2002), the situation 

becomes complicated. One such study was conducted by Yeh and Li (2002), who 

used visual search paradigm. In this study, participants were requested to search a 

target character (e.g.,納 na4, bring into) either in an array of radical-sharing 

characters or in a set of structure-matched control characters. Results revealed that it 

t 

was more difficult to search a target (e.g.,純 chun2, pure) among a series of 

characters sharing with the target character the same radical “糸，’ at the same position 

than among an array of control characters (e.g., ‘‘缺 quel, lack"). More specially. 
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even among a set of characters sharing the same radical with the targets, but in a 

different position (e.g., ‘‘素 su4, plain”)，the search task became more difficult than 

among its control characters (e.g.,"旁 pang2, side’’). If the claim of position-specific 

radical representation was right, “素” should not produce significant interference in 

detection of “納” because radical “糸” in “納” and “素” would have distinct 

representations which should not interfere with each other. 

Another set of evidence against the view of position-specific radical 

representations comes from studies adopting an illusory conjunction paradigm (e.g., 
A 

Lai & Huang, 1988; Li & Chen，1999b; Tsang & Chen’ 2009), where several 

characters (usually called source characters) were presented briefly, either serially 

using a rapid serial visual presentation technique or simultaneously. After the source 

characters, a probe character will be presented and participants are required to report 

whether they have seen it. Often, the relationship between source characters and the 

probe will be manipulated. Using this technique, Tsang and Chen (2009) found that 

participants were more likely to illusorily report ‘‘和 he2, and" after the brief 

presentation of source characters ‘‘秋 qiul, autumn" and ‘‘吐 tu4, spit" even when the 

radical's position was mismatched (Experiment 1). Moreover, it was found that even 

when sharing only a single radical between the probes (‘‘稻 jie2’ straw" or “頗 jie2’’） 

and source characters ("結 jie2’ knot" and ‘‘栓 shuanl, plug"), either at the same 

position (‘‘稍，’）or at another (“領，，)，it was enough to generate an illusory character. 

This finding is clearly inconsistent with the position-specific account of radical 

processing. In accordance with the position-specific view of radicals, we predict that 

no illusory characters with cross-positioned radicals should be perceived, because 

radicals in different locations are separately represented and should not be confused 
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with each other. Given these inconsistent findings, nowadays, researchers are looking 

for the possible reasons. For instance, some researchers (e.g.，Tsang & Chen, 2009) 
‘ « 

argued that the material composition might be an important factor to account for the 

different effects of radical positions. However, little research has been conducted to 

follow this argument. 

人 2 Effects of a radical 's simple character information on compound character 

recognition 

When a radical itself is a legal simple character (e.g., ‘‘曰 ri4, sun" and ‘‘月 

yue4, moon" in “明”)，the question is usually raised concerning whether the 

orthographic information of its character version would play a role in compound 

character processing, and if it could, what the relationship between it and its radical 

version is. As for these issues, Ding et al (2004) reported the priming effect of simple 

characters in processing of compound characters. It was found that pre-exposure of 

the simple-character prime (e.g., “乏 fa2, tired") facilitated recognition of a 

compound character (e.g., bianl") in which the simple character was used as a 

radical (Experiments 1 and 2). This priming effect was not due to the similarity in 

features between the prime and the target because a similar prime ‘‘之 zhil，，indeed 

inhibited processing of “赵” (Experiment 2). Besides, researchers also found that even 

the semantic information of a radical's simple character version could be activated 

during the compound character processing (e.g., Lee et al., 2006; Zhou & Marslen-

Wilson, 1999b). 

Concerning the relationship between representations of a simple character and 

its radical version, different models have different views. In some models, researchers 

(e.g.. Ding et al., 2004; Taft, 2006) assume that when a radical is a simple character, 

its character level-and radical level representations are combined together into one 
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position-free "simple character" representation in orthographic representation of 

Chinese characters. However, in other models (e.g., Perfetti & Tan, 1999)，researchers 

suggest a kind of redundancy that gives simple characters both independent and 

compositional representations. Next, we introduce these models in detail. 

1.2.4 Relevant models 

Among models illustrating the identification course of character recognition 

(e.g., Perfetti, Liu, & Tan, 2005; Taft, 2006; Zhou, Shu, Bi, & Shi，1999)，the 

Multilevel Interaction Activation Model proposed by Taft and his colleagues (see a 

review, Taft, 2006), elaborates orthographic processing most extensively. Given the 

findings that both position-free and position-specific radicals could exert influence on 

character recognition, this model first confirms the existence of both kinds of radical 

representations and then describes the relationship between them, as well as the time 

course of the whole character processing (see Figure 1). 

There are three subsystems in this model: orthography, phonology, and 

semantics. In the orthographic subsystem, a hierarchical activation framework is 

proposed. A visually presented character first activates visual feature unites 

representing strokes or stroke intersections, etc. Then the activating information 

activates form-level units presenting the relevant radicals, which in turn sends 

activation information onto form-level units representing characters that contain those 

radicals. Two points in this model need to be noted. First, when a radical is a simple 

character, the representation of its simple character version is the same as its radical 

version. Second, radicals are explicitly represented and the representations are 

position-specific. A compound character is recognized via position-specific 

representations of its radicals and these，in turn, are activated through an abstract 

position-free radical associated with its positional information. 
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Figure 1 - Multilevel Interaction Activation Model (Taft, 2006). 

Actually, even models holding on the view of interactive-activation (e.g., 

Perfetti et al., 2005; Zhou et al., 1999) also assume that before processing the whole 

character information, it is the radical that is activated first. This activation is then 

input into the orthographic system which interacts with phonological and semantic 

systems. Moreover, one of such interaction models (Perfetti's interactive constituency 

model) also predicts a complex relationship between simple and compound characters 

in which the simple characters are used as radicals. Both simple and compound 

characters are organized in the same character orthographic sub-system, implying 

occurrence of facilitation and inhibition between compound and simple characters. 

The pattern of facilitation and inhibition depends on connection parameters that 

reflect the consistency and validity of radical versions of simple characters and 

compounds applied to phonological and meaning subsystems. However, in these 

interactive models, the relative importance and the relationship between position-free 

and position-specific radicals have not been mentioned. In fact, many points proposed 
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in these models, especially for issues regarding the time course of character 

processing, are still being debated. Next, we try to summarize the existing findings 

about the time course of orthographic processing in Chinese character recognition. 

The time courses for the effects of different levels of orthographic information 

With reference to the time course of orthographic processing, prior research in 

visual character recognition was mainly conducted along three directions. The first 

compared orthographic processing directly with phonological and/or semantic 

processing (e.g., Chen, Flores d，Arcais, & Cheung, 1995; Chen & Shu, 2001; Liu, 

Perfetti, & Hart, 2003; Perfetti & Zhang’ 1995; Tan, Hoosain, & Peng，1995; Wong & 

Chen，2000; Zhou & Marslen-Wilson，1999c). In this set of studies, the priming 

paradigm was often used and evidence showed that the orthographic effects emerged 

earlier than phonological and semantic processing and, in fact, it was within the initial 

phase of visual character processing. 

The second set tested whether the direction of activation was from radical-to-

character or the reverse. With regard to this issue, there was evidence showing that 

processing of the radical was earlier than that of the whole character (e.g., He et al., 

2006; Hsu et al.，2009; Lee et al., 2004; Lee et al., 2007; Liu et al., 2003; Yeh & Li, 

2004). These findings provided empirical support for models holding on the view of 

radical-based inputs (Perfetti et al.’ 2005; Taft, 2006). However, there was also the 

opposite evidence supporting that the primary direction of activation was from 

character to radical rather than the opposite (e.g., Chen, 1984, 1987; Liu, Wu, Sue, & 

Chen, 2006). In addition, some researchers argued that whether it was from radical-to-

character or the reverse might depend on the familiarity of a character (e.g., Peng & 

Wang，1997; She & Zhang, 1997). High frequency characters might be processed 

holistically without retrieval of radicals. To explore the activation direction between 
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radicals and characters, previous studies are often conducted from two aspects. A few 

studies compare the time points between character and radical processing directly 

(e.g.’ Chen, 1984, 1987; Liu et al.，2006; Yeh & Li, 2004). Most research explores 

this issue through manipulating radical information to examine whether these 

manipulations could evoke change of some earlier ERP (event-related potential) 

components which are well-known to reflect the processing before retrieval of the 

whole character information (e.g.. He et al., 2006; Hsu et al.，2009; Lee et al.，2004; 

Lee et al., 2007; Liu et al., 2003). � 

The last set was to explore the time course for processing of position-specific 

and position-free radicals. Though Taft (2006) predicted the activation was from 

position-free radicals to position-specific radicals, the findings of the only relevant 

research, conducted by Lin, Zhao, Weng, and Chen (unpublished manuscript)，tended 

to support the opposite view, i.e. the direction of activation was from position-specific 

radicals to position-free radicals. 
• / 

1.2.6 Summary of the current findings 

In sum, prior studies on Chinese have indeed provided some basic information 

about orthographic processing in visual character recognition. First, it was shown that 

a radical's semantic/phonetic combinability could influence character processing. 

Second, researchers didn't know the reasons for the inconsistent findings across 

different studies, but available results at least indicate that both position-free and 

position-specific radical information could exert influence on character recognition in 

some particular situations. Besides, when a radical itself was a legal simple character, 

‘the orthographic information of its character version could facilitate the compound 

character processing when the priming paradigm was used. Finally, no matter whether 

a radicaPs semantic/phonetic combinability was manipulated or a character's 
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structural information was manipulated, the studies have provided evidence of the 

early orthographic activation in Chinese character recognition, and such activation 

occurred before characters' phonological and semantic processing (e.g., Chen & Shu’ 

2001; Hsu et al.’ 2009; Lee et al.，2004; Lee et al., 2007; Liu et al.，2003). 

Without any doubt, these findings on Chinese character recognition have 

provided some important information to enhance our understanding of Chinese 

orthographic processing. But, note that the available findings are far from clear 

- 今一’• 

enough to finally crack the orthographic codes in Chinese character recognition. In 

fact，there are still many unsettled issues regarding the effects for different levels of 

orthographic information in Chinese. 
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Chapter 2 

Issues in Debate 

2.1 Radical representation: position-free or position-specific 

Findings on whether radicals are represented with positional information have 

been inconsistent in previous studies. Some research found strong positional 

constraints on radicals (e.g.. Ding et al.，2004; Taft et al.，1999，2000; Taft & Zhu, 

1997)，while some others emphasized the importance of position-free radicals in 

character recognition (e.g., Tsang & Chen, 2009; Yeh & Li, 2002). Combining prior 

findings with their results, Tsang and Chen (2009) proposed one possible reason for 

the inconsistency in views on the effects of radical positions, that is, the composition 

of materials. Materials in the studies showing strong positional effects usually 

contained illegal characters as fillers. In contrast，studies not employing such 

materials showed the significant effects of position-free radicals instead of position-

specific radicals (e.g.，Lai & Huang, 1988; Li & Chen, 1999a; Tsang & Chen，2009; 

Yeh & Li，2002). Why is composition of materials so important to reveal the radical 

position effects? Often, illegal characters are generated by violating one or some of 

Chinese orthographic rules. As argued by Tsang and Chen, this may be because the 

whole setup in studies employing illegal characters sensitizes participants to any 

features that could effectively distinguish legal lexical items from illegal ones. One 

such useful feature might be the radical position and it is possible that participants in 

the LDT rely heavily on it once they realize the structure of illegal characters. On the 

contrary, when no such illegal characters are involved, participants w川 not weigh 

positional information strongly during character processing because there is no 

contrast coming from illegal characters any more. This then leads to the report that 
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position-free radicals become the critical information in Chinese character recognition. 

In other words, the use of positional information is more strategic than automatic. 

However, regretfully, it is just a hypothesis that the material composition 

could influence the effect of radical positions. Actually, there is no direct evidence for 

this. Besides, one thing that deserves to be noted is that when illegal characters were 

used as fillers, the accompanying task was always the LDT in previous studies. Since 

demand of the LDT itself would attract participants' attention to the structure of a 

character, it possibly still has the ability to enlarge the effects of radical positions on 

character recognition. As the structural information is useful to discriminate illegal 

characters from real ones, more attention may be paid to radical positions in order to 

make a right and/or fast decision. Thus, it is not clear whether the strong positional 

effects are only due to the composition of materials or just because of the demand of 

the LDT. To explore this issue is important in that it could reveal real reasons for the 

strong effects of radical positions in character recognition and finally enhances 

development of models of orthographic processing in Chinese. 

2.2 The nature and the time point for the effects of a radicals simple character 

information on compound character recognition 

Some theories have been proposed about the relationship between simple and 

compound characters in which the simple character is used as a radical (Perfetti & 

Tan, 1999; Zhou & Marslen-Wilson，1999b). But only a few studies have been 

conducted on this issue and, in these studies, only the priming paradigm has been used 

(Ding et al.，2004; Liu et al., 2006). However, in order to finally reveal the nature of 

the effects of a radical's simple character version on compound character processing, 

we need to conduct more studies with a variety of paradigms. In addition, as a 

technique with high temporal resolution, the wide usages of ERPs make us consider 
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when and how the radical's simple character information affects the compound 

character processing and this has not been answered in previous studies. Finally, with 

reference to the relationship between representations of a simple character and its 

radical version，it is still an open question whether they share the same one position-

free “simple character” representation or not (Perfetti et al.’ 2005; Taft, 2006). 

2.3 The time course for the effects of different levels of orthographic information 

Though Taft (2006) has described the time sequence for the effects of the 

different levels of orthographic information in visual character recognition，many 

issues related to this time course have not been settled as yet. In fact, available 

evidence could only conclude an early orthographic activation in reading Chinese 

characters, and this activation occurs before both phonological and semantic 

processing of those characters (e.g.，Chen & Shu, 2001; Lee et al., 2007; Liu et al., 

2003). With regard to the time course within the orthographic system itself, many 

issues are yet to be resolved. 

First, it is not clear whether orthographic activation is from character to radical 

or the reverse (e.g.’ Liu et al., 2006; Yeh & Li, 2004). Second, given both position-

free and position-specific radicals have their own representations, as assumed in Taft 

(2006)，there is still no consistency about the issue regarding the direction of 

activation. According to Taft 's model (Taft, 2006), the activation direction should be 

from position-free radicals to position-specific radicals. But the findings of Lin et al. 

(unpublished manuscript) tended to support the opposite view, i.e. the activation is 

from position-specific radicals to position-free radicals. Using ERP technique, Lin et 

al. found that processing of position-specific radicals occurred almost 100 ms before 

position-free radicals. However, it should be noted that these findings were obtained 

by observing and comparing the radical effects in processing of non-characters and 
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pseudo-characters. In this design, radicals embedded in illegal characters have been 

separated from real characters and, more importantly, effects of radicals were 

investigated under this separating condition. Consequently, it is really unclear whether 

the findings of Lin et al. could be applied in daily life situations when radicals are 

embedded in real characters. Finally, given the possibility that the composition of 

materials and/or tasks might influence the effects of radical's position, this then 

induces the question regarding the time course for radical position effects in character 

recognition, that is, whether the time course could remain the same across the 

experiments with different tasks and/or different materials? 
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Chapter 3 

The Present Study 

In view of the above mentioned questions, the present research was designed 

to examine: (1) the possible influence of stimulus composition and nature of task in 

the radical processing, including its time courses; (2) the nature and the time point of 

the effect of simple characters during processing of compound characters in which 

simple characters were used as radicals; (3) the possible direction of the orthographic 

activation between characters and radicals; (4) the possible time sequence for the 

effects of position-free and position-specific radicals and whether such time sequence 

was the task specific mechanism. 

A total of four experiments were conducted in the present research. The first 

two (Experiments 1 and 2) were behavioral experiments conducted to investigate 

effects of different kinds of radicals on visual character recognition as well as the 

influence of the task and the composition of materials on these effects. In Experiment 

1，the LDT was used. As a classical task, lexical decision could provide an 
I 

opportunity to compare the current results with prior ones. But, note that，lexical 

decision itself could possibly enlarge the effects of position-specific radicals. Hence， 

it is necessary to employ another task to verify whether the effects of position-specific 

radicals are still the same, after avoiding the influence of the LDT. Moreover, the 

radical effects could be observed only when characters are processed consciously in 

the LDT. In order to investigate the effects of radical information by observing the % 

character processing under the automatic operation conditions, an implicit task, the 

position decision task (PDT), was used in Experiment 2. The importance of this 

implicit task (i.e. PDT) is not only to ensure character processing is not affected by a 

linguistic task, but also to avoid the explicit processes of stimuli. Besides, within each 
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of these two experiments, there were sets of sub-experiments, among which the types 

of fillers had been varied systematically. Through this design, effects of stimulus 

composition on radical processing could be investigated by comparing the results of 

that particular set of sub-experiments. 

Following the first two experiments, Experiments 3 and 4 were consequently 

conducted to examine the roles of different kinds of radical information in Chinese 

character recognition. Moreover, if these different kinds of radical information could 

indeed influence character processing, then we wanted to investigate how these kinds 

of radical information modulated ERPs generated during visual character recognition, 

so as to reveal the relative time courses in character and radical processing, such as 

whether the direction of activation is from position-free to position-specific radicals, 

as proposed by Taft (2006). The ERP technique is particularly useful for the current 

purpose because it is a technique with high temporal resolution, which allows the 

continuous monitoring of radical effects. Again, LDT was used in Experiment 3 and 

PDT was used in Experiment 4. Then, by comparing Experiments 3 and 4’ whether 

the task could influence the effects of radicals on character recognition, and whether it 

could influence time courses of these effects could be investigated. Moreover, in 

Experiment 4，the type of fillers had been varied so that influence of stimulus 

composition on the radical effects, as well as on the time course for their effects, 

could be further examined. 

To be specific，in all of these experiments, we manipulated three kinds of 

frequencies of radicals: radical frequency (RF), position-specific radical frequency 

(RPF)，and the frequency of a radical as a character (RCF). The RF refers to the 

number of characters that contain a particular radical no matter which position it is in 

the character and which ftinction it takes, whereas RPF is the number of characters 
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that contain a particular radical in a particular position, regardless of its function. For 

instance,巾 occurs as a radical in 80 different characters; however, when it is used 
i 

specially as a right-hand radical,巾 appears only in 1 character. Thus, the RF of 

radical “ 巾” is 80 characters, whereas its RPF in right hand is 1 character. 

Basically, these two kinds of type frequencies (i.e., RF and RPF) could be 

assumed to correspond to the orthographic neighborhood size in alphabetic languages, 

to some extent. For instance, the definition of orthographic neighborhood size is the 

number of words that are formed by changing one letter of the target stimulus while 

preserving letter positions (Coltheart, Davelaar, Jonasson, & Besner, 1977). Under 

this definition, letter position is taken into account as an important factor for word 

recognition. In contrast，in this study, both position-specific and position-free radicals 

have been taken into account. This is because by comparing the effect of RPF with 
that of RF, the relative importance of radical position could be examined. Besides, the 

1 

design of the present study follows the logic in prior studies to investigate the 

direction of orthographic activation between characters and radicals. That is, we 

manipulate orthographic information of a radical as a radical, i.e., RF and RPF, and 

then check whether these manipulations could evoke change of some earlier ERP 

components which are proved to reflect the processes before processing of the whole 

characters. 

The final radical frequency measured is the RCF. This is a type of token 

frequency for a radical because when the radical is used as a character in its own right, 

its character frequency is labeled as the RCF. It indicates how frequently a radical 

appears when it is used as a character. For example, when used as a character (the 

meaning is "towel"),巾 of “帅” has a frequency of 32 per million. Following this 
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design, the possible influence of the information of a radical as a character could be 

examined during processing of compound characters. 
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Chapter 4 

Experiments 

4.1 Experiment 1 

Two behavioral experiments were conducted to provide a brief overview of 

effects of RF, RPF and RCF on character processing, as well as the influence of 

stimulus composition on these effects in LDT. A similar behavioral study (Taft & Zhu’ 

1997) was conducted on visual character recognition after manipulating RF and RPF. 

However, given the limitations of the study of Taft and Zhu (1997), the need to 

conduct these two experiments was felt in three aspects. First, the study of Taft and 

Zhu failed to produce the consistent results about the role of RF as compared to Li 

and Chen (1999b). In Taft and Zhu, no difference was found between the decision 

times of the characters with high and low RF, whereas in Li and Chen, results showed 

that the RF could influence character processing, with response to high RF items 

being faster than to low RF characters. 

Besides these controversial results, another limitation of Taft and Zhu (1997) 

was that the manipulation of RPF might have been confounded by RF. This is because 

the method to count the radical position frequency in previous document (Chinese 

radical position frequency dictionary, 1984) is based on the radical's emergence order 

in a character, but it does not take its exact position into account. For instance, as a 

right hand radical, the radical position frequency of ‘‘ 巾’，is one character but 

according to the method based on the radicals emergence order, as a right hand 

radical, RPF of “巾” may be two, but not one. This is because such a calculation 

p 

includes not only the two-radicals character with horizontal structure when “巾 ” is in 

the right position, such as “jl巾”，but also the one with vertical structure when “ 巾 ” 

emerges in the bottom position, such as “吊”.In these two characters, the writing 
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order of the radical •巾” is the same, as the second component of characters. So 

adopting this incorrect method to calculate the RPF may be responsible for the failure 

to discriminate effects of the RPF from those of the RP in visual character recognition. 

The final and the most important one is that in the present experiments, the 

composition of materials has been taken into account. This is because it may be the 

critical factor to cause inconsistency in effects of radicals across different studies (e.g., 

Li & Chen, 1999b; Taft & Zhu, 1997) as discussed in Tsang and Chen (2009). 

However, regretfully, no research has been conducted to follow this hypothesis and 

actually, these two experiments are among the first to investigate this issue. As 
» 

discussed before, the reason under the effects of stimulus composition on radical 

processing may be due to the different degrees at which different kinds of fillers 

sensitize participants to the information about the radical position. The more salient 

the radical position information in the fillers is, the stronger the radical position 

effects are. 

In order to examine this hypothesis, two kinds of illegal characters varied in 

salience of radical positions were manipulated in the current experiments. Experiment 

la used non-characters as fillers, whereas Experiment lb adopted pseudo-characters 

as fillers. Non-characters were constructed by reversing the radicals in real characters. 

In other words, the non-characters would be the real ones, once we change the left 

radical to the right and the right radical to the left in horizontal structures, or when we 

change the bottom to the upper and the upper to the bottom in vertical structures (see 

Figure 2). Therefore, all the radical positions in non-characters were reverse of their 

positions in real characters. In contrast, pseudo-characters were constructed by 

arranging the real radicals from existing characters into illegal combinations which do 

not exist in the Chinese corpus, but the radicals occupied their normal positions (see 
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Figure 3). Actually, the pseudo-characters did not violate any orthographic property 

or rule of the Chinese language. 

柬i 
Figure 2- Example of the non-character. 

么更• 
Figure 3- Example of the pseudo-character. 

Therefore, if the composition of materials is the critical factor to influence 

radical effects through modulating the salience of radical positions, significant RPF 

(but not RF) effects would be found in Experiment la, because participants may 

perhaps only need to rely on radical position information to make a decision, once 

they realize the composition of non-characters. In contrast, when participants are 

required to distinguish pseudo-characters from real characters, because pseudo-

characters don't violate any obvious orthographic rule or property such as radical's 

form or position, the difficulty to distinguish pseudo-characters from real characters 

may induce any possibly useful information that could guide the decision may be 

retrieved. Therefore, both position-free and position-specific radicals have 

possibilities to be activated and then affect character processing. Consequently, we 

would observe both RF and RPF effects in Experiment lb. 

Besides, In some prior studies conducted on alphabetic languages (e.g., 

Dunabeitia, Perea, & Carreiras, 2007), the constituent (it is a word) frequency could 

facilitate compound word processing: compound words containing high frequency 
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constituents had faster RT as compared to those with low frequency constituents. In 

Chinese character recognition, we hypothesize that a similar result would be found. 

So we would observe a significant effect of RCF on compound character processing. 

4.1.1 General Method 

In Experiments la and lb reported here, the same real characters, apparatus, 

overall design, and procedures were employed. These experiments differed only in 

fillers chosen. A general method for these two experiments, including details of the 

fillers, is described in this section. 

4.1.1.1 Subjects 

Forty eight native-Mandarin speakers (26 females and 22 males; aged between 

20 and 25 years, with mean age of 22.4 years) from South China Normal University 

were paid to participate in these two experiments (24 in each experiment). All 

participants had normal or corrected-to-normal vision. 

4.1.1.2 Materials 

To avoid confusion between RPF and RF，an online database of Chinese 

characters (ISO 10646) was adopted to establish experiment materials. After inputting 
、 

a radical into this database, all characters that contained this specific radi^alv^ere 

displayed; the number of displayed characters was considered as the RF of that radical. 

Furthermore, among these characters, the number of characters in which that radical is « 

in a specific position such as left/ right/ upper/ bottom was marked as its RPF in the 

corresponding position. 

Since three pairs of conditions were included, as described in the introduction, 

six sets of compound characters were designed (see Appendix A). For each pair of 

conditions, items were designed in pairs, and only one of the radical frequency 

measures varied while the other two were held constant and matching the target 
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character frequency (CF), as well as the stroke number (SN>. Table 1 shows the basic 

information of experimental variable and the other controlling variables in each pair 

of conditions. 

Table 1- Stoke number (SN), Character frequency (CF), Position-specific radical 
frequency (RPF), Radical frequency (RP), and Radical's simple character frequency 
(RCF) in each experimental condition. 

SN CF RCF RF RPF SELECTION 
CRITERIA 

Pair 1 HRPF 8.5 46.8 245.6 45.8 28.4 14=>X<=74 

LRPF 8.4 48.2 244.6 46:9 4.2 1=>X<=9 

Pair 2 HRF 8.1 25.7 268 113.8 5.9 60=^>X<=178 

LRF 8.5 24.8 263.2 15.9 5.8 4=>X<=34 

Pair 3 HRCF 8.6 36.6 2674.1 22.9 5.9 272=>X<=2 丨 884 

LRCF 8.8 34.8 66.4 23.5 6.9 H=>X<=丨 k 

Note: H-high; L-low; Selection criteria are suitable for the experimental variable in 
each condition. 

For instance, between the two conditions HRPF and LRPF, only the RPF was 

different. According to the database of ISO 10646，RPF was larger than 14 characters 

for the HRPF condition, and smaller than 9 characters for the LRPF condition. A 

pa i r edJ j^ t revealed that the difference between HRPF and LRPF items was 

significant, /(17) = 6.25,/? < .001. Besides, the HRPF and LflPF items were matched 

on RCF, RP, CF and SN. Statistical results revealed no significant difference between 

HRPF and LRPF items for any of the controlling factors {ps > .4). Because it proved 

difficult to find pairs of characters that were matched on all relevant factors, only 18 

pairs were included. 
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Similarly, HRF and LRF conditions varied only on RF. According to the 

database of ISO 10646, RF was always larger than 60 characters for HRF condition, 

and was always smaller than 34 for LRF condition. The difference between them was 

significant, /(19) = 10.55, p < .061. HRF and LRF items were approximately matched 
/ 

overall on RPF, RCF, CF and SN. Again, paired /-tests did not reveal any significant 

difference between the two levels of any controJIing variable {ps > .2). In total, 20 

pairs of compound characters were found to satisfy the entire requirements. 

Finally, the situation was the same for the last two conditions, HRCF and 

LRCF. Only RCF was different between them. According to lytodern Chinese 

frequency dictionary (1990), in the HRCF condition, RCF was always larger than 272 

per million, while in the LRCF condition, it was always smaller than 132 per million. 

The difference was significant, /(19) = 2.2, p< .05. The HRCF and LRCF items were 

approximately matched on RPF, RF, CF and SN. Paired /-tests did not reveal any 

significant difference between the two levels of any controlling factor (/)s > .3). 
r" 

Twenty pairs of compound characters were found to satisfy all the requirements. 

Therefore, totally 58 pairs of compound characters were included. Almost all 
9 

the characters were composed of two radicals, 88% of which were horizontally 

structured and 12% were vertically structured. Besides, in order to counterbalance the 

yes and the no responses in LDT, a total of 116 non-characters (Experiment la) or 

pseudtf-characters (Experiment 1 b) were used. Again, 88% of non-characters or 

pseudo-characters were of horizontal structure，and 12% were of vertical structure. 

All stimuli, including non-characters or pseudo-characters, were printed in simple 

Kai-Ti font, 1.5 cm in both length and width for each stimulus. Characters subtended 
i 

a visual angle of about 1.2 degrees around the fixation. 

4.1.1.3 Procedure 
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Each trial began with a fixation point “+” at the centre of the screen for 500 « 

ms, followed by a blank that also lasted for 500 ms. Then a stimulus (a character or an 

illegal character) appeared on the screen until the decision button was pressed. 

Participants were asked to indicate whether or not the stimulus displayed here was a 

real character and to respond as quickly and accurately as possible. Stimuli were 

randomly divided into 8 blocks, each containing 29 items. Each item was randomly 

presented across ail blocks. Besides, two versions were constructed. One version 

made the key ‘‘f ’ to correspond to ‘‘Yes，’ and “j’，to ‘‘No’’, whereas, the other version 

allocated keys in the reverse order. 

4.1.2 Results of Experiment la 

Mean RT and correct rejection rates for non-characters were 606 ms (SD = 

193) and 96.4% (SD = 0.19)，respectively. Table 2 displays mean RT and accuracy for 

characters in the three pairs of conditions. Paired "tests were performed to compare 

mean RT between each pair of conditions. Although items in the HRCF condition had 

a tendency to be faster than the characters in the LRCF condition, it proved not 

significant in both by-subject (/]) and by-item analyses (/^), t\ (23) = 1.34,/? > .05; 

(19) = 1.46,/? > .05. Similarly, no significant difference was found between HRF and 

LRF (both /s < 1). However, the character decision time for HRPF items was faster 

than LRPF items, t\ (23) = 2.33，p < .05; (17) = 1.87，p = .078. 

in addition, the paired /-tests performed on accuracy showed a higher degree 

of accuracy in the HRPF condition than in the LRPF condition, t\ (23) = 2.63’ p < .05; 

(17) =1.87’/) = .079. Apart from this, no other significant results were found in the 

accuracy analyses (ps > .05). These results indicate that when non-characters are used 

as fillers, it seems that only the radical position information is available for readers to 

discriminate non-characters from real characters. -
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Table 2- Mean RTs (ms) and accuracy rates for the characters of Experiment 1 a in 
three pairs of conditions. 

Pair 1 Pair 2 Pair 3 

Condition HRPF LRPF HRF LRF HRCF LRCF 

RT 563 
(61) 

587 
(80) 

566 
(70) 

569 
(73) 

562 
(71) 

580 
(86) 

Accuracy .988 
(.028) 

.961 
(.058) 

.981 
(.029) 

.965 
(.048) 

.975 
(.047) 

.977 
(.036) 

Note: Standard deviations are shown in parentheses. 

4.1.3 Results of Experiment lb 

Mean RT and correct rejection rates for pseudo-characters were 727 ms (SD = 

264) and 83.1% (SD = 0.37), respectively. Table 3 contains mean RT and accuracy 

for characters in the three pairs of conditions. Paired /-tests were performed to 

compare the mean RT between each pair of conditions. The results showed that 

HRCF items were associated with the faster character decision response (than the 

LRCF items), but did not reach significance by items, t\ (23) = 3.58,/? < .05, (19)= 

1.74,/7 > .05. As anticipated, the RT for characters in the HRF condition was faster 

than that in the LRF condition, /, (23) = 2.59,/?< .05; ,2(19) = 2 . 5 0 , . 0 5 . Again, 

the faster RT was found in the HRPF condition when it was cosnpared to the LRPF 

condition, (23) = 4.57，p < .001; / . ( I?) = 2.49’p < .05. 

Besides, separate paired /-tests were carried out on accuracy which revealed a 

significantly higher degree of accuracy in the HRPF condition over the LRPF 

condition, /, (23) = 5.37’ p < .001; ,2 (口）== 3.15，< .01. No other significant effects 

were found among the other two pairs of conditions in analyses of accuracy (ps > .05). 

These results indicate both the position-free radical and the position-specific radical 
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information could exert influence on character processing, when pseudo-characters 

are used as fillers. 

Table 3- Mean RTs (ms) and accuracy rates for the characters of Experiment lb in 
three pairs of conditions. 

Pair 1 Pair 2 

Condition HRPF LRPF HRF LRF 

RT 

Accuracy 

600 648 
(73) (109) 

.988 .921 
(.023) (.069) 

621 

(75) 
651 
(97) 

.973 .952 
(.042) (.070) 

Pair 3 

HRCF LRCF 

617 
(79) 

644 
(89) 

.971 .952 
(.049) (.058) 

Note: Standard deviations are shown in parentheses. 

4.1.4 Discussion 

After avoiding confusion between RF and RPF，the results confirmed the 

validity of radical position effects observed in Taft et al. (e.g., Taft et al., 2000; Taft & 

Zhu, 1997). If a compound character shared a radical with many other characters 

while preserving its position, it would be recognized more quickly than one sharing a 

radical in a particular position with a few characters. But, the radical position had not 

been considered; the radical effect was impacted by the composition of materials. The 

processing of a compound character sharing a radical with many neighbors, regardless 

of its position, was facilitated only when participants distinguished real characters 

from a set of pseudo-characters, but not from non-characters. 

The fact that the composition of materials can influence the RF effect is 
* 

compatible with the comparisons across studies in which it was significant when 

pseudo-characters were involved as fillers (Li & Chen, 1999b), and not significant 
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when non-characters were used (Taft & Zhu, 1997). As our hypothesis, one of the 

possible reasons for these results is that the structure of non-characters is different 

from that of pseudo-characters. In non-characters, the information that radical position 

is wrong will bias participants to pay more attention to radical position. Since it is so 

effective whenever participants use it, it may become the only index at last to guide 

the decision. Thus, other orthographic information such as radical form and radical 

combination would no longer be necessary. In contrast, when pseudo-characters are 

involved, the position of a radical is never the most useful information to guide the 

decision, because it is not the critical rule that has been broken in pseudo-characters. 

Given that pseudo-characters are so similar to real ones, any possibly useful 

information (e.g., radical's combination, form, and position or even the character's 

meaning) may be retrieved so as to make a right decision. 

But, note that there is still another possibility for the different effects of RF 

between different compositions of materials found here. It may be due to the different 

processing times triggered by different kinds of fillers in LDT. Relative to non-

characters, pseudo-characters are much more similar to real characters, and 

consequently participants may need more time to discriminate pseudo-characters from 

real characters in making a lexical decision. This could be shown in the overall RTs 

for all the stimuli in Experiments la and lb. For instance, the overall mean RT was 

588 ms in Experiment la, whereas it was 683 ms in Experiment lb (the difference 

was significant, t (23) = 3.26, p < .01). Given that the longer processing time indicates 

the deeper level of processing, it is possible that only when the characters are 

processed deeply, position-free radical information could be retrieved to exert 

influence. 
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However，since LDT must be accompanied by illegal characters and the 

composition of illegal characters is sure to be an important factor to influence the 

decision time，the design in Experiment 1 could not reveal which hypothesis is true. 

Thus, if we want to find the real reason for the effects of stimulus composition on 

radical processing, further experiments with tasks which could not be influenced by 

the composition of illegal characters should be conducted. 

Moreover, from another point of view，the present results appear to show that 

the effects of position-specific radicals are stable in LDT regardless of the material 

composition. However, one thing that deserves to be noted is that either non-

characters or pseudo-characters are the illegal characters constructed by destroying 

one or some of orthographic rules. It may be that once there are illegal characters, 

effects of position-specific radicals would be significant. The effect of illegal 

characters on radical position could be attributed to their construction, which is 

generated by destroying some kinds of orthographic rules. So, as the most useful 

orthographic information, it is not surprising that more attention may have been paid 

to radical positions. But note that because in this experiment, LDT and illegal 

characters are combined together, we can not extract the effects of illegal characters 

from those of the LDT. The LDT effect could be attributed to the demand itself, in the 

process of which the character orthographic rules have actually been emphasized 

greatly. Actually, prior studies also had a similar problem (e.g., Ding et al., 2004; Taft 

et al., 1999; Taft & Zhu’ 1997); when illegal characters were used as fillers, the 

accompanying task was always the lexical decision. Thus, it is not clear whether the 

strong position effects on radicals are only due to participants' awareness of the 

composition of illegal characters or just because of the demand of the LTD. 

Experiment 2 was consequently conducted to test this issue by employing another task. 
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the position decision task (PDT), while keeping the composition of materials the same 

as in Experiment 1 or changing it to another kind. 

4.2 Experiment 2 

Similar to Experiment 1, non-characters were used as fillers in Experiment 2a, 

and pseudo-characters were involved in Experiment 2b. The results of these two 

experiments would provide a contrast for those of the LDT so that the effects of task 

could be investigated. In Experiment 2c, geometric figures instead of illegal 

characters were used as fillers. Geometric figures used here provide an opportunity to 

further examine different kinds of radical effects in the situation when there are no 

LDT and no illegal characters. Experiment 2c is important in that when using fillers 

from another category, geometric figures, the issue whether the effects of position-

specific radicals are triggered by illegal characters could be investigated through 

comparison between the experiments with and without illegal characters. 

4.2.1 General Method 

In Experiments 2a-2c reported here, t h ^ a m e real characters, apparatus, 

overall design, and procedures were employed. These experiments differed only in 

fillers chosen. A genera丨 method for these three experiments is described in this 

section. 

4.2.1.1 Subjects 

Seventy two native-Mandarin speakers (42 females and 30 males; aged 

between 20 and 26 years, with mean age of about 23 years) from South China Normal 

University were paid to participate in these experiments (24 in each experiment). All 

participants had normal or corrected-to-noimal vision. None of them had participated 

in the previous experiments. 

4.2.1.2 Materials 

f. 
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The same real characters as in Experiment 1 were used in this experiment also. 

Besides, non-characters, pseudo-characters, and geometric pictures were used as 

fillers in Experiments 2a, 2b and 2c, respectively. Non-characters and pseudo-

characters were the same as in Experiments la and lb. The geometric figures were 

composed of different lines with various lengths, directions, and etc. (see Figure 4). 

The complexity of geometric pictures corresponded to that of characters, matching the 

number of lines in a picture with the number of strokes in a character. For instance, if 

there was one character with 4 strokes, there would be one geometric picture with 4 

lines. The size of all stimuli including real characters and fillers was around 1.9 cm in 

both length and width. Stimuli subtended a visual angle of about 1.4 degrees around 

the fixation. All real characters, non-characters and pseudo-characters were printed in 

simple Kai-Ti font. 

J " " " " L 

Figure 4- Example of the geometric figure 

4.2.1.3 Procedure 

At the very beginning, a cross was displayed at the center of the screen for 500 

ms. Around 500 ms later, a stimulus (a character or a filler) was presented for 200 ms. 

It wasn't at the center of the screen, but slightly to the right or the left. The misaligned 

stimulus subtended a visual angle around the central fixation which did not exceed 2 

degrees. So it was still within the central vision field. Immediately after its offset, a 

mask with the size large enough to cover all positions of stimuli appeared for a 



Accuracy .968 .975 .985 .990 .977 .985 
(.059) (.052) (.031) (.033) (.047) (.023) 

Note: Standard deviations are shown in parentheses. 

4.2.3 Results of Experiment 2b 
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maximum of 2000 ms. Participants were required to judge whether the target stimulus 

appeared on the right or the left, relative to the central fixation, and respond as 

accurately and quickly as possible when they confirmed the position. 

There were two versions of stimuli. The only difference between these two 

versions was the position of stimuli. If the stimulus was presented on the left position 

in one version, it would be on the right in the other. Each subject was tested on only 

one version. 

4.2.2 Results of Experiment 2a 

Mean RT and accuracy for non-characters were 359 ms (SD =110) and 97.5% 

(SD = 0.16), respectively. Table 4 displays mean RT and accuracy for characters in 

each pair of conditions. Paired /-tests did not reveal any significant difference 

between each pair of conditions, ps > .1，indicating that in spite of the same materials 

as in Experiment la having been employed, the effects of RPF were not significant 

any more when the PDT was used. 

Table 4- Mean RTs (ms) and accuracy rates for the characters of Experiment 2a in 
three pairs of conditions. 

Pair 1 Pair 2 Pair 3 

HRPF LRPF HRF LRF HRCF LRCF 

49 
56) 

49 
57) 

3 341 
(56) 

345 
5 

R 
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Mean RT and accuracy for pseudo-characters were 420 ms (SD = 140) and 

97.1% (SD = 0.17), respectively. Table 5 displays mean RT and accuracy for 

characters in each pair of conditions. Paired /-tests revealed the HRF items were 

associated with the slower RT, as compared to the LRF items, t\ (23) = 2.57, p < .05, 

/2 (19) = 3.08,/? < .01. Apart from this, no other significant effects were found (ps 

> .1). These results suggest that in a PDT, when pseudo-characters are used as fillers, 

only RF could exert influence on character recognition. 

Table 5- Mean RTs (ms) and accuracy rates for the characters of Experiment 2b in 
three pairs of conditions. 

Pair 1 Pair 2 Pair 3 

HRPF LRPF HRF LRF HRCF LRCF 

RT 398 396 407 394 405 404 
(76) (66) (76) (69) (71) (73) > 

Accuracy .965 .972 .975 .977 .977 .975 
(.059) (.046) (.033) (.039) (.053) (.036) 

Note: Standard deviations are shown in parentheses. 

4.2.4 Results of Experiment 2c 

Table 6- Mean RTs (ms) and accuracy rates for the characters of Experiment 2c in 
three pairs of conditions. 

Pair 1 Pair 2 Pair 3 

Condition HRCF LRCF HRF LRF HRPF LRPF 

RT 378 374 376 372 370 368 
(70) (62) (74) (69) (72) (63) 

Accuracy .980 .974 .987 .976 .973 .978 
(.036) (.033) (.027) (.033) (.041) (.036) 

Note: Standard deviations are shown in parentheses. 
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Mean RT and accuracy for geometric figures were 393 ms (SD =111) and 

97.8% (SD = 0.15), respectively. Table 6 displays mean RT and accuracy for 

characters in each pair of conditions. Paired /-tests performed on each pair of 

conditions did not reveal any significant effect (ps > .1), indicating that all kinds of 
•i 

radical information could not affect character decision when geometric figures were 

used as fillers in the PDT. 

4.2.5 Discussion 

When changing the LDT to the PDT, the fact that the effect ofRPF was no 

longer significant seems to indicate that only containing illegal characters is not 

enough to evoke the effect of radical position: it should be combined with LDT to 

exert influence on character processing. However, the effect of position-free radicals 

was relatively stable across these two tasks. Both in the LDT and PDT, when pseudo-

characters were used as fillers, it would play a role in character recognition 

(Experiments lb and 2b). In addition, the RCF effect was still not significant in this 

experiment, indicating that the frequency of a radical when it was used as a simple 

character might not play a role in processing of compound characters in PDT. 

Firstly, based on current results, one thing that seems to be clear is that the 

different effects of RF between Experiments la and lb could not be attributed to the 

different processing times involved. The reason lies in the significant effect of RF in 

Experiment 2b even when the overall mean RT was quite short (411 ms). Actually, it 

was significantly smaller than 588 ms of Experiment la (/ (23) = 8.63,/? < .001)，in 

which it did not reveal any significant effect of RF. So the comparison between 

Experiments la and 2b indicates that the processing time is not the critical factor to 

induce the different effects of position-free radicals between Experiments la and lb. 
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Secondly, the finding that the role of RPF could be affected by the task 

provides a possible reason for the position-specific radical effects being so robust in 

studies of Taft and his colleagues, (e.g., Ding et al.，2004; Taft & Zhu, 1997). This is 

because the task in these studies was always the LDT. Once another task such as 

illusion report in Tsang and Chen (2009), or visual search in Yeh and Li (2002) or the 

PDT in this research was employed, the position-free radicals became the most 

important information for character processing. 

In addition, it seems to be curious that in Experiment 1 (LDT) and Experiment 

2 (PDT), patterns of neighborhood size effects (RF or RPF) were found to be oppose 

of each other. In Experiment 1’ once the effect of RF or RPF was significant, mean 

RT was faster for larger neighborhood characters (HRF or HRPF) than for smaller 

ones (LRF or LRPF). On the contrary, in Experiment 2, RT was faster for characters 

with LRF than for those with HRF. 

In fact, the facilitation effect of neighborhood size for characters/words in 

LDT is well-documented: it is robust (e.g., Carreiras, Perea, & Grainger, 1997; 

Grainger & Jacobs，1996; Holcomb, Grainger, & 0，Rourke’ 2002; Li & Chen, 1999b; 

Taft et al., 2000; Taft & Zhu’ 1997). Prior researchers have usually used the 

interactive activation model (Rumelhart & McCelland, 1982) to interpret it, from the 

viewpoint of global lexical activation of the current character and its neighbors. Given 

the assumption that characters with many neighbors generate high levels of global 

lexical activation, in LDT, participants can use the extra activity associated with 

partial activation of all items in the neighborhood to speed up their "Yes" response. 

For small neighborhoods (LRF and LRPF), less activity in the neighborhood 

translates into slower RTs because of lower overall lexical activity. 
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However, regarding the question whether the inhibitory effect on RTs in PDT 

is due to the same mechanism as the facilitation effect on RTs in LDT, we can't 

answer it now. Actually, in numerous ERP studies (e.g.. Barber, Vergara, & Carreiras, 

2004; Carreiras, Vergara, & Barber，2005; Holcomb et al., 2002; Hsu et al.，2009; Lee 

et al., 2004; Lee et al., 2007; Taler & Phillips，2007), it has been shown that the 

neighborhood size could exert the opposite influence on different ERP components in 

visual word or character recognition. In other words, the behavioral facilitation and 

inhabitation might have shown on the ERP waveforms by affecting different 

components. So given the complex processes determining the RTs, we go back to the 
J"-

\ 

mechanism causing the inhibitory effect in the corresponding session of ERP 

experiments. 

Nevertheless, given that RT is a kind of dependent variables that is easily 

affected by strategic or decision-related factors (Holcomb et al., 2002), any 

conclusion based on the current findings of these two experiments should be taken 

with caution. Therefore, before any further discussion, we should first confirm the 

validity of the results obtained so far when another more sensitive dependent variable 

is used. Hence, in the following experiments, ERPs, instead of RTs，were recorded, 

when participants performed lexical decisions (Experiment 3), or positions decisions 

(Experiment 4). 

4.3 Experiment 3 

Following the first two experiments, the main purpose of Experiment 3 is to 

further investigate the effects of different kinds of radical information and the time 

course for these effects in Chinese character processing. Based on previous studies on 

orthographic processing in visual word recognition (e.g., Chauncey, j-Iolcomb, & 
‘ / 

Grainger, 2008; Dufau, Grainger, & Holcomb, 2008), three ERP components are 
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particularly relevant to our purpose. The first is PI50, which starts as early as 90 ms 

after stimulus onset and has a posterior scalp distribution. This component has been 

taken as reflective of the initial orthographic processing of visual features and 

activation of sublexical units during visual word recognition (Chauncey et al., 2008). 

Furthermore, Dufau, Grainger, and Holcomb (2008) demonstrated that the size of 

PI50 could be modulated by physical position such that a physical misalignment 

between the prime and the target reduced the PI50 observed. On the other hand, PI 50 

was reported to reflect "operation on relatively abstract information" (Holcomb & 

Grainger, 2006, p. 10). We, therefore, predicted that if a position-specific radical is 

involved in the initial phase of character recognition，RPF should modulate the size of 

PI 50. In contrast, if position is not an important feature in initial activation of radicals, 

only an RF effect should be obtained. 

The second ERP component of relevance is a positive going waveform 

peaking at around 200 ms after stimulus onset (e.g., Holcomb et al., 2002; Lee et al.， 

2004; Lee et al., 2007; Liu et al., 2003). Previous studies have shown that this 

component is sensitive to the number of orthographic neighbors in English (Taler & 

Phillips, 2007) as well as in Chinese (Hsu et al.，2009). Given that P200 was smaller 

in case of a radical-sharing prime, rather than an unrelated control prime, preceded the 

target character (Liu et al” 2003)，this component appears to reflect the general ease 

of orthographic processing at the sublexical level. Following this logic, the fact that 

characters with large neighborhood size would elicit a smaller P200 is thought to 

reflect increased levels of overall orthographic activation for stimuli with larger 

number of neighbors (Hsu et al., 2009). 

The final component is N400, which is well-known for its relationship with 

semantic processing. Among other things, the N400 has been found to correlate with 
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effects of different kinds of subcomponent frequency measures in word or character 

recognition. On the one hand, in Hsu, Tsai, Lee, and Tzeng (2009), the reduction in 

P200 in recognizing characters with many neighbors，relative to those with fewer 

neighbors, was followed by an increase of N400. The authors reasoned that the N400 
« 

was elicited probably because of the lexical competition among the partially activated 

orthographic neighbors ( a l ^ see Holcomb et al.，2002, for similar arguments). On the 

o\her hand, in a recent ERP research (Martinez, Dunabeitia’ Laka, & Carreiras, 2009), 
V 

early posUivity (it was similar to P200 effects) and N400 have been found to be 

sensitive to the effect of constituent (i.e. word) frequency in reading of compound 

words (words that are composed of two or more free-standing sub-component words): 

early negativity was increased，and N400 was larger, for low-frequency than high-* 

frequency constituents. The early positivity was interpreted as reflecting that more 

candidates were triggered by high frequency constituents and the N400 effect was 

interpreted as associated with differences in facilitation of the whole word semantic 

integration generated by stimuli of different frequencies. 

The behavioral patterns of RF and RPF manipulations in Experiment lb have 

shown their effects on Chinese character recognition. Thus, we predict smaller P200 

and/or larger N400 are associated more with HRF and HRPF than their own 

counterparts. However, predicting ERP results of RCF manipulation is not so 

straightforward. Our behavioral experiments did not reveal significant effect of RCF 

on Chinese character recognition but that may be because the RT is not sensitive 

enough to reveal it. Nevertheless, if it could exert effects on ERPs, the HRCF should 

be found to be associated with a smaller earlier negativity and/or a smaller N400 than 

the LRCF. But, exactly, which components would be found? It may depend on the 

starting time points for RCF effects. 
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In short, by observing sensitivity of P200 and N400 to RPF and RF 

manipulations, we could draw conclusions about the relative importance of radical 

position during Chinese character recognition. Besides, by monitoring the relative 

onsets of these etTects, we could test the proposal by Taft (2006) that position-free 

radicals are activated before position-specific radicals. If this proposal holds, the 

effect of RF should be associated with an earlier effect such as PI 50 or a component 

with an earlier latency. 

4.3.1 Method 

4.3.1.1 Subjects 

Twenty right-handed students (13 females and 7 males, aged between 19 and 

23 years, with mean age of 21.6 years) of the Chinese University of Hong Kong 

participated in the experiment. All had normal or corrected-to-normal vision and were 

native speakers of Mandarin. None had a history of any psychiatric or neurological 

disorder. They were paid for their participation. Two of the participants were 

excluded from the final analysis due to excessive eye movements. 
、 

4.3.1.2 Materials 

The same materials as in Experiment lb, including fillers, were employed in 

•̂ the present experiment. However, since at least 40 items in one condition were needed 
to achieve a reliable result when using the ERP technique, all materials were 

% 

presented three times. Therefore, there were a total of 60 items for each of the four 

conditions (HRCF, LRCF, HRF, and LRF), and 54 items for each of the remaining 

two conditions, HRPF and LRPF. 

4.3.1.3 Procedure 
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Is it a real character? 

Figure 5- Procedure of Experiment 3. 

Participants were tested individually in a sound-attenuating, electrically 

shielded booth. At the very beginning, participants were seated in a comfortable 

reclining chair and were asked to sign an agreement to undergo this experiment. 

During the experiment, every trial began with a cross presented for about 500 

ms at the center of the computer screen for participants to focus on. About 500 to 700 

ms after the offset of the cross, a stimulus was presented for 400 ms at the same 

position. After an interval of 600 ms participants were required to make a judgment 

whether the stimulus presented here was a real character or not as quickly and 

accurately as possible once a response symbol ‘‘?，’ appeared on the screen for a 

maximum time of 2000 ms. After pressing a corresponding key, ‘‘f, or “j，，’ a blank 
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was presented for 600 ms, followed by a blink signal “一” for 1000 ms. During this 

period, subjects could blink and move their eyes. About 600 ms after it disappeared, 

the next trial began (see Figure 5). The whole experiment lasted for a total of about 2 

hours. Stimuli were randomly divided into 12 blocks, each containing 58 items. Each 

item was randomly presented across ail blocks. Again two versions were adopted, as 

in Experiment I. 

4 J.1.4 ERP recordings and analyses 

ERP data were recorded and analyzed by a 64-channel (Ag-Agcl) Neuroscan 

version 4.3 system with a common vertex reference and transformed offline to the 

mean of the activity at the two mastoid processes. The electrooculogram (EOG) was 

obtained from below versus above the left eye (vertical EOG) and the left versus right 

lateral orbital rim (horizontal EOG). Electrode impedances were always kept below 

5Kn. The EEG and EOG signals were digitized on-line with a sampling frequency of 

lOOOHz. EEG recordings were filtered digitally with a 0.05 to 30 Hz band pass offline. 

ERPs were computed for each subject over an epoch from 100 ms before to 

700 ms after the target character onset. Epochs contaminated by ocular artifacts or 

other movements' artifacts were excluded from further analyses by the criteria of 70 

jiV. In addition, the trials with incorrect responses were excluded from the final 

analysis (3.9%). Approximately 23.4% of trials were lost. Based on previous studies 

(e.g., Holcomb & Grainger，2006; Hsu et al.，2009; Lee et al.，2004; Lee et al., 2007) 

and our grand average waveforms, time windows for mean amplitude analyses of the 

components were: 100-160 ms for PI50，180-280 ms for P200，and 300-400 ms for 

N400. 

Repeated ANOVAs were conducted on one of radical frequency measures 

each time. For lateral sites, there were four factors included: one type of radical 
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frequency (HRPF vs. LRPF or HRF vs. LRF or LRCF vs. LRCF), region (anterior vs. 

central vs. posterior), hemisphere (left vs. right), and electrode site (4 levels). 

Variables Region and Hemisphere were completely crossed yielding six regions of 

interest and each contained four lateral electrodes: left anterior (F3, Fl, FC3, FCl), 

right anterior (F4, F2, FC4, FC2), left central (C3，C1,CP3, CPl)，right central (C4, 

C2, CP4, GP2), left posterior (P3, PI, P05, P03)，and right posterior (P4, P2, P06, 

P04). For midline s i t e� t he re were three factors included: one type of radical 

frequency (HRPF vs. LRPF or HRF vs. LRF or HRCF vs. LRCF), region (anterior vs. 

central vs. posterior), and electrode site (2 levels). Anterior region referred to Fz and 

FCz; central region included Cz and CPz; and posterior region contained Pz and POz. 

To protect against Type I error due to violations of the assumption of equal variances 

of differences between conditions of within-subject factors, the Greenhouse-Geisser 

correction was applied when evaluating effects with more than one degree of freedom 

in the numerator. 

4.3.2 Results 

Grant-average ERPs across 18 subjects were computed separately for HRPF, 

LRPF, HRF, LRF, HRCF and LRCF items. ERPs elicited by HRPF and LRPF 

conditions are displayed in Figure 6. Relative to HRPF characters, LRPF items first 

gave rise to a larger positivity at PI50，followed by a greater P200 effect and a 

smaller N400 effect. Figure 7 displays ERPs evoked by HRF and LRF characters. As 

shown in the figure，LRF characters evoked a larger P200 effect as compared to HRF 

items. However, when the HRCF condition was compared to LRCF condition, no 

significant effects were found (see Figure 8). 
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Figure 6- Experiment 3: Grand average ERP waves of the HRPF condition (solid line) 

and the LRPF condition (dotted line); Topographic maps (top view) of PI 50，P200 

evoked by the LRPF condition as compared to the HRPF condition and N400 evoked 

by the HRPF condition relative to the LRPF condition. 
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Figure 7- Experiment 3: Grand average ERP waves of the HRF condition (solid line) 

and the LRF condition (dotted line); Topographic map (top view) of P200 evoked by 

the LRF condition as compared to the HRF condition. 
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Figure 8- Experiment 3: Grand average ERP waves of the HRCF condition (solid line) 

z and the LRCF condition (dotted line). 

4.3.2.1 Effects of the RPF 

Repeated ANOVA analyses revealed the significant main effect of RPF in the 

100-160 ms interval, at lateral sites, F ( l , 17) = 5.84，MSE = 30.95’/? < .05, and at 

midline sites, F (1, 17) = 5.58, MSE = 9.1,/?< .05. Apart from that, no other 

significant effects were found in either type of analyses, /7S > . 1, indicating no 

hemisphere and scalp distribution differences. 

In addition, in the 180-280 ms interval, the main effect of RPF was also 

significant, at lateral sites, F (1，17) = 7.64，MSE = 52.73,/? < .05，and at midline sites, 

F ( l , 17) = 7.66, MSE = 14.55,p< .05. Namely, the mean amplitude of P200 was 
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significantly larger in the LRPF condition than in the HRPF condition. None of the 

other effects was significant，neither in lateral nor in midline analyses, ps > .1, 

indicating no hemisphere and scalp distribution differences. 

Again, in the time window of 300-400 ms, the repeated ANOVA analyses 

showed that only the main effect of RPF was significant, at lateral sites，F (1’ 17)= 

7.61 ’ MSE = 34.85’ p <• .05，and at midline sites, F ( l , 17) = 7.03’ MSE = 11.17,p 

< .05. Apart from this, no other significant effects were found, ps > .3. As shown in 

Figure 6, these results indicated that HRPF items evoked a greater negativity at N400 

than did the LRPF items and this effect had no hemisphere and scalp distribution 

differences. 

4.3.2.2 Effects of the RF 

Repeated ANOVA analyses conducted in the 100-160 ms interval did not 

reveal any significant effect, ps > .1. Besides, although it seemed that HRF characters 

evoked a larger N400 compared to LRP items in the 300-400 ms time window, as 

shown in Figure 7，it did not reach significance in either type of analyses, ps > .2. 

However, LRF characters indeed showed a significant greater positivity at P200 

relative to HRF, at lateral sites F (1，17) = 6.18，MSE = 34.92’/? < ‘05，and at midline 

sites, F (1，17) = 6.64, MSE = 10.2，/? < .05, and this P200 effect did not show any 

difference in hemisphere and scalp d i s t r i b u t i o n , > .2. 

4.3.2.3 Effects of the RCF 

Repeated ANOVA analyses conducted on the RCF in each time window, 

including the 100-160 ms, the 180-280 ms or the 300-400 ms, did not reveal any 

significant effect, ps > .3，indicating that RCF did not exert any influence on character 

processing in the LDT. 

4.3.3 Discussion 
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The present experiment explored the possible time sequence for the roles of 

different kinds of radical information in visual character recognition. The main 

findings revealed a series of ERP components, including PI 50，P200, and N400, 

associated with the RPF effect, but only P200 associated with the RF effect; no ERP 

component related to the RCF effect. This then suggests that the difference between 

RF and RPF effects has been reflected at different stages of lexical processing. In the 

following, we provide a tentative interpretation of different ERP components 

observed in this experiment. 

First of all, LRPF characters elicited greater positivity at PI 50 than HRPF 

items did, whereas no difference was found between HRF and LRF items at PI 50. 

This result seems to indicate that in the initial phase of sub-lexical processing, it is the 

position-specific radical but not the position-free radical information that could exert 

influence on visual character recognition when LDT is used. To be more specific, in 

the present study，RF was matched well between HRPF and LRPF items. The only 

difference between them is the number of orthographic alternatives sharing a given 

radical in a specific position. The radical in the HRPF condition is related to a larger 

number of characters than in the LRPF condition, and thus resulted in greater 

activation during the early phase of orthographic representation, which then showed a 

smaller positivity at PI50. This interpretation is congruent with prior accounts of 

PI50. For instance, in the masked priming paradigm, relative to targets that were 

repetitions of primes, targets with unrelated primes usually evoked a more positive-

going PI50 at occipital sites (e.g., Chauncey et al., 2008; Dufau et al.，2008; Holcomb 

& Grainger, 2006). Researchers have interpreted this PI 50 effect as a component 

sensitive to the overall activation of sub-lexical orthographic information. That is, the 

more the activation of orthographic information is, the smaller the PI 50 will be. 
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Apart from PI50，manipulation of RPF also modulated the change of P200 

and N400. LRPF items elicited greater positive amplitude at P200 and lower negative 

amplitude at N400 than HRPF characters. These findings replicate prior results and 

support the two-stage framework for lexical access by using P200 and N400 to index 

the earlier and the later stages of lexical processing (e.g., Hsu et al., 2009; Lee et al., 

2007). On the one hand, for HRPF items，more orthographic alternatives can be 

associated with a given radical, and this then will induce greater orthographic 

activation which causes smaller P200. On the other hand，because the characters are 

associated with larger orthographic neighbors sharing a selected radical in a definite 

position in the HRPF condition, when participants retrieve the semantic meaning of a 

HRPF character, more semantic competition is triggered by its neighbors. This 

resulted in'the greater N400 evoked by HRPF items than LRPF items. A similar 

interpretation could be used to account for effects of RF, which showed that LRF 

items evoked grater positivity at P200 than did HRF items. This effect is also possibly 

due to the greater sub-lexical orthographic activation in the HRF condition than in the 

LRF condition. 

In sum, the fact that both manipulations, RF and RPF, could modulate the 

change of P200 and only the RPF could cause changes of PI 50 and N400 indicates 

that in LDT, the effect of position-specific radicals may appear earlier (reflected by 

PI 50)，and last longer (reflected by N400, as compared to that of position-free 

radicals in Chinese character recognition. These results are taken to mean that in the 

initial phase of lexical processing, visual features may be first mapped onto position-

specific radical representation but not position-free radicals, as argued in Taft (2006). 

Besides, apart from this earlier effect, radical position might be the crucial 

information that overrides position-free radicals to cause semantic interference while 
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retrieving the character meaning in a later phase. However, the findings, the earlier 

and stronger effects of RPF over RF's, may be due to the LDT, As shown in our 

behavioral results, when another task such as PDT was used, advantages of RPF 

effects had disappeared. 

Finally, the present experiment found that the frequency of a radjcal when it 

was a simple character did not exert influence on whole-character processing. 

Converging with null effects of RCF in Experiment 1, these results pose a problem for 

proposals favoring constituent frequency effects in previous research when the same 

task, LDT, was used (e.g., Dunabeitia et al.，2007). One possible reason for this 

inconsistency may be that the words/characters in different levels of transparency 

have been used. In studies with constituent frequency effects, generally, transparent 

compound characters/words were involved. For instance, in Dunabeitia, Perea, and 

Carreiras (2007)，only a small percentage of compound words (13 of 92) was partially 

opaque (at least one of the constituents was always related to the whole word 

meaning). In contrast, opaque compound characters were used for manipulations of 

RCF in the present study (20 participants, mean = 1.58 in a 1 -to-5 scale, 1 = more 

opaque, 5 = more transparent). It has been proved by many studies that in transparent 

compound words, information of constituents (words) was more easily activated and 

then it exerted influence on the compound word processing (e.g., Marslen-Wilson， 

Tyler, Waksler, & Older，1994; Sandra, 1990; Zwitserlood, 1994). 

4.4 Experiment 4 

4.4.1 General Method 

4.4.1.1 Subjects 

Thirty nine right-handed students (19 in Experiment 4a and 20 in Experiment 

4b, 23 females and 16 males, aged between 19 and 27 years, with mean age of 22 



_ Radical Processing 103 

years) of the Chinese University of Hong Kong participated in the experiments. All 

had normal or corrected-to-normal vision and were native speakers of Mandarin. 

None had a history of any psychiatric or neurological disorder. They were paid for 

their participation. 

4.4.1.2 Materials 

The real characters were kept the same as in previous experiments. Pseudo-

characters in Experiment lb were used as fillers in Experiment 4a, while geometric 

pictures in Experiment 2c were employed in Experiment 4b. 

4.4.1.3 Procedure 

Target 

Left or Right? 

Figure 9- Procedure of Experiment 4. 
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At the very beginning, a cross was displayed at the center of the screen for 500 

ms. After an interval of 500 ms to 700 ms, a stimulus (a character or a filler) was 

presented for 400 ms. It wasn't at the center of the screen，but slightly to the right or 

the left. After an interval of 600 ms, a mask with the size large enough to cover all 

positions of stimuli appeared for a maximum of 2000 ms. At this point, participants 

were required to judge whether the previous stimulus was on the right or on the left 

and respond as accurately and quickly as possible. After they pressed the 

corresponding key, "z" or "m", a blank was presented for 600 ms, followed by a blink 

signal “—’，for 1000 ms. Subjects could blink and move their eyes during this period. 

About 600 ms after it disappeared, the next trial began (see Figure 9). The whole 

experiment lasted around 2 hours. Stimuli were randomly divided into 12 blocks, each 

containing 58 items. Each item was randomly presented across all blocks. Again, two 

versions were included and stimulus positions were reversed between them. 

4.4.1.4 ERP recordings and analyses 

There were only two differences between ERP recordings and analyses of the 

present experiment and Experiment 3. First, besides the time window 180-280 ms, the 

mean amplitude of P200 was computed in the time window of 180-230 ms also, based 

on our grand average waveform. Second, more electrodes were included in the lateral 

site analysis. As a result, each of six interest regions contained six, not four lateral 

electrodes: left anterior (F5, F3, Fl, FC5, FC3, FCl), right anterior (F6, F4, F2, FC6, 

FC4, FC2), left central (C5, C3, C� l , CPS, CP3，CPl), right central (C6, C4, C2, CP6, 

CP4, CP2)，left posterior (P5, P3, PI, P07, P05, P03)，and right posterior (P6, P4, P2, 

P08, P06, P64). Totally, 13.8% of trials (error rate was smaller than 1%) for all 

conditions were lost due to artifact rejection and incorrect responses in Experiment 4a; 
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in Experiment 4b, approximately 10.8% (error rate was smaller than 1%) of trials for 

ail conditions were lost due to the same reasons. 

4.4.2 Results of Experiment 4a 

ERPs elicited by the real characters in each pair of conditions are displayed in 

Figures 10, kl, and 12. LRPF items elicited a larger P200 with anterior-central 

distribution as compared to the HRPF condition (See Figure 10). HRF and HRCF 

conditions evoked a larger N400, respectively, relative to their own counterparts, i. e., 

LRF and LRCF conditions (See Figures 1 I and 12). However, the N400 effect evoked 

by HRCF items showed a whole brain distribution, while that elicited by HRF 

characters was significant only at the right hemisphere (RH). 

4.4.2.1 Effects of the RPF 

In time window 180-230 ms, repeated ANOVA analyses revealedp significant 

main effect of the RPF, at lateral sites, F ( I , 18) = 5.39’ MSE = 20.68,/; < .05, and at 

midline sites, F (1, 18) = 4.76，MSE = 8.28，p < .05. Significant interaction between 

Region and RPF was observed only at lateral sites，F (2，36) = 4.18, MSE = 6.55, p 

=.05, and at midlines sites, p > .2. Further analyses revealed that in the anterior-

central region, LRPF evoked a greater mean amplitude of P200 than the HRPF, 

anterior: F (1 ’ 18) = 6.6, MSE = 14.68’ p < .05; central: F ( l , 18) = 4.99，MSE = 8.13， 

p < .05. There was no significant difference between HRPF and LRPF items in the 

posterior region, p > .3. Besides, in time window 300-400 ms, a significant interaction 

between Region and RPF was found, at lateral sites, F (2, 36) = 5.89，MSE = 3.75, p 

< .05’ and at midlines sites, F (2’ 36) = 4.94’ MSE = 0.87,/) < .05. However, further 

analyses did not reveal any significant effect in any region,/7S > .2. Combining with 

the grand waveform in Figure 10, the significant interaction between Region and RPF 

may be due to different change pattern between HRPF and LRPF in anterior-central 
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region from that in posterior region. In anterior-center, the amplitude of HRPF was 

larger than that of LRPF, whereas it was smaller than thai of LRPF in posterior region. 

Apart from these, no other significant effects were found in either type of analyses for 

the remaining time windows, including 100-160 ms and 180-280 ms, /;s > . 1. 

F3 F4 

C3 C4 HRPF 

LRPF 

5 0 

2 5 

• 100 100 300 500 

H: P200 

RPF 

180-230 ms 
mam 

Figure 10- Experiment 4a: Grand average ERP waves of the HRPF condition (solid 

line) and the LRPF condition (dotted line); Topographic map (top view) of P200 

evoked by the LRPF condition as compared to the HRPF condition. 
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HRF 

LRF 

mV 

•100 100 200 300 400 

Figure I 1- Experiment 4a: Grand average ERP waves of the HRF condition (solid 

line) and the LRF condition (dotted line); Topographic map (top view) of N400 

evoked by the HRF condition as compared to the LRF condition. 
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F3 F4 

C3 C4 HRCF 

LRCF 

pV 

P3 •2 5 
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H-L: N400 

RCF 

300-400 

Figure 12- Experiment 4a: Grand average ERP waves of the HRCF condition (solid 

line) and the LRCF condition (dotted line); Topographic map (top view) of N400 

evoked by the HRCF condition as compared to the LRCF condition. 
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4.4.2.2 Effects of the RF 

Repeated ANOVA analyses conducted in time window 300-400 ms showed a 

significant interaction between Hemisphere and RF at lateral electrodes, F (1，18)= 

4.61, MSE = 2.46，/? < .05. Further comparisons revealed only at the RH, mean 

amplitude of HRF items was significantly larger than that of LRF characters, F (1，18) 

=5.16, MSE = 11.31,/> < .05. At the left hemisphere (LH), there was no difference 

between these two conditions, p > .4. Besides, at midline sites, no significant effects, 

such as the main effect of RF and the interaction between Region and RF, were found, 

ps> .3. Moreover, in time windows of PI 50 and P200, no significant effects were 

found, ps > .2. 

4.4.2.3 Effects of the RCF 

In time window 300-400 ms, repeated ANOVA analyses revealed a significant 

main effect of RCF, at lateral sites, F (1，18) = 4.62’ MSE = 45.73’/; < .05; and at 

midline sites, F (1，18) = 4.29, MSE = 9.73, p = .053, showing that HRCF items 

evoked a greater negativity at N400 than LRCF items. In the remaining time windows, 

including 100-160 ms, 180-230 ms and 180-280 ms, no significant effects were found, 

ps > .05. 

4.4.3 Results of Experiment 4h 

ERPs elicited by the real characters in each pair of conditions are displayed in 

Figures 13，14, and 15. Generally, there was no difference between HRPF and LRPF 

conditions. However, relative to the LRF condition, the HRF evoked a larger N400 

effect, but it was significant only at the RH. Besides, HRCF items elicited a larger 

negativity at N400 than LRCF charatters did at the anterior region. 



Radical Processing 74 
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Figure 13- Experiment 4b: Grand average ERP waves of the HRPF condition (solid 

line) and the LRPF condition (dotted line). 
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Figure 14- Experiment 4b: Grand average ERP waves of the HRF condition (solid 

line) and the LRF condition (dotted line); Topographic map (top view) of N400 

evoked by the HRF condition as compared to the LRF condition. 
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Figure 15- Experiment 4b: Grand average ERP waves of the HRCF condition (solid 

line) and the LRCF condition (dotted line); Topographic map (top view) of N400 

evoked by the HRCF condition as compared to the LRCF condition. 
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4.4.3.1 Effects of the RPF 

Repeated ANOVA analyses conducted on the RPF in each time window, 

including 100-160 ms, 180-280 ms, 180-230 ms or 300-400 ms did not reveal any 

significant result, ps > .2，indicating that there was no effect of RPF on character 

recognition in PDT when geometric figures were used as fillers. 

4.4.3.2 Effects of the RF 

In the 300-400 ms interval, there was significant interaction between 

Hemisphere and RF in analysis for lateral sites, F (1, 19) = 6.26，MSE = 2.27, p < .05. 

Further comparison showed a significant main effect of RF at the RH, F (1, 19) = 5.19, 

MSE = 19.2，p < .05. At the LH, no significant main effect of RF was found, p> A. 

But, in analysis for midline sites, neither the main effect of RF nor the interaction of 

Region-by-RF was significant, ps > .05. These results showed that relative to the LRF 

condition, the HRF condition evoked a greater N400 and it lateralized at the RH. 

Moreover, repeated ANOVA analyses conducted on PI 50 in time window 100-160 

ms and P200 in time window 180-280 ms/180-230 ms did not reveal any significant 

effect, ps > .2. 

4.4J.3 Effects of the RCF 

In the 300-400 ms interval, there was a significant interaction between Region 

and RCF, at lateral sites, F (2，38) = 11.18’ MSE = 6,/? < .01, and at midline sites，F 

(2, 38) = 8.64，MSE = 1.19，< .01. Further analyses revealed the significant main 

effect of RCF in the anterior region, at lateral sites, F (1’ 19) = 5.71，MSE = 17.47,/? 

< .05, and at midline sites, F (1，19) = 4.97，MSE = 4.38, .05. In the central-

posterior regions, no significant difference between HRCF and LRCF conditions was 

found, /7S > . 1. Apart from these, no other significant effects were found in the 

remaining time windows 100-160 ms, 180-280 ms and 180-230 ms,/?s > .05. These 
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results indicated that the HRCF condition evoked a larger N400 effect at the anterior 

region than did the LRCF condition. 

4.4.4 Discussion 

The results of this experiment are clear-cut. In PDT, when keeping illegal 

characters as fillers, HRPF characters were associated with a smaller P200 as 

compared to LRPF characters; when using geometric pictures as fillers, this effect 

totally disappeared. In contrast, effects of RF were stable across different fillers in 

PDT, with a larger N400 to HRF than to LRF items and it lateralized at RH. Besides, 

ERP recordings revealed an N400 with the larger amplitude to HRCF than to LRCF 

characters, which distributed widely across the whole brain when pseudo-characters 

remained as fillers, but only frontally when including geometric figures. 

Beyond the behavioral findings, Experiment 4 confirmed that both the task 

and the composition of materials could influence the effect of radical positions. For 

instance, in Experiment 4a, containing illegal characters without the demand of 

lexical decision was enough to trigger the position-specific radical effects. But, note 

that in this situation, the RPF effect became much weaker. It was only associated with 

the P200 with a shorter duration (i.e. 50ms), and there were no PI50 and N400 any 

more. Under the assumption that these ERP components are related to activities of 

processors that assign different processing periods for visual character recognition, as 

revealed in Experiment 3’ the results appear to demonstrate thai the contrast provided 

by illegal characters to real ones enhances the radical position effect in the sub-lexical 

orthographic processing phase. 

In contrast’ the reliable RH N400 effects related to RF manipulation indicates 

that when characters are processed automatically, position-free radicals are the 

necessary sub-lexical orthographic information that could be retrieved in character 
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processing. Here, the larger amplitude of N400 evoked by the HRF could be 

interpreted as high lexical competition when more lexical candidates are activated by 

the shared radical, as in Hsu et al. (2009). But why is the RH more sensitive to the RJ 

effect rather than the LH? 

According to the assumption of a new distinction between the hemispheres 

proposed by Chiarello (2002), words received by RH maintain and perhaps even 

amplify early encoding even when deeper level codes become available, whereas the 

LH very rapidly achieves deeper or more abstract encoding. Using this distinction, it 

may be that the delayed radical encoding stage in the RH during the semantic 

processing period enables activation of characters that share the same radicals with 

the target character (i.e. orthographic neighbors). This pattern of activation is not 

found in the LH, because characters are promoted rapidly to deeper semantic 

encoding stages. Actually, the right lateralization of the RF effect is in line with 

findings of previous studies in which the RH was proved to have primacy in 

representing lead neighbors of a written word (e.g., Lavidor, Hayes, Shillcock, & Ellis, 

2004; Lavidor & Walsh，2003). 

In addition, with regard to the question whether inhibition effects on RTs in 

PDT are due to the same mechanism as facilitation effects on RTs in LDT, the answer 

may be no. To be specific, taking RF and RPF effects of Experiments 3 and 4 together, 

it seems more reasonable that facilitation effects of RF and RPF on RTs in LDT are 

due to the enhanced level of overall orthographic activation induced by characters 

with many neighbors, reflected by smaller P200 and/or smaller PI 50. But the 

inhibitory effects of RF on RTs in PDT could be attributed to the higher level of 

lexical competition among neighbors in the HRF (the neighborhood size is large) 

condition, reflected by a larger N400. 
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More interestingly, inconsistent with all prior experiments. Experiment 4 

showed the significant effect of RCF，though the same opaque compound characters 

were used. These findings appear to indicate that in the automatic processing 

procedure, the simple character information of a radical could be activated regardless 

of the degree of transparency of the compound character. One concern for the results 

is the possible processing strategy being biased by a certain task. In LDT, because 

participants are required to judge whether the characters are real or not，compound 

characters perhaps are more likely to be processed as holistic characters and 

consequently, character radicals are activated as radicals. When there arc no semantic 

associations between simple and compound characters, the difficulty to transfer the 

simple character information to its radical version generates the null effects of RCF 

on compound character processing. But when there is no such demand and actually, 

even no request for explicit linguistic processing in PDT, all kinds of information 

such as the whole compound character, the radical as a radical, or the radical as a 

character can be activated freely. So, in this situation, the possibilities for character 

radicals to be activated as simple characters are increased greatly, especially when 

embedded simple characters are quite familiar (with high frequency) to readers. 

Consequently, the ease of activation of simple characters with high frequency could 

influence semantic integration of whole compound characters. 

Furthermore, the RCF effect was compatible with the effects of constituent 

frequency on compound word processing in Martinez，Dunabeitia, Laka, and 

Carreiras (2009), when participants were required to read sentences for 

comprehension. But, note that the pattern that larger N400 amplitudes were associated 

with HRCF but not LRCF characters is opposite to that in Martinez et al., in which 

high constituent frequency was found to be related to smaller amplitude of N400. 



_ Radical Processing 103 

Given that the N400 amplitude is assumed to be directly proportional to the effort 

required by this integration process to fit each item in the representation, one concern 

for the different results is compound character transparency. In Martinez et al., all 

compound words were rated as highly transparent (20 participants). Mean 

transparency score was equal to 5.63 in a l-to-7 scale (1 = more opaque, 7 = more 

transparent). In contrast, the present characters for manipulation of RCF are quite 

opaque (20 participants, mean = 1.58 in a l-to-5 scale, 1 = more opaque, 5 = more 

transparent). For highly transparent words, the ease of activation of high frequency 

constituents speeds up integration of the compound word meaning and then this is 

shown as a smaller N400. For opaque characters, integration of the compound 

character meaning may be interfered by the ease of activation of simple characters 

with high frequency, and then this is shown as a larger N400. This interpretation is 

consistent with the viewpoints of the model proposed by Perfetti and Tan (1999), who 

argue that the pattern of facilitation or inhibition between compound and simple 

characters depends on connection parameters that reflect the consistency and validity 

of the radical version of simple character and compound character applying to 

meaning systems. 
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Chapter 5 

, General Discussion 

In the present study, we have investigated whether different kinds of radical 

information, such as position-free radicals, position-specific radicals, and the simple 

character information of a radical, are available to constrain character processing 

across different tasks and/or compositions of materials. Furthermore, if these different 

kinds of radical information could influence character processing，we want to 

investigate the time courses for these effects? 

It is found that position-specific radicals could play a role in visual character 

recognition, but it appears to be constrained by the task and/or the composition of 

materials. Results indicate that the RPF effect was quite robust in LDT across 

different types of illegal characters (Experiment 1). This finding is reinforced by 

results of Experiment 3, in which the RPF effect was associated with a set of ERP 

components from sub-lexical to lexical processing, including PI50, P200, and N400. 

However, when discarding LDT but still keeping illegal characters as fillers, the effect 
A-

of RPF became quite week, which existed only when ERPs were recorded and merely 

modulated the change of P200 (Experiment 4a). When both LDT and illegal 

characters have been replaced, the RPF effect disappeared (Experiment 4b). 

Another central finding of this research is that different patterns were found 

for the effect of position-free radicals when different tasks were used, in LDT, it was 

the facilitation effect on RTs (Experiment lb) and then this was shown as a smaller 

P200 to HRF than to LRF items in ERPs (Experiment 3). This could be interpreted as 

higher levels of orthographic activation triggered by the HRF than the LRF characters. 

In PDT, it was the inhibition effect on RTs (Experiment 2b) and then this was shown 

as a larger N400 to HRF than LRF items (Experiment 4), which perhaps indicates 
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more lexical competition from neighbors in the HRF condition. In addition, it was 

found that only in the POT, information of the simple character version of a radical 

was activated, and then it interfered the semantic retrieval of the whole-character, as 

shown by the change of N400 (Experiment 4). 

Generally, the findings of the present study offer convergent evidence that 

various kinds of information represented in the radical of a character could make their 

own contributions to Chinese character recognition. However, the strength and the 

time course of their effects can be modulated by properties of experimental settings 

such as the task and the composition of materials. In the following section, we discuss 

the effects of individual radical properties on character recognition and implications 

of the present findings on research of Chinese character recognition. 

5.1 Which is more important: position-specific or position-free radicals? 

A number of previous studies have demonstrated the effects of radicals on 

Chinese character recognition (e.g., Taft, 2006, a review). However, in respect of the 

issue whether radicals exert influence with positional information or not, there is no 

the consistency until now. Some studies have reported that only when combined with 

positional information, radicals could exert influence on character recognition (e.g.. 

Ding el al, 2004). However, the others have reported thnt radical positions were not 

the critical information that should be processed in character recognition (e.g., Tsang 

& Chen，2009; Yeh & Li，2002). 

Although some researchers (Tsang & Chen，2009) have tried to figure out the 

possible reasons for the inconsistent findings about the radical position effect，no 

direct evidence has been provided so far. Among the first set of studies which try to 

explore this issue, the present one suggests that the nature of task and the composition 

of materials may be the critical factors to cause the different effects of radical 
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positions. It can be argued that the effects of radical positions on response latency and 

ERPs might be caused by LDT and illegal characters only. Once there are no such 

triggers, the effects of radical position would disappear. It seems that the demand of 

lexical decision and the composition of illegal characters biased participants to pay 

more attention to the radical positional information. 

One may argue that there is yet another possibility for the different results of 

position-specific radical effects between LDT and PDT. It may be due to the different 

processing status of characters triggered by these two tasks. For instance, characters 

were recognized consciously and intentionally in the LDT, whereas they were 

processed under an automatic and implicit procedure in the PDT. However, we argue 

this is not likely to be true because of the existing findings. It has been shown that 

when the LDT was replaced with another explicit linguistic task, such as the 

illusionary conjunction or the visual search, which also required participants to 

process the characters consciously, still no position-specific radical effect was found 

in Chinese character recognition (Tsang & Chen，2009; Yeh & Li，2002). I icncc, 

together with the findings of the present study, apparently, when radical positions arc 

not particularly useful in cueing appropriate responses, Chinese readers will not weigh 

this information strongly during character processing, leading to the null cfTecl of 

radical positions. 

Although the cITccl of position-free radicals could also be influenced by the 

task and the composition of materials, the degree of influence appears to be rather 

weaker. For instance, only among the especially regular illegal characters such as 

non-characters, in which the radical positions have been emphasized heavily, i.e. 

when the radical positions became the only dominant cues in the LDT, the position-

free radical effect disappeared (results of Experiment la). But, from another point of 
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view, this may just reflect the importance of fillers in radical position cfleets through 

causing bias in participants' attention. In other situations, the effect of position-free 

radicals was reliable across different types of fillers. In addition, the nature of task 

could also influence the effects of posilion-frec radicals, but it showed only in the 

time course. The LDT appears to take the effects of position-free radicals a little 

earlier than the PDT (comparisons between Experiments 3 and 4). This time course 

difference may reflect the fact that position-free radicals arc processed earlier when 

characters are recognized explicitly and intentionally than when characters are 

processed implicitly and automatically. This argument is compatible with previous 

findings. In prior studies, researchers found that whenever there were linguistic tasks 

that made participants process characters explicitly, effects associated with phonclic 

or semantic radical combinability appeared earlier, first reflected by the change of 

P200 (Hsu et al，2009; Lee et al, 2007). However, one may argue that this earlier 

effect of RF in the LD T may be due to the emphasis on overall orthographic 

processing generated by the demand of the LDT. However, this seems impossible, 

because it was the position-specific radicals rather than the position-free radicals that 

were emphasized in the LDT (e.g., Tsang & Chen, 2009). 

Nevertheless, no matter what the best way is to interpret this, it is reasonable 

to deduce thai the radical position is not the critical information that must be 

processed in Chinese character recognition. In fact, the strong effects of radical 

position found in prior studies can be attributed to the LDT and/or the illegal 

characters researchers employed. These findings appear to be opposite to the 

arguments that radicals arc constrained by positions in the menial representation in 

TafTs model (Taft, 2006). This is because based on this argument we would predict 

the significanl effect of radical positions even across different tasks and/or materials. 
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Given the radical in Chinese corresponds to the letter in alphabetic languages 

(Taft et al., 1999), the fact that the radical position is not important in character 

processing is inconsistent with the findings in alphabetic word proc5essing, in which 

the relative letter positions are sure to be processed in order to recognize the word no 

matter what kinds of tasks or materials are involved (e.g., Grainger, 2008，a review). 

Such differences may be due to specific orthographic properties of radicals in Chinese 

characters. For instance, in English, there are only twenty-six letters among more than 

118, 000 different word forms (Miller, 1995), and a letter could appear in any position 

• is 

in a word. Moreover, both the letter and the letter position have no specific meaning. 

So in English word recognition, readers could rely on only the letter form and the 

letter position to distinguish different words from each other If the Idler position has 

been ignored, it is sure that readers will be totally lost in word recognition, based on 

only the twenty-six letters. But, in Chinese, there are around 648 basic radicals among 

the 7, 000 Chinese characters (A Dictionary of Chinese Character Information, 1988) 
t 

and some radicals could appear only at a particular position. For instance, radical “ t，’ 

� a l w a y s locales at the left position in any character that contains it. Besides, in most 

situations, radicals often have their own meanings, in Chinese characters, around 80% 

are phonetic compound characters (Honorof & Feldman, 2006). A phonetic 

compound character is usually composed of a semantic radical carrying some 

semantic information and a phonetic radical carrying some phonological information. 

And the more important thing is that semantic radicals often appear at the left of a 

character, whereas phonetic radicals often appear at the right-hand positions. Hence, 

in Chinese, besides radical positions, many other factors such as radical forms, radical 

functions, radicaJ meanings, and even character structures also facilitate character 

recognition (e.g., Hsu et al, 2009; Lee et al, 2006; I sang & Chen, 2009; Ych & Li, 
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2004). Consequently, position-specific radicals become the less necessary information 

which must be retrieved in order to recognize the characters. 

5.2 The time courses for the effects of position-free and position-specific radicals 

In terms of time courses for the effects of position-specific and position-free 

radicals, at least one thing seems to be clear, that is, once position-specific radicals 

were activated, they would exert an elTect earlier than position-free radicals. These 

findings are inconsistent with the prediction of Taft's model (Taft, 2006), which 

assumed position-free radicals were first activated. However, given that the radical 

position effect itself is not stable and it may be triggered by the LDT and the illegal 

characters, discussing the time sequence between position-spccifid； and position-free 

radicals may be meaningless, because radical positions may not be activated at all 

during normal character reading when there are no triggers like illegal characters 

and/or the LDT. 

In fact, interests in conducting neurophysiological works on the time courses 

of word recognition under the influence of different kinds of sub-lexical orthographic 

information did not emerge until recently. In these works, a set of ERP components 

were found along the unfolding of words (e.g., Carreiras, Perea, Vergara, & Pollatsek, 

2009; Carreiras, Vergara, & Perea, 2009; Grainger, Kiyonaga, & Holcomb, 2006; 

Kiyonaga, Midgley, Holcomb, & Grainger, 2007)，and they were treated as reflecting 

the processing phases from mapping visual features to sub-lexical orthographic 

representation and then to the whole word form or semantic selection. Yet, among the 

first set of studies to explore this issue in Chinese character recognition, the results 

obtained here have their own contributions to modeling of word processing. On the 

one hand, the current findings have confirmed the time sequence found in alphabetic 

languages, though only in the LDT, revealing that PI 50’ P200, and N400 delegate the 
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：炉 

processing from visual features to sub-lexical orthography and then to the whole 

character semantic retrieval. On the other hand, beyond prior findings, especially 

those in English word processing, the present study has suggested that the existing 

models with the viewpoint of serial processing need to be revised in order to account 

for all findings. In particular, when characters were processed implicitly or 

automatically, the effects of radical information were shown in the semantic retrieval 

period of the whole character processing directly, and they were not first reflected in 

the sub-lexical orthographic processing phase (Experiment 4b). 

5.3 Relationship between simple characters and compound characters 

In previous research (e.g.. Ding et al.，2004), it was found that the pre-

in which the simple characters were used as radicals. Besides, some researchers also 

found that semantic processing of the simple characters could be facilitated if the 

semantic meaning of character radicals in the pre-exposure compound characters was 

relevant to the simple character meanings (e.g., Lee et al., 2006; Zhou & Marslon-

Wilson, 1999b). In addition, the current findings demonstrate that when a radical was 

a simple character, its simple character frequency could also influence processing of 

the compound characters. And more importantly, these effects would be found more 

easily when characters were processed under an automatic procedure. In other words, 

even in opaque compound characters, a radical's simple character information could 

also be activated in automatic procedures. 

Actually, in studies conducted on alphabetic languages, similar results have 

been found. That is, the constituent frequency effects were more robust during a 

natural procedure, silent reading (Martinez et al.，2009)，than that in lexical decision 

experiments (Dunabeitia et al.，2007; Hyona & Pollatsek, 1998). For instance, when 
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both the first and the second constituent frequencies in compound words were taken 

into account, both effects seemed to be more noticeable during silent reading 

(Martinez et al.，2009), but the first constituent effects were undetected in lexical 

decision experiments in spite of the second constituent effects keeping the same 

(Dunabeitia et al., 2007). 

A similar interpretation, as we discussed before, could also be used to account 

for findings in alphabetic languages. This may be due to the different mechanism 

when words/characters are processed automatically or naturally from that when they 

are recognized in a control procedure. In LDT, the constituents (words) are more 

likely to be processed as sub-lexical components. Only in transparent compound 

words, when there are semantic associations between the sub-lexical components and 

the compound words, the sub-lexical components could be retrieved. But perhaps not 

all constituents but the most useful ones may be activated to facilitate compound word 

processing. In this sense, the second constituents are activated because they were 

proved to be superior to the first ones in compound word processing (Hyona & 

Pollatsek, 1998). In contrast, in passive word reading, all the possible information 

may be free to be activated due to the task naturalness and so both first and second 

constituents show influence on compound word reading. 

To our knowledge, this study constitutes the first ERP investigation of the 

simple character frequency in processing of compound characters in which simple 

characters are used as radicals. Electrophysiological measures of Chinese character 

processing have allowed for capture of time courses in cognitive processing with the 

character unfolding that could be hardly reflected by the behavioral measures. In this 

study, the findings that the RCF effects were associated with N400 reveal that the 

interference of a radical's simple character information on compound character 
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processing occurs at the character level, when participants integrate semantic 

meanings of the whole characters. This may indicate integrating difficulties in 

semantic meanings between simple character and compound character representations 

(also refer to similar interpretation in Martinez et al., 2009). 

Obviously, the time point for the RCF effect, starting around 300 ms after the 

character onset, seems to be late as compared to the findings of Martinez et al. (2009), 

where lower ERP amplitudes were first elicited by words with high frequency 

constituents compared with those having low frequency constituents, in latency range 

of 100-300 ms. One possible reason for this difference may lie in the fact that almost 

all radicals are located at the right or the bottom in compound characters for 

manipulation of RCF in the present study. In Chinese, although prior research had 

confirmed that the impact of right radicals on visual character recognition was 

superior to left ones (Li, 1998; Peng, Li, & Yang，1997; Taft & Zhu，1997), the left or 

the upper one was also proved to be the first constituent that had been processed (Li, 

1998; Taft & Zhu, 1997). In prior studies, characters were shown to be processed 

from left to right (Taft & Zhu, 1997). Hence, it is not clear whether so late effect of 

RCF is due to manipulations of the right or the bottom radicals of characters. Actually, 

in Martinez et al., both the first and the second constituents have been considered and, 

it was showed that the earlier ERP effects were evoked by manipulation of the first 

constituent frequency, not by the second constituent frequency. If the first constituent 

in alphabetic words could be assumed to correspond to the left radical in Chinese 

characters, it is quite possible that the late effect of RCF is due to manipulation of the 

right or the bottom radicals. In any case, the present results regarding the time course 

could not be simply applied to the situation when the left or the upper radicals are 

taken into account. 
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When a radical is a simple character, whether its character version shares the 

same representation with its radical version could not be answered by the current 

findings. However, it is clear that the effect exerted by position-free radical 

information (e.g., RF) differs from that evoked by the simple character information of 

the same radical (e.g.，RCF) in compound character processing. For instance, first, in 

LDT, only the RF was found to exert significant influence on Chinese character 

processing. Second, in PDT, although both RF and RCF effects were associated with 

N400 at the same time windows, they showed different distributions, with the former 

lateralizing at the right hemisphere and the latter distributing over the whole brain 

(Experiment 4a) or anterior regions (Experiment 4b). Even with similar latency, the 

functional significance could be pinpointed through distinct scalp distribution pattern 

of N400 (Pammer et al., 2004; Spironelli & Angrilli’ 2007; Weber-Fox & Neville, 

2001). 

Taken together, these findings have important implications for model 

when the former is used as a radical in the latter. On the one hand, the current study 

confirms that information of a radical's simple character version could be activated to 

exert influence in processing of even opaque compound characters. However, the 

precondition is to guarantee the characters are being processed under an automatic or 

natural condition. This demonstrates that when considering the effects of simple 

character information on compound character processing (e.g.. Ding et al.，2004; 

Dunabeitia et al., 2007), the processing strategy evoked by the task should be taken 

into account. On the other hand, the present study provides empirical evidence that 

information of a radical's simple character exerts influence on compound character 
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processing at the point when readers integrate the semantic meanings coming from 
» 

simple and compound character representations together. 

5.4 Activation direction between radicals and characters: Is it radical-based 

input? 

With regard to the processes of visual character recognition, prior models 

either with the serial view or holding on the interactive view assume that before the 

whole character information is retrieved, it is the radical that is activated first (Perfelli 

et al.，2005; Taft, 2006). The radical-based inputs predict that manipulation of RF 

(those with more orthographic neighbors sharing the same radical) should first result 

in larger orthographic activation which can facilitate character processing at the sub-

lexical orthographic level. And consequently, it should be displayed as the earlier 

ERP components, P200, which is known to reflect the processes before the whole 

character processing. Following this logic, the current finding that the RF effect was 

related to the N400 effect in PDT appears to question the models holding on the view 

of radical-based inputs. However, one may argue that in LDT or in PDT with illegal 

characters as fillers, we do obtain the earlier effects of RPF and/or RF, reflected by 

the change of P200. However, these findings do not conflict with our arguments. For 

one thing, these earlier effects may be due to enhancement of the position-specific 

radical effects triggered by the LDT or the illegal characters. For another thing, in 

LDT, when characters are processed explicitly (or in a control procedure), it is quite 

possible and normal that the time course for the effects of radical information is 

different from that when characters are processed implicitly (or in an automatic 

procedure). 

Hence, with regard to the issue whether the radical could exert an early effect 

that is before the character-level processing, the present findings appear to show that 
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it is associated with the whole of experimental settings. When the task could 

guarantee that the characters are being processed automatically (or implicitly), and 

there are no other factors that will enlarge the sub-lexical orthographic effects, the 

radicals may not be related to an early effect reflected by sub-lexical orthographic 

processing in Chinese character recognition. So, radicals are not necessarily the first 

component activated during the processing of a Chinese character. In fact, in our daily 

life reading, researchers indeed found that characters and not radicals were the basic 

units thai were first activated in reading for comprehension (Chen, 1984，1987). 

Moreover, given the existence of simple characters ‘‘独体卞” (characters are 

composed of stokes directly but not radicals) in Chinese (e.g.,人 ren2, human), it is 

unreasonable to declare that radicals are the necessary units that must be (first) 

activated in Chinese character recognition. This is because if the radical-based input is 

true, the simple characters should not be recognized since there are no radicals in such 

kind of characters. 

5.5 Implications for the research of Chinese character recognition: Models and 

Application 

Several models have been proposed to explain the processes involved in 

Chinese character recognition. Among these models, Taft's multilevel interaction 

activation model (Taft, 2006) and Perfetti's interactive constituency model (Perfetii et 

al., 2005) are especially related to the current issue. The former could be assumed to 

illustrate character processing from the viewpoint of serial processing, whereas the 

latter is from the viewpoint of interactive processing (the detailed information has 

been illustrated in the section of introduction). Although these two models elaborate 

or predict processing of different kinds of radical information and the relationships 

between them, they still have difficulties in interpreting all the present findings. Given 
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the empirical constraints in the present experiments (as well as findings in previous 

research), some suggestions could b^'given for model revision in visual character 

recognition in Chinese. 

First, combining Taft's model (Taft, 2006) with our findings that the 

manipulations of radicals evoked a series of ERP components along the time course 

of character recognition (i.e. PI 50, P200, and N400)’ it is true that there have been 

three levels of presentations in Chinese orthographic system, which could be features, 

radicals, and characters. As in Taft's model, the feature level represents strokes and 

stroke connections and the character level represents character form information. Bui, 

at the radical level, radical position is not as important as assumed by researchers (e.g. 

Taft, 2006). Whether radicals are represented with or without positional information 

may depend on some kinds of experimental setups. 

Second, with regard to the activation direction among different representation 

levels, features, radicals, and characters, it is not necessary that radicals arc first 

activated by features and then they activate the whole characters. The issue whether 

the radical is activated before the character depends on many factors, such as the 

whole character frequency found in prior studies (e.g., Peng & Wang, 1997; She & 

Zhang, 1997) and the processing status of characters found here. Actually, the effects 

of radicals could be quite late, showing facilitation or inhibition in the semantic 

integration phase of character processing, especially when characters are read 

implicitly. 

Finally, when a radical is a simple character, the influence of its character 

information occurs at the character level, affecting the semantic processing of the 

whole character. However, the pattern of facilitation or inhibition between compound 

and simple characters depends on connection parameters that reflect the consistency 
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and validity of the radical version of the simple character and compound applying to 

meaning systems. 

In any case，outcomes of these experiments have important implications not 

only in that they place constraints on the effects of difTcrcnt kinds of radical 

information, but also because they provide guidance for the design of experiments 

that should be considered. When conducting an experiment, it is necessary to take the 

composition of materials and task naturalness into account. The present results extend 

the pattern of findings in previous studies in that when exploring radical effects, 

interpretation of results should also be considered under the limitations of particular 

setups. 

5.6 Limitations and directions for future studies 

One of the important limitations in our research is that we are not sure whether 

our findings could be applied to the normal character reading in daily life. This is 

because, first, both LDT and PD.T used in present research are not natural enough to 

reflect the situations in conventional reading. In LDT, illegal characters that do not 

appear in normal character reading are involved and, in PDT, the explicit linguistic 

processing of characters required in normal reading is not guaranteed. The second and 

also the more important one is that, as proved by our findings, effects of different 

kinds of information represented in radicals may be quite different when different 

tasks are employed. So, we are not sure whether such kinds of radical effects would 

keep the same once we put characters in a more natural procedure. However, note that 

such limitation do to not only exist in our research. Actually, prior studies also have 

the same problem. 

Given that the ultimate purpose of studying visual word recognition is to 

understand how people read in daily life, the best way researchers can do is to 
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construct tasks and materials as normally as possible. In this sense, future studies 

should continue investigating other ecologically valid procedure with the purpose of 

finally revealing radical effects in daily life reading. 

Among numerous paradigms, the most direct and effective way is to put 
a-

characters into sentences and then investigate radical effects in sentence reading. One 

of these studies was conducted by Taler and Phillips (2007), in which the 

neighborhood size (NS) effects were explored when participants read English 

sentences for comprehension. Results showed that high NS words elicited a 

significantly more positive-going waveform at P200 than low NS words, still 

exhibiting an earlier effect. Besides, Martinez et al (2009) also found the constituent 

frequency could influence compound word processing in Basque sentence reading. 

Nevertheless, there has been little research on radical processing in Chinese sentence 

reading. Given the big difference between alphabetic languages and Chinese, it is 

necessary to conduct studies in Chinese sentence reading regarding the effects of 

radicals. 

Furthermore, only certain kinds of information represented in radicals have 

been manipulated in the present study. However, interactions between factors from 

radical and character levels should not be ignored. Actually, in previous studies, it 

was a common phenomenon that radical processing played a more important r o l e in 

recognizing low-frequency characters (e.g., Peng & Wang, 1997; She & Zhang, 1997). 

Following this direction, taking character level factors into account could make our 

understanding more comprehensive in terms of radical effects. Moreover, issues such 

as the activation direction between radicals and characters could be investigated in a 

direct way through comparing the processing of characters and radicals. 
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More importantly, target radicals in the present study are those that could be 

used as simple characters. It is inappropriate to generalize the current findings about 

processing of character radicatls to radicals that are not characters. For ease of material 

selection，character radicals have been comprehensively studied whereas little 

research has been conducted on recognition of non-character radicals. One existing 

study using non-character radicals implied that characters consisting of character 

radicals were recognized faster than characters containing non-character radicals (Li, 

1998). This was interpreted as both radical and character levels providing stronger 

activation to characters than non-character radicals that were represented only at the 

radical level. This suggests that the effects of character radicals in recognition of 

Chinese characters may not be com'pletely the same as those of non-character radicals. 
N 

In order to have a comprehensive understanding about the radical effects, further 

studies with non-character radicals are evidently needed. 
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Chapter 6 

Conclusion 

In summary, the present study demonstrates that the relative importance 

between position-free and position-specific radicals in character recognition would be 

different in different situations. When characters are processed explicitly in the LDT, 

both position-free and position-specific radicals would exert influence on character 

recognition. But the effect of position-specific radicals is earlier and stronger than thai 

of position-free radicals. When characters are processed implicitly in the PDT, the 

effect of position-specific.radicals is much less stable than that of position-free 

radicals across different types of materials. These findings illustrate that the different 

results about effects of radical positions in prior studies may be due to the different 

tasks or types of materials being used. In addition, the present results suggest that the 

simple character information of a radical could play a role even in processing of 

opaque compound characters. But it occurs only when the whole characters are 

processed automatically and implicitly. We attribute this as the interfering effect and 

it happens when participants integrate the semantic meanings coming from the simple 

and compound character representations together. Lastly, the current findings 

question the arguments of radical-based inputs in prior theories. When considering 

this issue, the processing status of characters and other experimental settings such as 

composition of materials should be taken into account. 



_ Radical Processing 103 

References: 

A dictionary of Chinese character information. (1988). Beijing, China: Science Press. 

Baber, H., Vergara, M.，& Carreiras, M. (2004). Syllable-frequency effects in visual 

word recognition: evidence from ERPs. Neuroreport, 15, 545-548. 

Carreiras, M.，Perea, M.’ & Grainger, J. (1997). Effects of the orthographic 

neighborhood in visual word recognition: Cross-task comparisons. Journal of 

Experimental Psychology: Learning, Memory, and Cognition, 23, 857—871. 

Carreiras, M.’ Perea, M., Vergara, M.’ & Pollatsek, A. (2009). The time course of 

orthography and phonology: ERP correlates of masked priming effects in 

Spanish. Psychophysiology, 46, 1-10. 

Carreiras, M.，Vergara, M., & Baber, H. (2005). Early event-related potential effects 

of syllabic processing during visual word recognition. Journal of Cognitive 

Neuroscience, 17 (II), 1803-1817. \ 

Carreiras, M., Vergara, M., & Perea, M. (2009). ERP correlates of Iransposed-letter 

priming effects: The role of vowels versus consonants. Psychophysiology, 46, 

34-42. 

Chauncey, K.，Holcomb, P. J., & Grainger, J. (2008). Effects of stimulus font and size 

on masked repetition priming: An ERP investigation. Language and Cognitive 

Processes, 23,丨 83-200. 

Chen, A. W.，Zhou, J. H., & Chen，S. N. (1987). Hanzi ZixingXue He Biaoxing 

Fuhao Bianma, Beijing: Guangming Ribao Press. 

Chen, H. C. (1984). Detecting radical component of Chinese characters in visual 

reading. Chinese Journal of Psychology, 26, 29-34. 

Chen, H. C. (1987). Character detection in reading Chinese: effects of context and 

display format. Chinese Journal of Psychology, 29, 45-50. 



� Radical Processing 100 

Chen, H. C. (1992). Reading comprehension in Chinese: Implications from character 
a 

reading times. In H. C. Chen & O. J. L. Tzeng (Eds.), Language Processing in 

Chinese (pp. 175-205). Amsterdam, Netherlands: North-Holland. 

Chen, H. C. (1999). How do readers of Chinese process words during reading for 

comprehension. In J. Wang, A. W. Inhoff, & H. C. Chen (Eds.), Reading 

Chinese script: a cognitive analysis (pp. 257-277). Mahwah, NJ: Eribaum. 

Chen, H. C., & Shu, H. (2001). Lexical activation during the recognition of Chinese 

‘characters : evidence against early phonological activation. Psychonomic 

Bulletin & Review, 511 -518. 

Chen, H. C.’ Flores d’ Arcais, G. B., & Cheung, S. L. (1995). Orthogrpahic and 

phonological activation in recognizing Chinese characters. Psychological 

Research, 58, 144-153. 

Chiarello, C. (2002). Parallel systems for processing language: hemispheric 

complementarity in the normal brain. In M. T. Banich & M. Mack (Eds.), 

Mind, brain and language: Multidisciplinary perspectives. Mahwah, NJ: 

Eribaum. 

Chinese radical position frequency dictionary. (1984). Hunan, China: Hunan Institute 

of Computer Science. ^ 

Coltheart, M., Davelaar, E.’ Jonasson, J.T., & Besner, D. (1977). Access to the 

internal lexicon. In S. Domic (Ed.), Attention and performance /F(pp. 535-

555). Hillsdale, NJ: Eribaum. 

Ding, G. S.，Peng, D. L.，& Taft, M. (2004). The nature of the mental representation 

of radicals in Chinese: A priming study. Journal of Experimental Psychology: 

Learning, Memory, and Cognition, 30 (2), 530-539. 



_ Radical Processing 103 

Ding, G. S., Taft, M.，& Zhu, X. P. (2000). The representation of radicals that can be 

used as characters. Acta Psychologfca Sinica, 32, 21-26. 

Dufau, S., Grainger, J., & Holcomb, P. (2008). An ERP investigation of location 

invariancein masked repetition priming. Cognitive, Affective, & Behavioral 

Neuroscience, 8 (2), 222-228. 

Dunabeitia, J. A., Perea, M.，& Carreiras, M. (2007). The role of the frequency of 

constituents in compound words: evidence from Basque and Spanish. 

Psychonomic Bulletin & Review, 14, 1171-1176. 

Feldman, L. B.’ & Siok，W. W. T, (1997). The role of component function in visual 

recognition of Chinese characters. Journal of Experimental Psychology: 

Learning, Memory, and Cognition, 23 (3), 776-781. 

Feidman, L. B.’ & Siok, W. W. T. (1999). Semantic radicals contribute to the visual 

identification of Chinese characters. Journal of Memory and Language. 40, 

559-576. 

Fu, Y. H. (1985). Analysis and statictics of structure and constituent component in 

Chinese characters. Zhongguo Yuwen, 187, 261-272. 

Grainger, J. (2008). Cracking the orthographic code: An introduction. Language and 

Cognitive Processes, 23 (I), 1-35. 

Grainger, J.，& Jacobs，A. M. (1996). Orthographic processing in visual word 

recognition: A multiple read-out model. Psychological Review, 103, 518 -565. 

Grainger, J., Kiyonaga, K., & Holcomb, P. J. (2006). The time course of orthographic 

and phonological code activation. Psychological Science, 17 (12), 1021-1026. 

He, S. X‘，Yin, W. G.’ Luo, Y. J., & Weekes，B. S. (2006). The neuropsychological 

basis of the Chinese mental lexicon: An ERP study using LORETA. Brain and 

Language, 99，189-191. 



� Radical Processing 102 

Holcomb P. J., Grainger J.’ & O'Rourke T. (2002). An electrophysiological study of 

the effects of orthographic neighborhood size on printed'word perception. 

Journal of Cognitive Neuroscience, 14 (6), 938-950. 

Holcomb, P. J., & Grainger，J. (2006). On the time course of visual word recognition; 

An event-related potential investigation using masked repetition priming. 

Journal of Cognitive Neuroscience, 18 (JO). 1631-1643. 

Honorof, D. N., Feldman, L. (2006). The Chinese character in psycholinguistic 

research: form, structure, and the reader. In P. Li, L. H. Tan, E. Bates，& O. J. 

L. Tzeng (Eds.), The Handbook of East Asian Psycholinguistics, Vol. 1: 

Chinese (pp. 195-208). Cambridge, U.K.: Cambridge University Press. 

Hoosain, R. (1991). Psycholinguistic implications for linguistic relativity: A case 

study of Chinese. Hillsdale, NJ: Eribaum. 

Hsiao, J. H.，Shillcock, R.’ & Lavidor, M. (2006). A TMS examination of semantic 

� radical combinability effects in Chinese character recognition. Brain Research, 

1078. 159-167. . 

Hsu, C. H.’ Tsai, J. L.，Lee, C. Y., & Tzeng, O. J. L. (2009). Orthographic � 

combinability and phonological consistency effects in reading Chinese 

phonograms: An event-related potential study. Brain & Language, 108, 56-66. 

Hyona’ J.，& Pollatsek’ A. (1998). The role of component morphemes on eye fixations 

‘when reading Finnish compound words. Journal of Experimental Psychology: 

Human Perception and Performance, 24, 1612-1627. 

ISO 10646 "The Building Blocks oflSO/JEC 10646 Migration - Hong Kong Glyph 

Specification and Assisting Tools" (on line). Available 

http://glyph.isol0646hk.net/index.jsp/. 

http://glyph.isol0646hk.net/index.jsp/


_ Radical Processing 103 

Kiyonaga, K., Midgley, K. J., Holcomb, P. J.' & Grainger, J. (2007). Masked cross-

modal repetition priming: An ERP investigation. Language and Cognitive 

Processes, 22, 337-376. 

Lai, C•，& Huang, J. T. (1988). Component migration in Chinese characters: Effects 

of priming and context on illusory conjunction. In 1. M. Liu, H. C. Chen, & M. 

J. Chen (Eds.), Cognitive aspects of the Chinese language Volume 1 (pp. 57-

67). Hong Kong: Asian Research Service. 

Lavidor, M., & Walsh，V. (2003). A magnetic stimulation examination of 

orthographic neighborhood effects in visual word recognition. Journal of 

Cognitive neuroscience, 15, 354-5W. 

Lavidor，M., Ha)«s, A.，Shillcock, R.，& Ellis, A. W. (2004). Evaluating a split 
- V 

processing model of visual word recognition: effects of orthographic 

neighborhood size. Brain and language, 88, 312-320. 

Lee, C. Y.’ Tsai, J. L., Chan, W. H.’ Hsu, C. H., Hung, D. L., & Tzeng，O. J. L. (2007). 

Temporal dynamics of the consistency effect in reading Chinese: An event-

related potentials study. Neuroreport, 18 (2), 147-151 • 

Lee, C. Y.，Tsai, J. L., Huang, H. W.，Hung, D. J” & Tzeng，O. J. L. (2006). The 

temporal signatures of semantic and phonological activations for Chinese 

sublexical processing: An even-related potential study. Brain Research, 112J, 

150-159. 

Lee, C. Y., Tsai, J. L.，Kuo, W. T., Yeh, T. C.，Wu, Y. T.’ Ho, L. T., et al. (2004). 
% 

Neuronal correlates of consistency and frequency effects on Chinese character 
1 

naming: an event-related fMRI study. Neuroimage, 23, 1235-1245. 



� Radical Processing 104 

Ui，H. (19.98). Recognition of Chinese characters: a radical-based approach 
* , 

(Unpublished doctoral dissertation). The Chinese university of Hong Kong, 

Hong Kong. 

Li, H.，& Chen, H. C. (1999a). Radical processing in Chinese character recognition: 

Evidence from illusory conjunction. Psychological Science. China, 22, 213-

217. 

Li, H.，& Chen, H. C. (1999b). Radical processing in Chinese character recognition: 

evidence from lexical decision. Psychologia, 42, 199-208. 

Lin, S. E.’ Zhao, J. P., Weng, X. C., & Chen, H. C. (manuscript). The role of 

orthography in visual form processing of Chinese character: ERP evidence from 

automatic operation. 

Liu, I. M.’ Wu, J. T.’ Sue, I. R.’ & Chen，S. C. (2006). Phonological mediation in 

visual character recognition in English and Chinese. In P. Li, L. H. Tan, E. 

Bates, & O. J. Tzeng (Eds.), Handbook of East Asian Psycholinguistics 

(Chinese: Vol. 1) (pp. 218-224). Cambridge, U.K.: Cambridge University 

Press. 

Liu, Y.，Perfetti, C. A., & Hart, L. (2003). ERP evidence for the time course of 

graphic, phonological, and semantic information in Chinese meaning and 

pronunciation decisions. Journal of Experimental Psychology-Learning 

Memory and Cognition, 29 (6), 1231-1247. 

Liu, J.，Tian，J., Li, J., Gong, Q.，& Lee, K. (2009). Similarities in neural activations 

of face and Chinese character discrimination. NeuroReport, 20, 273-277. 

Marslen-Wilson, W.’ Tyler, L., Waksler, K., & Older, R. (1994). Morphology and 

meaning in the English mental lexicon. Psychological Review, 101, 3-33. 



_ Radical Processing 103 

- « 

Martinez, M. V.，Dunabeitia, J. A., Laka, I., & Caireiras’ M. (2009). ERP correlates of 

inhibitory and facilitative effects of constituent frequency in compound word 

reading. Brain Research, 1257, 53-64. 

Meng, X. Z , Jian, J.； Shu, H.，Tian, X. M., & Zhou, X. L. (2008). ERP correlates of 

the development of orthographic另丨 and phonological processing during 

Chinese sentence reading. Brain Research, 1219, 91-102. 

Miller, G. A. (1995). WordNet: a lexical database for English. Communications of the 

ACM, 11. ‘ 

Modern Chinese Frequency Dictionary. (1990). Beijing, China: Yang Hang Press. 

Pammer, K.，Hansen, P. C.，Kringelbach, M. L.’^^"iday, I., Barnes, G.’ Hillebrand, 

A.’ et al. (2004). Visual word recognition: the first half second. Neuroimage, 

22 (4), 1819-1825. 

Peng, D. L.，& Wang, C. M. (1997). Basic processing unit of Chinese character 

recognition: Evidence from stroke number effect and radical number effect. 

Acta Psychologica Sinica, 29, 8-16. 
1 

Peng, D. L.，Li, Y, P., & Yang, H. (1997). Orthographic information in identification 

of Chinese characters. In H. C. Chen (Ed.), The cognitive processing of 

Chinese and related Asian languages (pp. 85-108). Hong Kong, Chinese 

University Press. 

Perfetti, C.八.’ & Tan, L. H. (1999). The constituency Model of Chinese word 

identification. In J. Wang, A. W. Inhoff, & H. C. Chen (Eds.), Reading 

Chinese script: a cognitive analysis (pp. 115-134). Mahwah, NJ: Erlbaum. 

Perfetti, C. A., & Zhang，S. L. (1995). Very early phonological activation in Chinese 

reading. Journal of Experimental psychology: Learning, Memory, and 

Cognition, 21. 24 -33 . ‘ 



� Radical Processing 106 

Perfetti，C. A.’ Liu, Y.，& Tan，L. H. (2005). The lexical constituency model: some 

implications of research on Chinese for general theories of reading. 

Psychological Review, 112 (I), 43-59. 

Rumelhart, B. E.，& McClelland’ J. L. (1982), An interactive activation model of 

context effects in letter perception: Part 2. The contextual enhancement effect 

and some tests and extensions of the model. Psychological Review, 89, 60 -94. 

Sandra, D. (1990). On the representation and processing of compound words: 

automatic access to constituent morphemes does not occur. Quarterly Journal 

of Experimental Psychology: Human Experimental Psychology, 42, 529-567. 

She, X. J., & Zhang, B. Y. (1997). The effects of semantic and phonetic clues in • 

picot-phonetic character mental lexicon. Psychological Science, China, 20. 

142-145. 

Spironelli, C., & Angrilli, A. (2007). Influence of phonological, semantic and 

orthographic tasks on the early linguistic components N150 and N350. 

International Journal of Psychophysiology, 64. 190-198. 

Su，I. F., & Weekes，B. S. (2007). Effects of frequency and semantic radical • 
« 

combinability on reading in Chinese: An ERP study. Brain and Language, 103, 

111-112. 

Taft, M. (2006). Processing of characters by native Chinese reader. In P. Li, L. H. Tan, 
〜 

E. Bates, & O. J. L. Tzeng (Eds.), The Handbook of East Asian 

Psycholinguistics, Vol. 1: Chinese (pp. 237-249). Cambridge, U.K.: 

Cambridge University Press. ‘ 

Taft, M., & Zhu, X. (1997). Submorphemic processing in reading Chinese. Journal of 

Experimental Psychology: Learning, Memory, and Cognition, 23, 761-775. 



_ Radical Processing 103 

Taft, M.’ Zhu, X. P., & Ding，G. S. (2000). The relationship between character and 

radical representation in Chinese. Acta Psychologica Sinica, 32, 3-12. 

Taft, M., Zhu, X. P., & Peng, D. L. (1999). Positional specificity of radicals in 

Chinese character recognition. Journal of Memory and Language, 40, 498-

519. 

Taler, V.’ & Phillips，N. (2007). Event-related brain potential evidence for early 
\ 

effects of neighborhood density in word recognition. Ne wore port, 18, 1957-

1961. I 
Tan, L. H.’“Hoosain, R., & Peng, D. L. (1995). Role of early presemantic 

phonological code in Chinese character identification. Journal of 
] 

Experimental Psychology: Learning, Memory, and Cognition, 21, 43-54. 
、 

Tsang, Y. K., & Chen, H. C. (2009). Do position-general radicals have a role to play 

� in processing Chinese characters? Language and cognitive processes, 24 (7), 

947-966. 

Tzeng, O. J. L., Hung, D. L.’ Cotton, B.’ & Wang’ W. S. Y. (1979). Visual 

lateralization effect in reading Chinese characters. Nature, 282, 499-501. 

Wang, S. Y. (1981). Languages structure and optimal orthography. In O. J. L. Tzeng 

& H. Singer (Eds.), Perception of print: Reading research in experimental 

psychology (pp. 223-236). Hillsdale, NJ: Erlbaum. 
A 

Weber-Fox, C.，& Neville, H. J. (2001). Sensitive periods differentiate processing of 

open- and closed-class words: An ERP study of bilinguals. Journal of Speech 

Language and Hearing Research, 44(6), 1338-1353. 

Wong, K. F.’ & Chen, H. C. (2000). Orthographic and phonological processing in 

reading Chinese. Acta psychologica Sinica, 32 (1), 1-6. 



� Radical Processing 108 

Yeh, S. L.，& Li’ J. L. (2002). Role of structure and component in judgments of visual 

similarity of Chinese characters. Journal of Experimental Psychology: Human 

Perception and Performance, 28, 933-947. -，、 

Yeh, S. L.，& Li’ J. L. (2004). Sublexical processing in visual recognition of Chinese 

characters: Evidence from repetition blindness for subcharacter components. 
• ‘ ^ » 、 

Brain and Language, 88, 47-53. 

You, W., Chen, B.，& Dunlap，S. (2009). Frequency trajectory effects in Chinese 
* • ‘ 

character recognition: Evidence fro the arbitrary mapping hypothesis. 
• “ 

Cognition, 110, 39-50. 一 , 
‘ - ‘-

» » 

Zhou, X. L.，& Marslen-Wilson，W. (1999a). The nature of sublexical processing in ‘ p 

» ‘ 

reading Chinese characters. Journal of Experimental Psycholgoy: Learning, 

Memory, and Cognition, 25, 819-837. • 

Zhou, X. L., & MarsLen-Wilson’ W. (1999b). Sublexical processing in reading 
‘ t 

Chinese. In J. \^ang, A. W, Inhoff, & H. C. Chen (Eds.)，Reading Chinese 

script: a cognitive analysis^ (pp. 37-63). Mahwah, NJ: Eribaum. 
» * 

Zhou, X. L., & Marslen-Wilson, W. (1999c). Phonology, orthography, and 'semantic 

、 

activation in reading Chinese. Journal of Memoly and Language, 41, 579-606. 

Zhou, X. L., Shu. H.: Bi, Y.〔、.’ & Shi. [). F. (1999). Is there phonologicallN mediaied 

access to lexical semantics in reading Chinese? In J. Wang, A. W. InhotT. 11 C 

Chen (Bds.), Reading Chinese script: a cognitive analysis (pp. I 35-171). 
( 

Mahwah, NJ: Brlbaum. 
• • • 

Zwitserlood, P. (1994). The role of semantic transparency in the processing and 

represenlalion of-Dutch compounds. Language and Cognitive Proc esses. 9. 

’ 341-368. • • •‘ . • 



X 錢 S T 掷 i 
_ Radical Processing 103 

Appendix A: Real Characters in Experiments 1-

A1 

Condition Character Radical SN CF RPF RF' RCF Condition Character Radical ‘SN 

HRPF 欣 欠 8 13 29 58 36 LRPF . 帅 巾 5 

HRPF 巧 9 , 9 48 63 64 LRPF 钡 贝’。 9 

HRPF ill IL . 7 t • 
2 16 • 30 293 LRPF 秘* 必 10 

HRPF m 丨AL 10 42 18 31 871 LRPF . 籽 子 9 

HRPF 抄 、 .少 7 26 
A ‘ 

15 24 978 LRPF 1 钎 .._千 8 

HRPF 炸 9 75 .-14 21 10 LRPF 伊 尹 6 

HRPF f̂ j 10 9 . 1 6 25 18 LRPF 酌’• 
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'IV 心 7. 74 ‘ 125 • 576 LRPF 芳 方 7 

HRPF ' u i 9 ‘343 49 \ 56 204 “ LRPF . 初 刀 7 
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56 〔 1 5 21. 216 LRPF t - .野 予 11 T 
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HRPF m n 8 33 25 50 404 LRPF .阵 车 6 
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HRPF m r：) 1 1 、 7 29 34 33 ‘ LRPF « . 敕 束 11 
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瓶
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姨
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登
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十 

豆 

8 

9 

9 

8 
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9 

10 
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11 
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14 

62 

77 

81 
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7 
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3 
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6 

84 

25 

48 
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11 

25 
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29 
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99 

59 

30 
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32 

57 

41 
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Appendix B: Non-Characters in Experiments la and 2a 

失寿 t、 e i 東 i 

n 贝P 力5 

『 H ¥ 玄 
% 

厂才 

吾 当才 t m 丨J戈 

¥ 亡 r 

m 支:T 弓身 m ELJt rH 
% l i AS 白 

产; 當 SJ 员斤 失 射 
% 

.、、％ 

上"i k) 少全 山"i 亏〉、 i f 下虫 J r f 

全4 月尹 f a 目才 办 f 卖乡 

kM 、夕 i D ¥ 
M 立 i c i 更石 
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Appendix C: Pseudo-Characters in Experiments lb, 2b，3, 

于、 皇 饯 臭 

当 云虫 秦 宇 

顿 餅 力己 柴 化 乾 

租 V) 邪 J P 経 

> 1 . 王卜 .日夕 
/ 

m 蜂 

鲜 
、 

牙石 呈丰 精 試 

^ 忖 仗 社 

票卜 i 尔 姊 孤 役 

鉬 n 多凡 t于 卜走 ； t 

跟 献 FA U 游L 好 

% iJL 子匕 

；！丈丨1(5 
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Appendix D: Geometric figures in Experiments 2c and 4b 
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