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Introduction

When two words were presented successively, a decision about
the identity of the two words was made more quickly <than a
decision about the identity of a single letter contained in a
word (Johnson, 1975; Marmurek, 1986). This empirical phenomenon
has been referred to as the word-priority effect (Sloboda, 1977)
or the whole-word advantage (Marmurek, 1986), and has been
interpreted as indicating that holistic word-level encoding
preéedes letter-level encoding.

The present experiments were designed to examine in detail
the relationship between hoiistic and partial encodings in word
recognition. Four new procedures were used to allow a variety of
analyses.

First, Kanji characters and Kana characters, which are used
for writing modern Japanese, were used instead of letters. A
Kanji word which consists of more than two Kanji characters plays
an important role in common Japanese writing. Kanji words also
assumed to be perceptual units equivalent to English words,
because the Kanji word-superiority effect was found (Yokosawa &
Umeda, 1988). Kanji characters are ideographic scripts and
usually multi-syllabic. Kanji characters play a role midway
between that of words and letters. On the other hand, Kana
characters are syllabic scripts, and the minimum unit in Japanese
writing. One syllable consists of one Kana character in contrast
with several letters in English. Thus Kana characters play a
role midway between Kanji characters and letters. For example,

the word explanation corresponds to the word setsumei in




Japanese. Written in Kana, "EoH", and written in Kaniji,
"OEKER . "8 " (setsu) is a larger unit than "¥#" (se). The
term whole-word advantage used in previous studies is simply the
phenomenon that explanation is identified more quickly than e.
- In . the present experiments the robustness of the phenomenon was
investigated by comparing the Kanji word "fBi" with the XKanji
character "8 ", or comparing the kana word "# <2 ®» i " with the
Kana character " # ".

Second, the similarity between two words presented
successively was mahipulated. Umansky & Chambers (1980)
manipulated the similarity of items in "different" +trials by
using words which differed in only the first letter (e.g..
BLAME/FLAME) or which differed completely (e.g., BOUND/FRAME).
Johnson, Turner-Lyga, and Petﬁegrew (1986) also manipulated the

similarity of items by dividing the letters of the alphabet into

three classes. However, those definitions of similarity were
ambiguous. Kanji characters are more complex than letters.
Furthermore, many characters are similar. 1In this experiment,

similarity of words was defined as the identity of a peripheral
feature manipulated using a quantitative measure.

Third, pronunciation of two words was manipulated. As there
are many homonyms in Japanese, it is easy to examine the role of
pronunciation. The present experiments investigated how the
identity of pronunciation affects the visual comparison task.

Fourth, type of comparison was specified by an auditory cue
within a single session. Previous studies of the whole-word
advantage (Johnson et al., 1986; Marmurek, 1986) have tested

holistic and partial comparisons in separate sessions. Because



the subjects knew which comparison was required they seemed to
change their strategies in each session. Umansky & Chambers
(1980) claimed that subjects make word-level decisions for
holistic comparisons and letter-level decisions for partial
comparisons. Marmurek (1987) used a visual cue which signaled
the type of comparison required so that both types of comparison
could be tésted within a single session. 1In this experiment, the
type of comparison required was signaled by an auditory cue in
the interval between the first stimulus and the second = stimulus,
rather‘ than a visual cue, in order to avoid the visual masking
effect.

In experiment 1 identification of Kanji words and Kanji
characters were examined. In experiment 2 Kanji nonwords were
used as a check on experiment 1. In experiment 3 identification

of Kana words and Kana characters was examined.

Experiment 1

Method

subjects. The subjects were 25 adults, 12 men and 13 women.
All subjects reported having normal or corrected-to-normal vision
and were native readers of Japanese.

design. Each subjects participated in the whole experiment.
There were two types of comparison: holistic and partial. In the
"same" holistic comparisons there were 60 identical pairs. In
the "different"” holistic comparisons, (1) 30 pairs differed in
the first character and (2) 30 pairs differed in the second

character. In the "same" partial comparisons there were (1) 30




identical pairs and (2) 30 pairs which had only their first
characters in common. 1In the "different" partial comparisons,
there were (1) 30 pairs which differed in the first character and
(2) 30 pairs differed in all characters. Moreover, the "same"
trials in partial comparison and the "different" trials in both
types of comparison had three levels: control, similar shape, and
homophony.

In the previous studies, different stimuli were used for
different types of comparison, or the same stimuli were repeated.
In this experiment to compare holistic compafison with partial
comparison using the same stimuli without repetition, the
following operation was performed: Identical pairs wére divided
into three groups. Two of these groups were used in the holistic
comparison and the other was used in the partial comparison. The
first character-different pairs and the second character-
different pairs were each divided into two groups. One was used
in the holistic comparison and the other was used in the partial
comparison. The type of assignment was evenly distributed
between subjects. ThroughQut the whole experiment a stimulus
pair appeared in both types of comparisons, but was never given
to the same subject twice.

materials. A total of 390 Kanji words consisting of two
“kanji characters were used in this experiment. All Kanji
characters were used in standard in modern Japanese writing,
called "Jyoyo Kanji". All words were nouns. In the similar
shape condition, stimuli were selected with the following
procedure. First, 50 pairs of similar Kanji characters was

selected. Then 50 pairs of Kanji words were picked up from a



Japanese dictionary. They included the selected similar XKanji
characters as either first or second character. As a measure of
similarity, "the peripheral direction‘ contfibutivity feature”
(Umeda, 1989) was used. In the homophony condition, paired words
were homonyms having the same number of syllables. Moreover, the
difference in the number of strokes in the first and second
characﬁers of paired words were the same + three strokes so that
the complexity of paired characters would be essentially equal.
In the control condition, on basis of the measure mentioned
above, neither the first or second characters of paired words
were similar, But the difference in the number of strokes
remained + three. For pairs with all characters the same, jyoyo-
kanji were used. A character had a visual aﬁgle about 0.8° wide
and 0.8° high. A word had a visual angle about 1.8° wide and 0. 8°
high. ©No character was given to the same subject twice.
apparatus. A CRT tachistoscope controlled by a mini-
computer was used for the experiment. This draws a pattern using
a random scan method, and is characterized by high scanning speed
and low remaining luminosity.
| procedure. Each subject was tested under all conditions.
The actual experiment was preceded by instruction and 40 practice
trials. Instruction stressed the need to attend both the first
and second stimuli and both the first and second characters.
Subjects were required to respond as quickly and precisely as
possible. There was a follow-up sequence in each trial. (1) Two
fixation points were presented at the center of the display for
1, 000ms. (2) A Kanji character replaced each fixation point and

these two Kanji characters, presented for 1,000ms, constituted




the first Kanji word. (3) There was no display for 1,500ms. Beep
tones were presented in the middle of this interwval. The beep
tones informed subjects of the type of comparison required. One
beep tone signaled a partial comparison and two beep tones
signaled a holistic comparison. Thé first beep tone was
presented for 200ms, 800ms after the first stimulus disappeared.
In the holistic comparison there was a delay of 100ms and the
second beepvtone was presented for 200ms (Fig. 1). (4) The second
Kanji 'word was presented until subjedts pressed a button. Half
of the subjects were required to press the right button if
response was 'same", the left button, if "different"”. The
remaining subjects were instructed to do the inverse.

As regards the whole-word advantage, the identical pairs in
the same trials were critical. If word-level processing precedes
component-level processing, the mean latency of the holistic

comparisons was less than the partial comparisons.

Result

Analyses were carried out on the mean of the correct
latencies and the mean error rates. Data deviating more than 3sd
from the mean of all latencies per subject were eliminated. The .
error rates was low in all conditions; those conditions that
yielded longer correct latencies tended to produce more errors.
Because the "same" and "different" trial responses were generated
by different processes, they were analyzed separately.

same trials. The mean correct latencies are shown in Table
1. Analyses of identical pairs were carried out. A one-way

ANOVA showed that the means were not significantly different



(F(1,24)=2.8, p<.1).

different trials. The mean correct latencies are shown in
Table 2. Analyses of the first character-different pairs were
carried out. A two (type of comparison) by three (type of
stimulus) ANOVA showed that main effect of type of stimulus was
significant (¥ (2,24)=20.26, p<.001), but main effect of type of
comparison and interactions of type of comparison and type of
stimulus were not significant (F(1,24)=1.13, p<.3, F(2,24)=1.45,
p<. 25, respectively). Tukey’'s sﬁudentized range test showed that
latencies of each type of stimulus were significantly different.
A one-way ANOVA was sepafately carried out for each type of
stimulus. In both the control condition and homophony condition,
type of comparison made no difference. In the similar condition,
partial comparisons yielded latencies 29ms faster than holistic
comparisons but this difference was not  significant

(F (1, 24)=3.21, p<.09).

Discussion

For the "same" trials no whole-word advantage was found, and
although partial comparisons were made 27ms faster than holistic
comparisons, that difference was statistically insignificant.
This means that Kanji word encoding does not precede Kanji
character encoding. However, since difference was insignificant,
there 1is a possibility thét word-level processing takes almost
the same latency as the character level processing.

For the "different" trials, results varied widely according
to the type of stimulus. It is suggested that in successive

same-different matching tasks, both visual and phonological




encoding occurred.

For "same" trials in partial comparison, if the decision was
made based on only the first character, there was no difference
between the identical pairs and the first character~same pairs.
As a result, in the homophony condition a slight but
statistically insignificant difference was found, and in the
control condition a relatively larger but still statistically
insignificant difference was found. This suggests that the
decision about the first character was affected by other
information. "That 1is, 1in fhe homophony condition a "same”
response for the first character-same pairs was interfered by the
visual mismatch information from the second character but was
facilitated by phonological match information from +the second
character and whole-word. 1In the control condition, a ‘"same"
responser for +the first character was interfered by both the
visual and phonological information from the second character and
whole-word. It is assumed that this conflict would incfease when
a "different" response would likely be made from the second
character or whole—wora. For that reason, the difference in the
control condition was larger than in the homophony condition.
There was no difference in the similar shape condition. This is
interpreted to mean that the second character were processed so
roughly with the visual feature that the identical pairs and the
first character-same pairs were equivalent.

As for "different" trials in the partial comparison, there
was no difference between the first character-different pairs and
the all characters-different pairs in the control condition. In

the similar shape condition, however, the first character-



different pairs were processed 43ms faster than the all
characters-different pairs. In the homophony condition, however,
the all characters-different pairs were processed 29ms faster
than the first character-different pairs. These results
suggested that even iﬁ the partial comparisons decisions were

based not only on information about the first character but also

on information about the second character or whole-word. If it
is assumed that visual match information from +the second
characters and whole-word interfered with the "different”

response, the all characters-different pairs might be processed
faster than the first character-different pairs. However, the
results for the similar shape condition were inconsistent. The
results for the homophony conditioh was interpreted as indication
that the phonological match information from the second character
and whole-word and the visual match information from the second
character interfered with the "different" response for the first
character of the first character—different pairs. These
interferences were more stronger than the interference caused by
only the phonological match information from the second character
and whole-word for the all characters-different pairs.

From these results it is suggested that there are three
levels of processing, whole-word, first charactef, and second
character and that all three influenced decisions. We assumed
that whole-word, first character, and second character processing
occurred in parallel. 1In experiment 2, the assumption was tested

through comparison with nonword processing.




Experiment 2

To compare the word processing . with nonword processing,

Kanji nonwords were used in experiment 2.

Method

subjects. The 25 adults who participated in experiment 1.

materials. 390 nonwords of in the following types: In the
all characters-same pairs, the first character-different pairs,
and the all characters-different pairs, the second character only
was replaced with another character so as not to constitute a
woxrd. In the first character-same and the second character-
different pairs, only the first character was replaced. Thus in
experiments 1 and 2, the target characters which the subjects
were required to compare were common. All nonwords were
certified as such by consulting a Japanese dictionary (Sanseido,
1979). Moreover, in the homophony condition, pronunciations of
nonwords were different form that of any woxrd. Kanji-nonwords
corresponding to pseudwords in English; pronounceable, regular
nonwords.

procedure. Procedure was same as exXperiment 1. Subjects

were informed in advance that all stimuli were nonwords.

Result

As experiments 1, data deviating more than 3sd from the mean
of all latencies by subject were eliminated. "Same"” trials and

"different" trials were analyzed separately.

"same” trials. The mean correct latencies and error rates
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are showed in Table 3. The error rate was ‘low in the all
condition. Analyses of identical pairs were carried out.

Partial comparison yielded latencies 75ms faster +than holistic

comparison. This difference was significant (F(1,24)=16.73,
p<. 001). |
"different” trials. The mean correct latencies and error

rates are shown in Table 4. The conditions that yielded longer
correct latencies tended to produce more errors. Analyses of the
first character-different pairs were carried out. A two (type of
comparison) by three (type of stimulus) ANOVA showed that .only
the main effect of the type of stimulus was significant
(F(1,24)=31.71( p<. 001} and that the main effect of the type of
comparison and the interactions of the type of comparison and the
type of stimulus were not significaﬁt (F(2,24)=2.17, p<.15,
F(2,24)=.32, p<.73, respectivelj). Tukey’ s studentized range
test showed that difference between the control and similar
conditions and between similar and homophony condition were

significant, but that the difference between the control and

homophony conditions was not significant. A one-way ANOVA was
carried out for each stimulus type separately. 1In the homophony
condition, the partial comparison 32ms faster than the holistic

condition though that difference failed to be significant
(F (1, 24) =4. 22, p<.05}. For the control and similar shape
conditions, the difference between the partial ana holistic
comparisons was not significant.

words and nonwords. Analyses were carried out by mixture
the results of experiments 1 and 2 in order to compare word

processing with nonword processing. For the "same" trials, a two

11




(lexicality) by two (type of comparison) ANOVA of the identical
pairs showed that main effect of the type of comparison and the
interactions were significant (F(1,24)=11. 39, p<.01;
F(1,24)=10.6, p<.01, respectively). Main effect of the type of
stimulus was not significant (F(1,24)=.45, p<.5). As for the

"different” trials, no difference was significant.

Discussion

As expected, for the "same" trials, partial comparison was
made much faster than holistic comparison. This result supports
the assumption that nonwords are processed on character-by-
charaéter basis.

For the "different" trials subjects could make a different
response when they were given only one mismatch. Then in the
holistic comparison, the first character-different pairs were
decided faster than the second character-different pairs, and in
the partial comparison, .= there was no significant difference
betweén' the first character-different pairs and all the
characters-different pairs. On the other hand, for the "same"
trials subjects checked the second character even after they
received match information from the first character. Thus, match
information from the first character and mismatch information
from the second character competed. Therefore,‘in the control
condition in which pairs were different in shape and
pronunciation, the difference between the identical‘pairs and the
first character-same pairs was larger than in the similar shape
and homophony conditions. However, this difference in the type

of stimulus was smaller than in experiment 1. This suggests that
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in experiment 1 a "same" response for the first character was

interfered by the information from the second character and

whole-word. On the other hand, in experiment 2 only the
information from the second character interfered with a "same"
response.

For the "different" +trials, the difference between the
control and homophony conditions was not significant. However,
for the similar shape condition decisions were made more slowly
than for the other two conditions. Thus it is suggested that the
phonological code did not have an affect on a decision but the
visual code had an effect on the comparisons.

Comparing words with nonwords, it is obvious that there were
different ways of processing words and nonwords. It is suggested

that characters within words were processed in parallel rather

than serially.

Experiment 3

In experiment 3 we examined the relationship between Kana
words and Kana characters which are units midway between Kanji

characters and letters.

Method

subjects. The 25 adults who participated in experiments 1
and 2.

materials and procedure. In experiment 3 Kana words and
Kana nonwords were used. Kana words which consists of four Kana

characters were selected taking into account the latencies and
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error rates of a preliminary experiment in which a lexical
decision task was given to five subjects. Nonwords were
generated in the following way; two nonsense syllables, each
consisting of two Kana characters whose association value was 0-
50 from Hayashi’ s (1976) norm, were combined so as to become
nonwords consisting of four charécters. As experiments 1 and 2,
each subject partipipated in all condition. There were two
sessions per subjects; a session of 80 word trials and a session
of 80 nonword trials followed a session of 20 practice trials.
The order of the session was counterbalanced across the subjects.

In the "same" holistic comparisons there were 20 identical
pairs. In the "different" holistic comparisons, (1) 10 pairs
differed in the first character and (2) 10 pairs differed in the
third character. In the "same" partial comparisons there were 10
identical pairs and (2) 10 pairs which had only their first
characters in common. In the "different" partial comparisons,
there were (1) 10 pairs which differed in the first character
and (2) 10 pairs differed in the first and third characters. The
same stimulus appeared in both holistic and partial comparisons
acroés the subjects without repetition as in experiments 1 and 2.
That is, 30 identical pairs were divided into three groups, two
for holistic comparison and one for partial comparison. 20 pairs
which differed in the first character were divided into two
groups, one for holistic comparison and the other for partial
' comparison. The procedure was same as in experiments 1 and 2
with one exception: a'fow of four, rather than two, fixation
points was presented. The subjects were informed whether stimuli

were words or nonwords before a trial session began.
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Result

As experiments 1 and 2, data deviating more than 3sd from
the mean of all latencies by subject were eliminated. The error
rate was low in the all conditions. Analyses for words and

nonwords were carried out separately.

words. The mean latencies and error rates for words are
shown in Table 5. For the "same" trials, the identical pairs
were analyzed. A one-way ANOVA showed that the difference

between types of comparison was not significant (F (1,24)=1.21,
p<.3). For the "differenf" trials, the first-character different
pairs were analyzed, and no difference between types of
com?arison was shown.

nonwords. The mean latencies and error rates for nonwords
are shown in Table 6. The same analyses were carried out. As
for the "same" trials, partial comparison yielded latencies 158ms
faster than holistic comparison. This difference was significant
(F(1,24)=49.97, p<.001). For "different” trials, also, partial
comparison yielded latencies 40ms faster  than holistic
comparison. This difference was significant (F (1,24)=5.1, p<.03).

words and nonwords. To compare words and nonwords a two
(lexicality) by two (type of comparison) ANOVA was carried out
for "same" and "different" trials separately. The "same" +trials
showed main effect for lexicality, and the type of comparison.
The interaction of lexicality and comparison type was significant
(F (1, 24) =4. 86, p<.04; F(1,24)=23.24, p<.0071; F (1, 24) =23. 44,
p<. 001, respectively). The "different" trials showed no

significant main effect or interaction.
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Discussion

The resultsA for Kana words and Kanji words were similar.
For "same" trials the difference between holistic comparison and
partial comparison was statistically insignificant; no whole-word
advantage was found. As for nonwords, partial comparisons were
made much faster than holistic comparisons. Comparing the
identical pairs with the first character-same pairs in partial
comparison, words showed a significant difference ana nonwords
‘showed no difference. This suggested that when the stimuli were
words, the information from the second, third, and fourth
characters affected the decision. However, when nonwords were
‘presented, the subjects made decisions based on only the first
character. The results of the "different" trials also showed the
same £endency as in experiments 1 and 2.

In Japahese orthography, nouns written in Kanji characters
are common. On the other hand, Kana characters are used to write
particles as well as édjective and verb endings. In experiment
'3, all the words were nouns. Thus their configurations as whole-
words may not have been familiar one. However, a difference
. between words and nonwords for the "same" trials was shown, that
is, Kana words were processed in a different way from nonwords.
Since there was no difference between words and nonwords in terms
of visual information, it is suggested that Kana words were also

encoded phonologically and lexically and accessed to word-units

in long-term memory.
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General discussion

These three experiments were conducted using four new
procedures. First, and primarily, given that Kanji and Kana
characters were assumes to play a role midway between that of

words and letters, examining the robustness of the whole-word

advantage. Second, testing the effect of similar stimuli.
Third, examininc re— ( rc nciatio L. vaisuai wacciiiiy
tasks. Fourth, devising alternative way to present stimuli, such

as auditory cues.

As a result of wusing the first and the fourth new
procedures, no whole-word advantage was found for either Kanji
and Kana. Therefore, it 1is suggested that the whole-word
advantage occurred only when word-level processing preceded
processing as the simplest level, i.e. letter-level processing.
In experiments 1 and 2, comparing Kanji words with Kanji nonwords
in "same" holistic comparison trial: word-superiority was shown;
Kanji words were processed 81ms faster than Kanji nonwords. For
Kanji nonwords, because both partial and holistic comparison were
made character by character, partial comparison was 75ms faster.
On the other hand, for Kanji words partial comparison was only
27ms faster than holistic comparison. These differences were
statistically insignificant. In experiment 3, i.e. the ’"same”
holistic comparison trials, Kana words were processed faster than
Kana nonwords. These results suggest that the processing of two
characters within words occurred in parallel. However, attention

is more likely to be directed to the first character (Marmurek,

1987). If the processing of the two characters began
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simultaneously, the processing of the first character was
completed before that of the second.

As regards the second and third new procedures, it is clear

that similarity affected both words and nonwords, but
pronunciation affected only words. 1In addition, words showed
superiority to nonwords. Therefore, it is concluded that when

the stimuli were words, decisions were made based on visual,
phonological, and lexical codes. When stimuli were nonwords,
decisions were made based only on visual code.

Johnson (1981) proposed the pattern-unit model of visual
information processing. Its most basic assumption was that
whenever a small visual pattern is presented, the subject’s
initial attempt is to encode it into memory is based on holistic
pattern—-level encoding, and that component-level processing
occurs only after several such attempts at unitary encoding had
failed (Johnson et al., 1986). 1In addition, the critical
assumption underlying such holistic encoding is that this
assignment of a pattern-level cognitive representation is not
mediated By any analogous but prior cognitive encoding of the
pattern’ s components (Johnson, 1986). It has been predicted that
word-level decisions will always be made faster than letter- or
character-level decisions. Obviously, this prediction is
inconsistent with this series of experiments.

Nevertheless, there are models in whicﬁ the encoding process
is viewed as occurring at the feature-, letter-, and word levels
simultaneously. These models are the race models (Drewnowski &
Healy, 1977; Healy & Drewnowski, 1983; Chambers & Forster, 1975).

In these models it is assumed that the level of encoding which is
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compléted first is the wultimate one and is available for
response. Healy & Drewnowski (1983) proposed the unitization
model, a kind of the race models. They assumed +that the
processing of components of a word and the processing of units
larger than the components are conducted in parallel. The
critical assumption of this model is that once a given word is
identified, even if its components have not yet been identified,
the reader will move on to process the next word of the text. 1In
English, ~word-level processing 1is normally completed before
letter-level proceésing. However, it is assumed that in Kanji
words or Kana words these two levels of processing are completed
at about the same time. Chambers & Forster (1975) claimed that
the level which provides sufficient information to respond »is
completed first. When holistic comparison and partial comparison
were tested in separate session, the 1level which provided
sufficient information to respond changed in each session. This
was because the subjects decided that in holistic comparison
session their response would be based on the whole-word level,
and 1in partial comparison session, would be based on the first
letter. However, in the present experiments an auditory cue
signaled the type of comparison. The subjects were instructed to
look carefully at both the first character and the second
character. Thus the subjects’ strategy was foiled and the first
stimuli were always processed in a holistic way. Accordingly,
the results of the present experiments are not based on

experimental artifacts, but are consistent with the race models.
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Fig.1 The procedure of a trial




Table I.

Mean correct latencies (ms) and

error rates for "same” trials in Experiment 1

holistic partial

identical identical first only
647 620 control 654
(.02) (.02) (. 04)
similar 616
(. 05)
homophony 639
(.08)

Table 2. Mean correct latencies (ms) and error rates

for "different’

" trials in Experiment 1

holistic partial
position of
difference 1 2 1 1,2
control 600 690 603 603
(.008) (. 05) (.008) (0)
similar 705 753 676 719
(. 05) (.18) (. 06) (.07)
homophony 636 715 631 602
(.008) (.04) (.02) (.01)




Table 3. Mean correct latencies (ms) and

error rates for "same” trials in Experiment 2

holistic partial
identical identical first only
691 616 control 677
(.02) (.02) (.04)
similar 661
(. 05)

homophony 662

(.08)

Table 4. Mean correct latencies (ms) and error rates

for "different” trials in Experiment 2

holistic partial
position of
difference 1 2 1 1,2
control 650 759 627 637
(1.2) (2.5) (0) (0.8)
similar 733 823 724 728
(10. 2) (2) (5.7) (12.7)
homophony 669 745 640 616
(2) (5.8) (2.4) (0. 8)




Table 5. Mean correct latencies (ms) and
error rates for words in Experiment 3

holistic partial
same identical identical first only
610 578 625
(.02) (.02) (.05)

position of difference

different | 3 1 1,3
633 750 640 636
(.004) (.07) (0) (.03)

Table 6. Mean correct latancies (ms) and

error rates for nonwords in Experiment 3

holistic partial
same identical identical first only
769 611 636
(.03 (.02) (.11)

position of difference
different 1 3 1 1,3

689 866 648 613
(.02) (. 09) (.02) (.02)




Appendix 1

Kanji-words stimuli

All characters-same pairs

H#& - H &
B & — EE A,
B W%~ B,
£ HE — 1 HE
B R - # R,
AF EW o~ B &l
BE5 -5

IR B — IR .
H®E - B
M = A

EE - B
BE-BA
%4 — B,
%% — 5 &,
5 H - % H

The first-character different

control
N
#H R - &R,
mE-F R
T2 — B &,

M — I B,
B - B .
E R - E R,
& — #5 L
JE & — JE EE,
EHE - T E

Ll - R
CACCHRRE SER
#E-H#FR
oA - R,
i T8 — & AE,
E # — E £,
% B — & R
F#H - F B
¥ E - ® O,
&' E - & E,

B R — B R

TR — B
7 i — AE W,
B’ ] — & 8

=5 - B E,

similar shape

pEA 7 i I N

EE -8 E.
B E — B S,
R - &
homophony
u EE — i 8.
FE-RE
B E — b,

&k — B K,

B A — A,
BE - EE,
g & — 18 1.
B R — B R,
R &% — &R &,
& T — BE F,
# U — K
B - AR AL

R’ — R .

HE - HE,
2 E - ZE
% 1t — % I,
R A& — IR #.

B — B E.
JE 3 — JE B,
BB - B R

g — 2,

bk & — bt &
EE-ERK
B 5 - & 5,
S E -6 g,
2 - B
& L — & 2L,
B & - B &
W - R

pairs
*E H — R
i — v 18,
&% & - A
% & — Bk 5,
= W — £ .
2B — B H.
E - X e,
B B — [ HA.
e & — 1 %,
BB - 8 BR
9 b — 3T 1k,
OB — BB,

in

experiment 1

T F - I 1,
BF B — FF .
Pe B2 — & BE,
R — R,
I’ — # K.

R RE - R OB
B — A

ok B — Bk .
Bh &5 — By 4,
LTIl T N
RHE - KE
EER Il TN
B — B A,
i H - F H.
XM - X’
BR-BHE
= 18 — 18,

R % — & .

#E - B ZE
B — B
g‘%:‘—%%:‘\
AR — B AR
7 & — Bl .
Bl — B %,
R - 8 R,
w8 — B,

4 — 2 A
AR IRl
BE-HHE
=& -1 1&
It — #
& - R
iR
B 52— R

Bk - Bk
M- ®5

o — k&
Mo —
R
B -8
hE— 5%
= — &= £
Es— F®
BE - B E
FHE - FY
AT i — A
BE- %
S — W
X - %4
8o - A
B - E O
& A — 5B H
SR — BB B
W —
g - g R
B - o




The second-character different pairs

control

FE - F R,
A — M=
ZiE - R’ E
IR — AR A,

mE - n g,
EE-XE
& - & &
B - R R

similar shape

NG - N B,
AE - A&,
R E = kR,
E R T
homophony

& B - &R,

= =A
ZE - % 2.

»NE - 4,
%gg—%ﬁt\

B K — B R,

g% - B R,
[ & — B 2.

7E-®
5 -8 R

=R - =,
E DRl = =N
HxX-HE
2 HE - & m.
#}E - HE
R - & MR,
8OE - 8K
AR R — R ER.
3 — W E,
#oE - B
FEHE-FE
X B — % &,

All characters-different pairs

control

fa & — & B, #  — 8 &,
hiE-WE BRE - RZE
similar shape
TH-RKE EE-FTH
WME-fFHE FEHE-FHA
homophon}

& -HF HE®H -8 E

B R — 3,

A7 — R .

% s — R
® i — B &,

& - B R

B — 1R
M- £
BB — B AR,

T - FH
& - & B
X FE - X E
T - EE

wE - % B

R&#E - K&
W A — BT &
o - B R
B E - R A&
AW - A B
Tl N
BE 8 — # 5.
R M — 1% BE.
- a A,
?%ml"’fjﬁ\

BN-BE
% i — % 4
B - B
EREE
S

M - MR

HiE - BE
B -WHE
#mR -k
Hl 8 — Bl 1A
Rz - FE

B -F5

i R
EE-m4

A ]
B - E
B3 - B R



Appendix 2

Kanji-nonwords stimuli

All characters-same pairs

EE - E H.
REE - RE
5 B — & E,
T # — T #.
z 4 - &4
T M- XM
B oE — .
B % — By %,

Bt o— I
A RN
BE-BE.
B H — B
®E - EE
3k M — 3E R,
#F — # T,
FE-FES
g — H R,
R — KR

The first charcter-different

control

B H - .
B/ — F ¥,
% f& — [H &,
= R — W

| - R,

IR — IR .
W — W,
- F .
nF:-—uF
¥ v — $F O
ZH - E K,
BB - B R,
#=R - =R
®E - KE
E R - E R,

(1l i N
A - 2
R — % i,
W% 2x — & s,
WO - R
2R - F K,

sFE - B,
18 — B &,
B — A3,
F R - A R

similar shape

El a8
E#E - X R

W — B EE,
ME-RE

homophony
o B — B
B — B,
B #F — i H.

{5{0’\:‘_05(0’\:

ZE R -F &

51t — Bl it
A - AL

8 R — # R,

B ie - B
5 — T SR,
8 % — b,
% 3B - B E.

i # - E
F 8- F A&
% — i %,
W — B
% W — & %,
FE B — g5
B - B
B~ 8
X T}
g - 18

"R — RO

& fF — {B 1F,
WE - A
> S -
B - &,

o0 — 5O,
Bk K — Bk K.

pairs

% E - %A
% - W%,
TE - FE,
B % - %,
B - 18 %,
1 — 3
I )
I A
Mk -\ R,
% B - BB,

& - B
BE ff — I8 ft.

in experiment 2

w3 — & .
I ME — I e
% - &£,
BHE - F
@& - F &
B -8 A,
ET - E T,
ESR A e AN
| — B R,
1B % — KR,
WO — W
PR AR — PR A,
IR B — UR k.
& — 4k,
K& - R &

R LN

Bk — # K,
' - T,
BE-F &
7T B - B .
WA — A,
e - ME.
e -2
Al £ — B 1R,

o gs /r= E/
& — i B

ER R E N
A — F M
¥ — & #.

BB - B R
B & — A
R A — R i
# W — 25
B hn — BA oo
=i - &Ik
& & - IR &
HW - B R
BER-EHR
BeE-#Y<¥
mE-®BE
7 Rl
R -F&
HE-EH
#t ok — #t ok
WiE - BB
L E - %=
#HE-#=%

B2 — B R

o Sl A
RHA-&HF
FR BT — 8% W
- # &
Bl E — F HE
& m — 18 m
EE-RE

R
-
%HE - %
-




The second character-different pairs

control

A - A
gk — 2,
B R - EE
BF &F — FF 2,

5t B — % B,
B — R R
H%-HZ.
®E - RE,

similar shape

nE -5
F%%—E%\
BEE - EE
»BE - R
homophony
E%_szﬁ\

BE-BRE
B — B E,
@?ﬁ”—ﬁ;ﬁ%\

DI AN
i Gl R
i AR — i EE.
e N
Afl — R R
R — IR,
W - " 5.
w8 — W R,

5E - RE
tgm.—-tgm\
& T — J5 B

(ol DRl TN

% 8 — 5 8,

g iE — # R,
%%—i’%%\

L & — 1L B,

U 14N
% — R,

All characters-different pairs

control
B@EE _\ﬁ./l—\\\

5 — B
R Br — R OK.

similar shape

& 8% — K #.

F R - F R
homophony
I — BOE,

H & — B P,

ExR-HE,
HME-®E

A & — 18 ¥,
L &#E - K&

% M — iR R,

% A~ B AL,
BH - F R
W — H
F¥ - RE
% - B %,

it B — 1t 9,
Bl — & B,
R - F R
R — B
R — # R
i — R
B E — 8] T,
1% & — 1§ 7.
= fE - = 2.
¥R - B M.
HFE - F %,

E B - EiE

il N
BE it — # E,
B - W 18

7:7—@1&\
5 B — %

B iE - R A
5 ¥ — BB
¥ - &
BF 26 — B i
25— 25
e -
2 -
B - BB
%~ I
R ~ B R
#E - &R
5% -5 ®
B E - RO
£ th — W
oG — B
W — e
BR - Rz

=1 =

BE - HE



Appendix 3

All
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oA
¥
&
&

oy § &

ha
2

A
[
2

5
A

G I Uy

The

&
S

H
<

D
T
%
[/

The

I

g & ot

—
=

A O S
<~

v
W
A
1A

|7

Uy

The

A
W
b
o

A
A
<
A

Kana-words stimuli

character-same pairs
e =A<,
W LA,
B,

L5
H W
s &
20
¢ A
C A
» A
S A
2]

—
-
w

g g ok Yy o ¢ &

first

SR
£ 9
T &
& 0

LA

character-sa

D

5

&

&,

A T2 0,

[/

WU Uy Uy

<‘\
U

Aoy
VN

» A

5

Aor

= SRON

g0 ¥ <,
5 < Z 3,
b < E W,
TB < h

character-di

<O
ENRANY
H W&

t
I
P
o)

(A
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A
(AN

G ook oY
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/U\
D
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P

-
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b

nk

o 0 W

b A oy

D
3
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A
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character-different
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—

&

>
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L
N
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Aos

SR AN SN
Z 9 & <

and third charac
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7=

W o8B

<L
WA R D
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PR
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&
S
&

3

>
—

&

W oE A
AT
{ X2

At D

¢ & W
W Z 9

b AWV &
T A, K
5 h &P, h
b ST Al TN 53
29 » A K
53 e, Z
T& & I W
L AKI &
L2dbA h
LS I v, F
D EH WV, W
E 2B & &
BLWwE D
pairs
WA HE
»AE W &
¥ I 5L, H»
AR S I <
& 95 C A, B
AN e N
B ANy e’
pairs

T W T A,
A Z WV ¥
< L2 @

HADS, B
<y, R
T W EFE S5, i

PN IO S DN

e

¢ (v & & W

AR5

(A

SO~

Gy 0%

A
D

Y,

N A

S A

o
> W

M
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(-

ters~-different pairs

H
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in experiment 3
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A
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Appendix 4

All
o\
5 &
< T
g
b
e~
T b
» &
L
& O

The
& &
z M,
H 5
5 R

The
AR
Z z
h o
Ww Z

Kana-nonwords stimuli

characters-same pairs

T

N O
T Y 0 & v S

o X
& o &

h
=3
w

NN O W
9 A &

h
—-
=3
03]
—+

I F oo
&

T &
oK

first

RN
5 ¥
& O

W e

N T W,
5 & 2 9.
< T H A,
iz A .
D E A,
&b A
b AR,
» & z &
& F B,
£ 0T &,

T Wl
hhoR
DhRAD
H B P S
5B ¥ T
&k B C
ik
W H
¥ B I WD
bl = O o}

- 3 ¥ m
- b
-2 %A
— & W
- 3% b &
-0 & D
—h gD
-y
— ¥ 85
—&WlEh

character-same pairs

VIR § PN
&~ h B,
T 5 &,
Z O T &

character-different

wE S,
[E S i R
Ww £ % ®,
[GNE A (SN
bbb Z,
b A B
1R M) A 2N

charcater-different

»d & 5 L.
z e 5,
H A5 R g,
AR S5 K

and third characters-different pai

g &~
bz E,
D5 U,
ht &

3w 0
DN b )
L g 2 R

C Z b i
BB Dz
» h b
HNh b
Z N 5D
Z N~ hoik
ik iz

ORE - SN
30 I
h 2§ 8

- < B T
-2 7T 3
- & &

pairs
-2 I b
-0 B3
— b h
— N R
-5
— =k ~Nh
i S > s

pairs
- ¥ &b
-3 O
-0z

£\
e

%\

THEH 5~ 0 E KA .5
DNtkLlL z2—b%k5& %,

Ay

g o e owr

)

E!
bF
h

in experiment 3
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