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Abstract. The present study investigated the way in which the activation of semantic repre-
sentations at the morpheme level affects the processing of two-kanji (morpheme) compound
words. Three types of Japanese two-kanji compound words were used as stimulus items:
(1) words consisting of two kanji representing opposite concepts (e.g., & long + %8 short
= length), (2) words consisting of two kanji representing similar concepts (e.g., Z soft + ¥
flexible = pliable), and (3) control words consisting of two closely bound kanji (e.g., R wild +
%¥ field = wilderness). Words consisting of kanji of opposite concepts (M = 768 ms for LD and
M = 645 ms for naming) were processed more slowly for lexical decision, but not for naming,
than words with kanji of similar concepts (M = 743 ms for LD and M = 636 ms for naming),
both of which were, furthermore, processed more slowly for lexical decision and naming than
the control compound words (M = 716 ms for LD and M = 590 ms for naming). These results
were explained in the framework of the multiple-level interactive-activation model as follows.
Because kanji morphemes of opposite and similar concepts are semantically activated both as
morpheme units and compound word units, semantic representations of the two morphemes
and the compound word which they create compete with each other at the concept level, which
slows down lexical decision and naming of the compound word.

Key words: Morphological semantics, Multiple-level interactive activation, Processing of
Japanese two-kanji compound words, Semantic representations

Introduction

Because relatively few Japanese kanji morphemes are used to produce the
various compound words in the Japanese language, it is not particularly dif-
ficult to guess the overall meanings of these compound words from one’s
basic knowledge of kanji. For example, the word ‘euthanasia’ which, in Eng-
lish, is derived from Greek (‘eu’ easy, and ‘thanatos’ death) is presented by
three kanji as ®23E. In Japanese schools, these characters are taught during
the early years: the first kanji, ® meaning ‘peaceful’ is taught in Grade 3,
the second kanji, # meaning ‘comfort’ in Grade 2, and the third kanji, 3E
meaning ‘death’ in Grade 3. Thus, although they may not be familiar with
the word euthanasia, Grade 3 students can gain some idea of its meaning by
semantically combining three kanji morphemes, ‘peaceful comfort death’. If
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this process is used, morphological semantics, as well as the meaning of the
whole word, must be activated during the processing of compound words. The
present study investigated the involvement of morphological semantics in the
processing of morphologically compound words in the Japanese language.

Statistical figures on Japanese kanji support the likelihood of morpholog-
ical activations while a whole compound word is processed. First, approx-
imately 70 percent of the 51,962 words listed in a Japanese dictionary are
compound words constructed by two kanji morphemes (Yokosawa & Umeda
1988). Second, a total of 3000 kanji encompasses 99.9 percent of the printed
kanji in Japanese written materials (Kaiho & Nomura 1983). Combining
these two figures, one can estimate that roughly 3000 kanji morphemic units
are used to create approximately 70 percent of the words found in a Japanese
dictionary.

Evidence for morphological activation during the processing of compound
words was shown in the effect of morphemic frequency by studies of English
(e.g., Andrews 1996; Taft & Forster 1975, 1976), Chinese (e.g., Taft, Huang
& Zhu 1994; Wu, Chou & Liu 1994; Zhang & Peng 1992, Zhou & Marslen-
Wilson 1994), French (e.g., Beauvillain 1994) and Japanese (e.g., Hirose
1992; Tamaoka & Hatsuzuka 1995). In a study on the effect of Japanese
kanji frequency, Tamaoka and Hatsuzuka (1995) revealed that kanji frequency
affected the processing of compound words differently for naming and lexical
decision when the whole word frequency and stroke numbers of those words
were controlled. In the naming task for left-hand kanji (kanji characters which
are positioned on the left side of a two-kanji compound word), high kanji fre-
quency led to faster whole-word naming responses compared with low kanji
frequency. For right-hand kanji (kanji characters which are positioned on the
right side of a two-kanji compound word), no difference in kanji frequency
was obtained. The pattern was reversed for lexical decision. For the left-hand
kanji, no effect of kanji frequency was obtained. However, for the right-hand
kanji, subjects reacted faster to kanji morphemes of high frequency than to
those of low frequency.

The following explanation was given by Tamaoka and Hatsuzuka (1995)
for these results. If the processing of two-morpheme compound words pro-
ceeds from left to right as the words are written, the activation of the
morpheme unit presented on the left will commence before the activation
of that on the right. Since naming can be initiated by the phonological activa-
tion of the left-hand kanji, the frequency of that kanji affects whole-word
naming. For lexical decision, subjects have to wait until they process the
right-hand kanji, and therefore the frequency of the right-hand kanji shows its
effect. Although the left-hand kanji frequency also influences the processing
speed of the whole word, its effect is hidden by the time spent process-
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ing the right-hand kanji. The effect of left-hand kanji frequency on lexical
decision regarding two-kanji compound words was also consistent with the
findings of Zhang and Peng (1992) in a study of Chinese character frequency.
Consequently, the frequency of the morphemes in a two-kanji compound
word would independently affect the processing of the whole word for either
naming or lexical decision, regardless of the frequency of the whole-word
itself.

A study using the priming paradigm also supports morphological acti-
vation. Comparing high and low word ‘construction size’ (i.e., how many
two-kanji compound words can be constructed by each kanji), Hirose (1992)
found that priming affected lexical decisions regarding two-kanji compound
words when the left-hand kanji was primed, but not when the right-hand kanji
was primed. The study explained that the left-hand kanji play a key role in
cueing subjects regarding the appropriate second kanji needed to create a
two-kanji compound word. Consequently, a morphemic unit of kanji must be
activated during the performance of the lexical decision task for a two-kanji
compound word.

Taking a kanji morpheme as a single unit, the concept of ‘construction
size’ proposed originally by Kaiho and Nomura (1983) and implemented by
Hirose (1992) can be equated with the concept of ‘neighborhood size’. Neigh-
borhood size was operationally defined by Coltheart, Davelaar, Jonasson and
Besner (1977) as the number of words which can be generated by replacing
a single letter from the base string. For example, trick, truck and crack are all
neighbors of the word track, so that the neighborhood size for track becomes
3. In the same way, once one considers that Japanese kanji compound words
are orthographically constructed by multiple kanji units, a single kanji can be
regarded as a unit among neighbors. Then, because a word’s construction size
is determined by changing a single kanji, construction size could be perceived
as to ‘neighborhood size’, except that the orthographic unit in play is a single
kanji morpheme, not a letter of the alphabet. Thus, the study by Hirose (1992)
provided an ‘inhibitory effect’ of the kanji neighborhood size (namely, the
larger the neighborhood size is, the slower the lexical decision time becomes),
especially when a kanji with a large neighborhood size is placed on the left
size of kanji compound words.

This result of Hirose (1992) is congruent with the studies which showed an
‘inhibitory effect’ on lexical decision for Dutch and French words (Grainger
1990; Grainger, O’Regan, Jacobs & Segui 1989; Grainger & Segui 1990;
Peereman & Content 1995). This was the result of the ‘neighborhood fre-
quency effect’. However, the opposite result, a ‘facilitatory effect’, for naming
English words was reported by Andrews (1989, 1992). It was produced by
the ‘neighborhood size effect’. By manipulating neighborhood frequency and
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neighborhood size, the facilitatory effect of neighborhood size was supported
by Sears, Hino and Lupker (1995) in a series of experiments on the processing
of English words (lexical decision and naming).

The alternative explanation, however, could be advanced that the subjects
of Hirose’s (1992) study may have developed the strategy of predicting what
kanji might be coming next, particularly in cases of kanji which would nor-
mally combine with only a few others, but also in cases where the kanji could
combine with a wide variety of other kanji. It is likely that the study of Hirose
(1992) actually showed the ease of predictability for the following compound
word based upon a primed kanji, not the actual mechanism subjects used
to process two-kanji compound words. Subjects were able to make these
predictions because Hirose used an unusually long SOA (Stimulus Onset
Asynchrony) of 3000 milliseconds (i.e., the interval time between the onset
display of a primed kanji and of a target two-kanji compound word).

In fact, Posner and Snyder (1975) suggested that SOA over 500 mil-
liseconds produced ‘conscious control’ or ‘attentional processing’ for target
stimuli. Cheesman and Merikle (1985), whose study compared three SOA
conditions of 50, 550 and 1050 milliseconds, found that attentional process-
ing began with the priming of SOA with 550 milliseconds. They further
suggested that the priming effect should properly refer only to the condition
where a subject did not remember the primed stimulus. Given this, recent
studies using a priming technique are likely to employ SOA which range
from 60 to 90 milliseconds (e.g., Forster, Davis, Schoknecht & Carter 1987;
Forster & Taft 1994; Perfetti & Zhang 1995, Experiment 2).

Nonetheless, Hirose’s study (1992) did show that kanji morphemes are
used by subjects to find another kanji to identify the proper two-kanji
compound word. Because Hirose’s study used such a long SOA, it is still
undetermined whether his inhibitory effect was created by the subjects’
task-specific strategy or by the kanji neighborhood size. Consequently, the
direction of the kanji neighborhood size effect (i.e., inhibitory or facilitative)
remains under-investigated (Saito 1997). Because the kanji neighborhood size
is confounded with other factors such as kanji printed-frequency which acts
to speed up the processing of kanji compound words for naming and lexical
decision (Tamaoka & Hatsuzuka 1995), these factors should be separately
examined. In addition, if a unit of neighborhood calculation in Japanese
words is regarded as a kana (or an equivalent phonological unit of a mora), not
as a kanji, neighborhood size alters. As a result, the effect of neighbors may
not be the same as when the neighborhood condition is perceived in terms of
kanji units.

Most studies on phonological involvement in the processing of kanji mor-
phemes have been conducted for the Chinese language. As the orthographic
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nature of Chinese and Japanese characters is remarkably similar (Tamaoka
1991) and traditional Chinese orthography has shown great stability across a
large geographical area (Leong 1986), some findings concerning the process-
ing of Chinese characters should be applicable to the processing of Japanese
kanji characters.

The effect of morphological semantics was found in the task of Chinese
character identification. Using a backward-masking procedure, Tan, Hoosain
and Peng (1995) observed a significant phonological mask facilitation effect
for high-frequency targets. They also found that there was no semantic mask
effect. However, as Chen (1996) pointed out, a single Chinese character can
stand for numerous different words. Chen claimed that these multiple mean-
ings make a character semantically ambiguous. A post-experimental analysis
by Tan et al. (1995) indicated that when high-frequency targets had a well-
defined meaning, the semantic masks facilitated target identification whereas
when the high-frequency targets had a ‘fuzzy’ meaning, there was no sig-
nificant semantic mask effect. Based upon this, Tan et al. (1995) suggested
that ‘the semantic fuzziness of Chinese characters affects the time course of
activating phonological and semantic codes’ (p. 50). If this is so, morpholog-
ical semantics would be involved much more frequently in simple tasks such
as character identification, lexical decision and naming than we previously
thought. Consequently, morphological semantics seem to have some affect
on the processing of Chinese characters, and probably on Japanese kanji
processing as well.

The topic of semantic involvement in naming and lexical decision for
Japanese kanji compound words is not new. For example, a series of experi-
ments was carried out on semantic processing for kanji. Saito (1981) showed
that words presented in kanji were named more slowly than when they
appeared in the Japanese syllabic (precisely, a unit of mora) symbols of
kana. This trend was reversed when subjects performed the task of seman-
tic decision: words in kanji were processed more quickly to make sentence
acceptance judgments than those in hiragana. Feldman and Turvey (1980)
also reported that two Japanese adults named colors written in kana faster
than ones in kanji, even though kanji are more frequently used to describe
colors. In addition, using concurrent articulation in which subjects constantly
repeated the numbers from 1 to 5, Kimura (1984) found that vocal inter-
ference had no effect on kanji processing, but that it interrupted hiragana
processing. These findings led to the generally-held belief (e.g., Feldman &
Turvey 1980; Goryo 1987; Kaiho & Nomura 1983; Kimura 1984; Kimura &
Bryant 1983; Morton & Sasanuma 1984; Saito 1981) that, for naming, kanji
are processed from orthography via the semantic level to phonology whereas
kana are processed from orthography to phonology.
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However, a study using concurrent articulation questioned this explanation
for kana and kanji processing. Using Kimura’s (1984) method, Tamaoka,
Leong and Hatta (1992) studied Japanese children in Grades 4-6, and found
that the processing of both kanji and kana for lexical decision for words pre-
sented as part of a sentence was adversely affected by concurrent articulation.
The study further reported the interesting result that younger children and
less-skilled readers were more impeded by concurrent articulation than the
older children and skilled readers. In fact, skilled readers in Grade 6 did
not experience strong interference from concurrent articulation. Therefore,
distraction by concurrent articulation appeared to occur not for the type of
script but for the characteristics of readers (i.e., age, grade and reading skill).
Concurrent articulation may not disturb the actual phonological processing
of kana and kanji, but it may affect other cognitive functions, possibly acting
to impair the function of working memory (Baddeley 1986; Baddeley, Lewis
& Vallar 1984; Gathercole & Baddeley 1993).

Further detailed experiments using concurrent articulation were con-
ducted by Kinoshita and Saito (1992). Their results differed from those
discussed above in that concurrent articulation disrupted rhyme decisions
and homophone decisions for the kanji condition more than it did for the
kana-transcribed condition (Experiments 1 and 2), and it did not disrupt lex-
ical decision in either kanji or kana (Experiment 3). The study suggested
that concurrent articulation does not prevent the generation of assembled
phonology, but instead it disrupts the maintenance of phonological codes
involved in working memory. The argument of Kinoshita and Saito (1992)
can be used to explain the findings of Tamaoka, Leong and Hatta (1992) as
regards the characteristics of subjects because it seems very likely that less-
skilled and lower-grade readers will be more impaired in semantic decisions
regarding target words presented in both kana and kanji than are skilled and
higher grade readers due to disturbance of the phonological loop in working
memory.

Recent discussions have focused mostly on orthographic and phonologi-
cal activations during the reading of Chinese characters and Japanese kanji
(e.g., Chen, Flores d’Arcais & Cheung 1995; Leck, Weekes & Chen 1995;
Leong & Tamaoka 1995; Perfetti & Zhang 1991, 1995; Tamaoka, Leong
& Hatta 1992; Wydell, Butterworth & Patterson 1995; Wydell, Patterson &
Humphreys 1993; Zhang & Perfetti 1993; Zhou & Marslen-Wilson 1994, and
many others). Some researchers who have examined phonology and ortho-
graphy are now building on those results by including arguments regarding
semantics, and there is a great possibility of interactive activation among rep-
resentations of orthography, phonology and semantics, and even of interplay
at both the word and morpheme levels which may lead to a model of multiple-

[144]



JAPANESE TWO-KANJI COMPOUND WORDS 299

level interactive activation for morphologically compound words. Thus, the
present study focused upon the semantic processing of kanji in order to exam-
ine the involvement of morphological semantics for the processing of kanji
compound words.

Various studies on semantic variables at the word level have been con-
ducted using the tasks of lexical decision and naming. When a word has
multiple meanings (i.e., is a polysemous word) lexical decisions regarding
it are normally faster than for words with few meanings (e.g., Balota, Ferraro
& Connor 1991; Hino & Lupker 1996; Jastrzembski 1981; Kellas, Ferraro &
Simpson 1988; Strain, Patterson & Seidenberg 1995). Recently, Azuma and
Van Orden (1997) suggested that the relatedness among a word’s meanings
as well as the polysemous factor can influence the performance of lexical
decision. For example, the word ‘bank’ is polysemous in that it can mean
‘a financial institution’ or ‘the land alongside a river’; its two meanings are
not related. Azuma and Van Orden measured meaning relatedness by asking
a subject to rate it on a seven-point scale where 1 meant not related and 7
meant very related. Using this scale, they found that words with few and
unrelated meanings produced slower response times for lexical decision than
all other words which themselves produced equivalent response times. The
factor pertaining to the number of a word’s meanings is often confounded
with the factor of relatedness: a word with many meanings is likely to have
highly related meanings. Yet, both effects are facilitative.

Pronunciation of a polysemous word occurred even more quickly than of a
word with a single meaning (Hino & Lupker 1996). Hino and Lupker argued
that semantic variables at the word level affect the performance of lexical
decision, and probably naming performance as well, by speeding up their
processing. Again, the effect of polysemy is facilitative.

Employing the framework of the interactive-activation model, Balota et
al. (1991) provided an explanation for the results of these studies as follows.
Polysemous words activated multiple semantic representations which gener-
ated feedback to the orthographic representation. The process of feedback
activations from the semantic level resulted in raising the activation level of
polysemous orthography. In contrast, nonpolysemous words received only
a single feedback activation from the semantic level. These differences in
feedback activation from the semantic level created the faster orthographic
activation of polysemous words in comparison with nonpolysemous words.

Assuming that semantic effects exist in naming and lexical decisions for a
single word, do morphological semantics affect the processing of morphemic
compound words? If so, how do semantic variables at the morpheme level
interact with semantics at the word level?
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The interplay of orthographic and semantic representations at the mor-
pheme and word levels could be investigated by altering the morphological
semantics of two-kanji compound words. If feedback activation at the mor-
pheme level occurs in the semantics at the word level, as suggested by
Balota et al. (1991), we expected that the orthographic representation of
the compound word should receive feedback activation from morphological
semantics for opposite- and similar-concept kanji. This should facilitate the
performance of lexical decision, and possibly naming. However, if each kanji
unit in a two-kanji compound word is processed separately from the whole
word, the semantic representation of the compound word may interfere with
semantic representations of the two kanji morphemes. If this is the case, it is
still an open question as to whether the effect of morphological semantics is
facilitative or inhibitory.

Experiment 1

In Experiment 1, a lexical decision task for two-kanji compound words was
conducted to examine the effect of morphological semantics. To make their
lexical decision, subjects had to distinguish a real compound word from a
non-word. This task was especially difficult since the non-words were created
by combining two real kanji: each kanji used for both a real word and a
non-word actually exists as a Japanese kanji morpheme. Thus, the process
of lexical decision involved judging whether or not the two kanji were com-
bined into proper words. In the process of identifying the proper combination,
semantic representations of the two kanji morphemes could be activated as
well as the semantic representation of the compound word in its entirety. If
morphological semantics create the feedback activation to morphological and
lexical orthography, it was expected to speed up the task performance (i.e.,
to have a facilitative effect), even though the task requires activation of the
orthographic representation at the word level. In contrast, if morphological
semantics interfere with lexical semantics, the speed of performing the lexical
decision task will decrease (i.e., will experience an inhibitory effect). If there
is no difference across the three types of compound words, this suggests that
morphological semantics must receive little or no activation during the task
performance (i.e., null effect).

Subjects. Twenty-four graduate and undergraduate students (12 female and
12 male) who were native speakers of Japanese participated in the experi-
ment. Their ages ranged from 19 to 25: on the day of testing, the average age
was 21 years and 4 months for females, and exactly 23 years for males.
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Table 1. Characteristics of stimulus items used for the experiments with two-kanji compound
words

Type of Examples Word Familiarity Stroke  Concrete- Number of
kanji compound frequency rating numbers abstract  morae
Opposite & & 8.62 3.60 1942 343 3.58
concepts EE 9.74) (0.44) 4.37)  (0.54) (0.58)
Similar E 3 4 8.62 3.77 20.88 3.62 3.69
concepts R (9.60) (0.44) 4.10)  (0.49) 0.47)
Closely- b A4 8.62 3.76 20.85 3.61 3.50
bound & A (9.73) (0.49) (3.48)  (0.55) (0.58)

The stroke numbers are averages for the strokes used to create two kanji. Figures in
parentheses are the standard deviations.

Materials and design. All kanji used for the experiment were selected from
the basic 1945 characters taught before the completion of Grade 9, so that all
the subjects would be well-acquainted with them. Three types of two-kanji
compound words were used as stimulus items: (1) words consisting of two
kanji representing opposite concepts (e.g., & long + %& short = length), (2)
words consisting of two kanji representing similar concepts (e.g., & soft +
¥ flexible = pliable), and (3) control words consisting of two closely-bound
kanji (e.g., & wild + ¥ field = wilderness). All the compound words used in
this experiment are listed in the Appendix.

Five factors which might affect the processing of two-kanji compound
words (i.e., word frequency, orthographic complexity as measured by kanji
stroke numbers, the number of morae, the degree of concreteness or abstract-
ness, and the degree of familiarity) were controlled throughout the three
stimulus conditions. The averages of each factor across the three conditions
of the two-kanji compound words are shown in Table 1.

For the word frequency, the three stimulus conditions had exactly the same
average of 8.62 occurrences in the total of 1,967,575 printed words calculated
according to the index provided by the National Language Research Institute
(1973). A one-way analysis of variance (ANOVA) on the word frequency
across the three types of two-kanji compound words indicated no significant
main effect [F(2,75) = 0.00, p < 0.999]. Thus, there was no difference in
the means of word frequencies among the three conditions of the compound
words.

The effect of familiarity on lexical decision has been reported by other
researchers (e.g., Gernsbacher 1984). It also was controlled throughout the
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three conditions of compound words. Using a seven-point scale from 1 as
‘seldom seen’ to 7 as ‘very often seen’, all the items used in this experiment
were measured for their degrees of familiarity. A one-way ANOVA on the
degree of familiarity was conducted across the three conditions of compound
words. The result showed no main effect [F(2,75) = 1.15, p < 0.325].

Because orthographic complexity has been observed to affect the process-
ing of Chinese characters (Leong, Cheng & Mulcahy 1987; Tamaoka 1992),
we controlled the average number of strokes (figures from Kamata 1991) for
our compound words to within a single stroke. The compound words with
two opposite concepts were drawn with an average of 19.42 strokes (10.04 for
left-hand kanji and 9.38 for right-hand kanji); those with two similar concepts
had 20.88 strokes (10.42 for left-hand kanji and 10.46 for right-hand kanji);
and those which functioned as our control words had 20.85 strokes (10.81
for left-hand kanji and 10.04 for right-hand kanji). A one-way ANOVA on
stroke numbers across the three types of compound words did not show any
significant main effect; left-hand kanji [F(2,75) =0.37, p < 0.695], right-hand
kanji [F(2,75) = 0.82, p < 0.446] and both kanji [F(2,75) = 1.13, p < 0.330].

When presented without a context, concrete words are processed for the
tasks of both naming and lexical decision faster and more accurately than
abstract words (e.g., Bleasdale 1987; Kroll & Merves 1986; Schwanenflugel
& Shoben 1983). Because of this, the degree of concreteness or abstractness
was controlled in the present study across the three conditions of the com-
pound words. The stimulus items used in the present study were measured
on a seven-point scale of semantic differentiation where 1 point stood for
‘very abstract’ and 7 for ‘very concrete’. As indicated in Table 1, the degree
of concreteness or abstractness produced only small differences among the
three conditions of compound words. As predicted from the small range of
the means, a one-way ANOVA did not show a main effect of the degree on
the concreteness-abstractness continuum [F(2,75) = 1.53, p < 0.228].

Word length is also reported to be an influential factor for the process-
ing of English words (Weekes 1997), and of Japanese katakana loan-words
(Tamaoka, Hatsuzuka, Kess & Bogdan 1998). Given this, the average number
of morae in each type of compound word which we used varied only within
the small range of 3.50 to 3.69 morae, as indicated in Table 1. Again, a one-
way ANOVA on the number of morae across the three types of compound
words did not have any main effect [F(2,75) = 0.82, p < 0.446].

Each kanji often has a multiple reading as described in various stud-
ies (e.g., Leong & Tamaoka 1995; Tamaoka 1991; Wydell, Butterworth &
Patterson 1995). In addition to the above five factors, to avoid the possible
effect of these multiple readings which are known as On- and Kun-readings,
all the compound words used in the present study were pronounced only
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Table 2. Lexical decision times and errors for the three types of two-kanji
compound words

Type of kanji Reaction times  Error rates RT differences
compound (ms) (%) (ms)
Opposite concepts 768 (97) 5.29 +52

Similar concepts 743 (94) 7.85 +27
Closely-bound 716 (90) 7.05 —

The differences in reaction times were calculated by subtracting the mean
reaction time of the word conditions of opposite concept and similar concept
from the control condition of closely-bound. Figures in parentheses are the
standard deviations of reaction times.

as On-readings. Consequently, this fundamental phonological feature of the
compound words should not affect their processing.

To solicit the correct ‘no’ response in the lexical decision task, we cre-
ated 78 non-words by simply combining two characters from the list of
the 1945 basic characters. These non-words do not exist orthographically or
phonologically in the Japanese language.

Procedure. The compound words and non-words were randomly presented to
subjects in the center of a computer screen (Toshiba, J-3100 Plasma display)
600 milliseconds after the appearance of an eye fixation point marked by
an asterisk ‘x’. The subjects were instructed to respond as quickly but as
accurately as possible in deciding whether the item was a word or not. The
response was made by pressing a ‘yes’ ora ‘no’ button. Twenty-four practice
trials were given to the subjects prior to commencement of the actual testing.

Results

The mean reaction times and error rates for the lexical decision task in the
three types of compound words are presented in Table 2. The statistical tests
which follow analyze both subject (Fs) and item (Fi) variability. A one-way
ANOVA for the three types of compound words was conducted on reaction
times of correct responses and accuracy ratio. Before performing the analysis,
reaction times outside of 2.5 standard deviations in both the high and low
range were replaced by the boundaries indicated by 2.5 standard deviations
from the individual means of subjects.

The one-way ANOVA on reaction times for lexical decision indicated that
the type of two-kanji compound word showed a significant main effect on
subject analysis [Fs(2,46) = 17.06, p < 0.0001] and item analysis [Fi(2,50) =
3.20, p < 0.05].
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Further analysis using an orthogonal polymetric comparison was carried
out to isolate the main effect over the three types of compound words. The
compound words with two opposite-concept kanji were processed signifi-
cantly slower than words with two similar-concept kanji [Fs(1,23) = 6.61,
p < 0.05] and the control group of the closely-bound two-kanji compound
words [Fs(1,23) = 31.13, p < 0.0001]. The similar-concept kanji compound
words also showed significantly slower reaction times than did the control
group [Fs(1,23) = 13.56, p < 0.001].

The same analysis was conducted using the item means. The result dif-
fered in the condition of words with two similar-concept kanji. These did
not show slower reaction times than words of two opposite-concept kanji
[Fi(1,25) = 1.46, p < 0.238] or the control group of closely-bound two-kanji
compound words [Fi(1,25) = 1.71, p < 0.203]. Thus, despite the significant
main effect indicated by both the subject and item means, some specific
items may create the significant results of pair-matched comparisons for the
condition of two similar kanji compounds. In contrast, the words with two
opposite kanji hold the same result as shown by the subject means — they
differed significantly from the control group [Fi(1,25) = 6.44, p < 0.05].

Although the analysis of the item means for pair-matched orthogonal poly-
metric comparisons did not show a clear trend as the result of the subjects’
means indicated, the overall results pointed to how the compound words
constructed by morphemic units affected the processing speed for lexical
decision, especially for the words with opposite-concept kanji.

The accuracy ratio was also analyzed by a one-way ANOVA for the type of
compound word. The result showed that there was no significant main effect
by either subject analysis [Fs(2,46) = 2.65, p < 0.08] or by item analysis
[Fi(2,50) = 0.99, p < 0.38]. Therefore, the type of kanji combination did not
affect the processing accuracy of the words.

Discussion

The results of Experiment 1 indicated that two-kanji compound words were
processed differently for lexical decisions, depending upon the way in which
they were constructed by kanji morphological semantics. The words consist-
ing of two kanji with opposite concepts were processed more slowly than
those of two kanji with similar concepts, both of which were even slower than
the controlled group of closely-bound kanji compound words. This finding
suggests that kanji morphemes of opposite and similar concepts are semanti-
cally activated as a morpheme unit, as well as a word unit at the semantic
level. However, since the effect of the activation was inhibitory, semantic
representations of the two morphemes and the compound word must com-
pete with each other at the semantic level. This interference is particularly
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strong when morphemic representations of opposite meanings are activated.
The degree of semantic competition must be reduced when compound words
consisting of two kanji with similar concepts are processed. Therefore, the
present study suggests that semantic activations will occur at both the mor-
pheme and word level when two-kanji compound words are processed for
lexical decision, and that their activations at the semantic level will compete
with each other.

Experiment 2

Further investigation was carried out using the naming task with the same
stimulus items employed in Experiment 1. When subjects name two-kanji
compound words, they are obliged to activate a phonological representation
of the whole word to produce its phonological output. If the semantic acti-
vation at the morpheme level does not interfere with phonological activation,
naming latency will not differ across the three conditions of the compound
words (i.e., null effect). If the null effect does not occur, it is also interesting
to examine, as we did for the lexical decision task, whether naming slows
down when two kanji have opposite meanings (i.e., inhibitory effect). If nam-
ing of compound words with opposite- and/or similar-concept kanji is faster
than naming of the control group, it could be assumed that morphological
semantics create extra activation to morphological and lexical phonology
(i.e., facilitative effect).

Subjects. Twenty-four graduate and undergraduate students (12 female and
12 male) who were native speakers of Japanese participated in the experi-
ment. Their ages ranged from 19 to 32: on the day of testing, the average
age was 22 years and 6 months for females, and 24 years and 3 months for
males. Subjects who had participated in Experiment 1 were not included in
Experiment 2.

Materials. The 78 compound words (26 of each type of compound word)
from Experiment 1 were also used in Experiment 2 for the naming task.
Because the kanji used to create the non-words in Experiment 1 could be
pronounced in multiple ways, non-words were not included in the naming
task of Experiment 2.

Procedure. The items of compound words were randomly presented to sub-
jects in the center of a computer screen 600 milliseconds after the appearance
of an eye fixation point marked by “x’. The subjects were required to pro-
nounce the compound word shown on the screen as quickly but as accurately
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Table 3. Naming latencies and errors for the three types of two-kanji compound

words
Type of kanji Naming latencies  Error rates RT differences
compound (ms) (%) (ms)
Opposite concepts 645 (98) 3.53 +55
Similar concepts 636 (91) 2.40 +46
Closely-bound 590 (76) 1.28 —

The differences in naming latencies were calculated by subtracting the mean
reaction time of the word conditions of opposite concept and similar concept
from the control condition of closely-bound. The figures in parentheses are
standard deviation of naming latencies.

as they could. A voice-activated key turned off a timer to measure the naming
latency. The correctness of pronunciation was entered into the computer by
the examiner. The next fixation point was presented 600 ms after the examiner
pressed the key. Eight practice trials were given to the subjects prior to the
commencement of the actual testing.

Results

The mean reaction times and error rates for the naming task in the three types
of compound words are presented in Table 3. As conducted in Experiment 1,
the statistical tests which follow analyze both subject (Fs) and item (Fi) vari-
ability. Using the methods employed in Experiment 1, we discarded outliers
and performed a one-way ANOVA on the type of words for the reaction times
of correct responses and for the accuracy ratio.

The one-way ANOVA indicated that the type of two-kanji compound word
showed a significant main effect on both subject analysis [Fs(2,46) = 32.43,
p < 0.0001] and item analysis [Fi(2,50) = 4.31, p < 0.02]. Further analy-
sis with an orthogonal polymetric comparison was carried out to isolate the
main effect of the word type. Naming latency for words consisting of two
opposite concepts did not differ significantly from that for similar concepts
[Fs(1,23) = 1.43, p < 0.245, and Fi(1,25) = 0.67, p < 0.421]. Interestingly,
naming latency for words of opposite concepts differed significantly from that
for the closely-bound words [Fs(1,23) = 46.36, p < 0.0001, and Fi(1,25) =
8.00, p < 0.01], as well as for similar concepts and closely-bound words
[Fs(1,23) = 55.24, p < 0.0001. and Fi(1,25) = 9.21, p < 0.01]. Thus, our
results of analysis using both the subject and item means showed a strong
trend that kanji semantic concepts constructing compound words have an
inhibitory effect upon the speed of naming two-kanji compound words.
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The accuracy ratio was also analyzed by a one-way ANOVA for the type
of compound word. The result showed that there was no significant main
effect by subject analysis (Fs(2.46) = 2.94, p < 0.06] or by item analysis
[Fi(2,50) = 1.66, p < 0.21]. Therefore, as shown in Experiment 1 for lexical
decision, the type of kanji combination did not affect processing accuracy for
naming two-kanji compound words.

Discussion

Similar to the results regarding lexical decision in Experiment 1, naming
latency differed among the three types of compound words. The words
consisting of two kanji with opposite concepts and with similar concepts
were named more slowly than the controlled words of closely-bound kanji.
Because, as was the case in lexical decision. the effect was inhibitory,
semantic representations of two morphemes and their compound word must
compete with each other at the semantic level, which results in slowing
down their whole-word naming. This tendency was transparent when subjects
processed compound words with opposite kanji concepts. Semantic compe-
tition seemingly interfered to a lesser degree in the processing of compound
words with similar kanji concepts.

General discussion

The present study indicated that morphological semantics affected the
processing of compound words for both tasks of lexical decision and naming.
The effect was inhibitory.

According to Seidenberg and his colleagues (Seidenberg 1985, 1989;
Seidenberg & McClelland 1989; Waters & Seidenberg 1985), the major dif-
ference between the tasks of lexical decision and naming is in the type of
activation used for performing each task. Both types operate at the word level,
but naming requires the activation of phonological representations whereas
lexical decision requires the activation of orthographic representations. How-
ever, the results of the present study cannot be explained solely by the
activations of phonological and orthographic representations since semantic
variables also affected the processing of compound words.

A recent study by Strain, Patterson and Seidenberg (1995) revealed that
reading aloud is affected not only by spelling-sound typicality but also by
the semantic variable of imageability for lower-frequency words. Likewise,
although the present study focused on morphological semantics, its results
also indicated that semantics has an affect on word processing. Therefore,
when we apply the framework of the interactive activation model described

[153]



308 KATSUO TAMAOKA & MAKIKO HATSUZUKA

by Seidenberg and McClelland (1989) to the results of the present study, the
representations of orthography, phonology and semantics should interact with
each other based upon the subject’s need for a strategy which is developed for
the task performance.

Previous studies (e.g., Balota, Ferraro & Connor 1991: Hino & Lupker
1996; Jastrzembski 1981; Strain, Patterson & Seidenberg 1995) concern-
ing the semantic aspect of word processing suggested that, due to feedback
activation from the semantic level, words with multiple meanings (i.e., pol-
ysemous words) were processed faster than nonpolysemous words in lexical
decision and possibly in naming. Again, within the framework of the inter-
active activation model, an explanation was applied to the task of lexical
decision (Balota, Ferraro & Connor 1991) as follows. The orthographic repre-
sentation of polysemous words receives support from the multiple feedbacks
generated at the semantic level and this results in increasing activation. By
contrast, nonpolysemous words receive only a single feedback. Naming is
affected in a similar manner in that the phonological representations of the
polysemous words receive multiple feedback activations from the seman-
tic level. Because the feedback activation from the semantic level helps
to raise the activation level of orthographic representation for lexical deci-
sion, and phonological representation for naming, the speed of processing is
accelerated for both tasks, unlike in the processing of nonpolysemous words.
Consequently, this effect is facilitative.

The spreading-activation theory in the lexical network (e.g., Collins &
Loftus 1975; Dell 1986; Stemberger 1985) predicts the facilitative results of
the present study, as far as two-kanji compound words of two similar concepts
are concerned. An equivalent in English is that the activation of the word doc-
tor will automatically raise the activation level of other related words such as
nurse, surgeon and hospital. Correspondingly, the Japanese compound word
sorrow (AR /hi ai/) used in the present experiments is constructed by the two
kanji morphemes of sad (# /hi/) and pity (& /ai/). If an activation of a single
semantic code spreads to various similar concepts which are closely linked
to each other, the semantic activation of sad or pity should result in raising
the activation level of sorrow. This tendency should occur in other compound
words used in the present study (e.g., the words, darkness (F&®& /aN koku/)
which consists of dark (B& /aN/) and black (% /koku/), joy (¥ /kaN ki/)
which consists of joy (8 /kaN/) and rejoice (B /ki/), and extinct (¥ /daN
zetu/) which consists of cut (8t /daN/) and die out (# /zetu/). Accordingly,
this semantic effect should be facilitative for the compound words of two
similar concepts. Simply, the tasks of lexical decision and naming should be
performed more quickly for compound words of similar kanji concepts than
for the control words.
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The result of the present study, however, contradicts the hypotheses of
feedback activation (e.g., Balota, Ferraro & Connor 1991; Hino & Lup-
ker 1996; Jastrzembski 1981; Strain, Patterson & Seidenberg 1995) and
spreading-activation (e.g., Collins & Loftus 1975; Dell 1986; Stemberger
1985). By contrast, our results showed an inhibitory rather than a facilitative
effect upon the processing of two-kanji compound words in both tasks of
lexical decision and naming. In the explanatory framework provided by the
feedback activation and spreading-activation models, it should be noted that
they allow only for the facilitative effect, or, if this does not occur, for null
effect. Thus, they cannot explain the results of the inhibitory effect in the
present study.

Morphological semantics in the present study were inhibitory because two
morphemes seem to have been independently activated at the semantic level,
unlike in the control condition of closely-bound compound words. In contrast,
multiple meanings in polysemous words are all activated from one source
which produces feedback activation from multiple lexical semantics. Simi-
larly, the spreading-activation theory also developed within a network at the
word level. However, since the activation from morphological semantics orig-
inates in two different orthographic representations at the morpheme level,
semantic activation cannot easily play a major role in raising the activation
level of the target orthographic representation (i.e., a compound word) by
feedback from the semantic system. Thus, morphological semantics cannot
provide as strong a feedback to activate the orthographic representation of
the compound word.

Our study differs from other studies of polysemous words (e.g., Balota,
Ferraro & Connor 1991; Hino & Lupker 1996; Jastrzembski 1981; Strain,
Patterson & Seidenberg 1995), spreading-activation (e.g., Collins & Loftus
1975; Dell 1986; Stemberger 1985) and imageability (e.g., Strain, Patterson
& Seidenberg 1995) in two ways.

First, these studies concentrated on words of polysemousness, spreading-
activation and imageability as they operated at the word level. Although our
study also examined this area of semantic effects, we analyzed semantic
variables presented at the morpheme level. As previous studies in various
languages (e.g., for English: Andrews 1989; Taft & Forster 1975, 1976; for
Chinese: Taft, Huang & Zhu 1994; Wu, Chou & Liu 1994; Zhou & Marslen-
Wilson 1994; Zhu & Taft 1994; Zhang & Peng 1992; for French: Beauvillain
1994; for Japanese: Hirose 1992; Tamaoka & Hatsuzuka 1995) suggest that
morphemic units also play an important role in the processing of compound
words, the present study should deal with the two different levels of word and
morpheme together. The interplay between the different levels may create
the different effects. Second, when we examined semantics, we investigated
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the semantic effect of opposite and similar concepts at the morpheme level,
particularly in connection with the processing of compound words. There-
fore, the explanation regarding the result of the inhibitory effect in the present
study should take these two differences into consideration.

The model of interactive activation (e.g., McClelland & Rumelhart 1981;
Seidenberg 1985, 1989; Seidenberg & McClelland 1989; Waters & Sei-
denberg 1985) holds that all compound words or polymorphemic words
are represented as whole words. Although we employed their theoretical
framework, the results of the present study cannot be fully explained by
the activation of whole-word representations. Because morphological seman-
tics affected the processing of compound words created by semantically-
independent morphemes such as two kanji for similar and opposite concepts,
we assumed that representation at the morpheme level did exist separately
from representations at the word level.

Previous studies support the role of morphological units in the processing
of compound words (e.g.. Andrews 1989; Beauvillain 1994; Taft 1991; Taft,
Huang & Zhu 1994; Taft & Zhu 1995; Tamaoka & Hatsuzuka 1995; Wu,
Chou & Liu 1994; Zhang & Peng 1992; Zhou & Marslen-Wilson 1994; Zhu
& Taft 1994). It is, however, important to distinguish between two views
regarding the processing model which differ over how morphological units
are represented in the lexicon. Taking the English compound word of flower-
pot as an example, one view holds that the representation of this compound
word could be independently stored as the whole word of flowerpot as well
as separately, as the free morphemes of flower and pot. The representation
of the whole word plays the major role in processing, and the morphemic
representations are used as a back-up mechanism if the whole word access
fails (Butterworth 1983). The second view states that the two morphological
units of flower and pot are separately stored. and that they create their com-
pound word of flowerpot which is not independently stored. The former view
could be called ‘whole-word representation” while the latter view is known
as ‘morphological decomposition’ or ‘morphological listing’.

To explain the results of the present study, morphological representations
should be included as a part of the overall processing model. To produce
competition between two kanji morphemes of opposite concepts (e.g., ‘long’
and ‘short’), and, at the same time, to disrupt the activation of lexical seman-
tics (e.g., ‘length’), all these semantic representations should be listed in the
lexicon to interact with each other in the semantic system.

This is also true when we consider the result of the present study that
compound words with two kanji of similar concepts displayed a lesser degree
of morphological semantic effect than those with kanji of opposite concepts.
Therefore, it is logical to suggest that the whole word, as well as the mor-
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phemes, are represented together in the lexicon. Including all these elements
and processes in the structure of the processing model, the model for Japanese
two-morpheme (kanji) compound words is developed within the framework
of interactive activation but the morphological structure is added to it.

Japanese kanji are fundamentally used for representing content vocabu-
lary, that is, words originally borrowed from Chinese, compounds of these
words created by the Japanese themselves, and native Japanese vocabulary.
Because the compound words with kanji of two opposite concepts displayed
a clear tendency to be affected by the inhibitory effect, we will focus on
an opposite-concept compound word to clarify its cognitive processing. As
shown in Figure 1, the word length in Japanese is created by two kanji
morphemes having opposite concepts, namely, long and short. A visually-
presented word is orthographically processed as the two orthographic mor-
phemes of long (&) and short (8&) which further orthographically combine to
create the two-kanji compound word, length (%3&). Morphological semantics
are included within the compound word in the condition where the meaning
of the two morphemes conflicts with each other.

Semantic representations of these two opposite concepts are almost simul-
taneously activated at the morpheme level, at the same time that the semantic
representation of the compound word of ‘length’ (&%) is being activated.
Then, not only do the kanji morphemes of ‘long’ (&) and ‘short’ (%) compete
with each other, they also interfere with the activation of the whole-word lexi-
cal representation of ‘length’. As a result of this competition, the performance
of lexical decision and naming slows down. Therefore, our study suggests
that morphological semantics, particularly for compound words of two kanji
of opposite concepts and to a lesser degree for those with similar concepts,
create semantic competition between the two kanji morphemes and interfere
with the activation of the whole word in the semantic system.

Despite the prediction of the facilitate effect by the spreading-activation
theory (e.g., Collins & Loftus 1975; Dell 1986; Stemberger 1985), our com-
pound words with two kanji morphemes of similar concepts also indicated
the inhibitory effect in naming although the effect was not clearly apparent in
lexical decision. A single two-kanji compound word actually raises, through
similar concepts, three similar semantic representations, one for a whole word
and two for the kanji morphemes. The activation from orthographic represen-
tations, then, may be distributed into three semantic representations. As a
result, the levels of activation in each semantic representation are weakened,
and further compete with each other as increasing the activation level of the
semantic representation of the target meaning. For instance, sorrow ()
receives a semantic activation as do the kanji morphemes of sad (#%) and
pity (). These three semantic representations compete with each other to
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Figure 1. The processing model of the word for ‘length’ consisting of two kanji for ‘long’ and
‘short’.

gain more activation. For this process, the compound words of two-kanji
morphemes, even those with similar concepts, but particularly those with
opposite concepts, require extra time for performing the tasks of naming and,
to some degree, lexical decision than the control compound words.

Syntactic features did not play a major role in the present study. Nonethe-
less, the involvement of syntactic features in the processing of two-kanji
words is to be expected because the morphemic kanji units are often accom-
panied by an adjective or a verb inflectional suffix. Taking the compound
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word length (F%8) used in the present experiments, the kanji morpheme of
long (&) on the left side of the compound word always appears as &UL»
(infinitive form) in the written Japanese text. It is formed by combining the
kanji morpheme of & with an adjective suffix of LY and together they are
read as /naga-i/. Likewise, the kanji morpheme of short (§&) on the right side
of the compound word is combined with the same adjective suffix of LV /i/
and is pronounced as /mijika-i/. Nevertheless, the compound word of &4 is
pronounced /tyoR taN/ with a combination of the two morphemic sounds of
/tyoR/ and /taN/. Given this, the pronunciation of the two kanji morphemes
of & and %& changes depending upon grammatical category, in this example,
upon whether they are to be interpreted as part of a noun or as adjectives.

As mentioned previously, there are two types of kanji readings, namely
On-reading and Kun-reading. On-reading pronunciations were adapted from
the Chinese language when kanji were implanted in Japanese, whereas Kun-
readings were created by the native Japanese themselves (for the details of
On- and Kun-readings, see Leong & Tamaoka 1995; Tamaoka 1991; Wydell,
Patterson & Humphreys 1993). The compound words used in the present
study were all of the On-reading type (e.g., && /tyoR/ and /taN/). Kanji mor-
phemes with an adjective or a verb suffix are frequently read as Kun-readings
(e.g., &L /naga-i/ and %& L\ /mizika-1/). Although not all the compound words
used in the present experiment follow this rule, most of the kanji morphemes
in the present study can be separately used as verbs, adverbs and adjectives
with inflectional suffixes and, then, these kanji morphemes are most normally
read as Kun-readings.

Since Kun-reading originated from the Japanese language, there is even a
claim that Kun-readings of kanji are closely linked to their meanings (Kaiho
& Nomura 1983; Nomura 1979). The claim by Nomura (1979), however,
seems too extreme. It is sometimes observed that some Japanese native speak-
ers misidentify On-readings of kanji morphemes as Kun-readings when the
On-readings are firmly tied to their meanings, as in the case of # /kiku/ mean-
ing ‘chrysanthemum’ and # /tya/ meaning ‘tea’. Consequently, the cognitive
boundary between On- and Kun-readings held among Japanese native speak-
ers may not be as clearly-defined as in a dictionary. It is very possible that On-
and Kun-readings might exist only for the purpose of ‘convenience’ in order
to help speakers choose the proper pronunciation from among multiple kanji
readings, depending on the type of words in different grammatical categories.

As the phonological choice of On- and Kun-reading is closely related to
grammatical category, the processing model of two-kanji compound words
as depicted in Figure 1 included the syntactic features associated with On-
and Kun-readings. The phonological representations of On-readings, /typoR/
and /taN/ at the morpheme level are combined at the word level to form the
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phonological representation of /tyoR taN/. The orthographic representations
of & and %& at the morpheme level are connected not only to the On-readings
of /tyoR/ and /taN/, but also to the Kun-readings of /naga/ and /mizika/ at
the same morpheme level. Both On- and Kun-readings are further linked
to their semantic representations of ‘long’ and ‘short’ which also have their
connections to the orthographic representations at the morpheme level.

In the phonological aspect, the two kanji morphemes with the Kun-
readings of /naga/ and /mizika/, however, have their connections to the
syntactic features of adjectives. The syntactic features are frequently referred
to as ‘lemmas’, a term coined by Kempen and Huijbers (1983). Lemmas
represent the various syntactic properties of a word. Taking the compound
word length (&%) as an example depicted in Figure 1, the meaning of ‘long’
which is represented by the single kanji morpheme of & (an orthographic
representation at the morpheme level) or the Kun-reading of /naga/ (a phono-
logical representation at the morpheme level) is indicated to be an adjective
by combining it with an adjective suffix, L} /i/ at the level of the syntac-
tic features (i.e., the lemmas). Its actual syntactic uses are specified in the
lemmas to create a phrasal structure such as ‘a long nose’ (&L /naga-i
hana/), or ‘a long bridge’ (&L ‘& /naga-i hasi/). In the same way, ‘short’ is
syntactically specified by its lemma. Kempen and Huijbers (1983) also refer
to the mental representation of word-form information as the ‘lexeme’, but
we chose to use orthographic and phonological representations because they
have the advantage of describing mental representations in greater detail.

Recent neuropsychological studies have provided evidence to prove the
independent existence of the lemmas. Studies of brain-damaged patients have
shown selective deficits in the processing of a single grammatical category
such as dissociation between nouns and verbs (Caramazza & Hills 1991;
Daniele, Giustolisi, Silveri, Colosimo & Gainotti 1994; Hills & Caramazza
1995; Miceli, Silveri, Nocentini & Caramazza 1988; Rapp & Caramazza
1997). These studies suggest that information concerning grammatical cate-
gories is an important organizational tool for the cognitive processing of
languages. In a study of grammatical gender, Caramazza (1997) further
proposed that access to a word’s lexical-semantic representation does not
automatically guarantee access to its syntactic features, and likewise, that
access to the word’s phonological features can occur independently of access
to its syntactic features. This claim seems very reasonable for Japanese as
well because the kanji morpheme unit of & (/tyoR/ for On-reading or /naga/
for Kun-reading) seemingly allowed direct access to its meaning of ‘long’
even when the syntactic feature of the adjective suffix L) /i/ was not present.
Thus, in the model in Figure 1, a direct connection to semantic representations
is allowed from orthographic and phonological representations at the mor-
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pheme and word level. We assumed that the syntactic features or the lemmas
could be independently located to specify grammatical categories and their
uses to comprehend and produce words, phrases, clauses and sentences.

In sum, the present study suggests four major theoretical parameters. First,
the variable of semantics at the morpheme level affected the processing of
compound words as did other semantic factors such as fuzziness (e.g., Tan
et al., 1995) abstract versus concrete (e.g., Bleasdale 1987; Kroll & Merves
1986; Schwanenflugel & Shoben 1983), imageability (e.g., Strain, Patter-
son & Seidenberg 1995), and polysemy (e.g., Azuma & Van Orden 1997,
Balota, Ferraro & Connor 1991; Hino & Lupker 1996; Jastrzembski 1981;
Strain, Patterson & Seidenberg 1995). Second, the morphological activation
in orthographic representations leads to the raising of the activation level
of morphemic semantics. Japanese two-kanji compound words are proba-
bly processed as a decomposed form as shown in previous studies (e.g.,
for English: Andrews 1989; Taft & Forster 1975, 1976; for Chinese: Taft,
Huang & Zhu 1994; Wu, Chou & Liu 1994; Zhang & Peng 1992; Zhou
& Marslen-Wilson 1994; Zhu & Taft 1994; for French: Beauvillain 1994;
and for Japanese: Hirose 1992; Tamaoka & Hatsuzuka 1995). Third, con-
trary to the prediction of the facilitative effect by the previous theories of
feedback activation (e.g., Balota, Ferraro & Connor 1991; Hino & Lupker
1996; Jastrzembski 1981; Strain, Patterson & Seidenberg 1995), neighbor-
hood size effect (e.g., Andrews 1989, 1992; Sears, Hino & Lupker 1995)
and spreading-activation (e.g., Collins & Loftus 1975; Dell 1986; Stemberger
1985), the effect of morphemic semantics in the present study was inhibitory.
This effect was explained as competition between the morphemic seman-
tics and the semantic representation of a whole word when the compound
words of two kanji morphemes are processed. It was particularly strong with
words of opposite concepts and less so with those of similar concepts. Fourth,
syntactic features may be involved in the processing of two-kanji compound
words, especially when each kanji morpheme is used with an adjective or verb
suffix, although this was not a major concern in the present study. Then, as
proposed by neuropsychological studies (e.g., Caramazza 1997; Caramazza
& Hills 1991:; Daniele, Giustolisi, Silveri, Colosimo & Gainotti 1994; Hills
& Caramazza 1995; Miceli, Silveri, Nocentini & Caramazza 1988; Rapp &
Caramazza 1997), it is possible that the syntactic features (or the lemmas)
may independently exist and play an equally important part in the cognitive
system as related to language processing.
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Appendix

Word Kanji meaning Word meaning

(1) Compound words with two kanji of opposite concepts

B E good + evil = good and evil

B &g cause + effect = cause and effect, misfortune
85 light + heavy = the importance of the matter
5 difficult + easy = the importance of the matter
» B dark + faint = shade

& high + low = uneven

[ strong + weak = strength

AE poor + rich = the degree of wealth or poverty
&k s long + short = length

b4 far + near = distance

) true + lie = truth

E front + back = two sides

# B advance + retreat = movement, course of action
B & credit + debt = loan

= i send + receive = welcome and farewell

& % life + death = safety

% = increase + decrease = vary

¥ 18 new + old = old and new

B advantage + damage = interests

e ) g0 + return = a return trip

¥ =F attack + protect = offense and defense

* K sell + buy = trade

El exist + nothing = existence

B B win + lose = victory or defeat

] end + beginning = throughout

A 4 inside + outside = around, inside and outside

(2) Compound words with two kanji of similar concepts

B A cut + die out = extinct

T perish + dead = downfall, destruction
R sad + pity = sorrow

E 3 /¢ flexible + soft = flexibility

g bundle + bind = constraint

™|k dead + lose = loss

b= suitable + alright = suitable
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Kanji meaning

Word meaning
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meet + encounter
form + condition
copy + imitate

joy + rejoice

sleep + sleep

dark + black

return + return
obstruct + damage
lower + go down
warm + warm
same + equal

root + source

ship + ship
dedicate + serve
single + alone

full + suffice

merit + achievement
sacrifice + sacrifice
body + body

= encounter
= shape, configuration
= imitation

= joy, delight
= sleep

= darkness

= return

= disturbance
= falling

= warm

= equal

= origin

= ship

1]

service

independent

satisfaction

meritorious service

= sacrifice
= body

(3) Closely-related compound words

beginning + fermentation
border + give

leave behind + transmit
wild + field

join + continue

move + residence
interval + eat

love + attached

carry + river

school + song

melt + solution

dot + line

keep watch over + investigate
righteousness + reason
appoint + will

lack + seat

lead + writing brush

red + tea

= fermentation

= participation

= heredity

= wilderness

= connection

= migration

= eating between meals
= attachment, affection
= canal

= a school song

= dissolve

= perforated line

= inspection

= sense of duty

= optional

= absence

= pencil

= black tea
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Word Kanji meaning Word meaning

#®] 1T get used to + proceed = custom

B8 self + lazy = be proud of

& H active + errand = practical use

® 5 gather + meeting = gathering

B 7 carve + engrave = sculpture

& 8 longitude + pass = lapse, passage of time
L ) feeling + aware = sense

Bl # separate + villa =villa

The English translations of kanji morphemes and their compound words are mostly taken from
The Kanji Dictionary by Spahn and Hadamitzky (1996).
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