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ABSTRACT
This research examines the role of phonological information in recognizing
Chinese characters. A converging methods approach was taken, employing diverse
experimental paradigms to address both theoretical and empirical questions.
The experiments provided strong and positive evidence for the role played by
orthographic codes as well as the absence of prelexical phonological effects in reading
Chinese. In two masked priming experiments, orthographic masked priming was
observed consistently across the lexical decision and the naming tasks despite of the fact
the primes were phonologically unrelated to the target characters. In contrast,
phonological priming was found only in a task that explicitly required a vocal response.
No additional priming effects were obtained for masked primes that were simultaneously
visually similar and phonologically identical to the targets.
A clear case was presented in the semantic categorization experiments that it is
the postlexical phonology that was the primary source of the observed homophone
interference effects.

Although rule-based phonological conversion is implausible in

Chinese characters, robust homophone interference was revealed when the subjects tried
to categorize homophone characters and, more importantly, there was virtually no
difference in the pattern of homophone effects between transparent and opaque
characters.
The data also suggest that word phonology is perhaps automatically activated
during visual word recognition, and probably very early in the process. However, the

recovery of lexical information does not depend on the activation of phonological
information. Phonological effects revealed in naming studies were perhaps a
consequence of explicit requirement for articulation, or because transparent characters
were associated with more familiar pronunciations, or because of independent and
automatic activation of phonetic radicals in compound characters. It is concluded that
phonological information does not seem to play an important role in access to word
meaning in reading Chinese.
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Chapter 1
INTRODUCTION
An important issue in the current psycholinguistic study of visual word
recognition concerns the possible role of phonological information in the process of
identifying words. Central to the inquiry is the question of whether and, if yes, how the
phonological information of a word is involved in the process of retrieving its lexical
properties from the mental lexicon. To recognize a visually presented word, its
orthographic features, e.g., spelling patterns in an alphabetic language, or stroke
configurations in a logographic language, must first be transformed into a format that is
compatible with the way lexical information (e.g., its meaning, pronunciation, syntactic
status and so on) is represented in the memory system. Whether this process of
transformation is mediated by phonological codes has been the focus of debate and
empirical investigations ever since the turn of this century. This issue is fundamental for
psychologists interested in modeling reading processes, neuroscientists attempting to
understand acquired reading disorders and their neurological causes, and educators
concerned with the acquisition of reading ability and learning of reading comprehension
skills.
The possibility that the pronunciation of a word influences its identification in
reading has been repeatedly affirmed and denied throughout the history of reading
research (for reviews see Berent & Perfetti, 1995; Carr & Pollatsek, 1985; Humphreys &
Evett, 1985; McCusker, Hillinger & Bias, 1981; Patterson & V. Coltheart, 1987; Van

Orden, Pennington, & Stone, 1990). Despite extensive research on this topic, empirical
studies to date have not come up with, in fact, not even close to, a conclusive resolution.
The status quo in the field is that you can find empirical evidence comporting with either
the phonological mediation hypothesis or the direct visual access position (McCusker et
al., 1981; Seidenberg, 1992). The controversial findings in the literature may partially be
due to the choice of stimulus materials, the types of subjects, the kinds of experimental
paradigms, or a combination of any of these and other possible factors in
experimentation. Another important reason why there has been no straightforward
answer to the question could be related to the fact there is an intrinsic correspondence
between the spelling and the pronunciation of words in alphabetic languages which have
been predominantly the focus of published empirical endeavors. In English for example,
with the exception of very few examples such as ate vs. eight, words which sound
identical (i.e., homophones) or similar typically have substantial spelling overlap and,
consequently, visual and phonological information are confoimded in many studies. It
appears to be extremely hard, if not impossible, to separate unequivocally the effects of
phonology fi'om those of orthography. Meanwhile, with the increasing complexity of
experimental manipulations, results from experiments tend to become more and more
difficult to interpret, thus affording numerous alternative explanations. In fact, it has
proven difficult to empirically discriminate between activation of phonological
information and phonologically mediated access of word meanings.
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Considering the intractable ambiguities in the literature, an alternative could be to
investigate word recognition in languages of nonalphabetic orthographies, where how a
word is pronounced is typically unrelated to how it is written, for example, Chinese or
Japanese Kanji. As a nonalphabetic language, Chinese naturally separates the appearance
of a written character from its phonology. The ideo/logographic characters, featuring
meaning-based graphical representations, represent a unique case for psycholinguistic
study of the role of phonology in visual word recognition. Besides, the Chinese writing
system merits a systematic investigation in its own right. The Chinese script has a history
of more than 5,000 years and Chinese is the mother tongue for over 1.5 billion people all
over the world.
The purpose of this study is to examine the role of phonological information in
the recognition and comprehension of Chinese words or characters. The research will
help isolate the access code, with a view to determining whether future modeling of
lexical access should incorporate word phonology as a primary constraint (variable), or
locate its influence elsewhere. Specifically we will evaluate the hypothesis of whether
word phonology is recovered as a necessary product of word recognition, not
significantly different in terms of lexical access functions from any other types of lexical
properties, or whether word phonology plays a crucial role such that the retrieval of any
other types of lexical properties is contingent on its prior recovery.
The study uses experimental paradigms that have been widely employed to
explore phonological processing in reading alphabetic writing systems. The introduction
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of non-alphabetic words as stimuli provides an independent evaluation of these
paradigms with regard to their internal validity and measurement reliability. The
paradigm of semantic categorization (Van Orden, 1987; Van Orden, Johnson, & Hale,
1988), for example, has often been used to demonstrate phonological interference effects.
Specifically, word or nonword stimuli, homophonic with correct category exemplars
(e.g., rows vs. rose; siite vs. suit), induced higher error rates or delayed rejection times
compared to nonhomophone stimuli. These results were interpreted as strong and
conclusive evidence for phonology based access to word meaning. But the reported
homophone interference could equally well arise from addressed phonology, which is
retrieved as word-specific information from the lexical entry. For example, V. Coltheart,
Laxon, Rickard, and Elton (1988) demonstrated in their sentence acceptability judgment
experiments the homophone interference arises with exception words just as it does with
regular words. The homophonic pronunciation of an exception word in their experiments
could not be generated by rules (e.g., The girl through the ball) and therefore the
homophone interference effect must have arisen at a stage of processing after the
pronunciation of the word has been retrieved from its lexical entry. These two
contrasting hypotheses could be effectively evaluated within the same experimental
paradigms by introducing logographic stimuli whose phonology presumably cannot be
assembled and generated by rules.
The present experimental study consists of three parts. Part 1 serves a preliminary
investigation in reading Chinese characters, exploring potential critical factors such as
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character frequency, character complexity, and, most importantly, phonological
transparency. Results from these experiments will pave the way for designing fiirther
experiments with more refined focuses. Part 2 addresses the question whether
homophone interference effects observed in semantic categorization experiments are due
to prelexical phonology or postlexical phonology. Categorization performance to
homophone characters, transparent and opaque, will be compared to nonhomophones
balanced on character frequency and complexity. Finally, Part 3 attempts to isolate the
lexical access code by using the masked priming paradigm. By manipulating the
relationship between the prime and the target, e.g., orthographic, phonological, or both
(phonologically identical and orthographically similar), we expect to be able to reveal
which type(s) of code of the prime is capable of changing the access status and
consequently facilitating the recognition of the target stimulus.
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Chapter 2
PRELIMINARY CONSIDERATIONS
Orthography and Phonology
Speech and writing are essentially two representations of human languages that
are systems of verbal communication. From a linguistic point of view, writing is a
secondary, graphic representation of language while speech is natural or primary (Lyons,
1968). The argument is based on numbers (relatively few of the world's languages
possess written scripts), on history (writing emerged comparatively later on in the
evolution of languages), and on logic (a spoken language is not affected by the rise, or the
loss of, a written representation for it. Carman, 1990). Functionally, however, writing
exists as a linguistic system in its own right. It is characterized as a communication
system that transcends time and space. Written representations are generally more stable
in form than speech representations. An alphabetic language with a full speech-script
consistency at one time will become less so through time. Generally speaking, writing
systems provide imprecise representation of the actual sounds produced in an utterance
and no writing system represents suprasegmental phonemes at all adequately. In addition,
a single graphic representation of a word may have different pronunciations in different
dialects of a language. Finally from a psycholinguistic point of view, the visual modality
of language processing gives rise to an important question of whether a new means of
perception and expression is developed for one and the same language ability, or a totally
new language ability is developed in relation to the written means of expression and
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perception. The reality is not yet in sight but probably most people's experience lies
somewhere between these two extremes (Garman, 1990). How written representations of
a language are processed is closely related to a number of factors, such as the way the
written system is taught and learned, the age of the reader, the degree of literacy, and the
formal properties of its orthographic system. We are mainly concerned with the latter
here.
Language has two basic aspects: sound and meaning. The written language signal
may be essentially meaning-based or essentially sound-based, or remain free to mix a
range of meaning and sound cues. Different orthographies are writing systems that
represent different solutions to the problem of representing language. Of course, the
choice of orthography is by no means accidental. The type of orthography that is adopted
for a particular language usually reflects that language's characteristic phonology and
morphology (Shen, 1991). DeFrancis (1989) proposed three types of orthography on the
basis of how a set of symbols (i.e. script) correspond to the structure of its speech forms.
Each of the extant writing systems falls into either alphabetic, syllabic, or logographic'
orthographies. Specifically, the symbols in alphabetic orthographies encode phonemes,
the symbols in syllabic orthographies encode syllables, whereas the symbols in
logographic languages typically encode morphemes or aspects of meaning. Such
properties of each orthography delimit the plausible mechanisms for computing
phonology from orthographic representations. In an alphabetic language where there is

' Probably the terms phonemic, syllabic, and morphemic are more appropriate.
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an isomorphic relationship between letters or letter clusters and phonemes, it is possible
to produce an acceptable pronunciation for a novel letter string merely based on its
spelling pattern. The scenario could be similar to a syllabic orthography like Japanese
Kana. However, the chances are extremely sUm to correctly compute the pronunciation
on the basis of stroke configurations in a logographic character.
Given the basic perceptual and cognitive capacities that are shared by human
beings and the commonalities of various writing systems as essentially a graphic system
for verbal communication, the fimdamental mechanisms for word processing should be
more similar than different across writing systems. The various types of orthographic
systems existing in the world strongly indicate that there is nothing inherent in the human
cognitive system that precludes lexical access without phonological mediation
(McCusker et al., 1981). In this regard, empirical data pattems that vary across languages
may be taken as evidence of how that common mechanism could be fine-tuned by the
property of a certain orthography.
The issue of comparability of word recognition processes across different
languages or orthographies rests upon the assumption of how visual words are identified.
If one assumes the position that word recognition can proceed independently of
phonological mediation, such comparisons are practically feasible. Specifically, words
are identified simply as visual pattems regardless of their relation to phonology. On the
odier hand, if one adopts a view that word recognition is necessarily phonologically
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mediated, then at least the preliminary or earlier processes in visual word recognition
have to be flmdamentally different across some orthographies.
Some researchers (e.g., Carello, Lukatela, & Turvey, 1988; Frost, Katz, & Bentin,
1987; Katz & Frost, 1992; Katz & Feldman, 1981) argued that the extent to which
phonological code is used in accessing meaning of words may depend on the relationship
between orthography and phonology of a language. This orthographic depth hypothesis
predicts that orthography influences word recognition and that, consequently, differences
in the orthographic depth of the different languages would lead to differences in the
processing systems. Readers adapt their processing strategies in accordance with the
intrinsic properties of theu" writing systems. The theory is essentially motivated by the
potential cognitive cost and benefit effect of orthography-phonology conversion in visual
word recognition. In a "shallow" orthography like Spanish or Serbo-Croatian, where the
correspondence between spelling and pronunciation is more consistent, the use of a
phonological recoding strategy is encouraged. On the other hand, "deep" orthographies
like English or Hebrew are assumed to discourage the use of phonological recoding
because the correspondences are less consistent. For a logographic orthography like
Chinese writing system which does not have grapheme-phoneme correspondence (GPC)
rules, the orthographic depth hypothesis would predict the least use of phonological
recoding mechanism.
Phonological Mediation Hypothesis
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Lying at the core of the phonological mediation hypothesis is the assumption that
visual word recognition is a process that transforms spelling to sound and then maps
sound to meaning. Specifically, recognition of orthographic features of a word recovers
its corresponding phonological representation which, in turn, is used as the internal code
to access its corresponding meaning in a phonology-based lexicon and there is essentially
no direct link between orthographic representations and other lexical representations.
This hypothesis is initially based on the assumption that speech is primary whereas
writing is secondary (Gough, 1972). Orthographies were created and designed to
represent speech, and have evolved toward more direct representations of phonology
(Hung & Tzeng, 1981). The hypothesis is also motivated by the fact that spoken
language ontogenetically precedes its written form, i.e., children learn to speak much
earlier than they begin to read and write. Spoken language is "naturally" acquired,
without the need of formal training; reading and writing are special skills in which
children are generally given formal instruction based upon their prior knowledge of the
spoken language (Lyons, 1968). By the time they leam to read, they have already
developed a phonologically accessible lexicon. Hypothetically, leaming to read could be
simply a matter of transforming a printed word into its phonological code such that the
already extant lexicon can be accessed. To leam to read in an alphabetic language,
children must become aware of the phonological mles which they have already mastered
for speech (Rozin & Gleitman, 1977). Young children were foimd to be more reliant on
the use of assembled phonology in reading than older children (Doctor & Coltheart,
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1980). The role of phonology in learning to read also seems to apply to language
education in logographic languages like Chinese. The Chinese Phonetic Alphabet
(Pinyin), a phonetically annotated alphabetic system, was introduced in 1958 and has
played an important role in Chinese language instruction and learning. The alphabetic
system Pinyin is assumed to form a link between the children's oral language and the
written language in which the shape of a character does not indicate, or indicates
indirectly what it sounds like in speech (Shen, 1991).
However, the role of phonology is controversial for fluent adult readers, which is
the primary concern of this dissertation. For the phonological representation of a word to
be a legitimate candidate as an internal mode for gaining access to lexical memory, at
least three issues must be addressed. First, the ease of computing or assembling
phonology from orthographic symbols like alphabetic letters or stroke configurations.
The second is the ease with which phonological representation can be used in the lexical
search process. The third question is whether the process of phonological recoding is
mandatory and routine, or simply optional.
To produce the pronunciation of a printed word involves assigning to a sequence
of letters some sort of acoustic or articulatory coding (Forster & Chambers, 1974).
Exactly how the printed form is converted into phonology is still a topic under debate. In
an alphabetic language, phonological coding can be achieved by either of two possible
mechanisms. First, the pronunciation could be computed from print by applying a set of
rules governing correspondences between spelling and pronunciation (or through

weighted connections in a neural network). Readers use knowledge of common spellingto-sound relationships to derive a possible set of sounds that are then assembled into a
complete phonological code, hence the assembly route. Computationally, this assembly
process involves a set of transformations that convert minimal orthographic units to
minimal phonological units. Letters or letter clusters are translated into phonemes in
alphabetic orthographies like English, and Kana letters converted into syllables in
syllabic orthographies like Japanese. Presumably this grapheme-phoneme computation
could proceed independent of any semantic or other lexical information of the printed
word. The second, usually described as the direct or lexical route, is based on the use of
word-specific association mechanisms. Readers identify a word as a visual pattern or a
token of a particular lexical type that allows to access the appropriate representation in
lexical memory and then retrieve as a whole the stored phonological code corresponding
to the word (Coltheart, 1978; Forster & Chambers, 1973). Thus, this addressed
phonology by a visual route is derived from a direct mapping of the visual representation
onto the phonological representation of a word whereas assembled phonology involves
computation at the subword unit level. Obviously, the routine availability of assembled
phonology is the necessary condition for the phonological mediation hypothesis.
The prelexical assembly route would appear to be feasible if the relationship
between orthography and phonology is fully isomorphic, i.e. each graphic symbol
represents only one phoneme and vice versa. However, the rule-based computing
mechanism would fail frequently in an alphabetic writing system like English where

letter-phoneme correspondences are highly variable. English readers can reliably assign
pronunciations to novel stimuli such as FLITCH, RASTON, indicating the graphemephoneme correspondences of English are by no means arbitrary. Notice, however, for
exception words which do not follow common spelling-to-sound rules, the lexical route is
assumed to be required and the pronunciation for such words has to be accessed by a
direct dictionary look-up procedure. Many of these exception words are high frequency
in English and, moreover, these words are not at all more difficult to pronounce as
compared to entirely regular words (Seidenberg, Waters, Barnes, Tanenhaus, 1984;
Waters & Seidenberg, 1985).
The second issue concerns the ease of phonological representation used as a code
to address the lexicon. Since the phonology-based speech lexicon is assumed to be the
primary lexicon, phonological codes, once generated prior to lexical access, may be a
fairly natural means of addressing lexical memory (Katz & Frost, 1992). Children have
taken years to develop their phonological lexicon before they started learning to read and
most beginning readers already know how to access the lexicon on the basis of speech
sounds. Nevertheless, a written language may not observe a nice and regular one-to-one
relationship between orthography and phonology. A fairly large amount of homophonic
words in English (which makes some of our experiments possible), for instance, would
pose a serious problem for a purely phonology-guided lexical search. The problem is
ever more conspicuous in processing characters in Chinese which is noted for its wide
spread homophony. For example, 131 characters are pronounced "yi"! Here we are
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confronted with a situation where one phonological code may be mapped onto multiple
lexical entries. That is certainly a clear violation of the single-valued-relation constraint
as argued to be critical by Van Orden, Pennington and Stone (1990, p.500) for a
phonology-based lexical access. Similar to the problem of homophony, homographic
words (e.g., LEAD, WIND) present another violation in which an orthographic form can
be mapped onto multiple phonological codes. These violations of the single-valuedrelation constraint are clear threats to the efficiency and reliability of phonological coding
for lexical search.
Next, let us consider the question whether phonological recoding is obligatory in
visual word recognition. The two extreme proposals are: 1) phonological recoding is the
one and only route for gaining access to lexical memory (i.e. the strong form of the
hypothesis); and 2) phonological recoding always occurs but it is not necessarily used as
an access code for word meaning (i.e. the weak form). Take an example of the strong
position. Van Orden et al. (1990) proposed that all bottom-up access in word recognition
from orthography to meaning is solely based on phonological coding of the orthographic
string and that there is no procedure enabling direct access from orthography to meaning.
Such a proposal would predict that the phonological information of a visually presented
word or letter string must affect the way it is accessed. That is, factors related to the
phonology of the stimuli will affect performance to words of all types: regular or
irregular, low or high frequency, low or high density, and so on. Similarly, these
phonological effects should be manifest in any kind of experimental conditions or
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paradigms that are assumed to involve lexical access. Moreover, no difference should be
found between readers, old or young, skilled or unskilled, with regard to phonological
influence. In contrast, the weak form is more difficult to verify because the hypothesis
itself offers less precise and explicit predictions (c.f. Ziegler & Jacobs, 1995). Consider
for an example the universal phonological principle proposed by Perfetti and associates
(Perfetti, Zhang & Berent, 1992; Perfetti & Zhang, 1995; Perfetti & Tan, 1997). Their
hypothesis suggests that visual word recognition activates multiple levels of phonology in
all writing systems. Orthographic characteristics of a writing system determine the
details of how various phonological levels are activated. The theory essentially
emphasizes automatic activation of word phonology as an essential constituent of
identification, but is not explicit on the role that phonological information plays in the
process of lexical access.
The mere existence of grapheme-phoneme correspondence in alphabetic
languages, though varying in degrees, makes the phonological mediation mechanism at
least a plausible account for processing printed words. But this model is claimed (e.g..
Van Orden et al., 1990) to represent a universal framework that underlies word
processing in all languages, including logographic languages like Chinese.
Chinese characters and character formation
The Chinese Hanzi {Han being an old name for China, zi meaning character) is
the oldest writing system still in use today in the world. It is known as a logographic
writing system in which the basic meaningful units are characters. With very few

exceptions, each character corresponds to one morpheme and one syllable with a lexical
tone. Chinese characters are formed by various configurations of strokes, the minimal
constituent of a character. A stroke is defined as a trace left on paper by one movement
of the brush or pen between lowering and raising, and there are 11 basic types of strokes.
Characters vary in complexity from only one horizontal stroke to over 36 strokes, all
arranged in a square area of same size. From a higher structural point of view, each
Chinese character consists of one or more components, sometimes described as radicals.
Elementary strokes are like the "atoms" forming a character in that they carmot be
subdivided any further, while radicals may be likened to "molecules" that occur
separately or again to form larger components.
There are approximately 214 semantic radicals and 1522 phonetic radicals in
modem Chinese writing system (Fan, 1986). The overwhehning majority of the radicals
may also appear as (simple) characters in their own right whereas many of the bound
radicals, which do not occur as individual characters, are graphic variations of valid
characters. A simple character has only one component and a compound character
consists of two or more radicals. There are three basic principles for arranging radicals to
form a compound character: left-right (64%), top-bottom (19%) and inside-outside (13%)
(Suchenwirth, Guo, Hartmann, Hincha, Krause, & Zhang, 1989).
According to the structural formation of characters, modem Chinese characters
fall into four principal categories, namely, pictograms, simple ideograms, compound
ideograms, and logographic-phonetic compoimds. Pictograms are characters that roughly
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portrait or imitate concrete objects they represent, e.g., |"j (door),

(tree). Abstract

concepts were expressed by ideograms or "idea signs", e.g., Ji (above), y (below).
Compoimd ideograms are characters that are formed by combining two or more existing
characters (thus becoming semantic radicals) together and their meanings are likewise
derived from a combination of their components' meanings. For instance, the compound
ideogram

(bright) is made up of two characters g (sun) and ^ (moon). The fourth

category is logographic-phonetic compounds (or phonetic compounds), each consisting of
two or more radicals, usually one semantic radical providing some clue to the meaning,
and one phonetic radical providing some clue to the pronunciation of the resultant
character. For example,

(companion) is comprised of a semantic radical a. (human)

and a phonetic radical Jf- (half). This compound character is pronounced /ban/, identical
with its phonetic radical.
Phonology in logographic-phonetic compound characters
Logographic-phonetic compounds constitute nearly 90% of modem Chinese
characters by type, and about 40.87% by token (Zhu, 1988). It is based on this group of
characters that some researchers (e.g. Cheng, 1992; Hung & Tzeng, 1981; Seidenberg,
1985; Tan, Hoosain, & Peng, 1995; Tzeng & Hung, 1988) argued that prelexical or
presemantic phonology may play a crucial role in reading Chinese characters and that the
phonological information represented in phonetic radicals may be utilized in decoding
Chinese characters.

It might be useful to review some of the critical features about logographicphonetic characters before evaluating the plausibility of phonological mediation in
reading this type of characters. First of all, the distinction between a semantic radical and
a phonetic radical is only functional, rather than visual or graphic. A radical that serves
as phonetic radical in one character, e.g.,
another, e.g.,

(bath), could be a semantic radical in

(rest). That is there is nothing in a radical that indicates one radical is

phonetic or semantic. Of course, some of the semantic radicals are not associated with a
pronunciation. But a radical has to be recognized before one could determine its status.
Second, a character may comprise two radicals that are both pronounceable and used as
phonetic radicals in other characters, e.g.,

(jt, % ). But the pronimciation of the

compound could be related to either or neither of the constituent radicals. Third, the
position of a phonetic radical in a character is probabilistic rather than deterministic.
Although a large percentage of phonetic radicals occur to the right of a character, there
are many types of exceptions. Relative to the semantic radical, the phonetic radical could
be in any possible position in a character, e.g., to the left or to the right, up or below,
inside or outside (Sun, 1980). Sometimes a phonetic radical (a semantic radical as well)
can even be separated into two halves with another radical sitting in the middle, e.g., fjf
(argue). Fourth, the phonetic radical in a character, generally speaking, is not a reliable
clue to naming a compoimd character. The majority of logographic-phonetic compounds
differ at varying degrees from constituent phonetic radicals. Of 5,990 logographicphonetic compounds collected in Ni's (1975) Modem Chinese Logographic-phonetic

Compounds, only 26.3% (1,578) characters share identical pronunciation with their
respective phonetic radicals (Fan, Gao, and Ao, 1984). But many of these compound
characters are typically uncommon in use and, therefore, this type of "phonologically
transparent" characters (sometimes also known as phonograms) only accounts for 18.5%
by token (Zhu, 1988). More importantly, there is nothing in the graphic shape of a
compound that tells whether the phonetic radical is valid or not. Finally, compound
characters also contain semantic radicals which serve a cueing function for the meaning
of a compound character. Within the framework of the phonological mediation theory,
the cueing function of semantic radicals would be left totally uncounted for.
In general, a phonetic radical provides but a rough clue to the pronunciation of a
compound character. Six possibilities ranging from complete to partially identical to
completely different pronunciations are: 1) the radical and the compound character may
have identical pronunciation; 2) identical pronunciation but with different tones; 3)
identical initial but different rimes; 4) identical rime but different initials; 5) completely
different; and 6) identical in one but different in other contexts when the compound is a
polyphonic character (e.g.,

lhaol, ^u/, /pu/). More important, nothing in the graphic

form of a character indicates which solution is correct nor which component is the
phonological radical. From a total of 1,522 phonetic radicals in modem Chinese, only
18 provide consistent pronunciations for more than three compound characters, totaling
98 characters (Gao, 1983). Other phonetic radicals either are not productive or provide
inconsistent clues for pronunciation. Such an unreliable and unsystematic
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correspondence between orthography and phonology in the Chinese writing system
would most probably encourage Chinese readers to use the whole character as a basic unit
for lexical search and retrieval, whether it is for character meaning or character
pronunciation.
Prelexical or presemantic phonology
What is prelexical phonology? There appears to be no generally agreed-upon
definition for the concept. But most people would probably agree that a prelexical
phonological representation for a letter sequence, word or nonword, is a pronunciation
compiled on the basis of the letter sequence without knowing any of its lexical properties.
A specific example would be that one attempts to pronounce a word that has never been
seen or heard before. The pronunciation is presumably generated by putting together a
sequence of phonemes each of which corresponds to the individual letters or letter
clusters in a letter sequence. This is typically described as a rule-based assembly process
where the rules are implicit in a native speaker's internalized knowledge about his
language. Obviously, essential to this concept of prelexical phonology is that the
generated pronunciation is decomposable into phonemes which have direct
correspondence to the immediate constituents which make up a lexical unit, a morpheme
or word. Under this definition, prelexical phonology is plausible in an alphabetic
language in which a word could break down into letters or letter clusters that represent
phonemes in the pronunciation of that word.
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In contrast, under the same definition prelexical phonology is irrunediately ruled
out as a plausible mechanism for reading Chinese characters. The graphemic features in
Chinese writing system are not isomorphic to phonemic features. The smallest
orthographic unit in a character is a stroke but the individual strokes do not themselves
represent any aspects of character phonology. In other words, a character cannot be
decomposed phonemically like an alphabetic word. Rehable or systematic relationship
between graphemes and phonemes does not exist in the scripts (otherwise why should an
artificial phonetic system Pinyin be created?). Thus there is no way to assemble the
phonological code for a character before its lexical status is determined (Forster, 1992).
A simple character does not have any component within the character that is
indicative of its proper pronunciation. Hence the relationship between orthography and
phonology is entirely arbitrary or conventional. A compound character contains two or
more identifiable components or radicals one of which may be a phonetic radical (in the
case of a logographic-phonetic compound). Even when a phonetic radical does provide a
reliable cue to phonological information, its phonology cannot be assembled or computed
in a way analogous to an alphabetic word, either. A phonetic radical is also a logographic
symbol which is not decomposable into phonemic constituents that make up the syllable
the radical represents. Thus, the pronunciation of a Chinese character, simple or
compound, caimot be assembled by grapheme-phoneme conversion rules.
But could the phonological information of a Chinese character, retrieved by a
look-up procedure, serve as an access code to the character's semantic representations, a

proposal known as the presemantic phonology hypothesis? Hoosain (1991), Perfetti and
Zhang (1991), Perfetti, Zhang, and Berent (1992), Tan, Hoosain, and Peng (1995), and
Wydell Patterson and Humphreys (1993) proposed that phonological information of
Chinese words or characters is automatically activated, probably prior to the activation of
semantic information, and that the phonological codes could probably be used to access
semantic information from the lexicon.
This proposal of presemantic phonology is in essence a revised version of the
phonological mediation theory for reading Chinese words. Although the phonology of
Chinese characters has to be recovered through lexical look-up, the retrieval of semantic
representations (and presumably other types of lexical information) is still mediated by
phonology (Tan et al., 1995). Clearly this hypothesis has to, first of all, presume the
phonological representation and semantic representation of a lexical item reside in
different locations (e.g., in separate lexicons), and assume much stronger connections of
orthography to phonology than to semantics (or simply no direct connection between
orthography or semantics).
The presemantic phonology hypothesis is primarily based on two types of
observations. First, transparent characters or phonograms (compound characters with a
valid phonetic radical) are named faster than opaque characters or nonphonograms (e.g.,
Seidenberg, 1985). Second, phonological codes are activated earlier than semantic codes
in backward masking experiments (Perfetti and Zhang 1995, Perfetti, Zhang, and Berent
1992, Perfetti and Tan, 1997). The presemantic hypothesis is also motivated by a large
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percentage of logographic-phonetic compounds in Chinese. For this class of compound
characters, it is possible that the phonological code of a phonetic radical could be
somehow activated early in the recognition process, and the code is then used to access
the lexical representations for the compound character.
By assuming a look-up procedure for phonological codes, the presemantic
hypothesis is automatically relieved of the burden to prove the ease of computing
phonology from orthography. But what about the ease of using character phonology as
an access code to address appropriate lexical entries? Suppose phonological information
about a character is activated early and faster than semantic information and the
phonological code is then used to access the lexical entry for the character. An effective
system would require, above all, a unique route or connection between the activated
phonological code and the appropriate entry to be accessed. But the single-valuedrelation constraint (Van Orden et al., 1990) is simply unrealistic in a writing system that
has a massive number of homophones.
Prevalence of homophones is a distinctive feature of modem Chinese. The
phonological form of a character is a syllable, defined as a CVC (consonant-vowelconsonant), CWC or CVW segmental arrangement. One segmental template is attached
by four different lexical tones, resulting in four different syllables. Only 21 initials (first
consonants in a syllable) and 38 rimes are used in Chinese, resulting in a total of 1,300
potential syllables even with the modification of tones (X. Shen, 1985). Take a
contemporary Chinese dictionary (Modem Chinese Dictionary, 1981) for example,
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homophones take up 38.6% of45,200 character entries collected in the dictionary. Some
syllable such as /ji/, /xi/, and /yi/ may each represent more than a hundred homophonic
characters. In short, the phonological form of a character is extremely ambiguous and
does not uniquely specify the corresponding character. Computationally this
characteristic of Chinese language appears to be an insurmountable difficulty for the
presemantic phonology hypothesis.
Certainly one may ask why homophony does not cause the same degree of
difficulty in speech perception where the access code is most likely phonological?
Several possible explanations are in order. First, we have the suprasegmental feature of
tones in speech and tone marking will narrow down the candidate selection considerably.
However, the pronunciation "yi" with a falling tone (or the fourth tone) is still associated
with as many as 69 characters. Next, consider the stylistic differences between speech
and writing. Speech is more redundant, typically requires fewer choices of words, and is
less densely packed with information than written language. In speech two-character
words are often used for instances where single-character words are used in writing.
Two-character words have far fewer homophones than single-character words. Further,
writing has more varieties in style with more choices of words and some characters
typically occur only in written genre. Finally, homophony is more problematic for visual
word than for spoken word perception because the listener has more nonverbal contextual
information available to assist in determining word meanings.

To solve the problem of one-to-many relationship between phonology and
semantics, one may further propose an interactive-activation framework (e.g., Ferrand
and Grainger, 1993,1994). Specifically, contextual information will propagate activation
to word nodes that are semantically appropriate to the context and inhibit those that are
not, resulting in fewer ambiguities or perhaps total elimination of ambiguity. This is a
powerful proposal and is difficult to verify since where context effects actually occur in
word recognition, pre- or postlexical, is still an open question. But there is another
special feature about Chinese language that would be difficult for the activation based
models to accommodate. The orthographic form of a character generally corresponds
unambiguously to its morpheme while its phonological form in speech does not. For
instance, a phonological homophone produced in isolation is ambiguous because one
phonological form corresponds to many morphemic forms. In contrast, the same
character homophone is not ambiguous even if presented out of context. The logographic
character has the function of differentiating homophonic morphemes (Zhou & MarslenWilson, 1994) because of its one-to-one relationship with morphemes.
Given the one-to-many relationship, the mapping from phonology to semantics is
doomed to be inefficient and unreliable. To save the presemantic phonology hypothesis,
one also needs to assiune a mechanism of one-to-one direct mapping from phonology to
semantics. That is, a character activates one and only one phonological code, which in
turn has one and only one direct link to the character semantics. Specifically, the
phonological and semantic representations of a character are stored at different addresses.
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perhaps in two lexicons, but with a unique link between them. The activation of one
address in the phonological lexicon will spread activation, unambiguously, to the
corresponding address in the semantic lexicon. With this radical modification, however,
semantic information is no longer mediated by phonological codes per se, at least not in
the sense proposed by the original phonological mediation hypothesis. In essence, this
proposal would be conceptually indistinguishable from the traditional notion of a lexical
entry which houses all types of lexical properties at the same address. One possible
difference it would make is that phonological information would probably be available
earlier than semantic information. Furthermore, there is no a priori reason nor
independent evidence to suggest character phonology and semantics be stored at separate
locations. Nor would it seem to be efficient for language processing given the primary
purpose of reading is to recover word meaning.
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Chapter 3
STUDffiS ON PHONOLOGICAL PROCESSES IN READING CHINESE
Naming Transparent vs. Opaque Characters
One primary support for the phonologic mediation hypothesis comes from the
regularity effect found in naming words in alphabetic languages. Readers are faster to
read aloud regular words than irregular words (e.g., Baron & Strawson, 1976; Seidenberg
et al., 1984; Seidenberg, 1995a). If phonological information is not involved in lexical
access, then there should be no systematic difference between these two types of words.
But the regularity effect is neatly accommodated in the dual-route model of word naming
(Coltheart, 1978, 1985; Coltheart, Curtis, Atkins & Haller, 1993; Coltheart & Rastle,
1994; Forster, 1976; Forster & Chambers, 1973; Patterson & V. Coltheart, 1987).
Fundamental to this group of models is the assumption that there are both a visual route
to the lexicon and a phonological route mediated by grapheme-phoneme correspondence
(GPC) rules. Both routes are available as a means for accessing lexical entries and both
procedures might proceed automatically in parallel (Patterson & V. Coltheart, 1987). The
visual route is direct, with no recourse for an internal mode other than orthographic
features. The access code is an orthographic array of some sort (Forster, 1992). In
contrast, the phonological route is described as nonlexical because the phonological code
is generated without regard to word frequency and lexical status, and indirect because the
subsequent lexical access mechanism is mediated through this access code. The observed
regularity effect suggests that both routes are engaged simultaneously by each word
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stimulus. For irregular words, the two routes should produce conflicting pronunciations,
resulting in interference and prolonged naming time whereas for a regular word the two
routes generate the same pronunciation. What is more, both Andrews (1982), and
Seidenberg and his colleagues (Seidenberg et al., 1984; Seidenberg, 1985) found that the
regularity effect obtains only with low frequency words, hence the regularity by
frequency interaction effect. According to dual route accoimt, lexical processing of high
frequency words is fast, so fast that the lexical route generates its output before the
nonlexical route. The lexical processing of low frequency words, on the other hand, is
sufficiently slow that at least sometimes it is not completed by the time the nonlexical
route has produced a pronunciation. When the outputs of the two procedures do not
match in the case of an irregular word stimulus, a delay in naming response is expected
(Coltheart & Rastle, 1994).
Given the differences in cueing phonological information between transparent and
opaque characters in Chinese, would a similar regular effect occur in naming logographic
characters? Seidenberg (1985a) compared naming times between transparent characters
(phonograms) and opaque characters (nonphonograms) and found the former were read
more quickly than the latter only when the stimuli were low frequency, a pattern
mirroring frequency-regularity interaction observed in English. These results were
interpreted to provide strong support for Seidenberg's time-course model of reading
aloud in which phonological effects depend on the time course of the activation of
orthographic and phonological information. Familiar words can be recognized prior to
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the access of phonological information; naming is accomplished through the use of
postlexical phonology. Words that are recognized more slowly show regularity effects
because phonological information is activated during the longer recognition interval
(Seidenberg et al., 1984; Seidenberg, 1985a, 1985b).
Zhu (1988) did a similar naming experiment but his stimuli were exclusively
compound characters, transparent or opaque. He divided Chinese characters into five
frequency ranges and selected 16 characters from each range. Transparent characters
were generally named faster than opaque characters but the difference was significant
only at the lowest two ranges.
Hue (1992) further divided opaque characters into two categories: irregular and
unique. An irregular character is a compound but with an invalid phonetic radical.
Unique characters (presumably simple characters) do not contain a phonetic radical and
do not serve as a phonetic radical in other characters. Hue found regular or transparent
characters were named faster than unique ones which were faster than irregular characters
but the effect of character types was significant only for lower frequency characters. Hue
argued that phonological information represented in scripts is used in processing the
scripts no matter whether the scripts are shallow or deep in orthography. Like English,
naming Chinese characters is an activation-synthesis process along the lines suggested by
Glushko (1979). Presentation of a character results in the activation of lexical entries of
visually similar characters, and the pronunciation of the target is synthesized from the
pronunciations associated with the activated entries. High frequency characters are
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rapidly recognized on a visual basis, with little interference from the pronunciations of
their neighbors. For low frequency characters, the pronunciations of the neighbors and/or
the component radicals are more likely to be activated before the target is fully processed.
Naming of a low frequency regular character may therefore benefit from earlier activation
of its phonetic radical and/or neighbors while an irregular character may suffer because of
the competition between its correct pronunciation and its phonetic radical or neighbors.
But how could character phonology be generated directly from stroke
configurations or synthesized from its neighbors? Neither Seidenberg nor Hue attempted
to specify a feasible mechanism for naming Chinese characters prelexically. As we have
seen, a Chinese character is not decomposable into letter-like constituents that are
equivalent to phonemes in the syllable. The pronunciation of a character cannot be
assembled simply because there are no constituent in a character to be assembled. For a
similar reason, a character's syllable cannot be synthesized, including transparent or
regular compound characters. Phonologically, a regular compound is fully identical with
its component phonetic radical, and with other regular compound characters sharing the
same phonetic radical. It is implausible to produce the syllable of a target character by
synthesizing part of one character with that of another by virtue of orthographic
similarity. Particularly in Chinese, orthographic similarity does not entail phonological
identity. Orthographically similar simple characters are almost always phonologically
different whereas orthographically different simple characters may have similar or even
identical pronunciations. It appears that neither prelexical account nor analogy-by-
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synthesis account offers a feasible explanation of the regularity effects observed in
naming Chinese characters.
Semantic Categorization
Semantic categorization experiments have often been used to argue for
phonological processing. Van Orden and colleagues (Van Orden, 1987; Van Orden,
Johnson, & Hale, 1988) conducted a series of experiments using homophones and
pseudohomophones as target stimuh. On a critical trial, a subject is first shown a
category name (e.g., FLOWER), which is followed by a target stimulus, either a
homophone (e.g., row5), or a pseudohomophone (e.g., roiiz) of a correct exemplar {rose).
Spelling controls were also included in their stimuli (e.g., robs for row^) in an attempt to
offset the confound of visual similarity between the homophone stimulus and the
exemplar in earlier studies (e.g., Meyer & Ruddy, 1973; Meyer & Gutschera, 1975). Van
Orden et al. only recorded error data and found homophone and pseudohomophone foils
induced substantially more false positive errors than their respective spelling controls.
The results were interpreted to suggest a common source of miscategorization errors for
both word homophones and pseudohomophones, i.e. phonology mediated access to word
meaning, hi addition, Van Orden (1991) reported similar homophone effects in a
proofreading experiment. It was concluded that all bottom-up access from orthography to
meaning is based on phonological coding of the orthographic representations and that
there is essentially no procedure enabling direct access from orthography to meaning.
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The paradigm was also employed to investigate the role played by phonology in
word recognition of languages other than English. Wydell, Patterson and Humphreys
(1993), for example, conducted three experiments on Japanese Kanji characters and
examined whether homophone effects would occur in Kanji reading. Borrowed from
Chinese, Kanji characters are also phonemically non-compositional. Moreover, most
Kanji characters have at least two pronunciations: one is a Kun-reading which is a
Japanese pronunciation assigned to the character when it was borrowed from Chinese, the
other is an on-reading which is the original Chinese pronunciation. Wydell et al.
compared the subject's categorization responses to homophone words and
nonhomophone control words. Each homophone stimulus was a two-character word,
either visually similar to the correct exemplar (defined as having one character in
common) or visually dissimilar (sharing no character). The homophone foils yielded
significantly longer response times and more errors than control foils. At the same time,
the data also suggested that visual similarity is of considerable importance: the
homophone effect was maximal when the homophone was visually similar to the correct
exemplar. The effect of visual similarity was persistent even under conditions of
backward pattern masking: the homophone effect in error rates was only observed on
visually similar homophone targets. Sharing one character (i.e. 50% in a two-character
homophone) with the correct exemplar was critical for obtaining the homophone
interference effect under backward pattern masking.
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The data, however, failed to reveal any effect of target word frequency on
category judgment decisions. This may probably be due to a difficult postlexical decision
process which might mask or attenuate the frequency sensitivity of the earlier word
identification process (Monsell, Doyle, & Haggard, 1989). Wydell et al. admitted that
two possible factors in their experiments (and also in Van Orden et al's experiments)
might have made postlexical decision process difficult and, consequently, prolonged: (1)
too many category names; and (2) inappropriate category names. Overall, the authors
interpreted the results as strong evidence for a view that "access from orthography to
meaning is at least partly achieved by phonological coding" (p.502). Within the
framework of Seidenberg and McClelland's (1989) PDP model, Wydell et al. proposed
that a printed word makes contact with its semantic information via both orthographic
and phonological representations. In a task of semantic categorization, the phonological
representation of the homophone target coupled with the semantic information from the
preceding category name makes it likely that the meaning of the corresponding real
exemplar will be strongly activated. Then the orthographic representation generated
internally from this semantic code (for the real exemplar) will be checked against the
orthographic representation of the target word presented externally. If the two
orthographic representations are very different, an easy and fast NO decision will be
made; if very similar, the checking process is more difficult and therefore a prolonged
NO response, or a likelihood of false positive errors.
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It appears in this hypothetical processing framework that the direct access to word
meaning by orthographic representation of the target has to be necessarily very slow,
slower than the indirect phonology-mediated process. Rather than directly accessing the
lexical entry, the orthographic representation of the target word has to "sit" there and wait
to be checked against the orthographic representation generated from the semantic code
which is activated by a combination of phonological representation of the target and the
semantic information of the preceding category name. If this were the case, however,
why should not the backward pattern masking produce a higher error rate for the visually
dissimilar homophone foils? Secondly, this hypothesis presumes a strong effect of
semantic priming from the category name. That is the category name must be narrowly
specified to activate a relatively short list of exemplars. Otherwise the phonological code
generated from the target word would not have a good chance to activate the semantic
information corresponding to the correct category exemplar. If so, one would wonder
whether phonological mediation should ever occur in experimental paradigms like LDT
or naming, where there is typically no semantic priming (with lists of unrelated words).
Third, since Kanji characters cannot be decomposed phonemically, this theory appears to
depend on the mechanism of presemantic phonology, i.e. direct mapping from
orthography to phonology. However, a single Kanji character is associated with multiple
pronunciations and the appropriate one is determined by the intraword context. The
authors failed to specify how the appropriate pronunciation could ever be recovered
before the character itself is recognized in their proposed framework.

45

More recently, Wydell, Butterworth and Patterson (1995) conducted a series of
word-naming experiments on two-character Kanji words and found reliable effects of
both word and character frequency on naming times and accuracy, but no evidence at all
for word pronunciation consistency effects. Kanji words consisting of Kanji characters
with multiple pronunciations (the inconsistent condition) were not more difficult to name
than Kanji words consisting of Kanji characters with only a single pronunciation (the
consistent condition). It was thus concluded that the computation of Kanji word
pronunciation has no contribution at the sub-word (or rather sub-character) level. That is,
phonological coding for Kanji words is only accomplished at the lexical level.
Mention should be made that a potential problem in experiments using twocharacter words as stimuli might arise with the accuracy of the frequency counts or
ratings of these multi-character words. Most characters are words themselves and two or
more of them may be combined to form another word to express new or more complex
meanings. A low frequency two-character word could be made up of two high frequency
characters. Take an analogy in English, a relatively low frequency compound word
landmass consists of two high frequency words: land and mass. A mere frequency
count or rating may not reliably reflect the psychological reality of a reader's recognition
of this type of compound words. What constitutes an ideal frequency measure of these
words is an empirical question but a more realistic one should perhaps take both the
frequencies of the constituent characters and that of the compound word into
consideration. In addition, the use of two-character words as homophone stimuli may
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encourage task specific strategies on the part of the participants, a further complication to
the experimental results. Considering the fact that two-character homophones are
comparatively rare, the subjects might be more sensitive to two-character homophones
than single character homophones which are widespread in the language. Presumably a
two-character homophone stimulus might be considered more carefully before making a
categorization decision, thus resulting in a longer RT. Finally, there is evidence fi-om
multiple sources (see Taft, Liu & Zhu, 1997 for a detailed discussion) that multi-character
words are recognized via a processing of their constituent characters. The processing of
these words appear to be sensitive to the contribution that the constituent characters make
to the meaning of the compound word in which they occur.
Leek, Weekes and Chen (1994) made a similar category judgment study using
Chinese characters as stimuli. They tried to assess the independent role of visual and
phonological information in the process of identifying two types of Chinese characters,
simple and compound. For simple character stimuli their data revealed a significant
effect of visual similarity but not phonological similarity. Specifically, the subjects took
longer to correctly classify (with a NO response) simple characters that were visually
similar to but phonological different from the correct category exemplars compared to the
control foils. In contrast, simple characters which were homophonic to but visually
different from the correct category exemplars did not appear to be more difficult to
classify than the baseline condition. The error data showed exactly the same pattern. The
results for compound characters yielded a slightly different picture. Compound
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characters which were phonologically identical and visually similar, and those which
were only visually similar to the correct category exemplars took longer to be correctly
rejected than the controls. But visually different compound homophones did not take
longer to reject. However, a two-way repeated measure ANOVA on the same data set
showed both visual similarity and phonological similarity effects were significant, but
with no interaction between them. More interestingly, the error data analyses for the
compound characters revealed virtually no effects at all.
From these results it appears the role of visual or orthographic information is well
established for identifying both simple and compound characters in Chinese. But
phonological information of a character seems to play a differential role with regard to
character types. Leek et al. proposed that recognition of a simple character depends
primarily on visual information whereas recognition of a compound character relies on
multiple sources of information, visual, phonological and semantic (i.e., semantic
radicals). But the authors did not explain why phonological information affects word
processing for compound characters alone. One legitimate implication from Leek et al.'s
proposal is that different types of characters entail different processing mechanisms.
Recognition of compound characters may give rise to earlier phonological processing
because a majority of these characters contain phonetic radicals. The phonetic radical in
a homophone compound character may somehow activate a phonological code
homophonic to the corresponding category exemplar. The phonological code then

activates the semantic information of the category exemplar coupled with the semantic
priming from the preceding category name.
However, this conjecture does not appear to follow logically from that
experiment. 60% of the homophone compound characters used in their study contain
phonetic radicals that are pronounced differently from their corresponding compound
characters. For this group of opaque or irregular compounds, the phonological codes, if
generated by the phonetic radicals independent of the lexical information of the whole
character, would be very unlikely to access the semantic information for the
corresponding category exemplars. In other words, the source of phonological codes that
supposedly induced the homophonic interference effect should be attributed, at least for
the opaque compounds, to the phonological representations corresponding to the
compound characters, rather than the phonetic radicals. But that would bring up another
question: why did simple homophonic characters fail to yield any homophone effect? Let
us assume that a homophonic interference effect would be more likely to occur only when
the target foil is both visually similar and phonologically identical to the corresponding
exemplar. The simple characters foils in their experiment were of two types with regard
to their corresponding category exemplars: visually different homophones, or visually
similar nonhomophones. Presumably, it is too difficult to select a sizable set of simple
characters that simultaneously meet both constraints (i.e., visually similar and
phonologically identical).
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Finally, it should be stressed that a critical confound was not controlled in this
study, namely, the number of strokes or visual complexity of a character. Several studies
have found that a character with more strokes takes longer to identify in both LDT and
naming experiments with character frequency kept constant (e.g., Cao & Shen, 1963; Yeh
& Liu, 1972; and Yu & Cao, 1992).
Backward Masking
Another line of recent research that has been cited as providing support for the
phonological mediation hypothesis (Lukatela & Turvey, 1993; Peter & Turvey, 1994) is
word identification studies with the backward masking paradigm, which were designed to
reveal early-occurring prelexical phonological processes (Perfetti & Bell, 1991; Perfetti,
Bell, & Delaney, 1988). On a typical experimental trial, a sequence of three stimuli (e.g.,
rate -RALT ~ ####) is presented briefly in a 3-field tachistoscope. The target word is
presented in lower case while the masking pseudoword is presented in upper case,
followed by a sequence of hash marks. The key manipulations of the experiment are (1)
the types of pseudoword masks in relation to the target word, namely, phonemic,
graphemic, and control masks, (2) the target, and (3) mask exposure duration. A
phonemic mask is a letter sequence homophonic to the target, e.g., ra/e~RAIT. As a
spelling control, a graphemic mask shares the same number of letters with target as the
phonemic mask but is not homophonic to it, e.g., ra/e~RALT. A control mask shares no
letters or phonemes with the target, e.g., rare—BUSK. Exposure durations for target
words (35 to 55 msec) and masks (25 to 65 msec) are set to make sure that complete
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identification of the target words is not possible on all trials. It is assumed that the
disruptive effect of backward visual masking on the target would be reduced if the mask
is graphemically or phonoiogically similar to the target. The experiment records the
percentage of target words correctly reported (the subjects write down what they saw) as
a function of mask types. The general findings are graphemic overlap between the target
and the mask reduced the masking effect while phonological overlap reduced the masking
effect even further, and the phonemic priming effects were not affected by either target
word fi-equency or spelling pattem consistency (perfetti & Bell, 1991). These results
were taken to suggest early phonological activation in English, probably earlier than
orthographic activation.
Perfetti and Zhang (1991) reasoned that the observed backward phonemic
masking effects resulted fi'om a boost provided by the phonemic activation of the mask
(homophonic to the target) to the partially activated phonemic content of the target. Put
another way, the partially activated phonological code of the target is picked up by the
phonemic mask which helps to complete the identification process of the target
(presumably the orthographic difference between the target and the mask does not matter
at the stage when they are translated into phonological codes). Such an interpretation is
essentially based on the assumption that the identification process of a briefly presented
target word is interrupted by the ensuing nonword mask and that if the mask is capable of
reinstating some of the properties of the target that are aheady activated - either
graphemes or phonemes (or perhaps both) - then there is a facilitative effect, relative to
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the control condition. But there is no independent evidence to ensure that target
identification is incomplete at an exposure time of, for instance, 40 or 50 msec, before it
is masked. It could be argued that the nonword mask interrupts only the visual
presentation of the target but not the identification process which is already under way.
Rather than stopping the target recognition process completely, the masking may merely
prevent conscious awareness of the target by prohibiting an episodic trace from being
formed (Forster, Booker, Schacter, & Davis, 1990). In fact, results from masked priming
studies (see below for details about the paradigm) suggest that a prime stimulus that is
briefly presented (50 msec) and masked forward and backward might activate lexical
entries during the search process and thus facilitate the recognition of the target word
when is orthographically similar to the prime. In addition, Humphreys, Evett, and Taylor
(1982) designed a backward masked priming procedure that was essentially the reverse of
Perfetti's backward masking paradigm and came to a conclusion favorable to a
postlexical account of the involvement of phonology in word recognition. In their
experiments, the prime word was masked by the target word which was then masked by a
pattern of letter fragments. The results showed that a word was more often correctly
identified when preceded by a homophone compared to a prime word that was only
visually similar. But when the prime was replaced by a pseudohomophone, the
phonological priming effect virtually disappeared. It was therefore concluded that
phonological priming effects were due to postlexical phonology rather than prelexical.
This post-lexical account is consistent with an earlier proposal by Shulman, Homak, and
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Sanders (1978), who argued that words are given a phonological representation, not in
order to mediate the lexical access, but in order to hold the words in working memory
while further processing is undertaken at the post-access decision stage.
More recently, Verstaen, Humphreys, Olson, and d'Ydewalle (1995) provided
evidence suggesting that the phonemic effects yielded in the backward masking paradigm
could be subject to the subject's control strategies in the experiments. Verstaen et al.
found two such strategic factors, the proportion and the presentation order of homophone
targets in the experiment, that could either encourage or discourage subjects' inclination
to use a phonological recoding process. Specifically, the phonemic mask reduction
effect occurred only when some of the targets were homophones and this effect virtually
disappeared when all the targets were homophones. In addition, the phonemic effect
could only be obtained when the targets were initially non-homophones and the
homophone targets represented later in the list. But when the targets were initially all
homophones, only the graphemic mask reduction effect was observed. If prelexical
phonological activation is automatic and highly general across word recognition events,
then phonemic effects should arise independent of any strategic factors.
Modeled on the English experiments, Perfetti and Zhang (1991) conducted
backward masking as well as masked priming experiments with Chinese readers in an
attempt to confirm the involvement of prelexical or presemantic phonology in identifying
Chinese characters. In the backward masking experiment, each target character was
paired with four types of prime characters, namely, homophonic, graphic, semantic

(close synonyms), and control. Only the graphic mask reduction effect was significant:
masks visually similar to the targets produced better target identification than the other
three mask types, which did not differ firom each other. It was thus concluded that there
was no prelexical phonological activation in reading Chinese.
In a follow-up experiment, the same set of stimuli was resubmitted to the masked
priming paradigm introduced by Humphreys et al. (1982). Essentially, the characters that
were masks in the previous experiment became primes simply by reversing the order of
presentation. The prime character was exposed either for 20 or 50 msec, then
immediately followed by the target character which was exposed for 35 msec before
being backward masked. The results revealed no priming effects of any type when the
prime was presented for 20 msec. But as the prime exposure extended to 50 msec the
overall identification rate dropped significantly, which was interpreted by the authors as
"a result of competing identification of the prime character" (p.639). It was at this prime
exposure duration that a significant homophonic priming effect was obtained relative to
the control condition. The graphic primes again yielded the largest priming effect while
the semantic priming effect was virtually not different from that of the homophonic
primes. Perfetti, Zhang, and Berent (1992) concluded that the pattem of these results was
consistent with the view that phonology will accompany lexical access but not precede it
in a logographic language. That is, phonological information is immediately available
lexically as a component of character identification in Chinese and the process of
phonological activation is not assembled but retrieved as character-specific information.
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More recently Tan, Hoosain, and Peng (1995) also used the backward masking
procedure to examine phonological processing in Chinese character recognition. Each
target character was paired with four types of mask characters: graphic, homophonic,
semantic, and control. Half of the targets were characters of high frequency (50 or more
per million) and the other half were low frequency characters (1 or less per million). In
their first experiment, the target character was exposed for 50 msec, which was followed
by a 30 msec exposure of a character mask, which was immediately replaced by a pattern
mask. Apart from a significant character frequency effect, the only masked condition that
turned out to be significant was the graphic mask reduction effect, a finding that
essentially replicates Perfetti and Zhang's (1991) earlier results. Tan et al. attributed the
absence of phonological and semantic mask reduction effects to the inadequate exposure
time of the target and mask.
So in their second experiment, the exposure duration for the target and the mask
was extended to 60 msec and 40 msec, respectively. Both the graphic and homophonic
masks facilitated target identification relative to the control masks while the semantic
mask reduction effect failed to reach significance. The largest facilitation was again
obtained on the graphic mask condition, which differed significantly from the
homophonic mask condition. What appears to be more interesting is the post hoc
analyses on the semantic mask condition in relation to the homophonic mask condition.
For high frequency targets, phonological masks produced a significant facilitatory effect
compared with semantic masks while for low frequency targets the difference was not

significant. Furthermore, the targets were divided into two groups, fiizzy targets
(characters with vague meanings) and exact targets (those with clear dominant meanings).
Data analyses on high firequency targets yielded three results. First, the exact targets were
better identified than the fiizzy targets under the same semantic mask condition. Second,
the exact targets were better identified in the semantic mask condition relative to the
control condition, but not different firom the homophonic mask condition. Third, the
fiizzy targets were better identified in the homophonic mask condition than the semantic
mask condition which was not different from the control condition. Identical analyses
were made on low frequency targets as well but revealed no effects at all. Tan et al.
interpreted these results to suggest that the semantic fiizziness of Chinese characters
affects the time course of activating phonological as well as semantic codes. They
concluded that the phonological code of a Chinese character, though impossible to
generate prelexically, can be activated before access to its semantic information in the
lexicon, hence presemantic phonological code.
It is not difficult to imagine that the retrieval of semantic information may take
longer to complete as compared to a character's pronunciation. A large percentage of
Chinese characters are associated with multiple meanings and they may convey very
different meanings when they are combined to form multi-character words with more
stable and exact meanings. In contrast, each character typically has only one
pronunciation, or occasionally one prominent pronunciation. It could be that both
phonological and semantic codes, along with other types of lexical information, are
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activated simultaneously once the character is identified but the more complex semantic
information may take longer to be available for the working memory. We do not see, in
the context of visual character recognition of which the primary purpose is to recover
word meanings, why phonological codes should be given any priority over semantic
codes when both types of information are assumed to be retrieved from the same lexical
entries. Moreover, there is no obvious reason to hypothesize that the type of semantic
meaning, "exact" or "fuzzy", should interfere the time course of phonological activation,
and this is even more unlikely if phonological activation does precede the activation of
semantic information as proposed by Tan. et al. Finally, the appropriateness of using
semantically related masks as a condition in these experiments is highly questionable. In
an experimental procedure that is designed to tap the early or automatic prelexical
processes in word processing, semantic effects should not be expected unless one
assumes the possibility of prelexical semantic activation. Meanwhile, a semantic mask
and a homophonic mask are perhaps not directly comparable in their relatedness to the
target stimulus. While the homophonic primes were fully identical in pronunciation to
their targets, the semantic masks had only partial overlap in meaning with the target
characters. Full synonyms are rare in any language and most synonyms are semantically
similar rather than semantically equivalent. In fact, quite a few of the synonyms selected
as semantic masks appeared to be merely remotely related to the targets, e.g., sleepltired,
child/tender. In addition, due to the multiple meanings usually associated with one
character, a semantic mask may not be effective unless its most prominent meaning is
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associated with the primary meaning of the target. The situation would be more
complicated when a character has a number of primary meanings. It is not obvious from
their test materials that the authors had taken these important factors into consideration
when the stimuli were selected.
Form Priming and Masked Priming
An earlier study by Meyer, Schvaneveldt, and Ruddy (1974) showed results in
favor of the phonological mediation hypothesis by using a form priming procedure,
where a target word was preceded by another word that shared all letters except the first
and the task was lexical decision. The phonological relation between the two words were
manipulated such that they either did or did not rime, e.g., tribe rimes with bribe while
couch does not rime with touch. The data revealed that lexical decision latencies to the
target words were shorter when preceded by a riming word (e.g., bribe-TRJBE) relative to
an unrelated control word (e.g., moon-TRIBE). What is more, subject's responses were
delayed when the target was preceded by a word with a conflicting pronunciation (e.g.,
couch-TOUCH) compared to a control condition. Meyer et al. interpreted these results to
suggest a phonological encoding bias: subjects encoded the first word phonologically by
applying GPC rules and were biased toward using the same rules to encode the second
word if the pair were visually similar. Recognition would be facilitated if the two words
observed the same encoding rules whereas lexical access would be delayed when the tvvo
looked similar but followed different GPC rules. For example, if the GPC rules used to
generate the phonological code for the first word couch was then applied to the target

touch, that would lead to an inappropriate code and the subject would have to make a
second attempt, resulting in a longer response time.
However, subsequent research has shown that the encoding bias account may be
incorrect. Hillinger (1980) demonstrated the same pattern of facilitative riming effects
was produced both when the first word of the pair was presented auditorily and when
ryming pairs were visually dissimilar (e.g., eight-MKI'E). The encoding bias mechanism
clearly carmot explain these results because an auditory presentation does not involve the
use of GPC rules and visually dissimilar riming words would require different GPC rules.
In addition, Hillinger failed to find any response facilitation when the first item was a
nonword that rimes with the target, e.g.,_/7oo/i-MOON. Hillinger attributed this riming
facilitation to a process analogous to semantic spreading activation (Collins & Loftus,
1975). Words which sound similar or rime were assumed to be closely linked to each
other in the phonological input lexicon. A visually presented word is recoded into its
phonological representation which in tum activates its corresponding entry as well as its
phonological neighboring entries in the phonological input system. A facilitatory effect
would thus be expected in accessing the ahready activated entry if the second word
presented happens to be one of the phonological neighbors of the first word. The
nonword data also appears to support this view since nonwords would not have lexical
entries in the phonological input lexicon. Then what about pseudohomophone primes? If
Hillinger's account of riming facilitation effect is valid, then a pseudohomophone should
access an entry in the phonological input store and result in a facilitation for a riming
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target, e.g.,/^roo/z-MOON. Tafl (1991) tested this prediction and did not observe any
facilitation effect from pseudohomophone primes. It appears then the riming facilitatory
effect should be attributed to a source other than prelexical phonology.
A study carried out by Hsieh (1982) using this type of form priming procedure
with Chinese characters yielded further evidence against Meyer et al.'s encoding bias
hypothesis. The lexical decision responses to the target characters were faster when
preceded by homophonic characters relative to the controls, regardless of their visual
similarity to the targets. The finding is clearly inconsistent with the encoding bias
hypothesis. It is simply impossible to use the same grapheme-phoneme conversion
procedure for two characters which are orthographically entirely different. Moreover,
there are no rules for converting graphic features to phonemic features in Chinese
characters. More recently, Cheng (1992) employed a similar form priming procedure to
assess the phonological processes in reading Chinese. The results from three experiments
showed that the lexical decision to a target character was faster when preceded by a
homophonic character compared to a phonological-dissimilar character. The homophonic
priming effect was found to be independent of the stimulus-onset asynchrony (SOA,
ranging from 50 to 750 msec, and the target was always presented for 1000 msec) and,
more importantly, independent of visual similarity between the prime and the target
characters. The results from these experiments were straightforward but it is not clear,
though, why Cheng (1992) would insist that reading Chinese characters requires
phonological mediation. But Cheng also did not explain how phonological mediation

60

could occur in a writing system without GPC rules nor sublexical units corresponding to
phonemes.
Given the facilitation effects of phonological priming in these studies, a more
relevant question should be whether the observed facilitation in lexical decision has
anything to do with lexical access per se. That is whether the prime word has somehow
increased the accessibility of the lexical entry for the target, or whether the faster
response to the target is due to a conscious, retrospective appreciation of the relationship
between the prime and the target (Forster, 1993). For example, such effects could be
well explained in a postaccess checking account (Forster, 1992), originally proposed to
explain repetition priming and semantic priming effects in word recognition. Upon
lexical access, the retrieved lexical information of the target word is checked to establish
some meaningful relationship between the just-accessed word and the context. If some
kind of congruence is detected, the decision process is facilitated, otherwise it is delayed.
In the case of form priming, if the target word does not sound similar with the prime
word, one is biased towards thinking that the wrong entry has been accessed and a more
careful check of the spelling is required, resulting in a delay in the decision response.
Probably the influence of the episodic memory trace of the prime word gives the subject
some kind of advantage, not in speed of lexical access but in speed of decision making.
In other words, the conscious awareness of the relationship between the prime and the
target may completely change the way in which the subject makes a response to the target
stimulus, rather than the way the target is perceptually processed.
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To avoid any contamination from an episodic memory system, Forster and Davis
(1984) introduced the masked priming paradigm to assess repetition effects in the lexical
system. A typical trial consists of three stimuli presented in quick succession: a forward
pattern mask (500 msec), a priming stimulus in lower-case letters (60 msec), and a target
item in upper-case letters (500 msec). The subject's task is to classify the target as a
word or not as rapidly as possible. Because the prime is exposed briefly, and is masked
both forwards and backwards, the prime is virtually invisible for the majority of the
subjects. If conscious awareness of a stimulus is required for an episodic memory trace
to be formed, then masked presentation of the prime should block this process by
preventing conscious awareness of the prime (Forster, Booker, Schacter & Davis, 1990).
Using this procedure, the strongest priming effects are observed in repetition or identity
priming, i.e., the prime contains exactly the same letter string as the target. Moreover, the
masked priming technique is also sensitive to form-priming, i.e., a masked prime which
has similar but non-identical orthography with the target (e.g. altitude-ATTITUDE)
produces significant facilitation. The strength of the form-priming effect appears to be
independent of the frequency of the target word (Forster & Davis, 1984) and the lexical
status of the prime, i.e., altitude and antitude are equally effective primes for ATTITUDE
(Forster, 1987). More importantly, there are two properties of the form-priming effects
that indicate these effects are lexical in nattu-e, rather than a purely orthographic effect
which merely facilitates the recognition of the individual letters in the target. One is the
neighborhood density constraint on form-priming. Strong priming effects are obtained
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for words with fewer orthographic neighbors while weak or no priming for words with
many neighbors. The other is that form-priming effects do not occur reliably for
nonword targets (e.g. matune-MAZUNE), suggesting that the priming effect depends
crucially on the existence of a lexical representation.
Ferrand and Grainger (1992, 1993, and 1994) used the masked priming paradigm
with the lexical decision task in an attempt to assess the time courses for orthographic and
phonological activation in the process of French word recognition. The target stimuli
they selected were all four-letter French words and for each target, three types of
nonword prime was generated: 1) phonologically identical and orthographically similar
(differing by only one letter) to the target (e.g., mert-MERE)-, 2) phono logically identical
but orthographically unrelated (maximum one letter shared in the correct position) with
the target (e.g., mair-MERE); 3) unrelated to the target (e.g., toul-MERE). By
manipulating the exposure durations of the primes from 14 msec to 64 msec, they
demonstrated that both orthographic and phonological information of the primes
influence the early phases of target word recognition, but with distinct time courses. As
the prime exposure increased from 14 msec to 64 msec there was a relatively steady
increase in the size of phonological priming effects, whereas the effects of orthographic
priming increased from 14 msec to 29 msec and then decreased with longer prime
exposures*. More specifically, only orthographic facilitation (relative to phonological
controls) was observed with 29 and 32 msec prime durations whereas a significant and
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increasing phonological priming was obtained starting from 43 msec up to 64 msec
exposure durations of the primes.
Ferrand and Grainger interpreted these results to support a hypothesis that both
orthographic and phonological information play a fundamental role in the process of
visual word recognition and that lexical representations can be accessed on the basis of
both types of code. They proposed a framework, based on McClelland and Rumelhart's
(1981) interactive activation (lA) model, consisting of a triangle structure of sublexical
orthographic units linked to their corresponding phonological units, both of which are
directly connected to word units that contain them. That proposal is essentially a
reinstated version of Seidenberg's (1985) time course model in localist terms, with an
additional assumption of within-level inhibition. The connections between word units are
uniquely inhibitory while connections between different types of units (orthographic,
phonological, word) are primarily facilitatory. On the presentation of a printed word, the
visual input activates a set of orthographic units (letters or letter clusters), which then
send activation simultaneously to both the word and phonological units. Like the time
course model, what is crucial in this model appears to be the assumed indirectness of the
phonological activation, which determines that the build-up of activation at the
phonological level lags behind the build-up of activation at the orthographic level. In the
case of masked priming, Ferrand and Grainger (1994) specified that, at very short prime
exposure (e.g., 29 to 32 msec), only orthographically similar primes, homophonic or not,
' In fact, the orthographic priming remained constant while phonological effect increased in their
experiments. Given the increase in phonological priming and that the overall effects remained unchanged.
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would facilitate subsequent target recognition whereas, at longer prime exposures (e.g.,
43 to 64 msec), only homophonic primes, orthographically similar or not, would benefit
target recognition, and orthographically similar but nonhomophonic primes would only
inhibit target recognition because of within-level inhibition between activated word
nodes*. This account of masked priming effects obviously runs into contradiction with
other studies using exactly the same experimental procedures but yielding robust masked
form priming effects, at the prime exposure of 60 msec (e.g., Forster & Davis, 1984;
Forster et al., 1987; Sereno, 1991). To account for the discrepancy, Ferrand and Grainger
(1994) offered an explanation in terms of prime-target orthographic overlap. The
facilitatory form priming effects should be a function of this overlap and the masked form
priming effects demonstrated in those studies were due to a greater prime-target overlap
in longer stimuli compared to the four-letter stimuli used in their studies. This primetarget overlap account would actually restrict the explanatory power of Ferrand and
Grainger's time course model, if valid, to the recognition of four-letter words alone.
Another potential problem in this model concerns the phonological priming effects
resulting firom primes homophonic to the target. At prime exposures of about 60 msec,
the target word node would presumably be activated by its homophonic prime and, in
turn, it would inhibit other word nodes via within-level inhibition. On the other hand, the
target word node itself would be, by exactly the same mechanism in the former case,

Ferrand and Grainger reasoned the orthographic component must be decreasing.
' The inhibitory effect was not reflected in the orthographic priming effects which, in fact, remained
constant during 43 to 64 msec exposure duration. The within-level inhibitory effect was merely an
inference made by the authors based on an increase of phonological priming effects.
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inhibited if the prime is not homophonic to it. Nevertheless, in Forster and colleagues'
studies, virtually none of the orthographic form primes were homophonic to their
respective targets and the results still indicated strong and robust priming effects. Of
course, one might propose that word level inhibitory mechanism could distinguish
between orthographic and phonological activation such that within-level inhibition could
only be triggered via the orthographic pathway. Alternatively, one could also propose
two input lexicons, orthographic and phonological, and that within-level inhibition only
occurs in the orthographic input system. But either account would have trouble
accounting for data from auditory word recognition studies, which are uniformly in favor
of an inhibitory neighborhood effects (e.g., Goldinger, Luce, & Pisoni, 1989; Luce,
Pisoni, & Goldinger, 1990).
Recently, Davis (1997) used a similar masked priming procedure but did not find
evidence for phonological priming effects in reading English stimuli. His first
experiment had 30 word targets paired with two types of prime: pseudohomophones and
all-letter-different nonword controls. Analyses of the lexical decision latencies and error
data revealed no statistical difference between the prime types in, a result that replicates
their earlier masked priming experiments (Davis, lakovidis, & Castles, 1996). The null
effect suggests either the primes were not recoded phonologically, or if recoded, the
phonological coding of the prime did not assist in the processing of the subsequent target.
Another possibility has to do with the task factors, i.e., in a lexical decision task the
phonological features of the prime were not perceived by the subjects as being relevant to
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the response task. To evaluate such a possibility, Davis used a phonological lexical
decision task in which the subject is requested to decide whether a letter string sounds
like a word. The purpose of the second experiment was to test if lexical decision
performance of a pseudohomophone target could be facilitated by its identity prime, e.g.,
brane-BRANE. The results revealed a sharp contrast between pseudohomophonic
nonword and word identity priming: the word targets were reliably primed by identity
primes (e.g., country-COUNTRY) whereas the pseudohomophone targets (e.g., masheenMASHEEN) were not in a task that had a strong phonological demands. This contrast
between pseudonhomophone primes and word primes in terms of priming effects clearly
implies that orthographic identity of the prime with the target is not sufficient to produce
an effective priming effect. What appears to be more critical for the identity priming
effects to occur is that the prime stimulus must engage a lexical representation through
both its prime and its target components. A pseudohomophone fails to prime because it
is perhaps incapable of accessing the appropriate lexical entry for the target. If this
assumption is valid, then the recognition of pseudohomophone targets should be
facilitated when their identity primes are replaced by corresponding word equivalents,
e.g., brain-BRANE. That was exactly what was found in the third experiment: a word
could effectively prime its pseudohomophone target in the phonological lexical decision
task. The priming data from these experiments suggest that the process of phonological
recoding of primes briefly presented under the masked condition is either not automatic,
or too slow to effectively change the access status of the target word.
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The masked priming paradigm has also been used to explore phonological
processes in nonalphabetic languages. Forster (1994b) conducted lexical decision
experiments using primes and targets Avritten in either Japanese Kana or Kanji scripts.
No phonological priming was obtained when both the prime and target were Kanji
characters for which prelexical orthography-phonology conversion is least likely. In
contrast, strong priming effects were found when the prime and target were both written
in Kana where orthography and phonology are correlated. In addition, Kana prime and
Kanji target pairs also yielded weak but significant priming effects. These results so far
appear to be consistent with the orthographic depth hypothesis (Frost & Katz, 1992) and
the weak version of the phonological mediation hypothesis, i.e., visual word recognition
is phonologically mediated in orthographies where prelexical phonology is possible, but
probably not in logographic orthographies. Such a hypothesis would then predict that
logographic Kanji primes homophonic to the target should never show phonological
priming effects. But exactly the opposite pattern was foimd in the study; briefly
presented Kanji primes could also prime Kana target words. Since the pronunciation of a
logographic Kanji character could not be derived by rules, the phonological priming
effects from Kanji-Kana pairs suggest that the phonological code of the prime that was
used to facilitate subsequent target recognition had to be recovered postlexically.
However, a postlexical phonology account would automatically bring up another
question why Kanji-Kanji pairs yielded no phonological priming effects at all. If a
homophonic Kanji prime could facilitate recognition of a Kana target by its postlexical
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phonological code, then it should also benefit a Kanji target recognition. Forster
proposed that the phonological priming effects observed in these experiments were
essentially a consequence of the task requirement. This occurs whenever a syllabic
orthography like Kana is involved, or whenever a response task requires some kind of
phonological processing, such as naming, phonological lexical decision, homophone
decision (also see Tail, 1991). Therefore, phonological processes are engaged only
when the task situation triggers a phonological processor, rather than being an obligatory
preliminary component of visual word recognition.
This hypothesis about phonological priming effects is further supported by results
fi-om masked priming experiments on reading Chinese words (Xing & Forster, 1996). In
two experiments using naming and lexical decision tasks, high and low frequency twocharacter target words are paired with identity (repetition) primes, pseudohomophone
primes and unrelated primes. A pseudohomophone prime consists of two characters,
homophonic to the two characters in the target word, but is meaningless when used
together as a word. An unrelated prime was a two-character word neither
orthographically nor phonologically similar to the target, serving as a baseline condition.
Identity primes produced strong masked priming effects (about 50 msec) in both naming
and lexical decision tasks, independent of word frequency, whereas pseudohomophone
primes yielded a significant priming effect only in the naming task. The absence of
homophonic priming effects in lexical decision was interpreted to suggest that the
involvement of articulation in the task is a critical requirement for the occurrence of such
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effects. In the naming task where phonological processing is required in the naming
response, the phonological code of a pseudohomophone prime could be retrieved and
collected by the articulatory production system to prepare a phonetic plan for articulation,
resulting in facilitation in pronouncing a target homophonic to the prime. But in the
lexical decision task where only a motor response (pressing YES or NO buttons) is
requested, the articulation system is less likely to be engaged during the identification
process, consequently no phonological priming effects. In contrast, the identity priming
effects that were consistently found across both tasks must have occurred as a result of a
change in the state of the lexical entry, not as a result of a change in the pathway leading
to the entry (Forster & Davis, 1984).
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Chapter 4
CHARACTER FREQUENCY, CHARACTER COMPLEXITY, AND
PHONOLOGICAL TRANSPARENCY
The two experiments reported in this chapter served as a pilot investigation in
reading Chinese characters, exploring potential critical factors such as character
frequency, character complexity and, particularly, character formation structure with
regard to how phonological information is represented orthographically in a character.
Typically, these three factors are closely interwoven and therefore intrinsically
confounded.
There are generally two types of Chinese characters with regard to their
orthographic structure: simple and compound characters. A simple character is
conventionally defined as consisting of a single inseparable component, while a
compound character is composed of two or more radicals most of which are simple
characters or modified from simple characters. It follows that a simple character tends to
have fewer number of strokes than a compound character. Moreover, character
complexity, operationally defined here as the number of strokes in a character, is not
proportionally distributed across character frequency ranges. The majority of simple
characters are commonly used whereas a predominant proportion of low frequency
characters are compounds. Thus, number of strokes in a character tends to be negatively
correlated with character frequency.
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The third factor, phonological transparency concerns how phonological
information is conveyed in a character, transparent or opaque. On the one hand, a
phonologically transparent character is a compound character that has a phonetic radical
providing a valid cue to the pronunciation of the compoimd, i.e., the phonetic radical is
homophonic to the compound character. A phonologically opaque character, on the other
hand, is either a simple character or a compound character that does not have a valid
phonetic radical. A large percentage of opaque characters, simple or compound, fall
within or close to the high frequency range whereas in the low frequency range the
majority are phonologically transparent characters.
By factorially manipulating these three factors in the same experiment, we would
be in a better position to investigate their independent as well as their conjoined effects in
character recognition. There have been no studies reported integrating the three factors in
a single experiment. Earlier research either focused exclusively on character frequency
(e.g., Guo, Peng, Zhang & He, 1985), or character complexity (e.g., Yeh & Liu, 1972; Yu
& Cao, 1992), or phonological transparency in relation to character frequency (e.g.,
Seidenberg, 1984; Shu, 1986; Zhu, 1988). Moreover, exclusively naming experiments
were reported on the role of phonological information in recognizing Chinese characters.
It is not clear, however, why the lexical decision task was not at all used (or
reported) in any of the previous studies. Given the valid cue to pronunciation provided
by the phonetic radical in a transparent character, it is not particularly surprising low
frequency transparent characters are named faster compared to opaque characters that
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either do not possess a phonetic radical in the case of a simple character or have a
phonetic radical that provides an invalid cue to pronunciation. Conclusions based
exclusively on results from naming experiments should be taken with precaution.
Consider that the naming task specifically requires phonological information and
phonological response, it could produce complex patterns of phonological facilitation or
interference at the output as well as the identification levels (Forster & Davis, 1991). If a
valid phonetic radical in a character does facilitate lexical access per se then it should be
reasonable to expect similar effects of phonological transparency in any tasks that require
lexical access, e.g., the lexical decision task. Otherwise, the facilitatory effects observed
in naming transparent characters could be suspected of task specific effects.
Experiment 1

Method
Participants. 16 native speakers of Mandarin from Mainland China participated in
the experiment and were paid for their participation. Most of them were graduate
students enrolled in various departments at the University of Arizona and the rest were
their spouses, at ages ranging from 21 to 45. They all had normal or corrected-to-normal
vision.
Materials and design. It was a 3x2x2 factorial design embedding three potential
factors in a single experiment: character frequency (high, medium, and low), character
complexity (few vs. many strokes in a character), and phonological transparency
(transparent vs. opaque characters). The purpose was to evaluate the unique contributions
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of each of the main factors as well as their possible interactions and, at the same time, to
replicate earlier naming studies. A total of 120 characters, with 10 items in each of the 12
conditions, were selected to conform to a factorial combination of character frequency,
character complexity, and phonological transparency.
The frequency counts of the stimuli were extracted from a frequency dictionary
(the Institute of Language Teaching and Research, China, 1986), and were based on a
corpus of approximately 1.81 million characters. For this experiment, high frequency
characters had an average frequency count of 1179 per million, medium frequency was
121 per million, and low frequency 18.9 per million. The characters with many strokes
had a mean of 12.5 strokes while the character with few strokes had a mean of 6.6
strokes. The transparent characters had a valid phonetic radical that was homophonic to
the compound character (including the tone) whereas opaque characters were either
simple characters, or compound characters whose phonetic radicals were phonologically
different from the compound characters.
Procedure. The character stimuli were generated by a Chinese word processing
program and stored as individual image files. They were presented on a computercontrolled video display using the DMASTR software developed by K. I. Forster and J.
C. Forster at the University of Arizona. The character stimuli were arranged and
presented in a different pseudorandom order for each participant. Each stimulus was
about 12x12 mm in size and presented in the center of the video screen when the foot
pedal was depressed and remained on the screen for 500 ms. The instructions specified
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that the task was to pronounce the stimulus character loudly into a microphone. The
participants were encouraged to do so as quickly and as accurately as possible. The
computer recorded the naming times, measured from the target onset to the triggering of
the voice key by the participant's response. The sessions were controlled on-line by an
assistant sitting in the control room in order to check the participant's responses through a
set of headphones, and a feedback message appeared on the screen informing the
participants of the accuracy of the response as well as the reaction time (RT). Brief
instructions including 20 practice items were presented before the test stimuli.

Results and discussion
The mean RTs for correct responses and the average error rates were calculated
separately across both participants and items, and each data set was subjected to a
separate analysis of variance (ANOVA; F, referring to the subject-based analysis, and F,
referring to the item-based analysis). Before each analysis, the RTs for each individual
were trimmed by establishing cutoff points two standard deviation units above and below
the mean, with outliers being set equal to the appropriate cutoff value. Data from trials
on which errors occurred was discarded. The mean naming latencies and error rates
averaged over individuals are shown in Table 1.
The 3x2x2 ANOVA revealed that the three main effects were all significant.
Specifically, higher frequency characters were named significantly faster than lower
frequency characters for both subjects (F, (2, 30) = 56.84, p<.001), and for items (F2 (2,
108) = 45.10,/7<.001), and more accurate (F, (2, 30) = 11.36,p<.001, F2(2, 108) = 6.54,
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p<.005. Second, characters with few strokes were responded to faster than those with
many strokes (F, (1,15) = 24.30,/K.OOl, F^Cl, 108) = 10.29,/?<.005), and with a lower
error rate F, (1,15) = 27.45, p<.001,^,(1, 108) = 6.55, p<.05). Third, transparent
characters were pronounced faster than opaque character by subjects (F, (1, 15) = 31.37,
p<.001), and by items (F^Cl, 108) = 7.74,p<.0l), but the difference in error rates was
marginally significant by subjects only (F, (1, 15) = 4.16,;?= 06).

Table 1
Mean Naming Times (in Milliseconds) and Error Rates (in Percentages) to Characters in
Experiment I

Frequency

Few Strokes
Transparent Opaque

Manv Strokes
Transparent Opaque

High

594 (2.5)

681 (5.6)

657(1.3)

657 (6.3)

Mediium

651 (4.4)

666(1.9)

717(6.9)

754 (3.8)

Low

747 (14.4)

829 (20.0)

821 (.6)

867 (5.6)

Meanwhile, character fi-equency appeared to interact with phonological
transparency, suggesting a tendency for naming responses to transparent characters to be
faster (F, (2, 30) =2.73, p= 081, F2<1) and more accurate (F, (2, 30) = 5.73, P<.01, F, (1,
108) = 2.51,p=.086) than opaque characters at the lower frequency range. A very
interesting interaction was found between character frequency and character complexity.
Characters with few strokes were generally named faster than those with many strokes
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but the facilitation was larger at the lower frequency range (F, (2, 30) = 5.45, P<.01, F, (1,
108) = 1.24, p=.29). On the other hand, as character frequency became higher,
participants tended to mispronounce characters with few strokes at a greater extent ±an
those with many strokes (a trade-off between speed and accuracy?). Finally, none of the
interaction between phonological transparency and character complexity, nor any 3-way
interactions were significant by any account.
Generally speaking, these results replicated most of the earlier naming studies on
Chinese characters, namely, characters with a valid phonetic radicals were named faster
than simple characters which did not possess a phonetic radical, or compound characters
with an invalid phonetic radical, especially at a lower frequency range. The data were
also consistent with the pattern in alphabetic languages that phonologically regular words
are named faster than irregular ones. Nevertheless, the explanations offered for
alphabetic languages do not appear to be directly applicable to reading Chinese
characters. The faster naming performance on transparent characters is undoubtedly not
due to the rule based assembling procedures, proposed for word recognition in alphabetic
languages. Chinese characters cannot be named by grapheme-phoneme conversion rules
simply because the graphemic featiures in Chinese characters are not translatable to
phonemic features. Similarly, a phonetic radical in a compound character is also a
logographic symbol which is not decomposable into phonemic constituents that make up
the syllable the radical represent. Moreover, this class of radicals provide clues to the
pronunciation of the whole compound character, rather than to a part of it.
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Therefore, most researchers on Chinese character recognition agree that the
phonological code of a Chinese character or a phonetic radical carmot be assembled by
rule or computed on the fly. Clearly a one-to-one mapping or look-up mechanism is the
only viable explanation for recovering phonological information of a Chinese character or
phonetic radical. What is less clear is the question whether phonological information
thus retrieved is subsequently used as the primary access code to recover other lexical
properties. That is exactly the essential claim made by the presemantic phonology
hypothesis (Tan et al., 1995), a revised version of the phonological mediation theory for
reading Chinese characters. The hypothesis could easily explain the phonological
transparency factor found in the naming experiments. The phonological code for
transparent characters is more readily available than opaque characters because it is
identical with the access code for the former but not for the latter. As a matter of fact, the
faster naming performance on transparent characters has been taken as an important
evidence to suggest phonology based access to word meaning in reading Chinese. But
this hypothesis would have to predict this phonological transparency effect should occur
in any other psycholinguistic tasks that require lexical access, for example, the lexical
decision task. That is the primary objective of the following experiment.
Experiment 2

Experiment 2, using the lexical decision task, had the same design and character
stimuli as Experiment 1. The focus of this experiment was to examine the two alternative
hypotheses of whether transparent characters were faster to name than opaque characters
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because the access code was phonological in native, or the observed advantage could
have to do with the explicit phonological nature of the naming task. Should
phonological transparency be a lexical effect, transparent characters would also be easier
to recognize than opaque characters in a task that requires lexical access but does not
explicitly involve phonological processing.
Method
Participants. 14 native speakers of Chinese from the same pool as Experiment 1
participated in the experiment.
Materials and design. In addition to the character stimuli used in Experiment 1,
120 noncharacters (i.e., pseudocharacters) were created on the basis of existing Chinese
characters, none of which was used in the experiment. A simple noncharacter was
created by modifying no more than two strokes (the mean number being 1.3) in an
existing simple character while a compound noncharacter was constructed by replacing a
component radical in an existing compound character with another radical. The
noncharacters were then stored as individual image files and presented in exactly the
same size (12x12 mm) and font as the real character stimuli.
The task was lexical decision and the dependent measures were lexical decision
latencies and error rates.
Procedure. The method of presenting the character and noncharacter stimuli was
identical with the preceding experiment. The participants were instructed to decide
whether the stimulus presented on the screen was a Chinese character, with the decision
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being indicated by pressing one of the two buttons marked YES or NO. The instructions
emphasized that the decisions were to be made as quickly and as accurately as possible.
Instructions as well as 20 practice items, 10 character and 10 noncharacters, were
presented before the test stimuli.

Results and discussion
The mean lexical decision latencies and error rates averaged over individuals for
each condition are given in Table 2:
Table 2
Mean Lexical Decision Times (in Milliseconds) and Error Rates (in Percentages) to
Characters in Experiment 2

Frequency

Few Strokes
Transparent Opaque

Manv Strokes
Transparent Opaque

High

559 (2.9)

545 (0.7)

580 (4.3)

575(2.1)

Medium

569 (3.6)

559 (4.3)

607 (9.3)

621 (6.4)

Low

646(21.4)

583 (10.7)

659(17.1)

618(14.3)

The results from the lexical decision task were straightforward. The 3x2x2
ANOVA showed a robust frequency effects in reading Chinese characters with respect to
both reaction times (F, (2, 26) = 32.04, P<.001,
error rates (F, (2, 26) = 34.65, P<.001,

108) = 20.20,/7<.001), as well as

108) = 16.13,/7<.001). Character

complexity also clearly affected reaction times, namely, characters with few strokes were
classified faster (33 msec) than those with many strokes (F, (1,13) = 32.16, p<.001, F,
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(1, 108) = 14.85, p<.001). The difference in error rates did not reach significance. There
was no interaction between character frequency and complexity, indicating that characters
with few strokes were easier to identify than those with many strokes regardless character
frequency conditions. These results clearly demonstrated that character recognition
process is sensitive to character frequency as well as to character complexity, a finding
convergent with most studies in the literature.
What is controversial in the literature concerns the role of phonological
information conveyed by the phonetic radical in a compound character in identifying
Chinese characters, or more specifically, whether phonologically transparent or regular
characters are easier to recognize than phonologically opaque characters. The naming
experiment above and most earlier naming studies (e.g., Seidenberg, 1985) demonstrated
that transparent characters (or phonograms) were named faster than opaque characters (or
nonphonograms). But the present lexical decision experiment revealed a completely
different pattern in this regard. With exactly the same set of character stimuli, the
transparent characters did not at all appear to be easier to recognize than the opaque
characters. As a matter of fact, the former took longer to be correctly classified (F, (1,
13) = 4.64, p= 053, F2(1, 108) = 7.82,/><.01), and were, at the same time, associated with
a higher error rate (9.8%) than the latter (6.4%) (F, (1,13) = 5.6, p<.05,

(1,108) =

7.82,p<.01). Meanwhile, the only significant interaction effect in this experiment was
between frequency and phonological transparency in RTs (F, (2, 26) = 17.25, p<.001; F,
(2, 108) = 5.05, p<.01), suggesting while transparent characters generally took longer to
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classify than opaque characters the difference appeared to be more pronounced at a lower
frequency range. In fact, the difference in RTs between the transparent and opaque
characters was significant only at the low frequency range (F, (1, 13) = 21.41, p<.001,
(1,36)=15.51,/7<.001).
Another very interesting observation was made by comparing RTs from these two
experiments. The lexical decision times were faster than the naming times across each of
the 12 conditions (see Figure 1), a pattern dramatically different from what has been
observed in most alphabetic languages. If the phonetic radical in a transparent character
played the crucial role of mediating lexical access, one would expect the opposite pattern
should have occurred because phonological information should be recovered earlier than
any other types of lexical properties, at least for the class of transparent characters. On
the other hand, one could make a quick and over-simplified inference, simply based on
the observed differences in RTs between LDT and naming, that logographic characters
are recognized via visual or orthographic features. That is, orthographic representation is
the primary access code for word recognition and the phonological plan for naming is
generated or computed following lexical access. Presimiably a lexical decision response
could be made without the need of knowing how the stimulus is pronounced (it is at least
true for classifying noncharacters), and therefore, a character or noncharacter decision is
probably made prior to the completion of a phonological planning to name that stimulus*.

' Given the logographic characteristics of Chinese characters, the naming process presumably can not start
until the character, or the phonetic radical in a compound character, is fully identified. Unlike the naming
of an alphabetic word, partial identification of a character does not help the speech apparatus prepare for
the initial phoneme in the syllable that the character represents.
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In contrast, a correct naming response to a character could only be generated after its
corresponding lexical entry has been accessed. This direct-access hypothesis could
nicely explain why lexical decisions were made faster than naming responses but is,
apparently, unable to accommodate the differences between transparent and opaque
characters within either LDT or naming task. Particularly, the theory cannot explain why
the same set of lower-frequency transparent characters were responded to slower in LDT
but faster in naming compared to the opaque counterparts.

800

Nam ing

LDT

F i g u r e 1 S u m m a r y o f E x p e r i m e n t s I a n d 2 . c o m p a r i n g t r a n s p a r e n t a n d o p a q u e c h a r a c t e r s in n a m i n g a n d L O T T r a n s p - t r a n s p a r e n t

There might be a number of possible reasons why transparent characters were
named faster than opaque characters of comparable frequencies. First, transparent
characters, especially lower frequency ones, could be associated with more familiar
pronimciations and, therefore, are easier to articulate than opaque characters.
Presumably for similar reasons, pseudohomophones in an alphabetic language, i.e.,
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nonwords that are pronounced as a real word (e.g., lite), are named faster than nonwords
that are not (McCann & Besner, 1987). The majority of the phonetic radicals are
characters themselves and usually they are very high frequency characters. The fact they
are high frequency characters and, in addition, used as phonetic radicals in transparent
compound characters, makes it likely that their pronunciations are more familiar to the
articulatory production system. In fact, the transparent character stimuli in these
experiments were on average each associated with 14.15 homophones while the opaque
ones were each associated with 11.67 homophones, and the difference was statistically
significant (p<.01), based on a corpus compiled by Jiaotong University (1988). At the
low frequency range where the difference in naming times between transparent and
opaque character were the most pronounced, the former had on average 18.4 homophones
each while the latter had 12.3. Second, probably the phonetic radical in a transparent
compound character could somehow prepare the articulatory system, when the task is
naming, before the compound character identification is fiilly completed, especially when
it is a low frequency character. Since a phonetic radical is normally more familiar to the
reader than its compound character(s), it is possible that the phonological code of the
phonetic radical in a transparent compound is somehow retrieved and collected, prior to
the completion of the lexical access to the compound character, by the articulatory
production system to prepare a phonetic plan for articulation, resulting in a faster
response in naming the compound character when it is homophonic to the phonetic
radical, or a delayed response in pronouncing an opaque compound whose phonetic
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radical is not homophonic to the compound. Third, the phonetic radical could be the
default pronunciation for a phonetic compound character and probably marked as such in
the lexical entry. Consequently, the retrieval of phonological code for a transparent
character would involve fewer or simpler computations compared to an opaque character.
In contrast, the naming of compound characters with an invalid phonetic radical would
presumably take an extra amount of time because the default pronunciation has to be
suppressed before its correct phonological planning could be generated.
Finally, why was there a tendency in LDT for transparent characters to be more
difficult to classify than opaque characters? This observation appears to be a challenge
for both the phonological mediation and the direct access accounts. The latter predicts no
difference between the two classes of characters while the former offers a prediction in an
opposite direction. A post hoc examination of the orthographic structure of the character
stimuli revealed something that might lead to a plausible explanation: this difference in
lexical decision RT's was very likely related to character complexity effect. The visual
complexity of the stimuli in the present experiments was operationalized only by the
number of strokes, a measure that has received the most empirical attention in
investigation of Chinese character recognition. Recently, however, the effect of character
complexity was also found to be related independently with the number of radicals in a
compound character. Tafl and Zhu (1997) found characters with more radicals took
longer to process in LDT than those with fewer radicals when the number of strokes was
controlled. A transparent character by definition is a compound character, consisting of
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two or more radicals, whereas an opaque character could be either a simple or compound
character. Consequently, transparent characters tend to be orthographically more
complex than opaque characters with regard to the number of radicals in a character.
The transparent characters selected for these two experiments had on average 2.17
radicals each while the mean was 1.80 for the opaque characters, and the difference was
significant (p<.05). In brief, the number of strokes in a character appears to be an over
simplified measure of character complexity, a possible confound in the experiments
resulting in longer RTs to transparent characters compared to opaque stimuli. This factor
was considered in the design of the following experiments.

Chapter 5
Is ROWS a ROSE in Chinese?
Recent studies in English (e.g.. Van Orden et al., 1987,1988), in Japanese Kanji
(Wydell et al., 1995), and in Chinese (Leek et al., 1994) have obtained results showing
homophone interference effects in semantic categorization experiments. Under the
category of FLOWER for instance, homophones (e.g., rows) or pseudohomophones (e.g.,
roaz) tend to be classified with longer response times and/or higher error rates. The
results are often taken as the strongest evidence in support of the proposal that access to
word meaning is mediated by computed word phonology. The homophone interference
effects are reasoned to be the consequence of addressing an inappropriate lexical entry
corresponding to the correct category exemplar that is homophonic to the presented
stimulus. Note, however, that such an explanation critically rests upon the premise that
only prelexical phonology could lead to the observed homophone interference effects.
That is, the retrieval of word meaning depends on, and therefore follows in time, the
recovery of word phonology. Let us consider for a moment how a decision is made in a
semantic categorization task. The process of making a semantic categorization decision
most probably has to involve working memory which is generally assimied to use
phonological representations (Baddely, Eldridge, & Lewis, 1981), and it is in the working
memory where category judgment is made. McKusker et al. (1981) also proposed that
phonological representations of identified words could be temporarily kept in the working
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memory to enable the activation of individual lexical entries to persist long enough for
semantic integration. A miscategorization error could occur no matter how and where the
phonological code is generated, prelexically or postlexically. Although there is no
reliable measure available to make a clear distinction between prelexical and postlexical
phonology, studies on reading exception words may shed some light on the issue because
lexical and nonlexical procedures should output different phonological codes for this
class of words. For example, if an irregular word bear is found to be classified as AN
ALCOHOLIC DRINK, such regularization errors may be taken as evidence for prelexical
phonology. On the other hand, if suite is defmed as A FLAVOR, then a postlexical
explanation is required (Taft, 1991), since its regularized pronunciation would not sound
like a flavor at all.
V. Coltheart, Laxon, Rickard, and Elton (1988) used irregular words in a series of
sentence acceptability judgment experiments in an attempt to clarify whether prelexical
or postlexical phonology produced false positive errors in sentence reading. Subjects
were required to decide whether a string of words was a correct sentence or not. V.
Coltheart et al. found the homophone effect arises with exception words just as it does
with regular words. Sentences such as "The girl through the ball" either took longer to
reject, or were more likely to be incorrectly accepted as correct sentences than control
sentences such as "The girl thought a ball." The homophonic pronunciation of such an
exception word cannot be generated by using spelling-to-sound correspondence rules and
therefore the confusion between through and threw must have arisen at a stage of
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processing after the pronunciation of the word had been retrieved from its lexical entry.
V. Coltheart et al. argued that most of the time skilled readers are able to reject
unacceptable sentences whether they sound correct or not and that the usual route in
reading for meaning is from the orthographic input lexicon to the semantic system that
contains semantic representations of words. Sometimes, however, phonology may be
activated in the phonological output lexicon directly and the phonemic code thus
generated provides an input to the semantic system via activation in the auditory input
lexicon. Since the auditory input lexicon does not discriminate homophones, the entry
activated in the semantic system may be the appropriate one, resulting in an incorrect
decision about the sentence being judged. More recently, V. Coltheart and colleagues
(1991) reported an interesting experiment in which they used sentences with exception
word substitutions that would be phonologically acceptable only if they were given a
regularization pronunciation, e.g., "He used to height his teacher." The incidence of false
positive errors from regularization was small and significant only in subject analysis. It
was therefore concluded that phonological mediation must arise through addressed
phonology because errors occur when the homophones are irregular in spelling-to-sound
correspondence and their phonological code must be addressed in the phonological output
lexicon.
But considering the fact that there is no reliable measures available to make a
clear distinction between prelexical and postlexical phonological activation in
alphabetical languages, studies on word recognition in logographic languages where

assembled phonology is presimiably impossible could potentially make an unique
contribution to this issue. The question of central concern is whether a similar
homophone interference effects would arise in a situation when word phonology could
only be recovered as word-specific information, i.e., postlexically?
To address this issue two experiments were designed, all using the semantic
categorization paradigm. Experiment 3 addressed the question whether homophonic
interference effects could ever occur in a logographic writing system like Chinese.
Experiment 4 took a step further to explore the scope of such effects by comparing the
size of homophonic interference effects in reading transparent homophones vs. opaque
homophones.
Experiment 3

This experiment was designed primarily to replicate the homophone interference
effects reported in Chinese and Japanese Kanji experiments. Wydell et al.'s experiments
used exclusively two-character words in Japanese while Leek et al.'s study focused on
single characters, both simple and compound. Using exactly the same semantic
categorization paradigm as Van Orden (1987), Wydell and colleagues found that
homophonic words, visually similar or dissimilar to a category exemplar, were more
difficult (longer RTs and higher error rates) to correctly categorize than nonhomophone
controls. In addition, homophone interference was more pronounced with visually
similar homophones (sharing one character with the base word) compared to visually
dissimilar homophones (sharing no character) and the visual similarity effect was
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persistent even under the conditions of backward pattern masking (Van Orden, 1987).
Their results failed to show target word frequency effects, suggesting that the process of
categorization decision might be so difficult and prolonged that it obscured the frequency
sensitivity of the task. A difficult decision process could be due to a large number of
category names and/or inappropriate category names used in their experiments. Or it
might have to do with the target stimuli. Two-character word homophones are relatively
rare in Japanese Kanji and the subjects might be more cautious in making category
judgment when the stimulus was a homophone.
Leek and associates (1994) compared subjects' categorization responses to simple
and compound characters. Homophone interference effects were found only on
compound homophones. Both Wydell et al. and Leek et al.'s studies, however, failed to
control character complexity in their target and control stimuli. Neither did they attempt
to examine the possible effects of the relative frequency of the target homophone words
relative to the category exemplar. These two factors were considered in the design of this
experiment.

Method
Participants. 11 native speakers of Chinese Mandarin participated in the
experiment and were paid for their participation.
Materials and design. The design was a 2x2 factorial design where the two main
factors were target character relative frequency and homophony. Specifically, for each
correct category exemplar (none of them were shown in the experiment), two homophone
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characters were selected, one had a higher frequency count and the other a lower
frequency count than the exemplar. The homophone targets were all visually different
from their corresponding category exemplar. Then for each of the homophone targets, a
nonhomophone character was selected as a baseline control balanced on character
frequency and number of strokes. All of the target stimuli were compound characters,
homophone or nonhomophone, each consisting of two or more radicals. There were 20
items in each condition, plus a total of 80 correct exemplars to balance the overall ratio of
YES and NO responses.
Procedure. To avoid possible cross-category interference (see Forster & Shen,
1996 for detailed discussion), the experiment was run with four semantic category blocks:
Family Relatives, Furniture and Utensils, Body Parts, and Animal Names. At the
beginning of each block, a semantic category name was first presented and remained on
the top of the computer screen throughout that block. A target stimulus was displayed for
500 ms in the center of the screen, approximately 55 mm below the category name.
Each category consisted of five practice items plus 40 experimental trials, namely, 5
homophones, 5 nonhomophone controls, and 10 correct category exemplars. The
participant was instructed to read the target character presented at the center of the screen
and to press the YES button if the stimulus was an instance of the category, or to press
the NO button for otherwise. After each response was made, a feedback message
appeared at the bottom of the screen specifying the accuracy of the response, CORRECT
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or WRONG, as well as the RT. The response measures of interest were RT's and error
rates.

Results and discussion
The average semantic categorization times and error rates for each condition are
given in Table 3. The ANOVA of the latency data showed both main effects, homophone
effects and relative frequency, were significant by subjects and items but their interaction
was not (F's <1). Specifically, homophones took longer to be rejected as a noncategory
member than corresponding nonhomophones (F,(1,10)=32.95,/j<.001; F2(1,76)=8.72,
p<.01). Higher frequency characters were classified faster than lower frequency
characters (F,(l,10)=8.06, p<.05; F2(l,76)=4.21,/7<.05). The analysis of the error rates
yielded no significant effects. The homophones were associated with a nonsignificant
higher error rate (F,(l,10)=1.7,/7=.21; F2<1). The difference in error rates between
higher or lower frequency stimuli was virtually flat (Fs<l). Their interaction was not
significant either (F,(l,10)=1.3,/?= 27; F2<1).

Table 3
Mean Semantic Categorization Times (in Milliseconds) and Error Rates (in Percentages)
for Homophones and Nonhomophones in Experiment 3
HOMOPHONY
Relative Frequency Homophones
Nonhomophones

Interference

Higher

684(3.6)

658(3.6)

+ 26 (0)

Lower

707 (4.5)

680 (2.3)

+ 27 (+2.2)
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The results from this experiment were quite straightforward: this task was
sensitive to character frequency, and the participant's categorization response clearly
slowed down when the target character was a homophone to a category exemplar whether
the homophone target was higher in frequency (F,(l,10)=5.37,/7<.05; F,(l,38)=4.43,
p<.05) or lower in frequency (F,(l,10)=11.65,p<.001; F2(l,38)=3.87,p= 056) than the
base character.
These results partially replicated the semantic categorization experiment by Leek,
Weekes and Chen (1994). In their experiment, compound homophone characters took
longer to be correctly rejected than controls whereas simple homophone characters did
not. They proposed that phonological information appears to play a differential role in
word recognition with regard to character types. The recognition of a simple character
depends primarily on visual information whereas recognition of a compound character
relies on multiple sources of information, visual, phonological, and semantic. The
homophone interference effects occurred when the phonological code of the phonetic
radical in a stimulus character was activated prior to the recognition of the compound
character, and then used as an access code to recover the semantic properties of the
correct category exemplar which had been primed by the preceding category name (e.g.,
Body Parts). Their conclusion suggests that homophone interference effects could only
occiu- with transparent homophones of which phonetic radicals are necessarily
homophonic to corresponding base characters. On the other hand, homophone
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interference effects should never occur with opaque homophones whose phonetic radicals
are, by definition, phonologically different from the base characters. The phonetic radical
of an opaque homophone, if ever activated prelexically, would be least likely to access
the semantic properties of its corresponding base character because the phonetic radical
of an opaque homophone and the base character are phonologically different.
Nevertheless, Leek et al. did not address this important issue in their experiment.
Therefore, the results from these experiments could not help pinpoint the locus of
the homophone interference. Assuming that semantic categorization judgment is made in
working memory, prolonged responses due to homophone interference could result from
accessing inappropriate lexical entries by phonological codes (thus consistent with the
phonological mediation hypothesis), or equally likely from interference due to word
phonology retrieved from lexical entries. As a matter of fact, the overall low error rates
across conditions in Experiment 3 and, more importantly, no significant difference in
error rates between homophone and nonhomophone conditions strongly suggest the latter
reasoning. Had the semantic properties of the base characters been inappropriately
accessed and used for category judgment, then the error rates on the homophone
conditions would probably be much higher relative to the nonhomophone baseline
conditions.
Experiment 4

Experiment 4 fiirther pursued the homophone interference effects in reading
Chinese characters by evaluating the earlier hypothesis that such effects occur only in

95

transparent compound characters, but not in opaque compound characters. The phonetic
radical of a transparent compound character that is homophonic to a correct category
exemplar has to be phonologically identical to that exemplar. The fact that the
transparent character and its phonetic radical are phonologically confounded makes it
impossible to identify the locus of homophone interference effects unambiguously in
earlier experiments, whether the effects arose from the phonetic radical or from the
compound character containing the radical. In contrast, opaque homophone characters
could be more informative in this regard. An opaque character by definition does not
have a valid phonetic radical and, consequently, the compound character's phonological
representation has to be retrieved as character-specific information, rather than being
correctly cued by its phonetic radical. When an opaque compound character is
homophonic to a category exemplar, its phonetic radical has to be phonologically
different from that exemplar character. If homophone interference effects occur
exclusively with transparent homophones, it would be plausible to assume that the
phonological information of the phonetic radical might be responsible for the homophone
effects observed in the previous experiment. On the other hand, if a similar pattern of
interference effects is found between transparent and opaque homophones, then we
should assume, at least, that homophone interference also occurs as a result of retrieved
character phonology.

Method
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Participants. 18 native speakers of Chinese Mandarin participated in the
experiment.
Materials and design. The design was a 2x2 factorial design with phonological
transparency and homophony as the two main factors. 40 homophones were selected, all
compound characters: half transparent and half opaque. Of the 20 homophones in each
condition, half were high frequency (average 110 counts per million) and half low
frequency (average 14 counts per million) characters. Further, each homophone target
was paired to a nonhomophone character, balanced on character frequency as well as
number of strokes, serving as the baseline condition. The experiment trials were
presented and run in four category blocks like the preceding experiment.
Such an experimental design essentially pits two contrasting hypotheses directly
against each other. One hypothesis predicts there would be essentially no difference
between the processing of transparent and opaque homophones with regard to
homophonic interference whereas the other hypothesis predicts that homophonic
interference would be found only with transparent homophones (i.e., the phonetic radical
is solely responsible for the interference effects rather than the whole character
phonology).
Procedure. The method of presentation and the task were identical with the
preceding experiment.

Results and discussion
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The mean correct categorization times and error rates for each condition are
presented in Table 4.
Table 4
Mean Semantic Categorization Times (in Milliseconds) and Error Rates (in Percentages)
for Transparent and Opaque Homophones, and Nonhomophones in Experiment 4
HOMOPHONY
Homophones
Nonhomophones

Difference

Opaque

677 (3.9)

657 (5.0)

+ 20 (-1.1)

Transparent

683 (5.0)

661 (4.2)

+ 22 (+0.8)

Homophone Type

The analysis of variance revealed the main effect of homophony was significant
by subjects (F,(l,17)=18.76,/?<.001), and by items (F3(l,76)=4.11,/7<.05) whereas the
other effect, phonological transparency, as well as their interaction were not (all Fs <1).
None of the error analyses for the main effects were significant (all F's <l). Neither was
their interaction (F,(l,17)=1.53,p= 23; F2<1). It is immediately apparent fi-om the data
that homophones, whether phonologically transparent or opaque, took longer to be
correctly rejected compared to their corresponding baseline controls. For opaque
homophones at least, it is the addressed phonology of the whole character, rather than the
prelexical phonology of its phonetic radical, that has to be responsible for homophone
interference effects observed in semantic categorization experiments. In other words,
homophone interference effects could also occur as a result of retrieved, or characterspecific, phonological information. Although there is no direct evidence to prove that is
the case with transparent homophones, the altemative assumption that the source of

homophone interference effects is different with regard to these two types of characters
would be obviously unparsimonious and groundless.
Suppose that visual word recognition in an alphabetic language is, to a certain
degree, mediated by phonology whereas word recognition in logographic languages is
predominantly visual. If we adopt experimental paradigms that supposedly tap
phonological processing in word recognition to explore lexical access mechanisms in
both orthographies, what kind of results do we expect and how shall we interpret them?
If entirely different patterns of results are found between the two orthographies, then we
may add supporting evidence that different orthographies result in different processing
mechanisms, probably because phonological recoding occurs in alphabetic languages but
not, or to a significantly lesser extent, in logographic languages. But what if we obtain a
similar pattern of data between these two orthographies, then we are left with two
possible alternative explanations. First, alphabetic and logographic languages afford
similar processing mechanisms, mostly likely the direct or visual access. This position
could the fact that homophone interference effects were observed in both alphabetic and
logographic orthographies because addressed word phonology is the primary source for
homophone interference and, thus, how word phonology is represented orthographically
does not matter in this respect. For exactly the same reason, the direct access hypothesis
would correctly predict that homophone interference effects should occur regardless
whether a character is phonologically transparent or opaque in a logographic language, or
whether a word is phonologically regular or irregular in an alphabetic language. On the
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other hand, if different natnre of word processing mechanisms is taken for granted for
these orthographies, then we have to seriously question the internal validity of those
experimental paradigms themselves. That is, these paradigms may fail to reveal the
underlying mechanisms they were expected or designed to address. Of course, one may
still suggest that essentially the same phonologically structured mechanisms are involved
in visual word processing in both orthographies in spite of the fact that they represent
fimdamentally different solutions to represent speech. However, this position
immediately faces an impossible task of explicating how prelexical phonology is possible
in a logographic language where the minimal graphic units are totally unrelated to
phonemic features.
Consistent with the visual access account, a recent study by Taft and van Graan
(1997) did not find evidence of phonological mediation in a semantic categorization task.
The authors compared two sets of English words in a semantic categorization experiment,
one regular (e.g., plank) and the other irregular (e.g., pint). If the nonlexical phonological
route were used to access word meaning, then one would expect irregular words may take
longer to access meaning than regular words. But the comparison between the response
latencies to regular and irregular words did show any regularity effect despite the fact that
the same sets of words showed a difference in a naming task. Clearly, the absence of
regularity effect in the semantic categorization paradigm suggests that access to word
meaning does not require phonological mediation.
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Chapter 6
Access Code in Reading Chinese, Phonological, Visual, or Both?
The masked priming paradigm has been widely used to examine and reveal the
preliminary phases of word recognition not only in alphabetic languages but also in
nonalphabetic writing systems (e.g., Forster, 1994b; Xing, 1996). This paradigm has
provided, perhaps, the clearest demonstration of early automatic processing during visual
word identification. The fact that subjects in masked priming experiments are typically
unaware of the briefly presented prime, which is masked both forwards and backwards,
and its relationship to the target precludes the possibility of interpreting any masked
priming effects in terms of task-specific strategies on the part of the subjects. By using
the masked priming paradigm, we expect to assess the nature of lexical access code(s)
and evaluate whether phonological recoding plays a mediating role in lexical access.
Based on his masked priming experiments on reading Japanese scripts, Forster
(1994b) argued that the phonological priming effects usually observed in naming could
be a consequence of the task requirement, rather than an obligatory preliminary
component of visual word recognition. This proposal is consistent with that fact that
phonological effects are most readily demonstrated in naming tasks. Xing (1996)
compared masked priming effects in reading Chinese two-character words across naming
and lexical decision tasks. Identity primes produced significant priming effects of similar
magnitudes in both tasks and the effects were independent of word frequency. In
contrast, pseudohomophone primes produced significant priming effects in the naming
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task alone. The fact that identity priming appeared to be task independent and
pseudohomophone priming was task dependent (occurring only when explicit naming
was required) suggests that the priming effect was articulatory in nature, i.e., a vocal
output production effect, not directly involved in lexical access.
One potential confound in Xing's experiments is the use of identity primes which
does not exclude the possible contributions of phonological effects. That is, identity
priming effects alone could not indicate unambiguously whether the observed effects are
due to orthographic form priming only, or due to a combination of both orthographic and
phonological priming effects. Suppose one could argue that phonological priming occurs
only when the prime is simultaneously orthographically similar and phonologically
identical to the target. For instance. Van Orden and associates (1987, 1990) proposed a
verification mechanism: the process of word recognition involves a spelling check in
TI

which the orthographic representation for a candidate entry is verified against the
orthographic representation of the target being recognized. If a match is found, then the

i

item is recognized; if there is a mismatch, then the process is repeated with the next most
likely spelling. This proposal was initially made to account for the visual similarity
effects found in their semantic categorization experiments.
To verify this hypothesis experimentally, one additional prime condition would be
optimal: the prime should be orthographically as well as phonologically similar to the
target. Such a prime condition will enable us to pit several contrasting hypotheses against
each other in one experiment. First, the visual or direct access theory would predict
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comparable amount of masked priming effects from primes that are only visually similar
to the targets, and primes that are both phonologically identical and visually similar to the
target, but no priming from visually different phonological primes. Second, the extreme
version of the phonology based access hypothesis would predict that the amount of
priming effects from phonological primes should be comparable to phonological plus
visual primes, but no effects from the visual prime condition. Third, Van Orden et al.'s
proposal (phonological mediation if and only if the prime and the target are visually
similar) would predict extra amount of priming effects from the primes that are both
homophonic and orthographically similar to the target over and beyond the priming
effects obtained from either phonological primes or visual primes.
Two masked priming experiments were designed to reveal early and automatic
processing in reading both simple and compound characters in Chinese. The first
(Experiment 5) was a naming task which has an explicit phonological component. The
second (Experiment 6) used the lexical decision task which also involves lexical access
but does not require an articulation response. Orthographic and phonological priming
effects were tested with different tasks on the same set of stimulus materials.
Experiment 5: Naming

Methods
Participants. 24 native speakers of Mandarin from China from the same pool as
Experiment 1 participated in the experiment.
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Materials and Design. The target stimuli consisted of 30 simple characters and 32
compound characters. Simple and compound character targets were run in separate
sessions because they were paired with different number of prime types. Each simple
character target was associated with three types of primes: visual, phonological and
control. A visual prime was a character visually similar, but phonologically unrelated, to
its prospective target character. The prime shared most strokes with the target and
differed in no more than two strokes from it, the mean number being 1.20. A
phonological prime was a character homophonic (both in pronunciation and tone), but
visually unrelated, to the target. Finally, a control prime was completely unrelated to the
target in any respect. None of the primes were semantically related to their corresponding
targets. In addition, 10 compound characters were embedded as fillers. Three files were
constructed such that each target would be viewed once by each subject.
For compound character targets, each was paired with four prime conditions:
visual, phonological, visual plus phonological, and control. A visual plus phonological
prime was visually similar as well as homophonic to its target character. Specifically,
such a prime was a transparent compound character which shared the phonetic radical
with the corresponding target (a transparent character, too) such that the prime and the
target are phonologically identical. The semantic radical of the prime was different from
that of the target character but efforts were made such that the visual difference between
the two semantic radicals was minimized as well. In addition, 8 simple characters were
embedded as fillers. Four files were constructed and they were run counter-balanced.
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Procedure. Each trial consisted of the following sequence of three stimuli: first a
forward pattem mask ( ^ ) was presented for 500 ms; this was immediately followed by
presentation of the prime for 50 ms; that was immediately replaced by the target
presented for 500 ms. The pattem mask was about 30 x 30 mm in size, the target
character was 25 x 25 mm, and the prime character was slightly smaller than the target.
To reduce their physical similarity, the target and the prime characters were always
presented in different fonts (targets in Songti font and primes in Kaiti font). The
character stimuli were generated by a Chinese word processing program and stored as
individual image files. Each stimulus was presented in the center of the video display
and was imposed on the preceding item. The instructions specified that the task was to
pronounce the target character loudly into a microphone. The participants were
encouraged to do so as quickly as possible and as accurately as possible. The computer
recorded the naming times, measured from the target onset to the triggering of the voice
key by the participant's response. The sessions were controlled on-line by an assistant
sitting in the control room in order to check the participant's responses through a set of
headphones, and to discard incorrect responses or any other mistakes. After a response
was made, a feedback message appeared on the screen specifying the accuracy of the
response as well as the RT. Instructions as well as 13 practice items were presented
before the test stimuli.

Results and discussion

105

The mean naming latencies and error rates averaged over individuals for each of
the masked priming conditions for simple target characters and compound target
characters are shown in Table 5.
Table 5
Mean Naming Times (in Milliseconds) and Error Rates (in Percentages) to Simple and
Compound Target Characters Preceded by Visual, Phonological, Visual Plus
Phonological, and Control Masked Primes in Experiment 5
Priming Conditions

RT

Error Priming

Visual

624

2.5

+40

Phonological

634

4.1

+30

Control

664

4.6

Simple Characters:

Compound Characters:
Visual

699

3.1

+32

Phonological

714

3.1

+17

Visual + Phono.

696

2.1

+35

Control

731

6.3

••

Simple character targets: An omnibus test of the naming latencies indicated a
significant main effect of masked priming types, both for the subject analysis, F, (2, 23) =
5.76,p<.001, and for the item analysis, Fjil, 87) = 4.39, p<.Q5. Further pairwise
analyses showed that the mean naming times in the visual priming condition were
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significantly faster than in the unrelated control condition by subjects (F, (1,23) = 9.56,
p<.00l), as well as by items (F,(l, 58) = 8.78,/7<.00I). The mean latencies in the
phonological condition were also faster than the control condition, significant by subjects
(F, (1,23) = 4.70, p<.05, and marginally significant by items (F, (1, 58) = 3.56, /?=.06).
But the difference between the visual and phonological priming conditions was not
significant. None of the error data showed significant difference.
Compound character targets: The results for the compound character targets
revealed an extremely similar pattern with the simple characters in the preceding
experiment, although some of priming effects were not strong enough to reach
significance (probably because of the fewer number of items in each condition). The
average naming latencies in the visual priming condition were faster than the control
condition, significant by subjects (F, (1, 23) = 5.22, p<.05), and close to be significant by
items (F,(l, 62) = 3.42,/?=.069). The phonological masked priming also facilitated
naming of the targets but a 17 msec difference compared to the control condition was not
statistically significant (F, (1, 23) = 1.19,/7=.29; FjCU 62) = 1.82,/?=.18). Under the
visual plus phonological priming condition, a 35 msec advantage in RTs was nearly
significant for subjects (F, (1, 23) = 4.22, p=.052), but not by items (Fj (1, 62) = 1.09,
p=.30), and with 3.17% fewer errors (F, (1, 23) = 4.60,/7<.05; F2(l, 62) = 3.66,p= 06)
compared to the controls. None of the other error data were statistically significant.
Combined Analysis: To increase the power of statistical analysis, the naming data
fi-om these two experiments were collapsed across the simple and compound character
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targets according to respective priming conditions. The overall analysis of variance
showed a significant main effect of prime conditions, for both subjects (F, (2, 94) = 7.26,
p<.005), and for items (^2(2, 183) = 4.43,/7<.05). The targets were named faster under
the visual prime condition than the control condition (F, (1,47) = 14.57, p<.001, F, (1,
122) = 8.26,p<.005). The phonological condition also produced significant priming
effects compared to the controls (F, (1, 47) = 5.15,/j<.05, FjCl, 122) = 3.82,/?<.05).
Meanwhile, the difference between the two masked priming conditions was not
significant by either analysis. None of the error data revealed significant difference.
The results firom the naming task appeared to suggest that naming of Chinese
characters, simple or compound, was facilitated by masked prime characters which were
related either visually or phonologically, or both, to the target characters. Since no
subjects reported seeing another character (i.e., the prime) presented before the target, the
possibility must be minimal that target naming was facilitated because the subjects might
have developed task specific strategies based on the relationship between the target and
the prime.
The orthographic facilitation in naming provides a clearer case for the existence of
orthographic priming effects, given that the prime was phonologically unrelated to the
target character, whereas in masked priming experiments on reading alphabetic words
prime-target pair typically confounds orthography with phonology. Just as Lukatela, Van
Orden, and their associates (e.g., Lukatela, Lukatela, & Turvey, 1993; Lukatela &
Turvey, 1994; Van Orden et al., 1990) have argued that although there is now plenty of
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evidence for the role played by phonological codes in visual word recognition, there is no
clear-cut positive evidence for the role played by orthographic codes (other than
subserving phonological code activation). Until now, the evidence in favor of direct
orthographic mediation has generally taken the form of an absence of phonological
effects (Van Orden et al., 1992). But the orthographic priming effects in naming Chinese
characters provided clear positive evidence for the role played by orthographic codes, and
allow one to reject interpreting the role of orthographic codes as merely subserving the
activation of phonological codes because the pair of primes and targets here were
completely unrelated in character phonology. In short, direct orthographic access is
possible in word recognition.
At the same time, these results also show that naming of Chinese characters was
facilitated by masked homophone primes which were visually unrelated to the targets.
The independent contribution made by the homophone primes to target naming seems to
lend support to the hypothesis of phonology based access. It appears, in the process of
naming Chinese characters, that both orthographic codes and phonological codes play an
important role and that the roles they play seem to be independent of each other. A
visually similar prime character could prime the target even if it is phono logically
unrelated to the target. Meanwhile, phonological priming could occur when a prime
character is phonologically identical, but orthographically unrelated, to the target. In
other words, a masked prime does not have to be simultaneously related with the target in
orthography and phonology in order to obtain phonological priming effects.
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The existence of masked homophone priming effects also suggests phonology
mediated access is possible in reading logographic characters, with or without phonetic
radicals. But considering that prelexical assembled phonology is implausible in Chinese,
we have to assume the basic unit of phonological encoding of a Chinese character is the
whole character (or the whole radical when it is a valid phonetic radical). The
orthographic features of a character are mapped onto its phonological representation, and
its phonological codes are then used to access lexical semantics (suppose we could solve
the problem of one-to-many relationship in case of a homophone character). For
instance, a visually different homophone prime could not activate the target entry or node
by its orthographic codes but it could if its phonological codes could be recovered very
early in the process and then used to activate the target. This view is therefore consistent
with the hypothesis of presemantic phonology proposed specifically to account for
reading Chinese (e.g., Tan et al., 1995) in that character phonology is recovered as
character specific inforaiation, but preceding access to character meaning. Of course, the
presemantic phonology account is fundamentally congruent with the hypothesis of
prelexical phonological mediation in stressing the role of phonological codes as the
primary access code for visual word recognition.
Such an interactive-activation account in which both orthographic and
phonological codes could access semantic representations would predict additional
priming effects by prime characters that are simultaneously orthographically similar and
phonological identical to the targets above and beyond the primes that are related to the
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targets only in one dimension, visual or phonological. According to the typical
mechanisms assumed in lA models, a prime which is either visually similar to or
phonologically identical to the target would result in within-level inhibition between
incongruously activated character/word nodes. In other words, more consonant or
stronger activation of the representations corresponding to the target should occur when
the prime is congruent with the target in both orthography and phonology. Nevertheless,
the compound character data showed that, although visual plus homophone primes
produced significant priming effects compared to the baseline condition, the difference
between the three priming types did not reach statistical significance.
Closely related is the issue of how briefly presented masked prime facilitates the
subsequent processing of the target stimulus. Forster and Davis (1984) proposed that
masked priming (e.g., by identity or form primes) might occur as a result of a change in
the status of the lexical entry itself, not as a result of a change in the pathway leading to
the entry. Specifically, a masked prime could be automatically processed, but its
identification process is probably not complete because it is briefly presented and masked
with backward and forward masks. During the search process, the mask's access code is
compared to lexical representations in the mental lexicon. Suppose any lexical entry that
is a close match to the prime is checked (for the purpose of a second search in case the
first search is unsuccessfiil). Right before the search process for the mask terminates, the
target item is presented. If the code of the target is then used to resume the search process
initiated by the mask and is compared only with those few entries checked by the mask.
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resulting in saving in time for the target identification. In essence, the automatic
processing of a prime, if related in access codes to the target, would make the lexical
entry for the target more accessible during the subsequent lexical search process.
The fact that no extra priming effects were obtained from visual plus phonological
primes makes one wonder if visually similar primes or homophone primes did lead to a
change in the status of the corresponding target entry and make the entry more accessible
for the following target identification. It could be that one type of priming arose, not as a
lexical effect, but as special effects of the experiment, e.g., task related or task specific
effects. One way to evaluate the hypothesis is to test the same set of test items in a
different task that requires lexical access. By using different tasks, we may have a better
chance to evaluate which priming effects are involved in normal word recognition, and
which priming effects vary from task to task and, therefore, are probably task dependent.
If there is converging evidence across tasks, then the effects revealed from the tasks
should reflect basic processes involved in word recognition. The following experiment
was designed to accomplish this.
Experiment 6: Lexical Decision Tasic

Experiment 6 used exactly the same set of stimuli and masked priming conditions
as in Experiment 5, but the task was lexical decision. An equal number of noncharacters
were added to the stimuli as distracter targets. The participants were instructed to read the
target presented on the screen and decide whether the stimulus was a Chinese character
(i.e., whether he/she knew the character).
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The hypothesis was that if orthographic priming or phonological priming effects
observed in the preceding naming experiments were lexical effects, then a similar pattem
of masked priming effects should be revealed in the lexical decision task on the same set
of test stimuli. In other words, if one type of masked priming effects is a task effect, i.e.,
occurring only in one task but not in another both of which require lexical access, then
such effects should have a smaller chance to occur in the lexical decision task.

Method
Participants. 24 native speakers of Mandarin Chinese from the same population
as in Experiment 1 participated in Experiment 6, and were paid for their participation.
Materials and design. Exactly the same set of test materials, the pattem mask,
target and prime characters, from the preceding experiment were used. In addition, 30
simple nocharacters and 32 compound noncharacters were embedded in the stimulus set
as distracter targets. Simple noncharacters were created by editing strokes in an existing
simple character, none of which appeared as a character stimulus in the experiment while
compound noncharacters were constmcted by combining two or more radicals which are
used in existing compound characters.
All the noncharacters in these two experiments were created by using Font Maker,
a computer program designed to create or edit Chinese characters. For a simple
noncharacter, an existing Chinese character was first retrieved, in the same font and size
as the character targets (Kaiti, Size 48), onto the editing platform of Font Maker. One, or
at most, two strokes (with a mean of 1.25) were either added to or deleted from that
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character and extreme care was taken in the process so that the noncharacter thus created
still looked like a real Chinese character. Compound noncharacters were created by
retrieving two or more radicals in Kaiti font onto the editing platform. The sizes of these
radicals were adjusted proportionally such that the compound noncharacter was of exactly
the same size as a target character. A new code was attached to each of the
noncharacters which was then stored in the character dictionary. The individual
noncharacters, as well as characters, were later retrieved and stored as bit-mapped images
which could then be read and displayed by the DMASTER program.
Procedure. The method of presenting the mask, prime and target was identical
with Experiment 5. The participants were asked to make a lexical decision by pressing
either a YES or a NO buttons to respond to character or noncharacter targets. They were
encouraged to do so as quickly and as accurately as possible. For the same reason as
stated earlier, the simple and compound character targets were tested in separate sessions.

Results and discussion
The mean lexical decision times and error rates for each masked priming
condition are given in Table 6.
Simple character targets: An overall analysis of lexical decision latencies
revealed the main effect of masked priming types significant by subjects, F, (2, 23) =
10.51,p<.001, and marginally significant for the items, F2(2, 87) = 2.69, p=.07. Further
analyses showed that the simple character targets primed by visually similar masked
primes were recognized significantly faster than the unrelated control condition, both for
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subject analysis (F, (1, 23) = 11.64,p<.001), and for item analysis (/%(!, 58) = 4.20,
p<.05). The visual masked priming condition was also significantly faster than the
phonological priming condition, both for subjects (F, (1,23) = 21.92,/K.OOl), and for
item analysis (F2 (1, 58) = 4.34, p<.05). In contrast, the 2 ms difference between the
phonological priming and control conditions was not (both F's <1). There were no
significant effects in the error analysis.
Table 6
Mean Lexical-Decision Times (in Milliseconds) and Error Rates (in Percentages) to
Simple and Compound Target Characters Preceded by Visual, Phonological, Visual and
Phonological, and Control Masked Primes in Experiment 6
Priming Conditions

RT

Error Priming

Visual

541

5.0

+35

Phonological

578

5.4

-2

Control

576

3.3

Simple Characters:

Compound Characters:
Visual

547

8.3

+15

Phonological

557

10.9

+5

Visual + Phono.

540

8.9

+22

Control

562

6.3
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Compound character targets: A similar pattern of results were obtained for the
compound characters. Both the visual priming and the visual plus phonological priming
condition produced faster responses compared to the control whereas priming effect from
the phonological condition was literally flat. Moreover, there appears to be very little
difference in terms of priming effects between the visual and the visual plus phonological
conditions. However, some of priming effects were not strong enough to reach
significance (probably because of the fewer number of items in each condition). To
insure that the priming effects found here were not obtained by chance, and at the same
time, to increase the power of the experiment, two more participants were run for each of
the four files, resulting a total of 32 participants for this experiment*. The results are
shown in Table 7 below:
Table 7
Mean Lexical-Decision Times (in Milliseconds) and Error Rates (in Percentages) to
Compound Target Characters Preceded by Visual, Phonological, Visual and
Phonological, and Control Masked Primes in Experiment 6 with 32 Participants
Priming Conditions

RT

Error Priming

Visual

521

63

+20

Phonological

537

9.4

+4

Visual + Phono.

517

6.6

+24

Control

541

6.3

' The data with extra participants were not used for the combined analysis which required the same number
of participants in both experiments.

First of all, an overall ANOVA on RTs revealed a significant effect of masked
priming types (F, (3, 93) = 3.82,/><.05, and marginally significant for items, F, (3, 124)
2.24, /?=.087). Both the visual condition (F, (1, 31) = 5.52,/7<.05, FjCl, 62) = 3.32,
p=.073) and the visual plus phonological condition (F, (1, 31) = 11.81, p<.Q1, F, (1, 62)
4.43, /7<.05) produced reliable priming effects compared to the baseline control. In
contrast, no priming effects were obtained for the phonological condition (both F 5 <1).
Most important of all, there was virtually no difference in priming effects between the
visual and the visual plus phonological conditions (both F 5 <1), demonstrating that a
masked prime character that was both phonological identical with and orthographically
similar to the target character did not produce additional priming effects beyond and
above the priming effects produced by a prime which was only orthographically similar
to the target.
Combined Analysis'. Combined analyses were also conducted on the lexical
decision latencies collapsed across the two types of target characters. The overall
analysis of variance showed the main effect of prime conditions was significant for
subject analysis (F, (2, 94) = 7.46, /?<.001), and marginally significant for items (F, (2,
183) = 2.70, p=.07). Furthermore, pairwise comparisons showed the visual priming
condition produced significant facilitation compared to the control condition, (F, (1,47)
13.57,/7<.001; F2(I, 122) = 4.42,/7<.05), as well as compared to the phonological
priming condition, (F, (1,47) = 8.22,/j<.001; F2(l, 122) = 3.88,/7=.05). In contrast, the
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difference between the phonological and the control condition was not, both F's were
smaller than 1. None of the error data revealed significant difference.
What was clearly revealed in both naming and lexical experiments is that visually
similar primes produced strong and robust priming effects in both tasks despite the fact
they were phonologically imrelated with the target characters. The fact that such primes
were only vasually similar to the target characters demonstrates that the masked priming
effects can be orthographic in nature, and the fact that these primes were phonologically
unrelated to the targets rules out the possibility that orthographic codes were only
subserving phonological code activation (Van Orden et al., 1990). Thus, the orthographic
priming effects which were consistently obtained across tasks provide convincing
evidence for direct orthographic access to lexical representations in memory (cf Lukatela
et al., 1993; Van Orden et al., 1990).
More interesting is the disappearance of phonological priming effects in the
lexical decision task, even for compound characters with valid phonetic radicals. A
similar pattern of inconsistent phonological priming effects was also reported an earlier
masked priming study on reading two-character words (Xing, 1996). Why should
phonological priming effects disappear in LDT? Could it be due to the differences
between naming and lexical decision tasks? The lexical decision task is often criticized
for its postlexical decision process. A difficult decision on a stimulus will result in a
longer reaction time and a prolonged decision process could probably obscure
phonological priming effects. Two arguments can be made against this hypothesis. First,
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if a prolonged decision process in LDT obscured phonological effects, the same would
apply to orthographic priming effects. But we have observed robust effects of
orthographic priming across both tasks. Naming times for logographic characters are
typically longer (around 100 msec) than lexical decision times and both tasks are usually
associated very low error rates. Should the decision process in LDT be difficult and
prolonged, we would find longer lexical decision latencies and higher error rates.
Ferrand and Grainger (1994) offered a prime-target overlap account in an attempt
to explain the absence of phonological effects in most masked priming studies.
Specifically, a greater prime-target orthographic overlap (approximately over 75%)
would override phonological masked priming effects because of within-level inhibition
between activated word nodes activated by orthographic codes. But in the present
experiments, the homophone primes were visually unrelated with the targets, the
orthographic overlap between the prime and target being almost 0%. Thus activated
phonological units should provide facilitation to the target representation and, thereby,
facilitate target recognition without any proposed within-level inhibition between
activated word nodes resulting from orthographic prime-target overlap. In other words,
Ferrand and Grainger's hypothesis should predict a stronger phonological priming effects
when the homophone primes were orthographically unrelated to the targets. Obviously
that was not the case.
Alternatively, phonological priming observed in naming might result from effects
associated with the task requirement to pronounce the target word. In a naming task, the
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vocal production system collects phonological information, retrieved or assembled, to
generate an articulation plan for oral production. This process is not part of lexical access
per se but occurs at the post-lexical access, output stage. But articulatory priming could
occur in naming if the masked prime, phonologically related to the target, could somehow
prepare the articulatory apparatus before phonological information from the target entry is
made available. In contrast, the lexical decision task does not resort to the articulatory
system because how a stimulus is pronounced does not help to make a decision whether
the stimulus is a word or not. Unless phonological recoding did play a mediating role in
lexical access, phonological priming effects may occur only in a task that explicitly
requires the involvement of articulation. This articulatory hypothesis suggests the
phonological codes of a masked homophone prime were solely responsible for the
naming process but not for lexical access, since otherwise, the phonological priming
should have occurred in the lexical decision task that is generally assumed to involve the
process of lexical access (Xing, 1996). This position is also consistent with masked
priming results of naming alphabetic words. Strong masked priming effects were
obtained in naming studies when the prime matched only the onset or initial syllable of
the target whereas no such effects were found in the lexical decision task using exactly
the same set of stimuli and method of presentation (e.g., Ferrand, Grainger, & Segui,
1994).
Finally, the lexical decision experiments revealed no additional priming effects
due to the combination of visual plus phonological similarity, essentially replicating the
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pattern of the preceding naming data. Contrary to the prediction by Van Orden and
colleagues (1987, 1990), phonological priming did not occur, in the lexical decision task,
even when these homophone primes were also visually similar to the targets. Rather the
LDT data added further support to the hypothesis that the involvement of articulation is
the necessary requirement for the occurrence of phonological priming. In addition, the
articulation hypothesis correctly predicts that the visual plus phonological primes will not
produce extra priming effects if the task does not require a vocal response.
But presumably, this hypothesis would also predict a visual plus phonological
prime should produce additional priming in a naming task because the orthographic code
and phonological code activated by the prime affect target naming at differential stages,
the former at lexical access and the latter at output production stage. If a prime's
orthographic code could speed up the access process for the target while its phonological
code could facilitate the articulation of the target, then additional priming effects should
be obtained compared to a prime related to the target in either orthography or phonology.
This "double priming" assumption, however, would obviously require that the
phonological code activated by the prime must reach the articulation system sufficiently
early before the phonological code retrieved firom the target entry is available for
articulation. In other words, there is a "horse race" between the two types of code. If
retrieved phonological information succeeds more quickly than does articulatory priming,
there will be no effect of phonology. Consider the logographic nature of the writing
system and that naming latencies are typically longer than lexical decision times. If we
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assume the phonological code of a prime character has to be retrieved from the prime's
lexical entry before being capable of priming the articulation system whereas the
orthographic code of a prime presumably could directly prime lexical access of the target,
then it would not be difficult to explain why no extra priming effects were obtained from
visual plus phonological primes in a naming task.
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Chapter 7
GENERAL DISCUSSION AND CONCLUSIONS
The present research explored the role of phonological codes in identifying
Chinese characters, simple and compound, phonologically transparent and opaque. The
six experiments reported in the thesis have provided data which converge from different
perspectives and experimental paradigms to help develop an understanding of how
orthographic and phonological information is involved in the lexical access stage of
character recognition. Some of these results are new while some replicate earlier studies.
The results of these experiments can be simunarized as follows:
1. Transparent characters, i.e., with a valid phonetic radical, were generally named
faster than opaque characters including simple characters, and compound characters
without a phonetic radical or with an invalid phonetic radical (Experiment 1).
2. However, this phonological transparency effect was not found in lexical
decision: Transparent characters were not classified faster than opaque characters
(Experiment 2). It appears that phonologically transparent characters are not easier to
identify than opaque characters but the former are merely named faster probably for
reasons other than lexical access (see below for discussion).
3. Contrary to the data pattern in alphabetic languages, naming latencies for
Chinese characters were overall longer than lexical decision times (Figure 1), suggesting
phonological code of a character is made available for vocal output considerably late in
the word recognition process, probably some time after lexical access has occurred.

4. Homophone interference effects occurred in semantic categorization
experiments: Subjects took longer to correctly reject a homophone character than a
control but a similar pattern of interference was found across transparent and opaque
characters (Experiments 3 and 4). Since the homophone pronunciation of an opaque
character can only be recovered after the whole character is recognized and its phonetic
radical is not a homophone to the corresponding category exemplar, homophone
interference effects have to be attributed to postlexical phonology rather than prelexical
phonology of the phonetic radicals.
5. Phonological masked priming effects were obtained in naming but not in
lexical decision: Homophone primes, visually dissimilar to the targets, facilitated naming
(Experiment 5) but not lexical decision of the corresponding target characters
(Experiment 6).
6. Orthographic masked priming effects were observed consistently across tasks:
Visually similar but phono logically different primes facilitated target character
recognition in naming as well as in lexical decision (Experiments 5 and 6 ).
7. No additional priming effects were found for masked primes which were
simultaneously visually similar and phonological identical to the target characters in
naming or in lexical decision (Figure 2). The fact phonological masked priming occurred
only in naming and visual plus phonological primes produced no additional priming
effects, compared to orthographic priming, suggests that some component of the naming
task is affected by the phonological code of a masked prime, but this component is
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probably missing from the lexical decision task. In contrast, the orthographic code of a
masked prime appeared to affect a common component which is shared by naming and
lexical decision tasks.
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But from a theoretical point of view, the most important finding from these
experiments is the evidence of the positive role played by orthographic codes as well as
the absence of prelexical or presemantic phonological effects in reading Chinese. The
results help to clarify the difference between phonologicaily mediated access to character
meaning and automatic retrieval or activation of character phonology. They also present
a clear case that it is postlexical phonology that caused homophone interference effects
observed in the semantic categorization experiments.
Direct Evidence for the Role of Orthographic Codes
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Although transparent characters with valid phonetic radicals were generally
named faster than opaque characters, no such advantage has ever been found and reported
in lexical decision experiments. If lexical access in reading Chinese characters were
mediated by phonological codes, we should expect consistent phonological transparency
effect in both naming and lexical decision tasks. Obviously one may ask if some
component in the lexical decision task might obscure or attenuate the phonological
effects. The task is often under criticism for its difficult decision process (e.g., Balota &
Chumbley, 1984). But orthographically, opaque characters are not more familiar or
meaningful than transparent characters. There is no a priori reason to suspect that
transparent characters are more difficult to classify than opaque character, thus resulting
in longer RT's. On the other hand, there might be a number of reasons why transparent
characters are named faster than opaque characters. First, transparent characters are
generally associated with more familiar pronunciations and consequently easier to
articulate. They are named faster not because of a faster lexical search or access but
because familiar phonological patterns are faster to articulate than unfamiliar patterns.
Second, phonological code associated with a phonetic radical could perhaps be the
default pronunciation for a compound character containing it and therefore it may involve
fewer or simpler computations to generate a phonological plan for articulation in the case
of a transparent character. Third, the phonetic radical in a transparent character could
somehow prepare the articulation system before the phonological code of the whole
character is available for articulation. Recently, evidence has been reported in the
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literature from independent studies (Taft & Zhu, 1997; Zhou & Marslen-Wilson, 1997)
suggesting that phonetic radicals are automatically decomposed in the process of reading
compound characters and used to access their own phonological and semantic
representations in the lexicon. If a high-frequency phonetic radical in a relatively lowfrequency compound character could be activated earlier than the compound, the
phonological code of the phonetic radical may prepare the articulation system before
lexical access for the compound character completes. Of course, this hypothesis would
also suggest the naming of an opaque compound character may probably suffer as a result
of an earlier activation of its invalid phonetic radical because the articulation system
probably needs to be deprogrammed before being ready for a different phonological plan.
Consequently, the difference between transparent and opaque compound characters in
naming times could become more pronounced, especially for lower frequency characters.
Clearer evidence for the role played by orthographic codes in reading Chinese is
demonstrated in the masked priming studies. Character recognition was facilitated in
both lexical decision and naming tasks by a masked prime visually similar to the target.
The fact the prime character was phonologically unrelated to the target precludes an
alternative interpretation that the orthographic code of the prime could be subsequently
recoded to phonological codes for lexical access. That is, the orthographic masked
priming in these experiments is unequivocally achieved through orthographic codes
alone. In contrast, phonological priming observed in naming was completely missing in
the lexical decision task. It appears that the phonological code activated by the masked
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prime did not affect the process of target character recognition in the same way as the
orthographic code. Besides, given that subjects were typically unaware of the presence of
the prime presentation, the chance is extremely slim that a faster decision was made
because of the visual similarity between the prime and the target. Orthographic priming
should therefore occur probably at some time prior to the decision process of the lexical
decision task.
More intriguing is the finding that phonological masked priming effects was
present in the naming but absent in the lexical decision experiments with exactly the
same set of prime and target characters. Similar to the arguments made above,
phonological effects are either obscured in the lexical decision task, or occur a taskspecific effect of naming. While no evidence is available which casts doubt on the lexical
decision task, results fi-om masked priming experiments on naming alphabetic words
appeared to be in favor of the alternative argmnent. For instance, Forster and Davis
(1991) found their subjects apparently attempted to pronounce the prime instead of the
target despite the fact that the prime was masked. Naming responses to a target word
were faster so long as the masked prime began with the same onset (e.g., belly-BREAK
vs. meny-BREAK). Similarly, Ferrand, Segui, and Grainger (1994) found strong priming
effects when the masked prime shared the initial syllable of the target word in naming
but not in lexical decision task. It is possible that phonological priming observed in
naming experiments could be occurring in the phonological-articulatory output stage.
Phonological planning for naming the prime could be transferred directly to the
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articulation of the target if the prime is phonologically identical or similar (e.g., having
the same onset or initial syllable) to the target. In essence, the phonological code of the
masked prime does not facilitate the lexical search or access of the target but the
articulation of the target. Since articulation output is not required in lexical decision task,
phonological masked priming effects disappear.
The direct access proposal for reading Chinese is apparently compatible with the
logographic nature of the Chinese writing system. In such a system, orthographic
features of a character are not decomposable into phonetic constituents that are
functionally equivalent to phonemic features. Grapheme-phoneme correspondence, or
sub-character and sub-syllable is simply implausible in reading Chinese characters. In
other words, there are no phonemic "parts" in the printed form of a characters that could
be put together to form a syllable, speech representation of a character. Such
characteristics of Chinese leave little room for prelexical or nonlexical phonology in
reading Chinese (Zhou, Marslen-Wilson, Bi, Shi, & Shu, 1997). For simple characters,
the mapping from orthography to phonology is purely arbitrary. Orthographically similar
characters are mostly likely to be phonologically different while it is not unusual to find
orthographically different characters that are phonologically similar or even homophones.
For compound characters, the phonetic radical provides but unreliable clue to the
pronunciation of the compound. Few phonetic radicals provide consistent pronunciations
to a large number of compound characters that contain them and even fewer provide
consistent pronunciations without exceptions.
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Given the fundamental differences between logographic and alphabetic
orthographies, there is no warranty that the results obtained from one writing system
could be directly applicable to another. But one thing that is certain from the present
experiments is that direct access, without phonological mediation, is at least plausible for
visual word recognition. Contrary to Van Orden at al.'s proposal (1990), we have
obtained clear evidence for the procedure of direct access from orthography to
phonology. In fact, there is nothing inherent in human cognitive system or human natural
language that precludes direct access in reading without phonological mediation
(McCusker et al., 1981). But whether direct access is idiosyncratic of writing systems
where orthography and phonology is not intrinsically related or it is universal across
various orthographies is an open question that requires further research.
Homophone Interference: Postlexical Effects
One important controversy concerning the homophone interference effects
reported from semantic categorization experiments is the cause(s) of such interference.
When a subject miscategorizes homophones like creak as A SMALL STREAM, or takes
longer to make a correct rejection, the results can lead to various interpretations. The data
may be interpreted as evidence in support of phonology mediated access by a
representation of /krik/ (Van Orden, 1987; Van Orden et al., 1996). But altematively, the
results could be interpreted as a joint effect of phonological and orthographic similarity
because the target word not only sounds identical but also looks similar to the correct
exemplar creek (e.g., Besner, Dennis, & Davelaar, 1985); or because the category name A
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SMALL STREAM is so narrowly defined that a subject could easily preassemble a list of
items that might include the correct exemplar which happens to be a homophone of the
target (Jared & Seidenberg, 1991).
In addition, homophone interference could occur when the phonological code
retrieved for the homophone foil could be kept in the working memory and then used to
initiate a reaccess for the correct exemplar (for discussion see Taft, 1991). For example,
V. Coltheart et al. (1988) reported that homophone interference was observed in reading
irregular words. Since the homophonic pronunciation of their exception words could not
be determined by prelexical rules (e.g., height for hate), their phonological codes must
have been retrieved from the corresponding lexical entries, having been accessed on the
basis of purely visual information. Moreover, the homophone interference effects
associated with irregular words were as strong as regular words. Given the homophone
interference effects as an indirect evidence for making inferences about word processing,
results from experiments in a language where orthography and phonology are inherently
confoimded are naturally ambiguous and afford alternative explanations.
Clearer evidence on the source of homophone interference effects was obtained
from semantic categorization experiments on reading Chinese characters. If one believes
that the homophone interference effects occur because the phonological code generated
on the basis of sublexical information accesses the semantic information of the category
exemplar rather than its own, then such effect should never occur when the stimulus'
pronunciation cannot be derived by applying grapheme-phoneme conversion rules.
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However, robust homophone interference effects were revealed when the subjects tried to
classify homophone characters in Chinese, both transparent and opaque characters. It
appears that research by using the semantic categorization paradigm is rather restricted in
what it can reveal about visual word processing. It carmot specify the locus of the
phonological effects given the homophone interference could equally occur when word
phonology could only be determined after its lexical entry has been accessed. The safest
conclusion that can be drawn from such research seems to be word phonology is
automatically activated in word recognition and how the word is pronounced may
involuntarily influence subsequent higher level semantic processing, e.g., semantic
categorization decisions. It seems the semantic categorization paradigm may not be
appropriate for investigating the effects of prelexical phonology in visual word
processing (Berent & Perfetti, 1995; Verstain et al., 1995) because of its questionable
internal validity as a reliable index of prelexical phonology.
Given the similar pattern of homophone interference effects observed across
alphabetic and logographic writing systems, it seems irrational to maintain that the cause
of homophone effects must be prelexical. In addition, it seems unwise to suggest that
homophone effects are prelexical in one orthography while postlexical in another. Even
so, one still has to explain why homophone interference also occurs with irregular words
of an alphabetic language (e.g., V. Coltheart at al., 1988). On the other hand, one may
assume addressed phonology is the primary source of homophone interference effects. If
lexical access is predominantly visual and phonological information becomes available
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upon lexical access, homophone interference may occur no matter how phonology is
represented in a word, alphabetic or logographic, regular or irregular. In fact, a recent
study by Taft and van Graan (1997) shows that phonological recoding is not involved in
making a category decision in the semantic categorization paradigm. Just as the irrelevant
semantic properties of a word cause interference in the Stroop task (Stroop, 1935), the
homophone interference arises because the various lexical codes associated with a word,
semantic or phonological, become automatically activated whenever one type of code is
activated.
At the same time, we do not intend to imply that there is no difference at all in
phonological processing between alphabetic and logographic writing systems. While
visual access is perhaps predominant in skilled reading, different options or routes may
still exist with regard to how word phonology can be derived in different orthographies.
As a matter of fact, how speech representation is realized in a writing system delimits the
options available in the language to recover phonological information from writing. For
an alphabetic language, there is an additional option, i.e., the nonlexical or prelexical
route. The route exists because of a more transparent relationship between speech and
writing in alphabetic orthography. But how reliable it is in recovery of phonology
directly from letters, consonant clusters, or bodies in a word depends on the orthographic
depth of the language. Many studies have shown this route is slow (affecting only low
frequency words), and sometimes unreliable (for irregular words). Except for its
potential use for language learning in children, there are no obvious reasons why such an
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optional route continues to exist in skilled readers. It may be there merely out a habit
acquired in childhood. Or it may serve a back-up system in case the orthographic route
breaks down.
Automatic Phonological Activation and Lexical Access
There appears to be little doubt that phonological information is involved in the
process of visual word recognition, but much of the earlier research on the role of
phonology in reading has confounded the issue of whether phonology is automatically
activated with the issue whether phonology plays a primary role in access to lexical
meaning (Zhou, 1997). In silent reading, phonological information is perhaps a
consequence of holding a word in working memory while its context is processed further
(e.g., Baddeley et al., 1981; Kleiman, 1975). In theory, word phonology can be generated
by converting graphemic units into corresponding phonemic units (though restricted for
regular words in an alphabetic language), or can be retrieved by the orthographic
representation of a word from lexical memory. And it may also be the case that
phonological information is automatically activated in silent reading, regardless how this
phonology is generated, pre- or postlexical. However, even if word phonology is
automatically activated and activated early in the word recognition process, this does not
mean phonology is necessarily involved as the access code for word meaning (Taft & van
Graan, 1997). This is a very important distinction.
Apparently, an early and automatic activation of word phonology is a necessary
prerequisite for the process of phonological mediation. But the evidence for either

automatic activation or early availability of phonological information does not constitute
a sufficient condition for phonological mediation. For example, results showing that
pseudohomophones (e.g., brane) take longer to classify than a control (e.g., brone), or
regular words (e.g., mint) are named faster than exception words (e.g., pint) can be very
well explained by a dual-route model of reading aloud. Data obtained from experiments
using the backward masking procedure suggest automatic activation of phonological
properties during word identification but the technique itself was specifically designed to
assess the time frame of phonological activation rather than how phonology is generated
or whether it is used to access word meaning (Perfetti et al., 1992). In one of their
studies on reading Chinese characters, Perfetti and colleagues (1992) concluded
phonological information is automatically activated but follows lexical access in a
logographic language. As has been argued above, the semantic categorization paradigm
cannot provide anything that is informative on the soiu^ce of the homophone interference
effects, either. It seems most of the previous studies have shown that phonological codes
are active during silent reading but they have not directly addressed the critical issue of
what role that phonological information plays in word recognition.
The data from our experiments converge from various perspectives and show the
phonological information of a character is automatically activated, and perhaps very early
in the process, and at the same time, strongly suggest that the phonological codes are not
effectively involved as the primary access code for character meaning. The homophone
interference effects observed in our semantic categorization experiments indicate
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phonological infonnation of a character, transparent or opaque, is automatically
recovered in the process of word recognition. The task of category judgment does not
explicit require phonological involvement. In fact, knowing how a word is pronounced
does not help the process of deciding, for instance, whether that word is an animal name
or not. But our results strongly suggest phonological information of a character is
automatically activated in the recognition process and may sometimes influence the
subject's categorization decision. At the same time, we found homophone interference
occurs independent of the factor of phonological transparency. There is no obvious
difference in the pattem of homophone interference effects induced by transparent
homophone and opaque homophone characters.
In addition, the results from our masked priming experiments suggest the
phonological codes of characters, and perhaps phonetic radicals, become available
considerably early in the process. A target character is pronounced faster when it is
primed by a homophone character despite the fact that the prime is presented briefly and
masked both backwards and forwards. More interesting is the finding that phonological
masking priming occurs only when the task has an explicit request for a phonological
output whereas orthographic masked priming does not. If the phonological code of a
masked prime is effectively involved as access code, then phonological priming effects
should be observable in any tasks that require lexical access.
Based on these results, we agree that phonological representations are recovered
as part of the word identification process, regardless of the relationship between
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orthography and phonology, whether regular or exception in an alphabetic language,
transparent or opaque in a logographic language. A reader is sensitive to the
phonological properties of written words at some stage of the reading process, probably
as an aid to postaccess comprehension. Phonological information, however, does not
seem to play an important role in access to word meaning in reading Chinese. We also
believe the fundamental architecture of word processing is the same or similar across
various human natural languages.
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