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

On the time course activations of graphic, phonological,
and semantic information in Perfetti & Tan (1998)

Abstract

The present study tried to replicate Perfetti & Tan (1998). The researcher
adopted a within-trials priming procedure and manipulated character frequency
and stimulus onset asynchrony to evaluate the effects of homophonic, semantic,
and graphic priming on character recognition and naming. It was found that
neither for recognition nor for naming there existed any effect of homophonic
priming or semantic priming on the processing of high-frequency character.
When target character was of low frequency, facilitation effect of semantic
priming was stably obtained both for recognition and for naming, while
facilitation effect of homophonic priming was repeatedly found only in naming
task. Also, an inhibitory effect of graphic priming was found for both tasks.
The results agreed with that previously found by the author and colleagues.
It is noted that in lexical decision task there existed no stable homophonic
priming facilitation effect obtained, despite that character frequency effect
and semantic priming effect on processing low-frequency character were both
vivid. In no any situation the facilitation effect of homophonic priming can
be greater than that of semantic priming. The result in company with those
from previous studies repeatedly contradicted the conclusion from a series
of Chinese studies by Perfetti etc (1991, 1997, 1998).

Keywords: lexical access, character recognition, character naming,
frequency effect, character frequency, pre-lexical phonology,
neighborhood frequency effect.



In this decade, researchers concerning the orthographic depth hypothesis
suggested that the word recognition process is different for different
orthographies (e.g., Frost, 1994; Frost & Bentin, 1992; Frost, Katz, & Bentin,
1987; Katz & Feldman, 1983; Katz & Frost, 1992). They stated that the processes
of pre-lexical analysis of phonology will be more functional in reading shal low
orthographies like Serbo-Croatian, while reading deep orthographies like
Hebrew or Chinese will rely more on graphically based direct route for
addressing mental lexicon. The typical research paradigm is to evaluate the
relative magnitude of frequency effect and semantic priming effect on lexical
decision and naming task, among different orthographies. If words with high
frequency are responded to faster than those with low frequency, and if
semantic priming facilitates the response, then it is inferred that the lexical
identification process should be involved in the task. If naming task engages
with lexical identification, then it is reasonable to conclude that there is
less or without necessity for lexical identification to engage phonology
process. Though there existed opposite evidence that supported direct route
in lexical access for shallow languages (e.g., Baluch & Besner, 1991;
Sebastian-Galles, 1991; Tabossi & Laghi, 1992), it is without doubt that word
naming of deep orthographies always engage with lexical identification.

Chinese orthography is a logograph without any stable orthography-
to-phonology correspondence. There is no way to pronounce a character with
certainty before it is recognized. For instance, with an identical stem,
(pronounced as /ye3/), there are many different characters with different
pronunciations, (/di4/), (/chi2/), and (/tal/), etc.. It is then
possible for Chinese to demonstrate a clear picture of single route of direct
lexical access. Some empirical evidence from studies of comparing frequency
effect on lexical decision and naming (Liu, Wu, & Chou, 1996; Wu, Chou, & Liu,
1994), and experiment falsifying the implication of pre-lexical phonology in
character naming (Wu & Liu, 1997), were thus provided. These results were
consistent with those from studies of the orthographic depth hypothesis.

Nevertheless, there still exists researchers who claimed that
phonological activation is an automatic process pre -lexically or at-lexically
in Chinese character recognition (Cheng, 1992; Cheng & Shih, 1988; Perfetti
& Zhang, 1991, 1995, 1996; Perfetti, Zhang, & Berent, 1992). The most important



evidence for them to assure the automaticity of phonology in character
recognition came from the studies of homophonic priming effect on lexical
decision and naming tasks. Cheng (1992) showed a significant homophonic
priming facilitation effect on lexical decision task to support his pre-
lexical phonology viewpoint of Chinese character recognition. Perfetti with
colleagues (Perfetti and Zhang, 1991; Perfetti & Tan, 1998) found that
homophonic prime, compared to semantic prime, showed greater facilitation
effect on the response of naming target characters. These studies provided
important evidence to support their claim that character identification is
accompanied with phonological activation automatically and pre-semantically
(Perfetti & Zhang, 1996).

Presented at the Second International Symposium of Chinese Psychologists
held on Hong Kong and to be published in the Chinese Journal of Psychology,
the author with colleagues systematically re-evaluated the priming effects
of different prime types on the tasks of lexical decision and naming (Chen
& Wu, 1997; Wu & Chen, 2000) . They found that homophonic priming effect could
not be stably replicated on lexical decision task, despite that semantic
priming always facilitated the recognition on low-frequency characters. With
respect to character naming task, homophonic prime could only facilitate the
response to low-frequency characters. Moreover, whenever homophonic priming
was effective, a semantic priming effect with greater magnitude was always
obtained. These results contradicted those from Perfetti and Zhang (1991) and
Cheng (1992). Following their reasoning, Wu and colleagues demonstrated a
condition of character identification with semantic activation while without
phonological activation. Thus, there exists no reliable convincing evidence
for the argument that automatic phonology accompanies character recognition.
Moreover, while neither Cheng (1992) nor Perfetti and Zhang (1991) found any
observable effect of graphic priming, Wu & Chen (1997, 2000) obtained a
substantial effect of inhibition from graphic priming either on lexical
decision or on naming. Due to the inhibition effect of graphic priming and
the larger facilitation effect easily obtained by semantic priming, inferring
the existence of pre-lexical or pre-semantic phonology through the
facilitation effect of homophonic priming may be unwarranted.

In a study to compare the time course of activation among graphic,
phonological, and semantic information, Perfetti & Tan (1998) manipulated SOA
in a manner with very "small® discrepancies among different levels. There are



at least three pitfalls listed as follows. Firstly, unlike lexical decision,
naming as adopted by Perfetti with colleagues (e.g., Perfetti & Tan, 1998;
Perfetti & Zhang, 1991; Tan & Perfetti, 1997) demands subjects to pronounce.
The inference of lexical access concerning phonology will be inevitably
confounded by task. Secondly, they did not consider the factor of target
character frequency while it plays the most important role in lexical access.
I't has been well known that the responses pattern on target characters of high
frequency was very different from that on low frequency character targets (e.g.,
Liu, Wu, & Chou, 1996; Hue, 1992; Seidenberg, 1985). And lastly, their
manipulation of SOA was practically not valid and might be confounded. The
SOA levels they reported were 43, 57, and 85 ms, indicating 3, 4, or 6 frame
refresh cycles in English text mode for screen display. In displaying Chinese
characters as they described in their experiment, the refresh time of 14 ms
is not correct. Moreover, the SOA was designed as a between subjects variable.
The inference concerned would be inevitably confounded with sampling subject
differences among different groups, especially when the discrepancies among
different SOA conditions were not distinguishable.

In an attempt to solve the above-mentioned questions simultaneously, This
experiment adopted the same procedure of priming as experiment 1. The factors
manipulated were also the same as experiment 1 except that SOA was designed
as a within subject variable instead. Furthermore, the levels of SOA were
selected as 50, 85, and 120 ms. When displaying Chinese characters in DOS
graphic mode, this corresponds to 3, 5, and 7 cycles of frame refresh time,
respectively.

Method

Design and stimuli. Subjects were randomly assigned into one of two groups
receiving different tasks (lexical decision vs. naming). Each group of
subjects received the same 2 x 2 within-subjects factorially arranged
materials according to the manipulation of two factors of target character
frequency (high vs. low), and prime type (homophonic, graphically similar,
semantically related, vs. control). Also, another within-subjects factor, SOA
(50, 85, vs. 120 ms), was orthogonally included to forma 2 x 3 x 2 x 4 four-way
factorial design.



The stimulus materials was the same as experiment 1. For naming task,
all target characters were received by each subject. The assignment of each
target character into the different prime type and SOA combinations was
orthogonally counter-balanced between subjects. Each target character
appeared just once and was preceded by only one of four different types of
prime. With respect to the lexical decision task, additional 240 trials each
with pseudo character target were constructed and together into 480 trials
in total. A total of 20 additional characters (half of them substituted by
pseudo-characters for lexical decision) were also selected for practice
trials.

Apparatus and procedure. The Apparatus and procedure was the same as
experiment 1 except that a more complicated modified block randomization
strategy was designed to minimize the possibilities for consecutive trials
with the same prime type, the same target frequency, the same key press (in
lexical decision), and the same level of SOA.

All the trials were evenly and randomly divided into many block search
composed of 24 trials from different target frequency x prime x SOA conditions
for naming, and additional 24 pseudo-character target trials for lexical
decision. An on-line random assignment shuffling procedure similar as
experiment 1 was performed individually so that each subject received an
idiosyncratic random sequence of block-arranged stimuli.

Subjects. The subjects were recruited from the same subject pool as
experiment 1 at National Taiwan University. They were randomly assigned into
one of two task groups each with 36 subjects. All were fluent readers of
Mandarin with normal or corrected-to-normal vision.

Results and discussion

In calculating the mean RT of correct responses for each condition within
each subject, those trials with RTs less than 200 ms (indicating prompt
responses with possible anticipation) or 2.5 standard deviations more than
the mean of the condition towhich the trials belonged were treated asoutliers.
The re-computed mean correct RTs and mean percentages of errors across subjects
under different conditions of target frequency x prime type for each group



of particular SOA x task combination are shown in Table 1.

Inspecting table 1 shows that it took slightly longer to response for
naming than for lexical decision. Furthermore, it also took longer to respond
to the target characters with low frequency than those with high frequency
both on naming and lexical decision. This again confirmed with experiment 1
and with the common sense from the literature. The statistical significance
of these effects was also assessed by analyses of variance (ANOVAS) across
subjects, F1, and across stimulus items, F2.

Mean RT data obtained for all subjects in Experiment 1 were submitted
to a four-way ANOVA with factors of task (lexical decision, naming), SOA (50,
85, 120 ms), target character frequency (high, low), and prime type (homophonic,
graphically similar, semantically related, unrelated control). Lexical
decision was in general slightly faster than naming to be responded across
items, F2(1,238) = 57.31, p < .0001. There were also many other factors
significantly interacted with task: task x target character frequency, F1(1,70)
= 11.00, p < .001, F2(1,238) = 31.06, p < .0001, task x target character
frequency x SOA across items, F2(1,1428) = 2.13, p < .05. The higher order
interaction effects involved with task suggested that the whole picture is
complicated and different result patterns will be obtained from different
tasks. Two three-way ANOVAs were then performed sep arately on the RT data for
lexical decision and naming .

The three-way ANOVA with factors of target character frequency, prime
type, and SOA, performed on lexical decision, showed the result pattern as
follows. The significant sources of variation were target character frequency,
F1(1,35)=167.30, p< .0001, F2(1,238) =278.74, p<.0001, prime type, F1(3,105)
=13.96, p< .0001, F2(3,714) =13.93, p<.0001, and target character frequency
X prime type, F1(3,105) = 18.38, p < .0001; F2(3,714) = 13.86, p<.0001. Other
effects were all insignificant.

A further analysis showed that when target character frequency is high



the simple simple main effect of prime type was significant under all SOA
conditions: for 50 ms, F1(3,630) =5.79, p< .001, F2(3,2142) =6.34, p< .001,
for 85 ms, F1(3,630) = 7.37, p < .001, F2(3,2142) = 8.48, p < .0001, and for
120 ms, F1(3,630) =4.99, p< .01, F2(3,2142) =4.08, p< .01 . Also when target
character frequency is low the simple simple main effect of prime type was
significant under all SOA conditions: for 50 ms, F1(3,630) = 7.40, p < .001,
F2(3,2142) = 10.37, p < .0001, for 85ms, F1(3,630) =5.00, p< .01, F2(3,2142)
=4.19, p< .01, and for 120 ms, F1(3,630) = 3.83, p< .01, F2(3,2142) =3.31,
p < .05 .

Using Dunnett’ s method as post hoc comparisons it showed the following
significant differences between unrelated control with other primes. When
target character frequency is low, semantically related prime reliably
facilitated target process under different SOA conditions. For SOA was 50 ms,
85 ms, and 120 ms, it took less time of 83 ms, 55 ms, and 58 ms, respectively,
than unrelated control condition to process target character. Homophonic prime
also facilitated target process under some SOA conditions. For SOA was 50,
or 120 ms, itbenefitedRTof 46 ms, or 37ms, r espectively. The response pattern
resulted by graphically similar prime was similar as that of homophonic prime.
It was noted that when target character frequency is low the facilitation
effect of homophonic prime did not exceed that of semantic prime in any SOA
condition. On the contrary, when target character frequency is high,
Graphically similar prime reliably exerted inhibitory effect on the lexical
decision of target. For SOA was 50 ms, 85 ms, and 120 ms, it took more time
of 52 ms, 68 ms, and 50 ms, respectively, than unrelated control condition
to process target character. There was no significant effect of semantic
priming and homophonic priming.

With respect to the three-way ANOVA with factors of target character
frequency, prime type, and SOA, performed on naming, it showed the result
pattern as follows. The significant sou rces of variation were target character
frequency, F1(1,35) = 77.09, p < .0001, F2(1,238) = 266.36, p<.0001, prime
type, F1(3,105) = 22.51, p < .0001, F2(3,714) = 9.27, p<.0001, SOA, F1(2,35)
= 4.05, p < .05, and target character frequency x prime type across items,
F2(3,714) = 3.42, p < .05 . Other else sources of variation were all
insignificant.

A further analysis showed that when target character frequency is high



the simple simple main effect of prime type was significant under all SOA
conditions: for 50 ms, F1(3,630) =5.42, p< .001, F2(3,2142) =3.50, p< .001,
for 85 ms, F1(3,630) =3.17, p< .05, and for 120 ms, F1(3,630) =4.99, p< .01,
F2(3,2142) = 3.80, p < .05 . Also when target character frequency is low the
simple simple main effect of prime type was significant under all SOA
conditions: for 50 ms, F1(3,630) =2.78, p < .05, for 85 ms, F1(3,630) =5.17,
p< .01, F2(3,2142) = 3.46, p < .05, and for 120 ms, F1(3,630) =5.18, p< .01,
F2(3,2142) = 3.78, p < .05 .

Using Dunnett’ s method as post hoc comparisons it showed the following
significant differences between unrelated control with other primes. When
target character frequency is low, semantically related prime reliably
facilitated target process under different SOA conditions. For SOA was 50 ms,
and 120 ms, it took less time of 60 ms, and 72 ms, respectively, than unrelated
control condition to process target character. Homophonic prime also
facilitated target process under some SOA conditions. For SOA was 85, or 120
ms, it benefited RT with 54 ms, or 31 ms, respectively. Graphically similar
prime inhibited target process for 51 ms under SOA condition of 50 ms. It was
noted again that when target character frequency is low the facilitation effect
of homophonic prime did not exceed that of semantic prime in any SOA condition.
On the contrary, when target character frequency is high, graphically similar
prime reliably exerted inhibitory effect on the naming of target. For SOA was
50ms, 85ms, or 120 ms, 1t tookmore time of68ms, 40ms, or 54 ms, respectively,
than unrelated control condition to process target character. There was no
significant effect of semantic priming and homophonic priming.

To sum up, the target character frequency was the most effective factor
irrespective of task and SOA. When target character was of high frequency,
the results showed no effect of semantic priming and homophonic priming while
exhibited reliable inhibitory effect of graphic priming, irrespective of task
and SOA. When target character was of low frequency, upon target lexical
decision there existed significant effects of homophonic priming and semantic
priming under all SOA conditions, while upon target naming there existed
significant effect of semantic priming and weak homophonic priming under all
SOA conditions. In no case the effect of homophonic priming would exceed that
of semantic priming. Obviously, either for lexical decision or for naming,
the observed results agreed with that of experiment 1 and contradicted again
with those reported by Perfetti with colleagues (Perfetti & Zhang, 1991;



Perfetti & Tan, 1998; Tan & Perfetti, 1997).

Concluding remark

In the above two experiments using a new sample of materials with a larger
scope of frequency domain different than other replication studies (Wu & Chen,
2000; Chen & Wu, 1997), it was found that they all agreed with the same
conclusion which contradicted with Cheng (1992) and a series of studies on
Chinese character naming by Perfetti with colleagues (Perfetti & Zhang, 1991;
Perfetti & Tan, 1998; Tan & Perfetti, 1997). In spite of reliable inhibitory
effect of graphemic prime repeatedly found indicating possible logic problems
of inference about phonology in character recognition from the facilitation
of homophonic priming, even though the rationale makes sense the evidence
provided by Perfetti with colleagues is questioned. From our studies it is
obvious that it was not so reliable for homophonic priming effect to infer
the role of phonology in Chinese lexical access, not only from primed lexical
decision adopted by Cheng but also from primed naming by Perfetti with
colleagues. It was then concluded that phonological activation is not
obligatorily engaged pre-lexically or pre-semantically in Chinese character
recognition.
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Table 1

Mean correct latencies in milliseconds as a function of target
frequency, prime type, SOA, and task

High Freg. target Low Freq. target

lexical
decision

naming

50

85

120

50

85

120

ms

452 516 452 464 589 584 552 635

(1.4) (8.3) (3.1) (4.2) (10.3) (8.9) (7.5)(13.6)
450 522 458 454 606 594 545 600

(1.1) (8.6) (1.9) (3.6) (7.8) (9.2) (7.5)(12.8)
442 504 450 454 578 576 557 615

(1.4) (5.8) (2.2) (2.5) (9.2)(11.9) (6.1)(12.2)

470 537 465 469 684 737 696 686
(1.9) (6.1) (2.2) (5.0) (16.1)(24.2)(17.8)(21.9)
460 521 474 481 646 703 640 700
(1.4) (4.4) (1.4) (3.6) (17.8)(17.2)(19.4)(20.8)
455 524 454 470 666 688 621 697
(3.9) (6.7) (4.4) (3.9) (16.9)(20.8)(18.1)(23.6)

Note: Percentages of errors are given in parentheses. SOA =
Stimulus Onset Asynchrony, HP = Homophonic Prime, GP = Graphic
Prime, SP = Semantic Prime, CP = Control Prime.



Appendix
Characters used in experiment 1 and experiment 2
(with high frequency character target)

Target Prime Type Target Prime Type Target Prime Type



Note: HP
SP

Homophonic Prime, GP = Graphic Prime,

Semantic Prime, CP = Control Prime.



Appendix
Characters used in experiment 1 and experiment 2
(with low frequency character target)

Target Prime Type Target Prime Type Target Prime Type



Note: HP
SP

Homophonic Prime, GP = Graphic Prime,

Semantic Prime, CP = Control Prime.
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