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Where Do Statistically-Derived Indicators and
HumanStrategies Meet When Identifying
On- and Kun-Readings of Japanese Kanji?

Katsuo Tamaoka

The present study investigated attributes of kanji On- and Kun-readings from the
perspectives of both statistical prediction and human strategy. In Study 1, discriminant
analysis using the stepwise method revealed four significant indicators out of ten kanji
characteristics for distinguishing On- and Kun-readings. These indicators are semantic
concreteness, naming latency, special sounds and number of strokes. In Study 2, an
On- or Kun-reading test is given to 30 native Japanese speakers. The result showed
tendencies similar to the accuracy rates of discriminant analysis. After the test, a ques-
tionnaire revealed that 6 out of 10 strategies were employed by more than 6 out of
the 30 participants. Three of these were congruent with significant indicators specified
by discriminant analysis, namely, semantic concreteness, naming latency and special
sounds. Despite the significant indicator in Study 1, particular strategies concerning
kanji strokes and radical frequency were not used by humans. Native Japanese speak-
ers are likely to use kanji neighborhood, kanji homophones and number of morae. The
results between indicators and strategies illustrate a more general point: On- and Kun-
readings can be effectively predicted by discriminant analysis on the basis of various
kanji characteristics; however, due to a lack of consistency in On- and Kun-readings
attached to each kanji, humans can flexibly incorporate a wider variety of strategies

when making their determinations.
Keywords: Japanese kanji, On- and Kun-readings, discriminant analysis, human

strategy

1. Introduction

Japanese kanji were adopted from Chinese

characters to provide the Japanese with a way

to write down their spoken language (see de-

tails about kanji in Hadamitzky &; Spahn,

1981; Nomura, 1988; Kabashima, 1989; Kess

& Miyamoto, 1999; Miller, 1967; Seeley, 1984a;

Takamatsu, 1997; Takashima, 2001; Tamaoka,

1991; Tsukishima, 1979; Wydell, Butterworth &

Patterson, 1995). Kanji pronunciation can be di-

vided into two types; On-readings derived from

the original Chinese pronunciation, and Kun-
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readings originating from the Japanese pronun-

ciation. Native Japanese speakers are able to

judge On-readings and Kun-readings at a rela-

tively high probability rate when they listen to

kanji pronunciations. It is difficult to imagine an

arbitrary mapping between kanji and their On-

and Kun-readings constructed in the lexicon of

native Japanese speakers without rules.

This study investigated strategies used by na-

tive speakers to identify On- and Kun-readings.

This question was approached from two per-

spectives. First, from a linguistic perspective,

Study 1 employed discriminant analysis to iden-

tify and explore kanji characteristics based on the

assumption that some kanji characteristics effi-
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ciently distinguish On- and Kim-readings. Sec-

ond, from a human strategic perspective, Study

2 investigated the nature of considerations made

by native Japanese speakers to distinguish be-

tween On- and Kun-reading. Approached from

both perspectives, the present study further clar-

ified similarities and differences between signifi-

cant indicators and human strategies.

2. Phonological Sense of On- and

Kun-readings Held by Native

Japanese Speakers

There is evidence that native Japanese speak-

ers form a phonological boundary between On-

reading and Kun-reading. Tamaoka (2002)

showred that kanji with a 50 ± 5 percent of On-

and Kun-reading ratio were likely to be pro-

nounced in On-reading when randomly embed-

ded in kanji with a high On-reading ratio. In

contrast, kanji were pronounced as Kun-readings

wrhen embedded in those with a high Kun-

reading ratio. For example, the kanji IK mean-

ing ;song' is pronounced in its On-reading /ka/

by 71.74 percent of 60 native Japanese speakers

when embedded in kanji with a high On-reading
ratio such as M M ffi M & Wt fflLt& W (the un-

derlined kanji indicates the target kanji). Like-

wise. Wt is pronounced as Kun-reading /uta/ at

the rate of 97.83 percent when embedded in kanji

with a high Kun-reading ratio such as H5 M W

{41 #J ®C 1% #1 i£. Taking this as evidence, the

study suggested that a kanji phonological lexicon

must have On and Kun phonological boundaries

as well as On and Kun sound tags.

Early studies on On- and Kun-readings by No-

mura (1978, 1979) found that kanji with a high

On-reading ratio (i.e., a low Kun-reading ra-

tio) were named faster than those with a low

On-reading ratio (i.e., a high Kun-reading ra-

tio). The dual route model (e.g., Coltheart, 1985,

1987; Coltheart, Davelaar, Jonasson, & Besner,

1977; Coltheart, Curtis, Atkins & Haller, 1993;

and later adapted by Goryo, 1987; Saito, 1981

for Japanese), which assumes two lexical routes

of direct and indirect access via phonology to

reach kanji semantics, was used to explain his

results. Nomura (1978, 1979) and Kaiho and

Nomura (1983) later interpreted that processing

kanji with Kun-readings involves the activation

of semantic representations before being named

while kanji with On-readings were named by di-

rect activation of phonological representations.

Based upon this series of studies, a strategy

to distinguish On- and Kun-readings was pro-

vided as follows: When kanji meanings can be

orthographically determined faster than sounds,

the kanji is judged as a Kun-reading. On the

contrary, when kanji sounds can be determined

more easily and quickly than meanings, they are

judged as On-readings. Nomura (1978, 1979),

looking at speed of naming rather than On or

Kun judgments, found that On-reading was ac-

tivated more quickly than Kun-reading. His

results suggested that On-reading can perhaps

be distinguished from a Kun-reading simply be-

cause the former activates pronunciation quicker,

showing that the degree of phonological accessi-

bility acts as an important indicator in identify-

ing On- and Kun-readings.

3. Use of On- and Kun-Readings for

Identifying Kanji Sounds: The

Linguistic Perspective

Usage of On- and Kun-readings relates to word

origin. For example, the kanji 5? ('sky'), is pro-

nounced as a single syllable or two morae /kuR/

as On-reading. On-reading is typically used for

kanji compound words such as ^% /kuR ki/

('air'), S^ /kuR tyuR/ ('in the air'), £j$ /kuR

koR/ ('airport'), and SB /kuR SOR/ ('fantasy').

A majority of kanji compound words with On-

reading were created in the late Edo (1603-1867)

and Meiji (1868-1912) Periods for the purpose of

translating into Japanese newwords from foreign

books written in alphabetic scripts (Kabashima,

1989; Takashima, 2001). These words are often

referred to as SftfJTml/kiN dai siN go/ ('new

modern words').
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Table 1 On- and Kun-readings for the 1,945 Basic Japanese Kanji

N u m b e r

K u n -re ad in g s

N u m b e r o f O n -re a d in g s

T o ta l P e rc e n t0 1      2     3 4

0 6 6 4    7 1 7 3 7 3 7 .8 9 %

1 3 2 6 3 3     9 1 7 6 3 3 9 .2 3 %

2 7 2 2 8     5 3 2 9 4 15 .12 %

3 1 7 6     15 9 4 4 .8 3 %

4 3 1     10 4 2 2 .1 6 %

5 7 7 0 .3 6 %

6 1 1 0 .0 5 %

7 3 3 0 .1 5 %

8 1 1 0 .0 5 %

9 1 1 0 .0 5 %

10 2 2 0 .10 %

T o ta l 4 0 1 ,6 4 3   2 4 4    17 0 ,9 4 5 10 0 .0 0 %

P e rc e n t 2 .0 6 % 8 4 .4 7 %  1 2 .5 4 %  0 .8 7 % 0 % 0 .0 5 % 1 0 0 .0 0 %

Note 1 : Data for this table was taken from the Databasefor the 1,945 Basic Japanese Kanji (Tamaoka, Kirsner,
Yanase, Miyaoka & Kawakami, 2001, 2002).

Note 2 : Rare pronunciations used for wago and nouns of proper places and names were excluded.

On the other hand, the kanji 5? /sora/, in Kim-

reading, is a single word originating from the tra-

ditional Japanese vocabulary called wago fflgp\

A majority of kanji used as single, free-standing

lexical units originated from wago and so are

read in Kun-reading. Thus, native Japanese

speakers likely use Kun-reading for a single free-

standing noun presented in a single kanji. Wago

is also written using two kanji such as zci^f /sora

mimi/ ('mishearing') and 5!H /soragoto/ ('false-

hood'). As such, On- and Kun-readings are used

distinctly for different words: On-readings for

kango?fll§ (traditional Chinese words) and Kun-

readings for wago (traditional Japanese words).

Tanaka (1978) introduced a study on the fre-

quency of the printed occurrence of 38,395 dif-

ferent words as calculated by the National In-

stitute for Japanese Language. Kango occupied

47.5 percent of the Japanese vocabulary whereas

wago comprised 36.7 percent. Gairaigo, derived

from alphabetic languages, made up only 9.8 per-

cent and konshugo (a mixture of different types),

only 6.0 percent. As such, more than 85 per-

cent of the total Japanese vocabulary consisted of

kango and wago. Usage of On- and Kun-readings

of kanji fundamentally differed depending upon

their etymology; in other words, whether they

were considered kango or wago. It is useful to

have sense of On- and Kun-readings to identify

sounds of kanji compound words; otherwise, pro-

nunciations have to be memorized for each word.

On- and Kun-reading distinction, however, is

used not only for free-standing nouns, but also

verbs, adjectives and adverbs. Kanji describe a

semantic part of these words (Sato. 1996). For

example, the verb ^ <C /aru(ku)/ is constructed

by kanji and hiragana. The kanji /Js /am/ indi-

cates the semantic concept 'walk' while the hi-
ragana < /ku/ shows a verb inflection. Like-

wise, the adjective H LV^ /utuku(sii)/ (-beauti-

ful') consists of kanji and hiragana. The kanji

§i /utuku/ refers to the concept 'beauty' while

the hiragana LV^ /sii/ refers to an adjective in-

flection. Almost all these verbs, adjectives and

adverbs are pronounced in Kun-reading with a

combination of hiragana sounds. Kun-reading

for these words seems to be automatically se-

lected by native Japanese speakers. Again, it

is troublesome to find proper sounds without a

clear sense of On- and Kun-readings.

4. Ratios of On- and Kun-readings

in Basic Japanese Kanji

In order to establish a standard for kanji usage,

in 1981 the Japanese government published the

Joyo Kanjihyo, 'The List of 1,945 Commonly-

used Basic Kanji', officially simplifying the num-

ber of kanji and their pronunciations in (see
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details in Kato, 1989; Ministry of Education,

Culture, Science, Sports and Technology, Gov-

ernment of Japan, 1978, 1987, 1998; Seeley,

1984b; Tamaoka, 1991: Watanabe, 1989). Us-

ing this list, Tamaoka, Kirsner, Yanase, Miyaoka

and Kawakami (2001) produced the Database for
the 1,945 Basic Japanese Kanji (2nd edition), in

which 30 columns of differing kanji character-

istics such as kanji print frequency, kanji ho-

mophones, On-reading ratio and neighborhood

size are recorded. While it is generally be-

lieved that all Japanese kanji have both On- and

Kun-readings, only 1,169 kanji (60.10%) of the

commonly-used 1,945 actually have both pronun-

ciations. As shown in Table 1, the Database

shows that 32 kanji out of 1,946 have a single On-

reading and no Kun-reading, whereas 667 kanji

have a single Kun-reading and no On-reading.

As for kanji with multiple On- and Kun-readings,

there are 40 with only Kun-readings (2.06%) and

737 with only On-readings (37.84%).

The number of kanji with only On-readings

exceeded that with only Kun-readings by more

than 18 times. This great difference is to be ex-

pected since the reason for such a limited number

of kanji with a single Kun-reading is due to the

fact that Kun-readings were created in Japan,

while kanji borrowed from Chinese kept a lot of

their On-readings, kanji assigned to traditional

Japanese words were given Kun-reading and lost

their On-reading.

5. Possible Kanji Characteristics Iden-

tifying On- and Kun-readings

In order to identify kanji characteristics which

distinguish On- and Kun-readings, the present

study selected ten possibilities as outlined below.

According to studies by Nomura (1978, 1979)

and Kaiho and Nomura (1983), two variables are

thought to distinguish On- and Kun-readings.

The first variable is the degree of semantic con-

creteness, while the second variable is the nam-

ing latency of kanji. Studies done by Nomura

(1978, 1979) and Hirose (1998) suggest that kanji

pronounced using Kun-readings are likely to be

more independent and concrete in their mean-

ing. Nomura (1978, 1979) calculated On-reading

ratios based on the frequency of printed kanji

provided by the National Institute for Japanese

Language (Kokuritsu Kokugo Kenkyujo, 1962)

and found that kanji with a low On-reading ratio

(i.e., a high Kun-reading ratio) were pronounced

slower than those with a high On-reading ratio

(i.e., a low Kun-reading ratio), explaining that

kanji with Kun-readings were related to their

meaning causing an activation of semantic rep-

resentations before the activation of phonolog-

ical representations, even though the task re-

quired only vocalization of kanji pronunciation.

There are some exceptional cases to this seman-

tic attachment, as Nomura (1978) himself noted

in his paper. For example, the kanji 1*1 refers

directly to the concrete concept of 'meat', but

its pronunciation of /niku/ is an On-reading.

Many native Japanese speakers confuse such ex-

ceptional kanji as having Kun-readings instead

of On-readings (Kayamoto, 2000). Despite this,

Kun-readings are generally much more closely at-

tached to meaning than On-readings (Kaiho Sz

Nomura, 1983).

Distinctions between On- and Kun-readings

for kanji can be supported from a phonological as

well as semantic viewpoint. In dispensing with

Chinese tones, Japanese created multiple read-

ings for kanji. For example, the sound /ka/ can

be written by various kanji such as 'X, (fire), \\L

(chemical), ^4 (section), 7E (flower), M. (house)

and K (mosquito). All these readings are exclu-

sively On-readings. According to the Database

for the 1,945 Basic Japanese Kanji (2nd edition)

created by Tamaoka et al. (2001), the most

shared sound of all kanji was the On-reading of

/syoR/, found in 65 kanji. This is approximately

3.3 percent of the total number of basic kanji.

The sound of /koR/, having 65 On-readings and

one Kun-reading, also showed the same number

of homophones as /syoR/. The sounds of almost

all these homophones derived from On-readings.
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With such a great number of kanji sharing the

same sound in Japanese, On-readings cannot in

most cases be attached to a single meaning. The

characteristics of multiple kanji with On-readings

could then be a third possible variable to distin-

guish between On- and Kun-readings.

A fourth possible variable is 'kanji neighbor-

hood size', which represents the number of times

one unit of kanji can combine with another to

create two-kanji compound words. For example,

^ /gaku/, ('learning' or 'to learn'), can be found

in various kanji combinations such as ^#f /gaku

zyutu/ (academic), ^4. /gaku sei/ (student), ^

M /gaku reki/ (one's educational background),

^C^ /dai gaku/ (university) and |jt^ /SUR gaku/

(mathematics). All these two-kanji compound

words are pronounced using On-readings, so it

is expected that if On-readings are often used

for compound words produced by two or more

kanji, those with a larger neighborhood size will

likely have a higher number of On-readings. In

other words, kanji with a larger neighborhood

size may be pronounced more frequently using

On-readings than Kun-readings.

A fifth possible variable for distinguishing be-

tween On- and Kun-readings is whether or not a

kanji contains the special sounds of /N/, /R/ and

/Q/. Despite its large scale adoption of Chinese

characters, Japanese is quite different in terms

of its sound system. The Japanese sound sys-

tem does not have the four tones which exist in

Mandarin, the standard form of the Chinese lan-

guage. Furthermore, Japanese in the Nara pe-

riod (the years from 710 to 784) did not have

any syllabic CVC combinations (Komatsu, 1981;

Kubozono & Ota, 1998; Numoto, 1987). In mod-

ern Japanese, the two special sounds of /N/ for

nasal and /Q/ for geminate frequently produce

a CVC syllabic structure such as /teN/, /keN/,

/haQ/, /kaQ/. These syllables began to appear

in the Japanese sound system from the Heian

period (794 A.D. to 1192 A.D.) when kanji was

adopted from Chinese (Komatsu, 1981; Kubo-

zono &; Ota, 1998; Numoto, 1987). Kanji phono-

Table 2 SpecialSounds/N/, /R/, /Q/ Found

in On-readings of the 1,945 Basic
Japanese Kanji

N um b er o f T y pe of N um b er o f

O n-read in g s S pec ia l S o und s K anj i

0 4 0

1  /R / 43 3

/N / 3 59

N on e 8 5 1

2 /R / and /Q / 3

/R / an d /N / 1

/R / 9 1

/N / 4 0

N o ne 10 9

3 /R / an d /Q / 2

/R / and /N / 1

/r j 6
/N / 2

N o ne 6

4 0

5 /R /,/N / an d /Q / 1

T o ta l 1,9 4 5

K anji w ith sp ecial so un ds 9 39

K anji w ith n o spe cial so un d s 9 6 6

R atio of sp ecial so un ds 4 9 .2 9%

Note : Data for this table was taken fromthe Database
for the 1,945 Basic Japanese Kanji (Tamaoka,
Kirsner, Yanase, Miyaoka & Kawakami, 2001).

logical characteristics of special sounds could be

a possible characteristic used by native Japanese

speakers to identify On- and Kun-readings.

As shown in Table 2, the Database for the

1,945 Basic Japanese Kanji shows that 939 out

of 1,905 kanji have special sounds in their On-

readings. (It should be noted that 40 of the

1,945 basic kanji do not have On-readings. Thus,

only 1,905 kanji were taken into account.) Since

966 out of 1,905 kanji do no have these special

sounds, the ratio of special sounds inclusive in

On-readings is calculated as 49.29 percent. In

contrast, as shown in Table 3, 48 out of 1,209

kanji with Kun-readings contain special sounds

(9 kanji have two Kun-readings, while 736 do not

have Kun-readings.) A majority of kanji with

Kun-readings (96.06 percent of 1,170 kanji) do

not have special sounds in their pronunciations.

Historically speaking, since special sounds were

introduced to the Japanese sound system follow-

ing the Heian period, it is natural to find many

special sounds in kango which use On-readings.
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The five remaining candidates to be considered

as possible variables in distinguishing On- and

Kun-readings are: kanji frequency in Japanese

printed materials, number of morae in the length

of phonological structure, kanji radical frequency

of the 1,945 basic kanji, number of strokes re-

quired to write a kanji, and school grade indicat-

ing age of kanji acquisition.

Twoof the ten candidates, naming latency and

semantic concreteness, were measured using na-

tive Japanese speakers. Data for naming latency

was taken in an experimental setting while data

for semantic concreteness was obtained by ques-

tionnaire (details are explained in stimuli in Ex-

periment 1). The remaining eight kanji charac-

teristics were taken from the index of the kanji

database (Tamaoka et al., 2001). Among these,

special sounds, number of morae and number of

kanji homophones are phonological characteris-

tics of kanji while radical frequency and number

of strokes are orthographic characteristics. These

multiple kanji characteristics are taken into con-

sideration in order to determine possible candi-

dates to identify On- and Kun-readings.

6. Outline of Study

The present study approached the question

of On- and Kun-reading selection from two

perspectives. Study 1 employed a statistical

technique called 'discriminant analysis' to dis-

tinguish possible indicators of On- and Kun-

readings based on ten variables related to kanji

(see Appendix). The research question addressed

in Study 1 focused on the degree to which

each variable could differentiate On-reading from

Kun-reading. However, whether or not native

Japanese speakers in fact use these particular

kanji characteristics to identify On- and Kun-

readings is a different issue. Therefore, those

kanji items not correctly classified by discrimi-

nant analysis in Study 1 were further tested us-

ing native Japanese speakers in Study 2. These

incorrectly classified kanji were randomly listed

with correctly classified kanji and presented to

Table 3 Special Sounds /N/, /R/, /Q/ Found
in Kun-readings of the 1,945 Basic
Japanese Kanji

N u m b e r o f T y p e o f N u m b e r o f

K u n -re a d in g s S p e c ia l S o u n d s K a nj i

0 7 3 6

1  /R 7 2 0

/N / 5

/Q / 5

N o n e 7 4 3

2 /R / 4

/N / 2

N o n e 2 8 8

3 /R / 4

/N / 1

/Q / 1

/R / a n d /N / 1

N o n e 8 7

4 /Q / 1

/N / a n d /R / 3

/N / a n d /Q / 1

N o n e 3 7

5  N o n e 7

6 N o n e 1

7 N o n e 3

8  N o n e 1

9  N o n e 1

1 0 N o n e 2

T o ta l 1 ,9 5 4

K a m i w ith sp e c ia l so u n d s 4 8

K a n j i w ith n o s p e c ia l so u n d s 1 ,1 7 0

R a tio o f sp e c ia l s o u n d s 3 .9 4 %

Note 1 : Data for this table was taken from the Database
for the ],945 Basic Japanese Kanji (Tamaoka,
Kirsner, Yanase, Miyaoka & Kawakami, 2001).

Note 2 : Nine kanji had special sounds twice in their
Kun-readings. Thus, the total number of spcial
sounds was 1,954 forthe 1,945 basic kanji..

native Japanese speakers who were asked to iden-

tify On- or Kun-readings. In addition, after the

On- and Kun-reading test, the native Japanese

speakers were asked which characteristics they

used to determine On- and Kun-readings. In

Study 2, the focus was whether or not native

Japanese speakers displayed the same tendencies

as indicated by the discriminant analysis of the

first study. Finally, the results of Study 1 and

Study 2 were compared to clarify and identify

mechanisms of On- and Kun-reading used by na-

tive Japanese speakers.
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7. Study 1 - Predicting On- and
Kun-readings of Kanji from Ten

Characteristics

7.1 Method

Selection of Kanji. Using the Database for

the 1,945 Basic Japanese Kanji, a stratified sam-

ple of21 out of32 kanji with a single Kun-reading

and 113 out of 667 kanji with a single On-reading

were selected for discriminant analysis (see Table

1). All 134 actual kanji items used in this study

are listed in the Appendix.

Ten Possible Indicators of Kanji Read-

ing. The following ten characteristics were used

in the discriminant analysis. (All statistical data

with regards to these ten characteristics are listed

in the Appendix.)

(1) Degree of Semantic Concreteness:

Forty-eight Japanese undergraduate students,-

(different from the group which participated in

measuring naming latency) participated in rat-

ing semantic concreteness of 134 kanji. The over-

all average age of participants was 21 years and 2

months with a standard deviation of 1 year and 3

months. Degree of concreteness for each kanji's

meaning was measured on a seven-point scale,

from 1 ('very abstract') to 7 ('very concrete').

An average of ratings for each kanji was recorded

for analysis. Extreme discrepancies in ratings

were seldom seen throughout the 134 kanji. The

kanji 3c ('love') was rated a mean of 4.88 with

the largest standard deviation of 2.15. No other

kanji showed a standard deviation larger than
2.00.

(2) Naming Latency:

Twenty-three Japanese undergraduate stu-

dents, (different from the group which rated se-

mantic concreteness) participated in a naming

task of 134 kanji. The overall average age of par-

ticipants was 20 years and 7 months with a stan-

dard deviation of 1 year and 1 month. Individ-

ual stimulus items were randomly presented to

participants in the center of a computer screen

(Toshiba, J-3100 Plasma display), 600 millisec-

onds after the appearance of an asterisk '*' in-

dicating an eye fixation point. Participants were

instructed to pronounce items as quickly and as

accurately as possible. The present study se-

lected only kanji with a single pronunciation,

controlling for multiple readings of kanji so as not

to affect naming latency (Kayamoto, Yamada &;

Takashima, 1998). The means of naming laten-

cies for the kanji are reported in the Appendix.

Accuracy ratios of the 134 kanji highly corre-

lated with those of naming latencies [n=134,

r=-0.64, p<.0001]: the lesser the error rates,

the faster the naming latencies. Since a multi-

correlation between naming latencies and accu-

racy ratios wras observed in the discriminant anal-

ysis, the variable of accuracy ratios was excluded

from being considered a possible indicator of

kanji reading.

(3) Neighborhood Size:

Kawakami (1997) provides an index of kanji

neighborhood size which is also recorded in the

Database for the 1,945 Basic Japanese Kanji

The term 'kanji neighborhood size' refers to the

number of times one unit of kanji can combine

with another kanji to create two-kanji compound

words, which are produced by the combination

of kanji placed in the left-hand and right-hand

positions of a word. The present study consid-

ered both left-hand and right-hand positions in

its calculation of kanji neighborhood size.

(4) Special Sounds:

To conduct the discriminant analysis, kanji

with a special sound (i.e., /N/, /R/ and /Q/)

was recorded T and kanji with no such sounds

in either On- or Kun-reading '0'. Among the 134

kanji selected for the present study, there were

none with the special sound of /Q/. There was

only one kanji with a Kun-reading of Uf /toRge/,

('a mountain pass') which has the special sound
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of a long vowel /R/. The kanji flf is actually one

of the few kanji created by Japanese which uses

the combination of ill /yama/, ('mountain'), _t

/ue/, ('up') and T /sita/, ('down') (Kobayashi,

1998).

(5) Number of Kanji Homophones:

Pronunciation is often shared by multiple

kanji. For example, the sound /yoku/ can be

written using five different kanji out of the basic

1.945. Each of these five kanji with the same pro-

nunciation are indicated by the number '5'. Both

On- and Kun-readings were calculated for kanji

homophones. The index of kanji homophones

was taken from the Database for the 1,945 Basic

Japanese Kanji.

(6) Kanji Frequency:

Yokoyama, Sasahara, Nozaki and Long (1998)

published frequency of occurrence data based

on all kanji appearing in the Tokyo edition of

the Asahi Newspaper printed throughout 1993.

Their index was used in the present study under

kanji frequency.

(7) Number of Morae:

As a phonological reference, the number of

morae constructing each kanji was recorded. For

example, the kanji ^'J, ('line'), with the On-

reading of /retu/ consists of two morae (/re/ and

/tu/). so the number of morae was recorded as

;2\ Likewise, the kanji Wk, ('daughter'), with

a Kun-reading of /musume/ has three morae

(/rau/, /su/ and /me/) so the number of morae

was recorded as ;3'.

(8) Radical Frequency:

Radical frequency indicates how many of the

1,945 basic kanji share the same radical. A large

body of kanji (1,057 characters or 54.34% of the

1,945 basic kanji) is constructed using only 24 of

a possible 214 radicals. Again, the Database for

the 1.945 Basic Japanese Kanji provided the in-

dex of radical frequency for the 134 kanji used in

this study.

(9) Number of Strokes:

The number of strokes required to write each

kanji were taken from a Japanese kanji dictio-

nary (Kamata, 1991) which is recorded in the

Database for the 1,945 Basic Japanese Kanji.

(10) School Grade:

Figures shown for 1,006 kanji follow the

Japanese language curriculum as established by

the Ministry of Education, Culture, Science,

Sports and Technology, Government of Japan in

1989. Since the remaining 939 kanji are taught

in Grades 7-9 with no grades specifications, they

were indicated with the number '7'. These school

grade figures are recorded in the Database for the

1,945 Basic Japanese Kanji. The present study

used school grade as an index of the age when

these kanji are acquired.

7.2 Results

7.2.1 Correlation Analysis

Means, standard deviations and Pearson's cor-

relation coefficients for the ten characteristics

of the selected 134 kanji are shown in Table 4.

There were no extremely high correlations among

variables, suggesting that each measure of kanji

remained relatively independent. Accuracy ra-

tios of stimuli for naming kanji were excluded

from the discriminant analysis due to its high

correlation with naming latency.

As shown in Table 4, several variables showed

relatively higher correlations. Variables which

correlated significantly high at the level of 1 per-

cent (p <.01) are discussed as follows:

Neighborhood size had a significant correlation

with naming latency [r= -0.354, p<.01], kanji

frequency [r=0.334, p<.01] and school grade

[r=-0.500, p<.01]. Kanji which can produce

many two-kanji compound words (i.e., those with

a larger neighborhood size) are named faster,

likely to be used more frequently in print, and

tend to be taught earlier in school.
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Table 4 Means, Standard Deviations and Correlations for the Ten Characteristics of Kanji
V a r ia b le s 1 2 3 4 5 6 7 8 9 1 0

1  N e i g h b o r h o o d  s i z e

2  S p e c i a l  s o u n d s  ( / N /  o r  / R / ) - 0 .0 1 3

3  N a m i n g  l a t e n c y  ( m s ) - 0 .3 5 4  詛 * 0 .0 2 9

4  N u m b e r  o f m o r a e - 0 .0 3 0 0 .2 5 8  ' 0 . 1 7 5  '

5  N u m b e r  o f k a n j i  h o m o p h o n e s - 0 .0 6 5 0 . 3 4 7  蝣 0 .0 1 1 - 0 . 2 4 0  <

6  R a d i c a l  f r e q u e n c y 蝣0 .0 5  1 - 0 . 1 2 0 0 .0 5 3 蝣0 . 1 2 8 0 . 0 4 5

7  N u m b e r  o f  s t r o k e s - 0 . 0 2 7 0 . 0 4 3 0 . 1 7 0  < - 0 . 0 2 1 0 . 0 9 3 0 . 1 4 9

8  K a n j i  f r e q u e n c y 0 . 3 3 4  ' - 0 . 0 4 9 - 0 .2 8 0  ' 0 . 0 0 6 - 0 . 0 3 3 - 0 .0 4 8 0 .0 2 7

9  S e m a n t ic  c o n c r e t e n e s s 0 . 0 8 7 - 0 . 1 0 4 - 0 . 2 2 6  ・ 0 .2 3 7  " - 0 . 3 7 6  蝣< 0 .0 1 6 0 .0 3 1 - 0 . 0 0 6

1 0  S c h o o l  g r a d e - 0 . 5 0 0  ' 0 .0 6 6 0 . 5 1 5  ' 0 . 1 6 8 - 0 .0 8 4 0 .0 2 5 0 . 1 3 5 - 0 . 5 0 2  蝣 - 0 .0 7 8

M e a n s 5 1 .8 7 0 .4 0 6 2 8 1 .9 0 1 2 .9 6 2 7 . 0 4 1 0 .2 8 4 8 2 8 4 .7 9 5 .3 2

S ta n d a r d  D e v ia t io n s 3 7 .0 1 0 .4 9 8 6 0 . 3 7 1 4 .6 1 2 5 .4 0 3 .3 1 7 1 3 8 0 .9 1 1 . 8 6

Note: n=134. *p<.05. **/?<.Ol.

The special sounds of /N/ and /R/ sig-

nificantly correlated with number of morae

[r=0.212, p<.01] and number of kanji homo-

phones [r-0.361, p<.01]. Kanji with these spe-

cial sounds are likely to have many morae and to

share many homophones.

Kanji with shorter naming latencies tended

to have a higher kanji frequency [r=-0.280,

p<.01] and were taught at lower school grades

[r=0.515, p<.01]. Naming latency refers to

the length of time from the onset of kanji vi-

sual presentation to the beginning of vocaliza-

tion. In other words, it indicates how quickly

kanji phonology is activated. When kanji are fre-

quently used in print and taught at lower school

grades, they are likely to be seen more often in

daily life. As a result, these kanji tend to be

named faster.

The number of morae showed a significantly

negative correlation with the number of kanji ho-

mophones [r- -0.240, p<.01] and the degree of

semantic concreteness [r-0.237, p<.01]. The

longer the moraic string of kanji, the lesser the

homophones. Since kanji with a longer moraic

structure can have wider variations, it is natural

to have a negative correlation with the variable

of kanji homophones. A longer moraic structure

showed a positive correlation with the degree of

semantic concreteness.

The number of kanji homophones showed a

significant negative correlation with the degree

of semantic concreteness [r=-0.376, p<.01].

The larger the number of kanji homophones, the

lesser the semantic concreteness. This result is

interesting as it shows that kanji with many ho-

mophones create semantic ambiguity.

Finally, kanji frequency showed a signifi-

cant correlation with school grade [r= -0.502,

p <.01]. Stimuli with a high kanji frequency are

likely to be taught in the lower grades, suggest-

ing that kanji taught at the lower grades may be

used more frequently in printed materials.

7.2.2 Discriminant Analysis and Post-

hoc Analysis

Discriminant analysis using all ten kanji vari-

ables was conducted on all 134 items to find out

if these could serve to sufficiently distinguish be-

tween On- and Kun-readings. Since scales of the

ten variables (or kanji characteristics) greatly dif-

fer, a normalized score (z-score) was used to con-

trol all variables as the mean of 0 with 1 standard

deviation. Post-hoc analyses were conducted us-

ing the original scores.

As shown in Table 5, the analysis correctly

classified kanji readings for 116 of 134 kanji

(86.57 percent of the kanji in total). Out of

113 kanji, 97 (85.84%) were correctly classified

as having On-readings. Similarly, 19 out 21 kanji

(90.48%) were correctly classified as having Kun-

readings. Consequently, these ten kanji char-

acteristics were able to distinguish On-readings

from Kun-readings for the 134 selected kanji with

a high success rate of over 85 percent. The vari-

ables of this analysis are listed in order of howT

accurately they could predict kanji reading (see

Table 6).

As shown in Table 6, there were four signifi-



450 Cognitive Studies Dec. 2003

Table 5 Classification Results for On- and Kun-readings
P red icted G rou p

A ctu al G ro up   K un-read ing s    O n -reading s    T otal
K un-read in g s

(n= 2 1)

O n -reading s

El

4 8 9 .5 2%       1 00%

0
I I I 1 13

100%(n= 1 13 )        14 .16% m蝣I I

Note 1 : Correctly classified cases were 1 16 out of 134 cases or 86.57 percent.
Note 2 : Shaded columns indicate correctly classified kanji.

Table 6 Results of Discriminant Analysis for Predicting On- and Kim-readings of Kanji
D isc rim in a n t F u n c tio n   M a h a la n o b isl

V a r ia b le s       C o e ffic ie n ts      D istan c e F -v a lu e

:i * * * *

* *

*

* *

m i i tM St  iT. m ｫ

3  R a d ic a l  fre q u e n c y .4 3 2 3        4 .8 6 6 4   1.7 4 7 0

4  S c h o o l  g ra d e            0 .3 7 4 6      4 .9 7 1 4  0 .6 9 2 5

5  N u m b e r  o f m o ra e             0 .3 0 4 7        4 .9 7 4 1   0 .6 6 5 5

6  K a n ji  fre q u e n cy          -0 .1 9 7 2      5 .0 1 3 9  0 .2 7 1 1

7  N e ig h b o rh o o d s iz e         -0 .2 7 1 0      4 .9 8 8 8  0 .5 1 9 2

8  N u m b e r  o f k a n3 i  h o m o p h o n e s     -0 .4 4 8 9 .9 0 8 3   1 .3 2 4 1

9

1 0

irrara  m i^ m k iIll  III  IIH iHill蝣mm ra i
m w M Wm SSm m nrara m1 2 2 4 3 3m f  蝣M iiM iinllra i iy 2Jm Bsn K 9m ｣

Notel:n=134. */?<.O5. **p<.0\. ***p<.001. ****/><.OOOl.

Afote2 : The above 10 variables are converted to z-scores for discriminant analysis.

cant indicators of On- and Kun-readings: degree

of semantic concreteness, naming latency, spe-

cial sounds and number of strokes. The other six

variables of radical frequency, number of kanji

homophones, school grade, number of morae,

neighborhood size and kanji frequency were not

significant indicators of On- and Kun-readings.

The results of the ten variables relation to kanji

characteristics are discussed below.

(1) Degree of Semantic Concreteness

The most significant indicator was the de-

gree of semantic concreteness [F-21.5495,

p<.0001]. In fact, there was a large differ-

ence in the means of semantic concreteness for

On-readings (n=113, M=4.64, SD=0.86) and

Kun-readings (n=21, M=5.58, SD=0.79) upon

conducting a post-hoc analysis with a t-test

[n=134, £(132)=4.670, p<.0001], Kanji with

Kun-readings proved to be more concrete in their

meanings than kanji with On-readings, as sug-

gested by the previous studies of Nomura (1978,

1979) and Kaiho and Nomura (1983).

(2) Naming Latency

Naming latency was the second most signifi-

cant indicator [F=10.0216, p<.01]. These re-

sults were consistent with the experimental re-

sults of Nomura's studies (1978, 1979), which

found that kanji with high Kun-reading ra-

tios (i.e., a low On-reading ratio) take longer

to name than those with low Kun-reading ra-

tios (i.e., a high On-reading ratio). The ex-

planation given by Nomura (1978, 1979) and

Kaiho and Nomura (1983) is that kanji with

Kun-readings are strongly attached to seman-

tics while kanji with On-readings are more at-

tached to phonology. The t-test also showed

a significant difference in the means of nam-

ing latencies between kanji with On-readings

(n= 113, M=620ms, SD=87ms) and those with

Kun-readings (n=21, M=676ms, SD=63ms)

[n=134, £(132)=2.844, p<.005].

(3) Special Sounds

As was anticipated, special sounds were the

third most significant indicator [F=9.2433,

p<.01]. In fact, there was only one kanji with a
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single Kun-reading containing the special sound

of /R/ (i.e., dr /toRge). In contrast, 52 out of

113 kanji with On-readings (53.98%) contained

the special sounds of /N/ or /R/; more precisely,

there were 26 kanji with /N/ (23.01%) and 26

with /R/ (23.01%). Therefore, this result sug-

gests that kanji pronunciation including special

sounds, especially /N/ and /R/, can be classi-

fied as On-readings while those with no special

sounds can be identified as Kun-readings.

As discussed in the introduction of this study,

after adopting Chinese characters the Japanese

modified those having tones and those with fi-

nal consonants of a CVC (i.e., ending with

/n/ and /ng/) and possibly CVV phonological

structure. This simplification process resulted

in the creation of certain Japanese kanji with

many special sounds and kanji homophones, as

was shown by the t-test in the post-hoc anal-

ysis. Among kanji with On-readings (n= 113),

those with special sounds (n=52, M=19.56,

SD=16.88) had a significantly greater num-

ber of kanji homophones than those without

special sounds (n=61, M=11.46, SD=11.87)

[£(111)=2.98, p<.005]. Consequently, kanji

with special sounds are likely to have many ho-

mophones.

(4) Number of Strokes

The fourth most significant indicator of kanji

reading was number of strokes [F=7.317,

p<.01]. This result was unexpected since it had

been assumed that visual complexity would have

no bearing on distinguishing between On- and

Kun-readings. Indeed, it is interesting to note

that according to the t-test, the means of the

number of strokes required to write kanji with

On-readings (n= 113, M= 10.47, SD=3.20) ver-

sus those with Kun-readings (n=21, M=9.23,

SD=3.74) did not differ significantly [n= 134,

t(132) = -1.574, n.s.].

(5) Radical Frequency

Radical frequency was not a significant indica-

tor of On- and Kun-readings, and therefore did

not seem to be related to any phonological as-

pects of kanji reading. The post-hoc analysis

performed with the use of a t-test also did not

show significant differences in the means of rad-

ical frequency between kanji with On-readings

(n=113, M=25.85, SD=24.67) and kanji with

Kun-readings (n=21, M=33.48, SD=28.78)

[n=134, £(132)=1.267, n.s.].

(6) Kanji Homophony

Contrary to what had been expected, the num-

ber of homophones was not a significant indica-

tor of kanji reading. As seen in the Appendix,

kanji with Kun-readings did not have any ho-

mophones. In contrast, the means of kanji ho-

mophones with On-readings (n= 113, M= 15.19,

SD = 14.89) was much higher than for those with

Kun-readings (n=21, M=1.00, SD=0.00). The

t-test showed a significant difference in the means

of the number of kanji homophones [n=134,

£(132)=-4.354, p<.0001]. Due to a high stan-

dard deviation of kanji homophones with On-

readings, it is expected that some kanji with On-

readings have few homophones such as characters

with Kun-readings. Therefore, although kanji

homophones are frequently seen among others

with On-readings, this variable does not seem to

be a reliable indicator of On- and Kun-readings

in light of the results of the discriminant analysis.

(7) School Grade

School grade was added as an index of the

age at which certain kanji are acquired. Again,

although a t-test revealed that kanji wTith On-

readings (n=113, M=5.14, SD=1.84) were

taught at significantly lower grades than those

with Kun-readings (n=21, M=6.29, SD=1.71)

[n=134, £(132)=2.649, p<.01], school grade

was not a significant indicator for distinguishing

between On- and Kun-readings.

(8) Number of Morae

The means of the number of morae for kanji
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with On-readings (n=113, M=1.88, SD=0.33

and with Kun-readings (n=21, M=2.05, SD=0.59)

were significantly different [n=134, £(132)=1.998,

p<.05]. While Kanji with Kun-readings are

likely to have a longer moraic structure than

those with On-readings, this variable was not a

significant indicator of On- and Kun-readings.

(9) Neighborhood Size

As discussed in the introduction, it had been

expected that neighborhood size would be a

strong candidate as a classifier of On- and Kun-

readings. However, the discriminant analysis

showed that neighborhood size was not signif-

icant. By way of t-test, the post-hoc analy-

sis indicated that the means of neighborhood

size between kanji with On-readings (n= 113,

M=54.59, SD=38.42) and kanji with Kun-

readings (n=21, M=37.19, SD=24.01) were

significantly different [n= 134, £(132) = -2.001,

p <.05]. Thus, neighborhood size is larger among

kanji with On-readings than kanji with Kun-

readings, but this characteristic does not con-

tribute to distinguishing between On- and Kun-

readings.

(10) Kanji Frequency

The variable of kanji frequency is known to

have a strong influence on the cognitive pro-

cessing of compound words measured by various

tasks (e.g., Balota & Chumbley, 1984; Forster,

1979; Grainger, 1990; Monsell, Doyle, & Hag-

gard, 1989; Taft, 1979, 1991; Tamaoka & Hat-

suzuka, 1995; Whaley, 1978). The discrim-

inant analysis indicated that kanji frequency

was the weakest indicator of On- and Kun-

readings among the ten kanji characteristics,

even though a t-test showed a significant differ-

ence in the means of kanji frequency between

kanji with On-readings (n=113, M=5373.09,

SD=7559.42) and those with Kun-readings

(n=21, M=1894.48, SD=2841.77) [n=134,

£(132) = -2.076, p<.05].

7.3 Discussion of Study 1

Study 1 examined ten variables of kanji which

could serve as significant indicators of On- and

Kun-readings. Discriminant analysis found four

significant indicators: degree of semantic con-

creteness, naming latency, special sounds and

number of strokes. In light of the findings of

previous studies (Kaiho & Nomura, 1983; No-

mura, 1978, 1979), it was expected that seman-

tic concreteness and naming latency would be

significant indicators for On- and Kun-readings.

The remaining six of the ten characteristics

did not contribute in distinguishing On- from

Kun-readings; namely, radical frequency, num-

ber of kanji homophones, school grade, number

of morae, neighborhood size and kanji frequency.

As such, via discriminant analysis, Study 1 pro-

vided a general list of kanji characteristics which

identify On- and Kun-readings.

8. Study 2 - Identifying of On- and

Kun-readings by Native Japanese

Speakers

The discriminant analysis in Study 1 correctly

classified 116 of 134 kanji (86.57%) into On- and

Kun-readings. However, 18 out of 134 kanji items

(16 kanji with On-readings and 2 with Kun-

readings) were incorrectly classified. This led to

the question of whether or not native Japanese

speakers also have difficulty in properly classi-

fying these 18 kanji into On- and Kun-readings.

Therefore, Study 2 looked at how many readings

native Japanese speakers could properly identify

these 18 kanji. Subsequent to this, 10 questions

related to the 10 kanji characteristics were asked

to ascertain whether native Japanese speakers

had used these characteristics as indicators for

On- and Kun-readings during the test.

8.1 Methods

Participants. Thirty undergraduate students

(28 males and 2 females), all native Japanese

speakers participated in this experiment. Ages

ranged from 18 years and 9 months to 20 years
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Table 7 Means and Standard Deviations of On- and Kun-reading Decision for
Three Different Types of Kanji

Category Number of Kanji M SD
On-reading kanj i 24
Kun-reading kanj i 1 9
Incorrectly classified kanji 1 8

70.00%
79.30%
45.93%

14.43%
12.55%

23.66%

Note 1 : n=30. M = means. SD = standard deviations.
Note 2 : The incorrectly classified kanji consisted of2 kanji with Kun-readings and

16 kanji with Kun-readings.

and 8 months, the average age being 19 years and

5 months with a standard deviation of 6 months

on the day of testing.

Stimulus Items. Three different types of

kanji stimuli were used in Study 2. Kanji were

selected from those which could not be prop-

erly classified by the discriminant analysis. Eigh-

teen kanji were chosen, 16 with On-readings and

2 with Kun-readings, forming the first type of

stimuli. Kanji of the second type were those with

Kun-readings which had been correctly identi-

fied by discriminant analysis, excluding two kanji

whose Kun-readings had been misclassified as

On- readings (i.e., ill /se/ and ft /hako/). There

were 19 kanji of this type. Kanji of the third

type were selected from the list of kanji with

On-readings (see Appendix). Using the strati-

fied sampling method, every fourth kanji from a

phonologically-ordered list which had been cor-

rectly identified by discriminant analysis was

chosen. As a result, 24 kanji with On-readings

were selected. The total number of kanji items

was thus 61 (i.e., 18 incorrectly classified kanji

items, plus 19 with Kun-readings and 24 with

On-readings which had been correctly identified

in Study 1).

Procedure. As can be seen below, the 61

items were randomly arranged on a single-sided,

one page questionnaire such that each kanji, such
as J§ ('waterfall'), would have its pronunciation

written in hiragana tz § (/taki/) next to it. Par-

ticipants were asked to place a check mark (y/)

in one of two boxes indicating On-reading (iirSn;

<&) and Kun-reading (IN!%<&). In this manner.

accuracy in On- and Kun-reading decisions for

the three types ofkanji (i.e., 24 with On-reading,

19 with Kun-reading and 18 incorrectly classified

kanji) could be compared:

M Ltf>1 (/SUR/)

å¡ #l%* (On-reading)

[H I)l|I%^ (Kun-reading)

&H tri~fe (/musume/)

å¡ :n W>&(On-reading)

D W\%%<& (Kun-reading)

Questions. After administering the test to

identify On- and Kun-readings, 10 questions re-

lated to the use or non-use of 10 kanji character-

istics for identifying On- and Kun-readings were

posed to all 30 participants, who could check

as many question items as they felt appropriate.

These 10 questions are listed in Table 9.

8.2 Results

8.2.1 Test Identifying On- and Kun-

readings

The means and standard deviations for the

three different types of kanji are reported in Ta-

ble 7. As expected from the results of Study

1, the 18 kanji whose readings had been incor-

rectly classified by discriminant analysis showred

a mean of 45.93 percent for On- or Kun-reading

decisions by native Japanese speakers. Because

a correct answer was one of two choices (i.e..

On-reading or Kun-reading), 50.00 percent was

considered the level of random chance. In other

words, even one who has no knowledge of kanji

On- and Kun-readings could chose one of the two

answers and by random chance still be expected

to be correct 50.00 percent of the time. There-
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Table 8 Eighteen Incorrectly Classified Kanji Items by
Rates of Native Japanese Speakers for On- and

Discriminant Analysis and Accuracy
Kim-reading Decisions

Incorrectly   K anj i   K anj i M eaning  K anj i O n- or K un -  Sem antic  N am ing Special N um ber
# C lassified Item s Pronunciatio n  in E nglish   R eading D ecision (% ) C oncreteness L atency (m s) Sounds of Strokes

ft ¥    /n i k u/    m e at    O n 16 .6 7%           5 49 6
/h u k u/    c lo th es     O n 23 .3 3%    5 .92     5 99 8

ft   /m ai/   a p iec e   O n 2 3.3 3%    4 .8 1     6 4 1 8
/k i k u/  c hry s an th em u m  O n 2 6.6 7%    6 .2 9     6 2 3 l l

ffi    /h ai/    lun g    O n 2 6.6 7%    6.0 4     5 4 8 9
/ek i/    liqu id    O n 3 0 .00%    5.3 3     6 19 l l
l¥l     sto m ach    O n 3 6 .67%    6 .2 3     5 5 7 9
/z ik u /     ax i s     O n 36 .67%    5 .10     6 4 9 12
/rik u/     l an d     O n 36 .67 %    6 .00     54 4 l l

1 0  SIR   /m y ak u/   pu lse    O n 40 .00 %    5 .67     57 1 1 0

/g ek i/    d ram a    O n 46 .6 7%    5 .98     6 1 1 1 5
1 2  0   /k iN /    g erm    O n 56 .6 7%    5 .56     7 5 1 /N / l l
1 3  JK   /n yo R /   u rin e    O n 5 6.6 7%    5 .7 7     6 15 /R / 7
1 4  jｧ｣   /rak u/   farm i n g   O n 7 0.0 0%    3 .79     9 04 13
1 5  *    /sai/    ab ility   O n 8 6.6 7%    3 .8 8     5 7 2 3
1 6  m    /k e i/    v alla y    O n 9 3 .3 3%    3.6 7     10 1 1 l l
1 7        /se/    rap id s    K u n 3 0 .00%    4.10     70 1 19
1 8  ffi    /h ak o /    b o x    K u n 90 .00%    5 .9 2     5 89 1 5

Note : n=30.

fore, a mean of 45.93 percent for incorrectly clas-

sifying the readings of the 18 kanji indicated that

even native Japanese speakers could not properly

identify these kanji. Since the participants were

undergraduate students at a Japanese university,

the mean of correct responses is considered to

represent an approximately correct ratio of ma-

ture, native Japanese speakers of relatively-high

academic accomplishment. In contrast, the par-

ticipants were able to properly judge at 70.00

percent of the 24 kanji with On-readings and at

79.30 percent of the 19 kanji with Kun-readings.

Accordingly, the means of correct ratio for On-

and Kun-readings indicated a similar trend as

shown by the results of the discriminant analysis

in Study 1.

A one-way analysis of variance (ANOVA) for

the three different types of kanji was conducted

to examine whether the 18 incorrectly classi-

fied kanji of Study 1 were more difficult than

other correctly classified kanji with On- and Kun-

readings. The results indicated a significant

main effect [F(2,58)=17.66, p<.0001]. Fur-

thermore, a multiple comparison of Tamhame's

T2 was conducted for the means of the three

different types of kanji. The results indicated

that the correct ratio for the 18 incorrectly clas-

sified kanji (M = 45.93%) was significantly differ-

ent from the correct ratio for the 24 kanji with

On-readings (M = 70.00%) and the correct ratio

for the 19 kanji with Kun-readings (M = 79.30%).

These correct ratios for kanji with On-readings

and Kun-readings did not differ from each other.

Consequently, the kanji items which had been in-

correctly classified by discriminant analysis were

difficult even for native Japanese speakers to

properly identify On- or Kun-readings. The re-

sults by humans in Study 2 were likely to re-

semble the results of the discriminant analysis in

Study 1.

Accuracy rates for each of the 18 incorrectly

classified kanji are reported in Table 8. Among

them, 12 kanji (66.67%) had lower than the ran-

dom chance level of 50.00 percent. In fact, items

with On-readings having a higher semantic con-

creteness (e.g., 1*1, W, fl£, 1j, f, |IJ, HB and

M) tended to have lower accuracy rate. Native

Japanese speakers were likely to misjudge these

kanji as Kun-readings. As discussed in the in-

troduction, this tendency is congruent with the
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Table 9 Questions for On- or Kun-reading Decision Strategies Based on Kanji Characteristics

# Kanj i Characteristics Questions of On-/Kun-reading Decision
Semantic concreteness

2 Naming latency (ms)
3 Neighborhood size
4 Number ofkanji homophones
5 Number ofmorae
6 Special sounds (/N/ or /R/)
7 Kanji frequency
8 School grade
9 Number of strokes

10 Radical frequency

Howconcrete or abstract is a kanji meaning?
Howquickly is a sound ofa kanji remembered?
Howmany compound words can be constructed by a kanji?
Howmany kanji share the same sound?
Howmany kana (or morae) make up a sound ofa kanji?
Does a kanji contain one of the special sounds, /N/, /Q/ and FRj
Howoften is a kanji seen?
Howearly is a kanji learned?
Howmany strokes are required to write a kanji?
Howcommonis a radical used in a kanji seen?

Note : Shaded variables indicate significant predictors ofkanji On- and Kun-readings by discriminant
analysis.

Table 10 Percentages of Chosen Reasons for On- or Kun-reading Decision Strategies by 30 Na-
tive Japanese Speakers and Category Scores of the Quantification Theory Type III
O n - o r K u n -re a d in g d e c is io n str ate g ie s % o u t o f 3 0 C a teg o ry sc o re s

b a se d o n K a n ii c h a ra c te r istic s s u b j e c ts 1 st a x is     2 n d a x is

S em a n tic c o n e re te n es s 6 3 .3 3 % -0 .13 1       0 .0 2 2

N a m in gi ffB B ff l TO ffl 4 3 .3 3 % 0 .1 6 4       0 .0 3 2

^ iM ilｻIOT ira ｫlｫ B 3 riG 2 6 .6 7 % -0 .14 9      -0 .0 8 7

N u m b e r o f k a nj i h o m o p h o n e s 2 3 .3 3 % 0 .0 7 3      -0 .0 9 8

N u m b e r o f m o ra e 2 3 .3 3 %

2 0 .0 0 %

0 .0 9 0 -0 .1 2 8

0 .0 3 9 -0 .0 9 3

0 .0 6 7 0 .3 0 9

蝣
S p ec ia l so u n d s (/N / o r IB J )

蝣

K a nj i fre q u e n c y 16 .6 7 %

S c h o o l g r ad e 3 .3 3 % -0 .1 4 2       0 .4 5 5

V a ria b le E x p la in e d (% ) 2 4 .4 %      2 0 .6 %

A c c u m u la tiv e V a riab le E x p la in e d (% ) 2 4 .4 %      4 5 .0 %

Note 1 : Shaded variables indicate strategies chosen by more than 20% of30 subjects.
Note 2 : Number of strokes and radical frequency were not chosen by any subject, so these two

strategies were excluded from the analysis.

proposal by Nomura (1978, 1979) and Kaiho and

Nomura (1983). Despite the results of the dis-

criminant analysis, three kanji and M were

correctly identified by participants with an accu-

racy rate higher than 70 percent. These were low

in semantic concreteness, but two kanji, B§ and

M, had longer naming latencies. If humans only

rely on a single factor of kanji semantic concrete-

ness to distinguish On- and Kun-readings, using

the cue of low semantic concreteness, they could

be able to identify these kanji correctly as On-

readings.

As for Kun-readings, the kanji SI had 701 mil-

liseconds of naming latency which is relatively

long among the 18 kanji. This kanji seems to be

mistaken as an On-reading by participants. How-

ever, the kanji ^, which obtains a high seman-

tic concreteness, displayed a high correct ratio

of 90.00 percent. Although discriminant analysis

did not properly identify this kanji, participants

could correctly classify it.

8.2.2 Results of Ten Questions of Hu-

man Strategies Related to Ten

Kanji Characteristics

In Study 2, 10 questions concerning the 10

kanji characteristics were asked to 30 partici-

pants after the test. These questions were con-

structed in such a way as to determine whether

they (i.e., native Japanese speakers) actually uti-

lized kanji characteristics to identify On- and

Kun-readings. The questions corresponding to

these characteristics are shown in Table 9.

The percentages for 30 participants are shown

in Table 10 in the order of kanji characteristics

chosen in a higher percentage. As expected from
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Figure 1 Plotting of On- or Kun-reading decision strategies based on category scores of the
quantification theory type III

Note: Shaded variables indicate strategies chosen by more then 20% of 30 subjects.

the results of the discriminant analysis in Study

1, native Japanese speakers also used semantic

concreteness (19 out of 30 participants) and nam-

ing latency (13 out of 30 participants) as predic-

tors of On- and Kun-readings. A predictor of

special sounds for kanji reading was also used as

a strategy by Japanese, but was only pointed out

by 6 out of 30 participants (20.00%). Number of

kanji strokes, which the discriminant analysis in-

dicated as a significant predictor, was not used

by participants. Since there was no significant

difference in means of kanji strokes between On-

reading and Kun-reading in the post-hoc anal-

ysis of Study 1, it is reasonable to assume that

Japanese participants did not refer to number of

strokes to identify kanji readings.

It was rather surprising that native Japanese

speakers were aware of using five additional indi-

cators including kanji neighbors (productivity of

two-kanji compound words), kanji homophones,

constructing morae, kanji frequency and school

grade when identifying On- and Kun-readings.

Among them, predictors of neighbors, homo-

phones and morae were selected as identifying

strategies in more than 6 participants (higher

than 20.00%). In fact, the post hoc analysis

in Study 1 indicated significant differences be-

tween On- and Kun-readings with respect to the

following variables: (1) kanji with On-readings

had larger kanji neighbors (higher in produc-

tivity constructing two-kanji compound words)

than kanji with Kun-readings, (2) kanji with On-

readings had a larger number of kanji homo-

phones than those with Kun-readings, and (3)

kanji with On-readings had fewer morae con-

structing their pronunciations than those with

Kun-readings. These differences support the

possibility of reasonable predictors for distin-

guishing On- and Kun-readings by humans.

School grade when kanji were taught was only

referred to by a single participant. Finally, rad-

ical frequency was not used by participants at
all.

In order to classify the 8 strategies selected by

30 Japanese (two strategies, number of strokes

and radical frequency, were not selected by any of

the participants), the quantification theory type

III analysis (the same as correspondence analy-
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sis for free-response type data) was conducted.

Category scores of the first and second axes were

reported in Table 10 and plotted in Figure 1.

As shown in Figure 1, there are three groups

of human strategies on the horizontal axis from

the semantic to phonological aspects. The first

group is semantic concreteness and kanji neigh-

borhood size. Since 'kanji neighbor' refers to how

often the characters produce compound words,

this variable might be strongly related to se-

mantic aspects. The second group includes only

one strategy, naming latency, indicating how fast

Japanese can remember a kanji sound. The third

group, which is related to the phonological as-

pect, included number of morae, number of kanji

homophones and special sounds. These charac-

teristics were not chosen by more than 6 (or 20%)

of the 30 participants. These results imply that

some participants actually look at phonological

structure and features of kanji sounds in order to

determine On- or Kun-readings. The two strate-

gies of school grade and kanji frequency were not

so often used for On- or Kun-reading decision

making, and as shown in Figure 1, they are not

related each other.

8.3 Discussion of Study 2

Study 2 focused on the human strategies to

identify On- and Kun-readings. First, an On-

or Kun-reading test was administered to inves-

tigate whether or not native Japanese speakers

have difficulty in properly identifying On- and

Kun-readings of 18 kanji which were incorrectly

classified by the discriminant analysis in Study

1. Three kanji groups of 18 incorrectly classi-

fied kanji, 19 with Kun-readings and 24 with On-

readings displayed similar trends in accuracy as

shown by discriminant analysis. In other words,

native Japanese speakers generally exhibit simi-

lar accuracy tendencies as the discriminant anal-

ysis. The test to identify kanji readings indicated

that 45.93 percent of the readings of these 18

kanji were properly identified. This rate of ac-

curacy is slightly lower than the random chance

level of 50.00 percent when one without knowl-

edge of kanji chooses one of two possible readings

randomly. The kanji items misclassified by the

discriminant analysis were also difficult to iden-

tify for native Japanese speakers. However, a

detailed inspection of the incorrectly classified

18 kanji revealed some differences in accuracy

between discriminant analysis and participants.

The readings of four kanji, §£, ~$~,?Jt and ft were

properly identified at a rate higher than 70.00

percent by participants. The questionnaire used

to identify On- and Kun-reading, asked all par-

ticipants whether or not each of the 10 kanji char-

acteristics was utilized. Kanji characteristics of

semantic concreteness and naming latency were

major predictors for identifying readings used by

native Japanese speakers. The three groups of

On- or Kun decision strategies were identified

by quantification theory analysis; (1) semantic

concreteness and neighborhood size, (2) naming

latency, and (3) number of kanji homophones,

number of morae and special sounds. These re-

sults suggest that participants rely on multiple

kanji characteristics. Study 2 also indicated that

native Japanese speakers do not use kanji strokes

and radical frequency for On and Kun identifica-

tion.

9. General Discussion - Congru-

ency between Indicators chosen
by Discriminant Analysis and

Strategies Selected by Humans

The main purpose of the present study was to

establish links between kanji characteristics and

human strategies when distinguishing On- and

Kun-readings from one another. Study 1 asked

which kanji characteristics are significant indi-

cators of On- and Kun-readings for kanji. Dis-

criminant analysis was conducted to find signif-

icant indicators among the 10 selected charac-

teristics, resulting in four significant indicators

being found (see Table 6). Due mostly to these

four indicators, 116 kanji of 134 (86.57%) were

properly classified into On- or Kun-readings (see
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Table 5).

Despite the high accuracy rate of classifica-

tion by discriminant analysis, there were still 18

kanji items (see Table 8) which were not prop-

erly classified. Thus, Study 2 tested the extent

to which native Japanese speakers could prop-

erly identify On- and Kun-readings for these 18

kanji. The accuracy rate of 30 native Japanese

speakers was only 45.93 percent for these 18

kanji (see Table 7), less than the random chance

level of 50 percent. Thus, even native Japanese

speakers had great difficulty to correctly iden-

tify On- and Kun-readings for these 18 kanji.

In addition, after the test, a questionnaire con-

cerning the use of the 10 kanji characteristics

for identifying On- or Kun-readings was given

to the 30 participants (see Table 9). The

questionnaire study revealed three congruent in-

dicators/strategies between discriminant analy-

sis and participants (i.e., semantic concreteness,

naming latency, special sounds). One of the

four significant indicators found in the discrim-

inant analysis was hardly used by participants

(i.e., number of strokes) as a strategy. Although

native Japanese were likely to follow the trend

as displayed by discriminant analysis, the ques-

tionnaire uncovered a variety of strategies used

by native Japanese speakers to identify On- and

Kun-readings. Specifics as to congruence and in-

congruence in indicators/strategies between dis-

criminant analysis and human strategies are dis-

cussed in the following sections.

9.1 Congruent Kanji Characteristics as

Indicators and Strategies

Three congruent indicators/strategies were

found between the discriminant analysis in Study

1 and human strategies identified in Study 2: Se-

mantic concreteness, naming latency and special

sounds.

9.1.1 Semantic Concreteness

When Chinese characters were adopted to rep-

resent wago and their meanings, Kun-readings

were added to the characters to allow words

to keep their traditional Japanese sounds.

Takashima (2001) provides an interesting expla-

nation. When the kanji ill was adopted into the

Japanese language, it was sounded by an On-

reading /saN/. Since Japanese understood its

kanji meaning 'mountains', they attached a Kun-

reading /yama/ which had already existed in the

Japanese vocabulary. Takashima considered this

process a novel idea, almost as if the English

word 'dog' was to be sounded /inu/ in Japanese

as well as in English. This provides an expla-

nation of why kanji with Kun-readings are likely

to represent concrete meanings such as 'water-
fall' ('it /taki/), 'shellfish' (it /kai/), 'daughter'

(tk /musume/) and 'box' (ft /hako/). In accor-

dance with this explanation, discriminant anal-

ysis in Study 1 revealed that degree of semantic

concreteness was the most significant indicator of

On- and Kun-readings. Native Japanese speak-

ers were also aware of this kanji characteristic

indicating Kun-readings, and used it to identify

On- and Kun-readings. This finding supported

previous studies of Hirose (1998), Nomura (1978,

1979) and Kaiho and Nomura (1983).

9.1.2 Naming Latency

The discriminant analysis in Study 1 showed

that naming latency, which indicates how quickly

one can find a kanji pronunciation, was the sec-

ond most significant indicator of the ten vari-

ables. Kanji with On-readings are very often

found in various compound words, classified as

kango. The meaning of kango is not solely based

upon one particular kanji in the compound struc-

ture but on all kanji therein. Thus, the meanings

of kanji with On-readings vary depending upon

how they are combined with other kanji to cre-
ate kango. For example, a kanji ^ creates var-

ious two-kanji compound kango words including

SA /geiniN/ 'performer', S^ /geitoR/ 'trick',

3?35 /geimei/ 'screen name', and MS /mugei/

'uncultured person' (examples taken from Nel-

son, 1992). As a result of this particular feature,
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the meanings of single kanji with On-readings

have become ambiguous, and therefore are re-

lated more closely to phonology than seman-

tics. As found in the discriminant analysis, na-

tive Japanese speakers also indicated quick re-

trieval of sounds as an important strategy to de-

termine On- or Kun-readings. In fact, psycho-

logical studies by Hirose (1998), Nomura (1978,

1979) and Kaiho and Nomura (1983) indicate

that On-readings are more strongly attached to

kanji phonology while Kun-readings are more at-

tached to semantics.

9.1.3 Special Sounds

The present investigation as to whether or not

special Japanese sounds constitute a significant

indicator of kanji reading is unique since pre-

vious studies by Hirose (1998), Nomura (1978,

1979) and Kaiho and Nomura (1983) did not con-

sider them as a useful indicator of On-readings

used by native Japanese speakers. Historically,

the three special sounds of /N/, /Q/ and /R/

were introduced into Japanese phonology with

the adoption of Chinese characters in the Heian

Period (Komatsu, 1981; Kubozono & Ota, 1998;

Numoto, 1987). Thus, from a linguistic percep-

tive, these sounds are frequently associated with

On-readings. Tamaoka et al. (2001, 2002) indi-

cated that half of the 1,945 basic kanji with On-

readings contain these special sounds (see Table

2), whereas they are contained in only 48 of the

1,945 (3.94%) kanji with Kun-readings (see Table

3). As was expected, special sounds were a signif-

icant indicator of kanji reading, ranking third out

of the ten variables tested by discriminant anal-

ysis in Study 1. Furthermore, Study 2 directly

asked participants whether they utilized special

sounds to find On- and Kun-readings. Six of 30

native Japanese speakers were aware of making

use of special sounds for distinguishing between

the two readings.

It has been argued at length whether or not na-

tive Japanese speakers process Japanese on the

basis of mora or syllable (e.g., Otake, 1996; Cut-

ler & Otake, 1994; Otake, Hatano, Chutler &

Mehler, 1993; Tamaoka & Terao, 1999). Within

this topic, special sounds are found never to

stand alone, even though they are considered as a

single mora. Special sounds are always combined

with another mora to form a single syllable. For

example, in the sound of /kiN/, although /ki/

counts as one mora and /N/ as another, there

is only one syllable in this sound. In this sense,

as proposed by Tamaoka and Terao (1999), it is

quite possible that native Japanese speakers per-

ceive and produce kanji sounds such as /kiN/,

/gaN/ and /SOR/ as a single unit on the basis of

syllable. Native Japanese speakers must be sen-

sitive to these special sounds in syllabic units,

and some are likely Japanese to use these sounds

as a strategy to identify On-readings.

9.2 Non-Significant Indicators Selected

as Strategies

A test identifying On- or Kun-readings was

administered to 30 native Japanese speakers in

Study 2. The results displayed a similar ten-

dency as the accuracy rates of the discriminant

analysis. However, the questionnaire following

the test provided evidence that native Japanese

speakers were aware of various strategies which

the discriminant analysis did not reveal. Five

different strategies were taken as cues to identify

On- and Kun-readings.

9.2.1 Kanji Neighborhood size

As discussed in the introduction, a major-

ity of kanji compound words with On-readings

were created for the purposes of translating var-

ious new words from books written in alpha-

betic scripts in the late Edo period and in

the Meiji period (Kabashima, 1989, Takashima,

2001). Thus, in the present study, kanji neigh-

borhood size, which was defined as the number

of times one kanji can combine with another to

create two-kanji compound words (Kawakami,

1997; Tamaoka et al, 2001, 2002), was chosen

as one of the ten kanji characteristics which con-
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tribute to the ability to distinguish between On-

and Kun-readings. However, kanji neighborhood

size proved not to be a significant indicator of

kanji reading by the discriminant analysis. De-

spite the results of Study 1, Study 2 suggested

that native Japanese speakers (at least 8 of 30

participants) indicated their use of this kanji

characteristic. Indeed, the post-hoc analysis in

Study 1 showed that kanji with On-readings had

a greater kanji neighborhood size than those with

Kun-readings; it is therefore possible that native

Japanese speakers use an approach whereby if

they can easily find some compound words pro-

duced by a target kanji. then they can judge this

kanji as On-reading.

9.2.2 Kanji homophony

A majority of kanji homophones are found

among kanji with On-readings; the 113 selected

kanji with On-readings had a little more than

15 homophones on average (see Appendix) while

the 21 selected kanji with Kun-readings had no

kanji homophones (i.e., had a single sound per

kanji). Therefore, the present study assumed

that kanji homophony would be a strong can-

didate for distinguishing between On- and Kun-

readings. However, this was shown not to be the

case by the results of the discriminant analysis

in Study 1.

Notwithstanding this result, the questionnaire

in Study 2 showed that 7 out of the 30 na-

tive Japanese speakers checked kanji homophony

as a strategy to distinguish between On- and

Kun-readings. In applying this strategy, they

must recall some homophonic kanji sharing the

same sound. For example, from a target kanji

PS /kaku/, they must retrieve various kanji of

the same sound such as H, W., !§, 45- and ft.

Then, when recalling some kanji sharing the

same sound, they can determine that the target

kanji Pfi /kaku/ is an On-reading.

The average number of kanji homophones

among On-readings was much greater than Kun-

readings. However, still 9 out of the 113 se-

lected On-reading kanji (i.e., $J /niku/, i$L /iki/,

* /kiku/, \f /SUN/, % /zei/, fllR /myaku/, H

/riku/, M /ziku/, and W /hyaku/) had no kanji

homophones (see the Appendix). It seems that

the number of kanji homophones varies depend-

ing upon the character in question. As a result,

kanji homophony was not shown to be a signif-

icant indicator of kanji reading by the discrimi-

nant analysis in Study 1. Yet, in that some kanji

with On-readings indeed have a great number

of kanji homophones, it is assumed that native

Japanese speakers may selectively use kanji ho-

mophony as a strategy to identify On-readings.

9.2.3 Number ofMorae

Although the discriminant analysis did not se-

lect the number of morae as a significant indi-

cator, Study 2 confirmed that 7 out of 30 par-

ticipants used it as a strategy to identify On-

and Kun-readings. Kanji with a large number of

morae are often found in Kun-readings such as

SB, sounded /mizu'umi/, which has four morae.

The 113 On-reading kanji used in the present

study consisted of no more than two morae each.

Three kanji out of the 21 Kun-reading kanji had

three morae, namely %% /musume/, ff /misaki/

and (if /toRge/. Native Japanese speakers may

have used this strategy for these kanji. However,

because no other Kun-readings of kanji consisted

of more than two morae, it seems these three

kanji were the only ones to which this strategy

can be actually applied.

9.2.4 Kanji frequency

Although kanji frequency is considered a

strong influence on cognitive processing (e.g.,

Fushimi, Ijuin, Patterson & Tatsumi, 1999; Hino

& Lupker, 1998; Tamaoka & Takahashi, 1999),

according to the results of the discriminant anal-

ysis in Study 1, kanji frequency was the weakest

none-significant indicator among the ten charac-

teristics of kanji. Because the means of kanji

frequency between those with On- and Kun-

readings did not differ significantly, this result is
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quite understandable; kanji frequency is not di-

rectly related to the phonological aspect of On-

and Kun-readings. Despite this finding, 5 out

of 30 participants indicated they used kanji fre-

quency as a strategy to identify On- and Kun-

readings. Since kanji with Kun-readings can be

often seen in print as a single kanji word, they

may identify these kanji as Kun-readings.

9.2.5 School Grade

School grade, used an index for one's age of

kanji acquisition, indicated strong significant cor-

relations with neighborhood size, naming latency

and kanji frequency (see Table 4). However, the

discriminant analysis in Study 1 did not iden-

tify school grade as significant for distinguish-

ing between On- and Kun-readings. Only one

participant out of 30 in Study 2 cited use of

school grade as a strategy. In fact, 38 out of 80

kanji (47.5%) in the first grade are pictographic

kanji such as M /ame/ ('rain'), it /inu/ ('dog'),

5 /mimi/ ('ears'), $/kuruma/ ('car'), and 7JC

/mizu/ ('water'). These pictographic kanji stand

alone as single words being read in Kun-readings.

In the second grade, this proportion decreased

to 55 pictographic kanji out of 160 or 34.38 per-

cent. In the third grade the proportion becomes

24 out of 200 kanji or 12.00 percent. Since picto-

graphic kanji only comprise 12.85 percent of the

1,945 basic kanji (Tamaoka, et al., 2001, 2002),

the proportion of pictographic kanji is higher in

the first and second grades. Thus, it is possible to

apply this strategy for some kanji taught in early

grades, but its usage is quite limited and not so

accurate. It was perhaps due to these reasons

that only one participant checked this strategy.

9.3 Significant Indicator not Selected

as Strategy

According to the results of Study 1, number

of strokes was found to be an unexpected sig-

nificant indicator of kanji reading. As number

of strokes is a characteristic related to orthogra-

phy, rather than phonology, it had not been ex-

pected to rank as the fourth most significant indi-

cator. Kanji with On-readings had 1.24 strokes

more than those with Kun-readings. However,

this difference was not significant when compar-

ing the means of strokes between kanji with On-

and Kun-readings. This small difference does

seem to contribute to distinguishing between On-

and Kun-readings of kanji. In contrast, number

of strokes was not selected by native Japanese

speakers as a strategy to determine On- and

Kun-readings. Because there is not significant

difference in strokes between kanji with On- and

Kun-readings, it is assumed that native Japanese

speakers did not use strokes representing a degree

of visual complexity as a reliable indicator.

9.4 Kanji Characteristics of Neither In-

dicator nor Strategy

Radical frequency refers to the number of kanji

which share the same radical from among the

1,945 basic Japanese kanji. For example, sanzui*

the most commonkanji radical meaning 'water/

is used as a constructing component in 103 of

the 1,945 basic kanji (Tamaoka & Yamada, 2000;

Tamaoka, et al., 2001, 2002). The top ten most

frequently-used radicals are utilized to construct

about 34 percent (i.e., 669 kanji) of the 1,945

basic kanji. This tendency is also true among

Chinese characters used in the Chinese language:

17 radicals out of 214 are used as basic elements

in constructing 50.17 percent of 8,711 Chinese

characters (Leong, 1973). Previous studies (e.g.,

Leong k Tamaoka, 1995; Saito, 1997: Saito, Ma-

suda & Kawakami, 1998) indicate that radicals

serve as a fundamental element of kanji which

have some effects on the cognitive processing of

a whole kanji. However, the index of radical fre-

quency did not appear to be an effective indica-

tor/strategy of On- and Kun-readings as deter-

mined by either discriminant analysis in Study 1

or human participants in Study 2.
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S tud y 1 : In d ica to rs S tu dy 2 : S trateg ies

D iscrim inant A nalysis H um an Participants

Sem antic concreteness 1 Sem antic concreteness
2 N am ing latency 2 N am ing latency
3 Special sounds (/N / or /R /) 3 N eighborhood size
4 N um ber of strokes 4 N um ber of kanji hom ophones
5 R adical frequency 5 N um ber of m orae
6 N um ber ofkanji hom ophones 6 Special sounds (/N / or /R/)
7 Schoolgrade 7 K anji frequency
8 N um ber ofm orae 8 School grade
9 N eighborhood size 9 N um ber of strokes
10 K anji frequency 10 R adical frequency

Figure 2 Comparison of Indicators and Strategies for Identifying On- and Kun-readings

Note 1: Shaded variables in Study 1 were significant indicators chosen by discriminant analysis.

Note 2: Shaded variables in Study 2 were selected by more than 6 subjects (20%) of 30 subjects.

9.5 Summary - Comparison of Sta-

tistically Predicted Indicators and

HumanStrategies

The present study investigated the issue of

identifying attributes of kanji On- and Kun-

readings from the perspectives of both statisti-

cal prediction and human selection. As shown

in Figure 2, both approaches brought to the fore

some kanji characteristics which contributed to

selection of On- and Kun-reading.

In Study 1, a discriminant analysis using the

stepwise method provided the best of four signif-

icant indicators for distinguishing On- and Kun-

readings of the 134 kanji. These are seman-

tic concreteness, naming latency (i.e., speed of

sound retrieval), special sound and number of

strokes. Since these indicators were selected by

using the purely quantified data of kanji charac-

teristics in the approach of predicting On- and

Kun-readings, the results of the discriminant

analysis are mathematically sound. HowTever, the

results do not guarantee whether native Japanese

speakers actually use these significant indicators

as strategies to identify On- and Kun-readings.

In Study 2, the identifying test of On- and

Kun-reading displayed a similar tendency to the

accuracy rates of discriminant analysis. After the

test, a questionnaire was administered whereby

six out of 10 strategies used by participants to

identify On- and Kun-readings were checked by

more than 6 out of the 30 native Japanese speak-

ers. Three of these six strategies were congru-

ent with significant indicators specified by dis-

criminant analysis, namely, semantic concrete-

ness, naming latency and special sounds. Despite

the significant indicator in Study 1, the strat-

egy concerning kanji strokes was not used by hu-

mans. Also, humans are more likely to use neigh-

borhood size (i.e., number of kanji compound

words produced by a target kanji), kanji homo-

phones and phonological structure (i.e., number

of morae).

The quantification analysis (see Figure 1)

showed three categories of strategies used by

participants. Semantic concreteness and kanji

neighborhood size were classified together from

the semantic aspect. Native Japanese speakers

are likely to check whether a kanji contains a

concrete meaning when identifying On- or Kun-

reading. Free-standing lexical kanji are very of-

ten read in Kun-reading. If a kanji cannot be

readily identified, a native Japanese speaker may

try to produce a two-kanji compound word which

is frequently read in On-reading. Kanji neighbor-

hood size refers to the number of kanji compound

words produced by a single kanji, so this indica-

tor can accompany semantic concreteness. The

second category is a single indicator - naming

latency from the phonological aspect. Consid-

ering Nomura's research (1978, 1979) which in-
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dicated that On-readings are pronounced more

quickly than Kun-readings, the present study-

suggests that Japanese may use accessibility of

sounds as a reference. The third group included

three indicators which are all related to kanji

sounds: number of morae, number of kanji ho-

mophones and special sounds. The structure

of kanji pronunciation may aid native Japanese

speakers somewhat in determining kanji read-

ings. It is likely that humans use all these strate-

gies simultaneously in order to identify kanji On-

and Kun-readings.

The present study showed discrepancies be-

tween statistical analysis and human strategies in

determining On- and Kun-reading. Discriminant

analysis indicates only rule-based judgments on

the basis of kanji characteristics. In contrast, hu-

mans are likely to use a wider variety of strate-

gies when distinguishing between On- and Kun-

readings. It is indeed inefficient to use kanji char-

acteristics which do not differ among kanji when

making decisions as to reading. For example,

kanji such as 1^1 /niku/ ('meat') and M /kiku/

('chrysanthemum') are free-standing, clear and

meaningful units by themselves; they also do

not contain special sounds. On the basis of dis-

criminant analysis, these kanji would be judged

as Kun-readings even though they are in fact

On-readings. As such, the degree of differences

indicated by kanji characteristics changes from

one kanji to another. The results between in-

dicators and strategies illustrate a more general

point: On- and Kun-readings can be effectively

predicted by discriminant analysis on the basis

of various kanji characteristics; however, due to

a lack of consistency in On- and Kun-readings at-

tached to each kanji, humans can flexibly incor-

porate a wider variety of strategies when making

their determinations.
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A p p e n d ix K a n j i S t im u lu s It e m s U s e d t o r b t u d y 1 <n = i d 4 j

P hon em ic Special N am ing   K anji  R ad ical N eighb orh ood Sem an tic N um b er of N u m ber N um ber S cho ol

K anji  R ead ing s  S oun d Sou nd s L atency (m s) Freq uen cy Freque ncy  S ize  C oncreten ess H om o phon es of S trokes of M orae G rad e

O n  /g e k i/       6 1 1    5 9 12 2 4   59   5 .9 8        1 5

O n  /z o k u /   -    5 8 5     9 5 3 2  5    7 0    4 .5 2    5    1 1

W t    O n  /d aN /   /N /   5 5 8    7 9 9 3  5    6 4    4 . 1 5

O n  /d ai/    -    5 7 3    3 2 3 15  17    8 6    4 .6 7    5    18

O n  /n o R /   /R /   5 2 3     6 3 8 5  2 8    3 8    6 . 1 7         1 1

O n  /to R /   /R /   5 7 7     7 2 5  1 0    2 4    4 .7 1    3 7    1 6

O n  /seN /   /N /   6 0 6    1 1 8 0 9  5 2    12 0    5 .3 5    2 6    1 5

O n  /g ei/       5 4 3    5 0 0 5  3 8   7 5   5 .0 4

O n  /aN /    /N /   5 80     1 9 0 7  2 3    7 0    4 .0 2         1 0

O n  /g eN /   /N /   6 16   2 9 5 1 5  1 5   3 2   5 .3 3   2 9

W   O n  /g u N /  /N /   5 2 0   1 6 0 3 1  4   1 6 5   5 .4 5

5t    O n  /sik i/   -   5 7 4    1 5 2 7 4  2    9 7    4 .2 3

&   o n  /teN /   /N /   5 4 2   2 6 9 6 9  1 0   1 6 5   4 .7 7

O n  /n ik u /        5 4 9     2 7 0 7        1 0 0

m   o n /w aN /  /N /  6 13    4 3 6 2 10 3   1 5   5 .2 3   2   1 2

O n  IV         5 5 7     3 5 2  1 1    1 8    6 .2 3    2 1

O n  /tok u/       5 7 3    3 5 7 2  19   14 9   3 .5 8         14

O n  /ik i/    -   5 8 3    1 0 4 3 7  2 5    3 8    5 .0 6

O n  /ru i/        6 3 0    5 3 0 3  2 0   2 9    3 .9 6        12

O n  /e k i/        6 19    15 5 0 10 3   4 1    5 .3 3         l l

O n  /o k u/   -   5 4 7    1 8 8 7 4  8 7    6    4 .4 2    3    1 5

*T    O n  /k a/    -   5 4 7   1 19 4 6  3 8   4 1    3 .5 6   3 1

O n  /h u k u/   -   5 9 9    3 7 5 9  2 8    1 14    5 .9 2

O n  /o R 7   rsu   5 4 6    5 1 2 6      13 3   5 .3 1    12

ｻ   O n /k a/       5 5 0   8 19 7 2 0   7 8   3 .0 4   3 1

R9   O n /k ak u /  -   7 6 3   8 3 0 8 1 2   3 5   3 .2 5   1 6   14

f lj   o n /k aN /  /N /  6 0 4    3 4 8 2 2 4   2 8   3 .2 5   4 4

O n  /k a/       5 6 3    8 3 5 3 6 0   3 1   3 .7 1   3 1   15

n   O n /k i/       6 12    15 6 1 0 3   l l   3 .0 8   3 4

m   O n /k aN /  /N /  7 1 2    8 0 8     3 1   4 .13   4 4   2 1

O n  /k iN /   /N /  7 5 1    86 0 3 8   2 4   5 .5 6   1 2   l l

M e   o n /g u /       56 7   6 0 4 3     1 10   4 .2 3

m   O n /g u N /  /N /  6 4 8   2 10 0 l l   2 1   4 .5 2       10

m   O n /k aN /  /N /  9 6 2    1 3 8 12   5 7   3 .2 9   4 4   12

m   O n /k e i/       1 0 1 1    1 0 8 10 3   1 7   3 .6 7   2 6   l l

O n /tai/       5 8 4   8 9 0 1 2 8   3 6   4 .8 5   17   12

�������������������������������������������������������

m   :   -_  -  = -- _      ~-   = _   _ - -   :      :  _



16 8

m O n  /zei/ 638

C o g n itiv e S tu d ie s

22 145 20 7 9 5 .2 5 1 12

D ec . 2 0 0 3

2 5

^ O n  /taku/ 565 10205  36    4 3 4 .19 7 6 2    6

O n  /tyu R/  /R / 643 2067  40    53 3 .4 2 13 8 2    6

｣B O n  /tei/ 604 1834  ll     16 4 .2 5 22 8 2    7
* O n  /tei/ 566 55 1         34 3.83 22 9 2    7
m O n  /to R /    /R J 73 5 45 5  28     29 3.69 37 ll 2    7
* O n  /taku/ 59 1 100 3  ll     30 4.08 7 8 2    7

m O n  /doR /   /R / 60 1 187  28     45 5.48 10 10 2    7
* O n  /neN /   /N / 518 960 9  40 4.04 4 8 2    4

ffi f O n  /bai/ 545 4 05 1  87    17 4.40 8 10 2    3

m O n  /toR /    /R / 634 34 1  25    32 5.48 37 12 2    7
JK l O n  /haku7 728 287         ll 3.92 8 ll 2    7

fi fe O n  /baN /   /N / 594 743  12     52 5.19 4 12 2    6

3S
ttt

O n  /hyoR /  /R / 6 19 10 176  3     19 4.96 7 ll 2    4
# O n  fbyoR J  /R / 608 8093  20 4 .90 5 9 2    3

II] O n  /hu ku/ 62 1 118 15  24    43 4 .04 8 ll 2    4
m O n  /b aN /   /N / 902 74         27 3 .77 4 12 2    7
ｫ f O n  /hei/ 776 3 16  ll     42 3.7 1 ll 15 2    7

ffi O n  /hoR /   /R / 6 17 134 1  12     50 4.25 22 10 2    7
ft O n  /m ai/ 64 1 2702  54    17 4.8 1 4 8 2    6

JS O n  /seki/ 5 74 10494  1 1    70 5.69 14 10 2    4

& O n  /tetu/ 54 0 704 0  28    1 5 3 6.23 5 13 2    3

M O n  /m vaku/ 57 1 702  28     56 5.67 1 10 2    4
Tｱrm O n  /m oR /   /R / 558 259  15     40 4.3 1 6 8 2    7

l& l O n  /yuR /   /RJ 693 95         4 1 3.54 14 9 2    7
M O n  /yuR /   /R / 688 3436  l l     15 3.83 14 ll 2    6
m O n  /hai/ 548 648  28     2 1 6 .04 10 9 2    6
m O n  /riku/ 544 46 16  28     64 6.00 1 ll 2    4
M l O n  /z iku/ 649 1353  ll    50 5 .10 1 12 2    7
m . O n  /ryoR /  /R / 7 18 188  ll    39 5.15 13 ll 2    7

ft O n  /kaN /   /N / 582 654 5.96 44 6 2    7

& O n  /giN /   /N / 57 1 13738  28    153 5.98 2 14 2    3
* O n  /ryoR /  /R 7 59 3 357  36    17 5.33 13 15 2    7
* O n  /rei/ 59 9 7 59  13     18 4.2 1 12 13 2    7

*F O n  /ro/ 6 66 1113        36 4.46 3 8 1    7

# O n  /zeN /   /N / 7 97 139  12     47 4.15 7 13 2    7
m O n  /haN /   /N / 68 1 254  38     40 4.54 20 16 2    7

s O n  /nyoR /  /R / 6 15 40 1  14     3 1 5.77 3 7 2    7

-g O n  /hy aku/ 595 47834  5     99 5 .3 5 1 6 2    1

m O n  /doR /   /R / 59 1 549  28    56 6 .0 2 10 14 2    5

m O n  I¥J 536 9 160        59 4 .6 9 2 1 7 1    3
m O n  /zuku/ 555 806  20    12 5.63 2 14 2    7

m O n  /yoR /   /R / 60 1 2445  28    60 4 .7 1 20 12 2    3

i｣ O n  /raku/ 904 159  10 3.79 3 13 2    7
m O n  /SOR/   /R / 7 18 320  87    118 5.40 33 13 2    7

-ｻ O n  /doku7 56 9 116 3        76 5.67 3 8 2    4

* O n  /saiy 572 64 4        104 3.8 2 1 3 2    2

m O n  /retu/ 54 6 3 10 1  24    76 5.00 4 6 2    3

if K un  /tubo/ 828 283  25    19 4.92 1 8 2    7

tt K u n  fkaJ 627 8 1         12 6.44 1 10 1    7
m K un  /tak i/ 65 1 526  103    14 6.23 1 13 2    7

M K un  /h ada/ 6 10 430  28    49 6 .04 1 6 2    7

* * K un /to R ge/  /R / 784 107 5.8 1 9 3    7

X K un  /m ata/ 6 18 247         14 3.83 1 2 2    7

M K un  /tuka/ 7 12 3787  25    42 4 .85 1 12 2    7
2 K un  /sibay 6 80 20 13  38    38 5.94 1 6 2    7

m K un  /saki/ 7 60 1066 9        38 4.15 1 ll 2    7

m K un  /kabu/ 6 87 8839  54     40 5.42 1 10 2    6

t& K un  /m usum e/ 682 17 42  24    33 6.29 1 10 3    7

m K un  /sara/ 633 486   8     24 5.88 1 5 2    3

･ K un  /im o/ 704 47  38     4 8 6.25 1 6 2    7

$& K un  /him e/ 643 458  24     56 6.08 1 10 2    7

w K un  /w aku/ 652 2932  54     18 5 .00 1 8 2    7

w K un  /m isaki/ 7 11 156 6 .19 1 8 3    7

m K un  /tana/ 7 15 547  54     56 5 .7 3 1 12 2    7

*2 K un /sugi/ 634 24 10  54     43 6 .06 1 7 2    7

ft K un  /kai7 5 84 443  2 1    90 6 .02 1 7 2    1

ｻ K un  /hako/ 5 89 105 1  2 1     87 5.92 1 15 2    3

m K un  /se/ 7 0 1 2530  103    54 4.10 1 19 1    7




