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Phonological involvement in the processing of Japanese at the
lexical and sentence levels
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Abstract. The present study examined whether Japanese readers activate phonological
information when reading kanji compound words and sentences and if so, how they do it.
Experiment 1 used two-kanji compound words in a lexical decision task to study phonological
processing at the lexical level. When nonwords were pseudo-homophones (B3 /roR hi/ in
place of the real word ;B /roR hi/), reaction times were longer and more errors occurred
than with nonwords in the control group (4! & /saku hi/). Experiment 2 required participants
to detect misspellings (i.e., incorrect kanji combinations) of two-kanji compound stimuli
embedded in sentences. In the detection task of misspelled kanji, no homophonic effect was
apparent. Experiment 3 used a semantic decision task. Included in this task were semantic-
ally similar but incorrect kanji compound words used as fillers in sentences (e.g., FIC3IZ
RZZKRELEYIT. FADHALEEL-HDF meaning ‘The building you can see over there was
facilitated by my friend’ instead of designed) as well as the sentences used in Experiment 2.
Results from Experiment 3 indicated that participants could reject a sentence as incorrect more
quickly when pseudo-homophones were embedded in the sentences rather than nonwords.
These results suggest that readers activate phonological information of two-kanji compound
words when reading for comprehension but not for simple proofreading.

Key words: Japanese kanji compound words, Lexical and sentence processing, Phonological
processing, Pseudo-homophone

Introduction

It is a long-debated issue whether or not phonological information is essential
during silent reading by skilled readers. Many studies have suggested that
phonological information is essential for word recognition and for reading
sentences in alphabetic scripts (e.g., Ferrand & Grainger 1992; Lesch &
Pollastek 1993; Pollastek, Lesch, Moris & Rayner 1992; Rayner, Pollastek
& Binder 1998). Coltheart, Avons, Masterson and Laxon (1991) suggested
that both assembled and addressed phonology contribute to word recognition
and the reading of sentences. It seems that the same phonological processing
takes place during word recognition and sentence comprehension of alpha-
betic scripts. Furthermore, some studies done on the processing of Chinese
characters have shown phonological involvement in visual recognition of
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kanji (Perfetti & Zhang 1995; Tan, Hoosain & Peng 1995; Tan, Hoosain &
Siok 1996; Tan & Perfetti 1999). These studies suggest that phonological
information is activated regardless of the writing system.

The Japanese writing system seems to differ from other writing systems.
Modern Japanese consists of kanji and kana scripts (see details in Kess &
Miyamoto 1999; Tamaoka 1991; Leong & Tamaoka 1995; Tamaoka & Hatsu-
zuka 1997, 1998; Tamaoka, Hatsuzuka, Kess & Bogdan 1998; Tamaoka &
Miyaoka, in press). Kanji are so-called ‘logographic’ characters of Chinese
origin used to represent morphemes of spoken Japanese. Each kanji has
phonetic as well as semantic value. Kana consists of written characters used
to represent phonological units of morae. In addition, sentences are written
without spaces between words in Japanese. In this respect, Japanese has very
unique characteristics in the way it is written.

Focusing solely on Japanese kanji can provide some very interesting
research material. First, different from each letter in an alphabetical writing
system, each single kanji character has semantic value. Second, according to
the Database for the 1,945 Basic Japanese Kanji (Tamaoka, Kirsner, Yanase,
Miyaoka & Kawakami 2001, 2002), approximately 60 percent of these kanji
(i.e., Joyo Kanji), have two kinds of pronunciations, Kun-reading and On-
reading. When Chinese characters were introduced in Japan, their pronun-
ciations were adopted as On-readings into the Japanese written language.
In addition, about 62 percent of commonly used kanji were assigned a
Japanese way of pronunciation as well, known as Kun-reading. Thus, among
Japanese two-kanji compound words, appropriate pronunciation is deter-
mined by the specific combinations of two or more kanji characters. Due
to the these complex characteristics of kanji pronunciation, some researchers
have claimed that phonological activation does not occur during reading of
Japanese kanji (e.g., Goryo 1987; Nomura 1978, 1979; Saito 1981; Sasanuma
1974; Sasanuma & Fujimura 1972; Sasanuma & Monoi 1975). Therefore, it
is a common belief that the Japanese kanji script differs from other writing
systems in terms of its phonological processing.

Recently, some researchers have shown early phonological activation
during Japanese kanji word recognition. Wydell, Patterson and Humphreys
(1993) showed that phonological information contributes to the semantic
activation of two-kanji compound words. Wydell et al. examined the role of
phonological information by using a semantic categorization task with homo-
phones. Participants were presented with a category name (e.g., BUL\i5ER,
meaning ‘a good result’) followed by a target word and were asked to make
a decision whether or not the target word was a correct exemplar of the
category. When the target words (e.g., HE, /seika/, meaning ‘fruit and vege-
table’) were homophones of a correct exemplar (e.g., 8, /seika/, meaning
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‘an achievement’), reaction times were longer and more errors occurred
than when the target words had no homophones. More recently, Sakuma,
Sasanuma, Tatsumi and [juin (1998) showed that phonological information
plays an important role in the comprehension of kanji words. Sakuma et al.
used a semantic decision task that was similar to the semantic categorization
task used by Wydell et al. Participants were presented with a definition (e.g.,
B E AT 5 Z &, meaning ‘burning of a building’) followed by a target
word. When target words (e.g., %, /kaji/, meaning ‘house work’) were
phonologically and orthographically similar (i.e., sharing one common kaniji)
to the correct exemplar (e.g., 25, /kaji/ meaning ‘fire’), participants made
more errors. These studies, therefore, support the notion that phonological
information is activated during Japanese kanji word recognition.

Some researchers (e.g., Osaka 1989; Shimomura & Yokosawa 1995)
have used sentences as test material to investigate the kanji reading process.
Their findings focus on the length of eye fixation during reading, and reac-
tion times and error rates for proofreading tasks. For example, Matsuda
(1991) showed that pseudo-homophones in sentences were easily detected
during proofreading tasks. Participants were given stimulus sentences that
were typed out on paper and then asked to detect errors in spelling. There
were incorrect words that were homophones of correct words (pseudo-
homophones) and some that were not homophones (nonwords). For example,
when the correct word was & % (/syoku doR/, meaning ‘dining room’), & &
(possibly pronounced as /syoku doR/) was used as its pseudo-homophone and
248 (possibly pronounced as /syoku hiN/) was used as its nonword. Parti-
cipants detected a greater number of pseudo-homophones as incorrect than
nonwords. In addition, Matsuda (1993) further conducted a similar experi-
ment and received the same results, suggesting that phonological information
is activated in proofreading.

Shimomura and Yokosawa (1991) studied the processing of two-kanji
constituents in Japanese using proofreading experiments. They used pseudo-
homophones and nonwords as stimuli. For example, a two-kanji compound
pseudo-homophone of 2%t /bi netu/ was created from the real word #4% /bi
netu/ meaning ‘a slight fever’. Participants were asked to detect misspellings
of words in sentences on a computer display. When the misspelling was a
two-kanji compound pseudo-homophone (e.g., 3£%%), detection time of parti-
cipants was shorter than when the misspelling was a two-kanji compound
nonword (e.g., %4, possibly pronounced as /oR netu/). This result suggested
that participants used phonological information in proofreading. However, no
significant difference was found between pseudo-homophones and nonwords
with regards to accuracy rates (i.e., how well their misspellings were
detected).
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It still remains unclear whether the processing of kanji compound words
during the reading of sentences is different from simple lexical recognition
of these words. Although Yokosawa (1998) suggested that some contex-
tual information affects the processing of two-kanji compounds embedded
in Japanese sentences, it still remains an unanswered question as to how
contextual information and phonological information affect reading. In addi-
tion, Yokosawa (1998) indicated that participants’ performance of detecting
misspellings did not change when they were required to answer questions
(a comprehension test) after reading. Consequently Yokosawa (1998) drew
the conclusion that the extent of understanding a sentence does not have any
influence on misspelling detection.

In order to clarify phonological involvement in the processing of kanji
compound words, the present study examined how skilled Japanese readers
activate phonological information when reading kanji compound words at
both the lexical and sentence levels. The main question to be asked is whether
processing two kanji compound words presented individually differs from
processing the same words embedded in sentences. To answer this ques-
tion, three different experiments were used in the present study: (1) a lexical
decision of two-kanji compound words (Experiment 1), (2) a proofreading
task (detection of misspellings) of the same two-kanji compound words at the
sentence level (Experiment 2), and (3) a semantic decision task of sentences
with the same two kanji compound words (Experiment 3).

Experiment 1: Lexical decision of two-kanji compound words

This experiment examined the effects of pseudo-homophones during lexical
decision of two-kanji compound words. Experiment 1 used pseudo-
homophones constructed of two kanji. For example, a pseudo-homophonic
word £ 81 /ki soku/ was created from the real word, 88/ /ki soku/. A control
nonword %88 (possibly pronounced /soR soku/) was also created by the
changing of one kanji where its sound did not correspond to any real word in
Japanese. If phonological processing is involved in lexical decision of two-
kanji compound words, it is expected that pseudo-homophonic nonwords
should take longer to be rejected than nonwords with no lexical homophony.

Method

Participants. Twenty-four graduate and undergraduate students of Hiroshima
University participated in the experiment. Average age of participants was 23
years and 10 months. All participants were native Japanese speakers.
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Table 1. Mean values of possible influential factors on the processing two-kanji
compound words for experiments 1-3

Influential factors Pseudo-homophones ~ Nonwords
Grades 5.02 5.04
Number of strokes 9.83 9.69
Kanji frequency (1976) 0.50 0.51
Kanji frequency (1998) 7673 9284
CD-ROM Kanji frequency (1998) 10860 13226
Neighborhood size of left 26.60 30.92
Neighborhood size of right 37.85 25.73
Total neighborhood size 64.45 56.65
Accumulative neighborhood size of left 44.19 89.77
Accumulative neighborhood size of right 56.65 37.21
Total accumulative neighborhood size 100.83 126.98
Radical frequency 23.60 32.06
Number of constituents 2.16 2.13
Number of kanji homophones 17.79 17.29

Stimuli. Forty-eight sets of stimuli were constructed. Each set contained one
2-kanji compound word (core word) and two nonwords. The three stimuli
in each set shared one commonly used kanji, for example, ‘“SR#&” (/roRhi/),
“gAE” and “HI1#&”. One nonword was a pseudo-homophone (“g§%”, /roRhi/),
and the other was not (“&| %", /sakuhi/). The two groups of nonwords were
matched across 14 possible factors as shown in Table 1. A one-way ANOVA
showed that there was no significant difference between the two groups of
nonwords with regards to all these 14 factors. The first factor was the school
grade in which the kanji is taught [F(1, 94) = 0.00]. The second factor was
the number of strokes in each kanji [F(1, 94) = 0.05]. The frequency of occur-
rences of kanji in print was controlled by the third [F(1, 94) = 0.01], fourth
[F(1, 94) = 0.37], and fifth factors [F(1, 94) = 0.44]. The sixth factor was
the kanji neighborhood size of the left-hand side of the two-kanji compound
words [F(1, 94) = 0.47]. The term ‘kanji neighborhood size’ refers to the
number of possible characters one unit of kanji can combine with in order to
create different compound words. The seventh factor was the kanji neighbor-
hood size of the right-hand side of the compound word [F(1, 94) = 3.49]. The
eighth factor was the total kanji neighborhood size for both the left-hand and
right-hand sides of each compound word [F(1, 94) = 0.56]. A neighborhood
size, however, counts the number of possible two-kanji combinations without
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considering word frequency. Thus the accumulative neighborhood size of
the left-hand side as well as the right-hand side of the two-kanji compound
words, and the total of these, were also controlled by the 9th, 10th, and 11th
factors shown in Table 1 [F(1, 94) = 1.61, F(1, 94) = 2.01, F(1, 94) = 0.44,
respectively]. Single kanji are often composed of two or more constituents:
a radical and secondary elements. The twelfth factor was radical frequency
that indicated how many of the 1,945 basic kanji in Japanese share the same
radicals [F(1, 94) = 2.58]. The thirteenth factor was the number of kanji
constituents, both radical and secondary elements [F(1, 94) = 0.11]. A single
kanji’s pronunciation is often shared by multiple kanji. Thus the fourteenth
factor was the number of kanji homophones [F(1, 94) = 0.04].

In order to avoid repeating the same stimulus to participants, the experi-
ment used the cross-counter design of assignment. According to this process,
stimuli were divided into three counterbalanced groups with an equal number
of core words, pseudo-homophonic nonwords and nonwords with no homo-
phony. Each of the three stimuli in each set appeared separately either in
List A, List B or List C. This method of assignment avoided the repetition
of the same kanji (e.g., “%&”) and pronunciation (/roRhi/) on one list. Each
participant viewed only one list so that no one saw a set in its entirety. Stimuli
are listed in Appendix A. Sixteen two-kanji compound words were used as
filler items for the lexical decision task. Filler items did not contain any kanji
that was used in critical items.

Procedure. Existing words as well as nonwords were randomly presented
to participants in the center of a computer screen (Toshiba, J-3100 Plasma
display) 600 ms after the appearance of an asterisk ‘%’ used as an eye
fixation point. To one participant, 16 core words, 16 pseudo-homophones,
16 nonwords with no homophony, and 16 filler real words were presented.
Participants were instructed to decide whether or not the item was a real
compound word. The conductor of the experiment instructed participants, “If
the item is a real word, please press the red key on the keyboard with your
right hand as quickly and as accurately as possible. If the item is not a real
word, please press the blue key with your left hand.” Twenty-four practice
trials were given to participants prior to commencement of the actual testing.
The stimuli for practice consisted of 12 real two-kanji compound words, 6
pseudo-homophones, and 6 nonwords with no homophony.

Results

Only correct responses were used for the calculation of mean reaction times.
Reaction times slower than 2,200 ms were recorded as incorrect responses.
Six items fell into this category (about 0.39% of the total responses of the 24
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Table 2. Mean reaction times and error rates in Experiment 1

Nonword type Reaction time (ms)  Error rates (%)
Pseudo-homophones 842 (161) 9.4
Nonwords 802 (157) 6.2

Figures in parentheses represent the standard deviations.

participants). Before performing the analysis, reaction times more than 2.5
standard deviations (SD) above or below a participant’s mean were replaced
by the boundaries. The mean reaction times and error rates in the lexical
decision task are presented in Table 2. Analyses of variance (ANOVAs) were
conducted using both participant (Fs) and item (Fi) means.

A one-way ANOVA for repeated measures showed a significant difference
for reaction times by participant means [Fs(1, 23) = 5.86, MSE = 3245.3,
p < 0.05] and marginally significant by item means, [Fi(1, 94) = 3.22, MSE
= 8375.9, p < 0.10]. These results suggested that participants responded
to pseudo-homophonic nonwords more slowly than to those with no homo-
phony. These results were further examined by way of error rates. A one-way
ANOVA showed no significant difference in error rates by participant means.
By item means, however, the difference was significant [Fi(1, 94) = 4.16,
MSE = 0.811, p < 0.05]. The result of error rates showed a tendency that
participants are likely to miss pseudo-homophonic nonwords slightly more
than nonwords with no homophony.

Discussion

Experiment 1 indicated effects of lexical homophony from the ‘No’ responses
in the lexical decision task. Nonwords with lexical homophony took longer
and were more difficult to reject than those with no lexical homophony.
The previous study by Tamaoka (submitted) also indicated inhibitory effects
of lexical homophony during lexical decision and naming of two-kanji
compound words with multiple lexical homophones. Therefore, involvement
of lexical phonology is supported from both the ‘Yes’ responses of real words
(Tamaoka, submitted) and the ‘No’ responses of nonwords (Experiment 1)
from these lexical decision tasks. The findings of Experiment 1 further lead
to Experiment 2 which investigated the effects of lexical homophony at the
sentence level.



640 AIKO MORITA & KATSUO TAMAOKA

Experiment 2: Misspelled-word detection at the sentence level

The findings of Experiment | indicated effects of lexical homophony during
the task of lexical decision. Therefore, in order to examine homophonic
effects at the sentence level, the next experiment was conducted using
the same nonwords from Experiment 1. however this time embedded in
sentences. For example, we took a sentence with all its words correct like
INAA) U EEL, SEFIEFET S L4 o7 /baioriN ga joRtatu si, koNdo
wa dokusoR suru koto ni naQta/ meaning ‘His/her skill of violin improved, so
she/he will play solo this time’. We then created another sentence where one
of the two kanji of the underlined word was altered to form %2 /dokusoR/
and thus created another sentence with a pseudo-homophonic nonword of the
word J%2&. A control condition was created by using yet another sentence
where the nonword %4 (possibly read /doku koR/) with no homophony was
used as a second substitute. If lexical homophonies affect the processing of
two-kanji compound words, it would be expected that pseudo-homophonic
nonwords would take longer and be harder to detect than nonwords with no
homophony at the sentence level as well.

Method

Participants. Twenty-four graduate and undergraduate students of Hiroshima
University, who had not participated in Experiment 1, participated in the
experiment. The average age of the participants was 23 years and 5 months.
All participants were native Japanese speakers.

Stimuli. Forty-eight sets of sentences were created. Each set contained a
sentence under the correct condition, the pseudo-homophonic condition and
the non-homophonic condition. The same stimuli from Experiment 1 were
used as core words in each sentence. Sixteen filler sentences were also created
containing the filler items from Experiment I.

Procedure. The 64 sentences were randomly presented to participants in the
center of a computer screen (Toshiba, J-3100 Plasma display) 600 ms after the
appearance of a series of asterisks k%%’ representing an eye fixation
point. Participants were instructed to decide whether or not the two-kanji
compound in the sentences was a real compound word. The conductor of the
experiment instructed participants, “If you find no nonword in the sentence,
please press the red key on the keyboard with your right hand as quickly and
as accurately as possible. If you find a nonword, please press the blue key
with your left hand.” Twenty-four practice trials were given to participants
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Table 3. Mean reaction times and error rates in Experiment 2

Nonword type Reaction time (ms)  Error rates (%)
Pseudo-homophones 2066 (699) 8.3
Nonwords 2130 (664) 12.0

Figures in parentheses represent standard deviations.

prior to commencement of the actual testing. The practice trial consisted of
12 sentences with no nonword, 6 sentences with a pseudo-homophone, and 6
sentences containing a nonword with no homophony.

Results

Only correct responses were used for the calculation of mean reaction times.
Reaction times slower than 10.000 ms were recorded as incorrect responses.
Eight items fell into this category (about 0.52% of the total responses of the
24 participants). Before performing the analysis, reaction times more than
2.5 SD above or below a participant’s mean were replaced by the boundaries.
The mean reaction times and error rates for this task are presented in Table 3.
ANOVAs were conducted using both participant (Fs) and item (Fi) means.

A one-way ANOVA for repeated measures showed no significant differ-
ence for detection times of incorrect words in both participant and item means
[Fs(1,23)=1.32, MSE =37349.1, Fi(1,94) =0.02, MSE = 144398.9]. A one-
way ANOVA was also conducted for error rates. The result also showed no
significant difference for error rates both in participant and item means [Fs(l,
23) =0.96, MSE = 167.7, Fi(1, 94) = 2.07, MSE = 0.98]. Thus, the effects of
lexical homophony seem to disappear at the sentence level.

Discussion

Unlike the results from Experiment 1, those from Experiment 2 did not
show any homophonic effects on incorrect two-kanji compound words at the
sentence level. It was not hard to reject pseudo-homophones compared with
nonwords. In addition, the error rate was rather high in the control condi-
tion. In this task, participants seemed to take the strategy of only searching
for the incorrect kanji pair. Phonological processing might not be required
when checking for incorrect words in a sentence. Participants were likely
to make errors in incorrect two-kanji compounds because one of the two-
kanji was taken from a correct two-kanji compound word. This suggests that
participants’ judgements depended on orthography. There is the question,
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however, of whether or not participants were just simply verifying that the
combinations of two kanji were correct. In this case, the following experiment
was performed in order to see whether the same pseudo-homophones at the
sentence level would be as easily detected as nonwords with no homophony
when participants are required to semantically process sentences.

Experiment 3: Semantic decision at the sentence level

In Experiment 1, participants found lexical decision of pseudo-homophones
more difficult than of nonwords that were not homophones of any real
words. However, once the pseudo-homophonic words were embedded in
sentences, the effects of pseudo-homophony disappeared as shown in
Experiment 2. To ascertain whether or not there actually is phonolo-
gical involvement in the processing of two-kanji compound words at the
sentence level, one further experiment was carried out using the same
nonwords. In Experiment 3, real two-kanji compound words were included
as part of the stimulus sentences. For example, a stimulus sentence like
BCSCRARKRELEYIE. FADEANERELI-H DT /mukoR ni mieru oRkina
tatemono wa, watasi no tyijin ga setubi shita mono da/ meaning ‘The building
you can see over there is facilitated by my friend’ was used including the
real two-kanji compound word #{% /setubi/. It is a real word but in the
context of this sentence, it is incorrect. The correct word is %5t /seQkei/
‘to design’. Including this type of sentences as fillers, participants were
required to judge whether each sentence made sense (i.e., a semantic decision
task of sentences). This would provide an actual reading situation where
comprehension of semantic context would be an essential condition for
correct performance on the task. Under this reading condition, phonological
involvement was examined.

Method

Farticipants. Twenty-four graduate and undergraduate students at Hiroshima
University participated in the experiment. Average age of participants was 23
years and 4 months. All participants were native Japanese speakers.

Stimuli. The 48 sets of sentences and 16 filler sentences that were used in
Experiment 2 were also used in Experiment 3. However, in order to make
participants read sentences carefully, nine dummy sentences were added.
Although the dummy sentences did not contain nonwords, they did contained
two-kanji compound words that did not suit the sentence (see Appendix B).
Nine new filler sentences were also added.
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Table 4. Mean reaction times and error rates in Experiment 3

Nonword type Reaction time (ms)  Error rates (%)
Pseudo-homophones 1955 (509) 7.7
Nonwords 2167 (856) 3.6

Figures in parentheses represent standard deviations.

Procedure. All 82 sentences were randomly presented to participants in the
center of a computer screen (Toshiba, J-3100 Plasma display) 600 ms after
the appearance of a series of asterisks ‘s * * % % % x * %  representing an
eye fixation point. Participants were instructed to read the sentences in order
to understand their meaning and to respond as quickly and as accurately
as possible in deciding whether there was a misspelling in the sentence. If
they find a misspelling, they were to press a key on the keyboard with their
left hand as quickly and as accurately as possible. If they did not find any
misspellings, they were to respond with their right hand. Twenty-four prac-
tice trials were given to participants prior to commencement of the actual
testing. The twenty-four sentences included 12 correct sentences, 4 sentences
that contained a pseudo-homophone, 4 sentences that contained a nonword
with no homophony, and 4 dummy sentences that contained a contextually
incorrect word. After the practice, the experimenter emphasized that there
were dummy sentences, and that participants should read sentences with the
purpose to understand.

Results

Only correct responses were used for the calculation of mean reaction times.
Reaction times slower than 10,000 ms were recorded as incorrect responses.
No items fell into this category. Before performing the analysis, reaction
times of more than 2.5 SD above or below a participant’s mean reaction time
were replaced by the boundaries. The mean reaction times and error rates
for the proofreading task are presented in Table 4. ANOVAs were conducted
using both participant (Fs) and item (Fi) means.

A one-way ANOVA for repeated measures on semantic decision times
indicated a significant difference in both participant and item means [Fs(1,
23)=15.99, MSE = 89720.9, p < 0.05] and [Fi(1,94) =7.77, MSE = 142264.0,
p < 0.01]. As shown in the means of semantic decision times, the result
was rather unique in that sentences with pseudo-homophones were judged
much more quickly than those sentences with embedded nonwords having
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no lexical homophony. A one-way ANOVA for repeated measures on error
rates was also performed. The results showed a significant difference for error
rates between sentences with pseudo-homophones and those with nonwords
in both participant and item means [Fs(1, 23) =6.51, MSE = 31.06, p < 0.05,
and Fi(1, 94) = 4.38, MSE = 0.608, p < 0.05]. This time, the results were
the reverse of those from the semantic decision times. Therefore, sentences
with pseudo-homophones were semantically judged more quickly but not as
accurately as sentences with nonwords.

Discussion

Experiment 3 indicated very different results from both Experiments 1 and
2. Effects of pseudo-homophones were apparent in semantic decision of
sentences. However, results differed in direction of speed versus accuracy.
Indeed, pseudo-homophones were likely to help participants use semantic
decision more quickly than nonwords with no homophony, however they
caused a greater number of mistakes in comparison to sentences with
nonwords having no homophony. This result suggests the involvement of
phonological processing when reading a sentence for its semantic context,
however, it is important to note that participants’ strategy in Experiment 3
was different from that of Experiment 2.

General discussion

The purpose of the present study was to examine whether skilled Japanese
readers activate phonological information when they read words and
sentences and if so, how they do this. In order to answer this question, a
lexical decision task of kanji words in Experiment 1, a proofreading task
of misspelled words at the sentence level in Experiment 2, and a semantic
decision task of sentences in Experiment 3 were conducted. Results were
compared in terms of the effects of lexical homophony and are summarized
in Table 5.

A homophonic effect of incorrect two-kanji compound words was signifi-
cant on lexical decision in Experiment 1 and on semantic decision in
Experiment 3, but not significant on misspelling detection in Experiment 2.
Phonological processing seems to differ depending on whether the type of
task is at the lexical or sentence level.

In lexical decision at the word level, participants took longer to reject
pseudo-homophones than to reject nonwords. The reason for this is because
a pseudo-homophone activates the same phonological information as the
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Table 5. Summary of the results in Experiments 1, 2 and 3

Reaction times

Participant analysis Item analysis

Experiment 1
Lexical decision pseudo-homophone > nonword pseudo-homophone > nonword

(marginally)

Experiment 2
Incorrect-word pseudo-homophone = nonword  pseudo-homophone = nonword
detection at the

sentence level

Experiment 3
Semantic decision pseudo-homophone < nonword pseudo-homophone < nonword
of sentences

Error rates

Participant analysis Item analysis

Experiment |
Lexical decision pseudo-homophone = nonword  pseudo-homophone > nonword

Experiment 2
Incorrect-word pseudo-homophone = nonword  pseudo-homophone = nonword
detection at the
sentence level

Experiment 3
Semantic decision pseudo-homophone > nonword pseudo-homophone > nonword

of sentences

correct word, and thus causes participants to respond to it as being ‘correct’.
In order to avoid responding incorrectly, participants have to judge whether
this phonological information corresponds to the correct orthography, which
results in longer reaction times for pseudo-homophones than for nonwords.
In other words, participants who engaged in lexical decision task used phon-
ological information in the verification process at least when the stimuli
were unfamiliar. This result supports the suggestion by Wydell, Patterson and
Humphreys (1993), and Sakuma et al. (1998) that phonological information
is involved in the processing of orthographically similar two-kanji compound
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words; therefore, dismissing the claim that phonological activation does not
occur during reading of Japanese kanji (e.g., Goryo 1987; Nomura 1978,
1979; Saito 1981; Sasanuma 1974; Sasanuma & Fujimura 1972; Sasanuma
& Monoi 1975).

Experiment 2 and Experiment 3 included the same sentences to examine
the phonological involvement in reading sentences. The results of Experiment
2 suggest that phonological processing of two-kanji compound words is not
required in the task of proofreading. Semantic decision at the sentence level in
Experiment 3, however, indicates phonological involvement. The difference
between these two tasks at the sentence level was whether or not participants
were required to understand the meaning of the sentences. Unlike the task in
Experiment 3, in Experiment 2, participants only had to decide whether there
was an incorrect word in the sentence. In this case, participants seemed to pay
attention only to orthography. In fact, it was more efficient to concentrate on
mismatched kanji combinations in order to accomplish the proofreading task.
Thus, Experiment 2 did not indicate any effects of homophony. It means that
participants use an efficient strategy depending on the task types.

In Experiment 3, however, participants were required to understand the
meaning of sentences. They seemed to use phonological information to access
semantic information. It was the most interesting result in Experiment 3 that
responses to pseudo-homophones were faster than to nonwords. Different
from Experiment 1, participants could use both phonological information
and context information. This context information would help participants
to verify the orthographic information with the visual information of the
present stimuli. Thus, the verification process might be much faster in the
pseudo-homophone condition than that in the control condition.

In addition, the results in Experiment 3 are very interesting in terms of
the difference in direction between reaction times and error rates. Concerning
reaction time for semantic decision, sentences including pseudo-homophones
were rejected faster than sentences with nonwords of simple two kanji
combinations, although sentences with pseudo-homophones caused higher
error rates than sentences with nonwords. A high error rate means that the
response used phonological information and could not be suppressed by
orthographic information. In some cases, participants might depend on phon-
ological information strongly, and this led to making errors. It may be the case
that context information led to the prediction of the phonological information
of the correct word. In this case, verification did not occur using ortho-
graphic information but using only phonological information. Thus, the more
predictable the contexts are, the more errors were likely to make to pseudo-
homophones. Predictability could have influenced the verification process. In
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summary, pseudo-homophones were likely to help in the understanding of the
meaning of the sentences, but they also created difficulties for participants
in detecting incorrect kanji combinations embedded in the sentences. The
results of reaction times in Experiment 3 are consistent with those of Shimo-
mura and Yokosawa (1991), which also showed that pseudo-homophones are
rejected faster than nonwords at the sentence level. However, their study did
not display higher error rates as the present study does.

The difference between Experiment 3 and the study by Shimomura
and Yokosawa (1991) was the method used to make participants compre-
hend sentential meaning. The proofreading task used by Shimomura and
Yokosawa was followed by a comprehension test, while Experiment 3
in the present study included filler sentences containing real words used
incorrectly according to context. The procedure of Experiment 3 would
make participants more likely to respond incorrectly to pseudo-homophones.
Pseudo-homophones in the sentences activated phonological information and
furthermore, brought about activation of orthographic information of correct
words. When participants concentrated on semantic decision of the sentences,
they were likely to overlook pseudo-words.

In summary, phonological information of two-kanji compound words is
activated at the sentence level as well as the lexical level at least when the
two-kanji is unfamiliar to the reader. The present study supports the notion
that phonological information is activated regardless of script types used as
claimed by several studies on the processing of Chinese characters (Perfetti
& Zhang 1995; Tan et al. 1995, 1996; Tan & Perfetti 1999). Furthermore,
although simple proofreading did not activate phonological information of
pseudo-homophones, once semantic decision was required, phonological
information of pseudo-homophones was used for semantic understanding
which speeded up completion of the semantic decision task, but created
greater errors by causing participants to overlook pseudo-homophones of
two-kanji compound words.

However, this study used only On-On reading compound words, and
required participants to find an incorrect word. This situation is not exactly
the same as a natural reading situation. When a Japanese reader encounters
an unfamiliar kanji compound, they process the two characters separately.
In this case, Japanese readers would activate the On-reading in favor to the
Kun-reading. The Kun-reading might be activated only when the On-reading
is not appropriate. In normal reading, however, readers process whole two-
kanji compound as a unit when they meet a familiar word. In this case, readers
would activate the appropriate pronunciation, even if that is Kun-Kun reading.
In the future, investigation should be made into more natural reading styles.
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Appendix A. Materials in Experiments 1-3

GCorrect Word Experimental Control

FEALELOIE, 2EOEEFCOOLE W, BE BRE il &
FBTEBEANHDDT, ABREXOOLEVAL KL, Flw Bl Bk
FEZATOTHERN TR TELL, BRAOOY 5, e E|Lh #ti8
WRITEZANOOT, KLFEERMRIIT S, mE HE HE
BT 52 OORESEF O ORENHD, EEHES] BE BE
HERIERSABMN A, BEEOOTIThA, £ 20 HE (22
RELBZFOOLTVADIE. TOREBEDEET, Gl FSES =
EREFEASIELIZEAESAOOLEST =, R k-7 E5¥:4
FOBEEMNS, BIEFEAFLELSIEMNOOTES, = i34 ¥
EHORETRBTOT, @BEAOOLTLVS, B Wi BE
HEALBELLOE, BEBEO0OPTH-MBTF, FRE E- 35 ¥E
HEIFOOHIRDHET. LESDIENI LR, BE ME#% B
EBALOTOOLTHEEEZLEL. BAREULM:, e MES SHIRE
Wahix, SEFRTAEEOO0MNENELDRS, HIAE pail ] s
BT ARAD L. OOFRRDKLSCEENT-, i L3R4 A
BRIFHPBETFLTAEL HUOO00OFLES, BB 7354 BRI
NEIF->TLTOODEHIZH>T=H BiFF. & fFIE LA
BRIFLENADEL thOELYOOLNNEST, AR & AR
HUVEIZHAO0O0LOBXERO T, BERITHkS -, [E5E 2] PIiR PI%
fIELBLLMETERA. D WITBYnO0OIEL -, HEih brpi: B
FOTAILERTEAESAEOLN. OOICRY 5. fREE fiaBt fiE
BEARETSLEELT. OOICKR KON EI ST, RE Bk L33
EEOOOLOMEVEIGAIT HBFEELGL, X3 a5 LEAI
HRICFHESBIOIZ, OOBAHAR LR, ] OE] EE]
EfMROONEODOETLHNE, KANELT D, A A El
EEZQFIZITEMORELNZL O0OTESM 1, i) R EE
WRICRETEEELTWREAH>TOO, EH fF #EF
#HiIzFELEELOOOBMFRIZHS. LBELT-, ) I B
ZLDBRIC. FEIZBEVLLOAO0Th TS, #hn B i
FELORFEDITHLE. OODEEERICL . s £ =48
REgAH-oTH, B<HFLENIELEOOET S, % Ex EP

FRICHLTERLEOEN, OODREE ST, o BE b
AEDEMOEREFEICE. OORHE5LLY, il EH i3]
HIEBIBTEIELWVEREL. OOLHALN T, 5+ 1d C
ABICRELESELEA. OOSh Tho&idor, B BBz BE
WEFR - REOOOGRRFELTLSALSL, £5 B3 irik
FRIEAFICEZSFEIZ2=OT, BHIzO0OLS =, TR BB RE
EHhEFEOE. FhEb A COOLEZA B AN ZLY, B 1 &R
NAF)oREEL. SEROOT S LT, bL:E-3 o kLTS
SBOMSERBLTHE. OOLTEUTL S, 3] Bk 223N
BETIE. OO0F230FFITDFTHER LT, i 2R RE
ROBBTIIAFOOOMNEAT, ZIZELHEINS, E- 3T} RhE FesE
BEENTHO00DLLAIE. HOBMZELH5. #_E HE ®E
VO THo=EEOMRICE. OODFEMNKEL, BE 2 EE
COFEERIESES. EVWSERLZOOMRH S, fEan % HiF
REOKEAOOLDIE, tERA BN EST-B LV, RrE z25 zip
FOERRZOOZER-HR. REZRELL(THo1=, i )4 %%
BUGAIZE DAY, OO0 3BELEDANSZL, x5 X# B2 7S
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Appendix B. Dummy materials in Experiments 3

Sentences involving incorrect word Correct words
WEBELRH-OT. HBELPSITEENBESL TS, BrEL
BEDEGIEFCME LTV FLEICREOBNHE 1ty
CORBERAEZRBLTVDDT, KEMATHRE, R
BEDFHRIE, FITHRTHRBEMETLTLSSLLY, ®Ah
BRLGIERPBRSATOSA GEATEINITHEES, &
YL, BREKEBHRENGVECATEERLGL, Bx
LEOPRENMEZ, RETOHBEOHY AL EHATILVE £
ZORADNSDERMNEFZZTEY . RRTTREAL, HE
COBGERE L BB TREGERNEDEI, iiiped

Note: In dummy sentences, one incorrect word was involved. The incorrect word was made
from “Correct word.”
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