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The relative time course of semantic and phonological activation was investigated in the context of 
whether phonology mediates access to lexical representations in reading Chinese. Compound words 
(Experiment 1) and single-character words (Experiments 2 and 3) were preceded by semantic and 
phonological primes. Strong semantic priming effects were found at both short (57 ms) and long (200 ms) 
stimulus onset asynchrony (SOA), but phonological effects were either absent in lexical decision 
(Experiment 1), were present only at the longer SOA in character decision (Experiment 2) or were 
equally strong as semantic effects in naming (Experiment 3). Experiment 4 revealed facilitatory or 
inhibitory effects, depending on SOA, in phonological judgments to character pairs that were not 
phonologically but semantically related. It was concluded that, in reading Chinese, semantic information 
in the lexicon is activated at least as early and just as strongly as phonological information. 

A crucial issue in the study of visual word recognition concerns 
the relations between phonology and meaning (e.g., Carr & Pol- 
latsek, 1985; Frost, 1998; McCusker, Hillinger, & Bias, 1981; 
Seidenberg & McClelland, 1989; Taft & van Graan, 1998): To 
what extent does phonology play a role in access to lexical se- 
mantics? There have been a number of ways to approach this issue. 
One approach that has been extensively used in the study of 
Chinese lexical processing, although not so much in the study of 
alphabetic languages, is to directly compare the relative time 
course of phonological and semantic activation in reading. The 
rationale behind this approach is as follows: It is generally as- 
sumed that there are two pathways to lexical semantics from 
orthographic input, one being the direct mapping between orthog- 
raphy and semantics, and the other being indirect mapping via 
phonological mediation. It follows that if phonology plays a pre- 
dominant role in constraining access to semantics, then the one- 
step computation from orthography to phonology must be faster 
and more efficient than the one-step computation from orthogra- 
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phy to semantics. Only in this way can the two-step indirect access 
to semantics via phonology have an overall advantage over the 
direct route from orthography, so that the phonologically mediated 
route to semantics can dominate over the direct computation from 
orthography to meaning. 

For alphabetic scripts, it is likely that phonological activation 
from orthography is indeed more efficient than semantic activation 
from orthography. This is because there is in general a systematic 
mapping between orthography and phonology, whereas the rela- 
tions between orthography and semantics are mostly arbitrary. The 
transformation of activation between different domains is con- 
strained by their regularity of mapping (e.g., Plaut, McCleUand, 
Seidenberg, & Patterson, 1996). The r e s o n a n c e  theory of lexical 
processing (e.g., Van Orden & Goldinger, 1994; Van Orden, 
Jansen op de Haar, & Bosman, 1997; Van Orden, Pennington, & 
Stone, 1990) goes further to argue that the visual-phonological 
correlation in English is strengthened as learning progresses and 
reaches coherence before visual-semantic correlation. The self- 
consistency between visual and phonological properties rapidly 
organizes the lexical processing system and dominates over the 
less self-consistent, less efficient visual-semantics relations. Di- 
rect visual access, if it exists at all on this view, plays a minor role 
in constraining semantic activation (see also Lesch & Pollatsek, 
1993; Lukatela & Turvey, 1991, 1994). 

Compared with alphabetic languages, the relations between 
orthography and phonology in logographic Chinese are much more 
arbitrary, with essentially no systematic sublexical (subcharacter) 
correspondence (D. Li, 1993; Yin & Rohsenow, 1994; Zhou, Shu, 
Bi, & Shi, 1999). This makes the answer to the question of the 
relative time course of semantic and phonological activation in 
reading Chinese much less predictable and more interesting. Is 
phonological activation, on the basis of computation from orthog- 
raphy to phonology, faster and more efficient than semantic acti- 
vation in Chinese as well? Is there a uniform answer to this 
question regardless of the linguistic and statistical properties of 
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The main question: when reading something written, how do you 
recognize a word? Do you use sound to "look up" a word from your 
"mental dictionary", or do you use meaning?
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Chinese characters and Chinese words? If the activation of pho- 
nological information in reading Chinese occurs very early and 
always precedes the activation of semantic information, it is rea- 
sonable to assume that phonology could play an important role in 
constraining access to semantics, perhaps as important as the role 
of phonology in reading alphabetic scripts. 

In recent years, Perfetti and his colleagues (e.g., Perfetti & Tan, 
1998; Perfetti & Zhang, 1991, 1995; Tan, Hoosain, & Peng, 1995; 
Tan, Hoosain, & Siok, 1996) have used various techniques to 
demonstrate mandatory phonological activation in reading Chinese 
and to compare the relative time course of semantic and phono- 
logical activation. These techniques include backward masking, 
synonym and homophone judgment, and primed naming. Typi- 
cally, two sets of target words are used in these studies, one set 
preceded (or followed) by semantically related words and one set 
by phonologically related words. If the phonological or semantic 
representations of the first presented words are activated within a 
given time period, this activation should influence the processing 
of the second sets of words or characters. By varying stimulus 
onset asynchrony (SOA) between the first and the second charac- 
ters, the authors were able to examine which effects, semantic or 
phonological, emerged first in various experimental tasks. It was 
concluded that, in reading Chinese, the activation of phonology 
begins very early and precedes semantic activation (Perfetti & Tan, 
1998; Perfetti, Tan, Zhang, & Georgi, 1995; Perfetti & Zhang, 
1995), presumably because the correspondence between orthogra- 
phy and phonology is more reliable and precise than the corre- 
spondence between orthography and meaning (Perfetti et al., 
1995). It was further argued that this early phonological activation 
has strong effects on access to lexical semantics (Tan & Perfetti, 
1997). These conclusions, if correct, may have some important 
implications for possible universals of lexical processing across 
different orthographies. 

We agree with Perfetti and his colleagues that phonological 
information is mandatorily activated in reading Chinese (see Zhou, 
2000; Zhou & Marslen-Wilson, 1997, 1999a, 2000b; Zhou, Shu, et 
al., 1999). This claim is not at issue here. There are, however, a 
number of reasons (see below) for us to question whether phono- 
logical activation is indeed generally earlier than semantic activa- 
tion. The importance of this time course issue is with respect to the 
further claim, as we noted earlier, that phonology is not only 
obligatorily activated but also mediates access to lexical and 
semantic representations. Accordingly, in this research, we use 
various techniques to compare the relative time course of phono- 
logical and semantic activation in visual recognition of Chinese 
words and characters. Before we move on to these experiments, we 
first summarize major experimental evidence provided by Perfetti 
and his colleagues, and evidence from other researchers consistent 
or inconsistent with their conclusions. Then we report four sets of 
experiments, which consistently show that semantic activation in 
reading Chinese is at least as early if not earlier than phonological 
activation. 

Previous Studies 

Perfetti and his colleagues used three experimental paradigms to 
investigate the relative time course of semantic and phonological 
activation in reading Chinese. The first paradigm was backward 
masking, in which a briefly exposed target was followed immedi- 

ately by a second character (i.e., a mask) and then by a pattern 
mask. Participants were asked to report the characters they saw. 
The target and the masking character could be semantically, pho- 
nologically, or orthographically related. Perfetti and Zhang (1991 ) 
varied the exposure times of targets (from 30 ms to 70 ms) while 
keeping constant the exposure time of the masking characters (30 
ms). Although they found strong facilitatory effects for ortho- 
graphic masks (e.g., ~ xian[4], now) 1 in the identification of 
targets (e.g., ¥~ shi[4], watch), they did not observe any significant 
effects for semantically related masks (e.g., ~ kan[4], see) or for 
orthographically different homophone masks (e.g., ~ shi[4], mat- 
ter). In addition, the authors found facilitatory priming effects for 
semantic and homophone masks in forward masking, in which 
primes were presented first for 50 ms and the targets were then 
presented for 35 ms, but there was no difference between the 
facilitatory effects for the two types of masks. Subsequent studies 
by Tan et al. (1995), however, found a significant phonological 
facilitatory effect but no semantic priming effect when the expo- 
sure times for targets and masks were longer (60 ms and 40 ms, 
respectively). Moreover, a post hoc analysis showed that a seman- 
tic priming effect was present when target characters had "precise" 
meanings but not when targets had "vague" meanings. Tan et al. 
(1996) extended these findings by showing that phonological 
priming effects appeared approximately 14 ms earlier than seman- 
tic effects when the meanings of target characters were precise 
and 28 ms when the meanings of target characters were vague. The 
general conclusion from these studies is that phonological infor- 
mation is not only automatically activated but activated earlier 
than semantic information in reading Chinese. 

The second approach used by Perfetti and his colleagues was 
based on phonological and semantic judgment tasks. In the pho- 
nological judgment task, participants were asked to judge whether 
successively presented pairs of characters were homophones, 
whereas in the semantic judgment task, participants had to decide 
whether the paired characters were synonyms. Three questions 
were addressed: First, do semantically but not phonologically 
related characters show interference effects in homophone judg- 
ment? Second, do phonologically but not semantically related 
characters show interference effects in semantic judgment? Fi- 
nally, which of the interference effects, semantic or phonological, 
appear earlier in the time course of activation? Perfetti and Zhang 
(1995) varied SOAs between the first and second characters and 
found that phonological interference with synonym judgments 
appeared at the SOA of 90 ms or longer, but that semantic 
interference effect with homophone judgments did not appear until 
the SOA was 140 ms. The magnitude of the phonological inter- 
ference effect was also larger than the semantic interference effect. 
These data appear to be consistent with the backward masking 
studies. 

The third approach used by Perfetti and his colleagues was 
primed naming, in which target characters were preceded by 
semantic or phonological primes and participants were asked to 
pronounce the targets as quickly as possible. Perfetti and Zhang 
(1991) found that the homophone priming effect was larger than 

Throughout the article, we give the pronunciations of Chinese charac- 
ters in pinyin--the Chinese alphabetic system. Numbers in brackets rep- 
resent the lexical tones of syllables. 

The big question: Does Chinese character reading use phonology? 
AND how fast is phonology activated (as opposed to semantics)?
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The rest of this introduction is very long and detailed; you don't need 
to worry about every detail. The most important thing is that you can 
understand the design and results of Experiment 1 (starting on page 
1248); you don't need to worry as much about this "Previous Studies" 
section.
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the semantic priming effect. A recent study by Perfetti and Tan 
(1998) suggested that although homophone priming effects could 
be obtained when the SOA was 57 ms, a semantic priming effect 
was not detected until the SOA was about 85 ms. Moreover, the 
homophone priming effects were much larger than the semantic 
effects (though, see Chen& Shu, 1997, which did not replicate this 
study using the same stimuli and similar experimental procedures). 

The data from the three approaches used by Perfetti and his 
colleagues all seem to point to the same conclusion: Not only is 
phonology automatically activated in reading Chinese, but it is also 
activated earlier than semantics. Although the authors have been 
duly cautious about whether task demands may have influenced 
the patterns of priming effects (Perfetti & Tan, 1998), they none- 
theless generally accept that phonological activation occurs earlier, 
and provide a theoretical account in terms of the relative reliability 
of the link between orthography and phonology and between 
orthography and meaning (e.g., Perfetti et al., 1995). Phonological 
activation is viewed as bound more reliably to printed symbols 
than to semantic information, and this is seen as universal across 
different orthographies, reflecting the fundamental role of phonol- 
ogy in word recognition. 

One possible problem for this view is that the relative arbitrari- 
ness of the relation between orthography and phonology in Chi- 
nese (see, e.g., D. Li, 1993; Yin & Rohsenow, 1994; Shen & 
Forster, 1999; Zhou, Shu, et al., 1999) may not allow the same 
rapid computation from orthography to phonology as is seen in 
alphabetic systems. Orthographically similar simple characters are 
mostly pronounced in different ways, whereas orthographically 
different (simple and complex) characters may have the same 
pronunciations. Even for complex or compound characters con- 
taining phonetic radicals, which may have the function of indicat- 
ing the pronunciation of whole characters, less than a third of them 
have the same pronunciation as their phonetic radicals (e.g., Fan, 
Gao, & At, 1984; Y. Li & Kang, 1993; Shu, Wu, Zheng, & Zhou, 
1998). About one third of complex characters ("irregular" charac- 
ters) bear no phonological relations with their phonetic radicals at 
all. Although the sublexical phonological processing of phonetic 
radicals can support the phonological activation of complex char- 
acters (Fang, Homg, & Tzeng, 1986; Hue, 1992; Peng, Yang, & 
Chen, 1994; Seidenberg, 1985; Zhou & Marslen-Wilson, 1999b), 
this function is mainly restricted to low frequency "regular" com- 
plex characters that contain homophonic phonetic radicals. For 
most characters, this sublexical phonological processing may even 
interfere with the phonological activation of the whole characters. 
Moreover, there is little "feedback consistency" (Stone, Vanhoy, & 
Van Orden, 1997; Ziegler, Montant, & Jacobs, 1997) between 
phonology and orthography in Chinese, as one phonological form 
(i.e., a syllable) usually corresponds to several characters. Such 
feedback and feedforward consistency are thought to be crucial in 
determining the primary role of phonology in organizing the 
lexicon and in access to semantics (Van Orden & Goldinger, 1994; 
Van Orden et al., 1990, 1997). Thus, even the resonance theory of 
lexical processing does not necessarily predict a central role for 
phonology in reading Chinese. 

However, the relations between orthography and meaning are 
arguably less arbitrary in Chinese than in alphabetic languages. 
This is because semantic radicals in complex characters may have 
the function of indicating the semantic category of the whole 
characters, although this function has been obscured for many 

characters (D. Li, 1993; Yin & Rohsenow, 1994). There is evi- 
dence that this function helps the semantic activation of the whole 
characters (e.g., Feldman & Siok, 1999; Zhou & Marslen-Wilson, 
1999b). Moreover, the fact that some characters have multiple, 
usually related, meanings does not necessarily imply that semantic 
activation of these characters is more difficult (see, e.g., Azuma & 
van Olden, 1997). Therefore, it can be argued that functional 
analyses of the Chinese writing system do not necessarily point to 
an earlier phonological than semantic activation in reading 
Chinese. 

In addition, a wider look at the experimental evidence does not 
suggest unequivocal support for earlier phonological activation. 
For example, some of the phonological effects reported by Perfetti 
and his colleagues may be open to alternative explanations. Given 
that the relative time course of phonological and semantic activa- 
tion is inferred from phonological and semantic priming effects, 
the degree of phonological or semantic overlap between primes 
and targets (or between the first and second characters) could 
influence the pattern of phonological or semantic effects and hence 
the conclusions concerning their relative time course (see Perfetti 
& Zhang, 1995; Zhou, Shu et al., 1999). The reason the phono- 
logical effect occurred earlier in semantic judgment than did the 
semantic effect in phonological judgment may be partly due to the 
fact that phonologically related characters were always homo- 
phones, sharing all phonological properties, whereas semantically 
related characters, even synonyms, differed on some semantic 
properties. Moreover, different task demands may augment or 
minimize the phonological or semantic effects and hence affect the 
conclusions about relative time course drawn from these effects. 

Several other studies of phonological and semantic priming did 
not show the same pattern of strong and early phonological effects 
in reading Chinese. In more than 10 experiments using both 
visual-visual and masked priming lexical-decision tasks with ei- 
ther the short or long SOAs, Zhou, Marslen-Wilson, Taft, and Shu 
(1999) did not observe significant priming effects between two- 
character compound words having homophonic but nonhomo- 
graphic characters (e.g., ~f~ hua[2] xiang[2], glide; ~.~ hua[2] 
gui[4], luxury), whether the homophonic morphemes were at the 
fLrSt or the second constituent position. Zhou, Shu et al. (1999) 
used homophonic compound words (e.g., ~ jie[2] jing[4], clean; 
~,~ jie[2] jing[4], shortcut) as primes and targets, and they did not 
observe significant priming effects in lexical decision, although 
they did find a significant facilitatory effect in naming. The ab- 
sence of phonological priming effects in lexical decision to com- 
pound words contrasted with robust morphological or semantic 
priming effects in the same experiments. Even in the primed 
naming task, which taps directly into phonology, phonological 
effects are not always observed. We observed significant priming 
effects for homophonic compound words (Zhou, Shu et al., 1999) 
and single-character words (Zhou, Shu et al., 1999; Zhou, Wu, & 
Shu, 1998). However, both Zhang, Feng, and He (1994) and Wu 
and Chen (1997) found no homophone priming effects for low- 
frequency characters. 

Finally, claims for earlier phonological activation in reading 
Chinese are only inconsistently supported by studies that used 
semantic tasks, such as semantic categorization or phonologically 
mediated semantic priming. These are tasks which have played an 
important part in providing evidence for the role of phonology in 
access to semantics in alphabetic scripts (e.g., Fleming, 1993; 
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Jared & Seidenberg, 1991; Lesch & Pollatsek, 1993; Lukatela & 
Turvey, 1991, 1994; Van Orden, 1987; Van Orden, Johnston, & 
Hale, 1988). This turns out to be a complex and controversial area 
in the study of Chinese. Tan and Perfetti (1997), and more re- 
cently, Chua (1999) and Xu, Pollatsek, and Potter (1999), for 
example, did find significant phonological effects. Other studies 
using these techniques, however, have revealed either nonsignifi- 
cant or relatively weak phonological effects, independent from 
orthographic effects (e.g., Chen, Cheung, & Flores d'Areais, 1995; 
Leck, Weekes, & Chen, 1995; Sakuma, Sasanuma, Tatsumi, & 
Masaki, 1998; Wydell, Patterson, & Humphreys, 1993; Zhou, Shu 
et al., 1999; Zhou & Marslen-Wilson, 2000b; see General Discus- 
sion), or have found effects only for special sets of the materials. 
Thus, although we (Zhou & Marslen-Wilson, 1999a) did observe 
significant phonologically mediated semantic priming effects in 
primed naming, these effects were only for a restricted subset of 
mediated homophone primes, which is inconsistent with the claim 
for mandatory, across-the-board phonological mediation in access 
to semantics. 

From this review it is clear that there is sufficient uncertainty in 
the literature to warrant further investigation into the relative time 
course of semantic and phonological activation in reading Chinese. 
In the present study, we reexamined this issue by using different 
tasks to provide converging evidence. The potential influence of 
task demands on the pattern of semantic and phonological effects 
is discussed in the different experiment sections and in the General 
Discussion. Experiment 1 used a lexical-decision task to explore 
semantic and phonological priming effects in reading Chinese 
two-character compound words. Experiment 2 examined these 
priming effects in reading single-character words or morphemes in 
a character-decision task. The same design and critical characters 
were also used in Experiment 3, which used a primed naming task. 
In Experiment 4, the phonological judgment task used by Perfetti 
and Zhang (1995) was used to examine potential semantic inter- 
ference effects. In all of these experiments, the SOA between 
primes and targets was systematically manipulated to track the 
relative time course of semantic and phonological activation in 
reading Chinese. The choice of SOAs generally followed the work 
of Perfetti and his colleagues. 

Exper iment  1 

The purpose of Experiment 1 was to examine the relative time 
course of semantic and phonological activation in reading two- 
character compound words, which is the most common type of 
word in Chinese (over 70% by type; Institute of Language Teach- 
ing and Research, 1986). This experiment, using a visual-visual 
priming lexical-decision task, was based on two of our earlier 
studies (Zhou, 2000; Zhou, Shu et al., 1999) but with a more 
systematic manipulation of the phonological and semantic rela- 
tions between primes and targets and the SOA between primes and 
targets. A target word (e.g., ~ jie[2] jing[4], clean) was preceded 
either by its semantic associate (e.g., SE~ wei[4] sheng[1], hy- 
gienic) or by a word phonologically related to the target (e.g., 
~ jie[2] jing[4], shortcut). The SOA between primes and targets 
was either relatively short (57 ms) or long (200 ms). The crucial 
question here was which priming effect, semantic or phonological, 
appeared earlier and/or had a larger magnitude. 

In this and the following experiments, we used two types of 
phonological primes: homophones and semihomophones. Semiho- 
mophones are defined as words which share the same segmental 
template with the targets, but which differ on lexical tone. Com- 
paring the phonological priming effects for homophones and semi- 
homophones provides us with additional information as to whether 
suprasegmental (tonal) information plays a significant role in 
lexical decision to compound words, which, as we argue later, taps 
mainly into semantic activation of compounds. More important, by 
including both homophones and semihomophones, we can go 
some way toward balancing the degree of phonological and se- 
mantic overlap between primes and targets, allowing both seman- 
tic and phonological pairs to have nonoverlapping properties. This 
balance is particularly important for some tasks, such as semantic 
and phonological judgment, because the relative time course of 
semantic and phonological activation is inferred from the compar- 
ison of the strength of the effects in these tasks. The between-task 
comparison is likely to be influenced by the relative easiness of 
these tasks, which, in turn, is influenced by the extent of semantic 
or phonological overlap between primes and targets (Perfetti & 
Zhang, 1995; Zhou, Shu et al., 1999). 

M e ~ o d  

Design and stimuli. The design and sample stimuli are presented in 
Table 1. The complete list of critical stimuli can be found in Appendix A. 
Two groups of target words were used. In one group (the homophone 
group), 44 target words (e.g., ~ jie[2] jing[4], clean) were preceded by 
their semantic associates (e.g., ~0,~ wei[4] sheng[1], hygienic) and by 
words homophonic to the targets (e.g., t ~  jie[2] jing[4], shortcut). In 
another group (the semihomophone group), 80 targets (e.g., t~l/~ tiao[4] 
yue[4], jump) were preceded by semantic associates (e.g., Z~II fei[l] 
xiang[2], fly) and by semihomophones that shared the same segmental 
templates with the targets but differed on the tones of both constituent 
syllables (e.g., ~ tiao[2] yue[1], treaty). Note that none of the homo- 
phone or semihomophone primes bore any orthographic relation to their 
targets. The comparison between semantic and phonological priming ef- 
fects here was within item, rather than between items as in Peffetti and Tan 
(1998), Tan et al. (1995), and Tan et al. (1996). The unequal number of 
targets for the two groups of stimuli was due to practical restrictions in 
selecting stimuli and to our desire to have as many critical stimuli as 
possible. As we show later, this imbalance between the number of homo- 
phone pairs and semihomophone pairs does not influence the pattern of 
priming effects. 

To assess semantic and phonological priming effects, we used target 
words that were also preceded by unrelated control primes. Because 
semantic and phonological primes could differ on a number of properties, 
such as frequency and visual complexity, we created separate control 
primes for the two types of critical primes. This was done by re-pairing 
semantic or phonological primes with targets. That is, a semantic (or 
phonological) prime for one target in the homophone or semihomophone 
group was used as an unrelated semantic (or phonological) control prime 
for another target in the same group. Thus, the same set of words were used 
as semantic and control primes and another set of words were used as 
phonological primes and their controls. The only difference between con- 
trol primes and semantic or phonological primes was that the former had no 
systematic relations with the corresponding targets, whereas the latter 
shared either semantic or phonological properties with their targets. 

There were 60 pairs of word-word fillers and t68 pairs of word- 
nonword fillers, in which primes and targets had neither semantic, ortho- 
graphic, nor phonological relations at either the whole-word or character 
level. There were also 16 word-nonword filler pairs that shared one 
syllable with either the same or different tones at either the first or the 

Visual-visual means people in the experiment read characters (rather than hearing sounds).
Priming is the kind of study used: where people read one word and then right after that they 
read another word, which is either related or unrelated. If the two words are related, then you 
are supposed to be able to read the second word more easily because the first word helps you 
"activate" it.
Lexical decision means that the participants' task in the experiment was to decide whether each 
word she reads is a real word or not a real word.
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SOA ("stimulus onset asynchrony") means how 
much time there was between reading the first word 
and reading the second word.

"Method" sections are often very complicated. Refer to the Chow & 
Lewis (2011) handout (from the readings for Week 2) for some tips 
about how to read this section.
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SEMANTIC AND PHONOLOGICAL ACTIVATION IN CHINESE 

Table 1 
Design and Sample Stimuli in Experiment 1 

Prime 

Semantic Phonological 
Stimulus group Semantic control Phonological control Target 

Homophone -o,'~ K~- t ~  ~ g  ~;9 
Pinyin wei(4) sbeng(1) yi(4) wu(4) jie(2) jing(4) yi(2) qi(4) jie(2) jing(4) 
Gloss hygienic duty shortcut abandon clean 
Frequency 1192 1192 256 256 448 

Semihomophone Z ~ 1~. ~ • ~ ~ ~ ~l~ 
Pinyin fei(1) xiang(2) cong(l) ruing(2) tiao(2) yue(l) xian(4) shi(2) tiao(4) yue(4) 
Gloss fly clever treaty reality jump 
Frequency 843 843 1068 1068 835 

Note. The phonological prime in the 
phonological prime in the lower part of 
target. 

upper part of the table is homophonic to its target, whereas the 
table shares its segmental templates but not its lexical tones with its 
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second constituent position. The phonologically related characters in these 
pairs were orthographically different. The reason for including these re- 
lated prime-target pairs was to reduce the possibility of participants using 
strategies based on phonological overlap between critical prime-target 
pairs, in responding to critical targets (but see Zhou, Shu et al., 1999). 
Nonword targets were created by combining real characters (morphemes) 
in a pseudorandom way. None of the nonwords were pseudohomophones 
that had the same phonological forms as real words. Characters that had 
been used in critical stimuli were not used again in filler items. There were 
also 20 pairs of practice items, which had a similar composition to the test 
items. 

The two groups of critical targets and their primes were split, in a Latin 
square design, into four test versions. In each version, 31 targets, 11 from 
the homophone group and 20 from the semihomophone group, were 
preceded by semantic primes. Another 11 targets were preceded by homo- 
phone primes and 20 targets by semthomophones. There were also 62 
critical targets preceded by the unrelated control primes. The same targets 
and the same primes appeared only once in a particular test version. The 
184 word-nonword and 60 word-word filler items were added to each test 
version, which thus contained 184 word targets and 184 nonword targets. 

A pseudorandom sequence was used to arrange the stimuli in each 
version in such a way that, across the four test versions, the same target 
appeared at the same position. The only difference between versions was 
that the primes for a particular critical target were different. There were 
never more than 4 consecutive targets requiring the same responses. 
Prime-target pairs with the same relations were roughly evenly distributed 
across a test sequence. Thus in each version, 17% (64/368) of the primes 
shared either semantic properties or segmental templates with their targets. 
There was a break after practice and two breaks in the main test session. 
The first three prime-target pairs after each break were always fillers. 

Procedure. All stimuli were generated using a computer word- 
processing program and captured as pictures on the screen by a snapshot 
program. Each word was excised and stored as an image file on a computer 
hard disk. Both primes and targets were created in 48-point songti font. A 
word was about 2.4 × 3.8 cm in size, and participants were seated about 60 
cm from the screen. 

The presentation of stimuli to participants and the recording of reaction 
times were controlled by the experimental software DMASTR (Forster & 
Forster, 1990). In each trial, an eye fixation signal ("+")  was first pre- 
sented at the center of the screen for 300 ms, followed by a blank screen 
for another 300 ms. A prime was then presented for either 57 ms or 200 ms 
depending on the SOA conditions. The corresponding target was presented 
immediately after the prime at the same location for 400 ms. There was an 

interval of about 3 s between the disappearance of the target and the eye 
fixation signal of the next trial. Participants were tested in groups of 3 or 
less in a quiet room. 

Because the notion of wordbood can be ambiguous for some Chinese 
compound words, participants were explicitly instructed that real words 
were those used in the language and have relatively fixed meanings, 
whereas nonwords were those not used in the language and had no fixed or 
commonly accepted meanings. This may bias participants toward the use of 
semantic information in their decision. Participants were asked to make 
their decisions as quickly and as accurately as possible. 

Participants. A total of 88 native speakers of Mandarin Chinese were 
tested, 44 at the SOA of 57 ms and 44 at the SOA of 200 ms. They were 
all undergraduate students at Beijing Normal University and were paid for 
their participation. 

Resul~ 

Mean reaction times, based on correct  responses  and without 
t r imming,  were  computed  separately for participants and items. 2 
Response  error  rates were also computed  for each participant and 
each item. Mean reaction t imes and error percentages in different 
pr iming condit ions are reported in Table 2. Semantic and phono-  
logical pr iming effects,  as assessed against their respective base-  
lines, are plotted in Figure 1. 

Analyses  of  variance (ANOVAs)  were  conducted separately for 
reaction t imes and error rates, with SOA as a between-part ic ipants  
factor (57 ms  vs. 200 ms), and stimulus group (homophone  vs. 
semihomophone) ,  relation type (semantic vs. phonological) ,  and 
prime type (prime vs. control) as three within-participant factors. 
In the reaction t ime analyses, the main effect  o f  prime type was 
highly significant, F I ( I ,  86) = 61.343, p < .001, MSE = 1,440, 
and F2(1 ,122)  = 88.558, p < .001, MSE = 1,364, indicating that 
targets were responded to faster when  they were preceded by 
related (semantic and phonological)  pr imes (540 ms) than by 
unrelated control  pr imes (562 ms). The main effect  o f  relation type 
was also significant, FI(1,  86) = 53.437, p < .001, MSE = 786, 

2 Trimming data in different ways, such as discarding reaction times 
longer than 3 standard deviations from these means, did not change the 
pattern of priming effects. 

The most important 
thing about the 
"Method" section to 
understand is this table. 
If you understand the 
table (don't worry about 
"Frequency"), then you 
basically understand 
what they did in this 
experiment.
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Table 2 
Mean Reaction Times (in Milliseconds) and Error Percentages in Experiment 1 

Semantic 
Semantic control 

Stimulus group SOA M % M % 

Phonological 

M 

Phonological 
control 

% M % 

Homophone 57 ms 530 1.7 572 6.4 565 7.9 576 7.2 
200 ms 523 4.8 575 7.0 558 4.8 560 5.2 

Semihomophone 57 ms 518 1.9 558 5.5 557 7.0 551 6.5 
200 ms 516 3.0 560 6.3 558 6.1 556 6.4 

Note. SOA = stimulus onset asynchrony. 

and F2(I, 122) = 51.044, p < .001, MSE = 1,631, indicating that 
targets were responded to faster when they were preceded by 
semantic primes and their controls (543 ms) than by phonological 
primes and their controls (560 ms). More important, the interaction 
between prime type and relation type was significant, FI(1, 
86) = 93.753, p < .001, MSE = 800, and F2(I, 122) = 91.987, 
p < .001, MSE = 1,495, suggesting that the patterns of priming 
effects for semantic primes and for phonological primes were 
different and that further analyses separating semantic and phono- 
logical priming were needed. The interaction between prime type 
and stimulus group was significant by participants, F~(1, 
86) = 4.228, p < .05, MSE = 677, but not by items, F2(1, 
122) = 2.163, p > .1, MSE = 1,364. No other effects or interac- 
tions involving prime type or relation type reached significance. 

Separate analyses were conducted for semantic and phonologi- 
cal priming effects, as assessed against their respective controls. 
The main effect of semantic priming was highly significant, FI(1, 
86) = 147.222, p < .001, MSE = 1,108, and F2(1, 122) = 
231.574, p < .001, MSE = 1,114. This effect did not interact with 
stimulus group or SOA. In contrast, the main effect of phonolog- 
ical priming was not significant (F~ < 1, F 2 < 1), nor was its 
interaction with stimulus group, F1(1, 86) = 3.566, .05 < p < .1, 
MSE = 769; and F2(1, 122) = 1.896, p > .1, MSE = 1,745, or 
with SOA (F~ < 1, F 2 < 1). Thus, whereas semantic primes 
showed strong facilitatory effects across stimulus group and across 

Figure 1. Experiment 1: Priming effects for semantic and phonological 
primes across SOAs. Semantic effects are averaged across homophone and 
semihomophone groups. Phonological effects are broken down into homo- 
phone and semihomophone groups. SOA = stimulus onset asynchrony. 

SOA, phonological primes, whether homophones or semihomo- 
phones, did not show significant priming effects on lexical deci- 
sion to targets. 

Analyses of error rates revealed a significant main effect of 
prime type, FI(1, 86) = 8.588,p < .005, MSE = 0.0052, and F2(1, 
122) = 10.230, p < .005, MSE = 0.0058, indicating that there 
were fewer errors when targets were preceded by related primes 
(4.7%) than by unrelated control primes (6.2%). However, the 
interaction between prime type and relation type was significant, 
F~(1, 86) = 17.378, p < .001, MSE = 0.0037, and F2(1, 
122) = 11.631, p < .001, MSE = 0.0075, suggesting that the 
patterns of priming effects were different for semantic primes and 
phonological primes. The main effect of relation type was also 
significant, FI(I ,  86) = 18.365, p < .001, MSE = 0.0039, and 
F2(1, 122) = 14.874, p < .001, MSE = 0.0063, indicating that 
fewer errors were committed when targets were preceded by 
semantic primes and their controls (4.5%) than by phonological 
primes and their controls (6.5%). The interaction between relation 
type and SOA was significant, FI(1, 86) = 12.409, p < .001, 
MSE = 0.0039, and F2(1, 122) = 10.230, p < .005, 
MSE = 0.0036. No other main effects or interactions reached 
significance. 

Separate analyses of error rate were then conducted for semantic 
and phonological priming effects, as assessed against their respec- 
tive controls. For semantic priming, the main effect of SOA was 
significant, FI( I ,  86) = 3.364, .05 < p < .1, MSE = 0.0056, and 
F2(I, 122) = 5.865,p < .05, MSE = 0.0031. More important, the 
main effect of prime type was highly significant, F~(1, 
86) = 25.783,p < .001, MSE = 0.0042, and F2(1,122) = 21.758, 
MSE = 0.0066, suggesting that there were fewer errors when 
targets were preceded by semantic primes than by control primes. 
For phonological priming, although there was a significant main 
effect of SOA, FI(1, 86) = 4.528, .05 < p < .1, and F2(1, 
122) = 4.921, p < .05, MSE = 0.0037, we found that the main 
effect of prime type was not significant (F~ < 1, F 2 < 1), 
indicating that targets were responded to equally as accurately 
when they were preceded by phonological primes and by unrelated 
control primes. No other effects or interactions were significant. 

Discussion 

The data from both SOAs demonstrated that whereas semantic 
primes had strong effects on lexical decision to compound words, 
the phonological primes, whether homophones or semihomo- 
phones, did not have significant facilitatory or inhibitory effects on 

This table is the most 
important part of the 
"Results" section. You 
don't need to worry so 
much about the detailed 
statistics in the writing; if 
you understand this table 
and the first sentence of 
the "Discussion" section, 
then you understand what 
the findings of this 
experiment were.
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the targets. This null effect of phonological priming was striking 
because it was obtained in the context that there were no word-  
nonword pairs that had the same segmental elements with the same 
or different tones. Participants could, in theory, make "yes" re- 
sponses to critical word targets preceded by homophone or semi- 
homophone primes as soon as they detected that the targets shared 
the same segmental templates with primes. Note also that the 
mixture of homophone and semihomophone primes in the same 
experiment was not responsible for the pattern of priming effects 
observed here. Zhou, Shu et al. (1999) used only homophone 
compounds as primes and targets and observed the same strong 
semantic effect and the nonsignificant phonological effect in lex- 
ical decision, although a significant homophone priming effect was 
observed in naming. Zhou (2000) used only semihomophone com- 
pounds as primes and targets and found no significant phonolog- 
ical effect at a short SOA (100 ms), although there were significant 
inhibitory effects between semihomophones at a longer SOA (357 
ms) or when primes were presented auditorily. 

The finding of a strong semantic priming effect for compound 
words at short SOA is consistent with earlier results in lexical 
decision to compound words, reported by Zhou, Shu et al. (1999), 
indicating that semantic activation in reading Chinese compound 
words occurs very early. The absence of phonological priming at 
the two SOA conditions that we tested is also consistent with the 
data from a number of other experiments on Chinese compound 
words (e.g., Zhou, Shu et al., 1999) and clearly contrasts with the 
significant homophone priming effects typically found in alpha- 
betic scripts (e.g., Grainger & Ferrand, 1994). The presence of 
semantic effects and the absence of phonological effects are cer- 
tainly suggestive evidence that information about the phonological 
properties of compound words is not activated earlier or more 
strongly than semantic information. Nonetheless, the absence of 
significant phonological priming effects does not mean that pho- 
nology is not automatically activated in reading Chinese (see 
Zhou, Shu et al., 1999). What remains to be explained is why 
phonology, obligatorily activated, had such marginal effects in this 
experiment. 

One possibility is that the lack of phonological effect is related 
to the use of bisyllabic compounds as stimuli. It may be, for 
example, that lexical decisions about compounds have to be made 
on higher level lexical or semantic grounds, so that phonological 
factors are backgrounded (see Zhou, Marslen-Wilson et al., 1999; 
Zhou, Shu et al., 1999, for discussion). Apparent support for this 
comes from two reports of early phonological activation that both 
involve single-character primes and targets, although both of these 
studies suffered from some methodological deficits. Weekes, 
Chen, and Lin (1998) found significant phonological priming at 
50- and 80-ms SOAs for single-character targets, with equally 
early semantic priming and a complex interaction with character 
type. Cheng and Shih (1988), also using single characters, found 
significant phonological effects at 50-ms SOAs, but without a 
semantic comparison condition. Neither of these results are incon- 
sistent with our core claim so far that phonological activation, if 
detectable, does not occur earlier than semantic activation. None- 
thdess, it is clearly important to rerun our current study using 
single-character primes and targets rather than compounds made 
up of two characters. 

Exper iment  2 

Experiment 2 used a similar design to Experiment 1 to examine 
the relative time course of semantic and phonological activation in 
reading single-character words or morphemes. Once again, a 
within-item design was used to compare semantic and phonolog- 
ical priming effects. A target character (e.g., i~ du[2], read) was 
preceded either by a semantically related character (e.g., 
@ nian[4], read aloud), a character homophonic to the target (e.g., 

du[2], single), a character sharing the same segmental dements 
but not lexical tone with the target (e.g.,)~ du[4], degree), or by an 
unrelated character (e.g., ~ fen[3], powder). Participants were 
asked to make a character decision to the target, that is, to decide 
whether it was a real character used in Chinese. The SOA between 
primes and targets was manipulated. The critical questions for the 
present experiment, as in Experiment 1, were whether there were 
significant priming effects for semantic and phonological primes, 
with similar or different time courses. 

In earlier studies, we have observed significant semantic prim- 
ing effects for Chinese characters at very short SOAs (43 or 57 ms; 
e.g., Zhou & Marslen-Wilson, 1997, 1999a, 1999b, 1999c; Zhou, 
Shu et al., 1999). However, Perfetti and Tan (1998) and Perfetti 
and Zhang (1995) did not observe such effects when the SOA 
between primes and targets was shorter than 80 ms, even using the 
same primed naming task. One difference between the studies was 
that Perfetti and his colleagues used synonyms as primes and 
targets, whereas the semantically related prime-target pairs in our 
experiments covered a wider range of semantic relations, such as 
synonym, antonym, category coordinate, and superordinate- 
subordinate. In this experiment, we used two groups of stimuli, one 
containing only synonyms and the other containing semantic pairs 
having a mixture of different semantic relations. By comparing the 
pattern of priming effects for the two groups of stimuli, we would 
be able to check whether any discrepancies between the present 
study and Perfetti's studies might be caused by differences in the 
type of semantic relation between prime and target. 

Method 

Design and materials. The design and sample stimuli are presented in 
Table 3. The critical stimuli are listed in Appendix B. A total of 124 targets, 
together with their semantic, homophonic, semihomophonic, and control 
primes, were used as critical stimuli. The targets were divided into two 
groups, synonym and mixed. In the synonym group, 56 targets had their 
synonyms as semantic primes. In the mixed group, the 68 targets had 
heterogeneous semantic relations with their primes. Neither semantic, nor 
homophonic, nor semihomophonic primes were orthographically similar to 
the targets. Unrelated control primes were created by repairing semihomo- 
phonic primes with the targets in the same group. The four types of primes 
were matched on frequency and visual complexity (in terms of the number 
of strokes per character). The attributes of the stimuli are reported in 
Table 3. 

Besides the critical stimuli, there were also 62 pairs of primes and targets 
that were neither semantically, nor phonologically, nor orthographically 
related. These pairs were used as fillers to reduce the proportion of related 
stimuli in the test. There were also 186 pairs of primes and targets in which 
the primes were real characters and the targets were noncharacters requir- 
ing "no" responses in the character-decision task. Noncharacters were 
created by replacing radicals or components of real characters with other 
components that normally appeared at the same position, or by adding or 
taking out one or more strokes from the base characters. All of these 

https://www.researchgate.net/publication/229348779_Phonology_Orthography_and_Semantic_Activation_in_Reading_Chinese?el=1_x_8&enrichId=rgreq-0154c157e3773d1c8046a01c855ae9fd-XXX&enrichSource=Y292ZXJQYWdlOzEyMzE0ODY5O0FTOjEwMzQzMzYxMjgyNDU3OEAxNDAxNjcxOTAzMDk5
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Table  3 

Design and Sample Stimuli in Experiment 2 

Stimulus 
group Semantic Homophone Semihomophone Control Target 

Synonym ,~, ~ ~ ~ i~ 
Pinyin nian(4) du(2) du(4) fen(3) du(2) 
Gloss read aloud single degree powder read 
Frequency 616 636 642 642 497 
Stroke 8.8 8.9 9.0 9.0 8.9 

Mixed ~ .~ ~ :~ 
Pinyin xi(1) dong(1) dong(4) yi(l) dong(1) 
Gloss west winter move clothes east 
Frequency 644 633 628 628 678 
Stroke 8.9 9.1 9.0 9.0 9.8 

noncharacters were "legal" noncharacters that looked like real ones with 
orthographic components appearing at usual positions, but had no meaning 
or pronunciation. Because of the limited number of radicals in the lan- 
guage, most radicals used in noncharacters were also used in the critical 
stimuli. None of the noncharacters were orthographically similar to their 
corresponding primes. Participants were explicitly told in instruction that 
noncharacters were those that they had not seen before in Chinese. 

A Latin square design was used to assign the four types of primes and 
their targets to four test versions. The same targets appeared in each version 
only once and were preceded by different types of primes. Consequently, 
in each version there were 31 (out of 372) targets preceded by semantic 
primes, 62 preceded by homophonic or semihomophonic primes. A pseu- 
dorandom order was used to arrange prime-target pairs so that there were 
no more than 4 consecutive targets requiring the same responses. The same 
sequence was used for the four test versions so that across the four versions 
the same targets and primes for filler targets appeared in the same position. 
The only differences between versions were the primes for the critical 
targets. Because a few items had the same pronunciations, we carefully 
separated them in the testing sequence. 

There were also 30 pairs of practice items. Among them, half of the 
targets were real characters and half were noncharacters. A few real targets 
were either semantically or phonologically related to their primes. There 
was a break after practice and two breaks in the middle of the main test 
session. The first three item pairs after each break were always fillers. 
Again, the SOA between primes and targets was set at either 57 ms or 
200 ms. 

Procedure. The creation of image files was carried out in a similar way 
to that in Experiment 1, except that the characters were in a 64-point font. 
This was because the strokes of noncharacters created from real characters 
looked slightly thicker than the same strokes in real characters if the font 
was smaller than 64. The equipment and experimental procedures were the 
same as in Experiment 1. Both primes and targets were in songti font. A 

character was about 3.4 x 2.2 cm in size, and participants, tested in groups 
of 3 or less, were seated about 60 cm from the screen. In each trial, an eye 
fixation signal ("+") was first presented at the center of the screen for 300 
ms, followed by a blank screen for another 300 ms. The prime was 
presented and remained on the screen for 57 ms or 200 ms, depending on 
the SOA condition. The target was then presented at the same location for 
400 ms. Participants were simply asked to judge, by pressing buttons in 
front of  them, whether the target was a real character used in Chinese. 

Participants. A total of 97 participants, all undergraduate students at 
the Beijing Normal University, were tested, 57 at the SOA of 57 ms and 40 
at the SOA of 200 ms. They were native speakers of Mandarin and were 
not tested for Experiment 1. 

R e s u l ~  

One  part icipant  in the 57 -ms  S O A  group was  exc luded  f rom the 

data ana lyses  because  o f  his  h igh  r e sponse  error rate to nonchar-  

acter targets (over  30%). This  left 14 part icipants  in each  vers ion 

at an  S O A  of  57 m s  and 10 part ic ipants  in each vers ion at an S O A  

of  200 ms.  Mean  react ion t imes,  based  on u n t r i m m e d  correct 

responses ,  were compu ted  for each  part icipant  and  each  i t em and 

are reported in Table  4. Error percentages  for p r iming  condi t ions  

are also reported. Pr iming  effects  in react ion t imes,  as a s sessed  

agains t  the control  basel ines ,  are plotted in Figure  2. 

Overal l  ana lyses  were conduc ted  first, wi th  p r ime  type ( seman-  

tic, homophon ic ,  s emihomophon ic ,  and  control) as a wi thin-  

participant,  wi th in- i tem factor; s t imulus  group ( s y n o n y m  vs. 

mixed)  as a be tween- i t ems  factor; and the S O A  (57 ms  vs. 200 ms)  

as a between-par t ic ipants  factor. In reaction t imes,  there was  a 

h igh ly  s ignif icant  ma in  effect  o f  pr ime type both  by participants,  

Table  4 
Mean Reaction Times (in Milliseconds) and Error Percentages in Experiment 2 

Semi- 
Semantic Homophone homophone Control 

Stimulus group SOA M % M % M % M % 

Synonym 57 ms 507 2.6 536 4.6 550 3.6 543 5.1 
200ms  512 4.5 535 4.5 531 6.4 559 7.3 

Mixed 57 ms 509 2.7 539 4.2 544 4.2 545 5.8 
200 ms 516 2.2 537 6.1 542 6.9 556 5.4 

Note. SOA = stimulus onset asynchrony. 
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Figure 2. Experiment 2: Priming effects for semantic and phonological 
primes across SOAs. These effects are averaged across synonym and 
mixed groups. SOA = stimulus onset asynchrony. 

F1(3,282) = 62.596, p < .001, MSE = 851, and by items, F2(3, 
363) = 44.678, p < .001, MSE = 1,164, indicating that, overall, 
responses to targets were facilitated by semantic or phonological 
primes. Post hoc Newman-Keuls tests showed that responses for 
semantic primes (511 ms) were significantly faster (p < .01) than 
responses for homophone primes (537 ms), semihomophone 
primes (542 ms), and control primes (550 ms). The main effect of 
stimulus group and the main effect of SOA were not significant 
( F  1 < 1, F 2 " (1) ,  suggesting that the patterns of priming effects 
for the synonym group did not differ from that for the mixed 
group. However, the interaction between SOA and prime type was 
significant, F1(3, 282) = 6.377, p < .001, MSE = 851, and F2(3, 
363) = 4.510, p < .01, MSE = 1,234, indicating that the patterns 
of priming effects for semantic and phonological primes were 
different at different SOAs. It is clear from Figure 2 that this 
interaction was mainly due to the variation of phonological prim- 
ing effects across the SOA conditions. 

Planned tests were conducted respectively for semantic and 
phonological priming effects, as assessed against controls. At the 
SOA of 57 ms, the semantic priming effect was highly significant, 
F~(1, 55) = 76.448, p < .001, MSE = 914, and F2(I, 
122) = 51.462, p < .001, MSE = 1,485. In contrast, the homo- 
phone priming effect was not significant, FI(1, 55) = 2.544, p > 
.1, MSE = 816, and F 2 < 1, nor was the effect for semihomophone 
primes (Fl < 1, F 2 < 1). At the SOA of 200 ms, the semantic 
priming effect was again highly significant, Fl(1, 39) = 92.357, 
p < .001, MSE = 754, and F2(1, 122) = 70.860, p < .001, 
MSE = 1,763. The homophone priming effect was also significant, 
FI(1, 39) = 25.457, p < .001, MSE = 685, and F2(1, 
122) = 18.225, p < .001, MSE = 156, as was the priming effect 
for semihomophones, Fl(1, 39) = 15.996, p < .001, MSE = 

1,098, and F2(1, 122) = 17.898, p < .001, MSE = 1,549. There- 
fore, semantic priming effects appear at both the short and the long 
SOAs, whereas phonological priming effects appeared only at the 
long SOA. Even here, the phonological effects were still signifi- 
candy smaller than the semantic effect, as revealed by the com- 
parison between semantic and homophone primes, F t ( l ,  
39) = 37.036, p < .001, MSE = 470, and/72(I, 122) = 20.281, 
p < .001, MSE = 1,538, and by the comparison between semantic 

and semihomophone primes, F1(1, 3) = 32.721, p < .001, MSE = 

528, and F2(1, 122) = 20.411, p < .001, MSE = 1,804. The 
difference between homophone primes and semihomophone 
primes was not significant (F 1 < 1, F 2 < 1). 

The analyses of error rates revealed a significant main effect of 
SOA, FI(1, 94) = 5.499, p < .05, MSE = 0.0071, and F2(1, 
121) = 6.727, p < .05, MSE = 0.0053, with more errors com- 
mitted at the SOA of 200 ms than at the short SOA. More 
important, the main effect of prime type was highly significant, 
F~(3, 282) = 10.862, p < .001, MSE = 0.0025, and F2(3, 
363) = 8.539,p < .001, MSE = 0.0048. Post hoc Newman-Keuls 
tests showed that the error rate for semantic primes was signifi- 
cantly lower (p < .01) than the rates for the other three types of 
primes, which did not differ from each other. The main effect of 
stimulus group was not significant (F1 < 1, F 2 < 2), nor were the 
interactions between prime type, stimulus group, and SOA. 

Discussion 

The data from the present experiment do not support the prop- 
osition that phonological activation occurs earlier than semantic 
activation in reading Chinese. At the short SOA of 57 ms, we 
found significant facilitatory effects for semantic primes in both 
synonym and mixed groups. However, no significant priming 
effects were found for either homophone or semihomophone 
primes. The strong semantic priming effects were consistent with 
the findings in Experiment 1 for compound words and in other 
experiments for single-character words (e.g., C h e n &  Shu, 1997; 
Zhou & Marslen-Wilson, 1997, 1999a, 1999b, 1999c; Zhou, Shu et 
al., 1999). These effects suggest that semantic activation in reading 
Chinese characters occurs very early and that the appearance of 
semantic priming effects does not depend on the type of semantic 
relation between prime and target. 

The emergence of phonological priming effects at the long SOA 
indicates that the weakness of phonological effects at the short 
SOA was not due to a general insensitivity of the character- 
decision task to phonological activation. Furthermore, it suggests 
that phonological activation and/or its influence on semantic acti- 
vation may be a slow process. Although phonological activation 
may start early, it takes time for this activation to build up and to 
influence other lexical processes. The possibility still remains, 
however, that the picture that emerges here of the relative strength 
and timing of phonological and semantic activation is a conse- 
quence of the task, with character decision, like responses to 
compound words, being relatively more sensitive to semantic (and 
orthographic) information than to phonological information in the 
lexicon. In Experiment 3, we used a primed naming task to tap 
more directly and unequivocally into phonological activation. 

Exper iment  3 

The purpose of Experiment 3 was to investigate whether we 
could obtain evidence of earlier phonological than semantic acti- 
vation when the experimental task was biased toward the use of 
phonological rather than semantic information. If phonology is 
activated earlier and more strongly than semantics in reading 
Chinese, the difference between them should be most detectable in 
the primed naming task, in which the vocalization of a target 
character can be made only when its phonological representation is 
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activated to a sufficiently high level. It is here that the assumed 
greater speed and efficiency of the orthography to phonology route 
would show through most directly. Although semantic primes 
could also speed naming, they should only do so through a more 
indirect, top-down route, implying that priming should appear later 
and be less effective. 

We used the same critical stimuli as in Experiment 2 to provide 
a direct comparison of semantic and phonological effects in 
character-decision and naming tasks. Furthermore, we manipu- 
lated the SOA between primes and targets to track the time course 
of semantic and phonological activation. The same SOAs used in 
Experiments 1 and 2 were used here. 

Table 5 
Mean Reaction Times (in Milliseconds) in Experiment 3 

Stimulus Semi- 
group SOA Semantic Homophone homophone Control 

Synonym 57ms 582 575 604 597 
200ms 620 615 633 636 

Mixed 57ms 572 575 598 590 
200ms 606 612 635 623 

Note. SOA = stimulus onset asynchrony. 

Method 

Design and materials. The design and critical stimuli are presented in 
Table 3. The 124 targets, 56 in the synonym group and 68 in the mixed 
group, were preceded by four types of prime: semantic, homophone, 
semihomophone, and control. The noncharacters and their primes used in 
Experiment 2 were discarded, leaving only the 62 unrelated prime-target 
pairs as filler items. The same critical items used in the four test versions 
were used in the present experiment. In each version, there were 31 (out of 
186) targets preceded by semantic primes, 62 preceded by homophonic or 
semihomophonic primes. A pseudorandom order was used to arrange 
prime-target pairs, and the same sequence was used for the four counter- 
balanced test versions. Across the four versions, the same targets and 
primes for filler targets appeared in the same position. The only differences 
between versions were the primes for the critical targets. There were 22 
prime-target pairs acting as practice items. 

Procedure. The preparation of stimuli and the presentation of stimuli 
to participants was carried out in the same way as in Experiment 2, except that 
characters were in a 48-point font (2.4 × 1.6 cm in size). Participants were 
tested one by one in quiet rooms. They were asked to read aloud the second 
character of each pair as quickly and as accurately as possible into a 
microphone interfaced with the computer. Naming latencies were recorded 
from the onsets of targets to the onset of the participant's vocalization. 
Naming errors were recorded by the experimenter on pre-printed sheets. 

Participants. A total of 81 participants were tested, 40 at the SOA 
of 57 ms and 41 at the SOA of 200 ms. They were undergraduate students 
at Beijing Normal University and at Capital Normal University in Beijing, 
respectively. All were native speakers of Mandarin Chinese and were paid 
for their participation. None of them had been tested in Experiment 2. 

Results 

One participant at the SOA of 200 ms was discarded because of 
too many missing responses (over 10%) to critical targets. A total 
of 141 (2.8%) responses were excluded from the remaining data 
because of naming errors, because of the failure of the computer to 
register response times, or because of extraneous noise. Incorrect 
responses, stuttering, and no response within 2 s of the presenta- 
tion of targets were counted as naming errors. There were 17 
(1.4%) naming errors for semantic primes, 15 (1.2%) for homo- 
phone primes, 31 (2.5%) for semihomophone primes, and 14 
(1.1%) for control primes. At the SOA of 57 ms, a total of 154 
(3.1%) responses were excluded from analyses. Among them, 
there were 22 (1.8%) naming errors for semantic primes, 18 (1.5%) 
for homophone primes, 27 (2.2%) for semihomophone primes, 
and 26 (2.1%) for control primes. Because the total number of 
errors was small and there were too many empty data points for 
individual items or participants, we did not carry out further 
statistical analyses for these errors. Mean naming latencies were 

computed for each participant and each item on the basis of 
correct, untrimmed responses. The overall mean latencies for each 
condition are presented in Table 5, and the priming effects, as 
assessed against the control conditions, are reported in Figure 3. 

Overall analyses of naming latencies across stimulus group and 
across the SOA condition were conducted. The main effect of 
prime type was highly significant both by participants, F~(3, 
234) = 45.831, p < .001, MSE = 459, and by items, F2(3, 
366) = 29.067, p < .001, MSE = 1,129. Post hoc Newman-Keuls  
tests showed that the mean naming latencies for semantic primes 
(595 ms) and homophone primes (595 ms) were significantly 
faster (p  < .01) than the naming latencies for semihomophone 
primes (617 ms) and control primes (611 ms). However, there was 
no difference between semantic and homophone primes, indicating 
that the naming of targets was equally facilitated by these primes. 
Moreover, the overall 6-msec inhibitory effect for semihomophone 
primes, as assessed against the unrelated control primes, was 
significant by participants (p < .05) and marginally significant by 
items (.05 < p < .1), suggesting that the mismatch of tonal 
information between primes and targets delayed the vocalization 
of targets. There were no significant interactions between prime 
type and SOA (F 1 < 1, F 2 < 1); between prime type and stimulus 
group, Fl(3,  234) = 2.056, p > .1, MSE = 489, and F2(3, 
336) = 1.405, p > .I, MSE = 1,129; or between prime type, 
stimulus group, and SOA (F 1 < 1, F 2 < 1). These figures indi- 
cated that the patterns of priming effects were essentially the same 
for the synonym and mixed stimuli and for the two SOA condi- 
tions. The main effect of SOA was significant, FI(1, 78) = 7.574, 
p < .01, MSE = 27,495, and F2(1, 122) = 334.007, p < .001, 
MSE = 12,733, indicating that the mean naming latency for the 
57-ms SOA (586 ms) was significantly faster than the latency for 
the 200-ms SOA (622 ms). This may simply reflect the fact that the 
participants for the two SOA conditions came from slightly dif- 
ferent populations. 3 

Discussion 

Unlike Experiment 2, the present experiment revealed equal 
facilitatory effects for semantic and homophone primes in naming 
at both the short and the long SOAs. The significant semantic 

3 Different entry requirements were used for the students of the two 
universities. Moreover, undergraduate students at the Capital Normal Uni- 
versity had no or little experience in participating in psychological exper- 
iments. 
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Figure 3. Experiment 3: Priming effects for semantic and phonological 
primes across SOAs. These effects are averaged across synonym and 
mixed groups. SOA = stimulus onset asynchrony. 

priming effect suggests, as before, that semantic activation is a 
very early process in reading Chinese and that this spreads rapidly 
to the phonological representations of targets, resulting in facili- 
tatory effects in naming (see O'Seaghdha & Matin, 1997; Zhou & 
Marslen-Wilson, 1997, for studies of how semantic activation 
spreads into phonology). 

The equally strong homophone priming effect found here for 
naming is consistent with the view that phonological activation in 
reading Chinese also occurs very early and can be picked up by the 
naming task, which taps directly into phonology. However, it is not 
clear from the present data to what extent this rapid phonological 
activation is due to the demands of the naming task, how far it 
reflects a direct mapping from orthography to phonology, and how 
far it reflects the indirect spread of semantic activation. Whatever 
the source of these strong phonological effects, there is still no 
evidence that phonological activation in reading Chinese is earlier 
or stronger than semantic activation, even when we use a task that 
requires the rapid use of phonological information, which should 
provide optimal conditions for early phonological effects to 
emerge. 

The finding of inhibitory or null priming effects for semihomo- 
phones underlines the importance of lexical tone in the Chinese 
mental lexicon (Xu et al., 1999; Zhou, 2000; Zhou & Marslen- 
Wilson, 2000a). For semihomophones, although sharing segmental 
templates could facilitate the vocalization of targets, the mismatch 
in tonal, suprasegmental information is sufficient to produce in- 
hibitory or null priming effects (see Zhou et al., 1998, for similar 
findings with school children). 

Exper imen t  4 

An additional source of evidence supporting the argument for 
earlier phonological than semantic activation in reading Chinese 
comes from experiments using synonym and homophone judg- 
ment tasks. Perfetti and Zhang (1995) observed phonological in- 
ference effects in synonym judgments for homophones that were 
not semantically related and semantic interference effects in ho- 
mophone judgments for synonyms that were not homophones. The 
crucial finding was that phonological interference effects appeared 

earlier than semantic interference effects when the SOA between 
the consecutively presented first and second characters was 
manipulated. 

In this experiment, we reexamined the time course of semantic 
effects in the phonological judgment task, using the same stimuli 
as in Experiments 2 and 3 (see Table 3). In this task, both 
homophones (e.g., ~t du[2], single, and i~ du[2], read) and semi- 
homophones (/~ du[4], degree, and i~ du[2], read) required "yes" 
responses. However, both semantically related characters (,~, 
nian[4], read aloud, and i.~ du[2], read) and the unrelated control 
pairs (~  fen[3], powder, and i~ du[2], read) required "no" re- 
sponses. The rationale here was that semantic activation, and the 
semantic relationship between the semantic pairs, would send 
positive signals to the decision system, delaying the "no" re- 
sponses, which was based on negative signals sent by phonology 
(Perfetti & Zhang, 1995). The crucial questions here, therefore, 
were whether the response latencies and error rates of the semantic 
pairs differed significantly from those of the control pairs and 
whether the potential semantic effects varied according to the SOA 
between the first and second characters. 

One difference between this experiment and that of Perfetti and 
Zhang (1995) was that this experiment used semantically related 
characters with different kinds of semantic relations. This allowed 
us to examine whether the pattern of semantic effects in phono- 
logical judgment was influenced by the type of semantic relation 
between the first and second characters. The second difference 
from Perfetti and Zhang (1995) was that the phonologically related 
characters here could be either homophones or semihomophones 
differing on tones. This could increase the difficulties in making 
phonological judgment, allowing more time for semantic effects to 
appear. This made the comparison between semantic and homo- 
phone interference effects more balanced because both phonolog- 
ically and semantically related pairs now had mismatching prop- 
erties (but see Footnote 5). The third difference was that this 
experiment included a shorter SOA (57 ms) between the first and 
second characters than Perfetti and Zhang (1995) used. This was 
simply to follow the previous three experiments. A slightly longer 
SOA (86 ms), comparable with the shortest one used by Perfetti 
and Zhang (1995), was used in a later, follow-up experiment (see 
Discussion), and the data are also included in Table 6 and Figure 4. 

M e ~ o d  

Design and stimuli. The critical stimuli were the same as those in 
Experiments 2 and 3 and are illustrated in Table 3. Because of the change 
in the experimental task, it is more appropriate to refer to the prime as the 
first character and the target as the second character. The crucial compar- 
ison here was between "no" responses to semantic pairs (e.g., ,~, nian[4], 
read aloud, and i~ du[2], read) and the unrelated control pairs (~ fen[3], 
powder, and i,~ du[2], read); although the comparison between "yes" 
responses to homophone pairs (e.g., ~t du[2], single, and i~ du[2], read) 
and semihomophone pairs (~t du[4], degree, and i~ du[2], read) also 
provides information concerning the activation of tonal information. 

As in Experiments 2 and 3, we divided the 124 critical targets and their 
corresponding three types of first characters into two groups: synonym and 
mixed. These stimuli were split into four counterbalanced test versions. 
Another 16 pairs of characters, 8 of them semantically related, were added 
to each version. They were used as dummy items after breaks in testing. 
There were also 32 pairs of practice items, with one fourth of them 
semantically related, of which one fourth were homophones and one fourth 
were semihomophones. 

https://www.researchgate.net/publication/12859287_The_Activation_of_Phonology_During_Silent_Chinese_Word_Reading?el=1_x_8&enrichId=rgreq-0154c157e3773d1c8046a01c855ae9fd-XXX&enrichSource=Y292ZXJQYWdlOzEyMzE0ODY5O0FTOjEwMzQzMzYxMjgyNDU3OEAxNDAxNjcxOTAzMDk5
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Table 6 
Mean Reaction Times (in Milliseconds) and Error Percentages in Experiment 4 

"No" responses "Yes" responses 

Semantic Control Homophone Semihomophone 
Stimulus 

group SOA M % M % M % M % 

Synonym 57 ms 785 10.1 837 14.1 714 12.1 738 13.9 
86 ms 769 7.4 815 9.0 687 10.0 730 11.9 

200 ms 619 6.1 624 4.5 563 6.6 589 7.7 
Mixed 57 ms 749 10.8 807 11.6 716 13.1 739 13.3 

86 ms 741 5.5 788 4.5 678 8.5 716 12.7 
200 ms 610 5.6 605 3.5 554 8.2 578 7.9 

Note. See Discussion of Experiment 4 for the effects at the stimulus onset asynchrony (SOA) of 86 ms. 

Procedure. The creation of image files and the presentation of stimuli 
to participants were conducted in the same way as in Experiment 3. 
Participants were asked to judge as quickly and as accurately as possible 
whether the first and second characters they saw at the center of the 
computer screen were phonologically related. They were explicitly told 
that only those character pairs with the same pronunciation or with pro- 
nunciations differing only in lexicai tone required "yes" responses, even 
though there were few, if any, prime-target pairs that shared their initial 
consonants or rhyming parts. Participants made their decisions by pressing 
"yes" or "no" keys on response boxes in front of them. This was different 
from Perfetti and Zhang's (1995) procedure, in which participants had to 
make oral responses to indicate "yes" or "no" decisions. 

There was a break after practice and a break in the middle of the formal 
test. At the SOA of 57 ms, participants were allowed to go through practice 
items twice if they had difficulties in identifying the first characters and in 
making decisions. Even so, the testing of many participants had to be 
discontinued because they could not carry out the task or because many of 
their responses were very slow (>2,500 ms). 

Participants. One hundred five participants at the Beijing Normal 
University were tested, 61 for the SOA of 57 ms and 44 for the SOA of 200 
ms. They had not been tested in Experiments 2 and 3. All were native 
speakers of Mandarin Chinese and were paid for their participation. 

Results  

The phonological judgment task proved to be very difficult for 
about one third of participants at the SOA of 57 ms, chiefly 

6° t .___. 

40 
f 
t 20 

|,0t 
0 - 

- 1 0  I I ; 
SOA57 SOA86 SOA200 

because they could not fully identify the first characters at their 
short exposures. The testing of these participants was discontin- 
ued. The data reported here were based on 42 participants who did 
reasonably well in this task. Each test version had at least 10 
participants. Due to high error rates (over 60%) in "yes" responses 
to homophones or semihomophones (5 and 4 pairs, respectively), 
we excluded nine quartets of critical stimuli, including responses 
to semantic and control pairs, from the analyses: 4 in the synonym 
group and 5 in the mixed group. This left 115 quartets of critical 
stimuli as the basis on which the mean reaction times and response 
error rates were computed. The pattern of effects did not change 
whether these stimuli were excluded or not. 4 

At the SOA of 200 ms, one participant was excluded because of 
his high response error rates. This left 10 participants in one test 
version and 11 participants in other versions. Three quartets of 
stimuli, 1 in the synonym group and 2 in the mixed group, were 
excluded from analyses because of high error rates in "yes" re- 
sponses to phonologically related pairs. 

Mean reaction times, based on correct responses, were com- 
puted for participants and items without the data being further 
trimmed. They are reported, together with response error percent- 
ages, in Table 6. Semantic effects, as assessed against the unrelated 
control pairs, are also reported in Figure 4. Statistical analyses 
were conducted separately for "no" responses to semantically 
related and control pairs and for "yes" responses to homophones 
and semihomophones. Overall analyses were first conducted with 
three factors: SOA (57 and 200 ms), stimulus group (synonym and 
mixed), and relation type (semantic vs. control in "no" responses, 
and homophone vs. semihomophone in "yes" responses). 

"No" responses. There was a significant main effect of SOA, 
F~(1, 83) = 92.392, p < .001, MSE = 29,430, and F2(1, 
111) = 1,127.174, p < .001, MSE = 3,295, indicating that the 
mean reaction time at the SOA of 200 ms (614 ms) was signifi- 
cantly faster than the time at 57 ms (794 ms). This was not 
surprising given that participants had difficulties in identifying the 
first characters when the SOA was short. The main effect of 
stimulus group was significant, FI(1, 83) = 23.662, p < .001, 
MSE = 1,880, and F2(1, 111) = 8.180, p < .01, MSE = 8,036, 
indicating that responses to synonym stimuli (716 ms) were slower 

Figure 4. Experiment 4: Semantic effects in phonological judgment. 
These effects are averaged across synonym and mixed groups. Semantic 
effects are assessed against unrelated controls. See Discussion for the effect 
at the SOA of 86 ms. SOA = stimulus onset asynchrony. 

4 The panern of effects also did not change if we adopted more strict 
criteria of excluding stimuli. Two more quartets of stimuli would have been 
lost if the normal exclusion rate of 50% errors was used. 
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than responses to mixed stimuli (692 ms). More important, the 
main effect of relation type was highly significant, Ft(1, 
83) = 26.298, p < .001, MSE = 2,503, and F2(1, 111) = 12.080, 
p < .001, MSE = 8,268. Responses to the semantically related 
pairs (689 ms) were significantly faster than responses to the 
unrelated control pairs (718 ms). However, the interaction between 
relation type and SOA was also highly significant, F~(2, 
83) = 26.120,p < .001, MSE = 2,503, and F2(1, 111) = 27.289, 
p < .001, MSE = 3,192, indicating that the patterns of "no" 
responses to semantic and control pairs were different at different 
SOAs. No other interactions reached significance. 

Planned comparisons between semantic and control conditions, 
collapsing over stimulus group, showed a significant effect at the 
SOA of 57 ms, Fl(1, 41) = 30.394, p < .001, MSE = 4,302, and 
F2(I, 113) = 19.381, p < .001, MSE = 9,054. Reaction times were 
faster to semantically related characters (766 ms) than to unrelated 
characters (821 ms). At the SOA of 200 ms, however, responses 
to semantic pairs did not differ from the control pairs (F~ < 1, 

F2 < 1). 
In the error analyses, there was a significant main effect of SOA, 

F~(1, 83) = 23.084, p < .001, MSE = 0.0166, and F2(1, 
111) = 57.866, p < .001, MSE = 0.0091, with more errors at the 
SOA of 57 ms (11.6%) than at 200 ms (4.8%). The interaction 
between SOA and relation type was also significant, F~(I, 
83) = 7.563,p < .01, MSE = 0.0048, and F2(1, 111) = 6.892, p < 
.001, MSE = 0.0064, indicating that the patterns of effects were 
different at the two SOA conditions. Planned tests showed a 
significant main effect of relation type at the short SOA, F~(1, 
41) -- 4.840, p < .05, MSE = 0.0050, and F2(1, 113) = 2.786, 
.05 < p < .1, MSE = 0.0111, with fewer errors to semantically 
related characters (10.6%) than to unrelated control characters 
(12.9%). At the longer SOA, however, the pattern was reversed, 
with more errors made to semantic pairs (5.9%) than to control 
pairs (4.0%). The difference was marginally significant in statis- 
tical analyses, F~(1, 42) = 2.840, .05 < p < .1, MSE = 0.0035, 
and F2(1, 119) = 2.820, .05 < p < .1, MSE = 0.0067. 

"Yes" responses. The main effect of relation type was signif- 
icant, F~(1, 83) = 21.280, p < .001, MSE = 2,272, and F2(1, 
111) = 10.011, p < .01, MSE = 6,562, with responses to homo- 
phone characters being faster than responses to semihomophone 
characters (635 ms vs. 659 ms). Not surprisingly, it was more 
difficult for participants to accept semihomophones than homo- 
phones as phonologically related characters. There was also a 
significant main effect of SOA, F~(1, 83) = 67.202, p < .001, 
MSE = 30,154, and F2(1, 111) --- 1,136.573, p < .001, 
MSE = 2,572, indicating that the mean reaction time at the SOA 
of 200 ms (568 ms) was significantly faster than the time at the 
SOA of 57 ms (726 ms). The main effect of stimulus group was not 
significant, nor were the interactions between the three variables 
(F~ < 1, F2 < 1). In the analyses of error rates, the only significant 
result was the main effect of SOA, F~(1, 83) = 17.014, p < .001, 
MSE = 0.0145, and F2(1, 111) = 39.739, p < .001, 
MSE = 0.0104, indicating that error rate at the SOA of 200 ms 
(7.3%) was significantly lower than the rate at 57 ms (13.1%). 

Discussion 

The data from this experiment show that semantic effects in 
phonological judgment change over SOAs. Semantically related 

pairs tend to be more difficult to reject than unrelated control pairs 
at the longer SOA but show robust facilitatory effects at the short 
SOA. This applies to both the synonym pairs and the mixed pairs. 
The semantic effect at the SOA of 57 ms was particularly inter- 
esting: It was not only early but also facilitatory. This is inconsis- 
tent with the findings of Perfetti and Zhang (1995), who observed 
strong interference effects for semantic pairs at the SOAs of 140, 
260, and 310 ms but a null effect at the SOA of 90 ms. 

We were surprised by the facilitatory semantic effect at the short 
SOA. Was it a spurious effect, distorted by the fact that about one 
third of participants were discarded because of their inability to 
carry out the task? Or was it restricted only to students at Beijing 
Normal University, who might have become experienced partici- 
pants in psychology experiments? We reran the experiment with 
the same stimuli and experimental procedures but with a longer 
SOA (86 ms) at the Capital Normal University in Beijing. A total 
of 42 undergraduate students were tested, with 2 of them being 
excluded from the data analyses because of their high response 
error rates (over 30%). These students did not participate in Ex- 
periment 3 and had rarely, if  ever, taken part in other psychology 
experiments. Six quartets of stimuli were discarded because of the 
high error rates in the "yes" responses to the phonologically related 
pairs. The mean reaction times and response error rates are re- 
ported, with the data from the SOAs of 57 ms and SOA 200 ms, 
in Table 6. The semantic effect is also plotted in Figure 4. 

The patterns of effects at the SOA of 86 ms are essentially the 
same as those at the SOA of 57 ms. In "no" responses to seman- 
tically related and unrelated control pairs, there was a significant 
main effect of relation type, FI(1, 39) = 33.257, p < .001, 
MSE = 2,124, and F2(1,116) = 14.751,p < .001, MSE = 8,197, 
with faster responses to semantically related characters (755 ms) 
than to unrelated control pairs (801 ms). The same pattern was 
observed for the synonym and mixed stimuli. In "yes" responses to 
phonologically related characters, homophones (682 ms) were 
significantly faster than semihomophones (722 ms). Participants 
also committed fewer errors on homophones than on semihomo- 
phones (9.3% vs. 12.4%): 

The positive semantic effects at the short SOAs in the phono- 
logical judgment task again demonstrate that semantic information 
is activated very early in reading Chinese. This semantic activa- 
tion, although not required by the experiment task, seems to have 
facilitated the activation of phonology and hence the decision 
based on the phonological properties of the target characters. The 
presentation of the first characters activated their semantic repre- 
sentations, through direct computation from orthography and 
through phonological mediation. Because the second characters, 
for semantic pairs, shared many semantic properties with the first 
characters, the activation of semantic representations of the second 
characters was then facilitated. This semantic activation spreads 
immediately to the phonological representations of the second 
characters (see O'Seaghdha & Marin, 1997; Zhou & Marslen- 
Wilson, 1997, for evidence), allowing the decision system to 

s A positive effect was also found for semantic pairs when the semiho- 
mophone condition was excluded from the experiment. We reran the 
experiment at Peking University, using an SOA of 86 ms, and found a 
significant 25-ms facilitatory effect for the semantically related pairs as 
compared with the unrelated pairs. 
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compare more rapidly the two phonological patterns of the first 
and second characters and to make the "no" decision. 

Why was a trend toward an interference effect (as revealed in 
the error analyses), rather than a facilitatory effect, observed at the 
longer SOA for the same semantic pairs? As Perfetti and Zhang 
(1995) argued, in the phonological judgment task, the decision 
system has to distinguish between two types of signals: the neg- 
ative signals based on phonology and the positive signals based on 
semantics. The comparison between phonological representations 
of the fn'st and second characters of semantic pairs sends negative 
signals to the decision system. This comparison could be facili- 
tated by semantic priming between the first and second characters, 
as outlined above. However, the comparison between semantic 
representations of the first and second characters, when the first 
character has had sufficient time to be fully activated, sends 
positive signals to the decision system. The effect of these con- 
flitting signals could counterbalance the semantically mediated 
phonological facilitation, resulting in a null or interference effect 
for semantic pairs in phonological judgment. As the SOA between 
the fwst and second characters becomes longer, this semantically 
mediated phonological facilitation decreases while the interference 
from the semantic level increases, resulting in overall inhibitory 
effects for semantic pairs in phonological judgement, as shown by 
Perfetti and Zhang (1995). 

The evidence for very early semantic activation again does not 
preclude the possibility of very early phonological activation. 
Indeed, the fact that most participants could make positive re- 
sponses to homophones and semihomophones at the SOA of 57 ms 
indicates that phonological activation can occur very early. The 
fact that semihomophones were more difficult to be accepted as 
phonologically related than homophones also suggests that the 
phonological judgment task, like the naming task but unlike the 
character decision task, is sensitive to suprasegmental information. 
Suprasegmental (tonal) information, like the segment information, 
is activated very early when an experimental task taps directly into 
phonology. A mismatch of phonological properties at the supra- 
segmental level can lead to difficulties in accepting the paired 
characters as phonologically related. We replicated this effect in a 
recent study (Zhou & Marslen-Wilson, 2000a) in which we ob- 
served even more fine-graded tonal effects in phonological judge- 
merits to visually presented characters. 

Perfetti and Zhang (1995), as we noted earlier, also ran a 
semantic judgment task, finding phonological interference effects 
consistent with an early activation of phonological information. 
We have tested our current stimuli in a further experiment also 
using semantic judgement. As did Perfetti and Zhang (1995), we 
required "no" responses for homophone pairs (e.g., ~ du[2], sin- 
gle, and i~ du[2], read), for semihomophone pairs (l~ du[4], 
degree, and i~ du[2], read), and for the unrelated control pairs (~ 
fen[3], powder, and i~ du[2], read), and "yes" responses for se- 
mantic pairs (e.g., ,~, nian[4], read aloud, and i~ du[2], read). 
Homophone and semihomophone pairs were found to be more 
difficult to reject as semantically related than unrelated controls at 
both the short (57 ms) and long (200 ms) SOAs. However, unlike 
in Perfetti and Zhang's study (1995), these phonological interfer- 
ence effects appeared only in response error rates, not in reaction 
times. Yet this replicates Perfetti and Zhang's findings (1995) in 
showing that the phonological information linked to Chinese char- 
acters is automatically activated and that this phonological activa- 

tion interferes with an experimental task that does not require this 
activation. 

General Discussion 

~The main purpose of the present study was to investigate the 
relative time course of semantic and phonological activation in 
reading Chinese. This issue is important because it relates to 
whether phonology plays a strong role in access to lexical seman- 
tics. The data from the four sets of experiments reported here are 
inconsistent with suggestions made by Perfetti and his colleagues 
(Perfetti & Tan, 1998; Perfetti & Zhang, 1995; Tan et al., 1995; 
Tan et al., 1996), but are consistent with many other studies 
showing that phonology has no privileged role in visual lexical 
processing in Chinese. In Experiment 1, we observed strong se- 
mantic priming effects in lexical decision to compound words at 
both the short (57 ms) and long (200 ms) SOAs. In contrast, no 
significant phonological priming effects were found for homo- 
phones or semihomophones at either SOA. In Experiment 2, 
although semantic priming effects were found in character deci- 
sion at both the short and long SOAs, the phonological priming 
effects for homophones and semihomophones, which were smaller 
than the semantic effects, were observed only at the long SOA. 
Experiment 3 showed equal facilitatory priming effects for seman- 
tic and homophone primes in a naming task at both the short and 
long SOAs. The semihomophone primes, however, tended to in- 
hibit the vocalization of targets. Experiment 4, using a phonolog- 
ical judgment task, revealed strong facilitatory effects in both 
reaction times and response error rates for semantically related 
characters at short SOAs but an interference effect in error rates for 
such pairs at the long SOA, 

The Relative Time Course of Semantic and 
Phonological Activation 

Taken together, these data provide no support for the view that 
phonological information in the lexicon is activated earlier than 
semantic information in reading Chinese. A comparison of the 
priming effects in Experiments 1, 2, and 3 clearly shows that 
although semantic priming effects remained strong across different 
experimental tasks, phonological priming effects varied signifi- 
cantly along a continuum. These effects provide us with informa- 
tion about how the tasks tap into semantic or phonological acti- 
vation and to what extent conclusions concerning the relative time 
course of semantic and phonological activation could be influ- 
enced by task biases. We suggest that lexical decision to com- 
pound words biases toward the use of semantic information, 
whereas primed naming biases toward the use of phonological 
information. When the task biases more toward the use of phono- 
logical information, phonological priming effects naturally be- 
come stronger. However, even when there is a strong bias, as in 
naming, toward the use of phonological information, early seman- 
tic priming effects are still present and are just as strong as 
phonological effects. 

Because both compound words and compound nonwords are 
made of constituents with morphemic meanings and with familiar 
orthographic and phonological forms, lexical decision to com- 
pound words needs to be made on the basis of semantic activation 
rather than on the basis of orthographic or phonological properties. 

https://www.researchgate.net/publication/232567989_The_time_course_of_graphic_phonological_and_semantic_activation_in_Chinese_character_identification?el=1_x_8&enrichId=rgreq-0154c157e3773d1c8046a01c855ae9fd-XXX&enrichSource=Y292ZXJQYWdlOzEyMzE0ODY5O0FTOjEwMzQzMzYxMjgyNDU3OEAxNDAxNjcxOTAzMDk5
https://www.researchgate.net/publication/232537939_Role_of_Early_Presemantic_Phonological_Code_in_Chinese_Character_Identification?el=1_x_8&enrichId=rgreq-0154c157e3773d1c8046a01c855ae9fd-XXX&enrichSource=Y292ZXJQYWdlOzEyMzE0ODY5O0FTOjEwMzQzMzYxMjgyNDU3OEAxNDAxNjcxOTAzMDk5
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Participants must rely mainly on the activation of semantic prop- 
erties of whole compound words to make "yes" responses and on 
computation between morphemic meanings of constituents of 
compound nonwords, which does not produce coherent semantic 
patterns, to make "no" responses. The absence of significant 
phonological priming effects in Experiment 1 suggests either that 
the phonological properties of compound words are not activated, 
or more likely, that the phonological information is activated but it 
places no strong constraints on semantic activation in initial lexical 
processing. 

For the character-decision task, because noncharacters are or- 
thographically unfamiliar and theoretically not pronounceable, the 
decision system can use semantic, orthographic, or phonological 
activation, or any combination between them, to distinguish real 
characters from noncharacters. The absence of phonological prim- 
ing effects at the short SOA and the presence of such effects at the 
longer SOA in Experiment 2 suggest that it takes time for phono- 
logical activation to build up and to influence the processing of 
targets. Apparently, this slow buildup of phonological activation 
can be either accelerated by the demands of the naming task or 
tapped into more efficiently in naming. Compared with semantic 
priming effects, phonological priming effects should be easier to 
detect in this task. This is because the facilitation of phonological 
activation of semantic targets has to be mediated by the semantic 
overlap between primes and targets, whereas the facilitation of 
phonological activation of phonological targets takes place directly 
at the phonological level, needing no semantic mediation 
(O'Seaghdha & Matin, 1997; Zhou & Marslen-Wilson, 1997). 
However, we observed only equal facilitation for semantic and 
homophone primes in naming. 

This is not to say that phonological activation is never earlier 
than semantic activation in reading Chinese. It is possible that 
under certain circumstances we could find certain types of char- 
acters whose phonological activation is very efficient. One candi- 
date for this efficient phonological activation is "regular" complex 
characters whose phonetic radicals have the same pronunciations 
as the whole characters. The sublexical phonological processing of 
phonetic radicals could facilitate the phonological activation of 
whole characters (Fang et al., 1986; Hue, 1992; Peng et al., 1994; 
Seidenberg, 1985; Zhou & Marslen-Wilson, 1999b), whereas the 
sublexical semantic processing of phonetic radicals could interfere 
with the semantic activation of whole characters (Zhou & Marslen- 
Wilson, 1999b, 1999c). In a recent study, we indeed observed 
larger homophone priming effects than semantic priming effects 
for such regular characters at the SOA of 57 ms. However, this 
pattern appeared only in the naming task. Essentially the same 
patterns of priming effects as those in Experiment 3 were observed 
here in character decision for these regular characters, in which 
homophone primes produced little facilitatory effects at the short 
SOA but significant effects at a longer SOA (200 ms). 

Phonology, Orthography, and Semantic Activation in 
Reading Chinese 

Traditionally, dual-route theories of lexical processing assume 
that access to semantics can go either through the direct compu- 
tation from orthography or through phonological mediation in 
which orthographic activation passes to phonology representation 
and then to semantic representations. Moreover, these two routes 

are rather independent from each other. However, interactive and 
connectionist theories of lexical processing lead us to view seman- 
tic (and phonological) activation as the result of interactive pro- 
cesses in which different types of knowledge all come into play. 
Data from some studies on English (e.g., Coltheart, Patterson, & 
Leahy, 1994) and Hebrew (see Frost, 1998) suggest that ortho- 
graphic and phonological information interact in their constraints 
on semantic activation, although phonology seems to play a pri- 
mary role in this process (e.g., Henderson, Dixon, Petersen, Twil- 
ley ,& Ferreira, 1995; Lesch & Pollatsek, 1993; Lukatela & Tur- 
vey, 1991, 1994; Van Orden, 1987; Van Olden et al., 1990). 
Studies of logographic Chinese or Japanese Kanji provide more 
evidence for the argument that access to lexical semantics in 
reading Chinese is driven by both orthographic and phonological 
information, even though orthographic activation seems to play a 
more important role than phonology. Moreover, orthographic and 
phonological activation is a multiple constraint-satisfaction pro- 
cess that can be influenced by various properties of Chinese 
characters, such as sublexical phonological regularity or semantic 
transparency of semantic radicals. Semantic activation also con- 
tinuously feeds back to facilitate phonological and orthographic 
activation. 

Evidence supporting this interactive view of semantic activation 
in reading Chinese comes from experiments using various exper- 
imental tasks and techniques. In a study on pseudohomophone 
effects in reading Chinese, we (Zhou & Marslen-Wilson, 2000b) 
found that pseudohomophones that were created by replacing only 
one constituent of compound words with homophonic characters 
were more difficult to reject in lexical decision than were control 
nonwords that also shared one morpheme with the base words. 
However, such a pseudohomophone effect was greatly reduced 
when pseudohomophones were created by replacing both constit- 
uents of compound words. The pseudohomophone effect was also 
modulated by the frequency of constituent characters. This pattern 
suggests that the phonological activation and possibly the semantic 
activation of base words, by the presence of pseudohomophones, 
depends crucially on the interaction between the phonological 
properties of whole words and the morphological processing of 
common morphemes shared between pseudohomophones and base 
words. Similar patterns were also found for both compound words 
and single-character words in the semantic categorization task 
(e.g., Leck et al., 1995; Sakuma et al., 1998; Wydell et al., 1993) 
and in the phonologically mediated semantic priming paradigm 
(e.g., Zhou & Marslen-Wilson, 1999a; Zhou, Shu et al., 1999). 
Sakuma et al., for example, found a homophone interference effect 
for homophones sharing one character with category exemplars 
but not for homophones sharing no characters with exemplars. 
Similarly, Leck et al. found that the homophone interference effect 
was most salient for homophone characters that were orthograph- 
ically similar to the exemplar characters, and much less so or 
nonsignificant for homophone characters that were orthographi- 
cally different from the exemplar characters (see also Chert et al., 
1995). We (Zhou & Marslen-Wilson, 1999a) found that target 
characters were facilitated not only by their semantic associates 
but also by characters that were orthographically similar to or 
homophonic to the associates, although the homophony between 
mediated primes and semantic primes by itself did not guarantee 
significant mediated priming. 
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These data suggest that semantic activation in reading Chinese 
is not simply due to direct computation from orthography or to 
mediation though phonological activation. It is the interaction 
between phonology and orthography (and morphology) that nor- 
mally determines semantic activation. Studies comparing the time 
course of phonological and semantic activation can only give us an 
incomplete picture of lexical processes in reading Chinese. More 
research with different techniques is needed to determine the 
variables entering the multiple constraint-satisfaction processes of 
semantic activation. 
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Appendix A 

Stimuli Used in Experiment 1 

Semantic Semantic Phonological Phonological Semantic Semantic Phonological Phonological 
No. prime control prime control Target No. prime control prime control Target 

1 ~ r ~  ~ - N  ~n~q ~ ~:-g 
2 ~ ~ ~ ~ ~ 
3 ~ N ! ~  ~ ~ ~ 

6 ~ ~ ~ N ~  ~ 

10 !1~]~ ~a,~ ~]~ ~_LL~I- ;~gl~.!~j ~ t I~  

12 ~ ~ ~ - -  ~ ~ 
13 -~[~ S(~- ~1~  ~,[~, ~]~ 

20 ~ : ~  ~'~Jl ,~)3 -~J3 '~lr~ ~J 

23 ~ j ~  t ~  ~ i ~  ~)~/~ ]~g ~d~ 
24 ~ t ~  ~ ~ n ~  ~zl2 
25 i~,r~ ~jl] ~i~ f~j~ ;~ ~ : ~  ~ 
26 ~ ~1~ ~ -~i~. ~ ) ~  

35 ~k,~ ,.~J 1 ~3t: ~ 'I'~ ,I.~" ~--,~ ~'I~ ~:  
36 ~ r  ~Z£fi ~ff ~ L<~ 

37 ~ ~r~ ~,J f~' ~t~ 
38 ] ~  J j ~  ~ ~1~-~_~ ~E-~ 
39 {~ ,~, ~.  ~:~ ,~,, -,~h- JO'l" 'fie ~,~, 

42 ~ . ~ -  I=l~: ;j_~ ~y '3  ~]~1,~[~ ;t0( ~]  
43 ~ k  T J ~  ~ ~ ~J ~lJ ~J ~k: 

45 i~ ~9~ ~)~ ~+t~ ~L~ :~j },~ -~ 

48 ~1~" ~4] ~1]] )J~. ~f~ ~/f16 '~1~ 
49 j ~  ~ ~  ~i~:~ z~.~ i~J]2 
50 [ ]~  ~$~ ~ ~@ ~ 

54 ~:~L ~)m ~ ~ ~ 

56 3E fg~J J~J~t ~ j ~  ~ 3 ~  ,::~ ~I~ 
57 3 ~  I~1~ {di~ J~-~ ~ [ ~  
58 ~ ~ ~ ~ ~ 
59 -ll)~]~ 1~1~ ~ - ~  ~3fl~ ~l~ ~ ) ~  

61 ~1] ;~ 3~.~j~. ' 1 ~  5~J~ ~1~ 
62 ~)~. ~j~ ~/: ~-~r~ ~ - ~  ]~;tj .~ 
63 ~J'IN i,:r:l: J,~ ;;k: ;~j~ 'fP-.~ :t'q ~ 
64 ~ ~ ~,m ~ ~,j[~ 
65 3~JL ~ ~!iJll J!li~ ~ 

67 ~}j~ ~q~jr ~tL xt. ~ ~ / ~  ~lJ.~ 
68 ~ J  ~i l~  [~t~ ~$~: -~ff, 
69 ~__~ ~j~ ~ , ~  ~ ~ j,~/~ 
70 ~ .~  ~ i~  ~ ~ ~ 

72 T[: ~¢d ~f.J ~1~ ~J ~ ~ 
73 ~ / ~  J~t~ tivJ- "~; ~-~ ~tl~ -to :[~ 
74 ~q- ~), ~ ~ 10~- ~r ¢~, j-./ ~ j ~  
75 ~d:  ~ ~,~fi ~-~ ~ 
76 ]1~ ~II {.q~ i~J~ ~ ~ F  
77 "~'~I ~[q~ ~3~ 5~i] ~ 
78 :i~ ],K .~,d~ zl~ ~ ~,[~ ~1~ OO~ 
79 [~qj ] ~  ~ J ~  ~ _~::;~ 
80 3 ~  ~ ~ ~ ~ 
81 ~ ~ ~ ~ ~ ,  

83 ~.mj ~ ~] ~ ~ 

85 ~ ~ i ~  ~ ~ ~ 
86 n~ 1~I -~-.~ ~L=~ - ~ ~ ~ 

88 ~ N  m~J ~ ,  ~ gg/~ 
89 k ~  j~_~ ~t~. #t~:~ ~ 
90 ~ , ~  3 ~  I1~@ .~ .~  :/~.~ IN 

93 ,)<-~ ~n-3~ :~ --~ J~J( 'J~l~ 
94 ~ / ~  ~:~[~ ~ 3~j-. ~j ~ 



SEMANTIC AND PHONOLOGICAL ACTIVATION IN CHINESE 

Appendix A (continued) 

1263 

Semantic Semantic Phonological Phonological Semantic Semantic Phonological Phonological 
No. prime control prime control Target No. prime control prime control Target 

95 ~ ~ ~ ~ ~ 

96 ~ ~ ~ ~ ~ 

97 ~ ~ ~ ~ ~ 

98 ~ ~ ~ ~ ~ 

99 ~ ~ ~ ~ ~ 

101 ~ ~ ~ ~ ~ 

102 ~ ~ ~ ~ ~ 

~o3 ~ ~l~ ~ ~ ~ 

105 ~ ~)L ~ ~ #  ~ 

107 ~ ~ ~ ~ ~ 

~o8 ~ ~ ~ ~ , ~  

llO ~ ~ ~ ~ ~ 

111 ~ T ~  ~ ~ ~ D  

112 ~ ~ ~ ~ ~ 

113 ~ ~ ~ ~ ~ 

114 ~ ~ ~ ~ ~ 

115 ~ ~ ~ ~ ~ 

116 ~ ~ ~ ~ ~ 

117 ~ ~ ~ ~ ~ 

118 ~ ~ ~ ~ ~ 

119 ~ ~i~ ~ ~ ~ 

122 ~ ~ ~ Z ~  ~ 

123 ~ ~ ~ ~ ~ 

124 ~ ~ ~ ~ ~ 

Note. The first 44 rows are stimuli for the homophone group, in which the phonological primes are homophonic to their targets. The test are stimuli for 
the semihomophone group, in which phonological primes differ in tones from the targets. 

(Appendix B follows) 
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Semantic Homophone Semi- Control Semantic Homophone Semi- Control 
No. prime prime homophone prime Target No. prime prime homophone prime Target 

95 ,~ J~ ~ ~ 
96 ~ ~ //~ ~ i~ 
97 ~j~ {~ ~ IXq 
98 ~ _~ ,~ ~ ,~ 
99 a~ j~ fx-] ~ 

100 ,~, ~ ~{ ]~ ,~ 
101 ~. 1~ ~ 1~ ~" 
102 ~ ~ ]~ T~J 
103 ~f )~ ~ ~ ~1~ 

105 ~_~ ~ ~ ,~ 
106 ~)i ~ ~_. ~/i 
107 j~ ~ ~ ,~ 
108 ~ ITI ~ ~ 
109 ~ ~ ~ ~ [~ 

110 J~ ~ j~ ~ ,~ 
III ~ ~ ~ ~ 
112 ~ ~ ~i~ ~1~ 
113 ~J~ ~ j~ ~ 
114 ~ ~ ~ ~ IX I 

116 ~ gl~ ~ ~ 
117 ~t~ {~ ~ ~ 
118 ,~ ~ ~ ~j~ ~,~ 
119 )~ j~ ~ ~ 
120 ~ ~ ~ j~ 
121 I~ ~ ~t~ ~ 
122 ~ ~ [~ ~ {-1- 
123 .~[ ~ ]~ 31~ ~I 
124 ,~ ~ ,~ j~ ,~ 

Note. The first 56 rows are stimuli used in the synonym group, and the rest are stimuli in the mixed group. 
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