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Abstract

Accompanied with the reliable facilitation effect of semantic (instead of homophonic)
priming on character recognition and naming found in previous research, it was also
observed that priming with orthographically similar characters inhibits recognition
and naming of targets. The first two experiments manipulated prime character
frequency, orthographic similarity, and SOA (stimulus onset asynchrony) in lexical
decision and naming tasks. Inthe lexical decisiontask, the target characters which
were preceded by an unmasked, orthographically similar prime of higher frequency
were responded to slower than their dissimilar pair controls with SOAs of 50 ms and
500 ms. A similar inhibition effect was aso observed in the naming task. When the
SOA duration was extended to 1000 ms in Experiment 2, a significant inhibition
effect was observed not only under conditions with primes of higher frequency but
also with primes of lower frequency. In Experiment 3, pseudo-character primes were
included. It was found that pseudo-character primes obtained no effect upon target
recognitionwhile manifesting a small inhibition effect on target naming under the
prime exposure duration of 500 ms. In Experiment 4, an additional prime condition of
freeradicals in isolation was included. It was found in Experiment 4 that withthe
SOA of 50 ms or 500 ms, the embedded right component radical in isolation
facilitated the recognitionof the target character embedding it, while not exerting any
effect on character naming.

Keywords: lexical access, character recognition, character naming,
frequency effect, character frequency, prelexical phonology,
neighborhood frequency effect, orthographic prime inhibition.
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By conducting a series of studies using the lexical decision task withthe priming
paradigm, Grainger and colleagues (Ferrand & Grainger, 1992; 1993; 1994; Grainger
& Ferrand, 1994; Segui & Grainger, 1990) attempted to find the time course of
activating orthographic and phonological information. With very short exposure
durations of masked non-word primes, the SOA (stimulus onset asynchrony) from 17
msto 50 ms, the orthographic facilitation effect was observed. The effect size
observed was the largest at about 30 ms and then disappeared at 64 ms. In the
meantime, the homophonic facilitationeffect also started to appear when the prime
exposure duration was 32 ms and increased along with the SOA (Ferrand & Grainger,
1992; 1993; 1994). While the prime was a word and the exposure duration longer than
64 ms, the orthographic similarity effect turned out to be inhibitory instead, although
the homophonic effect was still facilitatory. The facilitatory homophonic effect
changed to be inhibitory only when half of non-word foil targets were
pseudo- homophones (Grainger & Ferrand, 1994). These results when combined with
that from a previous study (Segui & Grainger, 1990), depicts a picture showing the
time course of an aphabetic (French) lexical activation. In Segui and Grainger (1990),
only prime words with frequency higher than targets obtained the orthographic
inhibitioneffect at the short SOA of 60 ms, while at the long SOA of 350 ms only
lower frequency words obtained the orthographic inhibition effect.

A modified version of the interactive activation model initially developed by
McClelland and Rumelhart (1981) was then proposed by Ferrand and Grainger (1992)
as follows. The model is characterized by a triangular structure, including a layer of
sub- lexical orthographic units, a layer of sub-lexical phonological units, and alevel of
lexical representations (word level). On presentation of a written word, the visual
input activates a set of orthographic units, which, in turn, send activation on to the
word level and phonological units with which it is directly linked. The build-up of
activation at the lexical and phonological levels thus lags behind the build- up of
activation at the orthographic level. This explained that at very short prime exposure
of 32 ms only orthographic units will be sufficiently activated to facilitate subsequent
target recognition. With longer prime exposures (e.g. 64 ms) both phonological and
word units will be more activated to influence subsequent target recognition.
Activated word units will inhibit target word recognition via within-level inhibition,
whereas activated phonological units will provide facilitatory inputs to the target
representation and hence facilitate recognition. Thus, at prime exposures of around 60
ms, facilitation effects of phonological prime-target overlap are present; but the
facilitation effects of orthographic overlap are cancelled by lexical inhibition.
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According to this conception of the visual word recognition process, orthographic
information is fed directly into the mental Iexicon without any prior transformation
into a phonologica code. Thisisin conflict withthe viewpoint of phonological
mediation by some investigators (Lukatela & Turvey, 1991; Van Orden, Pennington,
& Stone, 1990) who have proposed that there is no direct link between orthographic
units and word units (also see Ferrand & Grainger, 1994).

Let's go back to the issue of orthographic inhibition effects. Whenthe SOA was
also manipulated orthogonally with neighborhood frequency, Segui and Grainger
(1990) obtained different effects of neighborhood frequency on lexical decisiors
under different SOA's. When masked prime words were presented for 60 ms, only the
primes that were higher frequency orthographic neighbors of the target interfered with
target processing, relative to anorthographically dissimilar prime control condition.
On the other hand, when the SOA was extended to 350 ms for unmasked primes,
interference was observed only with lower frequency prime words, while those with
higher frequency prime words no longer produced any interference or facilitation. The
results were interpreted in terms of activation and selection processes. For short prime
presentatiors, it was assumed that only the unconscious process was performed; thus
high frequency primes would obtain a high enough level of activation to inhibit the
processing of its orthographic neighbor target. For prime presentations long enough to
perform conscious processing, a selection process to account for the result was
proposed as follows. If the prime is low frequency and the target a higher frequency
neighbor of this word, then the target representation must be inhibited for the prime to
be identified. If the target is then presented for identification, it would take longer if
the inhibition has not had time to dissipate. On the other hand, using their account, if
the prime was high frequency and the target alower frequency one, then on
prime-word identification the target representation would not be a strong competitor
in selection processes and would not require inhibition. This was rather a
sophisticated account and it was still not easy to convince others why a higher
frequency neighbor prime had lost its inhibitory effect when the SOA was extended
longer. In areview article, Andrews (1997) stated that neighbors have consistently
been reported in studies on English to facilitate target naming and lexical decisions
(e.g. Forster & Shen, 1996; Johnson & Pugh, 1994; Sears, Hini, & Lupker, 1995), and
thus treated Grainger’ s French inhibitory effect of neighbors as arising from
sophisticated guessing strategies in perceptual identification tasks or lexical decision
strategies adopted in unusual stimulus environments.

Orthographic inhibition effects were also obtained in some studies on Chinese



CHINESE ORTHOGRAPHIC PRIMING 5

character identification with priming paradigms (e.g., Chen & Shu, 2001; Perfetti &
Tan, 1998; Wu & Chen, 2000; Wu & Chou, 2000). Perfetti and Tan (1998)
manipulated SOA in their Chinese character naming tasks to compare the relative
magnitudes of priming effects among orthographic, homophonic, and semantic primes.
Evidence supporting their view of universal phonology was then provided. They
found that homophonic primes showed greater facilitation effects than semantic
primes on naming target characters. In addition, when the SOA was 43 ms, they
obtained a graphic facilitation effect. However, when the SOA was 57 or 85 ms, they
obtained a graphic inhibition effect. And when the SOA was extended longer, graphic
primes exerted no significant effect on target naming. Wu and colleagues (Wu & Chen,
2000; Wu & Chou, 2000) and Chen and Shu (2001) tried to replicate the finding of
Perfetti and Tan (1998), but failed to obtain the similar time course pattern.
Nevertheless, graphic inhibition effects were oberved by al of them. We thus think
that orthographic similarity would be a critical factor in the process of word
recognition. It is without doubt that a prelexical analysis of orthography is of course
necessary for the identification of a word and for the retrieval of its phonological and
semantic properties. For correct identification, it is natural to avoid confusion or
interference from other words. I nhibitory connections among similar forms of words
are then inevitable when they are activated ssmultaneously. Is the picture of
orthographic inhibition in the lexical identification for Chinese the same as, or
different from, that of any alphabetic system? This yielded the motivation to complete
the present study in which two of four experiments were initiated five years ago.

The present study adopted a research strategy similar to Segui and Grainger
(1990). In studies using a phabetic orthographies, an orthographic neighbor refersto a
word that can be created by changing a single letter of atarget word. While in the
present Chinese study an orthographic neighbor is defined as a character sharing a
phonetic radical with the target character. For example, atarget character, , has
many neighbor characters, , ,and . All of these characters share the same
phonetic radical, . Itisnoted that in this kind of study the graphic similarity
between atarget and its neighbor is about half size of a character, while in aphabetic
studies the difference between a target word and its neighbor is only a letter. Using the
priming procedure in lexical decision and naming tasks, the SOA and neighbor
character frequency relative to the target character were manipulated. According to
the arguments from the above paragraphs, the orthographic inhibition effect is to be
expected and moderated by neighbor character frequency and stimulus onset
asynchrony, both on lexical decision and naming (Experiments 1 and 2). Due to
differences between orthographies of French and Chinese, the detail pattern of
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inhibition might be somehow different from Segui and Grainger (1990). Further
experiments (Experiments 3 and 4) will explore the possible priming effects when the
primes are pseudo-characters or free component radicals. If pseudocharacter primes
do not exert any orthographic inhibition, the phenomenon of orthographic inhibition
could be classified into a linguistic domain rather than a perceptual domain. Because a
pseudo-character possesses no lexical status, according to the notion of the interactive
activation model there is no within-level competition to be expected between two
lexical representations. If the component radical of atarget character is presented in
isolation as a prime to induce the sub-lexical process of radical, it is expected that the
target character process would be benefited via a between level facilitation.

Experiment 1

Orthography does not covary with phonology in Chinese. Because
orthographically similar characters are usually pronounced differently, for correct
identification readers have to keep away fromconfusion or interference from
orthographically similar characters. Segui and Grainger (1990) obtained different
effects of neighborhood frequency on lexical decision under different SOA's. When
prime words were briefly presented for 60 ms, only the primes that are higher
frequency orthographic neighbors of the target interfered with target processing. In
contrast, when the SOA was extended to 350 ms, interference was observed only with
lower frequency prime words. A possible alternative explanation to Segui and
Grainger’ saccount of higher frequency primes losing their effect under the long SOA
can be as follows. Because their stimulus words were French, a shallow alphabetic
orthography, the phonology covaries with the orthography. When the SOA islong
enough, the phonology would be sufficiently activated for higher frequency prime
words. This might produce a phonological priming facilitation effect on target
processing to compensate the inhibition resulting from competition among
orthographically similar neighbors. If this alternative explanation proves correct, then
we would find an inhibition effect from primes with higher frequency as well as with
lower frequency for longer SOA in experiments using Chinese characters as stimuli.
We conducted the present experiment to test this hypothesis. Two levels of SOA, 50
ms and 500 ms, were used to cover arange wider than that of Segui and Grainger
(1990).
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Method

Participants According to the manipulation of task (lexical decision, naming) and
SOA (50, 500 ms) factors, one hundred participants were randomly assigned to four
groups, each with 25 participants. They were recruited from the participant pool at
National Taiwan University to participate in this experiment for partial fulfillment of
course requirements. All were fluent readers of Mandarin with normal or
corrected-to-normal vision.

Design and stimuli. Participantswere randomly assigned to one of four groups
representing combinations of two between-subjects factors of task (Iexical decision vs.
naming) and SOA (50 msvs. 500 ms). Each group of participants received the same 2
x 2 within-subjects factorial consisting of two factors of prime frequency (higher vs.
lower), and orthographic relatedness (smilar vs. unrelated). Thisformed a2 x 2 x 2 x
2 four-way factorial design.

Forty eight medium-frequency characters were selected as a target stimulus set
from the character database of Wu and Liu (1987). The character frequency ranged
from 77 to 150 per million (with an average of 112). For each target character, four
prime characters representing different combinations of a2 x 2 within-subjects
factorial were coupled. Two of them were orthographically similar to the target
characters while the other two were unrelated. Orthogonally, half of them were with
character frequency higher than the target character, ranging above 250 per million,
and the other half were with relatively lower frequency, ranging below 13 per million.
The number of strokes was also equated among different conditions. The complete list
of target characters and prime characters is presented in Appendix A along with the
number of strokes and the character frequency. For the lexical decision task, equal
numbers of pseudo-character foil targets were constructed by re-pairing two radicals
which are correct usage in position in real characters. For each participant, each target
character appeared just once and was preceded by only one of four different types of
prime. The assignment of each target character into the different prime conditions was
counter-balanced between participants. Forty eight filler trials with target characters
not restricted to medium-frequency and with the primes unrelated to the targets were
further constructed and mixed with those experimental trials. Both experimental and
filler trials summed up to 96 trias in total for the naming task. With respect to the
lexical decision task, additional 96 trials with pseudo-character targets and a different
set of prime characters were constructed to sum up with 192 trialsin total. A total of
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20 additional characters were also selected for practice trials.

Apparatus and procedure. The experiment was controlled by an IBM PC/486
compatible microcomputer. Stimuli were presented in isolationon the center of a 17
inches VGA-adapted, 60Hz, display. A voice-activated circuit linked with a
microphone was interfaced to the computer to detect the onset of the participant's
pronunciation in the naming task. Reaction times (RTs) and the timing of stimulus
display were both measured to the nearest millisecond and synchronized with the
onset of video frame refreshing. The software used for controlling experimental
procedures and data handling was adopted from Wu (1995). Participants received 20
practice trials each with feedback. Erroneous responses in the practice trials were
repeated until a correct response was made. No feedback was given on subsequent
experimental trials.

On each trid, the following sequence of events occurred: (a) an asterisk, used
as afixation point, was presented at the center of the monitor and lasted for 700 ms
accompanied with a 100 Hz warning tone for 150 ms, and then disappeared to leave
the screen blank for 100 ms; (b) the prime character occupying a 24 x 24 dot matrix
area which subtended a visual arc of approximately 1.2 degrees, from the viewing
distance of 60 cm, was then presented in isolation at the center of the screen for a
period of time, depending on which SOA group the participant was assigned to; (c)
the target character was then presented at the same location to replace the prime
character and then remained there until the computer detected the participant's key
stroke in the lexical decision task or the onset of the participant's pronunciation in the
naming task, the RT timing started from the presentation of the target character until
the response was made; (d) in the naming task, the phonetic symbols used in Taiwan
to stand for the correct pronunciation were then presented above the stimulus
character, and via a remote connection line, the experimenter seated behind the
participant either pressed one of two buttons to indicate that a correct pronunciation of
the character triggered the compuiter, or the other button to indicate that an incorrect
pronunciation of the character or some other sound (such as a cough) triggered the
computer; and (€) the whole screen was immediately erased and there was a 1-s blank
before anasterisk accompanied with a warning tone for the next trial was presented.

All the 48 experimental trials, 48 filler trials, and additional 96 pseudo-
character trialsin lexical decision, were evenly and randomly divided into 12 blocks.
Each block was composed of four trials from different prime conditions, one for each,
and four fillers, and additional eight pseudo-character target trials for lexical decisiors.
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An on-line random assignment with a block randomization shuffling procedure was
performed individually so that each participant received anidiosyncratic random
sequence of block-arranged stimuli.

All participants were tested individually. Upon arrival each participant was
seated in a sound-deadened room and received written instructions on the screen.
Both accuracy and speed were emphasized. The participants were required to take a
rest after a suitable number of trials. The entire experiment took approximately 20
minutes for each participant.

Results and Discussion

In calculating the mean RT of correct responses for each conditionwithin each
participant, those trials with RTs less than 200 ms (possible anticipation), or 2.5
standard deviations more than the mean of the condition to which the trials belonged,
were treated as outliers. The percentage of outliers was 4.1%. The re-computed mean
correct RTs and mean percentages of errors across participants under different
conditions of prime frequency X orthographical relatedness for each group are shown
in Table 1.

Table 1 shows that in general it took dlightly longer for naming than for lexical
decision. Furthermore, it also took longer to respord to the targets preceded by
orthographically similar prime withrelatively higher frequency, as compared to other
conditions. The statistical significance of these effects was assessed by analyses of
variance (ANOVAS) across participants, F1, and across stimulus items, F».

Mean RT obtained for al participants in Experiment 1 were submitted to two
three-way ANOVA s with factors of SOA (50, 500 ms), prime frequercy (relatively
higher, lower), and orthographical relatedness (similar, control), performed separately
on the data for lexical decision and naming.

The three-way ANOV A with factors of SOA, prime frequency, and
orthographical relatedness, performed on lexical decision, showed a similar pattern as
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the above four-way ANOVA. The significant sources of variationwere relatedness,
F1(1, 48) = 41.14, MSe = 1212, p< .001, F; (1, 47) = 43.62, MSe = 3673, p <.001,
prime frequency, Fi(1, 48) = 36.74, MSe= 1372, p<.001, F> (1, 47) = 9.45 M=
11210, p <.01, and relatedness x prime frequency, Fi(1, 48) = 17.59, MSe = 1933, p
<.001, F> (1, 47) = 13.33, MS= = 5424, p <.001. The effect of SOA was aso
significant across items, F1(1, 48) <1, F» (1, 47) = 12.71, MSe = 3419, p< .001. A
further analysis showed that the simple main effect of relatedness was significant
under the higher prime frequency condition, F1(1, 96) = 52.85, MSe = 1573, p < .001,
F2 (1, 94) = 49.22, MSe = 4549, p <.001, while it was not significant under the lower
prime frequency condition, F1(1, 96) < 1, F» (1, 94) = 1.18. This supports the
impression from Table 1 that a preceding orthographically similar prime with
relatively higher frequency exerted an inhibitory effect on lexical decision to the
target, while a prime with lower frequency exerted no effect.

A quite different pattern of results were obtained from the similar three-way
ANOVA performed on the naming data. The main effect of relatedness was
significant, F1(1, 48) = 30.62, MSe = 1247, p < .001, F5 (1, 47) = 14.67, MSe = 5484,
p <.001. A significant main effect of SOA was found only across items, F1(1, 48) =
1.07, MSe = 15731, p> .05, F» (1, 47) = 15.40, MSe = 2616, p < .001. It should be
noted that the effects concerning the factor of prime frequency were not significant in
the naming tasks, but different from those in lexical decisiors. This implied that the
differing effects of relatedness were both significant for higher prime frequency and
for lower prime frequency.

To sum up, there were several points worth noticing. First, the response
latencies for lexical decisions were slightly faster than those for naming. This
confirms the general pattern from previous studies on Chinese character lexical
decisionand naming (e.g., Liu, Wu, & Chou, 1996; Wu, Chou, & Liu, 1994). Second,
the prior presentations of orthographic neighbors with frequency higher thanthe
targets always exerted inhibition on lexical decision to the targets, irrespective of
whether the presentation of primes were brief or long. Thisis consistent with our
prediction stated before, while differing from Segui and Grainger (1990) in which the
neighbor prime of higher frequency no longer exerted inhibition on target lexical
decisions when the SOA was long. In the present experiment we did not find any
significant inhibition effect in lexical decision from the neighbor prime of lower
frequency for the prime presentation duration of 500 ms. Maybe it was still not long
enough for activating the prime sufficiently to compete with the target. Third, whether
the SOA was short or long, and whether the prime frequency was higher or lower
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relative to the target, the orthographic neighbors always produced inhibition on the
naming response to the target. Maybe because most prime-target pairs were not
homophonic, the inhibition obtained in the naming task which demands phonology
was larger than in the lexical decision It is worth noting that, according to Andrews
(1997), dl of the alphabetic studies using naming tasks had not found any inhibition
effect except for naming low-density words in the Spanish study of Carreiras et a.
(1997). Neighborhood-size or neighborhood-density is defined as the number of
neighbors for a given word. A high-density word is a word with more neighbors. A
low-density word is a word with a few neighbors. In this experiment, the orthographic
inhibition effect not only was obtained, under higher frequency primes, for lexical
decisions, but also was obtained, under higher and lower frequency primes, for
naming. The orthographic inhibition effect seems to be more obvious for naming in
Chinese.

Experiment 2

In Experiment 1, we obtained similar lexical decision task results as Segui and
Grainger (1990) for short presentations of primes, while different results for long
presentatiors of primes. According to the reason stated previoudy, for Chinese
character recognition it should be found for neighbor primes, whether with high
frequency or with low frequency, to produce inhibition on target process as long as the
duration of prime presentation is sufficient. A SOA of 500 ms might not have been
sufficient so that we did not find any significant inhibition effect fromthe neighbor
primes of lower frequency. For convenience, in this experiment we extended the SOA
to 1000 ms while other things did not change.

Method

Participants Forty participants from the same pool asin Experiment 1 were
recruited in this experiment. They were randomly assigned to two groups. One group
of participants received the lexical decision task and the other group received the

naming task. There were 20 participants in each group.

Design and stimuli. The same design and stimuli of Experiment 1 were adopted
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except that the SOA was fixed at 1000 ms. This reduced the design into a three way
factorial with the factor of task being between-subject and the other two of prime
frequency and orthographical relatedness being both within-subject.

Apparatus and procedure. The same apparatus and procedure used in Experiment 1
were adopted in this experiment.

Results and Discussion

The data analyseswere similar as in Experiment 1. The mean correct RTs and
mean percentages of errors across participants under different conditions for each
Group are shown in Table 1. Mean RT data obtained for al participants in this
experiment were submitted to two two-way ANOVA s with factors of prime frequency
(relatively higher, lower), and orthographical relatedness (similar, control), performed
separately  on the data for lexical decision and naming.

The two-way ANOVA with factors of prime frequency, and orthographical
relatedness, performed on lexical decision, showed a slightly different pattern as
compared to Experiment 1. The main effect of relatedness wassignificant, F1(1, 19) =
14.78, MSe = 2494, p< .01, F> (1, 47) = 17.47, MSe = 5637, p <.01. The effect of
prime frequency was marginaly significant only across participants, F1(1, 19) = 4.61,
MSe =685, p<.05, F, (1, 47) = 1.22, MSe =4169, p > .05. The interaction effect of
relatedness x prime frequency was not significant, F1(1, 19) <1, F> (1, 47) < 1. This
indicated that a preceding orthographically similar prime exerted an inhibitory effect
on the lexical decision of the target regardless of higher and lower prime frequency.
Nevertheless, the prime with higher frequency seemed to produce more inhibition
than that with lower frequency. These results were consistent with that of Experiment
1

Moreover, the two-way ANOVA performed on naming showed a pattern
consistent with that of Experiment 1. Only the main effect of relatedness was
significant, F1(1, 19) = 7.44, MSe = 2053, p < .05, F (1, 47) = 4.78, MSe = 11217, p
<.05. All other effects were not significant.

When Experiment 2 extended the SOA to 1000 ms, the resultant pattern agreed
with the tendency of Experiment 1. Both for lexical decision and for naming, we
obtained a significant effect of inhibition on target recognition for neighbor primes
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with lower frequency. Because the inhibition effect from neighbor primeswith higher
frequency is till significant and no longer decreasing, compared to Grainger’ s result,
it seems that orthographic inhibition in Chinese is more robust than that in French or

other alphabetic systems.

Experiment 3

Experiments 1 and 2 showed that orthographically similar character primeswith
frequencies higher than target characters manifestsstrong inhibition effects in either
lexical decision or naming. Unlike the results from an alphabetic orthography by
Segui and Grainger (1990), the strong inhibition effect exerted from higher frequency
orthographic neighbor characters on the target characters did not decrease along with
increasing SOA. In contrast, prime characters with frequencies lower than targets
always showed smaller orthographic inhibition. Along with this dimension, it might
be predicted that pseudo-character primes which are orthographically similar to target
characters would not exert any inhibition on target processing; because a
pseudo-character could not possess any lexical status to compete with the target. This
experiment attempted to test this implication and to replicate the above two
experiments with a larger set of stimulus materials. An additional prime condition
with pseudo-characters was thus designed in this experiment. Ferrand and Grainger
(1992) had ever used a masked prime paradigm to examine the effects of
pseudo- homophonic primes and their orthographic controls on target lexical decision.
Both pseudo- homophonic primes and their orthographic controls showed facilitation
effects under 32 ms SOA, while only pseudo-homophonic primes exhibited
facilitation effects under 64 ms SOA. They had not used non-word primes under any
SOA longer than 64 ms.

Method

Participants One hundred and fifty eight participants atogether were assigned to
four groups according to the manipulation of task and SOA factors. Two groups of
participantsreceived the lexical decision task. One with 45 participants for 50 ms
SOA and the other with 43 for 500 ms SOA. The other two groups (each with 36
participants) received a naming task with each SOA. They were recruited from the
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participant pool at National Taiwan University to participate in this experiment for
partial fulfillment of course requirements. All were fluent readers of Mandarin with
normal or corrected-to-normal vision.

Design and stimuli. Participants were assigned to one of four groups representing
combinations of two between-subjects factors of task (lexical decision vs. naming)
and SOA (50 ms vs. 500 ms). Each group of participants received the same 3 x 2
within-subjects factorial arranged materials according to the manipulation of two
factors of prime type (frequency higher than target, lower than target, and
pseudo-character), and orthographical relatedness (smilar vs. unrelated). The design
was the same as in Experiment 1 except that a new level of pseudo-character was
added into the factor of prime type.

Because a new level was added into prime type, more targets were required to
guarantee enough trials for each condition. Besides the original stimulus set of forty
eight characters used as targets in Experiments 1 and 2, 24 more target characters
were added. For each target character, six primes representing different combinations
of 3 x 2 within-subjects factorial were coupled. Four of them were the same asin
Experiments 1 and 2, other two constituting the pseudo-character conditions, one with
orthographically similar and unrelated primes. The complete list of target characters
and corresponding prime conditions are presented in the Appendix B along with
character frequency. For each participant, each target character appeared just once and
was preceded by only one of six different types of prime. The assignment of each
target character into one of the prime conditions was counter-balanced between
participants. Seventy two filler trials withtarget characters not restricted in
medium-frequency and with the prime unrelated to the target were further included
and mixed withtrials of stimulus targets. Thisresulted in 144 trials in total for the
naming task. With respect to the lexical decision task, additional 144 trials with
pseudo-character targets and a different set of prime characters were constructed with
atotal of 288 trials. A total of 20 additional characters were also selected for practice
trials.

Apparatus and procedure. The same apparatus and similar procedure as in
Experiment 1 was adopted in this experiment.

All the 72 experimental trials, 72 filler trials, and additional 144
pseudo-character trials in lexical decision, were evenly and randomly divided into 12
blocks. Each block was composed of six trials from the prime conditions, one for each,
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and six fillers, and additional twelve pseudo-character target trials for lexical decision.
Other things were the same as in Experiment 1.

Results and Discussion

As in Experiment 1, in calculating the mean RT of correct responses for each
condition within each participant, those trials with RTs less than 200 ms (possible
anticipation), or 2.5 standard deviations more than the mean of the condition to which
the trials belonged, were treated as outliers. The percentage of outliers was 3.8 %. The
re-computed mean correct RTs and mean percentages of errors across participants
under different conditions of primetype x orthographical relatedness for each group
are shown in Table 2.

In brief, two threeeway ANOV As with factors of SOA (50, 500 ms), prime type
(higher frequency, lower frequency, pseudo-character), and orthographical relatedness
(similar, control) were performed separately on the RT data for lexical decision and
naming.

The ANOVA performed on lexical decision showed that the significant sources
of variation were relatedness, F1(1, 86) = 30.15, MSe = 1461, p<.001, F, (1, 71) =
21.28, MSe = 3886, p <.001, primetype, F1(2, 172) = 35.26, MS = 1258, p < .001, F;
(2,142) = 34.39, MSe = 2421, p <.001, and relatedness x prime, F1(2, 172) = 20.17,
MSe = 1346, p<.001, F» (2, 142) = 21.18, MSe = 2179, p <.001. The effect of SOA
was also significant acrossitems, F1(1, 86) < 1, F> (1, 71) = 35.31, MSe = 1910, p
<.001.

Further analyses on lexical decision showed that the simple simple-main effect
of relatedness was significant under the prime with higher frequency in 50 ms SOA,
F1(1, 258) = 47.31, MSe = 1384, p < .001, F; (1, 426) = 35.05, MSe = 3151, p <.001;
and in 500 ms SOA, F1(1, 258) = 17.06, MSe = 1384, p < .001, F; (1, 426) = 14.00,
MSe = 3151, p <.001. Under the prime with lower frequency it was significant only
across participantsin 50 ms SOA, F1(1, 258) =5.47, MSe = 1384, p < .05, F» (1, 426)
=3.64, MSe = 3151, p > .05; and significant both across participants and across items
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in 500 ms SOA, F1(1, 258) = 4.19, MSe = 1384, p < .05, F, (1, 426) = 4.58, MSe =
3151, p < .05. Under the prime with pseudo-character it was not significant in 50 ms
SOA, F1(1,258) < 1, F5 (1, 426) < 1, and in 500 ms SOA, F1(1, 258) = 1.37, MSe =
1384, F, (1, 426) < 1.

The ANOVA performed on naming showed that the significant sources of
variation were relatedness, F1(1, 70) = 67.67, MSe = 659, p < .001, F» (1, 71) = 25.56,
MSe = 3136, p < .001, and primetype, F1(2, 140) =5.39, MSe =691, p< .01, F> (2,
142) = 4.07, MSe = 2041, p < .05, SOA, F1(1, 70) = 7.55, MSe = 48365, p < .01, F> (1,
70) = 348.18, MSe = 2068, p < .001.

Further analyses on naming showed that the simple simple- main effect of
relatedness was significant under the prime with higher frequency in 50 ms SOA, F1(1,
210) =8.97, MSe= 759, p< .01, F2 (1, 426) = 4.72, MSe = 2135, p <.05; and in 500
ms SOA, F1(1, 210) = 12.55, MSe = 759, p < .001, F» (1, 426) = 9.52, MSe = 2135, p
<.01. Under the prime with lower frequency it was significant in 50 ms SOA, F1(1,
210) = 16.04, MSe =759, p < .001, F» (1, 426) = 9.78, MSe = 2135, p<.01; and in
500 ms SOA, F1(1, 210) = 17.63, MSe = 759, p < .001, F» (1, 426) = 11.80, MSe =
2135, p <.01. Under the prime with pseudo-character it was significant only in 500 ms
SOA, F1(1, 210) < 7.71, MSe =759, p < .01, F> (1, 426) = 5.90, MSe = 2135, p < .05.
In contrast with that of lexical decision, the orthographic inhibition effect is easier to
be obtained in naming under prime with lower frequency character or
pseudo-character.

It is obvious that the prior presentations of orthographic neighborswith
frequencies higher than the target always exerted inhibitions on the lexical decision
responses to the target, irrespective of whether the presentation of primes were brief
or long. In addition to lexical decision, whether the SOA was 50 ms or 500 ms, and
whether the prime frequency was higher or lower relative to the target, the
orthographic neighbors always produced inhibition on the naming response to the
target. It seems that the naming task demonstrated even more robust inhibition effects
from orthographic neighbors in Chinese. The same pattern of results of Experiments 1
and 2 was thus well replicated in this experiment. It also showed that
pseudo-character primes did not affect target recognition while they exerted a
marginally significant inhibition effect on target naming under longer prime exposure
duration of 500 ms. The overall result pattern of this experiment is consistent with
those from Experiment 1 and 2, except that the inhibition effect obtained on target
naming under the longer prime exposure duration of 500 ms was somehow
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unexpected. Maybe it was due to type one false error. A replication of this experiment
to verify this possibility was then needed.

Experiment 4

In the studies which used very short SOA durations of masked non-word
priming procedures, Ferrand and Grainger (1992; 1993; 1994) observed the
orthographic and phonological facilitation effects to present the activation process of
sub-lexical orthographic information and pre-lexical phonology. While in our
Experiment 3 we did not observe any orthographic facilitation effect when the primes
were pseudo-characters, this may imply that at as short as 50 ms Chinese participants
have passed the stage of radical processing and entered into a higher level of
processing to reject the identification of the target as a lexical unit. To evauate the
inference of Ferrand and Grainger, it was necessary to explore an experimental
condition under which the embedded radical of a target character was explicitly
processed and kept from entering into a higher stage of lexical processing. If the free
radical prime facilitates the response of the target, then the interactive activation
network proposal could be confirmed. We then straightforwardly included in
Experiment 4 a prime condition in which afree radical, which is embedded in the
target character, was presented in isolation. In the context of a further replication of
previous experiments, it was also interesting to find what would happenbe if
participants were demanded to explicitly process the embedded radical of a character.

It should also be noted that sublexical processing, in English, means pre-lexical
analysis of substring of a word for the purpose of converting its graphemes into
phonology and then mapping to alexica level unit. But for Chinese, how would it be
to define a pre-lexicaly sub-lexical processwhen we have known it is without any
orthographically pre-defined phonology to mediate the lexical process? A radical is
usually a constituent unit of a character. When standing alone in isolation with size
adjusted as a normal character, it also could play arole as a character withits specific
semantic meaning and pronunciation. The pronunciation of a radical standing as a
character is usually unrelated with those pronunciations of characters embedding that
particular radical. The consistency among pronunciations of different characters
embedding the same radical is, in general, low (Liu, Sue, & Chen, 2001). This
suggests that too much pre-lexical processing of embedded radicals would be harmful
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to the process of target character processing. Pre-lexical processing of aradical will

be logically restricted within a very shallow level of orthographic analysis. It should
not enter into a higher level of linguistic transformation. If the radical has been well
processed to an extent that its phonological information could be possibly activated,
then conflict results inevitably. This means thet it may be hard to observe areliable

facilitationeffect of embedded radicals on character naming.

Method

Participants One hundred and seventeen participants altogether were randomly
assigned to four groups according to the manipulation of the Task and SOA factors.
Two groups of participants (30 and 28) received alexical decision task with 50 or 500
ms SOA, while the other two groups of participants (31 and 28) received a naming
task with 50 or 500 ms SOA. They were recruited from the same participant pool as in
Experiment 3. All were fluent readers of Mandarin with normal or
corrected-to-normal vision.

Design and stimuli. Participants were evenly assigned into one of four groups
representing combinations of two between-subjects factors of task (Iexical decision vs.
naming) and SOA (50 ms vs. 500 ms). Each group of participants received the same 4
x 2 within- subjects factorial arranged materials according to the manipulation of two
factors of prime type (frequency higher than target, lower than target,
pseudo-character, and isolated radical), and orthographical relatedness (similar vs.
unrelated). The design was the same as in Experiment 3 except that a new level of
isolated radical was added into the factor of prime type.

The stimulus set of 72 characters as targets used in Experiment 3 was adopted
in this experiment. For each target character, eight primes representing different
combinations of 4 x 2 within-subjects factorial were coupled. Six of them were the
same as in Experiment 3, otherwisetwo were isolated radical conditions, one with
orthographic similarity (right half part radical of the target character) and the other
unrelated radical control. For each participant, each target character appeared just
once and was preceded by only one of eight different typesof prime. The assignment
of each target character into the different prime conditions was counter-balanced
between participants. The same seventy-two filler trials used in Experiment 3 were
also adopted to mix withexperimental stimulus trials. This finished with 144 trialsin
total for the naming task. With respect to the lexical decision task, the same 144 trias
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with pseudo-character targets used in Experiment 3 were also adopted to end up with
288 trials in total. Twenty additional characterswere also selected for practice trials.

Apparatus and procedure. The same apparatus and similar procedure of
Experiment 3 were adopted in this experiment. For the prime condition withan
isolated radical, the isolated radical was displayed in its normal size (radical size) as is
embedded in a character, instead of in the character size.

All the 72 experimental trials, 72 filler trials, and additional 144 pseudo-
character trialsin lexical decision, were evenly and randomly divided into 9 blocks.
Each block was composed of eight trials from different prime conditions, one for each,
and eight fillers, and additional 16 pseudo-character target trials for lexical decision.

Results and Discussion

The data analysis was similar as in Experiment 3. The computed mean correct
RTs and mean percentages of errors across participants under different conditions of
prime type x orthographical relatedness for each group are shown in Table 2.

Two three-way ANOV As with factors of SOA (50, 500 ms), prime type
(frequency higher, lower, pseudo-character, isolated radical), and orthographical
relatedness (similar, control) were performed separately on the RT data for lexical
decision and naming.

The ANOVA performed on lexical decisions showed that the significant souces
of variation were prime type, F1(3, 168) = 14.16, MSe = 1966, p < .001, F» (3, 213) =
12.91, MSe = 5910, p <.001, and relatedness x prime, F1(3, 168) = 6.15, MSe =2682,
p <.001, F; (3, 213) = 6.33, MSe = 6691, p <.001. The effect of SOA was aso
significant across items, F1(1, 56) <1, F» (1, 71) = 7.90, MSe = 4361, p <.01.

Further analyses on lexical decision showed that the simple simple-main effect
of relatedness was significant, indicating an inhibition effect as shown in Table 2,
under the prime with higher frequency in 50 ms SOA, F1(1, 224) = 9.84, MSe = 2362,
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p<.01, F2 (1, 568) = 10.15, MSe = 5307, p <.01; and in 500 ms SOA, Fi(1, 224) =
5.98, MSe = 2362, p < .05, F» (1, 568) = 7.00, MSe = 5307, p <.01. Under primeswith
radicals in isolation it was significant, indicating an orthographic facilitation effect
with an effect size far weaker than that of the inhibition effect under the prime with
higher frequency, at 50 ms SOA only marginally across participants, F1(1, 224) = 3.55,
MSe = 2362, p=.05, F; (1, 568) < 1, and at 500 ms SOA only across items, F1(1, 224)
=2.85 MSe=2362, p<.1, F> (1, 568) = 8,51, MSe = 5307, p <.01.

The ANOVA performed on naming showed that the significant souces of
variation were relatedness, F1(1, 57) = 27.86, MSe = 1097, p< .001, F» (1, 71) =
13.61, MSe = 4448, p < .001, prime type, F1(3, 171) = 4.30, MSe= 1117, p< .01, F»
(3,213) =2.77, MS = 3333, p < .05, and relatedness x prime, F1(3, 171) = 5.40,
MSe =840, p< .01, F, (3, 213) = 2.47, MSe = 4188, p <.1. The effect of SOA was
also significant acrossitems, F1(1, 57) <1, F, (1, 71) = 8.47, MS = 2782, p < .01.

Further analyses on naming showed that the smple simple- main effect of
relatedness was significant, indicating an inhibition effect as shown in Table 2, under
the prime with higher frequency in 50 ms SOA, F1(1, 228) = 16.56, MS= =904, p
<.001, F> (1, 568) = 4.59, MSe = 5546, p <.05; and in 500 ms SOA, F1(1, 228) =
13.91, MSe =904, p <.001, F» (1, 568) = 4.87, MSe = 5546, p <.05. Under the prime
with lower frequency it was significant in 50 ms SOA only across participants, F1(1,
228) = 4.12, MSe = 904, p < .05, and significant in 500 ms SOA, F1(1, 228) = 11.22,
MSe=904, p< .01, F> (1, 568) = 4.51, MSe = 5546, p <.01.

It is obvious that the prior presentation of orthographic neighbors with
frequencies higher than targets always exerts inhibitions on the lexical decision
responses to the target, irrespective of whether the presentation of primes were short
or long. In addition to lexical decision, whether the SOA was 50 ms or 500 ms, and
whether the prime frequency was higher or lower relative to the target, the
orthographic neighbors always produced inhibition on the naming response to the
target. It seems that naming task demonstrated even more robust inhibition effects
from orthographic neighbors in Chinese. The experiment replicated the same result
patternof Experiments 1, 2, and 3. Priming with a pseudo-character exerted no effect
at all as expected. It aso showed that the priming with acomponent radical in
isolation did facilitate the recognition of target characters, while it exerted no effect
on character naming at all. It is compatible with the aforementioned argument that it's
hard to observe areliable facilitation effect of radicals on the naming of embedding
characters. A possible explanation is that naming task demands phonology that
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participants have to quit the processing of radical earlier to prevent conflict between
the pronunciation activated from the embedded radical and that from the whole
character. The result that the phonetic radical facilitation effect could not be observed
on naming is in contradiction to that of Floresd” Arcais, et a. (1995). They found that
earlier exposure of the phonetic radical produced facilitation of the Kanji naming
response, which was stronger at the 180-ms SOA than at the 60-ms SOA. This
facilitation effect is difficult to be evaluated because the prime in the control condition
they used was a configuration of fragments composed of pieces of the strokes
randomly selected from the target character. Nevertheless, it also remains possible in
the present experiment that lexical decision may involve more than naming in
analyzing a character into components and inducing the facilitation effect from radical
components.

General Discussion

In the four experiments, we demonstrated that orthographic neighbor primes
exert inhibitory effectson target lexical decision and naming. Moreover, the relative
frequency of the prime and the target also played an important role in the time-course
of inhibition. In Experiment 1 and 2, three factors of orthographic similarity, neighbor
frequency, and SOA were manipulated to observe the possible effects of orthographic
priming on lexical decision and naming. Experiments 1 and 2 show that when the
SOA was as short as 50 ms, only higher frequency orthographic neighbor primes
produced inhibitory effectson the target processing. When the SOA was long enough,
both higher frequency orthographic neighbor primes and lower frequency ones
produced inhibitionon the target processing. These results were different from those
observed by Segui and Grainger (1990) using French. In their study, only higher
frequency orthographic primes exhibited inhibition effects at 60 ms SOA; however
when the SOA was extended to 350 ms this higher frequency orthographic inhibition
effect disappeared and the lower frequency orthographic inhibition effect was
manifested. In short, for a deep orthography like Chinese, a higher frequency
orthographic neighbor prime would rapidly produce an inhibition effect and this effect
would last when the SOA was extended. For a shallow orthography like French a
higher frequency orthographic neighbor prime would also produce an inhibition effect
when the SOA was short but would lose its inhibitory effect when the SOA islong.
The difference between these two orthographies is interesting and needs to be
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discussed.

A possible interpretation is as follows. For a short prime presentation, only
higher frequency primes would produce a level of activation high enough to inhibit
the processing of the orthographic neighbor target. For a prime presentation long
enough, both higher frequency primes and lower frequency primes would produce
activation levels high enough to inhibit the processing of their orthographic neighbor
targets. Thisis applicable for any orthography except that phonology will play an
important role as well in a shallow alphabetic orthography. Because in shallow
orthographies, phonology covaries with orthography to a great extent. When an SOA
is long enough, the phonology of primes would be sufficiently activated for words of
higher frequency, thus produces on the processing of the orthographic neighbor target
afacilitatory effect which compensates the inhibition resulting from orthographic
similarity. In Chinese, phonology does not covary with orthography. Thereis no way
to pronounce a character with certainty before it is recognized. For instance, withan
identical stem or phonetic radical, (pronounced as /ye3/, trandated as * besides ),
embedded in, there are many different but orthographically similar, or neighborhood,
characters with different pronunciations, (/di4/, * earth’ , with the left part radical
pronounced as /tu3/, trandated as* soil’ ) , (/chi2/, * pond’ , with the left radical as
/sui3/,‘ water’), (/chi2/, * run’ , with the left radical as/ma3/, * horse' ), and
(/tal/, * he' , with the left radical as/jun2/, * person’ ), etc.. It isalso noted that a total
number of characters known by a college student is around five thousands in genera
while the total number of different pronunciations with tone is only around 1400. It is
thus obvious that Chinese orthography does not bind phonology. There exists no
obligatory phonological processin lexical identification to produce any facilitation
from phonological priming. Phonology for some people reading Chinese orthography
might even be semantically mediated. For instance, the character is pronounced
as /hang2/ when it combines with the character to form a compound word
(means ‘ row and column’ ), and pronounced as /hsin2/ when it combines with the
character to form another word (means ‘ progression’ ). In normal reading of
the traditional Mandarin Chinese, there are more than 900 characters each with more
than one pronunciation depending on different semantic situations encountered.

The first two experiments were replicated in Experiment 3. In addition,
Experiment 3 included a new prime condition of pseudo-characters. In Experiment 3,
if pseudo-character primes exert inhibition, the notion of within-level inhibition
among lexical units, as stated in the modified interactive activation model proposed
by Ferrand and Grainger (1992), would encounter difficulties. Because a
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pseudo-character possesses no lexical status, if a pseudo-character prime does
produce inhibition the phenomenon of interference might be classified to be within a
perceptual, rather than alinguistic, domain. Phenomena in these two different
domains will be affected by different variables. Pseudo-character primes did not exert
any inhibition in Experiment 3. Thisis not incompatible since neighbor character
frequency is a crucia factor in alinguistic domain.

In addition to replicating Experiments 1, 2, and 3, Experiment 4 further
included a new condition of free-radicals presented in isolation. In Experiment 4, the
priming with a component radical in isolation exerted a significant effect of
facilitation, instead of inhibition, on the lexical decision process of targets, while
exerting no effect on character naming at al. According to the notion of an interactive
activation model, a bottom: up process and a top-down process are both involved. A
bottom+ up process is defined as a“ facilitation link” drawing from the radical level to
the character level. A top-down process could be imagined as a facilitation link
coming from a character level down to afeature level. The results are compatible with
this notion. To explain why the radical facilitation could not be observed with naming,
a possible explanation is that naming tasks demand phonology, and participants have
to bypass the radical processing earlier to prevent conflict between the pronunciation
activated from the embedded radical and that from the whole character. 1t seems that
this experiment provides valuable evidence to clarify some questions raised in the
thinking of priming paradigms.

Based on the results from the above four experiments, the conclusions could be
summarized as follows. Firg, the orthographically similar character prime produces
an inhibition effect on the naming and lexical decision of the moderately high
fregency target character. The relative frequency of the prime character is a crucia
variable. Second, the SOA is also an important factor moderating the variable of
prime character frequency. When the SOA is short, only the higher frequency
orthographic prime characters would inhibit the naming and lexical decisionprocesses
of targets When the SOA s extended long, orthographic prime characters of both
higher frequency and lower frequency inhibit the naming and lexical decision
processes of targets. Thisis different from the results of Grainger’ s studies on French
(e.0., Segui & Grainger, 1990). When the SOA is extended long the higher frequency
orthographic prime word loses its inhibition effect on the lexical decision of targets.
Third, no mater whether the SOA is short or long, orthographic pseudo-characters do
not exert any effect on the naming or lexical decision processing of targets. Fourth, in
contrast, no mater whether the SOA is short or long, priming with the right-half
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radical of targets exerts asignificant facilitation effect on the lexical decision of
targets while it exerts no effect on the naming of targets.

Some implications will be drawn. It is easier for Chinese than a shallow script
like French to observe orthographic inhibition effects on processing neighbor
characters or words. In Experiment 4, some points are worth noticing. First,
presenting an embedded radical in isolation exerted a significant facilitation effect on
the lexical decision of the subsequent target. Second, presenting an orthographic
character embedding a shared radical exerted a significant inhibition effect on the
lexical decision and naming of the subsequent target. Third, presenting an
orthographic pseudo-character embedding a shared radical did not exert any effect on
the lexical decision and naming of the subsequent target. It may then be elaborated as
follows. Though processing an embedded radical inisolation in advance would
facilitate the subsequent target recognitionas observed under the condition of radical
priming, processing a character or pseudo-character which embedded that particular
radical would not produce any facilitation effect. Obviouly, the participants did not
process the radical embedded in the characters or pseudo-characters they encountered.
It seemed that they drove rushly through into the lexical unit level, skipping the detail
processing of the radical unit level. At very early time they must have correctly
identified the character encountered. This is indicated by an inhibition on the
processing of neighbor characters as observed under the condition of character
priming. Had the embedded radical ever been processed before the prime character
was identified, it would to be possible, in some shorter durations of SOA, to observe a
facilitationeffect for lower frequency orthographic neighbors In fact, we did not find
any facilitation effect under this condition

It should aso be noted that orthographic facilitation effects observed in
alphabetic orthographies were mostly based on studies using pseudo-word priming. In
contrast, we did not find any orthographic facilitation effect in Chinese
pseudo-character priming. It is suggested that the time needed to recognize a Chinese
character (or lexical unit) is much shorter than the time needed to recognize an
alphabetic word. At very early time the pseudo-character encountered must have been
correctly rejected as a character. Therefore, mo inhibition effect on the processing of
orthographic neighbor target characters could be observed under the condition of
pseudo-character priming because a pseudo-character possesses no lexical status.
Moreover, had the embedded radical ever been processed during pseudo-character
processing, a facilitation effect on target processing ought to be observed just as that
shown in studies on a phabetic orthographies.
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Other related studies are worth mentioning here. Empirical evidence tends to
argue against the pre-lexical or pre-semantic phonology in identifying Chinese
characters. Liu, Wu, and Chou (1996) found that in Chinese the character frequency
effect is larger in naming than in lexical decisions. It was assumed that there was no
pre-lexical phonology in character identification. The phonology in naming is thus
produced post- lexically. Using a general linear model to fit the latencies of lexical
decision, naming, and lexical naming ( a specially designed task which includes
pseudo-characters and demands subjects to name characters or to signify
pseudo-characters), an additive model was proposed. This means that the variation
components of lexical identification, post-lexical decision, and post-lexical phonology
to account for the frequency effects of different tasks could be orthogonally separated.
Besides, there was no regularity effect found in character lexical decisiors (Wu, Chou,
& Liu, 1994). Using Japanese Kanji and Katakana to compute the relative frequency
effects in naming and lexical decision, Hino and Lupker (1998) found the sizes of
frequency effects for Kanji (a deep script) were comparable in the tasks of lexical
decision and naming, while for Katakana (a shallow script) the frequency effect in the
naming was smaller than that in the lexical decision. Thisisin line with the results of
Liu and colleagues in their studies using Chinese characters (cf. Liu, Wu, & Chou,
1996). These results are consistent with those from studies of the orthographic depth
hypothesis (cf. Frost, 1994; Frost & Bentin, 1992; Frost, Katz, & Bentin, 1987; Katz
& Feldman, 1983; Katz & Frost, 1992).

On the other hand, there are some studies which propose that, similar to
alphabetic systems, the phonological activation is apre-lexical or at-lexical automatic
processin the recognition of Chinese characters (e.g., Cheng, 1992; Cheng & Shih,
1988; Perfetti & Zhang, 1991, 1995, 1996). Their evidence came from the finding of
homophonic priming effectson lexical decision and naming. Cheng (1992) reported a
significant homophonic priming facilitation effect onlexical decision to support his
obligatory phonologica recording view of Chinese character recognition. Perfetti and
Zhang (1991) found that homophonic primes, compared to semantic primes, showed
greater facilitation effects on naming target characters. Based on these studies it was
claimed that the character identification is accompanied with the activation of
phonology automatically and pre-semantically (Perfetti & Zhang, 1996).

Thisview of universal phonology was also supported by further studies (e.g.,
Perfetti & Tan 1998 ; Tan & Perfetti, 1997). In the study of Perfetti and Tan (1998),
they attempted to demonstrate the time courses of activation of orthographic and
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phonological information in experiments using primed naming tasks with SOAs
varying from 43 ms to 180 ms. When the SOA was 43 ms graphic (orthographically
similar) primes produced facilitation on target naming. When the SOA was 57 ms,
this graphic facilitation effect disappeared and turned out to be inhibitory, and a strong
homophonic facilitation effect appeared. When the SOA was 85 ms, a greater graphic
inhibition showed, homophonic primes kept maintaining facilitation, and semantic
primes began to show facilitation. When the SOA was extended to be 115 ms, both
semantic and homophonic primes exerted a comparable amount of facilitation effect.
This time-course pattern, linked with the result of Experiment 4 (180 ms SOA) in
Perfetti and Zhang (1991), thus portrayed an ideal picture to support their
pre-semantic phonology claim. Neither in Perfetti and Tan (1998) nor in Perfetti and
Zhang (1991) was there any graphic inhibition effect reported when the SOA was
longer than 115 ms.

In an attempt to examine Perfetti’ s studies, Wu and colleagues (Wu & Chen,
2000; Wu & Chou, 2000) conducted four experiments using traditional Chinese
characters. Not only the factors of prime type and SOA were manipulated as Perfetti’ s
naming studies, but also (1) target frequency was manipulated, (2) the SOA was
manipulated between-subjects in an experiment and within-subjects in another, and (3)
both tasks of lexical decision and naming were evaluated. The results are summarized
asfollows. (1) A substantial semantic facilitation effect was observed under all
conditions for targets of low frequency. (2) A homophonic facilitation effect was
observed only under certain conditions of SOA for targets of low frequency. (3)
Whenever a homophonic facilitation effect was observed a greater facilitation effect
of semantic priming was observed. (4) A long lasting graphic inhibition effect was
obviously observed on target characters of high frequency, both in naming and lexical
decisions.

Chen and Shu (2001) re-conducted the experiment of Perfetti and Tan (1998),
with the same materials (of simplified Chinese characters), design, and computer
program. Different subject samples from Hong Kong and from mainland China were
recruited. Though their study waswithout manipulation of target character frequency,
they obtained results well in agreement with the studies of Wu and colleagues (Wu &
Chen, 2000; Wu & Chou, 2000). For the participants from Beijing, semantic
activation (facilitation) appeared at all SOA levels. A significant homophonic priming
facilitation was only obtained at the SOA of 57 ms, and areliable graphic inhibition
was found across different SOAs. For the participants from Hong Kong, a significant
early semantic activation was observed at the SOA of 57 and 85 ms. No reliable
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homophonic priming effect was found in any SOA, and areliable graphic inhibition
appeared at the SOA of 85 ms.

It is now worth elaborating on the incongruent results from different studies
concerning possible factors affecting the processing of orthographic information
While neither Cheng (1992) nor Perfetti and Zhang (1991) found any observable
effect of orthographic priming, Perfetti and Tan (1998) did report some facilitation
effects of orthographic priming when the SOA was 43 ms, some inhibition effects
when SOA was increased to 57ms and 85ms, and no effect when SOA was longer
than 115 ms. Perfetti and Zhang (1991) aso found no effect of orthographic priming
when SOA was 180 ms. On the other hand, using fluent Mandarin speaking
participants from Taipei, Wu and his colleagues (Wu & Chen, 2000; Wu & Chou,
2000) obtained a substantial effect of inhibition from orthographic priming on higher
frequency target either inlexical decision or in naming when the SOA was from 50
msto 1000 ms. In the replication study using the same materials of Perfetti and Tan
(1998), Chen and Shu (2001) did not observe any graphic facilitation effect as found
by Perfetti and Tan (1998). Instead, Chen and Shu (2001) observed areliable graphic
inhibition effect in their fluent Mandarin speaking participants from Beijing. Perhaps
the participants from Hong Kong were not as fluent Mandarin speakers, the graphic
inhibition effect was still observed while was not so reliable. The results of Chen and
Shu (2001) are compatible with the results fromWu and his colleagues (Wu & Chen,
2000; Wu & Chou, 2000).

Using a masked priming procedure Shen and Forster (1999) manipulated prime
type (orthographic, homographic, orthographically homographic, and control) to
observe their effect on target naming and lexical decision. The SOA was fixed at 50
ms. A quite different result was obtained. Both orthographic prime and phonological
prime exerted facilitation effects on the target naming, while only orthographic
priming exerted afacilitation effect on the target lexical decision. However, their
conclusion encountered some serious confounding. Though without clear description
of the procedure about their stimuli balancing, from the degree freedom of F vauesin
their by-items analyses it can be inferred that they did not apply any betweensubjects
counter-balance procedure on their stimuli for different prime types. This means that
each target character had repeatedly appeared for many times for each participant. A
repetition priming facilitation effect should have resulted to confound with their
finding. Their conclusion was thus not convincing.
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Tablel

Mean correct latencies in milliseconds as a function of task,
graphemic similarity, prime type, and SOA for Experiment 1 and 2

Higher Frequency Lower Frequency

Tek soA
GS Control GS Control
Experiment 1
LDT
50 ms 504 435
(9.3) (3.0)
500 ms 516 470
(8.7) (2.7) (1.
Naming
50 ms 517 479
(1.3) (1.0)
500 ms 498 469
(1.0) (4.0)
Experiment 2
LDT
1000 m25 478 50
(4.6) (4. 2)
Naming
1000 ms 551 522
(1.3) (2.1)

Note: Percentages of errors are given in parentheses.
SOA = Stimulus Onset Asynchrony,
GS = Graphemicaly Similar.
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Table2

Mean correct latencies in milliseconds as a function of task, graphemic similarity,
prime type, and SOA for Experiment 3 and 4

Higher Frequency Lower Frequency Pseudo-character free radical
Task SOA
GS Control (€3] Control GS Control GS Control
Experiment 3
LDT
50 ms 535 481 482 463
(11. 3) (3.04.3) (4¢(8)2) (3.0)
500 ms 506 473 474 457
(7.0) (2.9) (2.7) (1.7)
Naming
50 ms 536 517 528 502
(3.2) (2.@3).6) (1¢2)6) (1.4)
500 ms 475 452 475 448
(2.8) (2.8) (2.6) (2.6)
Experiment 4
LDT
50 ms 503 463 457 440
((11.29.)6) (4. 1) (1.9) (6. 3)
500 ms 490 458 441 443
(6.7) (2. 4) (3.2) (2.0)
Naming
50 ms 489471 458455 467 455
(2.5) (1. 8) (2.9) (1. 4)
500 ms 487 458 482 455
(2.0) (2.@)8) (@0 .29) (0(®.)4)

Note: Percentages of errors are given in parentheses. SOA =
Stimulus Onset Asynchrony, GS = Graphemically Similar.
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13
12
11
11
11
10
10
10

Control
1318
12
1113
1 10
11
1010
10
10
91 2
9
816
8
71 4
712
710
7
7
7
616
615
610
610
6
6
512
511
41 7
415
41 3
41 2
4
a1
21 4
21 4
213
212
210
210
210
2
2
2
115
113
112
012

Lower Freguency Prime

Neighbor
379 5
31413
47310 1
841 6
104510
432 7
314013
2101 6
879 5
46116
1943 9
37314
26812
63510
1104 9
387 9
501 6
137216
34415
99210
34110
1178 9
371 7
387 6
36112
6 0511
80116
25215
78013
69812
787 8
33612
145214
55814
43613
73832
123310
30610
247 9
289 9
375 9
906 8
53116
41112
25712
48512

Control
381 8
31713
469 8
837 7

1105 9
43511
2613 77172
306111
209213
885 8
9
1863 8
37313
27012
63811
108612
39411
493 7
138311
34416
1000 7
344 9
112611
36910
403 8
36 16
6 0612
80613
25111
76214
69210
79411
33412
1529 8
55115
43814
739 7
126011
30210
251 8
290 7
375 9
892 5
51411
40412
25415
48713

7

5

6

11

9

8

5

13
11211
109 6
11812
7

Higher Frequency Prime
111 7

Neighbor
107 4
12114
131 8
89
102 9
120 7
133 6
12714
129114
89
140 9 468
81
8711
9611
77
8017
8410
148 6
9511
11219
105 8
9914
89
85
91
13316 1
9511
14513
8911
11515
11315
103 9
139 7
88
134 7
145 8
9010
13613
13613
130911
11116
14611

5
18
8
12
7
7
12
9
10
11
11
10
11
13
18
10
10
12
11
11
11150
8
7
13
8
15
12
9
7
7
8
7
12
15
10
11

Target

CHINESE ORTHOGRAPHIC PRIMING
Experimental Materials in Experiment 1 and 2

Appendix A
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Experimental Materials in Experiment 3 and 4

Appendix B

Pseudo
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character frequency per million.

character, CF
A pseudo-character was constructed from a pair of two characters

in square brackets with the left radical from the left character

and the right radical from the right character.

Note: C = character, CF = character frequency per million.
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Appendix B
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character frequency per million.

character, CF
A pseudo-character was constructed from a pair of two characters

in square brackets with the left radical from the left character

and the right radical from the right character.

Note: C
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