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Subject's strategy on character semantic categorization,
backward masking, and priming tasks:

Chalenging the validity of phonological priming
effectsin Chinese: Comment on C.A. Perfetti's work

Abstract

C.A. Perfetti and S. Zhang (1991) proposed that printed word forms routinely and
automatically arouse phonological representation as part of their identification when their
Experiment 4 showed a priming effect for phonemic primes. However, in  Experiment 1 of
the present study, there was no priming effect for phonemic primes with 180-ms SOA in using
adifferent randomization procedure, but an interesting inhibitory effect for graphic primes.

In Experiment 2 across three SOAs (50-ms, 180-ms, and 500-ms) and in Experiment 3 by
adding 100 fillers, the results were the same.  Thus, we should reconsider the role of the
phonological and graphic representation in the process of lexical identification.
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Introduction

Visual word recognition is the process by which people see a printed word and then
retrieve information from that word in order to recognize it as part of their vocabulary. This
process has been studied for many years and considerable knowledge has been obtained about
it. Intherecent years, more and more evidence has demonstrated early phonological
process, even in tasks in which phonological recoding is not required (e.g., Von Orden, 1987).
Thus, some supporters of the prelexical phonemic activation claim that phonological
processing is mandatory and  automatic (e.g., Perfetti and Zhang, 1991).

Among the supporters of prelexical hypothesis, Perfetti and his colleagues proposed the
universal phonological principle (Perfetti, Zhang, and Berent, 1992), indicating that
phonological information is automatically activated in both a phabetic and nonal phabetic
writing systems.  In aphabetic writing systems, Perfetti, Bell, and Delaney (1988) used a
backward masking paradigm to support this hypothesis on English.  In the task, subjects had
to recognize targets presented within avery short duration (usually 15-30 ms). Because
targets were presented at afast rate, the influence of phonological, graphic and semantic
properties were thought to occur in the early stage of word recognition. The procedure of the
backward masking task isthat atarget word (e.g., late) is presented, and then isfollowed by a
pseudo-word, and finally is replaced by a simple pattern mask.  The pseudo-word, which
masks the target, can be phonemically similar to the target (e.g., lait), or graphemically
similar (e.g., lart), or acontrol mask (e.g., dosk). The results showed that pseudo-word that
were phonemically similar to the targets produced better identification rates than
graphemically similar masks.  This outcome suggests that masks contributed to the
reinstatement of the phonological properties of the targets.

Unlike English, alogographic orthography, Chinese in which the graphemic structure
represents meaningful morphemes, not sublinguistic phonological units, should not be applied
to the universal phonological principle dueto the internal structures of Chinese characters.

A substantial amount of Chinese characters - i.e., about 82% (Zhou, 1978) - consist of
complex characters made by two components, one of which, sometimes called the radical,
provides agraphically distinctive, categorical cue to the meaning; and the other component,
called the phonetic, may cue the pronunciation of the character. However, the phonetic parts
in these complex characters are basically themselves characters having their own
pronunciation (thus providing phonetic cues) and meanings (their meanings being typically
different from the meanings of the complex charactersin which they are embedded). In
addition, these phonetic components do not always provide constant and reliable cuesto the
pronunciation of their complex characters (Chen, Flores d'Arcais, and Cheung, 1995). Thus,



some researchers claim that word meaning is accessed earlier than phonology (e.g., Tzeng
and Hung, 1978).

However, in Chinese, Perfetti & Zhang (1991) found that phonological processing of
Chinese characters occurred very early.  In particular, their Experiment 4 showed a priming
effect for phonemic primes with 180-ms SOA, which was sufficient for identification. This
evidence supported that a phonemically based name code is immediately available on the
access of the meaning of acharacter. They therefore claim that the name of acharacter is
available as part of itsidentification processin Chinese.

In addition to demonstrating that the phonological code isautomatically activated, Tan
and Perfetti (1997) provided evidence on phonologica information "mediate" accessto
Chinese word meaning.  They employed the phonologically mediated priming paradigm to
distinguish two possible routes of accessto character meaning. Oneisavisua routefrom
the orthographic lexicon to the meaning system. The other one is a phonologically mediated
route from the orthographic lexicon to the phonol ogical lexicon and, then, to the meaning
system. Thelogic of their study isthat if only the visua-orthographic route controls access
to character meaning, synonym primes but not homophones of synonym primes will
accelerate target recognition.  If the phonology connection mediates access to the meanings
of al characters, both synonym primes and homophones of synonym primes should facilitate
character processing, and their facilitation effects should not be different.  In their
Experiment 1, they obtained a phonologically mediated priming effect in Chinese, aresult
supported a phonol ogy-bef ore-meaning hypothesis, with 129ms prime-target stimulus onset
asynchrony (SOA) that is sufficient to assure semantic priming.  When the SOA extended to
243-ms asin their Experiment 2A, the phonological information till contributed to character
meaning activation. However, the outcomes of their Experiment 2B indicated hat when a
prime character was exposed for 500-ms, the verification stage of character identification has
been completed so that homophone would not facilitate target recognition.  Thus, these
results suggest that the usual sense of mediation in word identification is that a graphic input
istransformed into a phonological form that then brings about some ultimate identification
event.

Another evidence supporting the phonol ogy-plus-meaning view from the priming
paradigm of Perfetti and Tan (1998). They varied primetype and SOA. The results
showed that a sequence of facilitation over SOA: (a) graphic, (b) phonological, (c) semantic.
Graphic information was activated first within 34ms, followed by phonological information
within 57ms and by semantic information within 85ms.  In addition, the onset of graphic
inhibition coincided with the onset of phonological facilitation. Graphic facilitation turnsto



inhibition by 57ms at the same time that phonological facilitation effectsemerge. The
outcomes of their study suggest that access to phonological forms can precede meaning
access in single-word reading and, more important, that phonol ogical forms become actual
constituents of word identification rather than addenda.

Regarding to Perfetti's backward masking paradigm, however, Verstaen, Humphreys,
Olson, and d'Y dewalle (1995) demonstrated that under certain conditions the phonol ogical
effectswill disappear. In their Experiment 4 there were two types of word targets.
homophones and words that were not homophones (henceforth called "normal targets'). In
one condition, normal targets were presented in the first half of the experiment and
homophone targets in the second half.  In the other condition, homophone targets occurred
first, followed afterward by normal targets.  Phonemic effects emerged in the former;
however, in the latter only graphemic effects occurred.  These results clearly suggest that
phonological effects in backward masking are strategy-dependent and that this paradigm
could produce non-phonolaogical processing.

The present study employs the priming paradigm to replicate the phonological effects of
Perfetti and Zhang (1991, Experiment 4) in Chinese.  In Experiment 1, we use a different
randomization procedure compared to that of Perfetti and Zhang. Experiment 2 varies the
SOA between prime and target and experiment 3 adds 100 fillersto see if the phonological
effectsarerobust.  All three experiments use the naming task, which requires subjectsto
consult the phonological representation associated with the stimulus.  Under this framework,
we expect to obtain early phonologica activation because phonological information ought to
have been more useful in the naming task than a non-naming task.

Experiment 1

Since Perfetti and Zhang (1991) adopted an entirely within-subjects design in their
experiment 4, atarget character was named four times by a subject.  The repetitive effect of
the same target character will be difficult to evaluate within their experiment. Hence, we
made changes in the experimental design.  Firdt, the sametarget characters  were evenly
distributed throughout four blocks that no block had repetitive targets.  In the meantime, four
types of prime characters were also evenly distributed throughout four blocks.  If their
results are reliable, these changes in design should not obtain different outcomes.



In addition, according to Perfetti and Zhang (1991, Experiment 4), 180-ms SOA was
sufficient for identification.  Under this circumstance, the name of prime character should be
immediately activated as part of the identification of the prime character. Thus, aclear
priming effect for phonemic primes should be observed.

Method

Subjects.  Nine native speakers of Chinese participated in the experiment.  All subjects
were students chosen from National Taiwan University.

Materials. The materials were the same with Perfetti and Zhang (1991), except for six
graphic primes to meet Taiwanese environment.  All materials consisted of 34 Chinese target
characters and their associated prime characters, 4 for each target. The primesincluded: (a)
a phonemic character, which was homophonic to its target; (b) a graphic character, which had
substantial visual overlap with its target; (c) a semantic character, which was closed related in
meaning to itstarget; (d) a control character, which had little graphic, phonemic, or semantic
similarity to itstarget.

Design. All subjects received four types of primes, producing an entirely within-
subject design.  Each prime (abbreviated as P) was given two entries.  One entry numbered
1to 34 meant the 34 targets. The other entry assigned h, g, s, and ¢ meant homophonic,
graphic, semantic, and control primes. The primes were divided into four blocks. Block 1
was composed of P1h, P2g, P3s, PAc, P5h, P6g, P7s, P8c,...., P33h, P34g. Block 2 was
composed of P2h, P3g, P4s, P1c, P6h, P7g, P8s, P5c,...., P34h, P33c. Block 3was
composed of P3h, P4g, P1s, P2c, P7h, P8g, P5s, Péc,...., P33s, P34c. Block 4 was composed
of P4h, P1g, P2s, P3c, P8h, P5g, P6s, P7c,...., P33g, P34s. Randomization procedures were
administrated between blocks and within each block.  Thus, target characters and four types
of prime characters were evenly distributed throughout the four blocks.

Procedure. There were 10 practicetrials before the experiment.  The prime characters
and target characters used on practice trials differed from those used on experimental trials.
An experimental trial began with a cross used as a fixation point in the middle of a computer
screen for 500 ms, followed immediately by a prime character for 180 ms, and followed
immediately (1SI=0) by atarget character remained on the screen until the subject responded
by naming the target character. A microphone connected to a voice activated circuit was
interfaced with the computer to trigger the latency measurement between the onset of target
exposure and the initial vocalization of the subject.  Subject were instructed to name the



target character as quickly and correctly as possible.  During the practice trials, the feedback
of "correct" or "wrong" was displayed on each trial. No such feedback was given on the
experimental trials.

Results

During the computation of mean correct reaction time, the trials with latency shorter than
100 ms (indicating accidentally prompt response) or greater than the condition mean for 3
standard deviations and more were treated as outliers and were excluded from the
computation. The mean correct percentage and reaction time were shown in Table 1.
There was no speed/accuracy trade-off. The mean correct percentages of four conditions
were dl above 97 percent. The anaysis of variance (ANOVA) for RT datarevealed amain
effect of prime type, F(3,24)=6.19, p<0.01, by subject; F(3,99)=5.01, p<0.01, by item.

The post hoc comparison using Dunnett's tDN method showed that only graphic primes
produced a 33-msinhibition effect relative to controls, tDN=3.313.

Discussion

The experiment showed a different result compared to Perfetti and Zhang (1991,
Experiment 4). There were no priming effects for phonemic primes and semantic primes,
but a graphic inhibition (see also Wu and Chen, 1998; Chen, Flores d'Arcais, and Cheung,
1995; Segui and Grainger, 1990). Why did the phonologica and semantic priming effects
not appear in the present study? A relevant research in Chinese may give an explanation.
Wu and Chen (1998) found that when targets were high frequency characters (the mean
frequency of the target characters was 250.7 per million, according to Wu and Liu, 1987), the
naming time of subjects showed no significant differencesin phonemic primes and semantic
primes relative to controlsin the priming paradigm. However, when targets were low
frequency characters (the mean frequency of the target characters was 6.7 per million), there
were significant phonological and semantic priming effects. Here the mean frequency of the
target charactersin Perfetti and Zhang (1991, Experiment 4) was XX. Thus, thisexperiment
could not obtain phonological and semantic priming effects.



Experiment 2

The Experiment 1 replicated Perfetti and Zhang's study (1991, Experiment 4) and could
not find phonemic and semantic facilitation effects. The present study attempted to
investigate these priming effects with alonger SOA (500ms) and a shorter SOA (50ms)
compared to the 180ms SOA in Experiment 1.  According to Tan and Perfetti (1997), the
verification stage of character identification has been completed within 500-ms SOA. Thus,
we should obtain a semantic facilitation, but not a phonemic facilitation for 500ms SOA. In
addition, Perfetti and Tan (1998) has demonstrated that homophonic primes showed
significant facilitation by 57ms SOA, but semantic primes still had no effect.  With the 50ms
SOA, we expect to see the same results.

Method

Subjects.  Thirty-one new students were from the same participant pool aswas used in
Experiment 1. Each of the 50-ms and the 180-ms SOAs had ten subjects.  For the 500-ms
SOA, eleven subjects participated.

Materials. All stimuli wereidentical to those of Experiment 1.

Design. Two factors were manipulated in thisstudy. One within-subject factor was
the four types of primes (phonemic, graphic, semantic, and control). One between-subject
factor was the three SOAs (50ms, 180ms, and 500ms).

Procedure. Except for the addition of two SOAs (50ms and 500ms), the procedure was

identical to that of Experiment 1.

Results




The mean correct percentage and correct reaction time were shown in Table 2. There
was no speed/accuracy trade-off. The mean percentages of twelve conditions were al above
98 percent. The analysis of variance (ANOVA) for correct RT data revealed amain effect
for prime type, F(3,84)=40.05, p<.01, by subject; F(3,99)=7.78, p<.01, by item. However,
there was an inconsistent main effect for SOA factor, F(2,28)=2.19, p>.1, by subject;
F(2,66)=266.92, p<.01, by item. Finally, there was no significant interaction effect between
prime type and SOA factor, F(6,84)=.54, P>.6, by subject; F(6,198)=1.28, p>.2, by item.

The post hoc comparison using Dunnett's tDN method showed that across SOAs there
were only significant differences between graphemic primes and control primes, a 34-ms
inhibition effect for 50-ms SOA, tDN=5.305; a 26-msinhibition effect for 180-ms SOA,
tDN=4.057; and a 35-ms inhibition effect for 500-ms SOA, tDN=5.461.

Experiment 3

Although Experiments 1 and 2 adopted the experimental design to avoid the repetitive
effect of the target characters, the same target still appeared four timesin the total 136 trialsto
asubject. Itispossiblethat the same target charactersare  detected by the subject.  Thus,
Experiment 3 added 100 fillersto reduce the possibility or avoid other possible situations that
the subjects responses are likely to be influenced by strategic processes based on conscious
awareness.

Method

Subjects.  Thirty-three new students were from the same participant pool aswas used in
Experiment 1.  For each of the three SOAS, eleven subjects participated.

Materials. Except for adding 100 fillers, al stimuli were identical to those of
Experiment 1. Thesefillers had very little graphic, phonemic, or semantic overlap with
target characters.

Design. The same factors asin Experiment 2 were used.

Procedure. The same procedure as in Experiment 2 was used.



Results

The mean correct percentage and correct reaction time were shown in Table 3.  There
was no speed/accuracy trade-off. The mean percentages of twelve conditions were al above
98 percent. The analysis of variance (ANOVA) for correct RT data revealed amain effect
for prime type, F(3,90)=56.06, p<.01, by subject; F(3,99)=9.03, p<.01, by item. Also, there
was amain effect for SOA factor, F(2,30)=4.26, p<.05, by subject; F(2,66)=211.96, p<.01, by
item. Finally, there was no significant interaction effect between prime type and SOA factor,
F(6,90)=1.25, P>.05, by subject; F(6,198)=1.10, p>.05, by item.

The post hoc comparison using Dunnett's tDN method showed that across SOAs there
were only significant differences between graphemic primes and control primes, a 52-ms
inhibition effect for 50-ms SOA, tDN=7.806; a 43-msinhibition effect for 180-ms SOA,
tDN=6.455; and a 35-ms inhibition effect for 500-ms SOA, tDN=5.254.

Discussion of Experiments 2 and 3

By adding fillers (Experiment 3) or not (Experiment 2), we could not find a semantic
facilitation at 500-ms SOA by which a verification stage of character identification has been
completed (Tan and Perfetti, 1997), nor ahomophonic facilitation at 50-ms SOA as Perfetti
and Tan (1998) demonstrated that graphic facilitation turned to inhibition by 57-ms at the
same time that phonological facilitation effects emerged.

More important, in Experiments 2 and 3 graphic inhibition effects were robust across
50ms, 180ms and 500ms.  These effects were different from the study of Perfett and Tan
(1998) in which the shifting effects of graphic primes, from facilitation at 43-ms SOA to
inhibition at 57 and 85ms, and finally disappearing at 115ms, nor a null effect at 180-ms SOA
(Perfetti and Zhang, 1991, Experiment 4).

General Discussion



The Experiment 4 of Perfetti and Zhang (1991) demonstrated that a phonemic priming
effect was observed on the time to name the target character. This evidence wasinferred to
support the assumption that the name of a character is available as part of itsidentification
process. However, using a naming task by which phonological information ought to have
been useful than in a non-naming task, we could not find phonologica priming effectsin
these three experiments.  Thus, it should be cautious about the assumption of phonology
being a part of word identification in Chinese.

In regard to the robustly graphic inhibition effects in these three experiments, we are
curious about the role of visua formsin lexical identification. With a semantic
categorization task, Chen, Flores d'Arcais, and Cheung (1995) found the absence of
phonological effects and the presence of clear effects of visual similarity for Chinese
characters. They suggest that these results support the existence of the direct access from
orthography to meaning. Obviously contrary to the hypothesis of a universa principle of
phonological activation, more relevant research should be provided to elucidate thisissue.
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Table1
The mean correct latencies in miliseconds as function of prime
condition in experiment 1(error percentages in parentheses)

phonemic  graphemic semantic control



Table 2

The mean correct latenciesin miliseconds as function of SOA
and prime condition in experiment 2

(error percentagesin parentheses)

SOA phonemic  graphemic semantic control

180ms 482 513 487 487

500ms 436 467 431 432



Table 3

The mean correct latenciesin miliseconds as function of SOA
and prime condition in experiment 3

(error percentagesin parentheses)

SOA phonemic  graphemic semantic control

180ms 478 514 475 471

500ms 439 482 443 447
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