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Abstract

Repetition blindness (RB) refers to the failure to detect the second occurrence of a repeated item in rapid serial visual presen-

tation (RSVP). In two experiments using RSVP, the ability to report two critical characters was found to be impaired when these

two characters were identical (Experiment 1) or similar by sharing one repeated component (Experiment 2), as opposed to when they

were different characters with no common components. RB for the whole character occurred when the exposure duration was more

than 50ms with one intervening character between the two critical characters (lag¼ 1), whereas RB for subcharacter components

was more evident at exposure durations shorter than 50ms with no intervening character (lag¼ 0). These results provide support for

the model of sublexical processing in Chinese character recognition.

� 2003 Elsevier Science (USA). All rights reserved.
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1. Introduction

Chinese characters are the basic writing units in

Chinese script. They are different from linearly arranged

alphabetic words in that each character consists of sev-

eral parts combined into various structures, including

left–right (e.g., ), up–down (e.g., ), P-shaped (e.g.,

), L-shaped (e.g., ), and enclosed (e.g., ) structures

(Yeh, Li, & Chen, 1997; Yeh, Li, & Chen, 1999; Yeh,
2000), and in that each character occupies a constant

square-shaped space, irrespective of its structure and the

number of strokes in the character. These aspects of

Chinese writing have led to the holistic processing view,

as it would then seem more efficient to also treat each

same-sized character as a perceptually distinct unit for

visual recognition (e.g., evidence from Chen, 1984;

Cheng, 1981; Tzeng, Hung, Cotton, & Wang, 1979; Yu,
Feng, Cao, & Li, 1990). Here we report, instead, evi-
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dence for an analytic processing view by adopting the
repetition blindness paradigm (RB, Kanwisher, 1987).

RB is the failure to detect or report the second oc-

currence of a repeated item in rapid serial visual pre-

sentation (RSVP) when the repeated items are presented

at a rate of 7–12 item/s, with a temporal lag of 0–3 in-

tervening items. It has been shown that RB occurs for

various stimulus types, including words presented in

sentences and lists (Kanwisher, 1987; Kanwisher &
Potter, 1990), letters presented in words, lists, and spa-

tial arrays (Kanwisher, 1991; Kanwisher & Potter, 1990;

Kanwisher, Driver, & Machado, 1995; Park & Kanw-

isher, 1994), colors (Kanwisher, 1991; Kanwisher et al.,

1995), nonobject pictures (Arnell & Jolicoeur, 1997),

object pictures (Kanwisher, Yin, & Wojciulik, 1999),

sentences consisting of words & pictures (Bavelier,

1994), and homophones (Bavelier & Potter, 1992;
Bavelier, Prasada, & Segui, 1994).

According to a leading hypothesis proposed by

Kanwisher and her colleagues (the token individuation

failure hypothesis, Kanwisher, 1987, 1991; Kanwisher &

Potter, 1990; Park & Kanwisher, 1994), RB results from
served.
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the failure to initiate two distinct episodic tokens from
the same activated type within a short interval. When the

first instance (critical item 1, C11 hereafter) has been

individuated as a token related to a particular type (e.g.,

the word ‘‘ink,’’ presented in the 5th position in RSVP),

the token individuation of the second occurrence that

belongs to the same type (e.g., ‘‘ink’’ shown in the 8th

position) will be inhibited, causing ‘‘blindness’’ to the

second, repeated item. Thus, the sentence ‘‘When she
spilled the ink there was ink all over’’ may sometimes be

reported as ‘‘When she spilled the ink there was all over’’

due to omission of the second token (C2) of the repeated

type ‘‘ink,’’ though at the sacrifice of grammar (Kanw-

isher, 1987). In this view, a general processing limit

imposed on the visual system has been proposed for the

mechanism of RB, and the language deficit described

above is simply a manifestation of such a limitation.
Although this account of RB inevitably leads to the

prediction that the occurrence of RB should be inde-

pendent of language-related idiosyncrasies, whether that

is correct, nevertheless, remains to be seen. Doubts arise

because most studies of RB have been conducted with

English words when verbal items were used. Though RB

has also been reliably found for languages other than

English, such as French (Bavelier et al., 1994), Spanish
(Altarriba & Soltano, 1996), and German (Kammer

et al., 1998), these languages all employ alphabetic

systems. As far as we know, there are no published

findings or consensus as to whether Chinese characters,

a logographic script, can also produce RB.

We have found in a previous study (Yeh & Li, 2001)

some signs of RB for repeated subcharacter compo-

nents.2 In the particular experiment (Experiment 1) that
is relevant to the current study, two different Chinese

characters were shown successively in an orthographic

priming paradigm. When the target character had one

component in common with the preceding prime char-

acter, the target character was sometimes reported as the

leftover component or a new compound character that

combined the leftover component with another, unpre-

sented component. Since the occurrence of RB depends
on the identity of the two critical items, the existence of

component RB indicates that subcharacter components

are also treated in the mental lexicon as independent

types during the course of character recognition.

Therefore, the finding of component RB, if confirmed,

will be very intriguing, for it poses an important theo-

retical question on the relative roles that the whole

character and its constituent components play in Chi-
nese character recognition.
1 We followed the convention in RB literature (e.g., Kanwisher,

1991) by labeling the first and second critical items as C1 and C2,

respectively.
2 By component we mean either the radical that conveys the

meaning or the phonetic that carries the sound of the whole character.
The primary goal of this study was to examine whether
RB for Chinese characters and for subcharacter compo-

nents indeed exists when a conventional RB paradigm is

used (e.g., Park & Kanwisher, 1994). Establishing this is

important, as the component RB reported in Yeh and Li

(2001) was discovered quite by accident, and not under

the conventional RB paradigm. In that experiment, only

two characters were shown and an orthographic priming

task was used. Also, there were no nonrepeated control
pairs to provide the baseline comparison against which to

evaluate the performance of the repeated condition when

C2 remained the same in the repeated and nonrepeated

conditions, the importance of which has been stressed in

recent RB literature (e.g., Downing & Kanwisher, 1995).

For these reasons, we conducted two experiments in this

study by following the RB paradigm to examine whether

RB can also be foundwith Chinese characters. Two kinds
of RBwere explored here: one is characterRB (C1 andC2

were identical characters), and the other is componentRB

(C1 and C2 were similar in that they shared one common

component). The second goal of this study was then to

examine the relative time courses of character RB and

component RB bymanipulating the exposure duration of

each item and the lag betweenC1 andC2. It was predicted

that both character RB and component RB should be
observed, but under different conditions. Particularly,

component RB should be associated with shorter expo-

sure duration than character RB if there exists sublexical

processing in Chinese character recognition.
2. Experiment 1

To provide the basic measurement of RB with Chi-

nese characters, repetition at the character level and at

the subcharacter component level were first examined

within the same experimental framework. Items pre-

sented in RSVP included Chinese characters and sym-

bols, and only the characters were to be reported. To

reduce memory load so as to avoid possible confound-

ing variables involved with memory, only two or three
characters were shown in each RSVP sequence. For the

repeated trials at the character level, C1 and C2 were

identical characters. For the repeated trials at the com-

ponent level, they were similar characters that had a

repeated component. Their nonrepeated control condi-

tions were constructed by replacing C1 with another

completely different character. C1 and C2 were sepa-

rated by another character, namely, a lag-1 condition.

2.1. Method

2.1.1. Participants

Forty-eight native speakers of Mandarin Chinese, all

undergraduates at National Taiwan University, partici-

pated in this experiment in exchange for course credit.
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2.1.2. Materials and apparatus

The RSVP sequence consisted of 2–3 Chinese char-

acters in the Si-Ming style and 4–5 symbols that can be

easily discriminated from the characters, extended about

1.2�� 2.1� at a viewing distance of 55 cm. The fixation

was a ‘‘+’’ sign, roughly equal in size to the character.

Only one stimulus was presented in each frame, and it

was a white character displayed in the center of a black

background. For each RSVP sequence, there were 7
items in total, with the first and last positions being filled

with symbols. C2 was always in position 6. C1 was

presented variably in positions 2, 3, or 4. C1 and C2

were separated by another character as well as 1 or 2

symbols. The experiment was controlled by an IBM-

compatible 486MHz personal computer, and the stimuli

were displayed on a 20-inch Eizo color monitor with a

refresh rate of 70Hz. Normal lighting was provided in
the experimental chamber.

2.1.3. Design

For the character condition, a list of 48 characters, in

which C1 and C2 were identical characters, was first

built (the repeated–identical, R–I condition). Two other

sets of characters were then established by either re-

placing C1 with a nonrepeated character (the nonre-
peated–identical, N–I condition) or with a blank (the

blank–identical, B–I condition). For the component

condition, another set of 48 characters, in which C1 and

C2 were different characters with one repeated compo-

nent, was constructed (the repeated component, R–C

condition), along with the associated nonrepeated con-

trol condition (the N–C condition) and the blank con-

dition (the B–C condition).
For each set of R–I vs. N–I, as well as R–C vs. N–C,

target and control characters were matched in their

frequency of occurrence and number of strokes, Fs < 1.

The characters selected were listed in Tsai (1996) as

having middle to high frequency of occurrence and from

the two most frequently used structures, horizontal and

vertical. Target and control characters did not neces-

sarily have the same structure. No homophones or
synonyms existed for the characters shown in each

RSVP sequence. Also, no sequence was comprised of

characters that formed a two-character or three-char-

acter word.

The six variants of each list (R–I, N–I, B–I, and R–C,

N–C, and B–C) appeared in three different versions (i.e.,

a yoked design) and were counterbalanced between

participants. Therefore, the three versions of experi-
mental trials were presented to three groups of partici-

pants, with 16 participants in each group viewing the

same versions of 96 lists. The presentation order of the

96 trials for each participant was completely random-

ized. Each item was presented for 57 or 86ms in RSVP,

and the exposure duration was a between-subjects

factor.
2.1.4. Procedure

Each trial was initiated by the participant�s pressing

the space bar. A fixation plus was first presented for

800ms, followed by the RSVP sequence containing the

stimuli, and then followed by the same fixation plus,

signaling the end of the trial. Participants were told that

each trial contained either 2 or 3 characters, and they

should write down all the characters they saw within

each RSVP sequence. They were also told that some
trials contained repeated characters, and if they saw the

same character twice they should write down that

character twice. Each participant conducted eight

practice trials before the 96 formal trials.

2.2. Results and discussion

We followed the conventional calculation of joint
probability by counting the percentage of correct re-

ports of C1 and C2 when both were correct, due to the

fact that the exact order was difficult to decide when an

item list such as ours was used (e.g., Kanwisher et al.,

1999; Kanwisher, 1991). As the blank conditions (i.e.,

the B–I and B–C conditions) were simply used as fill-

ers, data in these conditions were excluded from

analysis.
A three-way analysis of variance (ANOVA, Chen &

Cheng, 1999) was conducted on the factors of exposure

duration (57 vs. 86ms), repetition (yes vs. no), and type

(character vs. component). The results showed a lower

degree of accuracy in the repeated condition (74%) than

in the nonrepeated condition (83%), F ð1; 46Þ ¼ 24:809,
MSE ¼ 4:233, p < :0001. Also, accuracy was lower in the

character conditions (77%) than in the component
conditions (83%), F ð1; 46Þ ¼ 35:198, MSE ¼ 23:49,
p < :0001. The accuracy was improved (from 72 to 86%)

as the exposure duration was lengthened (from 57 to

86ms), F ð1; 46Þ ¼ 30:711, MSE ¼ 7:913, p < :0001.
There were also interaction effects of exposure dura-

tion and repetition (F ð1; 46Þ ¼ 4:429, MSE ¼ 4:233,
p < :05), aswell as repetition and type (F ð1; 46Þ ¼ 14:817,
MSE ¼ 3:657, p < :0005). Further analysis of the inter-
action effects indicated that there were simple main effects

of repetition at exposure durations of 57ms

(F ð1; 46Þ ¼ 25:101, MSE ¼ 4:233, p < :0001) and 86ms

(F ð1; 46Þ ¼ 4:136, MSE ¼ 4:233, p < :05). The accuracy

at 57ms was lower than at 86ms for the repeated condi-

tion (F ð1; 92Þ ¼ 32:666, MSE ¼ 6:073, p < :0001) and

nonrepeated condition (F ð1; 92Þ ¼ 10:436, p < :005). In
the repeated condition, accuracy in reporting the repeated
character was lower than for the repeated component

(F ð1; 92Þ ¼ 45:077, MSE ¼ 3:003, p < :0001). For the

character condition, accuracy for a repeated character

was lower than for a nonrepeated character (F ð1; 92Þ
¼ 39:299, MSE ¼ 3:945, p < :0001), indicating RB for

characters. However, for the component condition, there

was no significant difference in accuracy for a repeated
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component versus a nonrepeated component (F ð1; 92Þ ¼
1:056, p ¼ :307), indicating no RB for components.

These trends of statistical analysis can be depicted as

in Fig. 1, which plots the percent correct of C1 and C2

as a function of exposure duration. As is clear from this

figure, a general pattern can be seen: accuracy improves

with exposure duration for all four conditions. More

important, the accuracy in the R–I condition was lower

than that in the N–I condition, indicating an effect of
RB for identical characters. However, there is no indi-

cation of component RB, as the accuracy in the R–C

condition was not different from that in the N–C

condition.

Therefore, we have established the case for RB for

Chinese characters, using the RB paradigm, by show-

ing that repeated characters were more difficult to re-

port than nonrepeated ones. The lack of component
RB, however, seemed to be at odds with our previous

results (Yeh & Li, 2001). There are three possible

explanations for the lack of component RB in this

experiment. First, if components are processed first and

then combined to form the whole character, the finding

of character RB but not component RB in this

experiment may be due to the fact that the range of

exposure durations used was in favor of the whole
character, but not the component. Such a trend may be

more evident when repetition at both the character

level and the component level is manipulated within

the same experimental framework, which may, pre-

sumably, increase the contrast between the two levels

of processing. In the next experiment, only repetition at

the component level was used, and the exposure du-

ration was reduced to see whether component RB
could then be observed. Second, in this experiment, C1

and C2 were separated by another character (i.e.,

lag¼ 1), which may also override the processing of

components if it occurs very early, as expected by the

analytic view. This is hinted at by the fact that in Yeh
Fig. 1. Percent correct of C1 and C2 at different exposure durations for

repeated identical characters (R–I), repeated-components (R–C), and

their control conditions (N–I and N–C) in Experiment 1.
and Li (2001) there was no lag between the two char-
acters. Accordingly, a lag 0 condition was also added

in the next experiment to explore whether component

RB was more likely to occur when no intervening

characters were presented between the two critical

characters. Third, component RB may be sensitive to

the relative positions of the repeated components in the

whole character. That is, character structure may im-

pose a constraint on the occurrence of component RB.
To avoid this possible confounding condition, C1 and

C2 were then controlled to have the same structure;

only horizontal characters were used in the next

experiment.
3. Experiment 2

3.1. Method

3.1.1. Participants

Forty-two undergraduates at National Taiwan Uni-

versity participated in this experiment to earn extra

course credits. None had participated in the previous

experiment.

3.1.2. Stimulus and procedure

Each RSVP sequence consisted of 6 items, including

2–3 Chinese characters and 3–4 symbols. We manipu-

lated three factors: repetition (repeated, nonrepeated),

lag (0, 1), and exposure duration (29, 43, and 71ms).

Repetition and lag were within-subject factors, and du-

ration was a between-subject factor. There were 26 trials

with repeated conditions and 26 trials with nonrepeated
conditions, all of which contained 3 characters and 3

symbols. C2 in the repeated and nonrepeated conditions

remained the same, and it was viewed by two groups of

7 participants in each. Another 26 filler trials, which

contained 2 characters and 4 symbols, were constructed.

C1 and C2 were both horizontal characters. They shared

one repeated component in the repeated trials and had

no common component in the nonrepeated trials. For
the lag-1 trials, C1 and C2 were separated by one

character and one symbol, and the intervening charac-

ters were vertically structured. For the lag-0 trials, C1

and C2 were separated by a symbol. For the two char-

acters in the filler trials, the first one was a vertical

character, and the second, a horizontal character. The

participants were asked to write down all the characters

as they had seen in each RSVP. Note that in this ex-
periment there was no repetition at the character level,

so that even if the participants saw two different char-

acters with a common component, they should not have

trouble writing down the two characters (same as has

been done for orthographic repetition blindness in En-

glish, Harris & Morris, 2000). Other details were the

same as described in Experiment 1.
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3.2. Results and discussion

The percent correct of C1 and C2 as a function of ex-

posure duration is shown in Fig. 2. ANOVA showed that

there were main effects of exposure duration (F ð2; 18Þ
¼ 8:177, MSE ¼ 0:069, p < :005), repetition (F ð1; 18Þ ¼
47:080, MSE ¼ 0:015, p < :0001), and lag (F ð1; 18Þ ¼
8:871, MSE ¼ 0:013, p < :01), as well as the interaction

effect of repetition and lag (F ð1; 18Þ ¼ 8:364, MSE ¼
0:020, p < :01). Planned comparison (Tukey test) showed

that the difference between the accuracy at 29ms was

lower than at 43 and 71ms, ps < :01, but there was

no difference between the accuracy at the latter two

durations.

Further analysis of the interaction effect of repetition

and lag indicated that there were simple main effects of

lag in the nonrepeated condition (F ð1; 36Þ ¼ 16:956,
MSE ¼ 0:016, p < :0005), but not in the repeated con-

dition (F < 1). There were also simple main effects of

repetition at lag 0 (F ð1; 36Þ ¼ 44:813, MSE ¼ 0:017,
p < :0001) and lag 1 (F ð1; 36Þ ¼ 5:479, MSE ¼ 0:017,
p < :05).

This pattern of results thus demonstrates the existence

of component RB. Also, it was more evident when there

was no intervening character between the two critical
characters and when each character was presented very

briefly. Further analysis by subtracting the accuracy in

the repeated condition from that in the nonrepeated

condition (i.e., RB) has confirmed this. There was a main

effect of lag (F ð1; 39Þ ¼ 53:553, MSE ¼ 5:62, p < :0001),
as well as an interaction effect of lag and duration

(F ð2; 39Þ ¼ 6:882, MSE ¼ 5:62, p < :005). At the dura-

tion of 29 and 43ms, the difference in the magnitude of
RB was significant (F ð1; 39Þ ¼ 39:661, MSE ¼ 5:62,
p < :0001 and F ð1; 39Þ ¼ 26:03, MSE ¼ 5:62, p < :0001,
respectively). No significant difference was found when

the exposure duration was 71ms (F ð1; 39Þ ¼ 1:627, MSE
¼ 5:62, p ¼ :21). There was a simple main effect of du-

ration at lag 0 (F ð2; 78Þ ¼ 6:123, MSE ¼ 5:79, p < :005),
Fig. 2. Percent correct of C1 and C2 at different exposure duration for

repeated-component at lag 0 (R-0) and lag 1 (R-1), as well as their

control conditions (N-0 and N-1) in Experiment 2.
but not at lag 1 (F ð2; 78Þ ¼ 1:632, MSE ¼ 5:79,
p ¼ :219). At lag 0, the magnitude of component RB was

higher at 29 and 43ms than at 71ms, ps < :05.
An advantage we had in our task was that we asked

the participants to write down all the characters they

saw in each trial; thus, the error patterns could be fur-

ther analyzed to reveal meaningful information that

may be disguised in verbal reports. In the erroneous

trials, typical component RB was observed as follows.
For example, when C1 and C2 were and , the

participants wrote down , , or as C2. That is, the

repeated component ( in this case) was either omitted

(thus leaving the leftover component, ), or replaced by

another component (thus causing or to be re-

ported). Note that in this example, all the misreported

C2 ( , , and ) are also existing characters. Similar

examples can be seen, as in for and ,
for and . There were also examples in which the

presumed leftover, nonrepeated component was not an

actual character. In these cases, only erroneous actual

characters formed by combining the leftover component

with another component were observed, such as

for , for , and for . In addition to the

statistical analysis comparing the accuracy in the re-

peated condition vs. the nonrepeated condition, these
examples provide further evidence to confirm the exis-

tence of component RB. In fact, 27.47% of the errone-

ous responses fell into this category in the lag-0

condition, and 9.89% in the lag-1 condition. The

majority of the erroneous responses were blank in the

repeated condition. This also indicates possible com-

ponent RB, as some participants reported that some-

thing seemed to be there, but it was hard for them to
remember what it was. The same situation did not occur

in the nonrepeated trial, yet the same C2 had been used

in these two conditions. Since there were no identical

characters in this experiment, the blank response for C2

was clearly caused by the existence of the repeated

component in C1.
4. General discussion

We have demonstrated in this study that repeated

Chinese characters were more difficult to detect than

nonrepeated ones, a phenomenon of RB also found in

Chinese logographs, indicating that RB is insensitive to

language-related idiosyncrasies. This is important since

written Chinese provides a salient contrast with other
alphabetic systems, which have been used as the major

stimulus materials in existing RB literature. More sig-

nificantly, RB occurred not only for identical characters,

but also for similar characters that shared one repeated

component. These, taken together, constitute the first

findings of both character RB and component RB in the

same study by adopting the conventional RB paradigm.
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Several methodological advantages in this study are
worth mentioning. First, our success in observing RB

for Chinese characters, especially for component RB,

may be largely due to the low memory load in the recall

of the RSVP sequence. Participants were required to

report up to three characters in this study. This may be

critical because a high memory load may interfere with

the processing of components. The need to reduce

memory load in order to observe the effect of repetition
has also been observed and emphasized in the auditory

counterpart of RB, repetition deafness (e.g., Soto-Far-

aco & Sebastian-Galles, 2001). Second, by asking the

participants to write down the characters, the erroneous

pattern of misreported characters obtained in Experi-

ment 2 can be used to further confirm the true existence

of component RB, in addition to quantitative mea-

surement by summing up all the incorrect responses as
done conventionally. This may shed some light on the

controversy of whether RB for similar words (e.g., fish

and dish) occurred at the word level (i.e., by treating two

similar words as the same type, Chialant & Caramazza,

1997) or at the letter level (i.e., RB for repeated letters,

Morris & Harris, 1999). Our results obviously support

the latter view.

Besides the methodological caveats for observing RB
with Chinese characters, the manipulations of exposure

duration and lag in this study also manifest important

theoretical points. The time windows for observing

component RB and character RB were different, which

indicate different processing speeds for components and

for whole characters during visual character recognition.

Combining the results of Experiment 1 and 2, we can see

that when the presentation speed was relatively slow
(>50ms/item) and there was one intervening character,

only RB for repeated character was found, whereas at

higher speeds (<50ms/item) with no intervening char-

acters, RB for subcharacter component was then ob-

served. It thus seemed that components, though

embedded within the whole character, had also been

identified as independent types at an earlier stage than

the identification of the whole character.
This result is consistent with the view that sublexical

processing occurred relatively early in Chinese charac-

ter recognition (Chen, Allport, & Marshall, 1996;

Feldman & Siok, 1999; Pollatsek, Tan, & Rayner,

2000; Taft & Zhu, 1997; Zhou & Marslen-Wilson,

1999). Most noticeably, in the RB paradigm employed

here, the participants were required to report the whole

character, yet component RB still occurred, indicating
that the subcharacter components had been processed

as recognizable units even though this was not part of

the task demand. This pattern of results therefore ar-

gues against the holistic view that each character is

treated as a unit of processing, without the need to go

through the level of component processing (e.g., Yu

et al., 1990).
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