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Abstract

An important issue in contemporary studies of reading is whether (and, if so, how) 
different writing systems affect the cognitive processes involved in reading. The current view 
is that reading in non-alphabetic and alphabetic orthographies may involve similar cognitive 
processes. Starting from current word recognition models, established for alphabetic 
languages, the present thesis provides a theoretical and empirical analysis of word recognition 
and reading in Chinese.

The thesis first proposes that the orthographic units of Chinese words are the smallest- 
stroke-patterns, rather than individual strokes as conventionally thought. Over 90% of Chinese 
words are compounds (called ZI in Chinese), constructed from the combination of primitive 
ideographs. The two major orthographic components, termed the lexical radical and the non- 
radical component are essential components of such compound words. Secondly, this thesis 
proposes two orthographic rules called the Part-to-Whole Phonological correspondence rule 
and semantic correspondence rule. These rules specify that the lexical radical and the non- 
radical component of a word are the semantic and phonetic components, respectively. Thirdly, 
the thesis proposes that pronunciation of Chinese may be achieved via the rule-defined 
phonetic component, according to two phonological recoding rules called "derivation" and 
"analogy".

The empirical analysis (ten experiments) explores visual, phonological and semantic 
processing of Chinese words (single characters) through simple comparison tasks. Visual 
matching of Chinese words shows that the orthographic units used by skilled native readers are 
stroke-patterns, not the individual strokes. As in English, a direct route from print to sound and 
another from print to meaning also exist in Chinese. Subjects (skilled Chinese readers) also 
showed a selective attentional bias toward the rule-defined semantic and phonetic components, 
respectively, in semantic and phonological comparison tasks. This attentional bias was stronger 
for the non-radical component, in phonological comparison tasks. This was confirmed by 
lexical decision on two-word phrases (called CI). The attentional bias in the lexical decision 
task was asymmetrical, and was found only on the non-radical component. It is proposed that 
lexical decomposition may involve segmenting the non-radical component away from the 
lexical radical, while leaving the lexical radical as a fixed base.

In an approach toward reading larger units, the last experiment investigated lexical decision 
with two-character CI. This experiment investigated not only the effects of word-frequency, 
concreteness and homophony but also their differential effects in individual subjects, as indices 
of reading strategies. The lexical decision performance of skilled Chinese readers was 
significantly correlated with individual subject's susceptibility to frequency and concreteness 
effects but not with homophone effect. As a reading strategy, a bias towards semantic recoding 
is correlated with faster performance while a phonological strategy is correlated with slower 
performance. These two strategies themselves had an inverse association. Lexical 
decomposition as an optional strategy was significantly associated with the phonological 
strategy.

Finally, the present thesis develops an analytic account of word recognition and reading in 
Chinese. Implications are drawn for both experimental studies of normal reading and 
neuropsychological studies of dyslexia in Chinese.
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Long Abstract

An important issue in contemporary studies of reading is whether (and, if so, 

how) different writing systems affect the cognitive processes involved in reading. 

The current view is that reading both non-alphabetic and alphabetic words may 

involve similar cognitive processes (Hung & Tzeng, 1981; Flores d'Arcais, 1992). 

However, cross-orthographic studies on the issue of the "same" or "different" 

processes by no means fully answer the question of how words written in non- 

alphabetic scripts (such as Chinese) are read. This thesis provides a theoretical and 

empirical analysis of word recognition and reading in Chinese. In order to test the 

wider applicability of current word recognition models, established on alphabetic 

languages (mainly English), this thesis examines a number of aspects of reading 

Chinese words (single-character compound words). In contrast to the wholistic 

view of reading Chinese words, the thesis develops an analytic account of word 

(and two-word CI) recognition, involving rule-based lexical decomposition of 

compound (single-character) words.

According to current connectionist ideas, word recognition involves the 

activation of orthographic, semantic and phonological information in parallel over 

a set of primitive representational units (Seidenberg & McClelland, 1989). At a 

different, more abstract level of analysis, the recognition and naming of written 

words may be described in terms of 'rules', subject to different writing systems, 

such as the Grapheme-Phoneme Correspondence rules in English. In examining 

such approaches toward word recognition with Chinese words, a key problem is
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that the orthographic structure of single words (characters) has not yet been 

specified for Chinese orthography. The present thesis therefore begins by 

characterising the orthographic knowledge that may be relevant to reading.

Chinese words are called WEN and ZI in Chinese, indicating two classes. In 

fact, only 5% or so of Chinese words are the so-called ideographs (WEN), made 

up from individual strokes. The vast majority of Chinese words (ZI) were 

constructed from combination of the set of primitive ideographs (WEN). The 

structures of these WEN thus forms a level of orthographic units intermediate 

between words and individual strokes. These units can be called stroke-patterns. 

Thus the present thesis proposes that the orthographic constituents of Chinese 

words should be considered these stroke-patterns, rather than the individual 

strokes, as is often thought to be the case. The present study is concerned 

primarily with ZI, i.e., the vast majority of Chinese words. All ZI can be divided 

into two principal orthographic bodies-the lexical radical and the remainder: the 

'non-radical component'. The lexical radical is the essential component of all ZI. 

However, the status of a given component as a lexical radical can only be defined 

in the word context, according not only to its form but also its position in the 

different words that contain it.

Secondly, this thesis classifies three types of rules in Chinese orthography: 1) 

etymological rules for the composition of ZI; 2) Rules of Part-to-Whole Semantic 

and Phonological Correspondences; 3) Receding rules for pronunciation of 

Chinese words, via the non-radical component. The etymological rules that are 

responsible for the composition of more than 90% of Chinese words (the 

compound ZI) are the ideocompound and ideophonetic rules. The Part-to-Whole 

Correspondence rules specify the semantic and phonetic components of Chinese 

words as the lexical radical and the non-radical component respectively, with 

words formed by the ideocompound rule as phonologically irregular words 

according to the Part-to-Whole phonological correspondence rule. Pronunciation
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of a word via the rule-defined phonetic component (i.e., the non-radical 

component) can be achieved through "derivation" or "analogy", which are 

accordingly called receding rules for pronunciation via the non-radical 

component.

A total of eleven experiments is reported in this thesis. Experiments 1 to 10 

used Same-Different judgments to simultaneously presented word-pairs. This task 

requires subjects to judge whether the paired Chinese characters (which may also 

be pseudowords and nonwords) are the "Same" or "Different" in their visual form, 

or pronunciation, or meaning. All experiments (except Experiments 1 and 4) used 

computerised tasks with multi-factorial control of stimuli. In some of these 

experiments, not only the same subjects but also the same stimuli were used in 

different tasks. Thus, the different cognitive processes involved in word 

recognition could be examined orthogonally.

Experiments 1 to 3 examined visual comparison between pairs of Chinese 

words. The pilot experiment, (Experiment 1) showed an effect of the number of 

mismatching features, quantified in terms of the orthographic units defined in this 

study (the 'unit-dissimilarity1 effect). Experiment 2 used not only words but also 

pseudowords and nonwords. In addition to the unit-dissimilarity in 'Different' 

pairs, visual complexity of 'Same' pairs was also manipulated orthogonally, in terms 

of both the numbers of units and the numbers of strokes (called 'stroke- 

complexity' and 'unit-complexity', respectively). In Experiment 2, characters 

consisting of either 2 units or 3 units can have the same or different numbers of 

strokes. Comparison of 2-unit characters was found to be significantly faster than 

3-unit characters, even when the numbers of strokes in 2-unit and 3-unit 

characters was identical. However, there was no significant difference in either 

speed or accuracy of comparison between characters with different numbers of 

strokes, in either 2-unit or 3-unit characters. This suggests that the orthographic 

unit used for visual word recognition (in compound words, that is, in the large



IV

majority of Chinese words) is the stroke-pattern rather than the individual strokes, 

at least for skilled readers of Chinese (such as the subjects in this study).

As in English, recognition of orthographic units of Chinese words also benefits 

from a word context (the word-unit effect). Evidence for this is that the unit-based 

effects (unit-complexity and unit-dissimilarity) were stronger in comparisons 

between real words than between pseudowords or nonwords. Moreover, words 

were also judged generally more quickly and accurately than the pseudowords, 

and pseudowords were faster and more accurate than nonwords. These two types 

of word superiority effects reflect the mutual interactions between recognition of 

orthographic units and of words, as proposed by some interactive models (e.g., 

McClelland &. Rumelhart, 1981). The demonstration of both types of word 

superiority effects with single-character Chinese words suggest some functional 

parallelism between the orthographic units of Chinese words and the letters of 

English words, in word recognition. It also suggests a wider applicability of 

models characterised by the mutual interaction between orthographic units and 

words (e.g., McClelland & Rumelhart, 1981). A pseudoword advantage over 

nonwords, between which the sole difference is the position of the lexical radical, 

is also shown in Chinese. This finding indicates that recognition of the 

orthographic units of Chinese words (such as the lexical radicals) is highly 

sensitive to positional information. Experiment 3, with exactly the same procedure 

and stimuli as Experiment 2, used non-Chinese readers, for whom Chinese words 

are merely graphic patterns. After quite limited practice (240 pairs or so), the unit- 

dissimilarity effect reached significance, implying that the graphic patterns of the 

orthographic units of Chinese words can be used even by non-Chinese (native 

English) subjects, on the sole basis of visual familiarity. These results suggest that 

the structure of the orthographic units may be salient as graphic forms, 

independent of their underlying linguistic features.



Experiments 5 to 10 explored semantic and phonological comparisons in three 

paired experiments. The first paired experiments (Experiments 5 & 8) 

demonstrated that semantic relatedness (synonymy) between two words to be 

compared had no significant effects on their phonological comparison 

(Experiment 5). Likewise, relatedness in pronunciation (homophony) had no 

significant effects on semantic comparison (Experiment 8). These results suggest 

that, as in English, there are direct routes between orthography and phonology as 

well as between orthography and semantics in Chinese.

The second pair of experiments (Experiments 6 & 9), used physical matching 

on either the lexical radical or on the non-radical component, as distractors, to bias 

subjects toward false 'Same1 responses. Subjects showed the opposite selective 

attentional biases in semantic and phonological judgment tasks, respectively, even 

though the actual stimuli employed in the different tasks were identical. They 

were significantly slower, and had higher false 'same1 response rates, in 

phonological comparison of word-pairs when the non-radical component was the 

distractor (the Word-Component match condition) than when the lexical radical 

component was the distractor (the Word-Radical match condition) (Experiment 

6). In contrast, the same subjects were significantly biased by the lexical radical 

component and not by the non-radical component as the distractor, in semantic 

comparisons (Experiment 9). The opposite effects of the lexical radical and the 

non-radical component as the distractor, respectively, were also shown, on 

phonological and semantic comparison tasks, using word-pseudoword pairs 

(Experiments 7 & 10). Therefore the matching radical and non-radical components 

function quite differently as distractors in semantic vs. phonological tasks.

These results are in accord with the semantic and the phonological rules of 

Part-to-Whole correspondences proposed in this study, which specify the lexical 

radical and non-radical component as semantic and phonological components
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respectively. The non-radical component was equally effective as a distractor in 

phonological comparisons when the word was an ideocompound word, in which 

both components (including the non-radical component) are semantic 

components, by the etymological ideocompound rule. Therefore, the rules relevant 

to, or used by subjects, in the recognition of written words appear to be the 

orthographic rules, which describe the regular orthographic structure of written 

words, rather than etymological rules, which define the function of these 

orthographic components in terms of their word-formation origins. Furthermore, 

the present study demonstrated that the influence of a matching component as a 

distractor, in the phonological judgment task, is a function of the frequency-index 

of that component as a lexical radical in all the words contain it (called the radical 

frequency index).

In an approach toward reading larger units, the last experiment (Experiment 

11) investigated lexical decisions with two-word phrases (called CI in Chinese). 

This experiment had two aims. First, it investigated whether or how the frequency, 

concreteness, and homophony of two-character CI, and of the components of the 

single-character words, may affect lexical decisions on two-character CI, when a 

specific linguistic task such as semantic or phonological judgment is not required. 

Firstly, lexical decision on two-character CI was affected by manipulation of the 

components of single-character words. The position of the same components in 

single-character words, regular or irregular, had significant effects on the lexical 

decision task. However, the position of the same set of radicals in the two- 

character CI, in terms of beginning or middle of the two-character CI as a whole, 

had no significant effects in this task. These findings suggest that reading larger 

units in Chinese (e.g., two-character CI) is based on the processing of individual 

characters. The individual character is the basic reading unit in Chinese. It should 

be called a 'word' in English rather than a 'character'. Secondly, lexical decision 

with two-character CI were found to be significantly influenced by Cl-frequency
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and concreteness but not homophony of the CI. Consistent with recent studies of 

word frequency effects in English, performance on Cl-homophones was not 

significantly influenced by their base-CI frequency.

A further analysis of the data in this experiment investigated the association 

between reading strategies and reading efficiency, as well as the associations 

among different reading strategies. Individual bias in attending to different 

information in the CI (i.e., different reading strategies) were measured by the 

magnitude of corresponding experimental effects in individual subjects. 

Orthographic-lexical frequency dependence was indexed by the effects of CI- 

frequency for individual subjects. Semantic and phonological strategies were 

indexed respectively by the magnitude of the concreteness effect, and of the CI- 

homophone effect, in individual subjects. Dependence on lexical decomposition 

was indexed by the radical-migration and non-radical-migration effects, in 

individual subjects. Finally, reading efficiency was measured by the latency and 

accuracy of lexical decision on 180 real CI, for each subject. The semantic strategy 

was found to correlate with faster performance in the lexical decision task. By 

contrast, the phonological strategy was found to correlate with slower 

performance in the lexical decision task. A lexical decomposition strategy was also 

associated with slower performance. Hence, in skilled (silent) adult reading in 

Chinese (at least for CI), subjects biased towards orthographic-lexical processing 

and semantic recoding may be more efficient readers. However, caution should be 

exercised in generalising any of these results to the acquisition of reading skill in 

children, or to other reading tasks.

As to associations between reading strategies themselves, an inverse 

association between the semantic and phonological strategies was found. 

Moreover, the strategy of lexical decomposition, indexed by the component- 

migration effect, was significantly associated with a phonological strategy. Lexical 

decomposition appeared to affect the lexical radical and the non-radical
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component asymmetrically. That is, percetual recombination of a component of 

one word with the other whole word, to form a 'illusory conjunction 1 pseudo-CI, 

occurred in respect of the non-radical components, but not at all in respect of the 

lexical radical. The lexical decomposition processes in Chinese may be 

asymmetrically focused on the non-radical component and it is only important for 

phonological recoding.

The present study suggests the wider applicability of models for word 

recognition established on English. Nonetheless, there are also 

orthography-specific features of word recognition in Chinese. In semantic and 

phonological recoding tasks, there appears to be a selective attentional bias in 

skilled readers of Chinese, respectively, toward the rule-defined semantic and 

phonetic component-the lexical radical and the non-radical component in 

compound words, depending on a lexical decomposition process. In the lexical 

decision task, lexical decomposition affected the lexical radicals and the non- 

radical components asymmetrically. This decomposition process may involve 

segmenting the non-radical component as a whole away from the lexical radical, 

leaving the lexical radical fixed as the base. This kind of lexical decomposition 

process may be unhelpful for semantic recoding.

The analytic account of word recognition in Chinese, developed in this thesis, 

may serve as a theoretical basis for a Chinese version of parallel distributed 

processing models for word recognition, in the future. There are some important 

implications both for experimental studies of normal reading and for 

neuropsychological studies of dyslexia in Chinese. The results also offer some 

support for a new analytic method for learning to read Chinese.



Chapter 1

The Chinese language

Introduction

The subject of this thesis is the orthographic recognition of Chinese words. 

Since most readers of this thesis will not be native readers of Chinese, it is first 

necessary to introduce the Chinese language.

Chinese, which is spoken as a first language by a larger number of people than 

any other language, also possesses venerable and extensive literatures. Chinese 

has played a role in east Asia comparable to that of Latin and Greek in Europe. 

The Chinese language has already been widely discussed in English (e.g. 

Karlgren, 1971; Martin, 1972, Wang, 1971, 1973; Henderson, 1982; Tzeng and 

Hung, 1980, 1981; Hung and Tzeng, 1981; Hoosain, 1991; Flores d' Arcais, 

1992, Hu& Huang, 1990). This chapter accordingly provides a general rather than 

a comprehensive introduction to Chinese, including both spoken and written 

Chinese. The description of spoken Chinese focuses specifically on those features 

which are distinctive for Chinese. The introduction to written Chinese centres on 

the reforms of written Chinese, which have not yet been fully described or taken 

account of, in the current English literature.

Chinese speech

To the ears of western speakers, Chinese speech may sound rather simple and 

melodious. The basic speech unit in Chinese is the syllable, which can be a single 

vowel (V) or one consonant plus vowel (CV). There are no consonant clusters 

(CC) like [sp, bl,]. Three other features contrast with English. These are mutually 

unintelligible dialects, gross homophony and tones.



1) Dialects and the Common language (Mandarin)

There are eight major dialects in spoken Chinese. The vocabulary items 

(typically combinations of multiple characters ) used in the different dialects for 

expressing the same concept or object can be totally different, so that different 

dialects can be mutually unintelligible. Within one dialect, there may also be 

different accents. Like different accents in English, however, these are usually 

mutually intelligible. Despite the eight dialects and many accents in Chinese 

speech, a standard spoken language has existed in China for more than 2000 

years. Thus, according to early Chinese literature, the great master Confucius 

(250 B.C.) taught his philosophy to his students in "elegant language" 

[jia]3 [jian!2, the "Queen's English " of that time. This standard speech has been 

known as "elegant language" jp W Ln a13 [jian]2, or "official language" ^ ^ 

[guan]l [hua]4 in ancient times, as the "national language"@ iS [guo]2 [yu]3 in 

Taiwan, as <£ ig [hua]2 [yu]3 used in overseas Chinese society and in the latest 

version (as the) "common language" ^ ii ig , [pu]3 [tongll [huaJ4, in mainland 

China at present. Due to obvious political reasons, the standard speech has always 

been based on the local dialect of the capital. Given that Beijing was the capital 

for the YUANG, MING and QIN dynasties, the standard language of Chinese has 

been based on the northern dialect, and Beijing accent, for the last eight centuries. 

Apart from political reasons, the literature written in the Beijing dialect may also 

have played an important role in promoting the northern dialect to the standard 

speech of Chinese. The conventional translation in English of standard Chinese 

speech is Mandarin. This, however, may well be a historical mistake, since 

Mandarin, which should refer to the native speech of Mandarin, is taken to refer 

to the native speech of the majority Han Chinese. Mandarin, who were not 

Chinese, conquered China and established the last empire in China-the QIN- 

(1664-1912). However, they acquired the Chinese language and were assimilated 

by the Chinese.



In this thesis, standard spoken Chinese will be referred to as the "common 

language" [PU-TONG-HUA]. According to a recent survey, 70 per cent of the 

population speak the northern dialect, i.e., 70 per cent of the Chinese population 

use the common language as their native tongue. However, most overseas Chinese 

speak the Canton dialect. In 1955, for the purposes of education and official 

communication, the national language committee of the People's Republic of 

China stipulated the northern dialect, and Beijing accent, as the "common 

language", [pu] [tong] [hua], the standard spoken language for China. Since then, 

PU-TONG-HUA has been widely used in education, the mass media and formal 

communication. The common language PU-TONG-HUA has 22 consonants and 

38 vowels and 1200 syllables; it is the simplest of the eight dialects according to 

one recent linguistic study (Huang &. Hu, 1990).

As for the relationship between spoken and written Chinese, in fact only the 

northern dialect, i.e., the common language, has a written format that 

corresponds directly to this spoken form, particularly as regards colloquial 

language. The vocabularies (i.e., the combinations of multiple characters) in other 

dialects, if written down to correspond with their pronunciation, would be either 

visually meaningless or have a different meaning from the spoken vocabulary. 

For instance, ^fe ^ WASH HAND is pronounced [xi]3 [shou]3 in the northern 

dialect whereas in Shanghai dialect it is pronounced [da] [sou] (tone in Shanghai 

dialect is insignificant). The written two-character CI, ffi 3- when read aloud in 

PU-TONG-HUA would be [xi]3 [shou]3, identical to the pronunciation in 

northern dialect. Yet the Shanghai dialect [xi] [sou] for WASH HAND, if written 

down as pronounced, would be £T ^ , which means BEAT HAND. Hence, 

vocabularies in dialects other than the northern dialect (the common language) do 

not have a written format which corresponds directly to the spoken form. 

However, it must be emphasized that the difference among vocabulary items used 

in different dialects are primarily in the combinations of multiple characters. The



pronunciation of the individual written words in the different dialects is a matter 

of accents, that is, variation in phoneme values, over a limited range of distinctive 

features. For instance, WASH HAND in Beijing speech is [xi]3 [shou]3 and in 

Shanghai speech is [da] [sou]. In reading aloud the written wordffi 3- , Beijing 

speakers would read [xi]3 [shou]3 while Shanghai speakers would read [xi] [sou]; 

the two forms differ merely in the systematic change of accents. Further evidence 

for this claim can be seen in the fact that literate Chinese who speak different 

dialects can appreciate equally well the melodious tones and rhyme of Tang and 

Song dynasty poems, which were written about 900 years ago. Hence, the 

influence of dialects in reading is by no means as important as it is in speech.

2) Homophony

Words distinct in meaning but which sound exactly the same are known as 

"homophones". Homophony in Chinese has been considered particularly 

problematic for reading comprehension. For instance, Chao (1968) noticed 116 

distinct characters under the syllable [si] in Goodrich's pocket dictionary, and he 

actually constructed a written Chinese text using 161 homophones, which if read 

aloud would consist of repetitions of the one sound [si]. One can imagine the 

difficulty of reading comprehension for such text. However, the homophone 

problem has been somewhat exaggerated in the literature. Firstly, the number of 

homophones such as [si] may be overestimated due to inconsistencies between 

character lexicons in the different dictionaries. In the XIN-HUA dictionary, the 

most popular and authoritive dictionary for contemporary Chinese in China, only 

39 distinct characters can be found under the syllable [si], including all four 

different tones (Xin Hua, 1979). Some characters included as homophones of [si] 

in the Goodrich dictionary must be archaic, even for readers with large 

vocabularies. The number of characters in practical use in modern Chinese is in 

fact no more than 7000, according to a recent survey by the Chinese National 

Language Committee (Hung & Hu, 1990). Based on the XIN-HUA dictionary



(1979), the largest number of homophones for individual characters is the 

pronunciation [jiao], under which there are 52 distinct characters, including all 

four different tones. Most individual characters usually have no more than 10 

homophones including all four tones, and fewer than five, excluding words 

pronounced with different tones. Secondly, the effect of homophony between 

individual characters becomes still less important in practice, since modern 

spoken and written vocabularies are usually based on combinations of two or 

three characters. As a matter of fact, homophones of these two-character CI, 

e.g., ftjg RED LIP [dan] 1 [shuen]2 and $• & SIMPLE [dan] 1 [shuen]2 are far 

fewer than those of single characters, and are probably no more common than 

English homophones such as KNEW and NEW. Hence, homophones are unlikely 

to constitute a particular problem either in Chinese speech or in the reading of 

modern texts in Chinese.

3) Tones

Tone is a prominent feature of Chinese speech (PU-TONG-HUA). The number of 

tones varies from one dialect to another. For instance, in Canton dialect there are 

six tones, while in Shanghai dialect tone is almost absent. In PU-TONG-HUA, 

there are four tones. They are conventionally represented by the symbols -, /, V, 

and\ indicating flat, up, down-up and down, to designate the tones 1, 2, 3, and 4. 

The most peculiar tone is the third one, which falls and then rises. No equivalent 

phonetic feature can be found in spoken English. However, the second is similar 

to the rising tone used at the end of questions in English, while the fourth tone is 

similar to simple stress in an English word. The first tone is simply neutral 

(without distinctive intonation). Words with the same pronunciation but different 

tones can be totally different words. For instance, the pronunciation [shi]l in the 

first tone can be 0 MASTER, in the second [shi]2 can be t: FOOD, in the third 

[shi]3 can be m FAECES, and in the last [shi]4 can be 9 THING. In theory, 

tones can be used to distinguish the different words with the same pronunciation.



However, in real speech, the distinction between tones is not so important, since 

spoken vocabularies are usually combinations of two or three characters. For 

instance, [lao]3 [shi]l( £ iff ) and [lian]2 [shi]2 ( $ £ ) will be spoken for 

MASTER and FOOD respectively instead of 0 [shi]l and it [shi]2, which only 

differ in their tones. The relatively insignificant role of tone in speech may also 

be deduced from the fact that tone is absent in some spoken dialects of Chinese, 

such as the Shanghai dialect, without causing problems for oral communication in 

that dialect.

In summary, although dialects, homophones and tones appear to be prominent 

features of Chinese speech, their influence upon speech and reading is not unique 

to Chinese.

Written Chinese and its reforms

The vertical columns of characters, which have to be read from right column 

to left, as usually described in the English literature, no longer represent modern 

Chinese writing, at least in the People's Republic of China. Written Chinese 

reforms started at the beginning of this century. However, it was not until 1955 

that the planned reform of written Chinese had been systematically carried out all 

over China (except Taiwan). The costs and benefits of this reform need not be 

discussed here. However, to understand the modern Chinese used in the People's 

Republic of China it is necessarily to give a brief introduction to the reform of 

written Chinese. This introduction to the written Chinese reform centres on the 

following four aspects:

1) From literary style to colloquial style

The written form of individual Chinese words has been remarkably constant. 

Accordingly, the Chinese reader can understand the meaning of words used in 

DAO text, written in 600 B.C. Nonetheless, the structure of writing in ancient
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different from speech in terms of both vocabulary and grammatical structure. This 

literary style of writing was called X W [wen] [yan]. In WEN YAN, the individual 

characters were used as independent words in a specific grammatical structure. 

The literary style of writing was not a direct record of speech and it could be 

mastered by only a small segment of the population. However, another writing- 

style called 6 ig X [bai] [hua] [wen], meaning "plain or colloquial" has also existed 

in China for at least 800 years. The colloquial style of writing is a more direct 

record of speech; more exactly, it transcribes the common language, PU-TONG- 

HUA. As in speech, the vocabularies used in the colloquial style of writing are also 

combinations of two or three characters. The colloquial style of writing was 

initially used only when writing entertainments (e.g, novels). Given the concern 

with increasing the level of literacy, the colloquial style of writing, which is 

obviously easier to acquire, became more and more popular. In 1918, the "new 

culture movement" promoted the colloquial style of writing for formal literature, 

including poetry. Since then, the colloquial style of writing has been formally 

adopted in Chinese writing. At present, writing in the literary style is extremely 

rare and it is only used for special purposes. Most literary works written in the 

literary style have to be translated into colloquial style in order to be understood 

by contemporary Chinese readers. Writing in the literary style is no longer 

conventionally taught in schools, although the reading of literary style text still is.

The arrangement of the written characters in text was also changed at the same 

time as the colloquial style of writing was introduced. The traditional vertical 

columns are now more frequently replaced by horizontal rows. The use of 

horizontal rows, from left to right, started in 1919 and has applied to all 

newspapers and printed books in China since 1955 (Hung &. Hu, 1990). Given 

that single characters are printed in the same size and (square) shape, they are 

suitable for both horizontal and vertical printing. For some newspapers and 

magazines, especially for those published in more traditional Chinese societies
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such as overseas Chinese communities and in Taiwan, the vertical columns are still 

used. For vertical columns, reading is still from right to left at present.

2) From sophisticated to simplified characters

Simplification is the natural evolution of Chinese orthography. The early 

evolution of pictographic script to simplified ideographic script in Chinese, e.g., 

from Tiger ^ to ^ is already a simplification. In ancient times, sophisticated and 

simplified versions of the same words existed in parallel for different purposes 

(practical and aesthetic, for example). Sometimes, sophisticated and simplified 

words were regarded as different calligraphies: for example, "NO1 is written as £ in 

the KAI version and as £ in the QI version. A simplified format, originally called 

$ ft plain version, was very popular in the Tang dynasty and almost every 

subsequent period in history. However, it was not until 1956 that the planned and 

more thoroughgoing simplification of Chinese words was undertaken in the 

People's Republic of China. Given that a standard norm of simplified characters 

had been announced to replace the different versions of simplified characters that 

were already in public use, the simplification should be regarded as a 

standardization of Chinese words. Current forms of simplified characters in China 

are based on the norms for 2238 words, announced by the National Language 

Reform Committee in 1964. The simplification is rule-governed, and was put into 

practice gradually (Huang & Hu, 1990). Most importantly, instead of changing 

the form of individual characters, the simplification involved a relatively small 

number of components, called radicals, which recur frequently in different 

characters. For instance, among the 2238 standard simplified characters, 1754 are 

generated from just 132 simplified components (the so-called radicals). That is, 

among the 2238 simplified characters, 1754 are different from the sophisticated 

form only in one component such as it and i* . The simplified and sophisticated 

forms of Chinese characters are , as it were, mutually intelligible. Thus literate 

Chinese, who learned to read and write with the sophisticated form of Chinese



characters before 1956, do not need to go back to school in order to learn the 

characters in the simplified form.

3) Phonetic representations of characters-[Pin] [yin]

From many English words (so-called regular words), one can obtain the sound 

of the word by simply assembling the sounds of the constituent letters according 

to rule ('regular* words). Letters are usually learned before words (or at least , 

before any substantial vocabulary of written words is acquired). However, in 

Chinese, no such set of components is acquired prior to the acquisition of words. 

The pronunciation of Chinese words is taught entirely by "look and say". Many 

attempts have been made to construct a relatively small set of sound symbols, so 

that the sound of Chinese words can be obtained by assembling a small number of 

components. In history, there have been at least four proposals. They are Welsh 

phonetics, Roman letters, simple ancient Chinese characters, and & =g [pinjl 

[yin]l ASSEMBLING SOUND. The most influential are Welsh phonetics and PIN- 

YIN. The system that used ancient Chinese Characters such as , somewhat like 

Kana, called [zhu]4 [yin]l [zi]4 [mu]3 & ^ ^ -E£ in Chinese, has only been 

used in Taiwan. The Roman letters are no longer used at the present time.

In fact, the use of alphabetic letters to represent the sounds of Chinese words 

began with foreign missionaries, for the purpose of teaching the Chinese to read 

the Christian Bible, about 1610. The most influential proposal was Welsh 

phonetics, proposed by Thomas Welsh, a British ambassador to China. It was used 

in the first instance to teach not only English but also other European diplomats to 

speak Chinese. Therefore the sound of the letters is based on both the 

pronunciation of English and of other European languages. The Welsh proposal 

was used to represent Chinese personal names and place names in both Chinese 

and western literature until 1958. In some current English literature it is still used 

to represent the sound of Chinese. In 1957, PIN YIN, a set of 39 alphabetic letters
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and their compounds (e.g., ch, zh, eng), was announced by the Chinese language 

reform committee. It aimed to promote the common language Pu Tong Hua in 

speech and reading. The sounds of letters in Pin-Yin correspond approximately to 

phonemes. Since 1958, Pin-Yin has been widely taught in schools all over China. 

In mainland China it is taught independently of the characters and usually before 

the acquisition of characters. In Chinese literature, the names of foreign peoples 

and districts are now transcribed in Pin-yin. Most English literature now also tends 

to use Pin-yin instead of Welsh phonetics to represent Chinese place names or 

specific terms. For instance, Beijing in PIN-YIN, instead of Peking, is now used to 

represent the capital of China in most English texts. Pin-yin is now widely used to 

represent the sound symbols of Chinese words. However, it must be born in mind 

that PIN-YIN represents merely the abstract sound structure of Chinese characters. 

It cannot be regarded as an alternative written form of Chinese for general use. 

Written texts in Chinese publications still use characters, but not PIN YIN. Even 

the combination of characters and alphabetic letters such as, e.g., ^3£ the cha)for 

DRINK TEA, is not acceptable in Chinese, except for commercial use. The function 

of PIN YIN for most Chinese readers is mainly to learn the sound of new words or 

to find standard Pu Tong Hua pronunciations of known words in the Chinese 

dictionary.

4) The Chinese lexicon-single character ZI and multiple character CI

The lexicon in Chinese includes the single-character words, called X WEN 

(simple characters) and ^ ZI (compound characters) and the combination of two 

characters (sometimes three characters) inj called [ci]2. In English writings, the 

single character word is sometimes described as a single "morpheme" rather than a 

"word" (Hung & Tzeng, 1981). However, the term "word" is also sometimes used 

to refer both to single characters and to combinations of characters, CI. This has 

given rise to confusions such as the conflicting claims that all Chinese "words" 

are monosyllabic (single characters) but that modern Chinese "words" (CI) are
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usually polysyllabic. However the idea that the individual character corresponds 

to the "morpheme" rather than the "word" can be contested, for at least two 

reasons. Firstly, the "morpheme" is by definition the smallest meaningful unit in 

language. However, (as discussed further in Chapter 2), the smallest meaningful 

unit can be (and often is) smaller than the individual character: that is, in all 

compound characters (ZI), which make up over 90% of the characters. Secondly, 

individual characters can be used as independent "words" in the literary style of 

writing. Although, in the modern colloquial style of writing, the vocabulary is more 

frequently formed by the combinations of characters, or CI, both single character 

words (ZI) and multiple- character CI for the same concept can exist in parallel in 

the lexicon. They are used in speech and writing as different styles, literary or 

colloquial. For instance, SUN can be expressed as H [ri]4, or as % pg [tai]4 

[yang]2; OBJECT can be expressed as t! [wu]4oras £ B [dongjl [xi]l; RUN 

can be £& [pao]3 or ^ ^ [pao]3 [bu]4. In CI, the constituent characters are both 

spoken and written independently. For instance, CI for COMPUTER in Chinese is 

it n #t where the constituent characters individually mean CALCULATE 

COUNT MACHINE respectively, and are pronounced [ji]4 [suan]4 [ji]l. The 

meaning of this three-character CI is the combination of the meaning of all three 

characters, while its pronunciation is the pronunciation of the individual 

characters in sequence with no change or blending of the sounds of individual 

characters. To some extent, the CI is comparable to the phrase in English. Most of 

the combinations have become more or less fixed expressions in speech and 

writing. For example, £ H [dong]l [xi]l for OBJECT (literally EAST 

WEST) is a common fixed vocabulary item in Chinese. The meaning of the 

combination cannot always be understood from the literal meanings of the 

constituent characters. An English translation of the word "CI" is not currently 

available. In the present study, the term "word" will be used to refer to single 

characters only, without further specification.



12

As for the size of the Chinese lexicon, it should be taken to include both 

single-character words and two-character or three-character CI. According to 

some authorities, the number of words (single characters) can be as many as 

80,000. However, the core lexicon for practical usage is far smaller than this 

legendary number. Many efforts have been made to select a core lexicon based on 

the most useful characters. For instance, "A thousand word textbook for peasants" 

was published in 1908. In 1921, Chen Huo-Qin first selected 4261 commonly used 

characters from the lexicon of Chinese, by using statistical analysis of the 

frequency of characters in modern Chinese writing. In 1951, 2000 common 

characters were stipulated as the normative or essential literary level in China. The 

latest "contemporary norm for Chinese words", which was published by the 

National Language Committee in 1988, has selected 7,000 characters as the core 

lexicon for education, for word-processing of Chinese characters and for literature 

search index systems. The most popular dictionary in mainland China, the Xin-Hua 

dictionary, contains 11,000 characters, which includes all 7,000 characters from the 

1988 norms (Hung & Hu, 1990).

Generated from combinations of single-character words, the number of CI 

which are available in speech and writing is almost uncountable. The number of CI 

increases as new concepts are invented. In Chinese, new concepts are expressed 

by constructing new CI from existing characters. For instance, when the 

automobile was invented, a new word had to be created (or an old one, CAR, 

adopted in use) in English. In Chinese, the existing two characters ft $ 

STEAM VEHICLE were used together to form the new two-character CI for 

automobile. A similar way of creating new words in English is to construct 

compound words such as ARMCHAIR or BLACKBOARD. However, word- 

compounding in English is limited in application, and in length; long compounds 

are rare.
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Although CI consist of two or three characters, each character is written 

independently, in the same size, with no hyphen between them. The acquisition of 

CI (perhaps similar to learning new compound words in English) may be easier 

than that of truly new words in English, because the constituents of CI in Chinese 

are known words. The pronunciation of CI is simply the pronunciation of the 

individual constituent characters independently. The meaning of many CI may be 

obtained from the combination of the meanings of constituent words, such as 

CALCULATE COUNT MACHINE for COMPUTER. However, this is not always 

the case (as in EAST WEST for OBJECT). A typical character can often occur in 

more than five different CI. For instance, 0 COLD can occur in ^ $ COLD, £

i POOR, m m FEAR, m & DISAPPOINTED, % & SHIVER, $ f&
DISGRACEFUL. Thus the acquisition of literacy in Chinese involves learning 

only 2000-4000 single-character words, since these 2000 or 4000 characters 

could occur in over 10,000 CI available for speech and writing in Chinese.

5) The sorting systems of the Chinese lexicon

There are four ways of sorting or classifying single-character words in Chinese 

dictionaries. These are, respectively, the radical index, the PIN YIN index, the four 

corner code index and the stroke-shape index (Hung &. Hu, 1990). The radical 

index is the most useful. It has been used by almost every Chinese dictionary from 

the ancient KAN XI (A.D.1776) to the present XIN HUA (1979). The radical index 

consists of 189 radicals, according to the XIN-HUA dictionary (1979) and this 

number is usually constant among different dictionaries. The PIN YIN index is 

usually used in parallel with the radical index in dictionaries for reference to 

pronunciation. In the XIN HUA dictionary, characters with the same 

pronunciation are arranged together in a PIN-YIN index. A word with unknown 

pronunciation can be found with the radical list. In the radical list (e.g., XIN HUA, 
1979), the 189 radicals are ordered according to the number of strokes they
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contain. Under each radical, words with the same radical are ordered according to 

the number of strokes in the remainder of the word excluding the radical (i.e., in 

the non-radical component as a whole). For example, for the word ft JOY/[yi]2, its 

radical »(  appears in the three-stroke-radical category, and the non-radical 

component £ is counted as 5 strokes. Therefore, In can be found in the 5-stroke 

category under the *[ radical. The four corner code consists of four Arabic 

numbers, which is arbitrarily used to represent the different shapes of strokes. On 

the four corner index, words can be found from the shapes of the strokes at the 

four corners of the words. This system is now seldom used, at least in mainland 

China. The stroke-shape index is only used for special purposes, such as to input 

Chinese words into a computer system.
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Chapter 2

Chinese Orthography

Written Chinese words are compact stroke-patterns. These patterns are written 

in squares, each of the same size, with no spaces or punctuation marks to separate 

them. To Chinese eyes, this square pattern, a written esperanto, is a word and also 

far more than just a word. To the eyes of alphabetic readers, the square pattern is 

conspicuously complex; it is radically different from any alphabetic "word" and 

indeed looks rather like a picture. Chinese orthography has accordingly been 

regarded as pictography, ideography and lexigraphy. It is usually regarded as a 

salient example of a writing system that is radically different from such alphabetic 

systems as English. With regard to the neuropsychology of reading, "Brains may 

be similar from one language to another, but orthographies are certainly not" 

(Coltheart, Patter son and Marshalll, 1980). Before addressing the issue of 

whether the same neuropsychological process are employed in reading Chinese 

and in reading English, it is reasonable to ask the question: To what extent, and in 

what ways, are words written in Chinese radically different from words written in 

English? To address this question, an introduction to Chinese orthography should 

centre on knowledge of the writing system as a component of the word 

recognition system, in Chinese and in English. This introduction, which has direct 

relevance to the main study, should also be regarded as an introduction to certain 

descriptive terms and concepts that pervade the present study.

Before turning to an introduction to the orthographic structure of Chinese, it 

may be useful to review briefly some current issues concerning the relationship 

between orthographic structure and word recognition.
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Orthographic knowledge and word recognition

1) Orthographic units of written words

Many current theoretical frameworks for word recognition in the study of 

English orthography are letter-mediated accounts (e.g., Morion, 1969; Colthean, 

1981; McClelland and Rumelhart, 1981; Henderson, 1982; Besner, Colthean 

and Davelaar, 1984; Humphreys, Even, Quinlan and Besner, 1987; Rayner & 

Pollatsek, 1987). A recent connectionist model for word recognition does not 

even include representational units for "words" (Seidenberg and McClelland, 

1989), although this lacuna is debatable (Besner, McCann, Twilley and 

Seergobin, 1990; Seidenberg & McClelland, 1990). According to this 

connectionist model, word recognition involves interactive processing between 

three basic codes, orthographic, semantic and phonological. Each of these codes is 

represented as a pattern of activation distributed over a number of primitive 

representational units.

Explicit orthographic knowledge of letters is commonplace in English, since 

the acquisition of literacy in English usually begins with the learning of individual 

letters. However, the constituents of Chinese words are neither conventionally 

taught in school nor even consistently and systematically classified. Hence, in 

extending these letter-mediated models to reading Chinese (if another very 

different model is not necessary), the first fundamental question is: What is the 

equivalent of the "letter" in Chinese? As indicated by the widely used term 

"radical* in describing Chinese words, word constituents do seem to exist in 

Chinese orthography. However, the radical is usually classified according to its 

function, e.g., the so-called semantic versus phonetic radicals. The orthographic 

structure of the radical has not yet been clearly and consistently classified. The 

classification of the basic structure of orthographic units in Chinese words thus 

becomes the first task of this thesis.
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2) Rules relevant to reading

Written words are linguistic structures as well as visual patterns. As pointed 

out by Henderson (1987), current studies on word recognition have been 

characterised by the view that word recognition is the interface between the 

perceptual and linguistic domains (Henderson, 1987). In order to read, one must 

have acquired knowledge (or rules) of writing system. The best known example of 

the concept of orthographic rules in the study of word recognition concerns the 

grapheme-phoneme correspondences (GPC) of alphabetic orthographies. With 

regard to the idea of rules in reading, as pointed out by Glushko (1979), one 

should distinguish," (a) rules as linguistic descriptions; (b) rules as knowledge of 

language structure; (c) rules as procedures or mechanisms of pronunciation". In 

order to address questions about the importance of rules in reading Chinese, the 

rules themselves should first be appropriately defined.

The remainder of this chapter offers an introduction to knowledge of Chinese 

words, which focuses on the clarification of the basic orthographic units and the 

three types of rules in Chinese orthography.

Orthographic knowledge of Chinese words

1) The Orthographic unit of Chinese words-f/ze smallest stroke-pattern

Chinese words, each in a compact square pattern of strokes, are a salient 

example of a non-alphabetic writing system. In contrast to alphabetic words, 

words in Chinese are not conventionally spelt by a set of components, like the 

letters in English. However, this need not mean that such components are absent 

in Chinese. In fact, the principal word constituents in Chinese-analogous to 

letters-are usually thought of as the individual strokes, as described by Martin 

(1972): "Wang (1971) perceptively notes that the average number of strokes of a 

character, reduced from six or seven to four or five in the new simplified shapes,
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is now about the same number of letters in an English word, so that there is 

obvious parallelism in information content between the stroke and the letter". 

However, there are problems for this identification of the strokes as the significant 

orthographic constituents. Firstly, it must be born in mind that the segmentation of 

individual strokes in Chinese words is not always directly visible, and very often it 

is a matter of writing conventions. For example, a square a , which as a graphic 

pattern might be counted as four strokes, is actually counted as three strokes i , i ,. 

in Chinese. Second, and more importantly, even when the individual strokes are 

graphically distinct, they always appear as elements in a fixed stroke-pattern (a 

constant spatial design) which occupy specific positions, such as three dots in a 

vertical line (always on the left side) or four dots in a horizontal line (always at the 

bottom) of the different words in which they occur, e.g., ^ % ™ ;&<*

Third, from the etymological point of view, in Chinese, single-character words 

are called x and ^ [wen] 2 [zi]4. These two terms indicate two distinctive categories 

of written words, with a different constituent structure (Hu & Huang, 1990) . 

Figure 2 illustrates how words are formed hierarchically by individual strokes and 

by stroke-patterns.

As seen in Figuie 2.1, about 3500 years ago or even earlier, the first generation 

of Chinese words ( Figure 2.1) were formed out of individual strokes (Hu &. 

Huang, 1990). These may be called pictographs or ideographs (e.g., ^

MOUNTAIN/[shan]l,a SUN/[ri]4, R MOON/[yue]4, * BIRD/[niao]3). 

These simple ideographs are called [wen]2 in Chinese (Hu & Huang, 1990). 

However, an important fact that should not be ignored is that these so-called 

ideographic or pictographic words only account for 5% or so of Chinese words in 

modern usage. More importantly, these simple ideographs are not only used in 

isolation as words, but are also used as the components in later-formed, compound 

Chinese words, called [zi]4. According to etymological studies, well
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Figure 2.1. Illustration of formation of Chinese words-WEN & ZI
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over 90% of current Chinese words are ZI. They were formed at a later time, 

with the primitive simple ideographs (WEN) as their constituents. This account 

was set out by Xu Shen in his book i# 2; j$ ^ [shuo]l [wen]2 [jian]3 [zi]4 'The 

description of WEN and analyses of Z/', (about 25 A.D,), which has been 

acknowledged as the most authoritive book on etymology for more than a 

thousand years (Hung &. Hu, 1990}.

WEN, the building-blocks of ZI, are the pictographic or ideographic symbols, 

not unlike the ideographic symbols familiar to alphabetic readers, such as $ 

(dollar), % (percent), & (and), etc.. In contrast to the letters of English, WEN 

symbols were created in isolation as words, although they were later used as 

components in many more words. In isolation they are both pronounceable and 

meaningful, i.e., they have full lexical status. However, some of the ideographs in 

isolation are no longer used as words in modern Chinese. They are only used as 

components in words (e.g., <'/ in Figure 2). The structure of WEN is called 

"single body" (Hu & Hung, 1990). This is the smallest stroke-pattern, in that 

further decomposition would yield only individual strokes. For instance, 

STONE/[shi]2 is already the smallest stroke-pattern despite the fact that it contains 

(or appears to contain) the even smaller pattern p MOUTH/[kou]3. However, the 

decomposition of ft would yield n plus the individual strokes 7* , which do not 

form a legitimate, independent stroke-pattern in Chinese.

These smallest stroke-patterns are thus proposed as the basic orthographic 

units of all words in Chinese, (in what follows, the term 'unit' will be used, for 

brevity.) In this classification, the WEN are single-unit words, while Z I are 

words with more than one unit-usually from two to five units in the simplified 

version. Each unit itself is usually written in a square pattern. The composite 

spatial arrangement of the units in ZI are of three main types: left-right ( HJJ ), 

top-bottom ( ^ ) and outside-inside ( @ ). Note that the top-bottom and
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left-right arrangement can overlap. The left or right units can be further sub­ 

divided into top and bottom components ( #j , n )• Similarly, the top or the 

bottom units can have left and right components ( 3| , & ). Although each 

major component (left or right, top or bottom) may contain unequal numbers of 

subordinate units or stroke-patterns, they usually occupy roughly equal areas in 

standard written format (e.g., KAI format).

2) Two functionally distinct orthographic constituents of ZI: the lexical 
radical and the non-radical components

The present study is primarily concerned with the 90% or more of Chinese words 

that contain more than one unit (i.e., ZI). As seen in Figure 2 , ZI are formed by 

two major components. One is usually a word as a whole (sometimes called the 

stem). Another component, indicating the semantic category of the word, is an 

essential component sometimes called the "signifier", "radical" or "semantic 

radical" in the English literature. From KAN XI (A.D.776), the classical Chinese 

dictionary, to XIN HUA (7979), the contemporary Chinese dictionary, words are 

organized according to their radicals (other methods such as the four corner 

stroke code are seldom used in mainland China). The radicals are called 

«/[bian]l, £ /[ban]2, $ /[bu]4, t /[shou]3 in Chinese, meaning SIDE, 

COMPONENT and PART, HEAD, indicating their spatial positions. There are 

189 radicals used as indices in the XIN HUA dictionary (7979), reduced from the 

traditional 214 in KAN-XI, including 8 single-stroke radicals for words 

consisting of only one stroke-pattern (WEN). These indices are ordered according 

to the number of strokes they have. Words are usually listed under just one index, 

with few exceptions. Although the set of indices listed in the dictionary is not 

conventionally taught in school, they should be familiar to most Chinese readers 

through using a dictionary. (The radical-index dictionary is the most commonly 

used one in mainland China). Much as the initial letter in an English word at the 

beginning of a sentence is written in uppercase, so components used as indices can
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can also have a special format (called the radical format in this study). The radical 

format can differ from the non-radical format (i.e., the format for the same 

components when used as words in isolation or as the non-radical component of a 

word) as much as "A" and "a" or as little as "C" and "c". For instance, the 

component TJ (also a word in isolation meaning KNIFE/[dao]l) is written as« 

(word format) in isolation or as a non-radical component (as in 

MURMUR/[dao]2). However, it is written as \J when it is used as the index of the 

words *l PEEL/[pao]l, «l CUT/[ke]l, *J SURNAME/[liu]2. Note that the position 

of this component , when used as a dictionary index, is also fixed on the right 

side of the different words in which it occurs. Each radical used as a dictionary 

index has its own fixed position, which is called the "radical position" in this 

study. For different radicals, the radical position can be the left (e.g., y in 

ii tf £ & ) right (e.g., in $] *l *J *i ) top (e.g., ^ 

in £ £ 3 £ ) or bottom (e.g.,....in £, /;( , & , M>. The radical 

position can also be found in the dictionary (XIN HUA, 1979). For instance, the 

radical position for y is on the left, since under y , it is on the left side of most 

words in which it occurs. Although in some cases, a component may be a radical 

in one word and a non-radical component in another, the same component used as 

a radical or as a non-radical component always occurs in a different position (and 

sometimes a different format) depending on its radical or non-radical status. For 

instance, s* is listed as an index in the dictionary. It appears as a radical in y* [lu]2 

DONKEY, but as a non-radical component in i3 f [rna]l MOTHER, since the radical 

position of J, should be on the left side.

To distinguish from the general (and somewhat unsatisfactory) term "radical", 

the term "lexical radical" is proposed here in the present study. "Lexical radical" 

refers to any of the 189 indices listed in the Chinese dictionary when these 

components occur in the radical position (and radical format) in a word. It is 

important to emphasize that lexical radicals can only be defined in word context,
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not in isolation. Moreover, the positional regularity of a lexical radical (its radical 

position in different words) is generally an all or none rule, in contrast to single 

letter positional frequencies in English, which are a matter of more or less. In 

Chinese single-character words, orthographic regularity is in fact determined by 

the positional regularity of the lexical radicals. If a left radical ( J ) is placed on the 

right side of a word, it yields an illegal word (i.e., a nonword) in Chinese (e.g.,

For all ZI (i.e., words with more than one unit), the "non-radical component" is 

defined simply as all the remainder of the word, excluding the lexical radical. Thus 

the non-radical component may include more than one orthographic unit (see 

Figure 2.1). The distinction between the lexical radical and the non-radical 

component, as the names indicate, is thus determined by the structure and position 

of the lexical radical.

Further classifications can be made according to the lexical status of both 

lexical radical and non-radical components. Despite the fact that the orthographic 

units of Chinese words (ZI), can themselves be words in isolation, and have full 

lexical status, some orthographic units exist whose sound and sometimes meaning 

are no longer available in contemporary Chinese, due to language change and 

variation. These orthographic units are merely graphic symbols in modern Chinese, 

e -g-» & » x • These orthographic units may be called graphic-components in 

contrast to word-components. Hence, in the present study, lexical radicals are 

further sub-classified into word-radicals and graphic-radicals, and the non-radical 

components are further sub-classified into word-components and 

graphic-components, respectively.

The lexical radical and non-radical components are not only distinctive 

orthographic bodies but are also used to represent different linguistic information, 

which can be defined by rules, as follows.
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2) Three types of rules in Chinese

a) The traditional (descriptive) rules of word-formation

Traditionally, there are six rules of word-formation called^ [liu]4[shu]l. These 

six rules are considered to account for the construction of all Chinese words. 

Accordingly, Chinese words have been classified into six traditional categories, 

namely, H % Imitative [xang]4 [xing]2, % ? Indicative, [zhi]3 [shi]4, £ & 

Ideocompound [hui]4 [yi]4, % £ Ideophonetic [xing]2 [shen]l, fa & [jian]3 

[jie]4 Loan and # >i [zhuan]3 [zhuJ4 Transformation. In the English literature 

(Martin, 1972; Henderson, 1982), these six categories are sometimes reduced to 

five, namely, pictography, ideography, compound ideographs, phonetic 

compounds and loans, with the exclusion of the transformation category.

In fact both the (semantic) transformation category and the (phonetic) loan 

categories are methods of using words, rather than rules of composition (Hu &. 

Huang, 1990). The use of Phonetic loans applies to the situation where words 

exist in speech but have (as yet) no corresponding written form. A word with the 

same sound (i.e., a homophone), is then loaned as the written format for the 

existing word in speech. Phonetic loans are thus homophonic words. The semantic 

transformation category refers to words with the same lexical radical, (hence 

members of the same semantic field). For instance, H, -^ ^ ^ jg ^ 

all have the lexical radical OLD/ [lao]^All these words mean OLD PEOPLE. These 

words are called # ii ZHUAN-ZHU (transformations), and are to some extent 

synonyms (Hu &. Huang, 1990).

The formation of all Chinese words, including both WEN and ZI, can thus be 

described in terms of four rules. They are the rules of imitative, indicative, 

ideocompound and ideophonetic formation. The most authoritive book (shuo- 

WEN-jian-ZI), used only these four rules to describe and analyse the structure,
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meaning and sound of WEN and ZI. In that book, Xu-Shen divided words into the 

two classes WEN and ZI. He then described the meaning and sound of WEN in 

terms of the imitative and indicative rules, whereas he analysed the meaning and 

sound of ZI in terms of the ideocompound and ideophonetic rules.

The imitative rule refers to the archaic way of forming written symbols by a 

schematic 'picture1 of the real objects. For instance, 0 SUN , # WATER, M

RAIN, lij MOUNTAIN. The indicative rule refers to the formation of written 

symbols which can abstractly indicate the meaning, such as ± (dot up a line) UP 

[shang]4,~F(dot down a line) DOWN [xiaJ4. This is perhaps similar to the 

construction of (western) traffic signs f . The imitative and indicative rules are 

in practice difficult to distinguish from each other. Both of them may be called 

ideographic rules, which are responsible for the formation of WEN (single-unit 

Chinese words) from individual strokes. In contrast, the composition of ZI (the 

90% or more of Chinese words that contain more than one units) was based on 

the two rules known as ideocompound and ideophonetic.

The ideocompound rule refers to a culture-specific logic whereby the 

aggregation of the meaning of two components produces a new word. This is not 

unlike compounding in English, e.g., BLACKBOARD, ARMCHAIR. In Chinese, 

ideocompound words were formed by using two components which, in isolation, 

are also words (WEN). For instance,

# = -£ + ? (GOOD/[hao]3=WOMAN/[nu]3 + CfflLD/[zi]3),
H = ffl + ft (MAN/[nan]2=LAND/[di]4 + POWER/[li]4),
W = 0 + R (BRIGHT/[ming]2= SUN/[ri]4+ MOON/[yue]4),
£ =*+ % (SETTLED/[an]l=ROOM + WOMAN/[nu]3)

As indicated in above examples, both components, i.e., the constituents of 

ideocompound words, have a semantic but not a phonological association with the 

words. In ideocompound words, no orthographic unit was used to represent the 

pronunciation.
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The ideophonetic rule refers to the composition of words by using one 

component (the lexical radical) to represent the word's approximate semantic 

category or semantic field, and another component, either simple or compound 

(i.e., the non-radical component) to represent its pronunciation. For instance,

ft = * + -* (VILLAGE/ [cun]= WOOD/[mu] + INCH/[cun])
+ £ (GUEST/[bin]=ROOM + SOLDIER/[bin]
+4 (SHAKE/[dou]= HAND+ STRUGGLE/[dou]),

ff = £ + ? (LIVER/[gan]=FLESH + DO/[gan])

As can be seen one of these examples above, the non-radical component 

INCH/[cun] only has phonological but no semantic association with the word it 

forms (VILLAGE). By contrast, the lexical radical WOOD/[mu] has a (culture- 

specific) semantic association but no phonetic relationship to the word (VILLAGE 

/[cun]) that it forms.

b) Rules of lexical decomposition: Part-to-Whole Correspondences

Chinese orthography has been regarded as the "worst case" regarding the 

regularity of spelling-sound correspondences, with such regular orthographies as 

Serbo-Croatian, Japanese Kana, and Italian at the other end, and English 

orthography somewhere in the middle (e.g., Seidenberg, 1985a). However, what 

is characterised as regular or irregular depends very much on how the regularity 

is defined. In English (and other alphabetic languages), phonological regularity is 

usually defined in terms of Grapheme-Phoneme Correspondence (GPC) rules. 

The GPC rules in fact define the regularity of the pronunciations of components 

(graphemes). In English, orthographic units (letters or letter groups) can have 

more than one pronunciation in different words. For instance, letter group EA in 

English can be pronounced [i:] or [e] in different words (e.g., TEA or BREAK). 

In contrast to English, the pronunciation of a component in Chinese has only one 

phonetic value, which is never changed in different words. (For example,£/[tai] 

/[tai], fl£ /[tai], § /[tai]). Otherwise the phonetic value of the
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component is null, e.g., Graphic-component. In this case, the pronunciation of the 

graphic-component via analogy with different words in which it occurs may be 

same or different (see later about phonological consistency). Therefore with 

respect to the regularity of the pronunciation of the component, Chinese should 

not be considered as the worst case of irregularity. On the contrary, it is arguably a 

highly regular orthography.

However, GPC rules mapping multiple orthographic components of a word 

onto multiple phonetic components (as in alphabetic scripts) do not apply to the 

pronunciation of a Chinese written word. Most Chinese words have more than 

one component. They differ from alphabetic scripts in that the pronunciation in 

Chinese specified by the pronunciation of a simple component, as well as the 

pronunciation of the word as a whole, is always a single syllable in Chinese. 

Accordingly pronunciations of a whole word, derived componentially (i.e., via 

lexical decomposition), cannot be achieved by assembling the phonetic value of 

each component, but only by derivation from just one component. This 

component is conventionally called the phonetic component (e.g., Martin, 1972; 

Wieger, 1965; Seidenberg, 1985a, Butterworth and Yin, 1991; Flores d'Arcais, 

1992).

The so-called phonetic component was defined by the ideophonetic rule of 

word-formation, described above. The "phonetic" component is thus constituted 

by the non-radical component. In contrast to English orthography, which specifies 

(or encodes) both semantic and phonological information simultaneously across 

the whole letter array (Chomsky, 1968), in Chinese semantic and phonological 

information are encoded in separate orthographic components. (The following five 

points apply only to compound words or ZI).

1) When any component of a compound word specifies pronunciation (as in all 

ideophonetic compounds), this component is the non-radical component as a
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whole. That is, the non-radical component, as a unitary orthographic constituent, 

encodes or specifies the syllabic pronunciation of the whole word. Accordingly, 

stated as a simple rule, the phonetic component is the non-radical 

component. This relationship will be called the rule of Part-to-Whole 

phonological correspondence (the 'phonological rule' for short).

2) In all compound words, one component always has a purely semantic function, 

and never encodes any phonetic value. This component is the lexical radical. 

(However, unlike the rule of Part-to-Whole phonological correspondence, the 

lexical radical cannot be said to specify the whole meaning of the word, but only 

certain features, or semantic associations, of its meaning, cf. the example of 

[cun]l/VILLAGE, above; the non-radical component is thus generally needed as 

well, to fully specify the word's meaning.) The important regularity , however, is 

that the lexical radical is a purely semantic component. Stated as a simple rule, 

the (uniquely) semantic component is the lexical radical. This will be 

called the rule of Part-to-Whole semantic correspondence( the 'semantic rule' for 

short).

3) It is important to emphasize that the (semantic or phonetic) function of a given 

orthographic component cannot be consistently determined from the identity of 

the component itself (i.e., from its internal 'content' or form). For instance, 

[ping]2/PEACE is the phonetic component of ¥ [ping]2/APPLE, which is an 

ideophonetic compound. However, ¥ /[ping]2 is a semantic component (at least in 

terms of etymology) in ft [cheng]4/SCALES, which is an ideocompound, and it 

has no phonetic function in that word. The semantic or phonetic function of a 

component can be specified solely in terms of orthographic structure of the whole 

word.

4) The orthographic structure of a word-and hence the appropriate lexical 

decomposition needed for the component-based derivation of phonetic and



29

semantic transcoding of that word-is hierarchically organized. The first logical 

step in lexical decomposition is to identify, and locate, the lexical radical. Then, 

and only then, can the non-radical component be identified, namely as the rest of 

the word excluding the lexical radical. The two rules stated above, the Part-to- 

Whole phonological correspondence rule and the semantic correspondence rule, 

are thus rules pertaining to lexical decomposition, not rules of script-to-sound or 

script-to-meaning) transcoding. Lexical decomposition according to these rules is 

a necessary precondition for the application of any further component-based 

transcoding processes.

5) These two rules (the 'phonological rule1 and the 'semantic rule') apply strictly to 

ideophonetic compounds, which represent about 39% of all written words in the 

lexicon (Zhou, 1978). The 'semantic rule' applies also to ideocompounds (though 

the lexical radical is clearly not the only semantic component in ideocompounds). 

However, if the phonological rule is taken to define the regular orthographic 

structure of Chinese written words, it follows that all ideocompounds are 

irregular. A question of interest in this thesis is whether either, or both, of these 

rules have 'psychological reality'. Are they in fact implicitly applied by skilled 

readers of Chinese? If they are, there should be clearly identifiable behavioural 

costs of processing irregular words.

The phonetic and semantic rules for lexical decomposition, above, specify the 

regular structure of the phonetic and semantic components, not their 

etymologically-defined functions. However, it is the latter that underlies the 

conventional terminology of "semantic radical" and "phonetic radical" (e.g., 

Wieger, 1965; Martin, 1972; Seidenberg, 1985; Butterworth and Yin, 1991; 

Flores d'Arcais, 1992). Clarification of the regular structure of the semantic and 

phonetic components may be crucial for studies of the distinct functional roles of 

these components of Chinese words in word recognition, since selection of 

experimental stimuli must be based on a proper orthographic definition of the rule- 

based components. A serious problem that might undermine the recent important
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studies, concerning the roles of the semantic and phonetic component, both with 

normal subjects (Seidenberg, 1985a; Flares d'Arcais, 1991) and with 

neuropsychological patients (Butterworth and Yin, 1991) is that the structure of 

the so-called "semantic radical" and "phonetic radical" was seriously under- 

specified. The distinction between semantic and phonetic radical was based either 

on their etymology (Butterworth &. Yin, 1991) or simply on relative position; that 

is, components on the left side of words were regarded as "semantic radicals" while 

a components on the right side were considered as "phonetic radicals" (Flores 

d'Arcais, 1991). The left-right classification for semantic and phonetic 

components of Chinese words is obviously oversimplified and incomplete. It 

cannot accommodate words with top-bottom or outside-inside design, nor those 

with right-radicals. As stated before, different lexical radicals may appear in any 

position in a word. The semantic and phonetic rules of lexical decomposition, 

defined above, specify that "the semantic component is the lexical radical of a 

word" and "the phonetic component is the non-radical component of a word". The 

lexical radical and non-radical component can only be distinguished on the basis 

of the structure and position of the lexical radical. These rules of lexical 

decomposition require no etymological knowledge and are therefore far less 

ambiguous, and less complex, than the distinction between the "semantic radical" 

and the "phonetic radical" based on the postulated etymological origin of these 

components.

c) Transcoding rules: Derivation and Analogy

Pronunciation of written Chinese words by means of lexical decomposition 

thus involves at least three steps, (i) finding the lexical radical; (ii) segmenting the 

non-radical component from the lexical radical; and (iii) transcoding the non- 

radical component.
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The possible transcoding procedures for pronouncing Chinese words (i.e., the 

third step) depend on the nature of the phonological relationship between the non- 

radical component and the words containing it. In Chinese, there are two types of 

relationship, which may be classified as congruency and consistency.

Phonological congruency refers to the congruency of pronunciation of a word 
with the pronunciation of its own non-radical component in isolation.

Phonological consistency refers to the consistency of the pronunciation among 
different words with the same component (as to English). In Chinese, this 
component must be the rule-defined phonetic component, (i.e., the non-radical 
component).

Consistency of pronunciation is usually incongruent with the pronunciation of 

the common non-radical component in isolation among different words. For 

instance, •[£ JOY and |& LEAVE BEHIND have a consistent pronunciation 

[yi]2, which is incongruent with the common pronunciation of the non-radical 
component n STAGE [tai]2 in isolation. Furthermore, words with the same non- 
radical component can have more than one consistent pronunciation. For 

instance, & PICK UP and tit CHECK, 8£ FACE, & WITHDRAW have the 

same non-radical component £, & and H are pronounced [jian]3 but^and Ik 

are pronounced [lian]3. Hence, [lianj & [jian] are two pronunciations for 

words with the component ^T. Thus where there is phonological congruency 

between a word and its non-radical component in isolation, the pronunciation of 

the word as a whole is simply indicated by the pronunciation of its own non- 

radical component in isolation. In this case, pronunciation of whole words via the 

non-radical components is derived. However, if there is no phonological 

congruency between a word as a whole and its own non-radical component in 

isolation, or the non-radical component in isolation is unpronounceable (i.e., is a 

Graphic-component), pronunciation of the whole word may be achieved via 

analogy with other words containing the same non-radical component, since 

there is a high level of phonological consistency among words with the same non-
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radical components, in Chinese orthography, as described above. These two 

possible procedures for pronouncing Chinese words by use of lexical 

decomposition are therefore called Derivation and Analogy. In contrast to the 

decomposition rule that specifies the Part-to-Whole correspondence, these two 

procedures should be considered as processing rules or transcoding rules, 

applicable after lexical decomposition. However, it is important to point out that 

both these Derivation and Analogy in Chinese are based on just one rule of lexical 

decomposition, the Part-to-Whole phonological correspondence rule, since they 

are based on the (Part-to-Whole) rule-defined phonetic component, i.e., the non- 

radical component.

Table 2.1 compares Chinese and English orthography with regard to those 

aspects of orthographic knowledge that are relevant to word recognition.

Table 2.1 Comparisons between Chinese and English orthography

Chinese English

Orthographic unit

Etymological origin Primitive words Abstract symbol
Orthographic structure Stroke-pattern Letter
Unique orthographic unit Lexical radical None

Orthographic regularity Position of lexical Single letter
radical positional frequencies

Pronounceablity Pronounceablity of the Bigram and digram freq.
non-radical component Boss (?)

Part-to-Whole Correspondence
Phonology Non-radical component Body (?) 
Semantics Lexical radicals Morpheme (?)

Procedures for lexical decomposition
Derivation from one component Assembly of many components 
Analogy from other words Analogy from other words
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From these comparisons in Table 2.1 between Chinese and English 

orthography, it appears that Chinese and English orthography are not as radically 

different as they are often thought to be. This may offer some encouragement for a 

future, universal theoretical framework for word recognition, which, however, will 

need to accommodate also orthography-specific and language-specific aspects. 

The limited available evidence from studying non-alphabetic languages (notably 

Japanese, Paradis. Hagiwara, and Hildebrandt, 1985) seems to suggest that 

current reading theories, established through the study of English orthography, 

are a first step in the right direction.

The present thesis is concerned with the recognition of Chinese words, in 

particular the 90% and more of Chinese words with more than one unit (ZI). So 

far, we have considered orthographic knowledge basically a priori. However, the 

psychological issue addressed in the present thesis is: How far and in what ways 

does such knowledge exert an influence upon reading Chinese. To answer this 

issue, in the following experimental studies with Chinese words, different aspects 

of orthographic knowledge will be examined in turn. The next chapter summarises 

the main theoretical issues and introduces the methodological background of the 

present study.



34

Chapter 3

Theoretical issues and Methodological
Concerns

Theoretical issues

For a general overview, the issues to be addressed in the present study can be 

listed as follows:

1.) What, if anything, is the orthographic unit of Chinese words, 
corresponding to the letter in alphabetic writing systems?

2) Is there any interactive processing between the recognition of orthographic 
units and the recognition of words in Chinese? Do the word superiority effects 
also exist in the recognition of Chinese words?

3) Does the pseudoword advantage over nonwords also exist in reading 
Chinese words?

4) What is the role of semantic mediation in the phonological processing of 
Chinese words? Is there a direct route from orthography to phonology in 
reading Chinese?

5) What is the role of the phonological recoding in the semantic processing of 
Chinese words?

6) Can the two distinctive orthographic components-the lexical radicals and 
non-radical components-be recognized by native Chinese readers in 
accordance with the rules of Part-to-Whole Correspondence proposed in this 
study?

7) How does the phonological congruency and consistency of words affect the 
phonological processing of Chinese words?

8) Can word recognition in Chinese be adequately described by current word 
recognition models for English (and other alphabetic orthographies)?

9) How are the orthographic, phonological and semantic recodings of written 
words integrated in reading Chinese?

10) What is the relationship between reading efficiency and reading skill in 
Chinese?
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Methodological Concerns

1) Background of experiments

a) Simultaneous Same-Different comparison paradigm

Instead of such paradigms as lexical decision and naming, which are more 

commonly used in the study of word recognition, simultaneous Same-Different 

tasks (with different criteria) were used in the experiments of the present study. 

The basic experimental task is simply to judge whether pairs of Chinese scripts 

(which may be words or pseudowords or nonwords) are the Same or Different in 

visual form, in pronunciation, or in meaning, in different experiments. Such 

comparisons within specified domains (visual, or phonological, or semantic ) may 

tap the specific component processes involved in reading words more directly or 

more selectively than do other more familiar tasks (e.g., naming). In principle, 

comparison in one domain (e.g., visual form), can be completed without 

necessarily involving processing from other domains, such as meaning or 

pronunciation. The lexical decision task (deciding whether a target is a word or 

not) can involve visual familiarity and/or semantic and phonological processing 

(Besner & McCann, 1987). The use of naming tasks to investigate phonological 

processing in Chinese can be problematic; they demand phonological output as 

well as recoding. The naming accuracy and latency of Chinese words may be 

influenced by subjects naming the word in her/his native dialect and then 

translating that form into the standard pronunciation of Chinese. Moreover, due 

to certain culture-specific factors, it is very difficult to ask native Chinese 

speakers to name pseudowords even when those pseudowords are described (by 

the experimenter) as 'unknown' words. However, in silent reading, it is not 

uncommon that native readers of Chinese would simply guess the pronunciation 

of unknown words. The phonological comparison paradigm attempts to
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circumvent these problems by requiring phonological receding but not requiring 

articulation and overt phonetic output. More importantly, by adopting the same 

comparison paradigm, the orthographic, semantic and phonological processing of 

Chinese words can be examined coherently and comparatively; comparison 

paradigms enable the use not only of the same subjects but also of the same 

stimuli in the study of semantic and phonological processing.

The very first experiment on the visual analysis of Chinese words and the 

exploratory experiment with semantic and phonological comparisons were run 

on a tachistoscope. All the subsequent main experiments were carried out with 

computer-presentation. Computer programmes were designed to control the 

entire set of experiments and data management therefrom. This made it possible to 

use twice as many stimuli (360) in about a third of the time (compared with the 

original tachistoscopic version). It also made it possible to use Chinese words in 

their standard printed format. Moreover, pseudowords and illegal nonwords can 

be constructed in the same printed format as words with a programme designed 

to be connected with a Chinese word processor.

b) Subjects who participated in this study

All subjects were skilled native speakers and readers of Chinese. Most of them 

were native speakers of northern dialects (i.e., the common language) and all of 

them can speak the common language, at least for oral reading and formal 

communication. All took their first degree in China and were reading for 

doctorates at the University of Oxford. No subject was reading psychology.

c) Stimuli and language statistics employed in this study

The stimuli used in all experiments were in simplified Chinese scripts. Apart 

from words, pseudowords and nonwords were also constructed and used as the 

stimuli. In all computerised experiments, words, pseudowords and nonwords
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were presented in the standard printed KAI format. Words were selected from 

the Xin-Hua dictionary, published by the Shan-wu press in Shanghai (1979). 

Pseudowords and nonwords were constructed by changing the 16 x 24 dot 

pattern in the lexicon of ET (1981), a Chinese word processing package. 

Moreover, the visual complexity of the Chinese scripts were carefully balanced 

in terms of orthographic units and the positions of the unique orthographic units 

(the lexical radicals).

The word frequencies of all word stimuli in the present study were obtained 

from the most up to date and authoritive word frequency count, published by 

Beijing university (1988). More importantly, the present study also included 

linguistic statistics on the various frequencies of subcomponents such as radical 

frequency index, congruency frequency index and consistency frequency index 

in the dictionary (Xin-Hua, 1979). Each measurement will be described in detail 

in the individual experiments.

2) Statistical analyses

The terminology and statistical methods described below were used 

consistently in all experiments reported in this thesis. They will not be described 

for the individual experiments, unless any changes were made.

a) Variables used for the assessment:

Both the reaction time (RT) of correct responses and error rates were 

recorded. Error rates were usually very low, and in these cases, statistical analyses 

(especially the overall analyses) were performed on RTs only. In some further 

analyses, however, both RT and error rates were used. RTs and error rates were 

calculated both by subjects and by-items as follows:

Mean RT and error rates (by subjects): these refer to the mean value of reaction 
times and error rates of all stimuli in each condition for individual subjects.
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Mean RT and error rates (By items): these refer to the mean value of reaction 
times and error rates of all subjects in responding to individual stimuli (items) 
in each condition.

b) Speed-accuracy trade offs

Before further statistical analyses, simple correlations and regressions of RTs 

and corresponding error rates for each subject (by-subject data) and each item 

(by-items data) were always conducted. The results of these regression tests are 

only reported when there is evidence of a significant speed-accuracy trade off. 

Thus RTs and error rates were always treated as two independent variables for 

assessment, unless otherwise specified.

c) Overall analyses

Analysis of variance (ANOVA) and analysis of variance and co-variance 

(ACOVA) were used (as overall analyses) to examine the general experimental 

effects and thek interactions. ANOVA and ACOVA were used in within-subject 

designs with repeated measures.

d) Further analyses

Further analyses involved the examination of the different RTs or error rates 

between specific conditions. For multiple comparisons, the Newman-Keuls Q test 

was usually used, while for paked comparisons, the paired t test was used. For 

analysis of error rates, only if significant Skewness or Kurtosis was found were 

corresponding distribution free tests (such as the Friedman and the Wilcoxon 

signed rank test) used for multiple and paked comparisons, respectively. Other 

statistical analyses, such as simple and multiple regression tests, were also used for 

the purposes described in individual experiments. Statistical analyses were 

conducted by using the BMDP programme 2V for both ANOVA and ANCOVA
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on the VAX terminal and the Statview programme on the Macintosh for other 

analyses.
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Chapter 4

The visual analysis of Chinese characters

Word recognition in reading involves analysis of the visual, semantic and 

phonological forms of the written words. The studies reported in this chapter 

focus on the visual processing of Chinese script. In the introduction to Chinese 

orthography, the classification of the orthographic units of Chinese words was 

developed on the basis of relevant etymological knowledge. The orthographic 

units of Chinese words are defined in the present study as the smallest stroke- 

patterns that can recur consistently and independently as constituents in 

different words, such that further decomposition of such a stroke-pattern will 

yield single strokes. Unlike letters in English, the orthographic units of Chinese 

words, i.e., these smallest stroke-patterns, are not conventionally taught in the 

acquisition of literacy. Here the relevant psychological issue is: whether the 

orthographic units defined in this study can be implicitly recognized and used by 

native readers of Chinese. To address this issue, three experiments on visual 

comparisons of Chinese characters were conducted.

Paradigm and Rationale

The paradigm used in the three experiments reported in this chapter is that of 

simultaneous Same-Different judgments. The simultaneous 'Same'-'Different' (S-D) 

task was widely used particularly in the 1970s, in many studies of the visual 

analysis of English words (e.g., Eichelman 1970; Egeth and Blecker, 1971; 

Henderson, 1974; Barron and Pittenger, 1974). However, the cognitive 

processes underlying the S-D task are not yet entirely clear. The earlier theories 

such as Bamber's "fast 'Same1 identitor" and Krueger's "noise-operator" (on 

'Different' pairs) (Bamber, 1969; Krueger, 1975; 1978) were developed to
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accommodate in particular the so-called fast 'Same' phenomenon in the S-D task. 

Given the extent of parallel processing in other domains, it may not be implausible 

to consider also that perceptual matching involves matching processes in parallel 

on the components of stimuli to be compared. Once a mismatching component is 

detected, the whole matching process can be terminated. If, however, a 

mismatching component is not found, the whole matching processes may repeat 

until it has been completed for all constituent components. In this case, one would 

expect that speed and/or accuracy of judgments on pairs of stimuli with no 

mismatching components (i.e., the 'Same1 pairs), would be affected by the total 

number of constituent components, i.e., by visual complexity. Judgments of the 

'Different' pairs may be affected by the number of mismatching components, 

termed Unit-Dissimilarity in the present study. Such parallel processing for 

perceptual matching would predict primarily a Fast-'Different' phenomenon rather 

than fast-'Same' judgments. However, it may also be able to accommodate the 

Fast-'Same' phenomenon, since decision processes in the comparison task may also 

be affected by verification or re-check procedures, either concurrently with the 

matching process or after it is completed. The latter may be particularly important 

when the paired stimuli to be compared differ along more than one dimension. In 

multidimensional 'Same'-'Different1 (S-D) tasks, the stimuli to be compared differ in 

more than one dimension, e.g., in both colour and form, while the task itself may 

only require the comparison along one of these stimulus dimensions. In this case, 

once a mismatching component in one dimension, e.g., colour, is found, 'Different1 

judgments cannot be made until subjects verify that the detected difference is in 

the dimension required by the task instruction. This re-check on the 'Different' 

pairs may result in slower 'Different' (or Fast 'Same') performance, as suggested by 

Krueger's theory of perceptual matching (1978). Fast 'Same' results are indeed 

typically reported in multidimensional S-D tasks (Nickerson, 1967; Bamber, 1969, 

Miller and Bauer, 1981). In the present study, the stimuli to be compared only 

differ in visual form. If visual comparison is based on the detection of mismatching
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features, re-checking is more likely to occur on the 'Same' pairs since no 

mismatching can be found. Therefore, Fast-'Different' instead of Fast-'Same' 

performance should be expected.

The rationale for using a S-D task in the present study is as follows: if the 

orthographic units defined in this study do indeed function as the constituent 

units of Chinese words, the speed and/or accuracy of S-D decisions should be 

affected by the number of constituent units (unit-complexity) of the 'Same' pairs 

and /or the number of mismatching units in the 'Different' pairs (unit-dissimilarity). 

If, however, the visual comparison of Chinese words is wholistically based on 

global features such as the overall visual configuration of the words, the unit- 

complexity and unit-dissimilarity should have no significant effect on speed and 

accuracy of the comparisons.

Experiment 1: Visual comparison of pairs of Chinese words

Introduction

An exploratory experiment was conducted, prior to the main study, in order to 

examine the effect of the number of mismatching units of the 'Different1 pairs 

(Unit-dissimilarity) on the visual comparison of Chinese words. The effect of 

dissimilarity has been well-documented in experiments on visual comparison for 

both written English words, measured in terms of mismatching letters (Barron and 

Pittenger 1974), and also for non-verbal material ( Miller and Bauer, 1978). In 

this experiment, unit-dissimilarity was measured in terms of the number of 

mismatching orthographic units, as previously defined. Therefore, the presence of 

unit-dissimilarity effects in this experiment would support the claim that the
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orthographic units defined in this study are indeed those in the visual processing 

of Chinese words.

Method

Subjects

30 native readers and speakers of Chinese (21 males and 9 females), from 

mainland China, aged 25-35, were paid to participate in this experiment. They 

were all graduate students at the University of Oxford. All of them were right- 

handed with normal or corrected to normal vision.

Stimulus Conditions

Single character words, in simplified form, were used as stimuli. There were 60 

trials, with equal numbers of 'Same1 and 'Different' pairs. The 'Different' pairs were 

subdivided into four categories according to their unit-dissimilarity (U.D). The 

unit-dissimilarity was represented by the ratio of the number of mismatching units 

to the total number of constituent units of the two stimuli in the pairs. In the 

stimuli used in this experiment the number of units ranged from 1 to 5 units, with 

the majority having 2 or 3 units. Thus unit-dissimilarity in this experiment was 

classified into the five categories: 0 ('Same'), 1/3, 1/2, 2/3, 1 (No similarity). An 

approximately equal number of pairs was constructed in each category of unit- 

dissimilarity (except 0 ('Same')). Stimuli consisting of any number of units other 

than 2 or 3 were classified into the closest unit-dissimilarity category according to 

the absolute value. For instance, 5-unit stimuli with one unit different between 

two characters in a pair (1/5) were classified into 1/3 since 1/5 (0.20) is closer to 1/3 

(0.33) than to any of the other categories.

Apparatus
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The experiment was conducted on a three channel tachistoscope controlled by 
a BBC computer. Total viewing distance (including the viewing hood) was 580 
mm. A pair of words, one above the other, each 10 mm x 10 mm and separated 5 
mm from edge to edge, were written in black at the centre of the white display 
card (150 mm x 100 mm). When the subjects pressed a response button, the 
generator in the tachistoscope supplied a noise free signal to the timer. The 
reaction time (RT) and error for each trial and the mean RTs and error rates across 
trials for each subject were recorded in the BBC computer by a predetermined 
programme.

Procedure

The subjects' task was to judge whether the two stimuli on the target card 
were physically the 'Same' or 'Different1 .

Before the experiment, each subject was presented with written instructions, 
which explained the procedures of the experiment and the requirements for 
making responses. Subjects were asked to respond by pressing one of the two 
buttons in front of them with the index finger of either the right or the left hand. 
They were asked to respond as accurately and quickly as possible. Half the 
subjects were instructed to press the left button (with the left hand) for the 'Same1 
judgments and the right button (with the right hand) for the 'Different'. The other 
half were reversed. Fixation on a red fixation point (+), whenever it appeared, was 
stressed by the experimenter throughout the experiment. The fixation point 
appeared midway between the position of the 2 test stimuli.

Each trial started with the appearance of a white display card with a red cross 
"+" as the fixation point at the centre, followed by a verbal signal 'ready'. Then the 
experimenter pressed the bar of the computer to present the stimuli. The target 
card appeared for 150 msec, and then the red fixation point (+) returned to replace
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it. Once a response button had been pressed, the individual trial was finished and 

the experimenter placed the next target card into the tachistoscope and started 

the next trial according to the same procedure.

Results

The mean RT and error rates of the 30 subjects by the five categories of unit- 

dissimilarity are presented in Table 4.1 along with the results of the simple 

regression analysis. The "Same" pairs were regarded as zero for the calculation of 

unit-dissimilarity and were included in the correlation.

1) A unit-dissimilarity effect

There was an inverse correlation for both comparison speed and accuracy with 

the number of mismatching units in the stimuli (unit-dissimilarity). RT and error 

rates increased as unit-dissimilarity decreased across the five categories (0, 1/3. 

1/2/, 2/3. 2/2 (3/3)). This result is illustrated in Figure 4.1. The correlation was 

significant on both RT (Correlation--0.22, P<0.001) and error rates 

(Correlation=-0.46, P<0.001) across the five categories, including the 'Same1 

pairs. After removing the U.D of zero ('Same1 pairs), the correlation remained 

significant on error rates (Correlation = -0.37, P<0.001) but not on RT 

(Correlation=-0.15, P>0.05). Performance on the 'Same' pairs and the 'Different' 

pairs (including four categories of U.D.) was also compared on RT and error rates. 

'Different' judgments were performed faster and more accurately than the 'Same' 

judgements. The difference between 'Same' and 'Different' judgments was highly 

significant in both RT and error rates (RT: t(29)=3.49, P<0.01; error rates: 

t(29) =3.01,P<0.01).
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Table 4.1 Mean reaction times (RT msec.) and error rates (%) of 30 subjects by unit- 
dissimilarity in Experiment 1, with the results of the correlation analysis

0

Unit-dissimilarityt 

1/3 1/2 2/3

Correlation analysis 

Correlation P values

RT (msec.)
Mean 
(SD)

Error rate (%)

863.4 808.7 762.7 
(147.1) (176.3) (163.5)

730.5 669.9 
(125.3) (170.6)

-0.22 0.00

Mean 
(SD)

37.3 
(17.0)

38.6 
(20.0)

26.7 
(13.0)

18.9 
(21.0)

7.7 
(17.0)

-0.46 0.00

t 0=Same, l=totally different, without any matching orthographic units
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Unit-dissimilarity effect (Experiment 1)
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Figure.4.1 Mean RTs and error rates of 30 Chinese subjects 
by unit-dissimilarity of the word-stimuli
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Discussion

This experiment shows that the visual comparison of Chinese words is affected 

by the number of mismatching units, the orthographic units as defined in this 

study. The demonstration of a unit-dissimilarity effect suggests that the 

orthographic units of Chinese can be (implicitly) recognized and used in the visual 

analysis of Chinese words. Fast 'Different1 rather than Fast 'Same1 performance was 

observed in this experiment, suggesting that Fast-'Same' may be a task-specific 

rather than irreversible phenomenon.

Experiment 2: Visual comparison of Chinese words, pseudowords
and nonwords

Introduction

With better controlled stimuli and the task computerised, this experiment 

investigated further the nature and the functional roles of orthographic units in 

the visual analysis of Chinese characters. The aims of this experiment are twofold. 

First, the experiment is concerned to identify the orthographic units that are 

functional in reading Chinese words. In the previous experiment, it was 

demonstrated that comparisons of pairs of Chinese words seem to be based on 

orthographic units, as evidenced by the significant unit-dissimilarity effect. 

However, it is not clear whether the unit-dissimilarity effect demonstrated in the 

last experiment might not be confounded by the number of individual strokes. In 

some previous studies, the visual complexity of Chinese words was counted over 

the number of individual strokes (e.g., Seidenberg, 1985d). Thus it seems 

necessary to compare the roles of individual strokes and of stroke-patterns, i.e., the 

orthographic units proposed in this study, in the visual processing of Chinese 

words. In this paradigm, the unit-dissimilarity effect has to be based on 

orthographic units, since pairs of words that differ by only a single stroke, e.g., 

and are rare, especially for words with more than one unit. In order to
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understand the functional roles of individual strokes and of orthographic units 

(stroke-patterns), both stroke-complexity and unit-complexity were examined in 

pairs of identical stimuli ('Same' pairs) in the current experiment. By manipulation 

of stimuli, stroke-complexity and unit-complexity were examined in an orthogonal 

design. In this experiment, stimuli containing either 2 or 3 units can have the same 

total number of strokes (8-11). Thus, the effect of unit-complexity, inferred from 

the difference between 2-unit and 3-unit stimuli with between 8 and 11 strokes, 

can be studied without the confounding of stroke-complexity. Similarly, stimuli 

with different numbers of strokes can have either 2 or 3 units. Hence the effect of 

stroke-complexity can be assessed in 2-unit and 3-unit stimuli separately and 

independent of unit-complexity.

Second, this experiment aimed to examine the word superiority effects in the 

visual analysis of Chinese characters. Word superiority effects are among the most 

ubiquitous effects, which any word recognition model has to account for. There are 

two types of word superiority effects. One is also sometimes called the word-letter 

superiority effect; that is, a letter is recognized better in a word context than in 

isolation, especially in conditions of backward visual masking (Henderson, 1982). 

This type of word superiority effect, first reported by Cattell (1886) more than a 

hundred years ago, was confirmed by Reicher (1969) and by Wheeler (1970) and 

has been studied by many other researchers (e.g., Johnston & McClelland, 1973; 

see Henderson, 1982 for review). Another type of word superiority effect, 

contrasting words and pseudowords, has also been widely obtained in various 

tasks, including the simultaneous "same-different" comparison task. Comparisons of 

word-pairs showing superior performance on RT to pseudowords in the 

simultaneous "same-different" comparison task, has been widely reported. The 

word superiority effect is evident in particular for "same" decisions but occasionally 

also for "different" RTs in English (Barron & Pittenger, 1974; Baron, 1975; 

Chambers & Forster, 1975; Barron & Henderson, 1977; Taylor et al, 1977;
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Bruder, 1978; Carr el al, 1979). The major account of word superiority over 

pseudowords in English is usually considered to be the lexicality of words 

(Henderson, 1982). The lexicality of single characters in Chinese is sometimes 

thought to be "vague". Instead of "words", Chinese scripts are conventionally 

called "characters" in English, and are sometimes considered to be equated to 

"morphemes" in English (Hung & Tzeng, 1981). The demonstration of a word 

superiority effect with single characters in Chinese would support the view that 

Chinese characters should be equated to "words" rather than "morphemes", as 

discussed in Chapter 1 of this thesis. Moreover, study of the role of lexicality in 

word recognition may contribute to the recent debate about whether (or in what 

sense) "word" units exist in the functional framework of word recognition 

(Seidenberg & McClelland, 1989; Besner, et al, 1990, Seidenberg & 

McClelland, 1990). The mutual interaction between word constituents (such as 

letters) and words, which characterises many interactive models of word 

recognition, such as the parallel distributed processing model of McClelland & 

Rumelhart (1981), provides one class of explanation for both types of word 

superiority effect. In this experiment, recognition of constituent orthographic units 

of Chinese words will be inferred from unit-complexity effects and/or unit- 

dissimilarity effects. If there is a word superiority effect over pseudowords and 

nonwords in Chinese, visual comparisons should be faster and/or more accurate on 

words than that on pseudowords and nonwords. Secondly, a word superiority 

effect affecting the recognition of orthographic units should manifest itself in the 

form of stronger unit-complexity and unit-dissimilarity effects in words than in 

pseudowords and nonwords. These two types of word superiority effects in 

Chinese, if obtained, may well suggest a functional parallelism between the 

orthographic units of Chinese and the letters in English orthography, in the 

context of current interactive models for word recognition.
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Along with word superiority relative to pseudowords, a pseudoword 

advantage relative to illegal nonwords has also been widely obtained in English. 

The study of this pseudoword advantage has concentrated on the roles of 

orthographic structure in word recognition. In the visual analysis of English 

words, positional information is considered to be important for letter recognition 

(Allport, 1977). That is, a variable of importance in word or letter-string 

processing is the single letter positional frequency (SLPF) (or positional 

redundancy). Due to the constraints of English orthography, the single letter 

positional frequency is highly intercorrelated with sequential redundancy (bigram, 

trigram frequency) and pronounceablity. Many studies attempted to find an 

independent role of these different factors without confounding each other 

(Gibson, et al, 1970; Massaro et al, 1979, Henderson and Chard, 1980). 
Although single letter positional frequency appears to be a main factor in the 

pseudoword advantage, it is not entirely clear whether it is uniquely causal or 

whether the effect can be mediated by other factors such as sequential 

redundancy.

The situation is rather different in Chinese. That is, in Chinese, words, 

pseudowords and nonwords can be formed by manipulation of the positions and 

the combinations of co-existing orthographic units. It is possible to construct 

pseudowords by substitution of one orthographic unit from a real word, leading to 

a meaningless (non-lexical) combination of the orthographic units, e.g., 

However, the sole difference between the construction of illegal nonwords and 

pseudowords is that in a nonword the lexical radical is placed in an illegitimate 

position (such as three dots on the right side, e.g., ).

As summarized in Table 4.2, the position of the lexical radical constitutes the 

sole difference between pseudowords and nonwords. Hence, a pseudoword 

advantage over nonwords, if obtained, would suggest the independent role of the



52

positional regularity of lexical radicals without confounding with other 

orthographic attributes. Therefore, the functional role of positional information in 

orthographic units may be better understood in the study of Chinese 

orthography.

Table 4.2 Comparison of the orthographic attributes of words, pseudowords and 
nonwords in Chinese

Words Pseudowords Nonwords

Positional regularity + + -
Lexicality + - -
Orthographic familiarity + - -
Unit familiarity + + +

Notes: Given that the pseudowords and nonwords were formed by substitution of one orthographic unit from 

the real words used in this experiment, the units used in words, pseudowords and nonwords were identical.

Method

Subjects

12 native Chinese (6 males and 6 females), aged 20 to 35 years old were paid 

to participate in the experiment. All subjects were graduates from mainland China, 

and were currently studying for a PhD at the University of Oxford. They were all 

right handed, and had normal or corrected to normal vision.

Stimulus-Conditions

The stimuli used in this experiment were 2-unit or 3-unit Chinese words, 

pseudowords and nonwords. The composite spatial arrangements of orthographic 

units of all stimuli was either top-bottom '^ or left-right £.]. The two stimuli in a 

pair always had the same spatial design £ or *') . The number of top-bottom and
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left-right stimuli was equal in different conditions. In each condition, these spatial 

designs were randomly ordered within a block.

There was a total of 360 trials, over 3 word-types in the experiment. There 

were nine stimulus-conditions for each type of word, as illustrated in Figure 4.2. 

They were nested, in the order of four variables, i.e., word type (word, 

pseudoword and nonword), unit-complexity (2-unit vs 3-unit), stroke-complexity 

('Same1 pairs) or unit-dissimilarity ('Different' pairs), and judgment ('Same' or 

'Different') (Figure 4.2). Stroke-complexity was classified post hoc according to 

the number of strokes in each stimulus of a pair. This was only done in 'Same' pairs, 

since in 'Different' pairs the two stimuli almost always have a different number of 

strokes. Unit-dissimilarity, based on the number of mismatching units, of course 

could only be classified in 'Different' pairs. The number of 'Same' and 'Different' 

pairs in each condition was identical. Apart from the variable of stroke-complexity, 

the number of stimuli of each subtype was identical. The variables of word-type, 

unit-complexity and unit-dissimilarity were all presented in blocks, as indicated by 

a square in Figure 4.2. Each block had equal numbers of 'Same' and 'Different' 

pairs, and these were ordered randomly. The randomisation of stimuli within each 

block was performed by the computer programme, and was different for individual 

subjects. The presentation of the blocks was also counterbalanced among the 

subjects. Data from 'Same1 pairs in each block were further divided for analysis 

into two groups, "simple" or "complex", according to stroke-complexity (Figure 

4.2). Each variable is described in detail below:

Word-type
Words: Real words were selected from frequency bands that ranged from 100 to 

5011 per hundred thousand (100,000) as based on the revised Frequency Count 

Dictionary published by Beijing Language University (1988). Words in different 

conditions were carefully matched for word frequency. Any two words that were 

selected to form a real word pair had no semantic or phonological relationship to
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each other, and they cannot form a meaningful two-character CI (see Chapter 1 

for two-character CI).

Pseudowords: Pseudowords were constructed by substitution of one unit from 

real words to form a non-existing combination of orthographic units. Lexical 

radicals of pseudowords were always in their legitimate positions (see the example 

in Figure 4.2).

Nonwords: Nonwords were constructed by placing the lexical radicals of the 

pseudowords in illegal positions. Therefore they were examples of illegal Chinese 

orthography, although the constituent orthographic units used in the nonwords 

were also selected from the real words used in this experiment.

Unit-complexity

All stimuli consisted of either 2-unit or 3-unit characters in the simplified 

version. Two words in a pair, for both 'Same' and 'Different1 judgments, always 

have the same number of constituent units.

Stroke-complexity of'Same' pairs

The number of constituent strokes of each word in the 'Same1 pairs ranged from 

5 to 11 strokes for 2-unit stimuli, and from 8 to 22 strokes for 3-unit stimuli. In the 

2-unit stimuli, "simple" refers to stimuli containing 5-7 strokes, while "complex" 

refers to those with 8 to 11 strokes. For 3-unit stimuli, stimuli with 8-11 strokes 

were classified as "simple" and those with 12 to 22 strokes were classified as 

"complex". The numbers of stimulus-pairs with 8-11 strokes in 2-unit were 13 and 

in 3-unit were 22 (Figure 4.2).
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Task: Is the pair of scripts the 'Same' or 'Different' ?
(360 trials in 15 blocks)
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Figure 4.2 Stimulus conditions in Experiment 2 and 3
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Unit-dissimilarity for 'Different' pairs

The two stimuli in a 'Different' pair always had the same number of 

constituent units. The unit-dissimilarity was represented by the ratio of the 

number of mismatching units over the constituent units of each stimulus. For 

instance, 1/2 represents a pair of 2-unit stimuli with one mismatching unit 

between them. In 2-unit pairs, unit-dissimilarity included 1/2 and 2/2, while in 3- 

unit pairs it included of 1/3, 2/3, 3/3. The spatial position of the mismatching 

units in the 'Different' stimuli could be at the upper right, right, left, or upper 

left. The numbers of pairs with mismatching units at certain position (e.g., left, 

right) were matched in the different conditions. For each pair, the mismatching 

unit(s) of were always at the same location in their constituent stimulus. For 

instance, for a pair of stimuli n| , n| the mismatching units and were both 

on the lower right position of their constituent words. The orthographic status of 

mismatching units, lexical radical *j[ or non-radical component ^., , was
Hpij iit'J

also balanced in different conditions. In the same category of unit-dissimilarity, 

stimuli with different mismatching units in terms of position and status were 

randomly presented within a block.

Apparatus

The experiment was carried out on a Packard Bell IBM PC-AT286 

monograph computer. A programme was designed to control stimulus 

presentation, record response time and error rate, and calculate the mean value of 

both reaction times and error rates in each condition. This programme was also 

connected with a Chinese word processing package-ET to retrieve real words and 

construct the pseudowords and nonwords used in the present experiment. The 

pairs of stimuli were shown in printed KAI format in white on a black 

background. Stimuli were presented simultaneously, one above the other. Each
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character was 1 cm x 1 cm, and the two characters in a pair were separated by 1.5 

cm centre to centre. Each pair of stimuli covered a visual angle of circa 1° 

horizontally by 2° vertically from a viewing distance of 30 cm.

Procedure

The task was simply to judge whether the two members of a pair of stimuli 

were 'Same' or 'Different1 in terms of their visual form.

Each trial began with a fixation cross, "+", 0.2 cm x 0.2 cm. It appeared in the 

centre of the screen. It was displayed for 0.5 seconds and then disappeared. After 

a further interval of 0.5 seconds, a pair of stimuli would appear in the positions 

immediately above and below the fixation point. The pair remained on the screen 

until the response key was pressed. Once the response key was pressed, the 

stimuli disappeared immediately from the screen. There was then an interval of 0.5 

seconds before the fixation point,"+", re-appeared to start the next trial.

Before the experiment, subjects were asked to read carefully the instructions in 

Chinese on the screen. The written instructions explained task content and the 

procedures. The experiment was also further described where necessary. The 

subjects were told prior to the experiment that there may be some "unknown" or 

even nonsense characters among the stimuli. They were simply required to make a 

judgement concerning the physical identity of the stimuli, and nothing else. The 

"Z" and "/" keys, which are located at the left and right corner of the keyboard 

respectively, were used as the two response keys. Subjects were asked to respond 

as accurately and quickly as possible, using the index finger of left or right hand 

to press the left or right key. All subjects were asked to press the "/" key (right) for 

the 'Same' judgements and the 'Z' key (left) for the 'Different' judgements. The two 

response keys were also labelled correspondingly with Jf3 SAME andjj. 

DIFFERENT, in Chinese.



58

Prior to the main experiment, there were 30 pairs of words for a warm-up 
exercise. After this practice session, the mean reaction times and error rates for this 
session were shown on the screen. If the error rate was equal to or greater than 
20%, more practice was given using different stimuli until an accuracy of at least 
85% was reached.

During the formal experiment, there was a break after every 120 trials, 
accompanied by a piece of quiet electronic music. Subjects could rest as long as 
they needed. After the experiment was completed, subjects were asked to report 
the strategies they used in the experiment.

Results

1) Word-type effect on both judgments

Table 4.3a shows the mean correct RTs by judgments and word-type, along 
with the results of statistical analyses. The corresponding data for error rates are 
given in Table 4.3b. As indicated in Table 4.3a, RT increased markedly from words 
to pseudowords to nonwords, on both 'Same' and 'Different' judgements. On 'Same' 
judgements, the mean RTs were 756.8 ms, 846.2 ms and 941.2 ms respectively for 
words, pseudowords and nonwords; on the 'Different1 judgments, they were 778.7 
ms, 836.0 ms and 916.5 ms respectively. Note that the standard deviation also 
increased markly from words to pseudowords to nonwords, particularly on 'Same' 
judgements (Table 4.3a). This word-type effect in both judgments is illustrated in 
Figure 4.3, for RT and error rates separately. The overall analysis by ANOVA (2 X 
3) on RT, with main effects of judgment and word-type, revealed a highly 
significant word-type effect (F(2,n)=20.99, P<0.001) but no judgment effect 
(F(i,n)=0.06, P>0.05). Overall mean RTs for 'Same' and 'Different' judgments were 
848 msec, and 844 msec, respectively. Accordingly, the word- and pseudoword 
superiority effects cannot be attributed to a response bias, as in some matching
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Table 4.3a. Mean reaction times in msec, of 12 native Chinese subjects by judgments and 
word types in Experiment 2 with the results of the statistical analyses

Word-type
No. of 
stimuli

Word (W) 120 
Pseudoword(PW) 120 
Nonword (NW) 120
All types

ANOVA (2x3}
Main effects

Judgment (2) 
Word-type (3)

Interaction

360

Judgment x Word-type

Newman-Keuls
WvsPW
WvsNW
PWvsNW

(Q value)

Same judgment

Mean SD

756.8 74.2 
846.2 115.6 
941.2 147.5

848.1 112.4

F value

0.06 
20.09

1.91

Same
6.1**
7.0**
3.9*

Different judgment

Mean SD

778.7 71.4 
836.0 72.6 
916.5 93.2

843.7 79.1

P value

0.81 
<0.001

0.17

Different
3.4*

10.7**
3.7*

Overall 
mean

767.7 
841.1 
928.8
845.9

Table 4.3b. Mean error rates of 12 subjects by judgments and word-type in Experiment 2, 
with statistical analyses

Word-type

Word (W) 
Pseudoword(PW) 
Nonword (NW)
All types

"K T rf*No. of
stimuli

120 
120 
120
360

Same judgement

Mean

7.6 
11.2 
10.4
9.7

Different judgement

Mean

9.8 
14.0 
21.5
15.1

Overall
Mean

8.7 
12.6 
15.9
12.4

Statistical analysis 
Newman-Keuls (O values)

WvsPW 
WvsNW 
PWvsNW

1.82
1.70
0.61

4.08*
6.43**
3.97*

*, ** P<0.05 and P<0.01 respectively
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tasks with alphabetic stimuli (cf Henderson, 1982). The interaction of the two main 

effects was not significant (F(3,22)=L91, P>0.05).

The overall pattern on error rates (Figure 4.3) was consistent with that on RT, 

except that, on 'Same' judgements, the error rate for nonwords (10.4%) was not 

higher than that for pseudowords (11.2%). Further analyses of both RT and error 

rates were performed separately for the 'Same1 and 'Different' judgments to 

examine further the word-type effect. In RTs, the differences between words and 

pseudowords (word superiority) and between pseudowords and nonwords 

(pseudoword advantage) were significant for both judgments, by Newman-Keuls 

Q test (Table 4.3a). In error rates, the word superiority and pseudoword advantage 

were also both significant, but only on the 'Different' judgments (Table 4.3b).

2) 'Same* judgments: unit-complexity and stroke-complexity effects

Tables 4.4a and 4.4b present the mean values of RT and error rates of the 12 

native Chinese subjects respectively by stimulus-conditions, along with the 

statistical analyses. The 'Same' judgments included 7 stimulus-conditions with three 

variables, i.e, word-type (3), unit-complexity (2) and stroke-complexity (2). Data for 

'Same' pairs were obtained, in separate blocks, for words, pseudowords and 

nonwords and for 2-unit stimuli and 3-unit stimuli of each word-type. From each 

block, by-subjects means for stimuli with different numbers of strokes (stroke- 

complexity) were further obtained. As shown in Table 4.4a, in each condition 

words were judged faster than pseudowords (word superiority effect) and 

pseudowords, in turn, were faster than nonwords (pseudoword advantage). In 

each word-type, performance on the 3-unit stimuli was slower than on 2-unit 

stimuli. This unit-complexity effect remained evident with control of the number of 

strokes (8-11) in 2-unit and 3-unit stimuli. The unit-complexity effect on RT was 

greatest for words, less so for pseudowords, and became much less evident for
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Table 4.4a Mean reaction times (msec.) on 'Same 1 judgments by word-type, unit-complexity 
and stroke-complexity in Experiment 2, with the results of the statistical analyses

No. of 
Units

2-unit

3-unit

No. of 
Strokes

5-7
8-11
All

8-11
12-22

All

Word

Mean

711.7
720.7
716.2
808.2
801.4
804.8

(SD)

(66.5)
(76.5)
(71.5)
(85.8)
(85.8)
(85.8)

Pseudoword

Mean

790.7
838.5
814.6
883.4
865.1
874.2

(SD)

(109.0)
(154.8)
(131.9)
(113.6)
(118.4)
(116.0)

Nonword

Mean

941.9
939.3
940.6
953.8
943.3
948.5

(SD)

(220.6)
(173.5)
(197.0)
(190.5)
(171.6)
(181.0)

All types

Mean

814.7
832.8
823.7
881.8
869.9
875.8

(SD)

(132.0)
(131.9)
(131.9)
(130.0)
(125.3)
(127.6)

ANOVAf 3x2x2)
Main effects 

Word-type (W) 
Stroke-complexity (S)

Unit-complexity (U)
Interactions 

WxU 
SxU 
WxS 
WxSxU

Newman-keuls (Q values)
Unit-complexity 

All stimuli 
8-11 strokes

Stroke-complexity
2-unit
3-unit

F values

16.08
0.08

11.99

2.18
2.09
0.50
0.79

P values

<0.001 
0.78

<0.001

0.13
0.18
0.61
0.46

Word

7.21** 
3.93*

0.92
0.77

Pseudoword

4.95* 
1.63

3.37
1.45

Nonword

0.28
0.31

0.08
0.63

*, ** P<0.05 and P<0.01 respectively

Table 4.4b Mean error rates (%) on 'Same' judgments by word type, unit-complexity and 
stroke-complexity in Experiment 2.

No. of
units

2-unit

3-unit

No. of
strokes

5-7
8-11
All

8-11
12-22

All

Word
Mean

6.3
6.4
6.3
6.7
7.3
7.0

Pseudoword
Mean

3.4
4.5
3.9
4.0
5.0
4.5

Nonword
Mean

7.9
3.7
5.8
4.0
4.0
4.0

All stimuli
Mean

5.9
4.9
5.4
4.9
5.4
5.1
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nonwords. In contrast to the effect of unit-complexity on RT, there was no RT 
difference between different levels of stroke-complexity. An ANOVA (3x2x2) 
was performed on the RTs of the 'Same1 pairs to examine the main effects of word- 
type, unit-complexity, stroke-complexity and their interactions. Both word-type 
(F(2,n)=16.08, P<0.001) and unit-complexity effects were highly significant 
(F(i,ii)=11.99, P<0.001). By contrast, the stroke-complexity effect was not 
significant. No interactions among the three main effects, or between any two of 
them were significant (Table 4.4a).

Further analyses on both RT and error rates examined the unit-complexity and 
stroke-complexity effects separately in words, pseudowords and nonwords. The 
unit-complexity effect and stroke-complexity effect are illustrated in Figure 4.4 
separately for words, pseudowords and nonwords. Overall, the difference in RT 
between the 2-unit and 3-unit stimuli (unit-complexity effect) was significant for 
both words and pseudowords, but not for nonwords (Table 4.4a). After 
controlling the number of strokes (8-11), the difference in RT between 2-unit and 
3-unit (unit-complexity) was significant only for words, although the difference 
was also appreciable for pseudowords (Table 4.4a). The stroke-complexity effect 
was also examined separately in 2-unit and 3-unit stimuli, to avoid any possible 
confounding effect from unit-complexity. As confirmed by the results from the 
ANOVA, there was no significant stroke-complexity effect on RT in any of the 
three types of stimuli, words, pseudowords or nonwords, in either the 2-unit or 3- 
unit stimuli (Table 4.4a).

3) 'Different1 judgments: Unit-dissimilarity effect

The variables examined in the 'Different1 judgments were the effects of word- 
type, unit-complexity and unit-dissimilarity with 3, 2, and 2 levels respectively. 
The overall mean values of RT and error rate for the subjects are shown 
respectively in Tables 4.5a and 4.5b. The data are also illustrated in Figure 4.5.
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Table 4.5a Mean reaction time (msec.) on Different judgments by word-type, unit-complexity 
and unit-dissimilarity in Experiment 2, with statistical analyses

Word Pseudowords
No. of Degree of ——————— —————————
Unit Dissimilarity Mean (SD) Mean (SD)

Nonwords 

Mean (SD)

All types 

Mean (SD)

2-unit

3-unit

1/2
2/2
All
1/3
2/3
3/3
All

795
693
744

864
809
765
813

(79)
(82)
(80)

(90)
(59)
(81)
(77)

886
744
815
883
860
826
856

(156)
(109)
(132)
(123)

(89)
(125)
(112)

930
843
886
927
930
979
945

(125)
(93)

(109)
(73)
(90)
(84)
(81)

870
760
815
891
866
857
871

(120)
(95)

(107)
(95)
(79)
(97)
(90)

ANOVAf 3x2x2)
Main effects 

Word-type (W) 
Unit-dissimilarity (UD) 
Unit-complexity (UC)

Interactions 
Wx UD 
WxUC 
UCxUD 
W x UD x UC

Newman-Keuls (Q value)
Unit-complexity 

2/2 vs 3/3

F value

11.51
39.40
11.39

4.20
0.26
4.96
1.14

P value

<0.001 
<0.001 
<0.001

<0.001 
0.78 
0.05 
0.34

Words

6.07s1

Pseudowords

6.26s1

Nonwords

4.22
Unit-dissimilarity

1/2 vs 2/2
1/3 vs 3/3
1/3 vs 2/3
2/3 vs 3/3

11.07**
4.96*
3.43
3.48

3.30
3.55
1.33
2.44

2.74
1.83
1.10
1.10

',** P<0.05 and P<0.01 respectively

Table 4.5b. Mean error rates (%) on Different judgments by word-type, unit-complexity and 
unit-dissimilarity in Experiment 2.

Unit

2-unit

3-unit

U.D

1/2
2/2
All
1/3
2/3 
3/3 
All

Word
Mean

4.1
4.8
4.4
7.6
9.0 

12.5 
9.7

Pseudoword
Mean

7.6
9.7
8.6

12.5
14.6 
11.8 
13.0

Nonword
Mean

10.4
10.4
10.4

8.3
3.8 
9.0 
7.0

All types
Mean

7.4
8.3
7.8
9.5
9.1 

11.1 
9.9
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As in the 'Same' judgements, in each condition there was a clear word superiority 

and pseudoword advantage in terms of comparison speed. Regarding RT 

differences between the different degrees of unit-dissimilarity, with 2-unit stimuli 

performance was consistently faster on pairs of stimuli with a greater number of 

mismatching units (1/2 vs 2/2). The effect was equally apparent for words, 

pseudowords and nonwords. For the 3-unit stimuli, the effects of unit-dissimilarity 

were evident for words, less so for pseudowords, and not for nonwords. In this 

respect, the effect of unit-dissimilarity parallels the effects of unit-complexity seen 

in the 'Same' judgments. Moreover, performance was faster on the 2-unit stimuli 

than that on the 3-unit stimuli. The main effects of word type, unit-complexity, 

unit-dissimilarity and their interactions were examined by ANOVA on RTs. For the 

3-unit stimuli, the category of 2/3 unit-dissimilarity was not included, so that the 

number of categories of unit-dissimilarity in the 3-units can be matched with the 

2-units, as required by the nested ANOVA. The three main effects were all highly 

significant (Unit-dissimilarity: F(i,ii)=39.40, P<0.001, Word-type: 

F(2,ii)=11.51, P<0.001, Unit-complexity: F(i,ii)=11.39, P<0,001). A significant
*

interaction was found between unit-dissimilarity and word-type (F(2,22)=4.20, 

P<0.001). There was also a marginally significant interaction between unit- 

dissimilarity and unit-complexity (F(i,22)=4.96, P=0.05). No other interactions 

were found among the three main effects.

Further analyses were performed to examine the differences in RT and error 

rates between the different levels of unit-dissimilarity in words, pseudowords and 

nonwords separately. The data are illustrated in Figure 4.5 separately for words, 

pseudowords and nonwords. The RT differences between different levels of unit- 

dissimilarity were only significant between 1/2 and 2/2, and between 1/3 and 3/3 

and for words only, but not for pseudowords and nonwords (Table 4.5a). This 

accounts for the significant interaction between word type and unit-dissimilarity 

shown in the ANOVA.
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The overall pattern of error rates was consistent with the main effects on RT. 

However, none of the differences in error rate between the different conditions 

were statistically significant.

Discussion

This experiment further confirms that the orthographic units, proposed in this 

study on the basis of purely orthographic-linguistic criteria, have psychological 

reality as functional word constituents in the visual analysis of Chinese characters. 

The evidence is provided both by the unit-complexity effect and by the unit- 

dissimilarity effect. Stroke-complexity did not appear to have any significant 

influence upon the speed or accuracy of visual comparisons. Furthermore, the 

effects of both unit-complexity and of unit-dissimilarity were most evident for 

word-comparisons, somewhat less in pseudoword-comparisons, and in nonwords 

the unit-complexity effect, at least, was no longer apparent. This suggests that 

recognition of individual orthographic units is better in a word context (that is, a 

word superiority effect for recognition of orthographic units). Moreover, 

comparisons of word-pairs were significantly faster than on pseudowords, and 

pseudowords in turn were faster than nonwords. Hence both superiority of words 

over pseudowords and pseudowords over nonwords has been demonstrated in 

this experiment. The effect of superiority of words over pseudowords indicates 

the functional role of lexicality (and perhaps visual familiarity) in the visual 

analysis of Chinese words. The advantage of pseudowords over nonwords 

indicates that positional regularity of the lexical radicals may play an important 

role in the visual analysis of Chinese words. These two types of word-superiority 

effect suggest that there is mutual interactive processing between orthographic 

units and words in the visual processing of Chinese. In general, these results 

suggest some functional parallelism between orthographic units in Chinese and
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letters in English. Such orthographic units as the smallest stroke-pattern can be 

regarded as functional orthographic units in Chinese.

Experiment 3: Visual comparisons of Chinese script by 
non-Chinese readers

Introduction

This experiment was conducted to investigate whether the components (i.e, 

orthographic units) of Chinese can be recognized through visual familiarity even 

without the lexical information of these components. Using exactly the same 

stimuli and design as in the last experiment, non-Chinese readers, who 

encountered Chinese orthography for the very first time, were used as subjects. 

The issue addressed in this experiment is: Can the orthographic units of Chinese 

words be learned solely on the basis of visual familiarity with their graphic 

patterns, independent of lexical information and without any explicit instruction? 

As introduced earlier, orthographic units as the smallest stroke-pattern are not 

conventionally taught in the acquisition of literacy in Chinese. The sound and 

meaning of some orthographic units are no longer available even for highly 

educated Chinese readers, e.g., . The learning by native readers of Chinese of 

some orthographic units, at least, must rely mainly on visual familiarity with the 

graphic patterns through extensive reading experience.

In fact, acquisition of the orthographic units in Chinese without explicit 

linguistic knowledge has already been demonstrated in an early study (Hull, 

1920) of associationism theory. In that study, English subjects, who did not know 

Chinese characters, were required to make feature-sound associations with 

Chinese characters. An artificial sound was taught as an association to each 

character. In fact, characters with the same components (radicals) were always 

assigned the same sounds. However, these components (radicals) of Chinese 

characters were not explicitly taught in the experiment. Subjects were required to
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report the sound after each character was presented. Ninety six stimuli were 

divided into five sets in which each set had 12 stimuli with the same radical. After 

some practice, English subjects could even report the sounds of new characters 

before they were taught. This indicated that non-Chinese subjects can recognize 

the components (radicals) of Chinese characters when they recur frequently and 

consistently, even if they are not explicitly taught.

In this experiment, the encoding or recognition of orthographic units by non- 

Chinese is examined by means of the unit-complexity and unit-dissimilarity 

effects. To address the question whether the recognition of orthographic units of 

Chinese characters can be independent of any other linguistic knowledge of 

Chinese, in this experiment the 360 visual comparison trials previously used in 

Experiment 2 were repeated with English subjects. The stimuli were presented in 

three sequential blocks, in the order of words, pseudowords and nonwords, for all 

subjects. In this case visual familiarity increases as "lexicality" (for Chinese 

readers) diminishes across the stimuli, from the first block (words) to the third 

block (nonwords). If the orthographic units of Chinese characters can be 

recognized from visual familiarity alone, independently of any other linguistic 

information, then unit-complexity and unit-dissimilarity should be more likely to 

emerge by the last block (nonwords). If so, this would be the opposite effect to 

that shown in the visual processing of the same set of stimuli by native Chinese 

subjects: there both unit-effects were most evident in words and almost 

disappeared in nonwords. The word-types variable was therefore deliberately 

confounded with order (degree of practice) in this experiment. This confounding 

should have no significant effect if the Chinese characters were merely regarded 

as visual patterns by non-Chinese subjects. As graphic patterns, the words, 

pseudowords and nonwords in this experiment were all 1 cm x 1 cm squares in the 

same printed format. Neither the configuration as a whole nor the types of 

components were obviously different among the three types of words. Therefore
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it is implausible to expect a word-type effect, as such, in the performance of 

non-Chinese subjects, who merely treated these compact squares as graphic 
patterns.

Method

Subjects

12 native English graduates (6 male and 6 female, aged 20-35 years old), at the 

University of Oxford, were paid to participate in the experiment. They were all 

right handed and had normal or corrected to normal vision. Prior to the present 

experiment, no subject had any significant exposure to Chinese characters.

Stimulus-Conditions

The stimuli and conditions used in this experiment were identical to those of 
Experiment 2. The presentation of the stimuli was also the same, except that the 

three types of characters were presented in three sequential blocks in the order of 
words, pseudowords and nonwords, for all subjects. The 2-unit and 3-unit stimuli 

in each word-type were counterbalanced among subjects.

Procedure

Apart from the experimental instructions, which were shown in English, the 

apparatus, experimental task and procedures were identical to the last experiment. 

The stimuli were called graphic patterns, with no knowledge of Chinese characters 

being involved.

Results

1) Visual familiarity and judgments effects

The visual familiarity effect was inferred from comparison over successive 

blocks. Mean values of RTs and error rates of the 12 non-Chinese subjects are
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Table 4.6a. Mean reaction time (msec.) of 12 non-Chinese subjects by blocks and judgments in 
Experiment 3, along with statistical analyses

Blocks

First (Word) 
Second (Pseudoword) 
Last (Nonword)
All blocks

No. of 
Stimuli

120 
120 
120

Same

Mean

1295 
1320 
1317
1311

(SD)

(220) 
(249) 
(248)
(239)

Different

Mean

1173 
1157 
1212
1181

(SD)

(198) 
(199) 
(187)

(195)

Both

Mean

1234 
1238 
1264
1245

(SD)

(209) 
(224) 
(250)
(228)

Statistical analysis 
t values f 

(Same vs Diff.)

2.52 
1.88 
1.86

*

ANOVA(2x3)
Main effects 

Judgment (2) 
Blocks (3)

Interaction
Judgment x Blocks

F value

5.56
0.28

0.47

P value

0.03
0.76

0.63

11 values were estimated by a paired t test with a degree of freedom of 11. 
* P<0.05

Table 4.6b. Mean error rates (%) of 12 non-Chinese subjects by blocks and judgments in 
Experiment 3, with statistical analyses

Blocks

First
Second
Last
All blocks

•V T f*No. of
stimuli

120
120
120

Same

Mean

8.0
7.1
8.8
8.0

Different

Mean

3.3
4.3
5.0
4.2

Both

Mean

5.6
5.7
6.9
6.1

Statistical analysis
V allies T

(Same vs Diff.)

-2.94*
-2.00*
-1.89

t z values were estimated from Wilcoxon signed rank test. 
* P<0.05
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shown in Tables 4.6a and 4.6b. Overall there were no apparent differences across 

the three sequential blocks (or word-types), in either RT or error rate analysis, on 

either 'Same' or 'Different1 judgments. Performance on 'Different' judgements was 

consistently faster and more accurate than that of 'Same' judgments, in all three 

blocks. An ANOVA, with two factors of judgment and block, was performed on 

the RT data. A statistically significant effect was found only for judgment 

(F(i,n)=5.56, P<0.05), but not for block (F(2,ii)=0.28, P>0.05). No interaction 

was evident on RTs between the two main effects (F'(2,22)=0.47, P>0.05). 

Therefore visual comparisons of Chinese scripts as graphic patterns by non- 

Chinese subjects did not improve significantly during 360 trials of practice.

For each block separately, performance on 'Different' judgements was faster 

than 'Same' judgements; the difference was significant in the first block but not in 

the second or the last block by paired t tests (Table 4.6a). Likewise, for each 

block, the 'Different' judgements were consistently more accurate than the 'Same' 

judgements, but the difference was significant only for the first and second blocks 

by Wilcoxon signed rank tests (Table 4.6b).

2) 'Same' judgments: unit-complexity and stroke-complexity effects

Tables 4.7a and 4.7b present the mean values of 'Same1 RTs and error rates, 

subdivided respectively by block, unit-complexity and stroke-complexity. Overall, 

no difference in RT was evident among the three blocks. In each block, however, 

mean RT was consistently shorter on 2-unit than on 3-unit characters, even for 

stimuli with the same number of strokes (8-11 strokes). In contrast to Experiment 2 

(Chinese subjects), this unit-complexity effect was most evident in nonwords, that 

is, in the last block, after 240 trials practice. For the first two blocks, the mean RT 

was shorter on characters with fewer strokes both in 2-unit and 3-unit stimuli, 

whereas in the last block no such effect was found; if anything, the
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Table 4.7a. Mean reaction time (msec.) on 'Same' judgments of 12 non-Chinese subjects, by 
block (word-type), unit-complexity and stroke-complexity in Experiment 3, with statistical 
results

First
No. of
Unit

2-unit

3-unit

No. of
Strokes

5-7
8-11
All

8-11
12-22

All

Mean

1251
1292
1271
1326
1333
1329

(SD)

(258)
(308)
(283)
(256)
(240)
(248)

Second

Mean

1269
1300
1284
1340
1343
1341

(SD)

(256)
(240)
(248)
(393)
(331)
(362)

Last

Mean

1301
1278
1289
1346
1295
1320

(SD)

(313)
(339)
(326)
(106)

(97)
(101)

All blocks

Mean

1273
1290
1281
1337
1324
1330

(SD)

(275)
(296)
(285)
(252)
(193)
(222)

ANOVAf 3x2x2)
Main effects 

Blocks(B)
Stroke-complexity (S) 
Unit-complexity (U)

Interactions 
BxU 
SxU 
BxS 
BxSxU

F value

0.02
0.00
0.94

0.10
0.38
1.41
0.00

P value

0.97
0.94
0.35

0.95
0.55
0.27
0.99

Table 4.7b.Mean error rates (%) on 'Same 1 judgments of 12 non-Chinese subjects, by 
block (word-type), unit-complexity and stroke-complexity in Experiment 3

"V T /*No. of
unit

2-unit

3-unit

TL T /*No. of
stroke

5-7
8-11

All
8-11

12-22
All

First

Mean

1.1
1.4
1.2
2.2
2.2
2.2

Second

Mean

0.7
3.7
2.2
1.3
3.2
2.2

Last

Mean

3.7
1.9
2.8
2.9
1.3
2.1

All blocks

Mean

5.1
2.3
3.7
2.1
2.2
2.1
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stroke-complexity effects were reversed. The three main effects of block, stroke- 

complexity and unit-complexity were examined by an ANOVA on the RT data for 

'Same' judgments. However, neither main effects nor interactions were significant.

On error rates (Table 4.7b), the patterns of block, unit-complexity and stroke- 

complexity effect were consistent with those on RT. However, no significant 

differences were found on error rates.

3) 'Different1 judgments: unit-dissimilarity

The mean 'Different' RTs of the 12 non-Chinese subjects are presented in Table 

4.8a, subdivided by block, unit-complexity and unit-dissimilarity, along with the 

statistical analyses. The corresponding data on error rates are given in Table 4.8b. 

As seen in Table 4.8a, the unit-dissimilarity effect became evident only in later 

blocks. By the second and the last blocks, it was present as a consistent trend on 

both 2-unit and 3-unit stimuli. Although the three main effects of block, unit- 

complexity and unit-dissimilarity remained non-significant by the ANOVA on 

'Different' RTs, there was a highly significant interaction of unit-dissimilarity and 

block revealed by this ANOVA (F(i,22)=6.73, P<0.001). Further analyses on both 

RT and error rates were applied separately in each block. There was a significant 

difference in RT between 1/3 and 3/3 in the last block (t(ii)=2.56, P<0.05\ but 

not in the first two blocks. Consistent with RT, the error rates on 3/3 unit- 

dissimilarity in the last block appeared to be smaller than on stimuli with 1/3 unit- 

dissimilarity. However, this difference in error rate was not statistically significant.

4) Comparison of performance between Chinese and non-Chinese readers

Experiments 2 and 3 differed only in that they were performed by native 

Chinese and non-Chinese subjects respectively. Therefore it is possible to 

compare the visual processing of Chinese words as words and as graphic patterns 

by these Chinese and non-Chinese subjects respectively.
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Table 4.8a. Mean reaction time (msec.) on 'Different 1 judgments of 12 non-Chinese subjects, 
by block (word-type), unit-complexity and unit-dissimilarity in Experiment 3, with statistical 
analyses

No.of
Unit

2-unit

3-unit

First

U.D.

1/2
2/2
All
1/3
2/3
3/3
All

Mean

1186
1209
1197
1095
1203
1171
1156

(SD)

(237)
(234)
(239)
(196)
(243)
(235)
(225)

Second

Mean

1230
1113
1171
1186
1157
1096
1146

(SD)

(268)
(237)
(252)
(243)
(231)
(185)
(219)

Last

Mean

1223
1165
1194
1330
1208
1136
1224

(SD)

(224)
(255)
(239)
(280)
(217)
(268)
(255)

All blocks

Mean

1213
1162
1212
1203
1189
1134
1175

(SD)

(243)
(242)
(242)
(283)
(230)
(229)
(247)

ANOVAf 3x2x2) Fvalue Pvalue
Main effects

Blocks (B) 0.77 0.47 
Unit-dissimilarity (UD) 1.16 0.30 
Unit-complexity (UC) 0.36 0.56

Interactions
Bx UD
BxUC
UCxUD
B x UD x UC

6.73
1.41
0.18
1.70

0.00
0.26
0.68
0.20

Table 4.8b. Mean error rates (%) on 'Different 1 judgments of 12 non-Chinese subjects by 
block (word-type), unit-complexity and unit-dissimilarity in Experiment 3

XT f*No. of
unit

2-unit

3-unit

•K T /*No. of
stroke

1/2
2/2
All
1/3
2/3
3/3
All

First

Mean

4.2
2.7
3.4
1.4
3.5
4.8
3.2

Second

Mean

4.1
4.8
4.4
4.8
3.5
3.4
3.9

Third

Mean

3.4
6.9
5.1
5.5
5.6
4.2
5.1

All blocks

Mean

3.9
4.8
4.3
3.9
4.2
4.1
4.1
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a) Speed of performance

The performance of the Chinese and non-Chinese subjects across the three 
types (or blocks) of stimuli, on both 'Same1 and 'Different' judgments, is illustrated 
in Figure 4.6. Overall, the set of Chinese characters was matched much faster by 
the Chinese subjects than when they treated merely as graphic patterns, by the 
non-Chinese subjects. However, accuracy of performance between Chinese and 
non-Chinese subjects was not greatly different at least for the 'Same' judgments. 
Chinese subjects were slightly less accurate than non-Chinese subjects. However, 
there was no significant speed-accuracy trade-off effect in either group, as 
assessed by correlations between RT and error rates in each condition.

b) Fast 'Different' performance

In contrast to the widely reported fast-'Same1 effect found in the early 1970s 
studies, a faster 'Different' effect was observed in the non-Chinese subjects 
performance. However, this judgement effect was significant only in the first 120 
trials, when the subjects were less familiar with the stimuli as graphic patterns 
(Table 4.6a, b). Moreover, there was no judgment effect for the Chinese subjects. 
This further supports the view that Fast-'Same1 is by no means irreversible.

c) 'Same'judgments: Unit-complexity and stroke-complexity

In Figure 4.7, the mean 'Same' RTs of both Chinese and non-Chinese subjects 
are illustrated separately for words (or first block for non-Chinese), pseudowords 
(or second block) and nonwords (or last block), by different levels of unit- 
complexity and stroke-complexity.

In general, performance by the non-Chinese subjects was consistently slower 
in each condition, compared with the Chinese subjects. For Chinese subjects, the
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difference in RT between the 2-unit and 3-unit characters, i.e., the unit-complexity 

effect, was significant for words, and tended to decrease from words to 

pseudowords to nonwords. For non-Chinese, there appeared to be the opposite 

tendency, although the effect was not significant. There was no stroke-complexity 

effect in the 'Same' judgments either in Chinese subjects or in non-Chinese 

subjects.

d) 'Different' judgments: Unit-dissimilarity

In Figure 4.8, the RTs for both Chinese and non-Chinese subjects by unit- 

dissimilarity are illustrated separately for words (first block for non-Chinese), 

pseudowords (second block) and nonwords (last block). For Chinese subjects, the 

effect of unit-dissimilarity decreased across words, pseudowords and nonwords. 

For non-Chinese subjects, the opposite effect was found. The effect of unit- 

dissimilarity was not shown in the first block (words) but began to emerge in the 

second block (pseudowords). It became significant in the last block (nonwords) 

for at least 3-unit stimuli.

Discussion

In the present experiment, non-Chinese subjects were required to judge the 

visual identity of Chinese characters as graphic patterns in three sequential 

blocks. Unit-complexity and unit-dissimilarity effects, which significantly 

influenced the performance of Chinese subjects, did not exert any significant 

influence upon non-Chinese subjects' performance on the first and second blocks 

with 240 trials. However, the unit-dissimilarity effect became significant in the last 

block (after 240 previous trials). Consistent with unit-dissimilarity, the 

unit-complexity effect also appeared, although as a non-significant trend, in the 

last block. Together these results suggest that the pattern of orthographic units in 

Chinese can be recognized by visual familiarity alone, independently of linguistic 

knowledge. However, the amount of trials (360 pairs) used in this experiment was
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very small compared to real reading. It is noteworthy that the RT variance for non- 

Chinese subjects was uniformly large (about 250 ms) over words, pseudowords 

and nonwords, which was similar to (or greater than) Chinese subjects in nonword 

comparisons. The fewer overall significant effects found in non-Chinese subjects 

may be attributed, to some extent, to the large variance over all three blocks 

(contrasted with the much smaller SDs of Chinese subjects, especially in word- 

comparisons). Thus, an experiment with a larger number of trials is needed in the 

future.

General Discussion

1) The functional orthographic unit of Chinese words: the stroke- 
pattern but not the individual strokes

In the present study, for skilled Chinese readers, the visual comparison of pairs 

of Chinese characters was affected by the number of constituent units (unit- 

complexity) for pairs of 'Same' stimuli and by the number of mismatching units 

(unit-dissimilarity) for pairs of 'Different' stimuli. Since both unit-complexity and 

unit-dissimilarity were measured in terms of the orthographic units defined in this 

study (stroke-pattern), the demonstration of both unit-complexity and unit- 

dissimilarity effects suggests that these orthographic units of Chinese words can 

be (implicitly) recognized and are in fact used by skilled native Chinese readers in 

the visual analysis of Chinese script. The unit-complexity effect was not 

confounded by a possible stroke-complexity effect since it was significant after 

controlling for the number of strokes. By contrast, individual strokes had no 

influence upon visual comparisons of Chinese characters by native readers, even 

with control of the unit-complexity effect. This finding is inconsistent with the 

conclusion put forward in a recent study of the visual analysis of Chinese 

characters that used an illusory conjunction paradigm (Fang & Wu, 1989). In that
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study, both individual strokes and stroke-patterns were found to produce 

migration errors, and on these grounds both were therefore considered as 

independent perceptual units. The authors claimed that "... local components of 

single strokes and stems are equally likely to be independent perceptual units of 

character perception ". However, at least from the stimuli they provided in the 

paper, e.g., , migration errors of individual strokes appeared to occur 

only in characters containing a single unit. The present study is primarily 

concerned with words that have more than one unit (ZI) (i.e., over 90% of 

Chinese words). The claim that individual strokes are unlikely to have a significant 

influence upon the visual processing of Chinese words can at least hold for over 

90% of Chinese words. Stroke-complexity did not even affect the visual analysis 

of Chinese characters by the non-Chinese subjects, who could only treat the 

Chinese scripts as graphic patterns. This suggests that even as graphic patterns 

the individual strokes have little significance. As introduced in Chapter 2, the 

separation of strokes in Chinese words is a matter of writing convention, rather 

than perception. In Experiment 3, any tendency toward better performance on 

stimuli with fewer strokes, i.e., a stroke-complexity effect, had disappeared in the 

second block and was even reversed in the last block. This indicates that non- 

Chinese subjects may attempt to identify the individual strokes at first. However, 

they seem to give up the attempt when they find that such a stroke as , e.g., a dot 

or a line is not an independently recurring component and that the number of 

strokes can be as many as 22. This was confirmed by subjects' report of their 

strategies after the experiment. Some of them could even report some of the 

stroke-patterns (i.e., units) such as (in their own words), "B-like pattern", " p ", 

"dots in a horizontal line or a vertical line, "*»»" or " y"," a square", "a ", etc.. Note 

that they described the four dots at the bottom as a horizontal line rather than 

merely four dots. In fact, the individual strokes in the stroke-pattern, e.g., in 

Chinese may not be qualitatively different from a single stroke in an alphabetic 

letter, e.g., - in T. The functional orthographic unit in Chinese, corresponding to
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individual letters in English, thus appears to be the stroke-pattern rather than the 

individual strokes (at least for over 90% of Chinese words that contain more than 

one unit).

2) The pseudoword advantage in Chinese: The importance of the lexical 
radical and its positional regularity

In Experiment 2, pseudowords were matched faster and more accurately than 

nonwords. Given that the sole difference between pseudowords and nonwords 

was the positional regularity of the lexical radicals, this suggests that the lexical 

radical and its positional regularity play important roles in the visual analysis of 

Chinese characters. The importance of the lexical radicals has been suggested also 

in a recent study of the phonological processing of Chinese characters (Perfetti 

and Zhang, 1991). A radical-priming effect was found, i.e., characters primed by 

other characters containing the same radical were named faster. This effect, 

unexpected by the experimenters, was considered as a radical-based perceptual 

effect in that study (Perfetti and Zhang, 1991}. The functional role of the lexical 

radicals as semantic components is further examined in the study of semantic 

processing of Chinese words in Chapter 7.

3) Word superiority over pseudowords-"word" rather than "character"

The visual comparison of words was found to be both faster and more accurate 

than that of the pseudowords. The standard account for word superiority over 

pseudowords, as already suggested in the English studies, appeals to lexicality, 

although orthographic familiarity (word-likeness) can hardly be entirely ruled out 

(Menderson, 1982). The importance of Experiment 2 is that both types of 

superiority effect, of words to pseudowords and of pseudowords to nonwords 

have been demonstrated with single-character words in Chinese. The 

demonstration of the superiority effects of words and pseudowords with 

individual characters in Chinese suggest that the so-called "characters", the basic
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units in Chinese, have psychological reality equivalent to "words" rather than 
"morphemes" in English. The conventional term Chinese "characters" should be 
more appropriately changed to Chinese "words"

4) Two types of word superiority effects -Mutual interaction between 
units and words

In Experiment 2, both unit-complexity and unit-dissimilarity effects were found 
strongly in words, less so in pseudowords and absent in nonwords. This indicates 
that the recognition of orthographic units is better in word contexts. Thus a word 
superiority effect, in terms of the recognition of word constituents, has now been 
demonstrated in Chinese (with individual characters) as well as in alphabetic 
scripts. The absence of these unit-effects in nonword comparisons suggests that 
recognition of the lexical radicals may rely particularly on their positional 
regularity. (In the comparison of nonwords, in which the lexical radical was in an 
illegitimate position, neither of the unit-effects were significant.) Although the 
same set of lexical radicals was used in the words, pseudowords and nonwords in 
this experiment, the nonwords appeared so unfamiliar to the native readers of 
Chinese that they regarded them, in their own words as, "Japanese Kana", simply 
because the lexical radicals of the nonwords were in a position they have never 
met in real words. This further supports the claim that the identity of orthographic 
units is unlikely to be recognized independent of their positional information.

As discussed before, orthographic units (especially the lexical radical) were 
recognized better in words (Experiment 2). In the same experiment, words that 
had better-recognized units also showed a superiority effect over pseudowords in 
the visual comparison task. These two aspects of word-superiority, demonstrated 
in this study, suggest a mutually interactive processing between the recognition of 
word constituents and the recognition of words in Chinese. Hence, the interactive 
property of such visual word recognition models as McClelland & Rumelhart 
(1981) may have wider applicability than just being restricted to alphabetic
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orthographies. However, an orthography-specific feature of Chinese may be that 

such mutual interaction is particularly important between words and their 

constituent lexical radicals, since the lexical radicals possess not only specific 

structure but also the positional regularity that determines the orthographic 

regularity of Chinese words (individual characters).

Conclusions

In conclusion, the present study has demonstrated that the visual analysis of 

Chinese characters can be based upon relatively well-defined orthographic units, 

particularly the lexical radicals. The functional orthographic units used by native 

readers are the stroke-patterns, not the individual strokes as previously thought. 

There is to some extent a functional parallelism between the orthographic units of 

Chinese and the letters of English. As in English, recognition of orthographic units 

in Chinese involves positional information and can benefit from word context. 

The mutual interaction between recognition of the units and recognition of the 

words has thus been demonstrated also in Chinese (with individual characters), as 

shown by the two types of word superiority effects here.

In addition, the visual comparisons undertaken by the non-Chinese subjects 

over limited amounts of visual exposures indicated that the graphic patterns of the 

orthographic units can be recognized by visual familiarity alone, without 

necessarily involving any underlying linguistic knowledge. This implies that even 

though the orthographic units (i.e., stroke-patterns) are not explicitly taught in 

learning to read Chinese words, the graphic patterns of the units can be 

(implicitly) acquired through extensive visual exposure, independently of any 

underlying linguistic features. This awaits more evidence from future studies 

(especially developmental studies) in reading Chinese. The word superiority over
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pseudowords suggests that the individual character in Chinese may have 

functional parallelism with the "word" rather than the "morpheme" in English.



88

Chapter 5

Phonological and Semantic Processing

Introduction

The previous chapter described three experiments on visual processing of 

Chinese script. In the following three chapters, the thesis will focus on 

phonological and semantic receding of written Chinese words, with special 

emphasis on the role of lexical decomposition. The studies of lexical 

decomposition in Chinese focus on the functional roles respectively of the lexical 

radicals in semantic recoding and of the non-radical components in phonological 

recoding. Lexical radicals and non-radical components can be distinguished, in 

principle, by recognizing the specific structure and position of the lexical radical. 

The structure and positional regularity of lexical radicals were shown to be 

implicitly recognized by skilled native readers of Chinese in the visual analysis of 

Chinese words (Experiment 2). According to the orthographic rules of Part-to- 

Whole Phonological Correspondence and Part-to-Whole Semantic 

Correspondence proposed in this study (Chapter 2), the regular functional role of 

lexical radicals and non-radical components was defined as semantic and phonetic 

respectively, independent of their etymological origin. The core issues to be 

addressed in this chapter are whether the rule-defined phonetic role of the non- 

radical component and the rule-defined semantic role of the lexical radical are in 

fact exploited by skilled readers of Chinese, in phonological and semantic 

processing tasks respectively.

To ensure maximum internal coherence and comparability across these 

investigations, both the phonological and semantic processing tasks made use of 

the simultaneous comparison paradigm. The critical manipulation of the stimuli 

concerns the occurrence of a graphic match between members of a stimulus pair,
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with respect to one or other orthographic component, either on the lexical radical 

or on the non-radical component.

Background & Rationale

In both comparison tasks, pairs of words consisted of one simple word, and one 

compound word in which the simple word was embedded as a component. Which 

of the two orthographic components in the compound word matched the simple 

word was the critical manipulation, thereby forming one of two main conditions: 

Word-Radical match or Word-Component match. The Word-Radical match 

condition refers to pairs of words in which the simple word is embedded in its
a

paired compound word as the lexical radical , e.g., " SUN [ri]4 BRIGHT [ming]2 (Bw
is the lexical radical of 1$ ). The Word-Component match condition refers to pairs 

of words in which the simple word is embedded in its paired compound word as 

the non-radical component, e.g., ^ -CHILD [zi]3, # GOOD [hao]3 (-J-is the non- 

radical component of fcF). Both Word-Radical match pairs and Word-Component 

match pairs consisted of two words that were neither synonyms nor homophones 

of one another, nor did the pair form a meaningful two-character CI. In other 

words, in both the Word-Radical match and Word-Component match conditions, 

the component that matched graphically with the simple word in the same pair 

was both phonologically and semantically incongruent with its constituent word 

(the compound word) in the same pair. Such Word-Radical match and Word- 

Component match pairs are thus phonologically and semantically mismatching 

pairs, and can therefore be used as 'Different' pairs in both semantic and 

phonological comparisons.

Figures 5.1 and 5.2 illustrate these two critical conditions for the phonological 

and semantic comparisons respectively. In both Figures, stimuli are first illustrated 

with real Chinese words, and also by means of symbols and geometric figures that 

may be more familiar to non-Chinese readers. In the symbolic



Task: Is the pair of words 'Same' or 'Different' in pronunciation? 9 Q

Real stimuli 
________(Chinese words)________

Word-Component match Word-Radical match

STAGE 
JOY
[tai]2
[yi]2

WOMAN 
GOOD
[nu]3 
[hao]3

Symbolic analogy

Word-Component match Word-Radical match

£P

Graphic illustration

Word-Component match Word-Radical match

Wr

W
W2 

W1=W; Wl <> W2

W

W2 
Wl=Wr; Wl <> W2

Figure 5.1 The illustrations of pair of words (Wl & W2) in Word-Component match (W) 
and Word-Radical (Wr) match conditions for phonological comparison task



Taskils the pair of words 'Same' or 'Different' in meaning?
Real stimuli 

(Chinese words)

Word-Component match Word-Radical match

[tai]2 
[yi]2

WOMAN 
GOOD
[nu]3 
[hao]3

Symbolic analogy

W
Graphic illustration

Wr
W

W2

W1=W; Wl <> W2

W 
Wr 

Wl=Wr; Wl <> W2

Word-Component match Word-Radical match

Word-Component match Word-Radical match

Figure 5.1 The illustrations of pair of words (Wl & W2) in Word-Component match (W) 
and Word-Radical (Wr) match conditions for semantic comparison task
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analogy, the ideographic symbol "£" represents the lexical radical (i.e., the rule- 

defined semantic component), while the alphabetic letter "P" refers to the non- 

radical component (i.e., the rule-defined phonetic component of Chinese words). 

(Note that the term 'match' in the names of the stimulus conditions merely 

describes the manipulation of physical identity between components of a stimulus 

pair.) The idea is that the physical matching on one component of a pair of words 

may function as a 'distractor', which will bias subjects toward a false 'Same' 

response. Suppose that, in semantic judgments, subjects are more influenced by a 

matching lexical radical, and in phonological judgments they are more influenced 

by a matching non-radical component. Differential distractor effects of this kind 

would indicate a different attentional bias towards one or other orthographic 

component, depending on the strategic requirement of the task. In an analogy, if 

subjects treat £ and P as semantic and phonemic symbols, they would be more 

likely to judge the £ & £P pairs as semantically 'Same' symbols in the semantic 

comparisons. By contrast, in the phonological comparison task, P & £P pairs might 

be more likely to be judged as phonologically 'Same' pairs.

As introduced in Chapter 2, the lexical radical and non-radical component 

were defined as the regular semantic and phonetic components respectively. 

Hence a physical match on the lexical radical or on the non-radical component 

may act as 'semantic' and 'phonetic' distractors respectively. An attempt is made to 

portray this in the graphic illustration of Figure 5.1 and 5.2. There, a triangle 

represents the semantic component and a square represents the phonological 

component of Chinese words, respectively. Given that both Word-Radical match 

and Word-Component match pairs are non-homophone and non-synonym pairs 

(i.e., 'Different' pairs for both tasks), the distractor (shaded-in in Figures 5.1 and 

5.2) in both conditions should bias subjects toward false 'Same1 responses. The 

effect of the distractor, if any, would be to cause slower 'Different* responses 

and/or higher false 'Same' responses than pairs without any matching component.
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The latter thus provide a necessary baseline condition for both semantic and 

phonological judgment tasks. Suppose that subjects allocate equal attention to all 

orthographic components, regardless of the receding task involved, there should 

then be no significant difference, either on 'Different1 RTs or on false 'Same1 rates, 

between the two different distractor conditions. If, however, the radical and non- 

radical components are treated as 'semantic' and 'phonetic' component, 

respectively, the Word-Radical match condition (as semantic distractor) should 

have a stronger influence upon semantic comparisons; by contrast, the Word- 

Component match condition (as 'phonetic distractor') should be more important in 

the phonological comparison task. These opposite effects of the radical and non- 

radical components as differential distractors in semantic and phonological 

comparisons can be tested, even though the subjects and stimuli in these two main 

conditions are in fact identical.

Note that the pronunciation of the compound words in the Word-Component 

match stimuli is always incongruent with their non-radical component. Thus the 

compound words used in the Word-Component condition were in fact 

ideocompound words, in which the non-radical component as well as the lexical 

radical is defined as a semantic component according to the etymological word- 

formation rule (ideocompound rule). If this ideocompound rule was recognized 

perceptually, the interference of the Word-Component as a distractor should not 

be significantly different from that of the Word-Radical, in the phonological 

judgment task. If, on the contrary, the functional role of the matching component 

is implicitly assigned according to orthographic rule (Part-to-Whole 

correspondence) as defined in Chapter 2, independent of its etymology, the 

opposite effects, as described above, would still appear. This hypothesis was first 

explored in a pilot study, reported below.
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Experiment 4: A pilot study of phonological and semantic
comparisons of Chinese words

Introduction

This experiment, including both semantic and phonological comparison tasks, 

aimed to examine whether native readers of Chinese treat the lexical radical and 

non-radical component differently in semantic and phonological comparison tasks. 

The same set of stimuli in the critical conditions of Word-Radical match and Word- 

Component match, described already in the rationale, were presented to the same 

subjects in these two different tasks. In the phonological comparison task, subjects 

were required to judge whether pairs of words are the 'Same' or 'Different' in their 

pronunciations (in Mandarin), including the tones. Four weeks later, the same 

subjects were asked to judge whether the pairs of words are 'Same* (similar) or 

'Different' in their meanings.

Method

Subjects

30 native Chinese readers and speakers from the mainland (21 males and 9 

females), aged 25 to 35, were paid to participate in this experiment. Nine of them 

use Mandarin as their native dialect while 21 use Mandarin very often (at least in 

formal occasions). They were all reading for doctorates at the University of 

Oxford.

Stimulus Conditions

In each task, there were 60 word-pairs for the 'Same' judgments and 60 word- 

pairs for the 'Different' judgments. For each judgment, there were two conditions 

with 30 stimuli each. The two critical conditions for the 'Different' judgments of 

both tasks were Word-Radical match and Word-Component match. In addition, 

the experiment also used 60 word-pseudoword pairs in the Word-Radical match



Experiment 4 95

Task A: Does the pair of words have 'Same* or Different pronunciation ? 

Task B: Does the pair of words have 'Same 1 or Different meaning ?

Phonological comparison Semantic comparison

l
Word-pairs (120) 

I
Word-pairs (120)

Same (60)
(Homophones

Different (60)
(Non-homophone&Non-synonym)

Same (60)
(Synonyms)

Non-matching W match 
RiNn W 
R2Nr2 RW 
(30) (30)

ft

FLUSH 
SUFFICIENT

[chong]!
[chongjl

Wr match 
Wr
WrNr 
(30)

matchW match Wr 
W
RW WrNr 
(30) (30)

ACCOMPLISHED 
HONEST

[cheng]2
[cheng]2

WOMAN 
LIKE

[nu]3
[ru]2

ARMY 
WAVE

RICE 
GRAIN

[mi]3 
[lian]2

Word-Pseudoword pairs (60)

Wr match W match
Wr W

*Wr+Nr *R+W
(30) (30)

EYE[yie]3
*

OWE/[qian]4 
*

Gr match 
GrNn 
GrNr2

(30)

KNEAD 
TWIST

Note: R: and Nr refer to lexical radical and non-radical component. 
W and Wr refer to Word-component and Word-radical 

Gr and G refer to Graphic-radical and Graphic-component 
*: Pseudoword 
Bold typeface indicates the matching component in each stimulus pair

Figure 5.3. Stimulus conditions in Experiment 4
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and Word-Component match conditions. The distribution of the stimuli in each 

condition (with corresponding examples) is shown in Figure 5.3. The stimuli for 

each condition are described below:

'Different' judgments for both tasks (Real-word pairs)

The pairs of words used for 'Different' judgments in both tasks were not 

synonyms, homophones, or meaningful two-character CI in Chinese.

Word-Radical match: In these word-pairs, the lexical radical of the compound 

word is identical to the adjacent whole word (simple word) in the same pair.

Word-Component match: In the word-pairs, the non-radical component of the 

compound word is identical to the adjacent whole word (simple word) in the same 

pair.

'Different' judgments for both tasks (Word-pseudo\vord pairs)

The two main conditions of Word-Radical match and Word-Component match 

were constructed in the same way as those in the real-word pairs. In these word- 

pseudoword pairs, the only difference was that the compound word in each pair is 

a pseudocompound, which consists of one lexical radical and one non-radical 

component in meaningless combination.

'Same' judgments for phonological comparisons (Homophones)

Graphically non-matching: In this condition, pairs of words have the same 

pronunciations, including tones (homophones) but have no graphic component in 

common.

Word-Component match: Corresponding to the Word-Component match 

condition for the 'Different' judgments, the pairs of words matched on the non- 

radical component also have the same pronunciations. That is, the non-radical
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component has a pronunciation congruent with the compound word, in which it is 

embedded.

'Same' judgments for semantic comparisons (Synonyms)

Word-Radical match: Corresponding to the Word-Radical match condition for 

the 'Different' judgments, the pairs of words with a matching Word-Radical match 

are similar in their meanings (approximate synonyms).

Graphic-Radical match: In this condition, the pairs of words have similar 

meanings (synonyms) and also have the same graphic radical. The graphic radical 

is not a word in isolation and is therefore unpronounceable.

For all word-pairs, the two words selected for a pair do not form meaningful 

phrases or two-character CI in Chinese. The position of the simple word could be 

either at the top or at the bottom in different stimulus-pairs. The position was 

randomized in each condition. Pairs of homophones were always also identical in 

tone. Subjects were informed about this so that they would not concern 

themselves with the tone when they found two words with the same 

pronunciation. Given that Chinese pseudocompounds have virtually no 

pronunciations or meanings, word-pseudoword pairs were all classified as 

'Different' pairs.

Apparatus

The apparatus used was a three channel tachistoscope, connected to a BBC 

computer. Two response buttons were placed in front of the subjects' left and right 

hands. Once a response button was pressed, the generator in the tachistoscope 

gave a noise free signal to the timer. Reaction times and errors for each trial were 

then recorded. The mean values of the reaction times and error rates of the stimuli 

in each condition were calculated for each subject, and recorded by a BBC 

computer.
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Pairs of stimuli were presented simultaneously in the tachistoscope from a 

viewing distance of 508 mm. The paired stimuli, one above the other, were each 10 

mm x 10 mm and separated 15 mm from centre to centre. They were written in 

black at the centre of a white display card (150 mm x 100 mm). A red cross ('+'), 5 

mm x 5 mm, at the centre of the white display card was used as a fixation point.

Procedure

In the phonological comparison task, subjects were asked to judge whether a 

pair of words was the 'Same' or 'Different' in their pronunciation in Mandarin. In 

the semantic comparison task, the same subjects were required to judge whether 

pairs of Chinese words were the 'Same' (synonyms) or 'Different' in their meanings.

Each trial started with the appearance of the fixation point followed by a 

verbal 'ready' signal and then the stimuli. Each stimulus-pair was displayed for 150 

msec, and immediately replaced by the fixation point, which remained until the 

next trial. Subjects were required to press the button as quickly as possible once a 

judgment was made. Half the subjects used the index finger of the left hand for the 

'Same' judgments and the index finger of the right hand for the 'Different' 

judgments. The other half of the subjects responded with the hand/judgement 

pairing reversed. The full 180 stimuli in each experiment were presented randomly. 

The randomisation of the stimuli in each task was predetermined and was the same 

for all subjects.

Before each task, written instructions in Chinese, which explained the 

procedure, were given to each subject in addition to further oral instruction and 

explanation. Pseudowords were introduced as "unknown" words. Subjects were 

encouraged to guess the sound and/or meanings of the "unknown" words as if 

they had encountered them in reading without a dictionary at hand.
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In each task, 30 practice trials were given. These trials were discarded from the 

stimulus set used in the main experiment. After every 60 trials (or at the subject's 

request), subjects were given a break of about 2 minutes. Each task lasted 

between 40 and 60 minutes for each subject.

Results

Performance in both tasks showed very high error rates, and in a number of 

subjects approximated 50%, as least in some of the conditions. In order to avoid 

comparisons in accuracy between different conditions being truncated by chance 

or near-chance error-rates in one (or more) condition(s), data from the subjects 

who had error rates approaching 50% overall in either the phonological or the 

semantic comparison task were discarded. Data from remaining 15 subjects were 

used for the analyses. These subjects had a mean error rate of 29% and 39% for 

the phonological and semantic comparisons, respectively. Given the high error 

rates even of these remaining 15 subjects, interpretation of RTs is clearly 

problematic. Accordingly, the principal analyses were based on mean error rates, 

although analyses of RT were also performed. Table 5.la presents the mean error 

rates of the 15 subjects, by judgments and conditions, for both the phonological 

and the semantic comparisons, along with the results of the statistical analyses. 

The corresponding data for RTs are presented in 5.1b, along with the statistical 

results. Analyses were first performed on the data from each task and then on the 

data of the critical Word-Radical match and Word-Component match conditions 

from both tasks. Before turning to error rates, analyses on RTs are first reported 

briefly.

Reaction time (RT) analysis

Overall, 'Same1 (homophone or synonym) pairs were judged faster than 

'Different' (non-homophone and non-synonym) pairs. The judgment effect was
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significant in both the phonological comparisons (F^j4)=22.8 P<0.001) and the 

semantic comparisons (F(i,i4)=7.9, P=0.01). The condition effect, however, was 

not significant on either the semantic or the phonological comparison tasks (Table 

5.1b). There was no interaction between conditions and judgments (Table 5.1b) 

for either task.

Error rate analyses

1) Opposite effects of radical and non-radical matching on 'Different' 
judgments of the semantic and the phonological comparisons

The difference in error rates between Word-Radical match and Word- 

Component match (the condition effect) was significant on 'Different' judgments 

in both the phonological (F(2,i4)=6.8, P<0.05) and the semantic comparison 

(F(i,i4) =203, P<0.001) tasks. Performance on the 'Same' pairs was more accurate 

than that on the 'Different1 pairs in the phonological comparison task. This 

judgment effect was marginally significant in the phonological comparison task. 

However, there was no such effect in the semantic comparison task (Table 5.la). 

There was no significant interaction between the two main effects in either the 

phonological or semantic comparison tasks (Table 5.la).

Further analyses were performed to examine the critical condition effect on the 

'Different' judgements alone. The most important finding is that, as predicted, mean 

false 'Same' rates in the two critical conditions of Word-Radical match and Word- 

Component match showed a cross-over pattern between the phonological and 

semantic comparisons. With word-word pairs, the mean false 'Same' rates of Word- 

Radical match and Word-Component match were respectively 28% and 40% in 

the phonological comparison task, while they were respectively 45% and 31% in 

the semantic comparison task. The same cross-over pattern of false 'Same' rates in 

the two critical conditions was also found in the word-pseudoword pairs. Here the 

mean 'Same' response rates for Word-Radical match and Word-Component match
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Table 5. la Mean error rates (%) of 15 subjects by judgments and conditions in Experiment 4, 
with the statistical analyses.

Judgement Condition 
(No. of stimuli)

Pronunciation

Mean

Meaning

(SD) Mean (SD)

Same judgement
Non-matching (30) 
Word-component (30) 
All homophones (60)

Statistical analysis

ANOVA
Main effects 

Judgments (J) 
Conditions (C) 
Task(T) 
Word type (W)

Interactions 
JxC 
TxW 
TxC 
CxW 
TxWxC

Phonological comparisons
25 (12)
22 (11)
23 (12)

Semantic comparisons
Word-radical (30) 
Graphic radical (30) 
All synonyms (60)

Different judgment
Word-component (30) 
Word-radical (30) 
All pairs (60)

_

40 
28 
34

_

Word-pairs
(15) 

(8) 
(11)

47 
24 
35

31 
45 
38

(12) 
(15) 
(13)

(12) 
(14) 
(13)

Word-pseudoword pairs
Word-component(30) 
Word-radical (30) 
All word-pseudo (60)

39
22 
30

(12) 
(8) 

(10)

27 
45 
36

(15) 
(11) 
(13)

Pronunciation Meaning Pronunciation & meaning

F value

4.1
6.8
—
—

3.0
—
—
—
—

P value

0.06
0.02

—
—

0.11
—
—
—
—

F value

0.00
20.30

—
—

0.60
—
—
—
—

P value

0.96
0.00

—
—

0.44
—
—
—
—

F value

_

—
1.7
2.8

_

0.6
46.5

0.2
3.4

P value

^_

—
0.22
0.12

^_

0.43
0.00
0.63
0.09
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Table 5.1b. Mean reaction times (msec.) of 15 subjects by judgments and conditions in 
Experiment 4, with the statistical analyses.

Judgement Condition 
(No. of stimuli)

Pronunciation Meaning

Mean (SD) Mean (SD)

Same judgement
Non-matching (30) 
Word-component (30) 
All homophones (60)

Word-radical (30) 
Graphic radical (30) 
All synonyms (60)

Different judgment
Word-component (30) 
Word-radical (30) 
All pairs (60)

Statistical analysis

ANOVA
Main effects 

Judgments (J) 
Conditions (C) 
Task(T) 
Word type (W)

Interactions 
JxC 
TxW 
TxC 
CxW 
TxWxC

672
614
643

Phonological comparisons
(107) 

(73) 
(90)

Semantic comparisons
632
594
613

Word-pairs
725
725
725

(89) 
(92) 
(90)

650
667
658

Word-pseudoword pairs

(47) 
(70) 
(58)

(56) 
(74) 
(65)

Word-component(30)
Word-radical (30)
All word-pseudo (60)

693
680
686

(115)
(102)
(108)

607
616
611

(54)
(36)
(45)

Pronunciation Meaning Pronunciation & meaning

F value P value F value P value

22.8 
3.9

0.00
0.07

7.9 
2.6

0.01
0.13

3.9 0.07 0.6 0.44

F value

0.1
10.1
19.7

0.1 
1.6 
0.2 
0.0

P value

0.74
0.00
0.00

0.73
0.23
0.65
0.93
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were 22% and 39% , respectively, in the phonologicalcomparison task, while they 

were 45% and 27%, respectively, in the semantic comparison task. In both word- 

word pairs and word-pseudoword pairs, the difference in false 'Same 1 rates 

between Word-Component match and Word-Radical match was highly significant 

for both phonological (real word: t(i4)=3.27, P=0.01; pseudoword: t(j4)=8.40, 

P<0.001) and semantic comparisons (Real word: t(j4)=7.43, P<0.001; 

Pseudoword: t(\4)-525, P<0.001). Figure 5.4 illustrates the cross-over pattern of 

false 'Same1 rates for Word-Radical match and Word-Component match as 

between the semantic and phonological comparison tasks, in both real word-pairs 

and word-pseudoword pairs.

An overall ANOVA was performed on the 'Different' judgments alone, (i.e., for 

the Word-Radical match and Word-Component match) in both the real word and 

the pseudoword conditions, and for both phonological and the semantic 

comparison tasks. The analysis examined the interaction of the critical condition 

effect with the effects of task (Phonological vs Semantic) and word-type (Real 

word vs Pseudoword). The ANOVA was performed on both error rates and RT.

On error rates, there was a highly significant interaction between task and 

condition (F(2,26)=46,5, P<0.001). The main effects of condition, task and word- 

type were not significant (Table 5.1). The interaction between word type and 

condition was not significant (Table 5.1).

On RT, the main factors of task and word-type were both highly significant 

(Task: F(U4)=10.1, P<0.001; Word-type: F(U4)=19.7, P<0.001). Neither the 

condition effect nor the interaction between main effects (Table 5.1b) was 

significant. Word-pseudoword pairs were judged faster than real word pairs. The 

semantic comparison task was significantly faster than the phonological 

comparison task with no evident difference in error rate between the two tasks 

(Table 5.1b). The task effect was significant both in real word pam(t(14)=4.53 f
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Component-matching effects in semantic and phonological
judgments 

(Experiment 4)

50

2 40
cs

Ou

o>
5

30

20

—-- Word-pseudoword pairs! 
Word-word pairs J

Phonological task 
Semantic task

Word-Radical Word-Component 

Component matching conditions

Figure 5.4 Mean error rates in component-matching conditions
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P<0.001) and word-pseudoword pairs for Word-Radical match (t(j4)=7.05, 

P<0.001) and in both real word-pairs (t(i4)=2.14, P=0.05) and word-pseudoword 

pairs for Word-Component match (t(j4)=2.86, P=0.01) in further analyses by 

paired t tests.

Discussion

The most important finding is that (1) in the pronunciation task subjects made 

significantly higher false 'Same' responses for pairs of words matching on the non- 

radical component (i.e., on the rule-defined phonetic component) than those 

matching on the lexical radicals. On the contrary, (2) when the task required 

judgments of meaning, the same subjects made significantly higher false 'Same' 

responses on word-pairs matching on the lexical radical (i.e., on the rule-defined 

semantic component) than on word-pairs matching on the non-radical 

components. The same cross-over pattern of false 'Same1 rates was confirmed in 

both word-word and word-pseudoword pairs. That is, on semantic judgments the 

lexical radical acted as the more powerful distractor; on phonological judgments it 

was the non-radical component that had the greater distractor effect. This 

suggests that skilled readers of Chinese adopt a different selective attentional bias 

in semantic and phonological judgment tasks, in accordance with the Part-to- 

Whole correspondence rules, defined in this study.

However, this rule-like behaviour was only shown by error rates. The result is 

thus not fully convincing, especially since the mean accuracy of performance was 

not very high. Therefore, the finding needs to be re-examined with longer stimulus 

exposure time to permit meaningful RT analysis. This was done in the main studies 

of phonological and semantic comparisons described in the next two chapters.
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Given that the subjects, apparatus, and procedures were exactly the same in all 

six experiments in the main studies, they are described in the following General 

Methods section and will not repeated for each individual experiment.

General Methods for Experiments 5-10

1) Subjects

12 native readers and speakers of Chinese from the mainland (6 males and 6 

females), aged 25 to 35, were paid to participate in the following six experiments 

on semantic and phonological comparison. An interval of at least two months 

elapsed between different experiments. All subjects graduated from university in 

mainland China and were D.Phil students at the University of Oxford. They all 

speak Mandarin. For nine of them, Mandarin is their native dialect; the other three 

use Mandarin at least for communication on formal occasions.

2) Apparatus

All experiments were conducted on a Packard Bell IBM PC-AT286 computer 

with monograph screen. Computer programmes were designed to randomize trials, 

control stimulus presentation, time the responses (RTs), record the errors and 

compute the mean value of RT and error rate, both by subjects and by items. The 

ET Chinese word processing package was connected with the computer 

programme both for word retrieval and for the construction of the pseudowords 

used in the experiments. Pairs of stimuli, one above the other, each 1 cm x 1 cm and 

separated 1.5 cm from centre to centre, appeared in a standard print format in 

white on a black background on the computer screen. Each pair covered a visual 

angle of 1° horizontally by 1.5° vertically from a viewing distance of 30 cm.
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3) Paradigm & Procedures

For the phonological comparisons, subjects were asked to judge whether the 

words in a pair were the 'Same1 or 'Different' in the Mandarin pronunciation 

(including tone). For the semantic comparison, they were required to judge 

whether the paired words were the 'Same' (synonym) or 'Different' in their 

meanings.

Before each experiment, subjects first read written instructions on the screen. 

Pseudowords were introduced as "unknown" words, and subjects were 

encouraged to guess the pronunciation of the "unknown" words in the 

phonological comparison task and to guess their meaning in the semantic 

comparison task.

Each experiment task was preceded by a practice session, with 30 stimulus- 

pairs. After the practice session, the mean reaction time and error rate of the 30 

trials were shown on the screen. If the error rate was equal to or higher than 20%, 

further practice with different stimulus-pairs was given until the total accuracy 

was equal to or better than 85%.

The sequence of each trial started with a fixation cross,"+", 0.2 cm x 0.2 cm, at 

the centre of the screen. The cross indicated the position in which the stimuli 

would appear. It lasted 0.5 seconds. After a 0.5 second gap, a pair of stimuli was 

presented simultaneously in the positions immediately above and below the 

fixation point. The stimuli remained on the screen until the subject pressed a 

response key. Once a response key was pressed, the stimulus immediately 

disappeared and, after another 0.5 second, the fixation point returned to start the 

next trial. Fixation on the cross was always required and emphasized through 

each experiment.
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In all experiments, subjects were asked to respond as quickly and accurately as 

they could by pressing one of two buttons. The response key for 'Same' was the 

left corner key 'Z' and for 'Different' was the right corner key slash'/1 . Z and / were 

labelled )?] 'Same' and -fl- 'Different' in Chinese respectively. Subjects were asked 

to press the left key (Z) for 'Same' and the right key (/) for 'Different' judgements, 

using their index finger of the left hand and the right hand, respectively.

After every 60 trials, the subject had a break for 2 minutes, accompanied by a 

piece of quiet electronic music. At the end of each experiment, subjects were 

required to report their strategies.
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Chapter 6

From script to sound in Chinese

Theoretical issues

This chapter reports and discusses three experiments on phonological 

comparison of Chinese words, with special emphasis on lexical decomposition. 

Three major theoretical issues are addressed:

1) What is the role of semantic receding in the phonological processing of 
Chinese words ?

2) Is pronunciation of Chinese words using lexical decomposition biased 
towards the non-radical component, that is, the phonetic component, as defined 
by the lexical decomposition rule proposed in this study?

3) If so, how is this process modulated by type-frequency indices of 
concordance with other items in the lexicon?

Experiment 5: Phonological comparisons on pairs of Chinese words

Introduction

The main objective of this experiment is to investigate the role of semantic 

receding in the phonological processing of Chinese words. In English, there is 

little doubt that the pronunciation of words can be achieved by direct mapping 

from orthography, without semantic mediation. This is supported, for example, by 

the observation of "word-meaning blindness" or "semantic dyslexia: patients may 

name a written English word correctly without knowing its meaning, even when 

the word has an irregular pronunciation (Schwartz, Marin and Saffran, 1979). To 

address the issue of whether such direct mappings from orthography to 

phonology exist also in the phonological receding of Chinese words, Experiment 

5 examines the synonym effect in a phonological comparison task. Suppose that 

the phonological recoding of a Chinese word is not possible without semantic
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receding. In this case, pairs of words, which are different in sounds but closely 

similar in meanings (near synonyms), e.g., & DISH [die]2$u BOWL [wan]3, would 

be judged more slowly or provoke more false 'Same' responses than pairs of words 

which are different in both meaning and pronunciation, e.g., £ SAFE [an]l and 

GRASS [cao]3. If, however, no such synonym effect is found, this would support 

the view that the phonological processing of Chinese words can be independent 

of semantic mediation. The direct mapping from orthography to phonology, 

described in current word recognition models, may not be unique to alphabetic 

scripts.

Stimulus Conditions

A total of 120 pairs of words was used in this experiment. Figure 6.1 illustrates 

the distribution of the 120 stimuli in the four different conditions, with 

corresponding examples. There were equal numbers of 'Same' (homophone) and 

'Different' (non-homophone) pairs. For the 'Different' judgments, there were two 

different conditions, i.e., Control and Synonym, each with 30 pairs of stimuli. For 

comparability with the two different conditions for the 'Different' judgments, the 

60 pairs for the 'Same' judgments were also divided into two equal groups 

(Homophones 1 and 2). Stimuli in each condition are further described as follows:

'Same' judgments (homophone pairs)

Homophone: The 60 pairs of homophones consisted of two different words 
which each have the same pronunciation, including tone, but no semantic 
relationship.

'Different' judgments (non-homophone pairs)

Synonym: In this condition, two different words in a pair have different 
pronunciations but closely similar meanings.

Control: This involves pairs of different words which are neither homophones nor 
synonyms.
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Experiment 5

Task: Does the pair of words have the Same or Different pronunciations?
(Phonological comparison)

Word-pairs (120) 
I

Same (60)
(Homophone)

Different (60)
(Non-homophones)

Homophone 1 Homophone2 
(30) (30)

Cc ntrol
(30)
ft

ICE/[bin]l 
SOLDIER/[bin]l FAIL/[bai]4 

BOW/[bai]4

'Syno;iym2 
(30)

Tfi
SKILL/(Ji]4 BANK NOTE/[chao] 1 

EVIL/[ji]4 PAPER MONEY/[bi]4

* the same set of stimuli was also used in Experiment 8 

Figure 6.1. Stimulus conditions in Experiment 5
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Stimuli in these different conditions were randomised in this experiment. The 

randomisation was controlled by a computer programme and was different for 

each individual subject. The apparatus, method and procedures used in this 

experiment were the same as those described in the General Methods section of 

chapter 5.

Results

Table 6. la presents the mean RTs (both by-subjects and by-items) by 

judgement and condition, along with the main statistical analyses. The 

corresponding data for error rates are given in Table 6.1b. An ANOVA was 

performed on RTs by-subjects while an ACOVA with the word frequencies of the 

two words in each pair as two co-variates was conducted on RTs by-items. In 

both the by-subjects and by-items analyses, the mean RTs were faster for 'Same' 

(homophone) than for 'Different' judgments (non-homophone). However, there 

was no apparent difference between the different stimulus-pair conditions. In the 

ANOVA by- subjects, the main effect of judgment was highly significant 

(F(Ui)=57.5, P<0.001) but not the condition effect (Table 6.1a). The interaction 

between conditions and judgments was also not significant. After taking the word 

frequencies into account, this pattern was confirmed by the ACOVA by-items 

analysis; there was a significant judgment effect (F(j i29)=57.9 t P<0.001) but no 

significant condition effect and no interaction between them (Figure 6. la). The 

two co-variates of word frequencies (individually or together) had no significant 

association with the two main effects nor thek interaction in the ACOVA (Table

1) Synonym effect on 'Different' judgments

The difference between the synonym condition and the control condition was 

examined on 'Different' judgments in terms of both RTs and error rates. Consistent 

with the general analysis in the ANOVA, there was no significant difference in RT



113

Table 6.la Synonym effects on phonological comparison: Mean reaction time (msec.) in 
Experiment 5, with statistical analyses

Judgments Condition
s

Same
Group 1 
Group 2 
All

Different
(l)Control 
(2)Synonym 
All

Statistical analysis

Main effects
Judgments (J) 
Conditions (C)

Interactions
JxC

By Subjects
Mn nf
timuli Mean

30 1022 
30 1038 
60 1030

30 1201 
30 1215 
60 1208

ANOVA

F value P value

57.5 0.00 
0.1 0.35

0.0 0.90

(SD)

(211) 
(194) 
(202)

(253) 
(242) 
(247)

By items By Subjects

Mean

1034 
1042 
1044

1217 
1242 
1229

ACOVA

F value

55.0 
0.6

0.8

P value

0.00 
0.46

0.37

(SD) (1) vs (2)

(121) 
017) 
(119)

(122) t(H)=0.64 
(98) P=0.55 

(110)

Co-It Co-2f

F value F value

0.02 0.90 
0.01 0.27

5.03* 0.81

By items

(1) vs (2)

t(n)=0.89 
P=0.38

Co-l&2

F value

0.57 
0.17

2.59

t Co-1 and Co-2 refer to co-variate of the word frequency of the top and the bottom word respectively 
*: P<0.05

Table 6.1b Synonym effects on phonological comparison: Mean error rates (%) in Experiment 5

By Subjects
Judgment Condition

Same
Group 1
Group 2
All

No. of
stimuli

30
30
60

-——-—-
Mean

2.4
4.7
3.5

- ———
SD

(2.3)
(3.7)
(3.0)

By-items By Subjects
———
Mean

4.3
10.0
7.1

———— _______________
SD (1) vs (2)

(7.2)
(10.6)

(8.9)

By items
———————

d)vs(2)

Different
(1) Control
(2) Synonym
All

30
30
60

2.3
4.7
3.5

(2.3)
(3.2)
(2.7)

5.6
9.9
7.7

(5.5)
(9.7)
(7.6) Z=2.70* Z=1.54

Z values were estimated by the Wilcoxon signed rank test. 
* P<0.05
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between the synonym and the control condition, by paired t test (t(ii)=0.64, 

P=0.55 ). In the by-subjects analysis, synonyms showed higher error rates (4.7%) 

than the control condition (2.3%) (Wilcoxon signed rank test 2=2.70, P<0.05). 

However, after adjustment for word frequency, the synonyms effect became non­ 

significant on error rates (2=1.54, P>0.05). Moreover, the effect was also not 

significant on RT (t(n)=0.89, P=038).

Discussion

This experiment demonstrated that synonym-pairs were not judged 

significantly more slowly than pairs of words that were different in both 

pronunciation and meaning, in phonological comparisons. This suggests that 

semantic mediation or receding is not necessary for phonological receding of 

Chinese words. Nonetheless, some semantic receding may take place. In parallel 

processing models of word recognition, semantic and phonological processing are 

automatically activated in word recognition. Subjects may use the semantic 

information even if it is not necessary to perform the task. In this experiment, 

subjects did have numerically higher error rates on synonyms than on the control 

pairs, even though the difference was not reliable in the by-items analysis. Hence, 

as in English, semantic recoding may be unnecessary but still occur in tasks 

involving the phonological processing of Chinese words. The implication of this 

finding will be discussed in detail in the general discussion of this chapter.
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Experiment 6: Phonological comparisons of Chinese words with
matching components

Introduction

The experiment was designed to address two issues concerning lexical 

decomposition in the phonological recoding of Chinese words, as follows:

1) Rule-defined phonetic component

In Chapter 2, the non-radical component of compound Chinese words was 
defined as the phonetic component, according to the rule of Part-to-Whole 

Phonological correspondence. The functional salience of the non-radical 

component in phonological recoding tasks received some support in the pilot 

study (Experiment 4), with stimulus-pairs matching either on the radical or on the 
non-radical component. In that pilot study (Experiment 4), subjects were biased 
by the matching non-radical component towards a false 'Same' response. This 
suggested that skilled readers of Chinese may attend selectively to the non-radical 

component in phonological judgments, in accordance with the Part-to-Whole 

Phonological Correspondence rule proposed in this study. However, in 

Experiment 4 this attentional bias was observed on error rates but not on RTs. The 

present experiment aimed to re-examine these component matching effects again, 

in a better controlled design.

In the present experiment on phonological comparison, instead of 

tachistoscopic displays of 150 msec., stimuli were displayed until a response was 

made. Moreover, the matching components (both lexical radical and non-radical 

components) were extended to include also Graphic-Radical and Graphic- 

Component, constituents which cannot be used as words in isolation in modern 

Chinese. These new conditions were intended to address the question of whether 

the independent lexical status of a component may affect the process of lexical 

decomposition. Is the pronunciation of Chinese words, based on the lexical
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decomposition of the phonetic component, influenced by the congruency and 

consistency of that orthographic component in the lexicon? In Brown's model 

(1987), the frequency of an orthographic component and of its phoneme 

correspondences, summed over all appropriate words in the lexicon, plays an 

important role in lexical decomposition in English. In the current experiment, three 

different indices of an orthographic component were evaluated, summed over all 

words in the dictionary (Xin Hua, 1979). These were the Radical frequency index, 

the Congruency index and the Consistency Index. These three indices were 

evaluated for each of the matching components in the critical Word-Radical match 

and Word-Component match pairs (N=60). All three types of frequency indices 

were based on the type-frequencies of the components in the dictionary. The 

type-frequency of any orthographic component is defined as the total number of 

words in the dictionary in which the component appears, regardless of its word 

frequency. For instance, the component (also a word in isolation) SUN B (the 

matching component of the word-pair 0 & f$ ) appears in 151 words in the 

dictionary. The type frequency of QSUN is therefore 151.

2) Three types of frequency indices for orthographic components 

a) Radical Frequency Index (RF1)

The "radical frequency" of an orthographic component was defined as the 

ratio of the number of words in the dictionary which contain that component as 

their lexical radical, over the type frequency of the same component. Given that 

the matching components of Word-Component match pairs were selected from 

simple words other than the list of 189 radicals in the dictionary, they cannot be 

regarded as the lexical radical in any of their constituent words. Therefore the 

radical frequency for the matching component in these Word-Component match 

pairs would be zero, according to the criterion given above. To avoid zeros (as 

required by the regression analysis), the actual Radical Frequency Index of a
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component in this experiment is expressed by the radical frequency, defined 

above, plus 1, over type frequency plus 1. For instance, the matching component 

in the pair of stimuli & & ^ , appears in 7 words in the lexicon, i.e., its type 

frequency is 7. None of these words has ^ as their lexical radical. The Radical 

frequency of ̂ is 0+1/7+1, i.e., 1/8. The maximum value of RFI is 1.0. However, the 

Radical Frequency Index of a matching component in the Word-Radical match 

pairs can be less than 1, since although the matching component must be a lexical 

radical in the stimulus items selected for this condition, it may serve as the non- 

radical component in other words in the dictionary. For instance, in the Word- 

Radical match pairSj&vp , the matching component ^ HORSE [ma]3 is the lexical 

radical in ^ DONKEY [lu]2. However, it is the non-radical component in 

MOTHER [ma]l. (See definition of lexical radicals in Chapter 2.) Thus the 

type-frequency of a given component can be higher than the radical frequency 

index of the same component. The distribution of the Radical Frequency Index of 

the lexical radicals and of the non-radical components is bimodal, with little or no 

overlap between them (Figure 6.4).

b) Congruency Index

The Congruency Index denotes the part-to-whole phonological congruence 

between a component and all other words containing that component in the 

lexicon. It is defined as the ratio of the total number of words in the dictionary 

that contain this component, and in which the pronunciation of the whole word is 

congruent with the pronunciation of the component in isolation, as a simple 

word, over the type frequency of the component. For example, tp [jia]3 FIRST , 

the matching component of the stimulus-pair ^ & If , appears in 12 words in the 

lexicon. Therefore the type frequency of ^ is 12. Seven of these words are 

pronounced [jia]3, which is congruent with the pronunciation of in isolation. The 

Congruency Index of «P is therefore 7/12.
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c) Consistency Index

The Consistency Index denotes the "phonological incongruent consistency " 

between a component in a particular compound word and all other words that 

contain it in the lexicon. It is defined as the ratio of the total number of words in 

the dictionary, containing that component, whose whole-word pronunciation is 

consistent with the pronunciation of the particular compound word in question, 

divided by the type-frequency of the matching component. Note that the 

pronunciation of the compound words used in this experiment are always 

incongruent with the matching component in isolation. For example, £ i n 

isolation is the simple word [tai]2/ STAGE. It is the matching component of the 

stimulus-pair Jj ([tai]2/ STAGE & [yi]2/ JOY). It appears in 17 words. The 

type frequency of is 17. Five out of 17 of these words in the lexicon are 

pronounced [yi]2, (e.g., J£ LEAVE BEHIND), which is not congruent with its 

non-radical component £ [tai]2 in isolation, but consistent with the compound 

word to [yi]2 in the same pair. The Consistency Index of & is thus 5/17.

Stimulus Conditions

There were 180 pairs of words used as stimuli in this experiment. Figure 6.2 

illustrates the distribution of the 180 items in the three conditions for each 

judgment, with examples of each. The various stimulus conditions depend on the 

nature of the matching component in the stimulus-pair: i.e., which component 

were identical to the whole adjacent simple word in the same pair. There were 

three types of matching component, namely, lexical radical, non-radical and 

Graphic-Component match. Accordingly, the three conditions for 'Different' 

judgements were Word-Radical match, Word-Component match and Graphic- 

Component match. For 'Same' judgements, there were only two conditions, the 

Word-Component match and Graphic-Component match conditions. Word- 

Radical match pairs cannot be constructed for the 'Same' judgments, since lexical
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Task: Does the pair of words have the Same or Different pronunciations ?
(Phonological comparison)

Word-pairs (180)

Same (90)
(Homophones)

Different (90)
(Non-homophones)

G match
RiG 
R2G

(30)

SMELT/[lian]4 
PRACTICE/[lian]4

W match Wr match
W Wr
RW WrNr

(60) (30)

W match
W 
RW
(30)

G match 
RiG 
R2G
(30)

WARHHOUSE/[ku]4 WOMAN/[nu]3 STAGE/[tai]2 TEAR OFF/[Jie] 1 
TROUSERS/[ku]4 GOOD/[hao]3 JOY/[yi]2 DRINK/[he]l

* the same set of stimuli was also used in Experiment 9

Note: R: and Nr refer to lexical radical and non-radical component. 
W and Wr refer to Word-component and Word-radical 

Gr and G refer to Graphic-radical and Graphic-component

Bold typeface indicates the matching component in each stimulus pair

Figure 6.2. Stimulus conditions in Experiment 6
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radicals (simple words) cannot have pronunciations congruent with the 

compound words in which they occur as lexical radicals. In addition, pairs of 

words that had no orthographic component in common (stimulus-pairs used in the 

last experiment) were treated as the baseline condition in contrast to these 

component matching conditions. Baseline data for the 'Same1 judgments were 

taken from the Homophone 2 condition and for the 'Different1 judgments were 

taken from the Control condition in the last experiment.

All stimuli in this experiment were presented randomly. The randomisation was 

controlled by a computer programme and was different for individual subjects. All 

stimulus-pairs used in this experiment consisted of two words which were 

matched on one component. The same matching component did not occur twice 

in the experiment. The two words in a pair cannot form a meaningful two- 

character CI in Chinese. The stimuli in each condition are described in detail as 

follows:

'Same' judgments (Homophone pairs)

Word-Component match: In homophone pairs, the non-radical component of the 
compound word was identical to the whole adjacent simple word in the same pair.

Graphic-Component match: In homophone pairs, two words share a common 
component, which is the non-radical component in both words. Unlike the Word- 
Component match, the matching graphic-component in isolation is 
unpronounceable in modern Chinese.

'Different' judgments (Non-homophone pairs )

Word-Radical match: In non-homophone pairs, the lexical radical of the 
compound word was identical to the whole adjacent simple word in the same pair.

Word-Component match: Constructed in the same way as Word-Component 
match for the 'Same' judgments, except that the two words have different 
pronunciations.
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Note: In the Word-Component match condition, the simple word necessarily has a 
pronunciation incongruent with its paired compound word. Therefore the 
compound words used in this experiment were all ideocompound words, i.e., 
phonologically irregular words in Chinese. (See Chapter 2.) The matching 
components in this condition were the non-radical components of their 
compounds, and therefore phonetic components according to the Part-to-Whole 
phonological correspondence rule defined in this study. (See chapter 2.) However, 
they are semantic components by etymological rule (i.e., by the ideocompound 
rule)

Graphic-Component Match: Constructed in the same way as the Graphic- 
Component match for the 'Same1 judgments, except that the two words had 
different pronunciations.

Baseline data: Baseline data for the 'Same' judgments were taken from those of 

homophone 2; and for 'Different' judgments were taken from those of the control 

items (non-homophone and non-synonym) in Experiment 5.

The apparatus, paradigm and procedures, and the statistical methods used in 

the present experiment were the same as described in the General Methods 

section.

Results

Table 6.2a presents the mean RTs averaged both by subjects and by items, with 

the statistical analyses. The corresponding data for mean error rates are shown in 

Table 6.2b.

1) 'Same 1 and 'Different' judgments

The RTs for the 'Same' judgments were generally faster than for the 'Different' 

judgments in both by-subject and by-item data. There was also a difference in RT 

between the different conditions. An ANOVA (2 x 3) and ACOVA (2 x 3) were 

performed respectively on by-subjects and by-item RT, with the two main factors
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of judgements and conditions. The two co-variates examined in the ACOVA were 

the word frequencies of the two words in each pair. In the ANOVA, the two main 

effects of judgement and condition were both highly significant (Judgement: 
F(ui)=16.4, P<0.001, Condition: F(J>]]) =17.8, P<0.001). There was no 

interaction between judgment and condition (Table 6.2a). For the RT by-items 

analysis (ACOVA), adjusted for word frequency, significant effects of judgement 

and condition persisted (Judgment: F(i t29)=19.2, P<0.001; Condition: 

F(i,29)=10.7, P<0.001). Again there was no interaction between the main effects 

(Table 6.2a). Word frequency was not (either individually or combined) a 

significant co-variate in either main factors or in their interactions (Table 6.2a).

Further analyses were performed on 'Different' and 'Same' judgments 

separately. Comparisons between the different component matching conditions 

were examined by Newman-Keuls Q test. Comparisons between data from each 

component condition and the baseline data were assessed by Dunnette test 

respectively for both RT and error rates.

2) 'Different' judgments

The primary concern of this experiment, i.e., the contrast between Word- 

Radical match and Word-Component match conditions, was examined by further 

analyses on the 'Different' judgments. Figure 6.3 shows performance in the three 

component matching conditions on the 'Different1 judgments; the figure also 

includes the baseline data taken from Experiment 5. The 'Different' RTs and error 

rate are shown separately as by-subjects and by-items data. As can be seen in 

Figure 6.3, there was an evident difference in RT between the two non-radical 

matching conditions (Word-Component match and Graphic-Component match) 

and the Word-Radical match condition. In the by-subjects analysis, the mean RT 

of 1247 msec for Word-Component match (Q(2,3)=4.30, P<0.01\ and 1325 msec 

for Graphic-Component match (Q(3,3)=4.76, P<0.01) were both significantly
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slower than that of 1143 msec for Word-Radical match. After adjustment for word 

frequency in the by-items analysis, the effect persisted. In the by-items analysis, 

mean RTs were 1303 msec, and 1368 msec, respectively for Word-Component 

match (Q(2,3)=374, P<0.01) and Graphic-Component match (Q(3,3)=4.68, 

P<0.01), compared with 1166 msec in the Word-Radical match condition. 

However, the differences in RT between the two non-radical matching conditions, 

i.e., Word-Component match and Graphic-Component match, were not significant 

in either by-subject or by-items analyses (Table 6.2a). The contrast between 

Word-Radical match and the baseline RTs (Figure.6.3) was not significant. Nor 

was the difference between Word-Component match and the baseline. However, 

the difference in RT between the baseline and the Graphic-Component match was 

significant (Dunnette test (td=2.70, <0.05)). The difference remained after 

adjustment for word frequency in by-items analysis (td=2.66, P<0.05).

On error rates, the pattern was broadly consistent with that found on RT 

(Figure 6.3). The false 'Same1 response rates in the by-subjects data were 13.0% 

and 12.1% respectively for Word-Component match and Graphic-Component 

match, compared with only 3.5% for the Word-Radical match condition. For the 

by-items data, the corresponding figures were 26.1%, 25.3% and 7.4% 

respectively for Word-Component match, Graphic-Component match and Word- 

Radical match condition. These differences in the false 'Same' response rates 

between Word-Component match and Word-Radical match conditions were 

highly significant for both the by-subjects data (Q(2j)=8.83, P<0.01 ) and the by 

item data (Q(2,3)=4.62, P<0.01). So were the differences between the

Graphic-Component and the Word-Radical match conditions, both by-subjects 

(Q(3,3)=8.07, P<0.01 ) and by items (Q(3>3) =5.21, P<0.01 ).
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Table 6.2a Mean reaction times (msec.) in Experiment 6 analysed by subjects (Ss) and by items, 
with the results of the statistical analyses

Judgment Condition No. of 
stimuli

Same
(l)Baselinedata
(2)Word-Component
(3)Graphic-Component
All

Different
(l)Baseline data
(2)Word-Component
(S)Word-Radical
(4)Graphic-Component

All

30
60
30

120

30
30
30
30

120

By Subjects

Mean

1038
1027
1202
1089

1201
1247
1143
1325

1229

(SD)

(194)
(195)
(313)
(234)

(253)
(349)
(249)
(314)

(291)

By

Mean

1042
1054
1257
1117

1217
1303
1166
1368

1263

items

(SD)

(117)
(109)
(238)
(155)

(122)
(264)

(93)
(313)

(198)

B 
Compari- - 
son group t c

d)vs(2)
(l)vs(3)
(2) vs (3)

(1) vs (2)
(1) vs (3)
(1) vs (4)
(2) vs (3)
(2) vs (4)
(3) vs (4)

y Subjects

>r Q valuef t

0.06
4.04
3.90**

1.00
1.26
2.70*
4.30**
1.61
4.76**

By items

or Q value§

0.42
5.62**
5.74**

1.53
0.80
2.66*
3.74**
1.16
4.68**

Statistical analysis

Main effects
Judgments (J) 
Conditions (C)

ANOVA ACOVA Co-It Co-2f Co-l&2

F value P value
16.4 0.00 
17.8 0.00

F value P value 1
19.2 0.00 
7.8 0.00

F value F value
1.45
1.96

1.34
0.31

F value
0.85
1.28

Interactions 
JxC 1.5 0.24 1.2 0.30 1.93 0.15 1.05

§ Dunette t tests were used for comparisons against baseline data while Newman-Keuls Q tests were used for all
other comparisons

t Co-1 and 2 refer to word frequency of the top and the bottom word respectively 
*, ** P<0.05 and <0.01 respectively

Table 6.2b Mean error rates (%) in Experiment 6 analysed by subjects (Ss) and by items

Judgment Condition

Same
(l)Baseline data
(2)Word-Component
(3)Graphic-Component
All

Different
(l)Baseline data
(2)Word-component
(3)Word-radical
(4)Graphic component

All

No. of 
stimuli

30
60
30

120

30
30
30
30

120

By Subjects 

Mean (SD)

4.7
4.2
6.8
5.2

2.3
13.0
3.5

12.1

10.3

(3.7)
(3.6)
(3.9)
(3.7)

(2.3)
(6.5)
(2.4)
(6.4)

(4.4)

By items 

Mean (SD)

10.0
8.4

13.7
10.7

5.6
26.1

7.4
25.3

16.1

(10.6)
(10.1)
(14.9)
(11.8)

(5.5)
(26.3)
(11.0)
(20.6)

(15.8)

By Subjects 
Compa- —————— 

rison t or Q value§ t

(1) vs (2)
(1) vs (3)
(2) vs (3)

(l)vs(2)
(1) vs (3)
(1) vs (4)
(2) vs (3)
(2) vs (4)
(3) vs (4)

0.99
4.86*
4.34**

7.37**
0.95
6.71**
8.83**
1.44
8.07**

By items 

or Q value§

1.60
3.52**
1.69

4.34**
0.41
4.16**
4.62**
0.21
5.21**

§ Dunette t tests were used for comparisons against baseline data while Newman-Keuls Q tests were used for all
other comparisons 

*, ** P<0.05 and <0.01 respectively
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'Different 1 Judgements: Component matching
effects in phonological comparison

( Experiment 6)
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Figure 6.3 Mean RTs and error rates (by subject and by items)
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In comparison with the baseline condition (2.3% by-subjects and 5.6% by- 

items), both of the non-radical matching conditions resulted in significantly higher 

error rates, both by-subject (Word-component: td=7.37, P<0.01, Graphic- 

component: td=6.71, P<0.01) and by-items (Word-component: td=4.34, P<0.01; 

Graphic-component: td=4.16, P<0.01). However, There was no significant 

difference between the baseline and Word-Radical match conditions.

3) 'Same' judgments: effects of different non-radical components

Further analyses were performed on the 'Same' judgments. The two conditions 

were Word-Component match and Graphic-Component match. As indicated in 

Table 6.2a, Word-Component match pairs were judged faster and more accurately 

than Graphic-Component match pairs, and the differences were significant both 

for RT (t(11)=3.90, P<0.01) and error rates (t(11)=4.34, P<0.01} by paired t tests. 

These results remained significant in the by-items analysis on RT (t(29)=5.74, 

P<0.01 ) but not on error rates after taking word frequency into consideration 

(Table 6.2b).

Compared to the baseline condition, Word-Component match pairs did not 

differ significantly in either RT or error rate. In contrast, Graphic component pairs 

were consistently slower than the baseline (by subjects: td=4.04, P<0.01 and by- 

items: td=5.62 P<0.01), and had higher error rates than the baseline condition (by 

subjects: td=4.86, P<0.01 and by items analysis: td=3.52 P<0.01).

4) The indices of Radical frequency, Congruency and Consistency of 
component: effects on phonological processing

Table 6.3 lists the stimuli against the three types of frequency indices (Radical 

Frequency Index, Congruency Index and Consistency Index) as well as the word 

frequencies of the whole words (Simple word frequency (SWfreq.) and 

Compound word frequency (CWfreq.)) for the 30 Word-Radical match and 30 

Word-Component match pairs. (The complete set of stimuli can be seen in
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Table 6.3 Radical frequency index (RF) and congruency and consistency indices (Cong.l and Cons. I) and mean 
RTs and error rates in phonological and semantic comparison.

Stimuli

Y

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

RF

077
.8

.056

.077

.037
.1

.125

.091
.1

.2.
.077
.083
.091

.1
.167

.2

.1

.1
.125
.167

.2

.2
.143

.25
.7
.8

.091

.056

.111
.1
.7

1
.875
.92

.929
1

.104

.976
1

.962

.795

.963

.873

.722
1

.947
.75

.958

.917

.927
1

.875
1

.895

.968
1
1

.963
.98

.994
Regression

RT
Phon

Sem

E%

RT
.

E%

R2

F(59)
P
R2
F(59)
P
R2

F(59)
P
R2
F(59)
P

Cong. I

.417

.071

.647

.417

.846

.444

.429
.7

.444
1
1

.545
.9

.889
.4

.25
.333
.111
.714

1
1

.5
.667

1
.111
.071

.5
.647

.75
.556
.111
.05

.161

.125

.091

.091

.106

.006

.091
.08

.026

.038

.114

.114

.007

.081

.429

.087

.106
.1

.014

.161

.026

.167

.043

.014

.026

.038

.031

.011
RF
.116

7.613
.007
.204

14.860
.000
.029

1.759
.790
.100

6.542
.0138

Consis.I SWfrq.

.167

.071
951

3639
.294 2063

.417

.154

.333

.286
.1

.111
.25

.083

.182
.1

.222
.8

1
.333
.556
.286

.2
.25
.75

.333

.333

.111

.071
.6

.059
.25

.111

.111
.05

.032

.042

.018

.091

.021

.002

.091
.04

.026

.009

.014

.029

.007

.027

.143

.043

.021

.025

.014

.032

.026

.056

.011

.014

.026

.009
.01

.006

2461
2035
3788

32767
10702
5630
8102
8932
9225

32767
8512

11017
105
343

1759
155
658
841
72

1847
2378
442

2063
3573
3639
8561

39
442
525
431

1278
2470
3097
2245
5840
3595
4618
3484
5127
4712
9098

11061
133
227
476

2245
122
227
431

3484
2727
310
310

44
3031

111
7035

Cong.l
.169

11.766
.001
.190

13.646
.000
.022

1.287
261
.062

3.825
0.060

CWfiq.

254
1781
564
238
868
122

8838
1665
2439

548
337

1615
741

4375
2174

277
536

2509
1377
1980
3960
4795
3291
5641

10857
6697
3733
6675
5127
2384

376
304
492
498
564

66
1515
714

2074
1272
2854
3938
4574

619
9629

570
907
774

4336
3180
3815
9828
4176

10857
8307
2273
2124
8561

21326
32767

Cons. I
.077

4.873
0.031

.034
2.06
.757
.001
.049
.826
.053

3.252
.076

Phonological 
RT E%

1.034
1.021
1.258
1.364
1.167
1.342
1.142
1.261
1.375
1.482
1.142
1.099
1.148
1.434
1.276
1.323
.336
.548
.324
.243

2.418
.216
.488
.380
.151
.077
.133
.200
.049
.671
.181

1.123
1.271
1.174
.988

1.152
1.118
1.231
1.308
1.177
1.259
1.069
1.193
1.091
1.111
1.144
1.085
.234
.039
.243
.054
.181
.457
.172
.119
.181
.280
.091

1.124
1.119

.5
0

.167
.5

.667
0

.167

.282

.333

.167
0

.25

.25

.25

.25
.083
.667
.167
.167
.167
.917
.083
.083

.25
0

.083

.083

.167
0

All
0

.083

.167
0
0
0
0
0
0
0
0
0
0

.167
0

.417
0

.333
0

.25
.083
.083
.083
.083
.083
.083

.25
.083

0
0

SWF
.014
.850
.360
.001
.054
.818
.000
.017
.890
.003
.150
.700

Semantic 
RT E%

1.056
.942

1.024
1.067
1.048
1.059
1.037
1.119
1.024
1.058
.992
.992

1.033
1.193
1.021
1.143
1.022
1.010
1.241
1.081
.954

1.312
1.114
1.077
1.026
1.001
1.043
.950

1.052
1.118
1.099
1.186
1.061
1.008
.820

1.113
1.026
.977

1.186
1.093
1.198
1.435
1.006
1.146
1.368
1.183
.942

1.321
1.010
1.087

.971

.970
1.094
.974

1.008
1.260
1.014
1.153
1.084
1.225

CWF
.015
.867
.355
.051

3.138
.052
.015
.893
348
.001
.038
.846

0
0
0

.143

.071
0

.071

.571
0
0
0
0
0
0
0

.143
0

.125
0

.143
0
0

.143
0
0
0

.071

.071

.214

.071

.214

.143
0

.643

.929
0

.071

.286

.429

.214

.071

.429

.071
0

.429

.714
0

.214
0

.286
0
0
0
0
0

.071
0
0

.643

.071
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Appendix I of this thesis.) Mean RT and error rates for the 60 items over the 12 

subjects are also shown. Word frequencies of simple or compound words (SWfreq. 

and CWfreq.) were not significantly associated with the phonological 

comparisons, by simple regression analyses, either for RTs or for error rate (Table 

6.3). By contrast, the three different types of frequency indices of the matching 

components (RFI, Congruency Index, and Consistency Index) individually were 

all significantly associated with RTs and error rates, by simple regression tests. The 

results of the regression analysis are presented in Table 6.3. As illustrated in Figure 

6.4, there was an inverse association between the Radical Frequency Index of a 

component and both RT and error rate in the phonological comparison task. The 

lower the radical frequency, (i.e., the less frequently this component occurs as a 

lexical radical), the longer are the reaction times and the higher are the error rates 

for comparisons on pairs of stimuli containing that component as the matching 

element. For Congruency Index (Figure 6.5) and Consistency Index (Figure 6.6), 

the associations were both positive. The higher the index of congruency or 

consistency of a matching component, the longer are the reaction times and the 

higher are the error rates for the comparisons on the pairs of stimuli containing the 

component, indicating the influence of that component in the phonological task.

The three frequency indices of a component can be correlated with each other. 

The three indices of a component used in this experiment had significant 

correlations (RFI & Congruency Index: r2 =0.403, F(59r44.52, P<0.001; RFI & 
Consistency: r2 =0.292, F(59) =27.27, P<0.001; Consistency Index & 

Congruency Index: r2 =0.104, F(59)=7.66, P<0.01).

In order to examine the independent effect of each of these three indices of the 

matching components on phonological processing, a multiple regression test was 

performed with RT or error rates as the dependent variable, and the three 

frequency indices and the word frequencies of the two words as 5 independent 

variables. The most important independent variable was found to be the
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Radical frequency index: effect in a phonological judgment task
(Experiment 6)
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Figure 6.4 Correlation between mean RTs and error rates and radical frequency index



Congrueny index: effect in a phonological judgment task
(Exeriment 6)
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Consistency index: effect in a phonological judgment task
(Experiment 6)
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Figure 6.6 The correlation between mean RTs and error rates and consistency index
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Congruency Index, i.e., phonological regularity in Chinese. After adjusting for 

RFI, congruency and consistency indices and for the word frequencies of both 

words in a pair, only the Congruency Index remained significantly correlated with 

RT in the phonological comparisons. None of these three factors had a significant 

effect on error rates, after adjusting for each other and for word frequencies.

Discussion

This experiment has demonstrated that there is selective attentional bias 

toward the non-radical component of compound words in a phonological 

judgment task. This was shown by the fact that word-pairs with a matching non- 

radical component had significant effect in biasing the subjects toward false 'Same' 

responses in the phonological comparison task. By contrast, a matching radical 

component as a distractor had no significant effect in the phonological 

comparison task. As discussed in the introduction of Chapter 5 and in this chapter, 

the non-radical component may function as the regular phonetic component, in 

accordance with the Part-to-Whole Phonological Correspondence rule introduced 

in this study. The benefits and costs of lexical decomposition indicated by the 

Word-Component match conditions in 'Same' and 'Different' judgments were 

inevitably confounded with the judgment effect. Nonetheless, the highly 

significant, fast 'Same' responses toward a matching component having a 

pronunciation congruent with the compound word in which it occurs may be at 

least partly attributed to the beneficial effect of phonological regularity (i.e., 

congruency in pronunciation between the non-radical component and the word 

that contains it).

As already noted (See Stimulus Condition), the compound words in the Word- 

Component match condition always have pronunciations incongruent with their 

own non-radical component. These compound words were all (necessarily) 

ideocompound words, in which the non-radical components are semantic
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components according to ideocompound word-formation rule. However, the 

impact of these non-radical components as distractors in a phonological task 

suggests that the non-radical component is treated initially as the phonetic 

component, according to the orthographic rule, regardless of etymology rule. 

Skilled readers of Chinese appear to treat the non-radical components of Chinese 

words (ZI) as the phonetic token no matter whether in etymology they are 

semantic or phonetic components. This further supports the view that it is the 

regular orthographic structure, rather than the etymology rules, that is relevant to 

reading.

Furthermore, the results of this experiment may be taken as favouring the 

connectionist view of rules as connections. In current connectionist accounts, the 

implementation of any rule is through modifying connection weights, and the 

influence of each of the three component-frequency indices (RFI, Congruency 

and Consistency) may perhaps be thought as reflecting statistical "rules" 

implemented in this way. All three component frequency indices individually 

appeared to show a significant influence on the phonological comparison task. 

After adjustment for each other, however, only the Congruency Index remained 

significant. This result suggests that phonological receding in Chinese (after 

lexical decomposition) is dominated by "derived" phonology, rather than by an 

"analogy" procedure.
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Experiment 7: Phonological comparisons of word-pseudoword pairs

Introduction

This experiment was designed to examine the critical Word-Radical match and 

Word-Component match conditions with word-pseudoword pairs. This has been 

already investigated in Experiment 4. In addition to the pseudocompound 

condition (as used in Experiment 4), two further conditions were included in 

Experiment 7. In these conditions, graphic-components and graphic-radicals, 

which cannot be used as words in isolation in contemporary Chinese, were also 

used in isolation as pseudowords (termed "pseudosimples").

Although a pseudocompound in the word-pseudocompound pairs virtually 

has no correcrpronunciation in Chinese, subjects may 'guess' the pronunciation of 

the pseudocompound by derivation from its non-radical component, which can 

also be a word in isolation. For instance, in the word-pseudocompound pair 3c & 

'^subjects may judge the pronunciation of the pseudocompound (e.g.,^] ) by 

derivation from its component (e.g., 3c ), which in isolation is identical to the real 

word 3c in the same pair. If, however, the pseudoword is a graphic-radical or a 

graphic-component in isolation (i.e., an unpronounceable pseudosimple), the 

pronunciation of the pseudosimple has to be achieved by analogy from a real 

word in which the pseudosimple is a constituent component. For example, il & Jg, 

subjects may 'guess' the pronunciation of by analogy from $ [bao] 4 . The critical 

point here is whether such "derivation" for word-pseudocompound pairs and 

"analogy" for pseudosimple-word pairs (inferred from 'Same' response rates) are 

different between stimulus-pairs matching on the lexical radical and those 

matching on the non-radical component.

Stimulus Conditions
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A total of 60 word-pseudoword pairs were included as stimuli. The stimulus 

conditions are illustrated in Figure 6.7. There were 30 pseudosimple pairs and 30 

pseudocompound pairs. In each type of pseudoword, stimuli were divided equally 

into two conditions according to the nature of the matching component (radical 

or non-radical).

Pseudo simples

A pseudosimple is a Graphic-Radical or a Graphic-Component in isolation, 
which cannot be used as a word in isolation in Chinese. These were two 
conditions for pseudosimples:

Graphic-Radical match: The Graphic-Radical match in isolation as a 
pseudosimple is identical to the lexical radical of the compound word in the same 
pair.

Graphic-Component match: The Graphic-Component match in isolation as a 
pseudosimple is identical to the non-radical component of the compound word in 
the same pair.

Pseudocompounds

Pseudocompounds were constructed by a Word-Radical and a 
Word-Component in a nonsense combination in Chinese. The lexical radicals of 
pseudocompounds were always in their legitimate position. The two conditions 
for pseudocompounds are further described as follows:

Word-Radical match: The lexical radical of a pseudocompound was identical to 
the simple word in the same pair.

Word-Component match: The non-radical component of a pseudocompound 
was identical to the simple word in the same pair.

The stimuli were presented in random sequence. The experimental procedures 

and statistical methods used were the same as those described in the General 

Methods section.
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Experiment 7 & 10

Tasks: Ex 7: Does the pair of words have 'Same' or 'Different' prounications ?
(Phonological comparison)

Ex 10: Does the pair of words have 'Same 1 or 'Different' meanings ?
(Semantic comparison)
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W and Wr refer to Word-component and Word-radical 

Gr and G refer to Graphic-radical and Graphic-component

Bold typeface indicates the matching component in each stimulus pair
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Figure 6.7 Stimulus conditions in Experiment 7 and 10
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Prior to the experiment, the subjects were informed that there were unknown 
words (pseudowords) in the stimuli. They were encouraged to guess the sound of 
those unknown words just as they would do in reading without a dictionary to 
hand.

Results

Given that no correct response can be defined for pseudowords (pseudowords 
have no correct pronunciation in Chinese), only the 'Same1 response rate was used 
for the analysis.

Mean 'Same' response rates for both by-subjects and by-items analyses are 
presented in Table 6.4a, with the corresponding RT data given in Figure 6.4b. In 
both pseudocompounds and pseudosimples, the 'Same' response rates were 
generally higher for the non-radical matching conditions than for the radical 
matching condition.

1) Effects of the matching component (radical vs non-radical)

ANOVA (2 x 2) and ACOVA (2 x 2) were performed respectively on the by- 
subjects and the by-items error rate data. The main factors in both ANOVA and 
ACOVA were types of pseudowords (pseudosimples and pseudocompound) and 
conditions (matching on the radical vs non-radical components). In the ANOVA, 
both main factors were highly significant (Pseudoword type: F(1>11)=9.2, P=0.01, 
Condition: F(jji)=26.0, P<0.001). There was also a significant interaction 
between pseudoword type and condition (F(li22)=15.4, P<0.001). In the by-items 
analysis (ACOVA), the condition effect remained significant (F(i,ii)=57.1 f 
P<0,001), but the effect of pseudoword-type and the interaction between 

pseudoword type and condition (P x C) became non-significant (pseudoword 
type: F(lt29)=0.30, P=0.1; P x C: F(lt58) =1.82, P=0.2) after taking the word 

frequency of the real word in each pair into account.
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Table 6.4a Mean Same response rates (%) both by subjects and by-items, in Experiment 7, with 
results of statistical analyses

Pseudoword Condition 
type

Pseudosimple
(1) Graphic-Radical 
(2) Graphic-Component 
All

Pseudocompound
(1) Word-Radical 
(2) Word-Component 
All

By Subjects
NO. Qf _____________________

stimuli Mean (SD)

15 4.9 
15 30.8 
30 17.8

15 8.0 
15 21.3 
30 14.6

(5.0) 
(9.9) 
(7.4)

(5.7) 
(10.2) 

(7.9)

ANOVA

Main effects

Pseudoword-type (P) 
Conditions (C)

Interactions 
PxC

F value

9.2 
26.0

15.4

P value

0.01 
0.00

0.00

By items By Subjects 

Mean (SD) (1) vs (2)

13.8 (13.4) t 
44.2 (21.2) 
29.0 (17.3)

13.8 (12.8) t 
62.4 (22.1) 
38.1 (17.4)

ACOVA

(11)=5.86 
P=0.00

(H)=4.10 
P=0.00

By items 

(1) vs (2)

t(14)=3.73 
P=0.00

t(i4)=5.44 
P=0.00

Co-variate t

F value P value F value

0.30 0.10 
57.1 0.00

1.8 0.20

2.46 
0.54

P value

0.14 
0.47

t Co-variate refers to word frequency of the real word in word-pseudoword pairs

Table 6.4b. Mean reaction times (msec.) both by subjects (By Ss) and by-items in Experiment 
7 along with results of statistical analyses

Pseudoword 
type

Condition No. of 
stimuli

By Subjects 

Mean (SD)

By items 

Mean (SD)

By Subjects

(1) vs (2)

By items 

(1) vs (2)

Pseudosimples
(1) Graphic-Radical
(2) Graphic-Component 
All

Pseudocompounds
(1) Word-Radical
(2) Word-Component 
All

15
15
30

1536
1544
1540

(917)
(828)
(872)

1452
1433
1442

(342)
(193)
(267)

15
15
30

1422
1403
1412

(580)
(586)
(583)

1758
1528
1643

(348)
(251)
(299)

t(ii)=0.07 t(i4)=0.19 
P=0.94 P=0.84

t(n)=0.21 t(i4)=0.12 
P=0.83 P=0.90
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In Table 6.4, the 'Same' response rates were further compared between the two 

different conditions for each of the two types of pseudowords. For 

pseudocompounds there was a significant difference in the 'Same' response rates 

between Word-Radical match and Word-Component match (by subjects: 

t(n)=4.10, P<0.001\ by items: t(]4)=5.44, P<0.001). Likewise for pseudosimples, 

there was a significant difference in the 'Same' response rates between the 

Graphic-Radical match and the Graphic-Component match (by subjects: 
t(11) =5.86, P<0.001\ by items: t(M)=3.73, P<0.001).

Discussion

The present experiment shows that the phonological comparison of word- 

pseudoword pairs, like that of real word-pairs, is influenced by the nature of the 

matching component, i.e., the distractor. The 'Same' response rates toward the 

Graphic-Component match condition were significantly higher than in the 

Graphic-Radical match condition. This indicates that pronunciation of a 

'pseudosimple', achieved by analogy from the real word containing that same 

graphic element, is more likely to be elicited by word-pseudoword pairs with a 

shared non-radical component, than with a shared lexical radical. This further 

supports the idea that skilled Chinese readers may have a selective attentional bias 

toward the non-radical component, the rule-defined phonetic component, in a 

phonological judgment task, irrespective of the lexical status of the radical 

component. Given that the matching graphic-radical and graphic-component (i.e., 

the distractors), are both unpronounceable and meaningless in isolation, the 

significant influence of the graphic-component suggests that, like "derived 

pronunciation", the use of "analogy" for lexical decomposition in pronunciation is 

similarly rule-governed. Both procedures are based on the rule-defined phonetic 

component-the non-radical component.
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General Discussion

In this general discussion, the findings of the three experiments are discussed 

in the context of a possible functional architecture of phonological processing for 

Chinese words, compared with current theories of phonological receding of 

written words in English.

1) a Direct route from script to sound

The first experiment on phonological comparison demonstrates the 

independence of phonological receding from semantic mediation in Chinese. Pairs 

of Chinese words which are different in pronunciation but similar in meanings 

such as and , were not significantly more difficult to categorize as "Different" 

in terms of pronunciation than pairs of words which were different in both 

pronunciation and meaning (Experiment 5). This indicates that phonological 

comparison may be based on phonological recoding without necessarily 

involving any semantic recoding. This finding therefore challenges the traditional 

assumption that the sound of supposedly ideographic or logographic Chinese 

words may not be assigned without first consulting the semantics. More 

importantly, the demonstration of a direct mapping from orthography to 

phonology in Chinese orthography may have an interesting theoretical 

implication. Although Chinese orthography uses whole words as syllabic * sound 

symbols' (in that the non-radical component can generally also be used as a word 

in isolation), this system may not be so fundamentally different from the abstract 

sound-symbol in alphabetic script, i.e., the letters of English words. As with letters, 

so in Chinese, the sound of the Word-Component can be assigned directly from 

the orthography without reference to meaning.

2) Rule-governed lexical decomposition-r/ze phonetic component
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The most important finding of the present study on phonological receding is 

that the pronunciation of over 90% of Chinese words may be achieved via a rule- 

governed lexical decomposition process. Studies on so-called 'shallow' 

orthographies regarding orthographic-phonological correspondences (e.g., 

Japanese Kana (Besner & Hildebrandt, 1987) and Serbo-Croatian (Katz and 

Feldman, 1983; Seidenberg & Vidanovic, 198bc, Besner, 1987,1991) have 

suggested that the nature of the relationship between orthography and 

phonology can be independent of the levels of phonological transcoding, i.e., via 

words as wholes or via components (through lexical decomposition). The present 

study on a 'deep' orthography (Chinese) further supports this view that lexical 

decomposition may be regarded as a general feature of phonological processing of 

written words.

Many studies on English have accepted that the word-ending of monosyllabic 

English words, sometimes referred to as the orthographic 'body', plays an 

important part in the phonological processing of English words (e.g., Brown, 

1987; Henderson, 1982; Parkin, 1982; Patterson & Coltheart, 1987; 

Seidenberg, Waters, Barnes, & Tanenhaus, 1984; Treiman & Chafetz, 1987; 

Kay, 1986; Kay &. Bishop, 1987). These word-endings in English refer to the 

middle vowel and following consonants, a monosyllabic structure. Other subword 

unit, the so-called Basic Orthographic Syllabic Structure (BOSS) has been also 

proposed for lexical decomposition in English (Taft, 1979,1986, 1987; Taft and 

Forster, 1976). However, Seidenberg & McClelland (1989) take a different 

approach in their recent connectionist model for naming English words. They 

asserted that the pronunciation of English words was unlikely to be related to an 

unique orthographic unit, for English orthography is a so-called quasi-irregular 

system, which encodes semantic and phonological information simultaneously in 

the words (Chomsky, 1968).
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The debate over the existence of unique orthographic units relevant to the 

pronunciation of English words still continues. However, the present study has 

demonstrated that in skilled readers of Chinese there is a selective attentional bias 

toward the non-radical component (the rule-defined phonetic component) in a 

phonological judgment task. This was shown by the finding that a physical match 

between members of a stimulus-pair on the non-radical component acted as a 

distractor toward a false 'Same' response, exerting a significant effect on both 

speed and accuracy of phonological judgments. However, a similar physical match 

on the lexical radical had no effect on the phonological judgment. This may 

possibly be an orthography-specific phenomenon in Chinese, since in Chinese 

orthography semantic and phonological information are encoded independently, 

in two distinct orthographic components-the lexical radical and the non-radical 

component, respectively. Alternatively, it may be a rather general phenomenon. 

That is, a selective attentional bias may naturally tend toward segmented 

monosyllabic structures in the phonological processing of written words (such as 

the monosyllabic word-ending in English and the monosyllabic Word-Component 

in Chinese).

The process of phonological receding via orthographic components in Chinese 

can be achieved either (1) by "derivation ", based on phonological congruency 

between a word and its own non-radical component in isolation (for 

phonologically regular words) or (2) by "analogy", based on consistency among 

words with the same non-radical component. Both procedures are applied to the 

non-radical component-the phonetic component-as defined by the lexical 

decomposition rule (i.e., Part-to-Whole phonological correspondence rule in 

Chapter 2). The operation of an analogy procedure was inferred from 'Same 

'response rates to word-pseudoword pairs with matching graphic-radical and 

graphic-component. Both types of element in isolation, called "pseudosimples", are 

unpronounceable and meaningless. Therefore 'Same' responses to these word-
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pseudoword pairs must be due to the matching component (i.e., physical 

distractor) cueing the analogy in pronunciation from the real word in the pair. 

Consistent with the Word-Component condition, the Graphic-Component match 

caused significantly higher false 'Same' responses than the Graphic-radical match 

in these word-pseudoword pairs (Experiment 7). This result suggests that the 

selective attentional bias toward the non-radical component in phonological 

receding of Chinese words is unlikely to be affected by the lexical status of the 

non-radical component. Furthermore, the influence of the matching component as 

a distractor was shown to be a function of the different type-frequency indices of 

the matching component. The type-frequency indices of a component (radical 

frequency index, congruency index and consistency index) were measured 

according to different concordance ratios between the component and all the 

words (in the dictionary) in which that component occurs. Individually, all three 

indices including radical frequency, (phonological) Congruency and Consistency 

were significantly associated with the speed and accuracy of phonological 

comparison. After appropriate controls, the Congruency Index, but not the 

Consistency Index was significantly associated with the comparisons. This 

indicates that lexical decomposition and phonological recoding in Chinese may be 

based mainly on the phonological Congruency between a word and its own non- 

radical component. Derivation is thus the major procedure for pronouncing 

Chinese compound words, following lexical decomposition.

Conclusions

To sum up, script to the sound transcoding in Chinese can be obtained 

independent of semantic mediation. This process may be qualitatively similar to 

that found in English. Moreover, there is a selective attentional bias toward the 

non-radical component-the phonetic component as defined by the lexical 

decomposition rule called Part-to-Whole Phonological Correspondence. Hence, 

pronunciation of Chinese words is based on orthographic units smaller than the
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word as a whole, at least for large majority Chinese words, namely the compound 

words. Lexical decomposition does exist in phonological receding of Chinese 

words. Such lexical decomposition is also rule-governed and directed to the non- 

radical component of a word. In contrast to "assembled phonology" in English, the 

procedure for pronunciation using lexical decomposition in Chinese is 

"derivation". As in English, the pronunciation of Chinese words can also be 

achieved via analogy from other words with the same non-radical components. 

These two procedures for pronunciation of Chinese words via lexical 

decomposition are based on the same lexical decomposition rule. The speed and 

accuracy of both "Derivation" and "Analogy" via the non-radical component also 

depends on the type-frequency (the relative weights) of the correspondences 

between that component and all other words in the lexicon that contain it.
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Chapter 7

From script to meaning in Chinese

Theoretical issues

This chapter reports three experiments on semantic comparisons of pairs of 

Chinese words. These three experiments correspond respectively to the three 

experiments reported in the last chapter. Two main issues are addressed in this 

study:

1) What is the role of phonological receding in the semantic processing of 
Chinese ?

2) Does the lexical radical, the rule-defined semantic component, receive 
attentional priority in the semantic processing of Chinese words?

To address these two issues, three experiments were conducted. With the 

same subjects and in part the same stimuli, these three experiments on semantic 

comparisons correspond to the three experiments on phonological processing 

(Experiments 5, 6 and 7 respectively) reported in the preceding chapter.

Experiment 8: The semantic comparison of pairs of Chinese words

Introduction

This experiment was designed to address the first issue: What is the role of 

phonological receding in the semantic processing of Chinese. Analogous to 

Experiment 5, this question was investigated by examining the homophone 

effect in semantic comparisons (Experiment 8). The rationale for using 

homophones in this experiment is similar to the rationale for using synonyms in 

Experiment 5. If phonological recoding plays any role in semantic judgments, 

homophone pairs in which the two words have 'Different1 meanings but the
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'Same1 pronunciation (e.g., ICE [bin] 1, SOLDIER [bin]l) should be 

judged more slowly and/or provoke more false 'Same' responses than the control 

pairs in which the two words are different in both pronunciation and meaning. 

On the contrary, the absence of homophone effects would suggest that prior 

phonological receding is not necessary for the semantic receding of Chinese 

words.

Stimulus Conditions

There were 120 pairs of stimuli used in this experiment. The distribution of all 

stimuli in the four conditions is illustrated in Figure 7.1, with corresponding 

examples. There were equal numbers of 'Same' (synonym) and 'Different1 (non- 

synonym) pairs. There were two conditions for the 'Different' judgments, (i.e., 

control and homophones) with 30 pairs in each condition. For the 'Same' 

judgments, there was only one condition, i.e., synonyms. For the purpose of 

analysis, the 60 synonyms pairs were divided into two groups of equal size, in 

order to match the two conditions to the 'Different' judgment . The stimuli for 

each condition are described further as follows:

'Same'judgments (Synonym pairs)

Synonym: In this condition, pairs of different words have similar meanings. The 
actual stimuli used in Synonym 2 were identical to those for the 'Different' 
judgments of the phonological comparison task in Experiment 5, in the synonym 
condition.

'Different' judgements (Non-homophone & non-synonym pairs)

Control condition: In this condition, pairs of words have different meanings and 
pronunciations. The actual stimuli were identical to those used for the 'Different' 
judgments of the phonological comparison task in Experiment 5, in the control 
condition.
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Experiment 8

Does the pair of words have the Same or Different meanings ? 
(Semantic comparison)

Word-pairs (120)

Same (60)
(Homophone)

Different (60)
(Non-homophones)

Synonym 1 
(30)

Synonym 2 
(30)

* Cdntrol 

(30)
Homop ione2 

(30)m

HAT/guan]l BANKNOTE/[chao]l SKILL/[ji]4 FAIL/[bai]4 
HAT/[mao]4 PAPER MONEY/[bi]4 EVIL/[guai]4 BOW/[bai]4

* the same set of stimuli was also used in Experiment 5

Figure 7.1. Stimulus conditions in Experiment 8
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Homophone condition: In this condition, pairs of different words have 
'Different' meanings but the 'Same1 pronunciation, including tone. The stimuli 
were identical to the second group of stimuli used in the homophone condition 
for the 'Same' judgments of the phonological comparison task, in Experiment 5.

The task in the following three experiments is to compare meaning rather 

than pronunciation. The paradigm and procedure were as described in Chapter 5 

(General Method).

Results

Mean RTs (both by subjects and by items) are presented in Table 7.la; The 

corresponding data for error rates are presented in Table 7.1b. In general, 'Same' 

(synonym) judgments appear faster than 'Different' (non-synonym) judgments. 

ANOVA and ACOVA were conducted on the by-subject and by-item data 

respectively. The two co-variates in the ACOVA were the word frequencies of 

both words in each pair. The main effects examined were judgment and 

condition. In the ANOVA, the main effect of condition was significant 

(F(i,ii)=6>2, P<0.05) but not that of judgment. There was no significant 

interaction between judgment and condition. In the ACOVA (with adjustment 

for word frequency), the main factor of judgment was highly significant while 

the main factor of condition was only marginally significant (Judgment: 

F(i,29)=7.6, P=0.01; Condition: F(i i29)=4.4, P=0.05). However, the interaction 

between condition and judgment was again not significant (Table 7.la). The co- 

variates individually or together did not significantly affect either the main 

factors or their interactions (Table 7.la).

1) Homophone effect on 'Different' judgments

The condition effect was further examined on the 'Different' judgements only. 

There was no significant difference in RT between homophones and control 

words by paired t test (i(H)-lA5, P>0.05). This was further confirmed
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Table 7. la Mean reaction times (msec.) in Experiment 8, analysed by-subjects and by-items, 
along with the results of the statistical analyses

Judgment Condi
By Subjects By items By Subjects By items

itirtn Mr* r\f ____»__---

stimuli Mean (SD) Mean (SD) 0)vs(2) (l)vs(2)

Same
Group 1 30 1097 (164) 1123 (154) 
Group 2 30 1039 (141) 1076 (91) 
All 60 1068 (143) 1049 (122)

Different
(1) Control 30 1133 (238) 1159 (98) t(n)=1.45 t(29)=U8 
(2) Homophone 30 1092 (175) 1128 (94) P=0.17 P=0.25 
All 60 1112 (206) 1143 (96)

Main effects

Judgments (J) 
Conditions (C)

Interactions
JxC

ANOVA ACOVA Co-l§ Co-2§ Co-l&2

F value P value F value P value F value F value F value

2.2 0.16 4.4 0.05 1.67 0.00 0.95 
6.2 0.02 7.6 0.01 0.20 0.94 0.40

0.4 0.55 1.00 0.32 1.15 0.37 0.93

§ Co-1 and 2 refers to co-variate of word frequency of the top and the bottom word respectively

Table 7.1b Mean error rates (%) in Experiment 8, analysed by subjects (By Ss) and by- Items

By Subjects
Judgment

Same

Different

Condition

Group 1
Group 2
All

(1) Control
(2) Homophone
All

No. of
stimuli

30
30
60

30
30
60

————
Mean

7.2
6.9
7.0

4.7
4.3
4.5

———
(SD)

(5.1)
(4.3)
(4.7)

(3.9)
(3.4)
(3.6)

By items By Subjects
———
Mean

15.2
13.7
14.4

6.6
9.9
8.2

————— —————————
(SD) (1) vs (2)

(16.3)
(14.4)
(15.3)

(9.3) Z=1.62
(14.2) P>0.05
(11.7)

By items
———————

(1) vs (2)

Z=1.75
P>0.05

z values were estimated from Wilcoxon signed rank test
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by item analysis on the 'Different1 judgments (t(29)-1.18, P>0.05). Clearly the 

difference (30-40 msec) in mean RT between homophone and control conditions 

is, in any case, in the direction opposite to that predicted by the hypothesis of 

phonological mediation, both in by-subject and by-item analyses.

On error rates, the false 'Same' rate for homophones was higher than that for 

the control items on the by-item analysis; the difference was in the opposite 

direction on the by-subject analysis. However, neither of these differences was 

statistically significant by Wilcoxon signed rank test (by-subjects: Z-l.62, 

P>0.05; by-item: Z=L75, P>0.05).

Discussion

The results of this experiment seem very clear. There was absolutely no 

'homophone effect' on RTs, and no significant difference in false 'Same' 

responses in the homophone condition. This result suggests that the semantic 

receding of Chinese words is, in practice, independent from phonological 

recoding. It is possible, and indeed plausible, that phonological and semantic 

processing may be automatically activated in the semantic processing task. 

Although these processes can be accomplished independent of each other, some 

subjects, on some trials, may nevertheless inadvertently attend to the 

phonological information in the semantic comparison task. This would account 

for the finding that synonyms had a (non-significantly) higher error rate than the 

control items (9.9% vs 6.6% in the by-item data). If so, this may be considered as 

an optional individual strategy in reading. The results are clearly incompatible 

with the hypothesis that phonological recoding plays a necessary role in 

semantic judgments on Chinese words.
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Experiment 9: The semantic comparison of Chinese words with 
matching components

Introduction

This experiment on semantic comparison was designed in parallel with 

Experiment 6, on phonological comparison. The primary concern in this 

experiment is the functional role of the lexical radical, in comparison with that of 

the non-radical component, in the semantic receding of Chinese words. Studies 

of word recognition in English orthography have provided less knowledge 

about semantic processing than about the phonological receding of written 

words. There is little doubt that the pronunciation of English words is 

determined by orthographic units smaller than whole words. However, the role 

of lexical decomposition in the semantic recoding of written English is far less 

clear.

As described in Chapter 2, all written Chinese words that can be decomposed 

(that is, all words with more than one unit) contain a unique orthographic unit, 

termed the lexical radical. In etymology, the lexical radical was used to represent 

the semantic category of the words formed therefrom. Each lexical radical 

possesses a distinctive structure and occupies a specific position in all the 

different words containing it (the positional regularity; see Chapter 2). It is 

therefore a unique orthographic unit of most Chinese words, distinguished both 

by its form and its position. The structure and legal positions of the lexical 

radicals can be found in Chinese dictionaries (e.g., XIN-HUA, 1979).

The preceding study of the visual processing of Chinese words (Chapter 4) 

has shown that the lexical radical and its positional regularity can be recognized 

and used by native Chinese readers. The present experiment aims to address 

further the issue of the functional role of lexical radicals in a semantic processing 

task. Can subjects recognize the lexical radicals as the semantic component in
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accordance with the part-to-whole semantic correspondence rule in Chinese 

orthography (Chapter 2)? In a pilot study (Experiment 4), this issue was 

explored by comparing the effects of word pairs with matching components (as 

a distractor toward false 'Same' responses), in both semantic and phonological 

comparisons. In Experiment 4, word-pairs in which the lexical radical of one 

word physically matched the other (simple) word in the pair had no significant 

influence on the phonological comparison task; however, in Experiment 4 this 

condition yielded significantly higher false 'Same' responses when the task was 

changed to the comparison of meanings (semantic comparison), even though the 

subjects and stimuli were identical. The lexical radical (the rule-defined semantic 

component) is apparently recognized and used by native readers of Chinese in 

semantic judgments, as is the non-radical phonetic component in phonological 

comparisons. Subjects allocate attentional priority toward the lexical radical 

component in semantic judgment tasks. However, the cross-over pattern on the 

Word-Radical match and Word-Component match conditions in semantic and 

phonological comparison tasks, respectively, was only manifested in error rates 

and not in RTs. Using better controlled stimuli with a computerised task, the 

current experiment is intended to re-examine the critical Word-Radical match 

and Word-Component match conditions in the semantic comparison task, to be 

contrasted with the same stimulus pairs in the phonological comparison task 

(Experiment 6).

In this experiment the subjects and stimuli (in these two critical stimulus- 

conditions) were identical to those in Experiment 6. The rationale is as described 

in Chapter 5. If the semantic nature of the lexical radical is implicitly recognized, 

and so given attentional priority, subjects should be more biased toward false 

'Same' responses when the word pairs have a matching lexical radical (Word- 

Radical match) than when they match in respect of the non-radical component 

(Word-Component match). Conversely, in the phonological comparison task,
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with identical stimulus pairs, subjects were biased toward false 'Same1 responses 

only in the Word-Component match condition (Experiment 6). In this 

Experiment, word-pairs with radical matching included the Graphic-Radical 

match as well as Word-Radical match. The actual stimuli used in the Word- 

Radical match and Word-Component match in this experiment did not overlap 

with those used in the pilot study (Experiment 4).

Stimulus Conditions

Figure 7.2 illustrates the distribution of the total pairs of stimuli, with equal 

numbers of 'Same1 and 'Different' pairs in the five conditions, with examples of 

each condition. Stimulus-pairs were classified according to the matching 

component in each pair of stimuli. The conditions for the 'Different' judgments 

are Word-Component match, Word-Radical match and Graphic-Radical match. 

Each condition had 30 stimulus pairs. For the 'Same' (synonym) judgments, there 

were only two different conditions, Word-Radical match and Graphic-Radical 

match, with 60 pairs of Word-Radical match and 30 pairs of Graphic-Radical 

match. For both 'Same' or 'Different1 pairs, the two words in the same pair are not 

meaningful two-character CI in Chinese. Stimuli in each condition are described 

in detail below:

'Different' judgments (non-homophone & non-synonym pairs)

Word-Radical & Word-Component match conditions: The stimuli in these 
two critical conditions were identical to those used in Experiment 6. That is, pairs 
of words in which the lexical radical or non-radical component of one word is 
identical to another whole (simple) word in the pairs. The pairs of words are not 
synonyms nor homophones.

Graphic-Radical match: The two words have different meanings but share the 
same graphic-radical. Unlike a word-radical, a graphic-radical is 
unpronounceable and can be meaningless in isolation.
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Experiment 9

Does the pair of words have the Same or Different meanings ?
(Semantic Comparison)

Word-pairs (180)

Same (90)
(Synonyms)

Different (90)
(Non-synonyms)

Gr match
GrNri
GrNr2 
(30)
*
*

RUB/[ca]l 
DAUB/[mo]3

Wr match
WrNn 
WrNri
(60)

Wr match *W match 
Wr W 
WrNr RW
(30) <3°)
^C n 
*r -MA

Gr match 
GrNri 
GrNr2

(30)

EYE (PUPIL)/[mo]3 WOMAN/[nu]3 STAGE/[tai]2 CUT/[xue]l 
EYE/[yan]3 GOOD/[hao]3 JOY/[yi]2 ARROW/[jian]4

the same set of stimuli was also used in Experiment 6

Note: R: and Nr refer to lexical radical and non-radical component. 
W and Wr refer to Word-component and Word-radical 

Gr and G refer to Graphic-radical and Graphic-component

Bold typeface indicates the matching component in each stimulus pair

Figure 7.2. Stimulus conditions in Experiment 9
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'Same' judgment (synonym pairs)

Word-Radical match: Corresponding to the Word-Radical match condition for 
the 'Different1 judgments, in this condition pairs of words have closely similar 
meanings, i.e., the matching word-radical (the simple word) has a meaning 
congruent with the compound word in which the same element occurs as a 
lexical radical.

Graphic-Radical match: Corresponding to the Graphic-Radical match 
condition for the 'Different' judgments, in this condition two words share the 
same graphic-radical and are also congruent in their meanings, e.g.,

Baseline data: Baseline data for the 'Same' judgments were taken from those of 

Synonym 2; for 'Different' judgments they were taken from those of the control 

items (non-synonym) in Experiment 8.

Results

1) 'Same1 and 'Different'judgments

Table 7.2a presents the mean RTs for both the by-subject and by-item data, 

with the results of the statistical analyses. The corresponding data for error rates 

are shown in Table 7.2b. In the by-subject ANOVA on RTs, the main effect of 

condition was highly significant (F^,ii)=27.3, P<0.001), but there was no 

significant effect of judgment (Table 7.2a). The interaction of condition and 

judgment was also significant (F(i,22)=^-6, P=0.01). After adjustment for the 

word frequencies of both words, as two co-variates, ACOVA on the by-items 

RTs showed consistent results. There was a significant condition effect and a 

significant interaction of condition and judgment (Condition: F(i,29)=3.8, 

P<0.05; Interaction ofJxC: F(2l58)=12-0, P<0.001). There was no significant 

judgment effect (Table 7.2a). The frequency of either word (or both together) 

did not significantly affect either the main effects or their interactions.
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Further analyses of the condition effect were applied to RT and error rates in 

'Same1 and 'Different' judgments separately, with the focus on the critical 

conditions of Word-Radical match and Word-Component match on 'Different' 

judgments. As in Experiment 6, 'Same' and 'Different' judgments in each type of 

stimulus-condition were also compared to the 'baseline' data.

2) 'Different' judgements: effects of radical and non-radical matching

For the 'Different' judgments, the stimulus conditions with matching 

components were Word-Radical match, Graphic-Radical match and Word- 

Component match. RTs and error rates for 'Different' judgments in these three 

conditions are shown in Figure 7.3 together with the baseline data. RTs and 

error rates are shown separately in by-subjects and by-items data .

On RTs, both types of stimulus pairs with matching radical components 

yielded longer times to response than the Word-Component match pairs, for 

'Different' judgments. This difference in RTs was highly significant for the 

Graphic-Radical match condition, in both by-subject (td=9.23, P<0.01) and by- 

items 2LT\alyses(td=9.04, P<0.01). However, for the Word-Radical match 

condition, the difference was significant in the by-subjects analysis (td=4.75, 

P<0.01) but not by items. The important point here is that performance on the 

word-pairs which matched respectively on radical and non-radical components 

in semantic comparisons showed a pattern opposite to that found in 

phonological comparisons (See Figure 7,4). The same Word-Radical pairs which 

were faster than the Word-Component match pairs (and also the baseline data) 

in the phonological comparison task (Experiment 6) were slower than the Word- 

Component match pairs in the semantic comparison task (Experiment 9), even 

though the stimuli and subjects used in these two tasks were identical. However, 

the difference between these two conditions was apparently smaller in the 

semantic comparison task than that in the phonological comparison task. An
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Table 7.2a Mean reaction times (msec.)both by-subjects and by-items in Experiment 9,with the 
statistical results

Judgment Condition No. of 
stimuli

Same
(l)Baseline
(2)Word-Radical
(3)Graphic-Radical
All

Different
(l)Baseline
(2)Word-Radical
(3)Word-Component
(4)Graphic-Radical

All

30
60
30

120

30
30
30
30

120

By Subjects 

Mean (SD)

1039
1078
1117
1078

1133
1093
1037
1215

1119

(141)
(172)
(149)
(154)

(238)
(181)
(165)
(233)

(204)

ANOVA

Main effects
Judgments (J)
Conditions (C)
Interactions
JxC

F value
1.2

27.3

5.6

P value
0.29
0.00

0.01

By items By Subjects By items 

Mean (SD) son group torQvalue§ torQvalue§

1076
1107
1153
1112

1159
1100
1060
1237

1139

(91)
(104)
(122)
(106)

(98)
(134)

(81)
(120)

(108)

ACOVA

F value
0.1
3.8

12.0

P value
0.72
0.02

0.00

(1) vs (2)
(1) vs (3)
(2) vs (3)

(1) vs (2)
(1) vs (3)
(1) vs (4)
(2) vs (3)
(2) vs (4)
(3) vs (4)

Co-It

F value
0.05
0.85

0.09

1.75
3.46*
1.74

1.50
3.60*
3.04*
4.75**
8.07**
9.23**

Co-2t

F value
0.08
3.10

1.44

0.29
1.97
1.37

1.86
3.12*
2.70*
1.78
5.86**
9.04**

Co-l&2

F value
0.05
1.86

0.81

§ Dunette t tests were used for comparisons against the baseline data while Newman-Keuls Q tests were used for all
other comparisons

t Co-1 and 2 refer to word frequency of the top and the bottom word respectively 
*, ** P<0.05 and P<0.01 respectively

Table 7.2b Mean error rates (%) both by-subjects and by-items in Experiment 9,together with the 
statistical results.

Judgment Condition No. of 
stimuli

Same
(l)Baseline
(2)Word-Radical
(3)Graphic-Radical
All

Different
(l)Baseline
(2)Word-Radical
(3)Word-Component
(4)Graphic-Radical

All

30
60
30

120

30
30
30
30

120

By Subjects

Mean

6.9
12.2
11.0
10.0

4.7
10.2
2.7
6.9

6.1

(SD)

(4.3)
(6.0)
(4.8)
(5.0)

(3.9)
(5.1)
(2.4)
(4.8)

(4.0)

By items

Mean

13.7
24.0
22.1
19.9

6.6
19.4
5.7

13.6

11.2

(SD)

(14.4)
(23.1)
(18.5)
(18.7)

(9.3)
(25.7)
(11.4)
(16.7)

(15.8)

I 
Compari- - 
son group t

(1)
(1)
(2)

(1)
(1)
(1)
(2)
(2)
(3)

vs
vs
vs

vs
vs
vs
vs
vs
vs

(2)
(3)
(3)

(2)
(3)
(4)
(3)
(4)
(4)

3y Subjects

or Q value§

4.75*
3.81*
1.42

5
0
3
7

.87**

.23

.21**

.51**
3.94*
4 .30*

By items

t or Q value§

2.25
1.80
0.37

3.30*
0.12
1.79
4.41**
2.01
3.22*

§ Dunette t tests were used for comparisons against the baseline data while Newman-Keuls Q tests were used for all
other comparisons 

*, ** P<0.05 and P<0.01 respectively
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Figure 7.3 Mean RTs and error rates (by subject and by items) in semantic comparison
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'Different 1 Judgments: Component matching effects 
in both phonological and semantic comparison

( Experiment 6 & 9)
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Figure 7.4 Mean RTs and error rates (by subject and by items) in both phonological and 
semantic comparison
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ANOVA and ACOVA were performed for by subjects and by items analysis, 

using joint data from semantic and phonological comparisons on these two types 

of component-matching pairs, on Different judgments only. The interaction 

between task and condition was highly significant on RT (By subjects: 

F(i,ii)=17,47, P<0.01; By items: F(1>29)=9.20, P<0.01) and error rate (By 

subjects: F(1 ,n)=64.5, P<0.001; By items: F(1>29)=20.01, P<0.001)

Compared to the baseline condition (with no matching elements), both the 

Word-Radical match and Word-Component match conditions were slightly 

faster both by-subjects and by-items. However, the contrast was significant only 

for the Word-Component match condition (by-subject analysis: td=3.04, 

P<0.05; by items:td=2.70, P<0.05). The Word-Radical match condition was not 

significantly different from the baseline data by Dunnette t test.

The most clear-cut and striking results are found in the error rate data. False 

Same rates in the Radical match conditions (Word-Radical and Graphic-Radical 

match) were much higher than in the Word-Component match condition (See 

Figure 7.3). This difference in error rates was highly significant by Dunnette test 

both in the by-subject analysis (Word-Radical:td=7.51, P<0.01; Graphic- 

Radical: td=4.30, P<0.05 ) and in the by-items analysis (Word-Radical: 

td=4.41, P<0.01\ Graphic-Radical: td=3.22, P<0.05). The difference between 

Word-Radical match and the baseline was also significant (By subject: td=5.87, 

P<0.01\by items: td=3.30, P<0.05). Error rates in the Word-Component 

condition were close to the baseline value; the comparison did not even 

approach significance. Figure 7.4 shows the error rate data, in the semantic 

comparison task, contrasted with the results from Experiment 6, with the 

identical stimulus-pairs, in the phonological comparison task. The cross-over 

interaction between task and condition is very striking.
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3) 'Same1 judgments :Effects of radical matching

On 'Same' judgements, the two conditions with a matching component were 

the Graphical-Radical and the Word-Radical match. As seen in Table 7.2a, no 

significant differences between these two radical matching conditions were 

found in either by-subjects or by-items analyses, either in RTs or in error rates. 

However, both these conditions had significantly higher error rates than the 

baseline in the by-subject analysis (Word-Radical match: td=3.46, P<0.05; 

Graphic-Radical match: td=3.81, P<0.05). In the by-item analysis, this 

difference was significant only for Word-Radical match (t=225, P<0.05).

4) Influence of radical frequency index upon the semantic comparisons

The radical frequency index of components in the Word-Radical match and 

Word-Component match conditions was also examined in this experiment for its 

effect on semantic comparison. With the word frequency of both words in each 

pair controlled in a multiple regression analysis, the radical frequency index 

showed an association opposite to that in the phonological comparison task in 

Experiment 6. Instead of a negative association, there was a small, but significant, 

positive association between radical frequency index and errors in the semantic 

comparison task. The higher the radical frequency, the higher the false 'Same1 

response rate for comparisons on the pairs of stimuli that contain the component. 

This was significant only for error rates and not for RTs. Figure 7.5 depicts the 

regression of the radical frequency index over the 60 stimuli in terms of 

comparison speed and accuracy. (For comparison, see Figure 6.4 for this 

regression in the phonological comparison task).

Discussion

The most important finding in this experiment is that semantic comparison of 

the word-pairs was significantly affected by the lexical-radical (Word-Radical
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match and Graphic-Radical match), as a distractor toward false 'Same' responses, 

but not by the non-radical component (Word-Component match). This is 

precisely the opposite result to that found in the phonological comparison task 

with the same stimuli and the same subjects. These results together (Experiment 

6 & 9) suggest that subjects (skilled Chinese readers) have a selective attentional 

bias toward the lexical radical in semantic judgments and towards the non- 

radical component in the phonological judgments. That is, the lexical radical is 

likely to receive attentional priority in semantic tasks, while the non-radical 

component may become salient in phonological tasks. The significant positive 

association between the radical frequency index and false 'Same' errors in 

semantic comparisons, in this experiment, further supports the hypothesis that 

this preferential attentional bias toward the lexical radical increases as a function 

of the relative frequency with which that orthographic component functions as 

the lexical radical in other words in the lexicon. However, the attentional bias 

toward the lexical radical in this semantic comparison task (Experiment 8) was 

somewhat weaker than the attentional bias toward the non-radical component in 

the phonological judgment task (Figure 7.4).
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Experiment 10: The semantic comparison of word-pseudoword pairs

Introduction

This experiment aimed to examine the radical and non-radical matching 

conditions extended to word-pseudoword stimulus pairs. The design of this 

experiment corresponds to Experiment 7 (phonological comparison). The 

subjects and the whole set of stimuli were identical to those used in Experiment 

7. The sole difference between Experiments 7 and 10 is the task. In this 

experiment, instead of a judgment on pronunciation (as in Experiment 7), 

subjects were asked to judge whether the stimulus pairs, consisting of one word 

and one pseudoword, have a similar meaning or not. The rationale is otherwise 

the same as in Experiment 9. If the (regular) lexical radical in a pseudoword is 

likewise found to have attentional salience in a semantic judgment task, as it did 

with real word-pairs, this would further support the rule-based nature of the 

inferred lexical decomposition process, regardless of the lexical or non-lexical 

status of the whole word. This result would thus mirror that found in Experiment 

7 (phonological comparison).

The subjects, stimulus conditions and procedure were identical to those in 

Experiment 7.

Results

Given that pseudowords (at least in Chinese) have virtually no meaning, all 

'Same1 responses were regarded as 'errors' for the purpose of the analyses. The 

false 'Same' response rates were thus used, as the main independent variable.

Table 7.3a presents the mean 'Same' rates in both by-subjects and by-items 

analyses. The corresponding RT data are also given in Table 7.3b. An ANOVA 

was performed to examine the two main factors of pseudoword-type and 

component matching conditions (radical vs non-radical match). Both main
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Table 7.3a Semantic comparison of word-pseudoword pairs: Mean Same response rates(%) in 
Experiment 10, with the results of the statistical analyses

By Subjects 
Pseudoword Condition No. of ———————— 

type stimuli Mean (SD)

Pseudosimple
(1) Graphic-radical 
(2) Graphic-component 
All

Pseudocompound
(1) Word-radical 
(2) Word-component 
All

15 43.6 
15 9.9 
30 26.7

15 31.9 
15 11.8 
30 21.8

(4.9) 
(10.3) 

(7.6)

(14.8) 
(9.5) 

(12.1)

ANOVA

Main effects
Pseudotype (P) 
Conditions (C)

Interactions 
JxC

F value P
5.4 

27.5

8.7

value
0.04 
0.00

0.01

By items By Subjects By items 

Mean (SD) (l)vs(2) (l)vs(2)

12.3 
18.0 
15.1

31.0 
20.9 
25.9

(23.3) 
(10.1) 
(16.7)

(10.7) 
(13.3) 

(12)

ACOVA

F value
5.7 
0.2

1.6

P value
0.03 
0.67

0.22

t=8.7 t=0.79 
p=0.00 P=0.44

t=2.9 t=2.5 
P=0.01 P=0.02

Co-variatet

F value P value
0.06 0.81 
0.20 0.63

0.26 0.62

t Co-variate refers to word frequency of the real word in the word-pseudoword pairs

Table 7.3b Semantic comparison of word-pseudoword pairs: Mean reaction times (msec.) in 
Experiment, along with statistical results.

Pseudoword Condition No. of 
type stimuli

Pseudosimple
(1) Graphic-radical 
(2) Graphic-component 
All

Pseudocompound
(1) Word-radical 
(2) Word-component 
All

15 
15 
30

15 
15 
30

By Subjects

Mean

1132 
1178 
1155

1254 
1159 
1206

(SD)

(176) 
(352) 
(264)

(311) 
(316) 
(313)

By items By Subjects

Mean

969
1275 
1122

1139 
1158 
1148

(SD) (1) vs (2)

(142) t=0.4 
(579) P=0.66 
(360)

(216) t=l.l 
(142) P=0.27 
(179)

By items

(1) vs (2)

t=0.9 
P=0.35

t=0.1 
P=0.88
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factors were significant (Pseudoword type: F(j ill )=5.4, P<0.05; Stimulus- 

Condition: F(1J1) =27.5, P<0.001) in the ANOVA. The interaction of 

pseudoword type and condition was also significant (F(i i22)=8.7, P=0.01). 

However, after adjustment for word frequency, only the effect of pseudoword- 

type was significant (F(i,n)=57, P<0.05). The interaction of pseudoword-type 

and condition was not significant (Table 7.3a). The word frequency of real 

words as a co-variate individually had no significant influence upon the main 

effects or their interactions. Further analyses were performed to examine the 

conditions effect in each type of pseudoword.

1) Word-Radical and Word-Component Match in word-pseudoword pairs

False 'Same' rates in the different stimulus conditions are illustrated in Figure 

7.6. In the pseudo-compound pairs, a false 'Same' rate of 31.9% for Word-Radical 

match and 11.8% for the Word-Component match condition, was significantly 

different by paired t test (t(u)=2.9, P=0.01). This persisted after the adjustment 

of word frequency in the by-item data (^=2.5, P<0.05).

2) Graphic-Radical match and Graphic-Component match in word- 
pseudoword pairs

In the pseudosimple stimulus pairs, the difference in 'Same' response rates 

between Graphic-Radical and Graphic-Component conditions was highly 

significant in by-subjects analysis (t(ii)=8.7, P<0.001). However, in the by-items 

analysis, this difference actually reverses, and was far short of significance. 

Evidently, the effect depends on a subset of stimulus items.

It is noteworthy that these effects of matching components are the reverse of 

those found in Experiment 7, with phonological comparison of the identical set 

of word-pseudoword pairs, with the same subjects (See Figure 7.6). The cross-
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over was consistent with the findings in the semantic and phonological 

comparisons that used real word-pairs, in Experiment 6 & 9 (See Figure 7.4).

Discussion

This experiment has demonstrated that in guessing the meaning of an 

'unknown1 word (a pseudoword), subjects were also more likely to be biased by 

the lexical radical than by the non-radical component of the pseudoword. They 

were far less likely to rely on the potential semantic meaning of the matching 

non-radical component of the pseudoword, which was also identical to the 

adjacent simple word and also meaningful in isolation. When a matching 

component in isolation is both unpronounceable and meaningless (as are the 

graphic-radical and graphic-component in the pseudosimple pairs), subjects were 

more likely to rely on the graphic-radical for a semantic judgment. This further 

suggests that the lexical radical, irrespective of its strictly lexical status, may be 

treated as the salient source of semantic information in the semantic receding of 

Chinese words.

General Discussion and Conclusion

The general discussion and conclusion focuses on the following two aspects: 

1)A direct route from script to meaning

Current word recognition models, including connectionist accounts (e.g., 

Seidenberg and McClelland, 1989), tend to provide less specific accounts of 

semantic processing than of phonological processing in reading written words. 

Nevertheless, there are some general features found in most word recognition 

models. One is that phonological mediation is not necessary for the semantic 

receding of written words. In Chinese, direct access from script to meaning is 

implied by the terms, ideography, logography or lexigraphy, conventionally used 

for Chinese orthography. However, the traditional story of picture-like reading
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in Chinese (e.g., Barron, 1978, Wang, 1973) has been modified and, in more 

recent accounts, phonological structure is considered to be activated 

automatically in reading Chinese and may also play an important role in short 

term memory for Chinese text (Tzeng & Hung, 1980; Tzeng, Hung & Wang, 

1977; Baddeley, 1979; Perfetti & McCutchen, 1982; Perfetti & Zhang, 1991). 

Here it is worth pointing out that the activation and the utilization of information 

can be very different questions. Phonological and semantic information from 

Chinese words may be activated automatically and independently of each other. 

However, the utilization of semantic and phonological information may tend to 

be linked. In the present study, synonyms (in the pronunciation task) as well as 

homophones (in the semantic task) tended to produce higher false 'Same1 

response rates than the control (Experiment 5 & 8). These results imply that 

although phonological receding may be unnecessary in order to do the semantic 

task, subjects (or some of them) may nevertheless sometimes attend to the 

phonological information. The implications of individual reading strategies, and 

their influence upon the reading of Chinese, will be investigated in the next 

chapter.

2) The functional role of the lexical radical

The focus of the current series of experiments was the functional role of the 

lexical radical compared to that of the non-radical component in semantic 

processing. Experiment 9 has shown that the lexical radical receives attentional 

salience in semantic judgments. This was demonstrated by the fact that subjects 

took longer to reject, as semantically 'Different', pairs of words which were 

matched on the lexical radical, and they made significantly more false 'Same' 

responses to these Word-Radical match pairs compared both to control (non- 

matching) items and to word pairs matching on the non-radical component. This 

effect was the opposite to that found with the same set of stimuli and the same 

set of subjects in the phonological comparison task (Experiment 6). The radical
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frequency index also had a significant association with accuracy, but in the 

inverse sense to that on the same set of stimuli in the phonological comparison 

(Experiment 6). Subjects' performance was not only influenced by the nature of 

the orthographic components in the stimuli used in the experiment, but also by 

the frequency of these components as lexical radicals in other words in the 

lexicon. This favours the view that implementation of a rule is influenced by the 

strength of association between that component and all words in the lexicon 

that contain that same component.

A similar attentional bias toward the lexical radical within a compound 

character was found, in Experiment 10, even when the character was not a true 

lexical item (i.e., was a pseudoword), indicating that lexical decomposition, and 

selective attentional focus on potentially appropriate components of a compound 

words occurs logically prior to, or independent of, full lexical access. At this point, 

however, a note of caution is in order concerning the precise role of the lexical 

radical in semantic processing. It must be remembered that the lexical radical 

typically indicates a semantic category or semantic association rather than a 

precise identity as does the non-radical component representing phonological 

information. For instance, e SUN [ri]4 the semantic radical indicates the semantic 

field of SUN. The individual words that contain a are not synonyms of SUN; 

rather they have a semantic association with SUN, e.g., flt TIME, & LATE, 

EARLY. The question as to the precise role of the lexical radical in semantic 

processing of Chinese words remains open.
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Chapter 8

Reading two-character CI in Chinese

Introduction

So far the present study has focused on single word recognition. In the preceding 

four chapters, the visual, phonological and semantic processing of single-character 
words in Chinese has been studied. This chapter describes an experiment with two-word 
phrases, called CI in Chinese. The experiment is concerned with visual, semantic and 

phonological aspects of reading two-character CI. The relationship between reading 
efficiency and reading strategies is also investigated in this experiment.

Experiment 11: Lexical decision with two-character CI

Background and Rationale

1) Paradigm: Lexical decision in Chinese with two-character CI

Two-character CI play an important lexical role in Chinese. As introduced before (see 
Chapter 1), multiple-word CI, especially the two-character CI, are the most frequently 
used lexical items in both spoken and written Chinese in modern times (since 1919). The 

two-character CI is, to some extent, analogous to the English compound word 

containing two free morphemes (carthorse, armchair, toothbrush, headache). They both 

consist of independent words and are used as more or less fixed expressions in the 

language. The lexical decision task for two-character CI requires the subject to judge 

whether or not the two words together form a CI in Chinese. In contrast to the 
comparison task with visual, phonological, or semantic criterion, employed in the 

preceding experiments, this task does not specify the nature of the information on which 

the judgments are made.

It should be pointed out that lexical decision with two-character CI is different from 

the conventional lexical decision task in English (i.e., whether or not a written symbol is 

a word) in at least two ways. First, lexical decision with two-character CI involves two
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words written separately in Chinese. Apart from recognition of the individual words, the 

task demands the recognition of a specific lexical association between the two words. 

Second, for "No" responses, 'non-CI' or 'pseudo-CT consist of two legitimate Chinese 

words, but in a nonsense combination. It is the combination, not the individual elements, 

that must be judged.

In this experiment, consistent with the arrangement of words in contemporary 

Chinese print in mainland China, the two characters are arranged horizontally side by 

side, instead of vertically one above the other (as in the preceding comparison-task). In 

this way, lexical decision with two-character CI involves not only word recognition but 

also recognition of the lexical association between words, which thus more closely 

approximates real reading.

The aim of this experiment is twofold. First, the experiment is concerned with the 

contribution of different aspects of information-processing (visual, semantic and 

phonological) involved in reading two-character CI. This was approached by the 

examination of different experimental effects, assumed to be associated with specific 

components of the reading process, as follows.

First, the extent to which orthographic-lexical processing is the limiting factor in 

subjects' performance may be inferred from frequency effects on word recognition 

(Besner & McCann, 1987}. The frequencies of two-character CI were derived from the 

frequency dictionary in Chinese (Beijing University, 1988). In this experiment, the 

effects of CI frequency on lexical decisions of real CI, and of the frequencies of CI- 

homophones, in which the two words are homophones of the two words in the real CI, 

were examined.

Second, the meaning of a two-character CI may be classified as concrete or abstract 

in meaning. A concreteness effect may thus reflect semantic processing. In this 

experiment, both high and low frequency CI were further divided into three categories 

of concreteness, using the following criteria. CI such as TELEPHONE, SHOE, THREAD, 

etc., whose referents are primarily physical objects, were classified as Concrete CI. 

Almost all of these are object names. By contrast, CI which refer to internal feelings or
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mental states or processes, such as LOVE, REGRET, HOPE were classified as Low 

Concrete CI. CI that could not easily be classified into these two categories but which 

were also of low imageability, e.g., ORIGIN, SUCCESS, AGAIN, are treated as a third, 

'non-specific' category. The complete set of CI in these three categories, are listed in 

Appendix II.

Third, phonological processing was investigated by constructing Cl-homophones, in 

which two legitimate words together sound like a meaningful two-character CI, but are 

visually, or orthographically meaningless. For instance, }gfc [dianJ4 [hua]4, in which 

the individual words mean SHOP and TURN, sounds exactly the same (including tone) 

as the real two-character CI^iS[dian]4 [hua]4, meaning TELEPHONE. In addition, the 

functional role of tone in Chinese is also examined. It is well known that the 

pronunciations of individual words in Chinese can be distinguished also by their tones. 

Tone-changed Cl-homophones were constructed by substituting a different tone from 

one of the words, in two-character Cl-homophones. For instance, the Cl-homophone 

[dian]4 [huaJ4 might be changed to the tone-changed Cl-homophone M$J [dian]l 

[hua]4, in which the individual words mean CROWN and DELIMIT. In this example, the 

tone of the first word has been changed from tone 4 in the original Cl-homophone to 

tone 1 in the tone-changed version. If tone is not encoded separately from the other 

aspects of pronunciation, one may expect a difference in the latency and/or accuracy of 

lexical decisions between the Cl-homophone and tone-changed Cl-homophone 

condition. If, however, there is no significant difference between these two conditions, 

differing solely in their tones, (supposing that a Cl-homophone effect is found), then 

tone is likely to be encoded separately from other aspects of pronunciation.

Finally, lexical decomposition was also examined, based on manipulations of the 

lexical radicals and the non-radical components of the individual words. This was 

addressed by constructing stimuli capable of forming "component-migrated illusory CI". 

Figure 8.la illustrates the four types of stimuli containing potential component-migrated 

illusory CI. The stimuli for the component-migrated illusory CI were constructed from 

two legitimate words (RB & CD in Figure 8.la), in which the two words together neither 

sound like nor look like a meaningful two-character CI. Nevertheless, one of the words
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RBR
(20)

Stimulus (Chinese)

Pronunciation
Meaning

Stimulus (Symbol) 
Illusory CI (Symbol)

Illusory CI (Chinese)
Pronunciation of I-CI 
Meaning of I-CI

Component-migrated illusory CI

Radical-migrated

RMR
(20)

IRR
(20)

[wu]3 [pao]4 [bai]2 [wang]4 [jiu]4 [chang]2 
MEET-PAPER WHITE-VIGOROUS OLD-FREQUENT

ICEJRB
R + CD
0 $

[ri]4 [pao]4 

NEWSPAPER

CD+R

a 0
[bai]2 [ri]4 

DAY

R* + CD

B ?rv
[ri]4 [chang]2 

DAILY

Non-radical-migrated

NR
(20)

LR: Oft #
[panJ4 [bu]4

HOPE-CLOTH

|RJ
B + CD

[fen]l [bu]4 
DISTRIBUTION 

RR: m 71
[xing]2 [dao]l 

PUNISHMENT-KNIFE

B+CD

[kai]l [daojl 
SURGERY ,

Note: R refers to 'migrating' radical; B refers to 'migrating' non-radical component

LR refer to 'migrating' radical's legitimate position is always in the left side of the 
different words containing it.

RR refer to 'migrating' radical's legitimate position is always in the right side of the 
different words containing it.
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(CD) can combine with a component (either R or B) of the other word (RB) to form a 

meaningful two-character CI, e.g., R + CD or B + CD. The resulting recombination will 

be referred to here as an " illusory CI" (I-CI), and the stimuli, designed to contain 

potential I-CI will be referred to as I-CI stimuli. For instance, 0§J6 MEET PAPER (in 

Figure 8. la) is not a meaningful two-character CI in Chinese. However, 0 , a component 

of 0£ , in conjunction with the other whole word $ forms a potential component- 

migrated illusory CI H $ , meaning NEWSPAPER (See Figure 8. 1 a).

If lexical decomposition of the single-character words occurs in lexical decision with 

two-character CI, so that one component is free to recombine perceptually with other 

elements, such I-CI stimuli may result in longer RTs and/or give rise to more errors than 

the control stimuli. Given that lexical decomposition in Chinese concerns primarily the 

two principal orthographic constituents, the lexical radical and the non-radical 

component, the I-CI stimuli were divided into (i) potential radical-migrated and (ii) 

potential non-radical-migrated illusory CI. These are, respectively, (i) stimuli in which 

the lexical radical (R) from one word could potentially recombine with the other whole 

word to form an "illusory CI" (R +CD), and (ii) stimuli in which the non-radical 

component (B) could do so (B + CD). (Again see Figure 8. la.) Furthermore, as discussed 

earlier in this thesis (Chapter 4), lexical decomposition may be strongly influenced by the 

positional regularity of the lexical radical. The lexical radical is the essential element of 

most Chinese words (i.e., those 90% or more of Chinese words with more than one 

stroke-pattern). The lexical radicals have both a specific, fixed form and a fixed position, 

in the different words in which they appear. The importance of positional regularity has 

already been shown in the pseudoword advantage over nonwords (See Experiment 2).

In the present experiment, the positions of the critical elements were manipulated in 

two different ways. First, two types of potential radical-migrated illusory CI were 

selected, as illustrated in Figure 8. la. Twenty radicals selected from the radical list (XIN 

HUA, 1979) were employed as potentially migrating lexical radicals (represented by R in 

Figure 8. la). The position of the potentially migrating lexical radicals (R) were further 

classified as regular beginning radical (RBR) and regular middle radical (RMR) 

conditions, according to the position of the potentially migrating radical in the



176

two-character CI as a whole. For instance, 3 is a regular radical in H£ &£ . It appears at the 

beginning of the pseudo-CI, flg $ , MEET PAPER (RBR) and in the middle of the 

pseudo-CI, £ H£ , WHITE VIGOROUS (RMR).

Stimuli capable of forming non-radical-migrated illusory CI were formed in a similar 

way to the potential radical-migrated illusory CI, except that the potentially 'migrating1 

component was the non-radical component. These stimuli were also of two types. In the 

first type, called "pseudo-radical-migrated "I-CI" (R*), the critical non-radical component, 

was, also in its graphic form, one of 20 listed lexical radicals (the same as these used in 

the "radical-migrated" I-CI stimuli). For instance, a in isolation is a radical form, however, 

in IB OLD [jiu]4 it is not in a regular position (in fact, in ja , I is the true lexical radical), 

since the radical position for 3 is on the left. Thus in IB , 0 has the graphic form of a 

radical, but, in terms of regular orthographic structure a is here a non-radical component. 

Hence, g is a pseudo-radical (R*) in IB $• Suppose that reading Chinese is based on lexical 

decomposition of single-character words. The orthographic status of the potentially 

'migrating 1 component within a word, i.e., either lexical radical or non-radical component 

or the intrinsic graphic form (non-radical or "pseudo-radical") may have significant 

effects. If, however, the CI is processed as a whole as a single orthographic-lexical unit, 

the position of the potentially 'migrating' lexical radical in terms of CI as a whole (e.g., 

RBR or RMR) will be also important. In the second type of non-radical-migrated I-CI 

stimuli, the critical element was a typical non-radical component, which does not belong 

to the 189 listed radicals. In this non-radical-migrated illusory CI condition (NR), the 

lexical radical was always in its regular position in the words containing it. Moreover, 

the potentially 'migrating' non-radical component could also be either at the beginning 

or in the middle of the CI. This variable was balanced across the stimuli. As can be seen 

in Figure 8.la, apart from the words with left radical (LR), which have typically been 

used in previous studies in Chinese (e.g., Seidenberg, 1985a; Flores d'Arcais, 1991), 

words with 'right' radicals (RR) were also selected to form the non-radical-migrated 

illusory CI. 'Left' and 'right' here refer to the legitimate positions of the lexical radical in 

the different words, as defined in Chinese orthography. Ten left and ten right radicals 

were employed.
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2) Reading strategies

The second objective of this experiment was to explore individual reading strategies. 

This was investigated by means of a number of different processing indices. These were 

estimated for individual subjects, separately in terms of both RTs and error rates, as 

follows:

1) Orthographic-lexical frequency-dependence was indexed for each individual subject 
by the difference in RT (or error rates) between low frequency and high frequency 
CI, divided by the mean RT (or error rate) for all 180 CI: (low frequency-high 
frequency ) /total CI.

2) Semantic receding strategy was indexed for each individual subject by the difference 
between low concrete CI and high concrete CI in mean RT (or error rates), divided 
by the mean RT (or error rate) of total CI: (high concrete-low concrete) / total CI.

3) Phonological recoding strategy was indexed for each individual subject by the 
difference in RT (or error rate) between the Cl-homophone condition and control 
condition, divided by the control: (CI-homophone-control)/Control.

4) Lexical decomposition strategy was inferred from both the radical and non-radical 
component migration indices, based on responses to the I-CI stimuli, (a) Radical- 
migration was indexed by the difference between regular radical-migration, i.e., (RBR 
+ RMR)/2 and the control, divided by the control, on RT and error rates, (b) Non- 
radical component migration (NR) was indexed by the difference between non- 
radical-migration and the control, divided by the control, on RT and error rates. (The 
R* condition was not included in the latter index, since it is possible that the 
"pseudo-radical" component may not behave like regular, non-radical component.)

3) Reading efficiency was indexed for each individual subject by the subject's overall 
mean RT (and error rate) in responding to all the CI.

Method

Subjects

16 skilled native Chinese readers and speakers, 8 male and 8 female, aged 20 to 35 

years, were paid to participate in the experiment. All of them had graduated from
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university in mainland China and were reading for doctorates at the University of 

Oxford. All subjects were right handed and had normal or corrected to normal vision. 

Seven of them also participated in the previous 10 experiments with single-character 

words.

Stimulus Conditions

There was a total of 360 stimulus-pairs in this experiment. The distribution of stimuli 

over the individual conditions is shown in Figure 8.1b (with examples). There was an 

equal number of YES-pairs (two-character CI) and NO-pairs (two-character Non-CI), 

each with 180 stimuli. All stimuli consisted of two legitimate words in the simplified 

version. The total of 360 pairs of words were presented in randomised order with the 

constraint that no more than three consecutive trials occurred with the same response 

(YES or NO). The randomization was determined by a computer programme and was 

different for individual subjects. The stimuli in each condition are described as follows.

1) Two-character CI

A total of 180 two-character real CI was selected, 90 from the high frequency band 

(ranging from 1000 to 8200 per hundred thousand) and 90 from the low frequency band 

(ranging from 23 to 99 per hundred thousand). CI frequency was based on a count of 

the occurrences of two-character CI in print. The CI frequency count used in this 

experiment was based on the updated word (ZI) and CI frequency dictionary, published 

by Beijing university in 1988. Two-character CI in each frequency group were further 

classified into Low Concrete (LC), non-specific and High Concrete CI (HC), according 

to the criterion described earlier. The high and low frequency groups contained 

respectively 12 and 14 HC CI, and another 12 and 14 LC CI (Figure 8.1b). The complete 

set of stimuli in the three categories of concreteness in each frequency group is given in 

Appendix II of this thesis.

2) Control for the pseudo-CI

Control non-CI were constructed by combining two legitimate Chinese words in a 
nonsense combination. Neither the two single words together nor any component of
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them in conjunction with other whole word either look like or sound like a two- 
character CI. These non-CI were therefore used as the control for the other Pseudo-CI 
conditions described as follows:

3) Pseudo-CI (Homophone conditions)

Cl-homophones: Two words, which together cannot be a meaningful two-character CI, 
but nonetheless sound like a real two-character CI (including tone). (See examples in 
Figure 8.1b.) Cl-homophones were constructed by using homophones of the two words 
in the real two-character CI in this experiment. The base-CI for the Cl-homophones were 
therefore the real two-character CI used in this experiment (see the example in Figure 
8.1b). They were also divided into a high and a low frequency group, according to the 
frequency of the base-CI, i.e., the real CI used in this experiment.

Tone-changed Cl-homophones: These were formed by changing the tone of one 
constituent word in the Cl-homophones as described above. Either the tone of the first 
or the second word might be changed, and this was counterbalanced among the stimuli 
in this condition.

4) Component-migrated illusory-CI stimuli

The four subtypes of component-migrated illusory-CI stimuli (I-CI stimuli) were 

already described earlier, in the introduction of this chapter, and are also illustrated in 

Figure 8. la.

Apparatus

The experiment was carried out on a Packard Bell IBM PC-AT286 monograph 

computer. A programme was designed to control the presentation of the stimuli, record 

the response time (RT) in msec, and the accuracy (error rate), and to calculate the mean 

value of RTs (of correct responses) and error rates in each condition. The programme 

was also connected with a Chinese word processing package-ET, to retrieve Chinese 

words. Two words were presented simultaneously side by side in white on a black 

background. Each word was 1 cm x 1 cm and the two words were spaced 1.5 cm centre 

to centre. Each pair of stimuli covered a visual angle of about 1° horizontally by 2° 

vertically from a viewing distance of 30 cm.
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Procedure

The task was to judge whether or not the two words together formed a meaningful 

two-character CI. The Z and / keys, located in the left and right corner of the keyboard, 

were used for responses. They were labelled YES and NO in Chinese. Subjects 

were asked to respond as accurately and quickly as possible, using the index finger of 

each hand. All subjects were asked to use the left hand for "Yes" responses and the right 

hand for "No" responses.

Each trial began with a fixation cross,"+", sized 0.2 cm x 0.2 cm. The fixation cross 

appeared in the centre of the screen to indicate the position of the stimulus. It lasted 0.5 

seconds and then disappeared. After a further 0.5 second interval, two words would 

appear immediately on the left and right side of the fixation point. They remained on the 

screen until a response key was pressed. Once a response key was pressed, the stimuli 

would disappear immediately from the screen. After a 0.5 second interval, the fixation 

cross " + " would appear again to start the next trial.

Written instructions were given on the screen, as well as oral explanations by the 

experimenter. There were 30 pairs of warm-up trials. At the end of this practice session, 

the mean reaction time and error rate was shown on the screen. If the mean error rate of 

the practice trials was equal to or larger than 20%, more practice using different stimuli 

was given until an accuracy of at least 85% was reached.

After every 120 trials, there was a break of 2 minutes or so, accompanied by a piece 

of quiet electronic music. After the experiment, the subjects were asked to report their 

strategies.

Results

1) Cl-type effects

Table 8.1 presents the mean reaction times and error rates of the 16 Chinese subjects. 

An analysis of variance (ANOVA) with repeated measures and a within-subjects design 

was performed on both RT and error rate data. For RTs, both the within-subjects effect,



Table 8.1."Yes" and "No" responses in Experiment 11: Mean reaction times 
(RTs) and error rates, with statistical analyses
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Cl-type
No. of 
stimuli

RT (msec.) 

Mean SD

Error rates (%)

Mean SD

"Yes" response
All

"No" responses
180 686 (71) 6.0 (2.3)

Non-CI (NCI,) 
Pseudo-CI (PCI) 
All

ANOVA (2x3)
Cl-type 
Between subjects

Newman-Keuls test
CI vs NCI 
CI vs PCI 
PCI vs NCI (control)

20 778 
160 802 
180 790

F value
34.8 
3.19

Q value
5.93 

11.53 
2.35

(74) 
(101) 

(87)

P value
0.00 
0.03

P value
<0.01 
<0.01 
>0.05

4.1 
8.3 
6.2

F value
3.2 
1.1

Q value
1.47 
1.30 
3.21

(4.2) 
(7.1) 
(5.6)

P value
0.05 
0.41

P value
>0.05 
>0.05 
<0.05
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i.e., the types of CI, and the between-subjects effect were significant (Cl-type: 

F(2 ,47)=34.8, P<0.001; between subjects: F(15>47) =3.2, P<0.05). For error rates, the 

effect of Cl-type was also significant (F(2 ,47)=3.2, P=0.05). In further analyses on both 

RTs and error rates, using Newman-Keuls Q tests, real CI were found to be judged 

significantly faster than pseudo-CI (Q(2,3)=1L53, P<0.01) and non-CI (Q (3,3)=2.35, 

P<0.05}. Overall, the pseudo-CI were not significantly slower than the non-CI, i.e., the 

control items (Figure 8.1). However, this may be attributed to the unequal size of 

pseudo-CI (160) and non-CI (20) samples in this overall comparison.

On error rates, there was no significant difference between CI and non-CI nor 

between CI and pseudo-CI (Table 8.1). However, the pseudo-CI caused overall 

significantly higher error rates than non-CI, i.e., the control items (Q(2,3)=3.21, P<0.05).

2) CI frequency and concreteness effects

Table 8.2 presents the mean RTs and error rates of the 16 subjects by Cl-frequency 

and concreteness for the real two-character CI only. An ANOVA was performed on the 

RTs, to examine the main effects of CI frequency and concreteness. Both CI frequency 

and concreteness effects were highly significant in the ANOVA on RTs (Frequency: 

F(lil5) =121.9, P<0.001; Concreteness: F(2>15) =12.7, P<0.001}. There was no 

significant interaction between the CI frequency and concreteness effects (Table 8.2). 

Both effects are illustrated in Figure 8.2, separately for RTs and error rates. As seen in 

Figure 8.2, high frequency CI were judged significantly faster than low frequency CI in 

all three semantic concreteness categories. The difference between high frequency and 

low frequency CI (including all three categories of concreteness) was highly significant 

on both RT (t(15)=12.76, P<0.001) and error rates t(15)=8.56, P<0.001) by paired t tests. 

The concreteness effect was examined further by Newman-Keuls Q tests, in high and 

low frequency CI separately. For high frequency CI (HFQ), high concrete CI were 

judged significantly slower than both non-specific (Q(2,3)=3.63, P<0.01) and low 

concrete Cl(Q(3i3) =3.48> P<0.01). However, there was no significant difference between 

low concrete words and non-specific CI (Table 8.2). For low frequency CI (LFQ), high 

concrete CI were significantly slower than low concrete (Q(3 .3)=6.66, P<0.01) and non-
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Table 8.2. Effects of concreteness and Cl-frequency: Mean reaction times and error 
rates of 16 native Chinese subjects in Experiment 11 with statistical results.

Cl-type
No. of 

stimuli

RT (msec.) Error rates (%) 

Mean (SD) Mean (SD)

High frequency CI (HFQ)
High concrete 14
Non-specific 62
Low concrete 14

All 90 
Low frequency CI (LFQ)

654.2
618.5
619.0
630.5

(78.9) 
(62.1) 
(63.2)
(68.0)

1.6
1.7 
1.0
1.4

(3.3) 
(1.8) 
(2.8)
(2.6)

High concrete
Non-specific
Low concrete

All

12
66
12

90

768.5
748.1
718.2
744.9

(74.2)
(89.6)
(95.5)
(86.4)

14.7
8.1

10.7
11.1

(10.3)
(4.9)
(8.7)
(8.0)

Statistical analysis 
ANOVA(2x3)

Main effect
Word frequency (W) 
Concreteness (C)

Interaction 
WxC

Newman-Keuls test
Concreteness in HFQ 

High vs Low 
High vs Medium 
Non-specific vs Low

Concreteness in LFQ 
High vs Low 
High vs Medium 
Non-specific vs Low

O value

3.48
3.63
0.09

6.66
2.27
3.60

F value

127.9
12.7

1.58 

P value

<0.01 
<0.01 
>0.05

<0.01 
<0.05 
<0.01

P value

0.00
0.00

0.22 

O value

0.62
0.19
1.27

1.74
3.23
1.84

P value

>0.05 
>0.05 
>0.05

>0.05 
<0.05 
>0.05
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Figure.8.2. Mean RT and error rates by three semantic 
categories of concreteness for high and low frequency CI
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specific CI (Q(2 ,3)=2.27, P<0.05). Moreover, non-specific CI were also significantly 

slower than the low concrete CI (Q(3,3)=3.60, P<0.01). For error rates, however, the 

effect of concreteness may be marked by a floor effect for high frequency CI, where 

error rates did not differ significantly between any two concreteness categories. For low- 

frequency CI, there was a significant difference in error rates between the high concrete 

and non-specific CI but not between non-specific CI and the low concrete CI (Table 

8.2).

3) Pseudo-CI: analysis of the main stimulus-categories

We now turn to the "No"-response data, that is, the performance in response to the 
two main categories of two-character pseudo-CI: Cl-homophones and the component- 
migrated illusory CI stimuli. Simple non-CI were used as controls for these two types of 
pseudo-CI. Table 8.3 presents the mean RTs and error rates for these three main 

categories of pseudo-CI, which are also illustrated in Figure 8.3. Increased RTs, or error 
rates, in rejecting the Cl-homophone stimuli (as not real CI) would be evidence of 
phonological encoding in the Cl-lexical-decision task. Increased RTs, or error rates, in 
responding to the component-migration (I-CI) stimuli may be taken, likewise, as evidence 
of lexical decomposition. An ANOVA was performed on the RT and error data. There 
was a significant effect of stimulus-type on both RTs (F(2,i5)=4.4, P<0.05) and error 
rates (F(2,is)=8.5 > P< 0.001). There was a highly significant between-subjects factor, 

both in RT (F(15i47)=15.9, P<0.001) and error rates (F(15i47) =2.4, P<0.05), indicating 
substantial individual differences in this task. Further comparisons between these two 

categories of pseudo-CI and the control (non-CI) were examined by Dunnette t test. In 
comparison with the control, the component-migrated I-CI stimuli resulted in 

significantly slower and less accurate "No" responses than control (RT: td=2.92, 
P<0.01; error rates: td=3.99, P<0.01). Although the Cl-homophones were generally 
slower and less accurate than the control (non-CI), the difference between Cl- 

homophones and controls was not significant in either RT or error rates. This analysis 

thus fails to find consistent evidence of phonological receding affecting the CMexical 

decision task. There does, however, appear to be some lexical decomposition within the 

single-character words.
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TableS.3 "No" responses in Experiment 11: Mean reaction times and error rates 
of 16 native Chinese subjects for different categories of pseudo-CI, with 
statistical analyses

No. of
Stimulus-types stimuli

Control (non-CI)
Cl-homophones
Component-migration

20
80
80

RT (msec.)
Mean

778
790
814

SD

(74)
(100)
(103)

Error rates ( %)
Mean

4.1
5.9
8.5

SD

(4.2)
(1.5)
(1.0)

ANOVA(2x3)
Stimulus-types 
Between subjects

Dunnett t test
Component vs Control 
Cl-homo. vs Control 
Component vs Cl-homo.

F value P value F value P value
4.4 

15.9
0.02
0.00

8.5 
2.4

0.001
0.02

td value P value td value P value
2.92 <0.05
0.93 >0.05
1.99 >0.05

3.99 <0.01
1.07 >0.05
2.92 <0.05
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4) Cl-homophones: effect of tone and base-CI frequency

Table 8.4 presents the mean RTs and error rates for the two types of Cl-homophones 

derived from high and low frequency base CI. There were no significant differences 

between Cl-homophones and tone-changed Cl-homophones in either RTs or errors 

(Table 8.4). Base-CI frequency likewise had no significant effect on the speed or 

accuracy with which these stimuli could be rejected as not real CI (Table 8.4).

5) Component-migration effects (Lexical decomposition)

Table 8.5 presents the mean RTs and error rates for the four types of illusory-CI 

stimuli and the (non-CI) controls. An overall analysis by ANOVA with repeated measures 

on both RT and errors was performed. RT and error rates of lexical decisions on the four 

types of component-migrated illusory-CI stimuli are illustrated in Figure 8.4. The main 

effect of stimulus type was highly significant on both RT (F(4,i5)=7.8, P<0.001) and 

error rates (F(4il5)=3.3, P<0.001). Compared to control, both the non-radical-migrated 

illusory CI (NR) (td=3.60, P<0.01} and the pseudo-radical-migrated illusory CI (R*) 

(t<i=4.29, P<0.01) were significantly slower by Dunnette t test. This effect was also 

consistent on error rates analysis (NR: td=4.10, P<0.01; /?*: td=3.98, P<0.01). There 

was no significant difference between control and radical-migrated illusory-CI stimuli, 

regardless of the critical radical position in the two-character CI (RBR or RMR) (Table 

8.5).

The differences among the four types of illusory-CI stimuli were also examined by 

Newman-Keuls Q test. Both irregular radical (R*) and non-radical component (NR) 

illusory-CI stimuli took significantly longer to reject as non-CI than the stimuli in which 

the lexical radical, in its regular position, formed the potential illusory-CI element (RBR 

and RMR). However, there was no significant difference between R* and NR (Table 

8.5). Likewise, there was no significant difference between the two regular radical- 

migration conditions, with the critical radical either at the beginning (RBR) or in the 

middle (RMR) of a two-character CI.
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Table 8.4. Cl-homophone type and base-word frequency, in Experiment 11: 
Mean reaction times and error rates of 16 native Chinese subjects, along with 
statistical analyses

Base-CI Cl-homophone No. of
frequency types stimuli

Base-high frequency (HFQ)
Cl-homophone. 20
Tone-CI-homophone 20
All 40

Base-low frequency (LFQ)
Cl-homophone. 20
Tone-CI-homophone 20
All 40

RT

Mean

792
778
785

801
788
794

(msec.)

(SD)

(106)
(114)
(110)

(109)
(88)
98)

Error

Mean

5.6
6.9
6.2

6.2
4.7
5.4

rates (%)

(SD)

(4.0)
(9.5)
(6.7)

(8.1)
(6.4)
(7.2)

Paired t tests
Cl-homophone vs Tone-CI-homophone 

Base-HFQ 
Base-LFQ

Base-HFQ vs Base-LFQ 
Cl-homphones 
Tone-CI-homophone

t value P value t value P value

0.83
1.25

0.90
0.64

0.42
0.23

0.38
0.53

0.64
1.16

0.37
1.20

0.53
0.26

0.72
0.25
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Table 8.5 Four types of "illusory CI" stimuli for "No" responses in Experiment 
11: Mean reaction times and error rates, with statistical analyses

Component-assoc iated 
Pseudo-CI

Control (Non-CI)

No. of 
stimuli

20

RT (msec.)

Mean

778

SD

(74)

Error rates (%)

Mean SD

4.1 (4.2)
Component-migration

RBR
RMR
"Pseudo-radical" (R*)
NR

All pseudo-CI

20
20
20
20
80

799
781
844
833
814

(108)
(95)

(108)
(122)
(108)

8.8
5.3

14.4
14.7
10.8

(11.0)
(4.3)

(11.5)
(13.0)

(9.9)

ANOVA(2x3)
Stimulus-types 
Between subjects

Dunnett t test
RBR. vs control 
RMR vs control 
R* vs control 
NR vs control

Newman-Keuls Q

F value P value F value P value
7.8 

16.9
0.00
0.00

3.3 
7.3

0.00
0.00

td value P value td value P value
1.33
0.16
4.29
3.60

>0.05 
>0.05 
<0.01 
<0.01

1.81
0.48
3.98
4.10

>0.05 
>0.05 
<0.01 
<0.01

O value P value O value P value
RBR vs RMR
R*vsNR
RBR vs R*
RMR vs R*
RBR vs NR
RMRvsNR

2.08
0.20
4.58
6.56
2.84
6.56

>0.05
>0.05
<0.01
<0.01
<0.05
<0.01

1.81
1.00
3.72
4.94
4.09
5.95

>0.05
>0.05
<0.05
<0.01
<0.01
<0.01

RBR=Radical in the beginning of two-character CI 
RMR=Regular radical in the middle of two-character CI
R*=A component in a radical form but in a non-radical position in a word and serves as a non- 
radical componentof the word 
NR=Non-radical component (in the beginning or middle of two-character CI)
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6) The speed and accuracy of lexical decision and its association with reading 
strategy indices

The speed and accuracy of lexical decision ('yes' response) may be taken as a simple 

indicator of a subject's reading efficiency, in recognizing two-word CI. Simple regression 

tests were conducted between the four recoding strategy indices, described in the 

'Background and Rationale 1 to this Chapter, and mean RT and error rate of lexical 

decision in response to the 180 real CI stimuli, for each subject. The results of these 

regression analyses are summarized in Table 8.6. As a preliminary, it was established that 

there was no significant speed-accuracy trade-off between lexical decision RT and 

accuracy on the 180 real CI (r2=0.00, P=0.99). Reading speed (RT) and accuracy were 

hence treated as two independent variables, and were examined separately.

As indicated in Table 8.6a, individual subject's reading speed was significantly 

associated with each of these different recoding strategy indices, except with the 

orthographic-lexical-frequency-dependence index. The latter index of orthographic- 

lexical dependence, inferred from the susceptibility of each subject to CI frequency 

effects, marginally affected speed of decision for the low-frequency CI. However, the 

corresponding frequency-dependence index based on accuracy data was highly 

predictive of lexical decision accuracy, but again for the low-frequency CI only (r2=0.76, 

P<0.001, Table 8.6b). Indeed, it was the only one of these indices to show such an 

association. The reading speed (i.e., lexical decision time) for two-character CI was also 

significantly associated with both the semantic and phonological processing indices. 

Faster reading was associated with a higher semantic recoding strategy index but a 

lower phonological recoding strategy index and this was especially evident in 

responding to the low frequency CI (Figures 8.5 and 8.6). In other words, (i) the greater 

the subject's dependence on semantic recoding, indexed by his/her susceptibility to the 

Cl-concreteness effect, the faster his/her overall lexical decision times; whereas (ii) the 

greater the subject's dependence on phonological recoding, indexed by his/her 

susceptibility to the Cl-homophone interference effect, the slower his/her overall lexical 

decision times. Finally (iii) both slower and less accurate lexical decision was 

significantly associated with higher indices of lexical decomposition in particular the
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Table 8.6a. The associations between each reading-strategy index and lexical decision times 
for 180 real CI in Experiment 11

Ortho-lex. FQ Semantic Phonological Lexical Decomposition

CI-FQ) (Concreteness) (Cl-homo.) (Radical) (Non-radical)

CI (180)
HFQ (90) 
LFQ (90)

r2 P r2

0.10 0.23 0.24

0.00 0.79 0.21 
0.23 0.06 0.25

P r2 P r2 P r2 P

0.05 0.37 0.01 0.27 0.04 0.37 0.01

0.07 0.34 0.02 0.18 0.10 0.34 0.01 
0.05 0.35 0.01 0.34 0.02 0.36 0.01

Table 8.6b The associations between each reading strategy indices and accuracy (%) of lexical 
decisions for 180 real CI in Experiment 11

CI (180)

HFQ (90) 
LFQ (90)

Ortho-lex. FQ Semantic Phonological Lexical Decomposition

CI-FQ) (Concreteness) (Cl-homo.) (Radical) (Non-radical)
r2 P r2 P r2 P r2 P r2 P

0.01 0.67 0.16 0.12 0.15 0.31 0.57 0.02 0.00 0.81

0.03 0.49 0.01 0.69 0.07 0.49 0.21 0.21 0.00 0.82 
0.76 0.00 0.17 0.11 0.13 0.35 0.51 0.03 0.01 0.84

Note: Correlations of CI & Non-CI: RT :r2=0.4,P=0.0086; Error ratesir^ =0.085 f=0.2122
Correlations of RT & Error rates for CI: r2 =2.314E-6, P=0.99 and non-CI: r2 =0.038, P=0.47
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radical-migration index (see Table 8.6). This was particularly evident in responding to 

low frequency CI.

7) Reading strategies: Interassociations among orthographic, semantic and 
phonological processing indices

Table 8.7 presents the results of the correlation and regression analyses between the 

various processing indices. Table 8.7a shows the regression analyses based on the RT 

data; 8.7b shows the equivalent analyses based on errors.

There was a significant inverse association between semantic and phonological 

processing in the lexical decision time for two-character CI (r2 =0.31,. P=0.02). The 

inverse relationship is illustrated in Figure 8.7. The phonological receding index was also 

highly significantly associated with both the radical and the non-radical migration 

indices, in both RT and error rates. The strong, positive correlations between the 

phonological-recoding-strategy index and the radical and the non-radical-migration 

indices are illustrated in Figures 8.8a & 8.8b. The indices of radical and non-radical 

migration were also positively correlated with each other (Table 8.7).

Discussion

1) Lexical decision with two-character CI

The results of this experiment can be summarized as follows: First, lexical decisions 

with two-character CI were significantly affected by the lexical familiarity of the two- 

character CI as a whole. High frequency CI were judged substantially faster and more 

accurately than low frequency CI. Moreover, the concreteness categories also had a 

significant, though lesser, influence upon lexical decision speed and accuracy. 

Counterintuitively, however, for both high and low frequency items, high concrete CI 

(typically object names) were responded to more slowly than the low concrete CI 

('mental 1 words).

Second, this experiment suggests that phonological receding may be unnecessary for 

lexical decision on two-character CI. The Cl-homophones were not significantly slower 

than the control. The difference between the Cl-homophones and the tone-changed CI-
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Table 8.7a. The association among various reading strategy, based on RTs, in Experiment 
11, with regression analyses.

Semantic

(Concreteness)

Phonological Lexical Decomposition

(Ci-homo.) (R-migration) (NR-migration)

Orth.-Lex. FQ (CI-FQ) 0.05 0.38
Semantic (Concreteness)
Phonological (Ci-homo.)
Lexical Decomposition (Radical)

0.03 0.50 0.23
0.31 0.02 0.26

0.68

0.06

0.04

0.00

0.03

0.09

0.42

0.38

0.50

0.26

0.01

0.01

Table 8.7b. The association among various reading strategies, inferred from different 
processing indices in Experiment 11, with regression analyses on error rates

Semantic

(Concreteness)
r2 P

Ortho.-Lex. FQ 0.02 0.59
Semantic (Concreteness)
Phonological (Ci-homo.)
Lexical Decomposition (Radical)

Phonological Lexical Decomposition

(Ci-homo.) (R-migration) (NR-migration)
r2 P r2 P r2

0.01 0.78 0.00 0.99 0.00

0.06 0.52 0.00 0.88 0.00

0.60 0.01 0.72

0.29

P

0.98

0.87

0.00

0.13



198

Lexical decisions with two-character CI 
(Experiment 11)

H 
a*

e
CQ
E

on

300

200

•o
•£ 100
0*
•M

CQ 
t 0cn

-100

R A 2 = 0.31, P=0.02

-200 200-100 0 100 
Phon. strategy index on RT (msec.)

Figure 8.7 The correlation between semantic recoding index and 
phonological recoding index, over 16 subjects in the lexical decision task



199

5/3
E

o

js

Of)
««

"«

400

300 -

200 -

100 -
0 -

-100 :

2 -200 -
_"o 
e o

-300 
-200

Lexical decisions with two-character CI 
(Experiment 11)

I • Non-radical-migrationl 
L RA2 = 0.68. P=0.00 J

[A Radical-migration j 
RA 2 = 0.42, P=0.01 I

-100 0 100 200 300 
Lexical decomposition indices, on RTs (msec.)

v̂
CO

£ 2
e o
<u•O 
S

DC 
V

uts
•

B 
O 

JS
Cu

0

-1

-2

A Radical-migration 
RA2 = 0.60, P=0.01

-radical-migration
RA2 = 0.72, P=0.00

-2-101234 
Lexical decomposition indices on Error rate (%)

Figure 8.8 The correlation between phonological receding index and
two types of lexical decomposition indices on RT and error rates, over 16 subjects



200

homophones was also not significant. However, the incidence of phonological receding 

appeared to be an individual-difference variable, related in a systematic way to other 

aspects of the lexical decision task, in particular to lexical decomposition strategies (See 

below).

Third, there were striking differences between the effect of the four different types of 

illusory-CI stimuli (Figure 8.4). With the lexical radical in its legitimate position in a 

single-character word conditions (RBR and RMR), the radical itself showed no 

systematic tendency to form an illusory CI in conjunction with the other whole word. In 

contrast, orthographic component appearing in the non-radical position in a simple- 

character word, whether this was a regular non-radical component (NR) or in fact a 

lexical radical but in an irregular (non-radical) position (IRR), showed a very marked 

tendency to form "illusory conjunctions" with the other word, as indicated by a more- 

than-threefold increase in false 'Yes1 responses, and increased correct 'No' RTs.

The implications of each of these results are discussed further in the following three 

sections, (a), (b) and (c), below.

a) Orthographic-lexical processing: effects of CI-frequency

Efficiency of orthographic-lexical processing was inferred from the effect of CI 

frequency effects on lexical decisions of two-character CI. The word frequency effect is 

a powerful and ubiquitous effect, which has been reported in many different tasks, such 

as tachistoscopic report (Humphreys, Besner & Quinlan, 1988; Jacoby & Dallas, 1981), 

speeded naming (Forster & Chambers, 1973), lexical decision (Rubenstein , Garfield & 

Millikan, 1970; Forster & Chambers, 1973), identification of words in background 

noise (Savin, 1963), and auditory lexical decision (Slowiaczek & Pisoni, 1986; Taft & 

Hambly, 1986; Whaley, 1978). Word frequency is a prominent feature of almost all the 

word recognition models in the literature, including the recent connectionist accounts of 

word recognition (McClelland & Rumelhart, 1981; Seidenberg & McClelland, 1989). 

The underlying assumption for the word frequency effect in almost all existing models, 

except for Seidenberg and McClelland (1989), is that the effect is directly "lexical". 

However, the unitary lexical account for the word frequency effect has been questioned
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by some studies in English. In contrast to the lexical account, orthographic familiarity is 

considered to provide an important non-lexical account for the word frequency effect in 

word recognition (Besner & McCann, 1987). According to some studies, the effects of 

the frequency of a written symbol on word recognition may occur at three loci (McCann 

and Besner, 1987; McCann, Besner and Davelaar, 1988). These are, 1) Visual familiarity 

discrimination (Balota & Chumbley, 1984; Besner, 1980, 1983, 1984; Besner et al, 

1984; Besner & McCann, 7957); 2) Connection to or involvement of the semantic 

system (e.g., Morton, 1982); 3) The lexical-lexical connection (McCann &. Besner, 1987, 

McCann, Besner & Davelaar, 1988).

In this experiment, the CI frequency effect was examined in both real CI and 

Cl-homophone conditions. (The real CI were also the base-CI of the Cl-homophones in 

this experiment.) Given that the lexical decisions on two-character CI are based on the 

individual words (as discussed later in detail), the underlying mechanism for the CI 

frequency-effect is unlikely to be radically different from the word frequency effect. As 

with the word frequency effect, the Cl-frequency effect may be considered to be related 

mainly (though not solely) to the visual familiarity of the two-character item (but maybe 

to its meaning as well). CI frequency had a significant effect on decisions on the real CI, 

but not on the Cl-homophones. This is consistent with studies of the word frequency 

effect on naming pseudohomophones in English. The present study favours the view 

that the word frequency effect is sensitive to the visual lexicon but not to the 

phonological lexicon (McCann & Besner, 1987; McCann, Besner & Davelaar, 1988).

b) Phonological receding

The role of phonological receding in reading is an old but still controversial issue 

(Hung & Tzeng, 1981, for a review). Some earlier studies demonstrated that 

phonological receding is involved in some aspects of reading written words (Corcoran, 

1967; MacKay, 1972; Baddeley & Hitch, 1974; Pynte, 1974; Massaro, 1975). The role 

of phonological receding has been reported in lexical decision tasks on 

pseudohomophones in English (Rubenstein, Lewis & Rubenstein, 1971; Meyer, 

Schvaneveldt & Ruddy, 1974). By contrast, other well-known studies demonstrated that
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phonological receding is not necessary for reading English (Baron, 1973; Kleiman, 

7975). Studies of homophone and pseudohomophone effects in English have suggested 

that phonological receding is not compulsory but optional (Davelaar, Coltheart, Besner 

& Jonasson, 1978). However, it may be important to distinguish between the activation 

and the utilisation of phonological information. According to some parallel distributed 

processing models, the activation of visual, semantic and phonological information are 

automatic and parallel processes. However, the utilisation of the activated information 

may be subject to reading strategies, which in turn can be influenced by many factors. 

The presence or absence of a homophone or pseudohomophone effect in different 

experiments may reflect the utilisation, rather than simply the activation of the 

information in different reading tasks. Hence, the presence or absence of homophone 

and pseudohomophone effects may be subject to many factors, such as the nature of the 

stimulus ensemble (e.g., whether they include pseudowords), the nature of the task 

(whether it demands overt phonological output such as naming, vs. lexical decision; or 

whether or how far it demands working memory , e.g., single word reading or reading a 

sentence or text), and the linguistic status of the individuals (skilled adults vs. children 

learning to read). Phonological processing as an individual reading strategy, as already 

pointed out by Hung & Tzeng (1981), is unlikely to be determined simply by differences 

in orthographies. As to the role of phonological receding in reading Chinese, the 

traditional view of a picture-like direct access process (Barren & Baron, 1977} is based 

on the supposed nature of the so-called ideographic or lexicographic Chinese writing 

system, which has been re-examined in the present study (Chapter 2). This traditional 

view of direct access has recently been modified. Many studies on Chinese have 

demonstrated that phonological information in Chinese, as in English, is automatically 

activated (Hung & Tzeng & Hung, 1977; Tzeng & Hung and Wang, 1977; Baddeley, 

1979; Tzeng, 1980; Zhang & Simon, 1985; Perfetti & Zhang, 1991). In the previous 

chapters, with single character Chinese words, homophone effects were absent in the 

semantic comparison of Chinese words (Experiment 8). In this experiment with two- 

character CI, there was likewise no significant Cl-homophone effect on the lexical 

decision task. This suggests that, at least for skilled adult readers of Chinese, 

phonological processing may be unnecessary. However, it is noteworthy that the CI-
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homophone effect showed significant individual differences. The present study favours 

the view that the use of phonological recoding in lexical decision may be regarded as an 

optional rather than a compulsory reading strategy, which may be subject to individual 

control (Tzeng, 1977; Hung & Tzeng, 1981). The implications of phonological strategies 

for reading Chinese are discussed later in more detail.

c) Lexical decomposition processes

In Chapters 4 to 7, it was reported that the visual, semantic and phonological 

comparison task were each influenced by manipulations of individual components of 

single-character words. That is, those experiments found clear evidence of lexical 

decomposition. First, the visual analysis of Chinese words was shown to be based on the 

orthographic unit (i.e., the stroke-pattern), rather than on individual strokes (Experiments 

1, 2 & 3). Second, for the 90% or more of Chinese words with more than one unit, the 

evidence suggested that one component, the lexical radical, receives attentional priority 

in semantic judgements by skilled Chinese readers (Experiments 6 & 9). The non-radical 

component as a whole likewise receives attentional priority in the phonological recoding 

of single-character words (Experiments 6 & 9). The biasing effect in favour of the non- 
radical component in the phonological comparison task (Experiment 6) was stronger 

than that of the lexical radical in the semantic comparison task (Experiment 8). In the 

present experiment, the decisions on two-character CI were also shown to be affected 

by the illusory migration or recombination of components of single-character words. The 

subjects, the skilled Chinese readers, were significantly slower and less accurate in 

judging the two-character CI, when a component of one of the words in conjunction 

with the other whole word constituted a meaningful two-character CI, although the two 

words as a whole did not. This result suggests that the recognition of two-character CI is 

based on the analysis and lexical decomposition of the individual (single-character) 

words, even though the two-character CI are standardly used as a fixed expression in 

the language. As the two-character CI are constructed out of individual words, it is 

conceivable that they are represented by an associating connection between the 

representations of individual words in the mental lexicon. In this case, the multiple- 

character CI in Chinese should not be regarded as independent 'words' of Chinese. The
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functional unit equivalent to words in English is formed by single character words, the 

so-called 'characters'.

The "illusory CI" stimuli were subdivided into four types. Only two of these caused 

significant interference in the lexical decision task: (i) the NR condition, in which the 

non-radical component of one of the two words forms a potential illusory CI in 

conjunction with the other word in the pair; and (ii) the R* condition, in which the 

critical component that forms a potential illusory CI, though a member of the set of 189 

radicals in terms of its graphic form, is in the non-radical position in the word: i.e., it is a 

"pseudo-radical". On the definition of the lexical radical proposed in this study (Chapter 

2), it is a non-radical component, just like the critical element in the NR condition. In fact, 

these two types of I-CI stimuli, NR and R*, resulted in equally large "illusory 

conjunction" effects. Neither of the other two conditions, in which the critical 

component was in the radical position (i.e., was the true lexical radical for that word) 

showed any systematic tendency to form illusory conjunctions with the other word in 

the pair. In spite of this very clear result in the overall group data, effects of the 'radical- 

migrated' stimuli, as well as the 'non-radical-migrated' stimuli, showed substantial 

individual variation, as seen in the radical-migration index. (These were discussed further 

under reading strategies, below.)

This pattern of results with the "illusory CI" stimuli is open to one clear, and very 

interesting, interpretation. The argument is as follows. First, the occurrence of 

"component-migration" interference effects constitutes rather compelling evidence for 

lexical decomposition of the individual words in the two-character CI. However, of the 

resulting, orthographic components, only components occupying the non-radical 

position in a word appear free to "migrate" to form an illusory conjunction with the 

neighbouring word. This seems to imply a strong asymmetry in the lexical decomposition 

process: the non-radical component as a whole is segmented away from (or with respect 

to) the lexical radical, not vice versa. The lexical radical, as the hierarchically dominant or 

'essential' element, remains fixed as the base. A hierarchically ordered, or asymmetrical 

segmentation process of this kind would also make good sense for the purpose of 

deriving a pronunciation for the word. (Even though, as the Cl-homophone conditions
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confirm, phonological recoding is not used to any significant extent in the lexical 

decision task with two-character CI.) The pronunciation of a regular compound word is 

specified by the non-radical components as a whole. But, to locate (and, then segment) 

the non-radical component, it is arguable that the reader must first locate the lexical 

radical. The remainder of the character must then be segmented from the identified 

lexical radical.

In summary, the results from this experiment are in harmony with the general view 

that silent reading of Chinese is based on the visual-semantic route, the so-called lexical 

route, at least for skilled adult readers. Phonological recoding is not necessarily used for 

skilled adult reading of two-character CI. However, it must be emphasized again that the 

utilization of information is a different question from its activation. Different codes may 

be activated independently in parallel. However, the use of a particular type of 

information may be optional, and subject to strategic-attentional control. In what follows 

these effects are discussed in terms of different reading strategies and their implication 

for reading efficiency.

2) Relationships between different reading strategies and their implications for 
reading efficiency

The second strand of investigation in this experiment concerned the relationship 

among different reading strategies and their implication for reading efficiency. Indices of 

four different reading strategies were obtained, based on each individual's performance. 

Unlike many studies of the relationships between reading strategy and reading skill in 

English, which have used good and poorer readers, as assessed by standard reading 

scores (e.g., Barron, 1981, Bryant,1983), this experiment used only skilled native 

readers, who all had a university degree in Chinese. The association between different 

reading strategies and reading efficiency may be understood in the light of the strategies 

themselves, rather than as constant for any one individual. Reading strategies can, of 

course, vary consistently from one individual to another. However, for the same 

individual, they may also vary over time and in different contexts. Unless some 

disturbance precludes the use of a certain strategy (such as patients with word-meaning
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blindness may not be able to use the semantic strategy), a reading strategy is not 

necessarily constant for an individual.

First, the semantic receding index varied inversely with RT, i.e., a "semantic" strategy 

was correlated with faster performance. That, is, a "semantic" strategy was correlated 

with faster performance. By contrast, the phonological receding index (indicating a 

"phonological" strategy) was associated with slower performance. This suggests that at 

least for lexical decision with two-character CI, a phonological strategy is less efficient.

The phonological and semantic strategies were themselves inversely related, 

suggesting that some features of processes involved in phonological receding conflicts 

with efficient semantic receding ( or possibly vice versa). It will be argued, below, that 

this conflicting feature is lexical decomposition.

With regard to lexical decomposition, the radical-migration and non-radical-migration 

indices were strongly positively associated with the phonological receding index. 

Moreover, both of these lexical decomposition indices were also correlated with slower 

lexical decision performance with the two-character CI. It seems clear that lexical 

decomposition (viz; segmenting the non-radical component away from the lexical 

radical) is associated with a phonological receding strategy. Less clearly, but very 

plausibly, lexical decomposition of this kind is not needed for, and may be partially in 

conflict with, semantic receding. The plausibility of this inference derives from the fact 

that the lexical radical (semantic radical) cannot specify the meaning of the whole word 

in which it appears (Chapter 7). In order to specify the full meaning of a word, both 

orthographic components (lexical radical and non-radical component) are needed 

together. It may be that, for skilled readers, lexical decomposition into these two 

orthographic components is not helpful for the semantic receding process. Further, a 

phonological receding strategy, requiring a selective attentional focus on the segmented, 

non-radical component alone, will be positively unhelpful for semantic receding.

It is tempting to infer somewhat different, lexical decomposition strategies from the 

radical-migration and non-radical-migration indices, respectively. Two features of the 

results argue against such an inference, however, These are, first, that the two lexical
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decomposition indices are themselves significantly correlated (though only on RT); and 

second, that while the non-radical-migration index has the slightly stronger relationship 

with overall speed of performance, accuracy is better predicted by the radical-migration 

index. Without a much more fully elaborated model of CI lexical decision, this apparent 

inconsistency discourages more detailed speculation.

As one final note of caution, it should be addressed that any attempt to generalise 

from these results with skilled adult reading to children learning to read is full of risk. 

However, direct strategies of children learning to read in Chinese, on the model of 

Bryant and Bradley (1985), are urgently needed.

Conclusions

The present experiment on lexical decision with two-character CI has several 

important findings. Firstly from the point of view of process, lexical decision with two- 

character CI is influenced by the effects of Cl-frequency and concreteness but not by 

Cl-homophones. As in English, lexical decision is also unaffected by the Cl-frequency of 

these Cl-homophones. However, lexical decision on two-character CI shows clear 

evidence of lexical lexical decomposition on the individual words (characters). The 

decomposition process is asymmetrical: it appears to involve segmenting the non-radical 

component away from the lexical radical, which itself acts as a base. Despite the fact that 

multiple-character CI occur as fixed lexical items in both spoken and written Chinese, 

lexical decisions on two-character CI are based on the recognition and lexical 

decomposition of individual words (characters). The basic functional unit for reading 

Chinese is thus the (single-character) 'word'.

Secondly, from point of view of reading strategies, in accord with the general view of 

reading Chinese, efficient lexical decision does seem to be mainly based on orthographic 

processing and its interface with the semantic domain, i.e., the lexical route, at least for 

skilled adult readers. A phonological strategy is shown to be less efficient. These two 

strategies themselves have an inverse relationship. As an optional strategy, lexical 

decomposition, involving segmenting the non-radical component (i.e., the rule-defined 

phonetic component), is clearly associated with a phonological receding strategy. This
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suggests that orthographic knowledge (such as knowledge of the form and position of 

the lexical radicals in Chinese orthography) may play an important role in word 

recognition, only in so far as phonological receding is involved.
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Chapter 9

Summary and Implications

This chapter presents a summary of the empirical results of eleven experiments 

conducted in the present study. An outline functional architecture for word recognition 

in Chinese is tentatively put forward, in the light of these empirical results. Some further 

implications of the present study are also discussed.i

Summary of the empirical results

1) The visual analysis of Chinese script

The crucial finding in the visual analysis of Chinese words is that Chinese so-called 

logographic characters can be read analytically on the basis of orthographic units 

smaller than the words as wholes. The orthographic units defined in this study (i.e., the 

smallest stroke-patterns) were used by skilled readers of Chinese in visual comparisons 

of Chinese words, although the subjects were not taught explicitly about such units. 

Subjects were significantly affected both by the number of mismatching units (Unit- 

dissimilarity) and by the total number of orthographic units (visual complexity) in the 

visual comparison of Chinese words (Experiments 1 & 2 ). The unit-complexity effect 

was not confounded with stroke-complexity, since the effect of the former remained 

significant when the number of strokes in the stimuli was held constant. By contrast, the 

individual strokes had no significant influence upon visual comparisons of Chinese 

words. Hence, the functional orthographic unit of Chinese words is the smallest stroke- 

pattern, i.e., the orthographic unit proposed in this study, rather than the individual 

stroke as previously thought (Wang, 1971; Martin, 1972).

The evidence suggests some degree of functional parallelism between the 

orthographic units of Chinese words and letters in English words. Firstly, as in English, 

recognition of the orthographic units in Chinese must involve positional information. 

Pseudowords, with the lexical radical in the legitimate position, were significantly 

advantaged in comparison speed over nonwords, with the lexical radical in an
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illegitimate position. The importance of the positional regularity of lexical radicals was 

confirmed in a lexical decision study of two-character CI (Experiment 11). Lexical 

radicals in an irregular position (i.e., in the position of a non-radical component) caused 

significant interference in a lexical decision task, as did the non-radical components in 

their normal position. However, the same set of lexical radicals in their regular positions 

did not have such interference (Experiment 11). Secondly, a word superiority effect was 

obtained, which interacted with the unit-effect, as inferred from the degree of 

dissimilarity and visual complexity effects. These latter factors had significant effects on 

words, but had a smaller influence on pseudowords and no significant effect on 

nonwords. On the other hand, words were also judged significantly faster than 

pseudowords and pseudowords faster than nonwords. These two word superiority 

effects, demonstrated for the first time in the English literature with single character 

words in Chinese (Hung & Tzeng, 1981), support the mutual interactions between 

orthographic units and words proposed by interactive models of word recognition (e.g., 

McClelland & Rumelhart, 1981).

2) Semantic and phonological processing of Chinese words

The phonological and semantic processing of Chinese words was investigated in the 

two series of experiments reported in Chapters 5, 6 and 7. The same stimuli in the critical 

conditions were assessed in both the phonological and the semantic comparison tasks, 

and with the same subjects. The analysis of semantic and phonological processing for 

Chinese words focused on the following characteristics:

a) Direct routes from script to sound and from script to meaning

The independence of semantic and phonological transcoding from print in reading 

constrains the basic functional architecture of most word recognition models in English. 

The present study suggests that this functional architecture of word recognition is 

qualitatively similar in Chinese. Accessing the phonological and semantic lexicons are 

independent processes in Chinese, as in English. The independence of phonological 

processing from semantic recoding was supported by the absence of a synonym effect in 

the phonological comparison of paired Chinese words. Paired words that have a
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different pronunciation but similar meanings (synonyms) were not judged 'Different' 

significantly more slowly than the control words, which have different meanings. On the 

other hand, semantic processing is also independent of phonological receding: the 

homophone effect was not significant in semantic comparison task. Here, it is worth 

emphasizing that the absence of homophone and synonym effects in semantic and 

phonological comparisons respectively merely implies that phonological and semantic 

information can be utilized independently without reference to each other. It should not 

confused with the role of phonological receding and semantic recoding in reading. The 

activation and utilisation of different (visual, semantic and phonological) codes in 

reading may be quite different questions. According to current parallel distributed 

models for word recognition, different types of code (e.g., visual, semantic and 

phonological) pertinent to written words are automatically activated in parallel. 

Phonological information, although not necessarily used in the semantic comparisons, 

may nonetheless be activated in parallel to the orthographic and semantic codes in 

Chinese (Tzeng, Hung, & Wang, 1977; Baddeley, 1979; Tzeng & Hung, 1980; Perfetti 

& McCutchen, 1982; Perfetti & Zhang, 1991), as in English. Note that although neither 

the homophone nor the synonym effects were significant on comparison speed, 

synonym and homophone pairs did have somewhat higher error rates (false Same) than 

the controls (Experiments 5 & 8). Some subjects may have used phonological 

information in the semantic comparison task, and vice versa even when this was not 

strictly necessary. Moreover, in lexical decisions of two-character CI, there were 

significant individual differences on the homophone effect (although the effect was not 

significant overall). Some subjects made no errors at all to Cl-homophones (sounds 

meaningful but visually nonsense). Others made as many as 9 errors out of 15, treating 

Cl-homophones (sounds like CI) as real CI in Chinese. Hence, considering phonological 

processing as an optional strategy, 'Phoenician' reading is by no means unique to 

English (Barron, 1978). The role of phonological recoding in reading may be considered 

as an optional strategy (Hung & Tzeng, 1981), influenced by many factors including 

individual differences, for skilled adult reading. This point will be further discussed later 

in this chapter.



212

b) Rule-governed lexical decomposition process

Before investigating the influence of rules in reading Chinese, the thesis clarified 

three types of rule in Chinese: 1) the etymological rules of word-formation, specifying 

semantic and phonetic components, well-known in the English literature; 2) the 

orthographic rules of lexical decomposition into semantic "radical" and phonetic 

"component", emphasising the structure of the two unique orthographic constituents- 

trie lexical radical and the non-radical component; 3) phonological receding rules of 

"derivation" and "analogy" (Chapter 2). The present study investigated the functional 

roles of the two major orthographic constituents, i.e., the lexical radical and the non- 

radical component, in both semantic and phonological processing, by manipulating 

graphic matching either on the radical or on the non-radical component. Paired 

experiments studying phonological and semantic comparisons (Experiments 6 & 9, 7 & 

10) were conducted, using not only the same subjects but also the same stimuli for these 

two critical matching conditions (radical and non-radical matching). Radical and non- 

radical matching showed opposite cross-over effects in the phonological and semantic 

comparisons, even though the stimuli and subjects were identical. For the semantic 

comparisons, radical matching provoked longer reaction times and significantly higher 

error rates than either controls (stimulus-pairs with no matching constituents) or non- 

radical matching (stimulus pairs matching on the non-radical component). For the 

phonological comparisons, exactly the opposite results were found on both reaction 

times and error rates. This result is in accord with the postulated rules of lexical 

decomposition introduced in Chapter 2. According to these orthographic rules, the non- 

radical component is the regular "phonetic" component. This orthographic rule 

supposedly applies to all compound words, regardless of their etymological origin. 

Accordingly some words (ideocompounds) are orthographically irregular, since the 

pronunciation of these words is not congruent with their non-radical component. An 

important question, therefore, was whether a graphic match between the non-radical 

component in these irregular (ideocompound) words and the other member of the 

stimulus pair would have the same distractor effect on phonological comparison as it did 

in regular (ideophonetic) words. It did have this effect. This result indicates that skilled
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readers of Chinese apply the orthographic rule in lexical decomposition of compound 

words regardless of their etymology. The non-radical component is treated initially as 

the phonetic element in all compound words. As already pointed out by Seidenberg 

(1987), it is the orthographic patterns that may be implicitly encoded in the reader's 

mind. Moreover, the lexical decomposition process, inferred from RT and error rates on 

the critical radical and non-radical matching conditions is more evident in the 

phonological processing task (as in English).

Furthermore, the present study has pursued the nature of the rules implemented in 

phonological receding via lexical decomposition. By measuring various type-frequency 

indices of a component over all words containing this component in the lexicon, the 

efficiency of phonological processing was found to be significantly associated with the 

type-frequency of the orthographic-phonological correspondences of that component 

in the lexicon, rather than in specific words. These results favour the connectionist view 

that the rules are themselves embodied in the connections, and the implementation of the 

rules is through statistically modifying the weights of the connections. In the mental 

lexicon, the relative weights of connections may depend on the type-frequency of 

different part-to-whole orthographic-phonological correspondences in the lexicon. 

Pronunciation of a compound Chinese word can be achieved either via derivation, from 

the pronunciation of its own non-radical component from or via analogy from other 

words containing the same component. Both derivation and analogy may play 

significant roles in the phonological processing of Chinese words. However, derivation 

may be the major procedure, using lexical decomposition process, for the phonological 

receding of Chinese words.

3) Word frequency effects in reading Chinese

Word frequency is one of the most ubiquitous factors in word recognition. In the 

present study, word frequency values were obtained from an updated word frequency 

dictionary in Chinese (Beijing University, 1988), and this variable was carefully 

balanced in all the main experiments. The interaction between lexical decomposition and 

the word frequency effect has been shown in Chinese as well as in English (Seidenberg
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1985). This interaction was emphasized in a recent computational model for the 

pronunciation of English words (Seidenberg & McClelland, 1989). In a study on 

Chinese (Seidenberg, 1985a), the naming of Chinese words in Cantonese dialect was 

slower for low frequency words than for high frequency words. Moreover, 'regular' 

Chinese words were named faster than 'irregular' Chinese words, but only for the low 

frequency, not the high frequency words. The results of the present study (with a 

comparison paradigm) are not consistent with that study. The frequencies of the paired 

words used as two co-variates in the analysis of variance and co-variance (ACOVA), on 

by-item data, had no significant influence (individually or together) upon the 

phonological comparisons of the paired words. Moreover, the frequency effect of CI 

(two words together as a meaningful CI in Chinese), also had no significant effect on 

phonological processing, inferred from the homophone condition (Experiment 11). 

However, the Cl-frequency effect was significant in lexical decisions to real CI, which 

are the base-CI of the Cl-homophones. These results favour the recent view that word 

frequency may affect the orthographic processing but not the phonological processing 

of written words (Besner & McCann, 1987; McCann, 1987; McCann & Besner, 1988). 

The phonological lexicon in Chinese, as in English, may be insensitive to word 

frequency.

4) Reading and word recognition in Chinese

As a departure from reading single words (word recognition), the last experiment 

used two-character CI in a lexical decision task. Firstly, this experiment showed that 

lexical decisions to two-character CI in Chinese are significantly affected by CI- 

frequency (visual familiarity) and by concreteness of CI (semantics), but not by CI- 

homophone effects (phonology of CI). Hence the general view that reading Chinese 

words is mainly based on the so-called lexical routine, from orthography to semantics, 

(for silent reading) is supported, although visual, semantic and phonological codes may 

be automatically activated in parallel, in reading Chinese as in reading English. More 

importantly, the different orthographic components of single characters (words) in 

Chinese had significantly different influences upon lexical decisions to two-character CI 

in Experiment 11. This result suggests that lexical decision of two-character CI is based
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on the processing of individual words (single characters), despite the fact that two- 

character CI are used as fixed expressions in the language (not unlike English idioms 

and compounds). This was further confirmed by the finding that the influence of the 

position of the same set of radicals was significant in terms of single characters (words) 

but not in terms of two-character CI. Hence, reading fixed multiple-word expressions 

(CI) in Chinese is based on single word units. These word units in Chinese are single 

characters. Single characters in Chinese should thus be regarded as "words" rather than 

"morphemes" (Hung & Tzeng, 1981). The combination of multiple characters is more 

appropriately equated to a "phrase" rather than a "word" in English, at least from a 

psychological point of view. Moreover, the non-radical-migration (i.e., phonetic- 

component-migration) but not the radical-migration was significant in this experiment. 

Lexical decomposition is more likely to be associated with phonological processing than 

with the semantic processing. This is confirmed by the significant association between 

the non-radical-migration index and the phonological receding index in this experiment, 

as discussed below.

5) Reading strategies and reading efficiency in Chinese

The second aspect of the last experiment examined various reading strategies (or 

skills) and their association with lexical decisions to two-character CI. Visual, semantic, 

phonological and decomposition strategies were indexed respectively by the magnitude 

of CI frequency, concreteness, homophone and component-migrated effects in 

individual subjects. There was an inverse association between the semantic receding 

index and the phonological receding index. The phonological receding index also had a 

significant positive association with the lexical decomposition indices, including indices 

of both radical-migration and non-radical-migration.

Experiment 11 also investigated a number of reading strategies and their association 

with reading efficiency, as inferred from the latency and accuracy of lexical decisions. 

Faster reading of two-character CI was shown to be significantly associated with a 

higher semantic receding index, a lower phonological receding index and a lower index 

of decomposition. Here it is important to emphasize that this relationship between



216

reading strategies and reading efficiency in Chinese pertains to skilled adult reading. It 

would be incautious to generalize any of these results to reading by children. The role of 

phonological receding can change with increasing reading experience ( Barron & 

Baron, 1977; Barron, 1978 ).

Toward a word recognition model for Chinese

In the light of the empirical results summarized above, some very tentative outlines of 

a functional architecture for word recognition in Chinese may be proposed. The author 

fully recognizes the provisional nature of these proposals, which could be only properly 

evaluated through detailed simulations.

First of all, the present study favours the current view that word recognition in 

logographic Chinese is unlikely to involve a radically different cognitive architecture 

from that employed in the recognition of alphabetic words, in English (Hung & Tzeng, 

1981; Flores d'Arcais, 1992). It is therefore unnecessary to postulate an entirely novel 

model for reading Chinese. However, to accommodate orthography-specific features, or 

language-specific or culture-specific features in reading different orthographies, current 

word recognition models established on English must be 'tuneable' to other 

orthographies. The analytic approach developed in this thesis is certainly not yet a 

model, but it may constitute a theoretical basis for the establishment of a Chinese version 

of Parallel Distributed Processing (PDP) models for word recognition (Rumelhart & 

McClelland, 1981; Seidenberg & McClelland, 1989}. Any validation of the proposed 

framework must await the future development of PDP models for Chinese.

To make this functional architecture more easily understood by non-Chinese readers 

as well as Chinese readers, orthographic units and words used in this framework are 

illustrated by geometric figures (as well as by examples in Chinese script). As seen in 

Figure 9, an ellipse represents the orthographic code; a square (as a mnemonic, a square 

is also a word meaning MOUTH in Chinese) and a triangle represent phonological and 

semantic codes, respectively. The framework illustrated in Figure 9.1 has the following 

characteristics:
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1) Interface between the visual pattern and its linguistic domain

Recognition of written Chinese words is based on the recognition of the 

orthographic units, and their mappings to the appropriate linguistic domain. In Chinese, 

orthographic units can be divided into two principal categories: the lexical radical and 

the non-radical component. In many cases, the non-radical component can be further 

sub-divided into two or more constituent orthographic units (the 'smallest stroke- 

patterns'). However, for the purpose of phonetic or semantic receding this further 

subdivision is not important. Each of the two principal categories can be classified as 

either word-components or graphic-components according to their lexical status (i.e., 

whether the component can be used as word in isolation, in modern Chinese). Figure 9.1 

illustrates these four types of orthographic unit (^WOOD/mu-word-radical, 

DEPEND/zhang-word-component, -/ -graphic radical, i. -graphic component), along with 

four words (e.g., & & tt tt CHECK/[jian]3, PLAIN/[jian]3, WAR/[zhang]4, 

STICK/[zhang]4) made up from these four categories. According to this framework, the 

important characteristic of the orthographic lexicon is that words are not considered just 

as graphic patterns, but as graphic patterns with associated linguistic features. As seen in 

Figure 9.1, the embracing figure represents the dominant linguistic pattern, as defined by 

the two rules of lexical decomposition (Chapter 2). The word-radical is the semantic 

component, according to the semantic rule, and it is represented by a square embedded 

in a triangle. The non-radical word-component is phonetic component, according to the 

phonetic rule, and it is represented by a triangle embedded in a square. A square and a 

triangle with no figures embedded represent the graphic component (e.g.,^ ) and the 

graphic radical (e.g., -f ), respectively, implying that these two components have no 

lexical status (i.e., cannot be used as words in isolation in modern Chinese), and hence 

have no independent phonetic or semantic interpretation, respectively. The importance 

of having these two principal orthographic bodies represented specifically in the 

orthographic lexicon of Chinese is that the orthographic processing of Chinese words 

may depend on distinguishing the lexical radicals from the non-radical components. The 

activation of distinct cognitive codes representing the lexical radical and non-radical 

component may be needed to access the semantic and the phonological lexicon,
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respectively, in Chinese. In connectionist terms, larger weights should be given (a) to the 

connections between the codes for the lexical radical and coding unit in the semantic 

lexicon and (b) to those between the codes for the non-radical component and coding 

unit in the phonological lexicon.

2 ) Tree-like structure for the organization of words and orthographic units

The computational model developed by Seidenberg and McClelland (1989} 

dispensed with an explicit word-level but nevertheless maintained the power to simulate 

many experimental results. The necessity of the word unit in theoretical frameworks for 

word recognition is still debatable (McCann & Besner, 1990; Seidenberg & 

McClelland, 1990). This also needs to be examined in future studies of Chinese. The 

present framework preserves both the unit and word levels, as in earlier versions of PDF 

models (e.g., McClelland & Rumelhart, 1981). Given that all Chinese words (with more 

than one unit) have a lexical radical and a non-radical component, it may be reasonable 

to propose that in the mental lexicon of Chinese, the words and components are 

organized in a tree-like structure, with the component as trunk and the individual words 

as branches. Given the characteristics of Chinese orthography, in which the semantic 

and phonological information is encoded in two separate orthographic components, the 

lexical radical and the non-radical component, respectively, the trunk of the trees in the 

semantic and phonological lexicons are the lexical radical and non-radical component 

respectively. The semantic and phonologic lexicons consist of many such trees. A 

semantic tree may represent a semantic field or a category, while a phonetic tree may 

represent a syllable in Chinese. Multiple-word combinations (i.e., the CI in Chinese) may 

be represented by the connections between branches of the same or different trees. 

Figure 9.1 illustrates two such tree-like structures. (The tree in the mental lexicon 

obviously has more than two branches, as illustrated in Figure 9.1.)

In such tree-like structures, information processing in reading (orthographic, semantic 

and phonological) involves the activation of both the component (trunk) and the words 

(branches). There is mutual interaction between the activation of the component (the 

trunk) and its constituent words (the branches).
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Activation of the component (the trunk) may feedforward a positive activation to all 

the words (branches) containing the same component (connected with the same trunk). 

The trunk (i.e., the lexical radical or non-radical component) also receives feedback from 

its branches. This feedback from branches can be positive or negative. The weight of 

connections in a phonetic tree may depend on the phonological congruency between 

the non-radical component and the constituent words. A regular word may have 

positive feedback while an irregular word may have negative feedback. The weight or 

strength of the trunk in particular, for a phonetic tree, is determined by the combined 

weights from all its branches, which will be influenced by the proportionate 

phonological congruency and non-congruency between the non-radical component 

(the trunk) and all of its constituent words in the lexicon (i.e., the branches).(See 

Experiment 6.) If the trunk is a graphic component, the connection strengths may be 

determined by the phonological consistency among its branches (i,e., the constituent 

words). Moreover, the connection weight of the trunk in the phonological lexicon (from 

the non-radical component) is also influenced by its own phonetic values. A 

graphic-component with no phonetic value in isolation should have less weight than a 

word-component with its own phonological value in isolation. Both the frequency 

indices of congruency and consistency individually appeared to play a significant role in 

the phonological processing of Chinese words (Experiment 6). However, the 

congruency index may play the major role in phonological receding.

The activation of individual words depends on the activations from their own 

orthographic component (the trunk) and the activations from other lexicons at the 

word-level. The activation at the word level is one-to-one and therefore is word-specific. 

Word-specific activation may make the code for the target word become the strongest 

candidate for output. If such word-specific activation is disturbed in dyslexic conditions, 

activation of the words would depend mainly on the activation from the trunk (the 

component). In this case, different types of reading errors associated with the different 

components (the trunk) may appear, as discussed later in the implications of this study.
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The tree-like structure proposed here may explain many important experimental 

effects, such as neighbourhood effects (Colthean, Davelaar, Jonasson & Besner, 1977; 

Laxon, Colthean & Keating, 1988; Grainger, 1990; Grainger & Segui, 1990; 

Andrews, 1989, 1992) and phonological congruency and consistency effects in word 

recognition. The orthographic neighbourhood in Chinese can be defined as the set of 

words with either the same lexical radical or the same non-radical components. In the 

present framework, the activation of a word can be influenced by other words 

connected to the same trunk (i.e., the non-radical component or lexical radical). The 

words connected to the same trunk would influence each other by contributing their 

own activation to modify the activation of the trunk. The phonological congruency 

(regularity) effect may be explained by interactions between the activation of the word 

and of its own non-radical component (trunk). Words that are phonologically congruent 

with their non-radical component (the trunk) may receive positive feedback activation 

of the trunk and therefore increase the total activation of the trunk. By contrast, words 

that are phonologically incongruent with their own non-radical component (trunk) 

would have negative weight for the trunk.

The implications of the present study

The present study has some implications for future studies on the following aspects 

of reading research in Chinese.

1) On experimental studies: some methodological concerns 

a) Language statistics on word-stimuli

In order to read, we need to know the language. The present study has shown an 

important role for orthographic knowledge ("rules") of Chinese orthography in reading 

Chinese, demonstrated by the highly selective rule-like effects of the "semantic radical" 

and the "phonetic component". The results suggest that the phonetic rule is a 

generalization of the correspondence between a component and all the words 

containing that component in the lexicon. The implementation of the rule depends on
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the relative frequency of this correspondence in the lexicon. In future studies of reading 

in Chinese, it is important to take account of the language statistics on the core lexicon. 

Some language statistics have been collected in Chinese (e.g., Zhou, 1978; Yin; 1991). 
However, the future language statistics should be based on well-defined orthographic 

constituents in Chinese (in particular the lexical radical and the non-radical component) 

rather than on units defined by their etymological function (the "semantic radical" and 

"phonetic radical"). Apart from such well-known word attributes as word frequency, 

other measures such as the type-frequency of components, phonological regularity, and 

consistency should also be considered in future language-statistical studies. A wider 

range of language statistics, regarding various types of frequency of components in the 
lexicon, is particularly important for research on lexical decomposition (analytic 
processing) in reading Chinese.

b) Orthographic attributes of word-stimuli

Orthographic attributes of Chinese words, such as unit-complexity and the positional 
regularity of the lexical radical, had a significant influence upon the visual analysis of 
Chinese words, in Experiments 1 to 3. Compared to previous studies, the present 
research controlled these orthographic attributes of the words in the selection of 
word-stimuli in all experiments. Moreover, different orthographic patterns (such as left- 

right and top-bottom) have been carefully matched in the present study. Word 

frequency has also been carefully controlled by using by-item co-variance analyses in 
most experiments of this study. The present study emphasizes that the proper selection 

of stimuli in such experiments must be based on the clarification of orthographic 
structure. For instance, measures of the visual complexity of Chinese words should be 

based on counting the number of orthographic units (stroke-patterns) rather than 

individual strokes. Moreover, the distinction between different functional components 

of Chinese words should refer to the distinction between the major orthographic bodies 

(i.e., the lexical radical and the non-radical component) rather than their etymological 

function (i.e., semantic and phonetic).
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c) More stimuli

The last methodological point concerns the sample sizes of the stimuli and subjects 

used in the experiments. The principle of the present study is 'more stimuli but fewer 

subjects'. The number of stimuli used for each experiment in the present study ranged 

from 360 to 720 pairs (double the number in terms of words). The subject numbers in 

these experiments were usually 12 to 16. Such numbers of subjects and particularly their 

cultural homogeneity may have minimized the experimental variance between subjects. 

The large sample of stimuli, covering a wider range of words in the language, provides 

more convincing evidence for the stimulus-condition effects within subjects. Another 

characteristic of the present study is that the same set of word-stimuli, as well as the same 

subjects, were used in the different tasks. This is a good method for the examination of 

condition effects and needs to be further explored in future experimental studies.

2) On future neuropsychological studies of dyslexia in Chinese

According to some reports, the incidence of developmental dyslexia in Chinese is 

about one tenth that in English. This could be attributed to several reasons apart from 

the difference between orthographies (Flores d'Arcais, 1992). However, the possibility 

that some potential reading difficulties may not be well recognized in Chinese cannot be 

excluded. Without stringent epidemiological studies on dyslexia in Chinese, based on 

proper criteria for diagnosis, the claim of a low incidence of dyslexia in Chinese cannot 

be very meaningful. The present study has implications for identifying potential reading 

errors especially component-associated reading errors .

a) Component-associated phonological reading errors-"Half-word" reading and 
reversed reading errors in Chinese

There is an old proverb in Chinese: the low level scholar only reads half of a word. A 

recent neuropsychological study in Chinese (Butterworth & Yin, 1991) has interpreted 

half-word reading as an example of so-called phonological regularization errors. The 

study refers to the error of reading a "phonetic radical" (half-word) of the target word 

when the target word as a whole should be read. These phonological regularization 

errors were used as an important criterion for distinguishing two types of dyslexia, i.e.,
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surface and deep dyslexia in Chinese, analogous to the classification of dyslexia in 

English (Marshall & Newcombe, 1966; 1973; Coltheart, Patter son & Marshall, 1980; 

Patter son, Coltheart & Marshall, 1985). In Butterworth and Yin's study, patients who 

made regularization errors were classified as surface dyslexics. Patients who did not 

make such errors were regarded as deep dyslexics. Both types of dyslexics in Chinese 

can make semantic errors. However, in Butterworth and Yin's classification, the 

orthographic nature of the phonetic radical was seriously underspecified. From the 

limited information about reading errors reported in that study, the so-called "phonetic 

radical" of the target words selected in that study seems to be always on the right side of 

the words (Butterworth &. Yin, 1991). This is not the real situation in Chinese language, 

however. Firstly, a left-right pattern for words is only one of three patterns allowable in 

Chinese. The phonetic component exists in all these three types of words in Chinese 

(e.g., the phonetic component of words @ HARD/[gu]4, # FLOWER/[hua]l and

$p NEIGHBOUR/[lin]2 are ̂ -(centre), ft (bottom) and ^ (left), respectively). Even 

for left-right words to have the phonetic component on the left side is not uncommon 

(e.g.,

In the present study, it has been argued that the position of the phonetic component 

can only be determined relative to the position of the lexical radical, which, for different 

radicals, can be in any position (left, right, top, bottom, inside or outside) of words. For 

any specific radical this position is more or less fixed and is specified in the dictionary 

(see Chapter 2). This is a more appropriate criterion for the selection of compound word 

stimuli in future studies. Moreover, with regard to "half-word reading", the crucial point 

is to distinguish carefully the two types of half-word reading: i.e., non-radical 

component reading and lexical radical reading, as both components may be read aloud 

(i.e., are pronounceable). Neuropsychological data in Chinese collected by the author 

(but not included in this thesis ) suggests that half-word reading in Chinese can be 

associated either with the lexical radical (semantic) or with the non-radical component 

(phonetic). These two types of reading errors are quite distinct. Non-radical component 

(the phonetic component) reading indicates that readers (patients) may have intact 

knowledge of Chinese orthography (orthography-phonology correspondence).



225

Reading aloud the lexical radical suggests, by contrast, the inability to distinguish the 

lexical radical from the non-radical component. The ability to recognize the lexical 

radical has been shown to be associated with semantic and phonological access in 

Chinese and to have direct influence upon reading efficiency in Chinese (Experiment 

11).

Furthermore, reversed half-word reading errors have also been found by the author. 

That is, when a target word (usually a single-unit word) was presented, the patient read 

aloud another word, which is the target word plus another lexical radical: for instance, - 

as § , ]£ as 1$ . This reversed half-word reading was found in a stroke patient with a 

left hemisphere lesion (including basal ganglia). The pattern may perhaps be explained 

by mutual interaction between word and unit, in the tree-like structure in the proposed 

functional architecture for word recognition in Chinese. Given that the single-unit word 

is usually also a component (trunk) in many, more complicated words, the activation of 

the trunk would activate all words in the tree. If the word-specific connection is 

impaired, patients may read the words containing the component instead of the 

component in isolation as a word. In data collected by the author, a type of writing error 

showing selective preservation of orthographic knowledge of components was also 

identified. A patient with a tumour affecting left parietal and occipital region lost his 

ability to write even his own name. However, he constantly constructed pseudowords 

by using real components of Chinese words. For instance, Afc* • More importantly, in 

the pseudowords he constructed the lexical radical was always in its legitimate position. 

Hence, this patient seems to have some intact orthographic knowledge (such as the 

positional regularity of the lexical radical and its structure). The trunk of the lexicon may 

be well preserved while the branches (i.e., individual words) are impaired..

b) Word-associated and Cl-associated semantic errors in Chinese

The proposed tree-like structure suggests that two different types of semantic errors 

may exist in Chinese dyslexia.They are word-associated and Cl-associated errors. Word- 

associated errors refer to the substitution of another word which has a similar meaning 

and/or a semantic association with the target word. Cl-associated errors refer to the
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substitution of a word which may not be semantically similar or even related to the 

target, but can constitute a CI in conjunction with the target word in Chinese. For 

instance, the target word fa PAIN [tong]4 may be read as $ QUICK [qui]4, since PAIN 

QUICK together is a two-character CI, ffifc , meaning PLEASURE. Such Cl-associated 

errors have already been reported in studies on Chinese dyslexia (Lyman, Kwan & 

Chao, 1938 cited in Marshall, 1972). The present framework provides an appropriate 

account for these Cl-associated semantic errors.

c) Reading tests to study dyslexia in Chinese

The present study has demonstrated the important role of lexical radical in 

recognition and reading Chinese. It is therefore important to include a test of the ability 

to recognize the lexical radical in future reading tests on dyslexic patients. Such tests 

may employ the lexical decision task, i.e., whether or not a written symbol can be a 

Chinese word, which you may know or may not know? The nonwords should include a 

lexical radical in an illegitimate position. Skilled Chinese readers (such as the subjects 

used in the present study) described such nonwords (e.g.,i> ) as a different symbol 

system, such as "Japanese Kana". False positive responses on nonwords in the lexical 

decision task would imply that subjects (or patients) are unable or less able to recognize 

the lexical radical in Chinese. Nonwords used for lexical decision can consist of two 

non-radical components with no lexical radical. False positive response to such 

nonwords would also indicate a lack of orthographic knowledge of Chinese, since the 

lexical radical is an essential component of all words with more than one unit.

3) On the acquisition of Chinese words

a) A new analytic method for the acquisition of Chinese: the importance of 
recognition of the lexical radicals

Chinese orthography is acquired traditionally in the wholistic, "look and say" 

fashion. In order to remember Chinese words, it is thought necessary to trace the 

individual strokes of the characters in the air by the fingers. This method is also used 

when learning Chinese characters (Kanji) in Japanese. In the acquisition of Chinese 

words, word constituents (i.e., the spelling units), are not conventionally taught. The
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traditional teaching of Chinese emphasised the need for much practice in the writing of 

the individual strokes. Conventionally, words are not spelled in the acquisition of 

reading or writing in school. Nevertheless, it is not uncommon to spell words in speech. 

For instance, the surname ^ [li]3 is commonly spelled as [shi]2 [ba]l [zi]3 in speech 

when one is asked the surname. This spelling unit refers to the word-components ~h A - 

which individually means TEN/[shi]2; EIGHT/[ba]l; SONS/[zi]3. The apparent 

difficulty in teaching spelling by this method is that the orthographic units of Chinese 

words have not yet been consistently classified with respect to their graphic structures. 

Some of the patterns are no longer even pronounceable and are therefore difficult to 

spell.

The present study has made a first step toward the classification of orthographic 

units in Chinese words in terms of their structure, independent of etymological origin. 

The graphic patterns of the orthographic units, but not the individual strokes, can even 

be identified by non-Chinese readers through practice, independent of lexical 

information (Experiment 3). The acquisition of the graphic patterns of the orthographic 

units by non-Chinese was implicit since no instruction in the language was given. This is 

also the situation for most native adult readers of Chinese. Although the lexical radicals 

are not taught in learning to read in school, the position of the lexical radical may be 

learned implicitly by using the radical index dictionary (the most common dictionary 

used in the mainland). In order to look up an unknown word in a dictionary with a 

radical index, users must determine the lexical radical of the target word. As suggested 

by recent studies, explicit teaching of what was previously implicit knowledge may 

improve learning. In fact, in some experimental schools in mainland China, a new 

teaching method which involves the identification of stroke-patterns (especially the 

radicals of words) is used. Whether this new analytic method improves the efficiency of 

learning awaits evidence from future developmental studies in Chinese.
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Appendix I

Stimulus-pairs in Word-Radical and Word-Component Match
conditions in Experiments 6 & 9



[ Word-radical ] 242

1.

2.

3.

5.

6.

7.

8.

9.

10.

11. *

§ *
*

**
(4

Llj 
*

**r
a *
*
33

M

B

[She] 
[Ci]

[Chi] 
[Ling]

[Qian] 
[Xin]

[Niao] 
[Ming]

[Shan] 
[Yan]

[Shen] 
[She]

[Tian] 
[Nan]

[Shen] 
[Gong]

[Yu] 
[Ling]

[Mu] 
[Shui]

Tongue 
Language

Teeth 
Age

Owe
Happy

Bird 
Bird-singing

Mountain 
Cliff

Body 
Shoot

Field 
Man

Body 
Bow

Rain 
Zero

Eye 
Sleep

16. £ [Ping] 
ft [Wa]

17. m [Mill 
ffl [Tian]

18. ft [Ban] 
$• [Zhou]

19. S [Ye] 
W [Ding]

20. & [Ci] 
fc [Qian]

21. US [Xu] 
M [Yu]

22. ff| [Jie] 
ft [Jiao]

23. K [Zi] 
H [Bei]

24. & [Yi] 
M. [Min]

25. B| [Zheng] 
B [M

Bottle 
Tile

Acre 
Field

Sort 
Boat

Page 
Top

Order 
Owe

Need 
Rain

Divide 
Coin

Money 
Shellfish

Benefit 
Utens ils

Open eyes 
Eye

12. 6

13. H

14. m

15.

[Mi] Rice
[Lei] Type

[Bai] White
[Huang] Royal

[Ri] Sun
[Ming] Bright

[Yu] Feather
[Chi] Wing

[Yin] Sound
[Shao] Splendid

26.

27.

28.

29.

30.

[Zhong] Plant 
[He] Grain

[Hao] 
[Nu]

[Mo] 
[Hei]

[He] 
[Kou]

[Fu] 
[Bei]

Good
Woman

Ink 
Black

Drink 
Mouth

Bear 
Shellfish
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1.

2.

3.

4.

5.

6.

7.

8.

9.

¥ff
*ff
ft
tt
^»n
1&

M
W

ma
^̂

[Jia]
[Ya]

[Fei]
[Pai]

[You]
[Chou]

[Tai]
[Yi]

[Jing]
[Liang]

[Li]
[Mail

[Niu]
[Lao]

First
Mortgage

Wrong
Row

Reason
Take out

Stage
Joyful

Capital
Cold

Ins ide
Bury

Cow
Prison

16.

17.

18.

19.

20.

21.

22.

M [Jing]
$C [Lue]

& [Tiao]
h [Zhao]

ft, [Zhi]
JL [Huan]

J8 [Tou]
^ [Xiou]

g [Gnai]
£ [Sheng]

la [Cuo]
* [Xi]

& [Chu]
& [Yu]

Capital
Plunder

Select
Sign

Hold
Pellet,

Penetrate
Elegant

Strange
Holy

Mistake
Old

Divide
Spare

10. ffl

11.

12.

13.

14.

15.

ft.

[Shen] Life 
[Xing] Nature

23. [Tong] Altogether 
[Chong] Sufficient

[Ping] 
[Cheng]

[Zhou] 
[Diao]

[Can] 
[Jian]

[Wang] 
[Yuan]

[Jiu] 
[Chou]

[Jun] 
[Hui]

[Yan] 
[Yao]

Balance 
Scale

Circuit 
Transfer

Do 
Wicked

Complete 
Yard

Nine 
Hate

Army 
Wave

Flame 
Scoop up

24.

25.

26.

27.

28.

29.

30.

H& [Zhou] 
ft [Qinl

ft [Jian] 
^ [Niu]

ft [Po] 
& [Pi]

£ [Tai] 
J& [Zhi]

iS [Yu] 
5 [Wu]

« [Qie] 
ft] [Che]

Jfi [Tang] 
B. [Dan]

Worry 
Autumn

A matter 
Cow

Torn 
Skin

Stage 
Treatment

Language
I

Cut 
Through

Smooth 
Dawn
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Appendix II
Two-character CI in three categories used in Experiment 11
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[High Frequency CI]

High Concrete CI:

[dui] [wu] Troops 
[bo] [li] Glass 
[huo] [che] Train 
[gang] [tie] Steel

[dian] [hua] Telephone 
[cheng] [shi] City 
[xie] [zhi] Shoe 
[yang] [jing] Eye

%j^ [dian] tying] Movie 
[chu] [qu] Out 
[qian] [wei] Fibre 
[yang] [se] Colour

Low Concrete CI;

[diao] [cha] Investigation
[dong] [de] Understand
[jian] [chi] Insist
[zhen] [li] Truth

[bao] [hu] Protection 
[j iJ [ fl ui] Opportunity 
[xiang] [xin] Believe 
[gao] [xin] Happy

[bo] [que] Exploit 
it»J [ji] [hua] Plan 
^M [xi] [wang] Hope

[fang] [zhen] Principle

Non-specific CI:

[di] [ren] Enemy 
[an] [zhao] According to 
[bao] [kuo] Include 
[bi] [xu] Must 
[bu] [guan] Despite 
[chan] [pin] Product 
[cheng] [gong] Success 
[chuang] [zao] Create 
[cuo] [wu] Mistake 
[dai] [ti] Replace 
[gu] [shi] Story 
[guo] [cheng] Procedure 
[huo] [dong] Activity 
[gong] [tong] Common 
[xing] [shi] Form 
[hui] [yi] Meeting 
[zhen] [zheng] Real 
[sheng] [chan] Manufacture 
[zhi] [hui] Command 
[fang] fxiang] Direction 
[tai] [du] Attitude 
[shi] [dai] EraB-fft

[dou] [zheng] Struggle 
[ban] [fa] Mean 
[ben] [lai] Origin 
[bian] [cheng] Become 
[bu] [fen] Partial 
[chang] [qi] Long-term 
[chong] [xin] Again 
[cong] [lai] Always 
[da] [dao] Reach 
[dang] [yuan] Party member 
[fu] [ze] Responsible 
[guo] [lai] Come 
[ji] [ti] Collective 
[jia] [zhi] Value 
[shi] [bai] Failure 
[quan] [bu] Entire 
[hu] [xiang] Each other 
[jiao] [shi] Teacher 
[zhi] [du] System 
[fang] [fa] Method 
[sheng] [cun] Survive 
[shi] [yong] Use

[duo] [shao] Many 
[bang] [zhu] Help 
[be] [j iao] Compare 
[biao] [xian] Manifest 
[cai] [liao] Material 
[che] [di] Complete 
[chu] [li] Process 
[cun] [zai] Exist 
[da] [jia] Everybody 
[dai] [biao] Delegate 
[gui] [ding] Regulation 
[hou] [mian] Back 
[gai] [bian] Change 

If, [xiao] [xi] News
[huan] [jing] Environment 
[yin] [qi] Cause 
[dong] [xi] Goods 
[shui] [jiao] Sleep 
[zhi] [zao] Make 
[fang] [mian] Aspect 
[shi] [fu] Master 
[shi] [zai] Concrete
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[Low Frequency CI]

High Concrete CI;

}§ii [tong] [dao] Channel 
JfL;JtH [han] [yan] Pipe smoke 

[jiao] fzhi] Toe 
[jiang] [tai] Stage 
[li] [fu] Suit

EK [ting] [yuan] Yard 
$|/JN [ai] [ziao] Short & small 
*Trfi fdeng] fpao] bulb 
g£ [bi] [kong] Blue sky 

[tiao] [wen] Stripe

[tu] [xing] Picture
[an] [niu] Button
[bi] [shou] Knife
[ku] [fang] Warehouse

Low concrete CI;

[dao] [nian] Mourn 
[ao] [hui] Regret 
[quJ [fu] Surrender 
[dao] [yi] Moral 
[ku] [ai] Ardently love

[ai] [dao] Grieve 
[ba] [jie] Flatter 

% [xu] [rong] Vanity 
£E [chang] [kuang] Savage 
£ [li] [hui] Comprehend

[ao] [man] Arrogant 
[xu] [wei] Hypocritical 
[xiu] [li] Beautiful- 
[kuanj [hou] Generous

JOLW,

Non-specific CI;

[tan] [shuai] Frank 
[ting] [jiang] Listen 
[shun] [cong] Obedient 
[ai] [dai] Love £ esteem 
[ang] [guij Expensive 
[baij [fang] Visit 
[shun] [ying] Conform 
[shi] [mian] Insomnia 
[mian] [yan] Continuous 
[hong] [zhaj Bomb 
[tian] [bu] Mend 
[dao] [hang] Navigation 
[ban] [zou] Accompany 
[bei] [zhan] Prepare for war 
[bian] [jiej Debate 
[dai] flu] Show the way 
[sanj [luo] Spread 
[liangj [jiej Forgive 
[pianj [qiaoj Coincidence 
[xiangj [linj Neighbour

[tan] [she] Eject 
[tan] [hu] Shield 
[dao] [yong] Usurp 
[ai] [shi] Hindrance 
[ba] [chu] Remove 
[bai] [huai] Discredit 
[shengj [fu] Win or lose 
[yanj [wu] Delay 
[yan] [shenj Stretch 
[quan] [chengj Whole journey 
[gongj [renj Accepted 
[banj [xiang] Pseudo-face 
[bang] [jiaj Kidnap 
[bengj [kuij Collapse 
[chanj [di] Producing area 
[gu] [yongj Employ 
[kn] [xing] Torture 
[ningj [jingj Quiet 
[pianj [juj Fraud 
[xiao] [shi] Disappear

iHlfn [tiao] [he] Mediate 
'$&$& fwei] fguan] Microsmic 
$JHJ fdao] [bi] Bankruptcy

[han] [xian] Sweat gland 
[baj [she] Trudge 

2^ [shi] [ling] Out of order 
/jEJUl [hou] [qin] Rear service 

[yan] [tu] On the way 
[qing] [suan] Clear 

5c^ [tian] [tang] Paradise 
[ban] [yunj Transport 
[banj [j ing] Radius 
[di] [chui] Hang down 
[bij [zhen] Lifelike 
[chang] [yuan] Long-term 
[kong] [hna] Idle talk 
Hi] [fa] Hair-cut 

TJS [ningj [yuan] Would rather 
4§3? [xiang] [rong] Compatible 
^1I£ [xiao] [huij Destroy




