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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



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) Recoding 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

i



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 recoding 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-dissimilarity' 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

i



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.
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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 'Same’ 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 'same' 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



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 CI-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 CI-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' 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.
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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"#t & [jia]3 [jian]2, or "official language” iF
[guan]1 [hua]4 in ancient times, as the "national language" & it [guo]2 [yu]3 in
Taiwan, as # i& [hua]2 [yu]3 used in overseas Chinese society and in the latest
version (as the) "common language” # i 3% , [pu]3 [tong]1 [hua]4, 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, 3+ FWASH 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, #% F 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 #7 F , 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 word# ¥ , 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., 5+ & RED LIP [dan]1 [shuen]2 and % % SIMPLE [dan]l [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 J# MASTER, in the second [shi]2 can be ® FOOD, in the third
[shi]3 can be ® FAECES, and in the last [shi]4 can be % 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( % 4 ) and [lian]2 [shi]2 (% #& ) will be spoken for
MASTER and FOOD respectively instead of i [shi]l and & [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



different from speech in terms of both vocabulary and grammatical structure. This
literary style of writing was called X # [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 B & 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



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 4, 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, NO'is written as £ in
the KAI version and as £ in the QI version. A simplified format, originally called

#5 & 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 ¥ and #* . 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 # ¥ [pin]l
[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]4d [mu]3 % & = & 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., %% [he chajfor
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) i 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 g [ri]4, oras x @ [tai]4
[yang]2; OBJECT can be expressed as % [wu]d oras % 7 [dong]l [xi]l; RUN
canbe # [pao]3 or g # [pao]3 [bu]4. In CI, the constituent characters are both
spoken and written independently. For instance, CI for COMPUTER in Chinese is

i+ #& #L 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, & @& [dong]1l [xi]1 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.
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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 ¥ %
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

arc rarc.
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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, #& COLD can occurin %y COLD, #

#ZPOOR, # ® FEAR, # . DISAPPOINTED, # & SHIVER, & #
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



14

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 % JOY/[yi]2, its
radical + appears in the three-stroke-radical category, and the non-radical
component & is counted as 5 strokes. Therefore, % 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, Patterson 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., Morton, 1969, Coltheart,
1981, McClelland and Rumelhart, 1981; Henderson, 1982; Besner, Coltheart
and Davelaar, 1984, Humphreys, Evett, 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 (/987), 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—the 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: , 7, -
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., i ST A &
3

x A A K.

Third, from the etymological point of view, in Chinese, single-character words
are called xand ¥ [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 Figue 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., 0

MOUNTAIN/[shan]1,8 SUN/[ri]4, A 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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The formation of Chinese words—-WEN & Z1

WEN 71
N A N Y Strokes
+ p: ;2 7N <A  WEN WEN WEN WEN WEN
GRASS ~ WATER LAND WOOD . (the smallest stroke-pattern: unit)
(-] =] [tian]2 [mul4 (-]
1 2 3 4 5 4 3 2 1
\ / R LR LR LR LR
x Zf (2-unit)
Z1 (3-unit)
% I
NR + R
ONCE
% %I (4-unit)
R + R
SURNAME
% Z1 (5-unit)
FENCE

Note: unit refers to the orthographic unit introduced in this study
LR: Lexical radical, NR: Non-radical Component

[=]: no phonetic value; —: meaningless

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 # X ® F [shuo]l [wen]2 [jian]3 [zi]4 ‘The
description of WEN and analyses of ZI', (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, s
STONE/[shi]2 is already the smallest stroke-pattern despite the fact that it contains
(or appears to contain) the even smaller pattern o MOUTH/[kou]3. However, the
decomposition of # would yield o 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 ( & ),

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 ( g , # ). Similarly, the top or the
bottom units can have left and right components ( ¥ , # ). 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 (1979), 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
f%/[bian]1, 3 /[ban]2, # /[bul4, & /[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 (1979), 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 77 (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 tj when it is used as the index of the
words # PEEL/[pao]l, # CUT/[ke]l, ®1 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., 7’ in
= ol A & )right (e.g., in # 3 % % )top(e.g., ™
in % £ ¥ X )orbottom (e.g.,..nin # , A , &, &) The radical
position can also be found in the dictionary (XIN HUA, 1979). For instance, the
radical position for 3 1is on the left, since under 7 , 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, & is listed as an index in the dictionary. It appears as a radical ing [lu]2

DONKEY, but as a non-radical component in #%'[ma]l MOTHER, since the radical

position of z 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. 1t 1s

important to emphasize that lexical radicals can only be defined in word context,



23

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 (3 ) is placed on the
right side of a word, it yields an illegal word (i.e., a nonword) in Chinese (e.g.,

Xy ).

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., /_},_ , % . 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, % # Imitative [xangl4 (xing]2, % ¥ Indicative, [zhi]3 [shi]4, & X
Ideocompound [huil4 [yi]4, # 7 Ideophonetic [xing]2 [shen]1, & # [jian]3
[jie]4 Loan and # iz [zhuan]3 [zhu]4 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, .8 B B X £
all have the lexical radical OLD/ [lao]£All these words mean OLD PEOPLE. These
words are called # & 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 'picture’ of the real objects. For instance, H SUN, k WATER,

RAIN, i MOUNTAIN. The indicative rule refers to the formation of written
symbols which can abstractly indicate the meaning, such as t (dot up a line) UP
[shang]4, F(dot down a line) DOWN [xia]4. This is perhaps similar to the
construction of (western) traffic signs 4 . 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,

i = 4% + ¥  (GOOD/[hao]3=WOMAN/[nu]3 + CHILD/[zi]3),
R (MAN/[nan]2=LAND/[di]4 + POWER/[li]4),
W =H + A  (BRIGHT/[ming]2= SUN/[ri]4+ MOON/[yuel4),
% =rfr+ % (SETTLED/[an]1=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,

= %k + (VILLAGE/ [cun]= WOOD/[mu] + INCH/[cun])
E = 4+ B (GUEST/[bin]J=ROOM + SOLDIER/[bin]
B=2% + 3 (SHAKE/[dou]= HAND+ STRUGGLE/[dou)),
= A + F (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,4/[tai]

in 45 /[ta1], A4 /[tai], J%' /[tai]). Otherwise the phonetic value of the



27

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 pronunciatic;ns 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]1/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 # [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
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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 rule’ 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; Flores 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 (ii1) 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, ¥4 JOY and % LEAVE BEHIND have a consistent pronunciation
[yi]2, which is incongruent with the common pronunciation of the non-radical
component & 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 # CHECK, ¥ FACE, & WITHDRAW have the
same non-radical component4 , # and # are pronounced [jian]3 butfand &

are pronounced [lian]3. Hence, [lian] & [jian] are two pronunciations for
words with the component /j 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

Pronounceablity

Position of lexical
radical
Pronounceablity of the
non-radical component

Part-to-Whole Correspondence

Phonology
Semantics

Non-radical component
Lexical radicals

Procedures for lexical decomposition

Derivation from one component
Analogy from other words

Single letter

positional frequencies
Bigram and trigram freq.
Boss (7)

Body (7)
Morpheme (7)

Assembly of many components
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.
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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?



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 recoding 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 (/9817), 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 (/988). 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 their 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 paired 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 paired 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 'Same' 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 'Same' 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'-'Different’ (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, €.g., colour, is found, 'Different’
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 'Different' 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 'Same' 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 O ('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 'Different’ .

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 'Same'
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 'Same’
pairs. After removing the U.D of zero ('Same’ 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,9)=3.49, P<0.01; error rates:
t29=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

Unit-dissimilarity+ Correlation analysis
0 173 1/2 2/3 1 Correlation P values
RT (msec.)
Mean 863.4 808.7 762.7 730.5 669.9 -0.22 0.00
(SD) (147.1) (176.3) (163.5) (125.3) (170.6)
Error rate (%)
Mean 37.3 38.6 26.7 18.9 7.7 -0.46 0.00
(SD) (17.0)  (20.0) (13.0) (21.0) (17.0)

t 0=Same, 1=totally different, without any matching orthographic units



Mean RT (msec.)

Mean error rates(%)

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 'Different’ rather than Fast 'Same' 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, 1985a). Thus it seems
necessary to compare the roles of individual strokes and of stroke-patterns, i.c., 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 et 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
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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 *¥ o left-right ;] The two stimuli in a

pair always had the same spatial demgn% or 3]] The number of top-bottom and
+ 9
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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
(‘Same’ 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 'Same’ pairs in each block were further divided for analysis
into two groups, "simple" or "complex”, according to stroke-complexity (Figure

4.2). Each varnable 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 (/988). 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 'Different’ judgments, always

have the same number of constituent units.
Stroke-complexity of ‘Same’ pairs

The number of constituent strokes of each word in the 'Same' 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 ® , "8 the mismatching units and were both
on the lower right position of their constituent words. The orthographic status of
i?; or non-radical component gjl , was

also balanced in different conditions. In the same category of unit-dissimilarity,

mismatching units, lexical radical

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 'Different’ 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 5] SAME and §
DIFFERENT, in Chinese.
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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 'Different’ 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(2,11)=20.99, P<0.001) but no judgment effect
(F(1,11)=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

Same judgment Different judgment

NO. Of  —mmremmmem s e Overall

Word-type stimuli Mean SD Mean SD mean
Word (W) 120 756.8 74.2 778.7 71.4 767.7
Pseudoword(PW) 120 846.2 115.6 836.0 72.6 841.1
Nonword (NW) 120 941.2 147.5 916.5 93.2 928.8
All types 360 848.1 1124 843.7 79.1 845.9
ANOVA (2 x 3) F value P value
Main effects

Judgment (2) 0.06 0.81

Word-type (3) 20.09 <0.001
Interaction

Judgment x Word-type 1.91 0.17
Newman-Keuls (Q value) Same Different

W vs PW 6.1** 34%

W vs NW 7.0%* 10.7%%*

PW vs NW 3.9% 3.7%

Table 4.3b. Mean error rates of 12 subjects by judgments and word-type in Experiment 2,
with statistical analyses

Same judgement  Different judgement

NoO. Of  —-----mmmmmmmmrmcoos e Overall
Word-type stimuli Mean Mean Mean
Word (W) 120 76 938 8.7
Pseudoword(PW) 120 112 14.0 12.6
Nonword (NW) 120 10.4 21.5 15.9
All types 360 9.7 15.1 12.4

Statistical analysis

Newman-Keuls (Q values)

W vs PW 1.82 4.08*
W vs NW 1.70 6.43**
PW vs NW 0.61 3.97*

* %% P<(),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)=1.91, 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 'Same' 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’' judgments by word-type, unit-complexity
and stroke-complexity in Experiment 2, with the results of the statistical analyses

Word Pseudoword Nonword All types
No. of NO. Of o e e
Units Strokes  Mean (SD) Mean  (SD) Mean (SD) Mean (SD)
2-unit 5-7 7117 (66.5)  790.7 (109.0) 9419 (220.6) 8147 (132.0)
8-11 720.7 (76.5) 838.5 (154.8) 939.3 (173.5) 832.8 (131.9)
All 716.2 (71.5) 8146 (131.9) 940.6 (197.0) 823.7 (131.9)
3-unit 8-11 808.2 (85.8) 8834 (113.6) 953.8 (190.5) 881.8 (130.0)
12-22 801.4 (85.8) 865.1 (118.4) 943.3 (171.6) 869.9 (125.3)
All 804.8 (85.8) 874.2 (116.0) 948.5 (181.0) 875.8 (127.6)
ANOVA(3x2x2) F values P values
Main effects
Word-type (W) 16.08 <0.001
Stroke-complexity (S) 0.08 0.78
Unit-complexity (U) 11.99 <0.001
Interactions
WxU 2.18 0.13
SxU 2.09 0.18
WxS 0.50 0.61
WxSxU 0.79 0.46
Newman-keuls (Q values) Word Pseudoword Nonword
Unit-complexity
All stimuli 7.21** 4.95* 0.28
8-11 strokes 3.93* 1.63 0.31
Stroke-complexity
2-unit 0.92 3.37 0.08
3-unit 0.77 1.45 0.63

*, %% P<(,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 No. of Word Pseudoword Nonword  All stmuli
units strokes Mean Mean Mean Mean
2-unit 5-7 6.3 34 7.9 5.9
8-11 6.4 4.5 3.7 49
All 6.3 39 5.8 54
3-unit 8-11 6.7 4.0 4.0 4.9
12-22 7.3 5.0 4.0 54

All 7.0 4.5 4.0 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 (3 x 2 x 2)
was performed on the RTs of the 'Same' pairs to examine the main effects of word-
type, unit-complexity, stroke-complexity and their interactions. Both word-type
(F(2,11)=16.08, P<0.001) and unit-complexity effects were highly significant
(F1.1)=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) Different’ judgments: Unit-dissimilarity effect

The variables examined in the 'Different' 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 Nonwords All types
No. of Degree of  mmmememmmes e e e
Unit Dissimilarity Mean (SD) Mean (SD) Mean (SD) Mean (SD)
2-unit 172 795 (79) 886 (156) 930 (125) 870 (120)
2/2 693 (82) 744  (109) 843 (93) 760 (95)
All 744 (80) 815 (132) 886 (109) 815 (107)
3-unit 173 864 (90) 883 (123) 927 (73) 891 95)
2/3 809 (59) 860 (89) 930 (90) 866 (79)
3/3 765 81 826 (125) 979 (84) 857 97
All 813 (77 856  (112) 945  (81) 871 (90)
ANOVA(3x2x2) F value P value
Main effects
Word-type (W) 11.51 <0.001
Unit-dissimilarity (UD) 39.40 <0.001
Unit-complexity (UC) 11.39 <0.001
Interactions
Wx UD 4.20 <0.001
W xUC 0.26 0.78
UCx UD 4.96 0.05
Wx UDx UC 1.14 0.34
Newman-Keuls (Q value) Words Pseudowords Nonwords
Unit-complexity
2/2 vs 3/3 6.07* 6.26* 422
Unit-dissimilarity
1/2 vs 2/2 11.07** 3.30 2.74
1/3 vs 3/3 4.96* 3.55 1.83
1/3 vs 2/3 343 1.33 1.10
2/3 vs 3/3 3.48 2.44 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.

Word Pseudoword Nonword All types

Unit U.D Mean Mean Mean Mean

2-unit 1/2 4.1 7.6 104 7.4
2/2 4.8 9.7 10.4 8.3
All 4.4 8.6 10.4 7.8

3-unit 1/3 7.6 12.5 8.3 9.5
2/3 9.0 14.6 3.8 9.1
3/3 12.5 11.8 9.0 11.1

All 9.7 13.0 7.0 99
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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(1,11)=39.40, P<0.001, Word-type:
Foein=11.51, P<0.001, Unit-complexity: F(1.1)=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(1,22)=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

Same Different Both Statistical analysis
No.of  —=mmmmmmmoeeee s e t values t
Blocks stimuli  Mean (SD) Mean (SD) Mean (SD) (Same vs Diff.)
First (Word) 120 1295 (220) 1173 (198) 1234 (209) 2.52%
Second (Pseudoword) 120 1320 (249) 1157 (199) 1238 (224) 1.88
Last (Nonword) 120 1317 (248) 1212 (187) 1264 (250) 1.86
All blocks 1311 (239) 1181 (195) 1245 (228)
ANOVA (2 x 3) F value P value
Main effects
Judgment (2) 5.56 0.03
Blocks (3) 0.28 0.76
Interaction
Judgment x Blocks 0.47 0.63

T t 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

Same Different Both Statistical analysis
No.of  -----omoee e z value t
Blocks stimuli Mean Mean Mean (Same vs Diff.)
First 120 8.0 33 5.6 -2.94*
Second 120 7.1 43 5.7 -2.00*
Last 120 8.8 50 6.9 -1.89
All blocks 8.0 4.2 6.1

t z values were estimated from Wilcoxon signed rank test.
* P<0.05
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Figure 4.6 Mean RTs or error rates of both Chinese and non-Chinese subjects
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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 'Different’ 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(1,11)=5.56, P<0.05), but not for block (F(2,11)=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 'Same’ 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 Second Last All blocks
No. of No. of
Unit Strokes Mean (SD) Mean (SD) Mean (SD) Mean (SD)
2-unit 5-7 1251 (258) 1269  (256) 1301  (313) 1273  (275)
8-11 1292  (308) 1300 (240) 1278 (339) 1290 (296)
All 1271 (283) 1284  (248) 1289  (326) 1281  (285)
3-unit 8-11 1326  (256) 1340 (393) 1346  (106) 1337 (252)
12-22 1333 (240) 1343  (331) 1295 97 1324  (193)
All 1329 (248) 1341 (362) 1320 (101) 1330 (222)
ANOVA(3x2x2) F value P value
Main effects
Blocks(B) 0.02 0.97
Stroke-complexity (S) 0.00 0.94
Unit-complexity (U) 0.94 0.35
Interactions
BxU 0.10 0.95
SxU 0.38 0.55
BxS 141 0.27
BxSxU 0.00 0.99

Table 4.7b.Mean error rates (%) on 'Same' judgments of 12 non-Chinese subjects, by
block (word-type), unit-complexity and stroke-complexity in Experiment 3

First Second Last All blocks
No. of No. of = -mmmmmmriem mmeemeees e

unit stroke Mean Mean Mean Mean
2-unit 5-7 1.1 0.7 3.7 5.1
8-11 1.4 3.7 1.9 2.3

All 1.2 2.2 2.8 3.7

3-unit 8-11 2.2 1.3 2.9 2.1
12-22 2.2 3.2 1.3 2.2

All 2.2 2.2 2.1 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) 'Different’ 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(1,22)=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 (t11)=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' judgments of 12 non-Chinese subjects,
by block (word-type), unit-complexity and unit-dissimilarity in Experiment 3, with statistical
analyses

First Second Last All blocks
No.oOf e e et e
Unit U.D. Mean (SD) Mean (SD) Mean (SD) Mean (SD)
2-unit 1/2 1186 (237) 1230 (268) 1223 (224) 1213 (243)
2/2 1209 (234) 1113 (237) 1165 (255) 1162 (242)
All 1197  (239) 1171 (252) 1194 (239) 1212 (242)
3-unit 1/3 1095 (196) 1186 (243) 1330 (280) 1203 (283)
2/3 1203 (243) 1157  (231) 1208 (217) 1189 (230)
3/3 1171 (235) 1096 (185) 1136  (268) 1134 (229)
All 1156 (225) 1146 (219) 1224  (255) 1175 (247)
ANQOVA 2x2 F value P value
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 6.73 0.00
B x UC 1.41 0.26
UCx UD 0.18 0.68
B x UD x UC 1.70 0.20

Table 4.8b. Mean error rates (%) on 'Different' judgments of 12 non-Chinese subjects by
block (word-type), unit-complexity and unit-dissimilarity in Experiment 3

First Second Third All blocks
No. of No. of = s s emeen e

unit stroke Mean Mean Mean Mean
2-unit 172 4.2 4.1 3.4 3.9

2/2 2.7 4.8 6.9 4.8

All 3.4 4.4 5.1 4.3
3-unit 1/3 1.4 4.8 5.5 3.9

2/3 3.5 3.5 5.6 4.2

3/3 4.8 3.4 4.2 4.1

All 3.2 3.9 5.1 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 'Same' 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-'Same' 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-'Same' 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.€., units) such as (in their own words), "B-like pattern”, " g ",
"dots in a horizontal line or a vertical line, "»w' or " }/", "asquare”, "g ", 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 'f'. 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
(Henderson, 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.
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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 recoding 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
paired compound word as the lexical radical , e.g., ;SUN [ri}4 BRIGHT [ming]2 (B
is the lexical radical of # ). 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., 3 -CHILD (zi]3, # GOOD [hao]3 (3 is the non-
radical component of # ). 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









92

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 'Same' 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 recoding task involved, there should
then be no significant difference, either on 'Different’ RTs or on false 'Same’ 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
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Task A: Does the pair of words have 'Same' or Different pronunciation ?

Task B: Does the pair of words have 'Same' or Different meaning ?

4 Phonological comparison Semantic comparison
Word-pairs (120) Word-pairs (120)
I ,
i | |
Same (60) Different (60) Same (60)
(Homophones) (Non-homophone&Non-synonym) (SynonTmS)
Non-matching W match Wr nlmtch W match Wr Latch Gr match

RiNr1 \% Wr W Wr GrNn

R2Nr2 RW WrNr RW WrNr GrNr2

(30) (30) (30) (30) (30) (30)

i i % oA X &

5 ) fm 1 it it
FLUSH ACCOMPLISHED WOMAN ARMY RICE KNEAD
SUFFICIENT ~ HONEST LIKE WAVE GRAIN TWIST

[chong]1 [cheng]2 [nu]3 [jun]1 [mi]3 [niell
[chong]1 [cheng]2 [ru]2 (hui]l (lian]2 ning]

Word-Pseudovlvord pairs (60)

Wr match \"%% malch

Wr W
*Wr+Nr *R+W
(30) (30)
7 R
BA SR
EYE[yie]3 OWE*{[qian]4
%

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-pseudoword 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 5.1a 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, 'Same’ (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(;,14)=22.8 P<0.001) and the
semantic comparisons (F(;,;4=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(; 14)=6.8, P<0.05) and the semantic comparison
(F(1,14) =20.3, P<0.001) tasks. Performance on the 'Same' pairs was more accurate
than that on the 'Different' 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 5.1a).
There was no significant interaction between the two main effects in either the

phonological or semantic comparison tasks (Table 5.1a).

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 5.1a Mean error rates (%) of 15 subjects by judgments and conditions in Experiment 4,
with the statistical analyses.

Pronunciation Meaning
Judgement Condition
(No. of stimuli) Mean (SD) Mean (SD)
Same judgement Phonological comparisons
Non-matching (30) 25 (12) — -
Word-component (30) 22 1 — —
All homophones (60) 23 (12) - -
Semantic comparisons
Word-radical (30) - ~ 47 (12)
Graphic radical (30) - - 24 (15)
All synonyms (60) - - 35 (13)
Different judgment Word-pairs
Word-component (30) 40 (15) 31 (12)
Word-radical (30) 28 8) 45 (14)
All pairs (60) 34 (11) 38 (13)
Word-pseudoword pairs
Word-component(30) 39 (12) 27 (15)
Word-radical (30) 22 8) 45 (11)
All word-pseudo (60) 30 (10) 36 (13)
Statistical analysis
Pronunciation Meaning Pronunciation & meaning
ANOVA Fvalue Pvalue Fvalue P value F value P value
Main effects
Judgments (J) 4.1 0.06 0.00 0.96 - -
Conditions (C) 6.8 0.02 20.30 0.00 - -
Task (T) ~ - — - 1.7 0.22
Word type (W) — - — - 2.8 0.12
Interactions
JxC 3.0 0.11 0.60 0.44 - -
TxW - - - - 0.6 043
TxC - - — - 46.5 0.00
CxW - - — - 0.2 0.63

TxWxC — — - - 34 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.

Pronunciation Meaning

Condition

Judgement
(No. of stimuli) Mean (SD) Mean (SD)

Same judgement Phonological comparisons

Non-matching (30) 672 (107) — _
Word-component (30) 614 (73) - —
All homophones (60) 643 (90) - —

Semantic comparisons

Word-radical (30) — — 632 47
Graphic radical (30) - — 594 (70)
All synonyms (60) — - 613 (58)
Different judgment Word-pairs
Word-component (30) 725 (89) 650 (56)
Word-radical (30) 725 92) 667 (74)
All pairs (60) 725 (90) 658 (65)
Word-pseudoword pairs
Word-component(30) 693 (115) 607 (54)
Word-radical (30) 680 (102) 616 (36)
All word-pseudo (60) 686 (108) 611 45)
Statistical analysis
Pronunciation Meaning Pronunciation & meaning
ANOVA Fvalue Pvalue Fvalue P value F value P value
Main effects
Judgments (J) 0.00 7.9 0.01 — -
Conditions (C) 0.07 2.6 0.13 0.1 0.74
Task (T) — - 10.1 0.00
Word type (W) — —~ 19.7 0.00
Interactions
JxC 0.07 0.6 0.44 — —
TxW - - 0.1 0.73
TxC — - 1.6 0.23
Cxw - — 0.2 0.65
TxWxC - — 0.0 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’ rates
between Word-Component match and Word-Radical match was highly significant
for both phonological (real word: 1(14=3.27, P=0.01; pseudoword: t;;4)=8.40,
P<0.001) and semantic comparisons (Real word: t(14)=7.43, P<0.001;
Pseudoword: t14y=5.25, P<0.001). Figure 5.4 illustrates the cross-over pattern of
false 'Same’ 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;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(;,14=10.1, P<0.001; Word-type: F(; 14)=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 pairs(t;4)=4.53,
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Component-matching effects in semantic and phonological

Mean error rates (%)

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 (¢,;4)=7.05,
P<0.001) and in both real word-pairs (#;4)=2.14, P=0.05) and word-pseudoword
pairs for Word-Component match (t.14)=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 'Same’ 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 19 horizontally by 1.59 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 'Same’ 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 c¢m, 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'/. Z and / were
labelled f5} 'Same' and -ﬁ- '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 recoding 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
recoding 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 m<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>