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Abstract

Phonestheme is a particular sequence of
speech sounds that conveys a certain mean-
ing. Most of the studies on identifying phon-
estheme have focused mainly on European
languages, but few studies have focused on
Japanese. However, since phonestheme plays
an important role in language acquisition and
brand naming, discovering a concept simi-
lar to phonestheme also in Japanese can be
beneficial in Japanese education and com-
merce. In this paper, we hypothesize the exis-
tence of a concept named “phonesthemic clus-
ters” in Japanese Kanji characters and pro-
pose a method to identify them by focusing
on the consonants of the readings of Kanji
characters. We apply the proposed method
to 2,136 common Kanji characters and show
that it successfully extracts 100 and 33 phon-
esthemic clusters in the first and second con-
sonants of reading, respectively. Also, the
proposed method automatically labels the ex-
tracted phonesthemic clusters, successfully as-
signing semantic labels to more than 80% of
them. These results suggest the existence of
the systematic correspondence between conso-
nants and meanings in the reading of Japanese
Kanji characters.

1 Introduction

Phonestheme is a particular sequence of speech
sounds that conveys a certain meaning, which was
first proposed by a linguist Firth (1930). For ex-
ample, English words beginning with a phones-
theme “gl” include many words related to light,
such as “gleam” and “glitter”, and thus the phon-
estheme “gl” is considered to have a meaning
related to light (Berge, 2004). Such phones-
themes are known to have an important role in
language acquisition and brand naming, which
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implies their usefulness in education and com-
merce (McCune, 2011; Parault and Schwanen-
flugel, 2006). Phonesthemes have been studied
mainly in European languages such as English
and Swedish (Asa Abelin, 1999) but few studies
have focused on Japanese. One of the reasons
for this is that Japanese has a phonological lim-
itation of not having a sequence of consonants,
whereas phonesthemes are generally composed of
two or three consonants. Among the few studies,
Hamano (1998) analyzed the correspondence be-
tween phonemes and meanings in Japanese ideo-
phone. However, because this analysis was limited
to ideophone, their meanings were not as specific
as those of phonesthemes in English. In addition,
since Hamano’s evaluation was conducted manu-
ally by the author, the obtained results were highly
labor-intensive.

Therefore, through data-driven approach, this
paper attempts to automatically discover a concept
similar to phonesthemes also in Japanese which
we call “phonesthemic clusters”. We focus on the
Sino-Japanese readings of Japanese Kanji char-
acters! assuming that they express more specific
meanings than ideophone. Specifically, this paper
targets consonants in Japanese readings of Kanji
characters. The reading always has either form of
CV, CVC, or CVCYV, where C and V stand for a
Japanese consonant and a Japanese vowel, respec-
tively. We define a “phonesthemic cluster” as a
cluster of Kanji characters that share specific se-
mantics and show high proportion of a specific
consonant either in positions of the first or second
consonant as a stepping stone to identifying phon-
estheme in Japanese. Our motivation comes from
the fact that there exists some examples that Kanji

'In general, Japanese Kanji characters have two types of
reading: the Japanese reading (kun-yomi) and Sino-Japanese
reading (on-yomi) which is derived from old Chinese. In this
paper, we focus on the latter type of reading.



characters having a specific meaning tend to share
a specific consonant in their reading. For exam-

ple, Kanji characters related to colors often have
haku koku

‘k’ in the second consonant such as H (white), &

ryoku

seki Y
(black), 77 (red), and #% (green). Another exam-
ple is that those having an aggressive sense share

metu

satu
‘" in the second consonant such as % (kill), J&

batu setu

(destroy), £ (punish), and Y] (cut). The reason
for focusing on the readings of Kanji characters is
that it is easier to analyze than other readings or
words in general because it is always mono- or bi-
moraic, more systematized, and less influenced by
dialects.

The contribution of this paper can be summa-
rized as follows:

* We propose a method to discover phones-
themic clusters in Japanese, especially in
readings of Kanji characters, and a method to
automatically label these clusters with appro-
priate meanings in a data-driven approach,

* We apply the proposed method to 2,136 com-
mon Kanji characters which results in finding
133 phonesthemic clusters of Kanji sharing
both a specific consonant and a meaning,

* We compare the identified phonesthemic
clusters with phonesthemes attested in other
languages to confirm the similarity of the re-
lationship between a specific consonant and a
meaning across languages.

2 Related Work

2.1 Automatic identification of phonestheme

Otis and Sagi (2008) proposed a method for
automatically identifying English phonesthemes.
Many of the earlier studies manually evaluated
the relationship between meanings and pronuncia-
tions, which led to analysis only on a small scale.
They enabled automatic identification of the ex-
istence of many phonesthemes by converting En-
glish words into semantic embeddings and test-
ing the average distance between words sharing a
phonestheme and randomly selected words.
However, most of the studies of phonestheme
aimed at identifying the existence of known phon-
esthemes, and the identification of novel phones-
themes is underexplored. Liu et al. (2018) at-
tempted to automatically discover both known and

novel phonesthemes in English using a linear re-
gression and sparse regularization. They evaluated
the identified phonesthemes by recruiting native
English speakers and asking them to judge how
well each phonestheme fits its meaning, which re-
sulted in the conclusion that phonesthemes could
be extracted automatically.

In the method proposed by Otis and Sagi
(2008), they first grouped English words by known
phonesthemes, and then performed a t-test to the
distance between the groups and a group of ran-
domly selected words. Since there are no known
phonesthemes in Japanese Kanji characters, it is
difficult to directly adopt this method to them.

2.2 Automatic labeling of meaning of
phomestheme

Automatic identification of the semantic mean-
ing of each phonestheme was one of the issues
raised by Otis and Sagi (2008). Abramova et al.
(2013) used the English concept dictionary Word-
Net (Fellbaum, 1998) to automatically identify the
meaning of phonesthemes. Specifically, first, for
every noun in an English word cluster that shares
a specific phonestheme, hypernyms in WordNet
are extracted and used as candidate labels for the
cluster. Next, for each candidate label, an affin-
ity score is calculated between the label and each
word in the cluster. This score is inversely propor-
tional to the distance between the two words in the
WordNet hierarchy. The label with a higher score
is judged to represent the meaning of the entire
cluster and adopted as a semantic label.

In this paper, we extend their method to iden-
tify the meanings of phonesthemic clusters in
Japanese.

3 Discovering Process of Phonesthemic
Clusters

In this section, we introduce a method for discov-
ering phonesthemic clusters using semantic em-
beddings of Japanese Kanji characters and a pop-
ulation proportion test. In particular, based on
Otis and Sagi’s method, we first attempt cluster-
ing Kanji characters on the semantic space to ob-
tain semantic clusters and then analyzing the bias
of consonants by a population proportion test to
obtain phonesthemic clusters. Figure 1 shows the
procedure of the proposed method.
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Figure 1: Proposed procedure of discovering phones-
themic clusters.

3.1 Semantic Kanji embedding

Each element k; of the set of Kanji characters
K = {ky,ko,...,kn} is transformed into its
Kanji embedding e; using a pretrained language
model. In this paper, we use Bidirectional Encoder
Representations from Transformers (BERT) (De-
vlin et al., 2019) pretrained on Japanese Wikipedia
articles (Inui Lab, 2022).

3.2 Extraction of semantic clusters

As introduced in Section 1, it is known that En-
glish words that share a phonestheme express sim-
ilar meanings. Based on the assumption that this
is also the case in Japanese phonesthemic clusters,
we apply a hierarchical clustering method (Joe.
H. Ward Jr., 1963) to the Kanji embeddings
e1,...en. The set of all Kanji clusters that appear
in the process is denoted as S’. Next, for each el-
ement s;. of S’, those that satisfy |5;| > Q0 are
extracted as the semantic cluster s; and are con-
sidered as candidates for phonesthemic clusters.
A set of semantic clusters is denoted as .S, such
that, S = {3;]3’ € S'|s'| > Osize}. Here, Ogize
should be maximized to ensure that each cluster
contains a sufficient number of elements for a sta-
tistical test.

Note that clusters appearing throughout the pro-

cess of agglomerating the clusters are treated as in-
koku

haku
dependent clusters. For example, if { H (white), &

seki haku koku seki

(black), 7% (red)} and {H (white), & (black), 7}

ryoku sei kou / ou

(red), & (green), & (blue), ¥4 (yellow)} appear
in the clustering process, these two clusters are
treated as separate semantic clusters. This is be-
cause Kanji characters within each cluster should

be semantically related, regardless of the size of a
cluster.

3.3 Extraction of phonesthemic clusters

To discover phonesthemic clusters, a population
proportion test for the bias of consonants is per-
formed in the following steps. First, given C; and
Cs are sets of the possible first and second conso-
nants in the reading, respectively, we first calcu-
late the population proportion z* of a consonant
¢, € C1 U in the set of whole Kanji characters.
Second, the proportion azf of each consonant ¢y, is
calculated within each semantic cluster s; € S.
Third, for the proportion a;é“ of each consonant ¢y,
in each cluster s;, a population proportion test is
performed. The test statistic z is calculated by the
following formula:

Is;]

Assuming that this z follows the standard normal
distribution V' (0, 1) based on the central limit the-
orem, we refer to the standard normal distribution
table to calculate a p-value.

Finally, for any consonant cg, the semantic clus-
ter s; whose p-value satisfies the significance level
Osig is judged to be biased toward the consonant
and is identified as a phonesthemic cluster 5;. This
5 can be formulated as follows:

3 ={s; €S |3k €CLUCy : z(az,2") < bg}. ()

A one-tailed test is performed since we want to
find semantic clusters of Kanji characters that con-
tain a significantly large number of specific conso-
nants in specific positions. For each s;, we define
a representative consonant ¢, € C, which meets
the condition z(27,2") = min, z(27,2"). If two
or more semantic clusters in a subset-superset rela-
tionship satisfy the significance level, the one with
the smallest number of elements is extracted as

the phonesthemic cluster. For example, if all of
haku koku

the three semantic clusters { H (white), 5 (black),

seki haku koku seki  sei haku koku  seki

IR (red)}, {H, £, &, F (blue)} and {H, &, /&

sei  ryoku kou / ou

H, % (green), ¥ (yellow)} satisfy the signifi-
haku koku seki

cance level, only {H, &, 7R} is treated as a phon-
esthemic cluster. This is due to the assumption



that a cluster with fewer elements has stronger se-
mantic relationship. The set of phonesthemic clus-
ters extracted from the above method is denoted as
ScCSs.

4 Automatic Labeling of Phonesthemic
Clusters using WordNet

This section introduces a labeling method based
on Abramova et al. (2013)’s one. Since their
method was originally proposed for English
words, we extend the method by using the
Japanese WordNet (Bond et al., 2009) and make
it possible to accept a set of Japanese Kanji char-
acters as input instead of a set of English words.
Specifically, input of a Kanji character is con-
verted into corresponding English words, such as
a Kanji character “K” being converted into both
“dog” and “spy”’.

4.1 Finding corresponding WordNet nodes
for each Kanji

For each Kanji character k; € 3;, we search
for corresponding nodes in WordNet (Fell-
baum, 1998) using Natural Languate ToolKit
(NLTK) (Bird et al., 2009). WordNet is a the-
saurus defining hierarchical relationships between
English words. Specifically, when a Kanji charac-
ter k; is input, NLTK retrieves the corresponding
English word node in the WordNet hierarchy. For
example, from the Kanji character “H (white)”,
the nodes for English words “white” and “white-
ness” are retrieved.

4.2 Calculation of affinity score

Next, for each node, the set of hypernyms in Word-
Net is retrieved. For each Kanji character k;, we
define H(k;) = {k;} U h(k;) as the set of k; and
its hypernyms h(k;). Here, we exclude nodes of
overly abstract nouns that are distant from the root
node by less than a threshold fy;s; in the depth
of the WordNet hierarchy. Next, for each phon-
esthemic cluster §;, the union of all H (k;) is cal-
culated as Lg; = Uy, ¢ i (k;). We regard all ele-
ments [ s € ng as candidates for semantic labels,
and for each of them, the affinity score A(l;,, $;)
between a semantic label /,;, and a phonesthemic
cluster 35 is calculated by the following formula:

Table 1: Population proportion of each first consonant
in common Kanji data.

k ‘ g ‘ s ‘ z ‘ t
0.201 | 0.052 | 0.217 | 0.063 | 0.108

d | n | h | b | m
0.025 | 0.017 | 0.088 | 0.046 | 0.030

y | r | w [ ¢
0.031 | 0.053 | 0.002 | 0.068

Table 2: Population proportion of each second conso-
nant in common Kanji data.

k | ¢ [ N[ ¢
0.108 | 0.056 | 0.205 | 0.631

where a(k;, 1) is given by

if 1y, € H (k)

I S
a%mm:{mwmy , @)

—g otherwise

where g is a constant representing a penalty, and
dist(k;, l,,) represents the length of the shortest
path from k; to [,,, in the WordNet hierarchy and
returns 1 if k; and [, are identical. Among the
candidate semantic labels, those with a positive
affinity score and a coverage pcover(lm) greater
than a threshold 6.y, are adopted as the seman-
tic labels for the phonesthemic cluster. Here,
Peover (Im ) represents the percentage of Kanji char-
acters in a phonesthemic cluster that have [,, as
their hypernym, which is calculated using the fol-
lowing formula:

_ ki | b € H(ki), ki € 3}
[{ki € 35}

pcover(lm) (5)

5 Experiment

In this section, we report the results of the experi-
ment in which we applied the proposed method to
actual Japanese Kanji data.

5.1 Experimental settings

Kanji data First, we prepared 2,136 common
Kanji characters paired with their readings from
the Joyo Kanji Table? defined by the Japanese gov-
ernment for use in daily life. The consonants of

3) https://www.bunka.go. jp/kokugo_nihongo/sisaku/
joho/joho/kijun/naikaku/pdf/joyokanjihyo_20101130.pdf
(Accessed: 2022-12-18)

A(lm,§j) = Z a(kiylm)a

kiegj



Table 3: Examples of phonesthemic clusters discovered by the proposed method. Z-scores represent the test
statistic for the population proportion test, and for each phonesthemic cluster, Kanji characters including the rep-

resentative consonants are presented in bold.

Position | Phonesthemic Cluster | Representative Consonant | Proportion | z-score
ka ka KkiN keN/koN ko;ll__ku kuN kou/ku ti seki
ffiR¥SE K B B I EE k \ 719 \4.311
kou kyou kou kyuu keN g‘a\ku si z,yutAu ryou
| BEBEBTAWR | k | 50 | 264
FirSt Consonant sei sei sei siN seN jou (N kyuwu teN
BETYEINS S S | 50 | 2460
saN keg l_(ﬂ\i seN raN meN bou si g ma
\ = 18 WA B R N R R R \ m \ 2/10 \2.153
ketu setu zatu/zou mitu kei :‘EN kaN  kei ;dku
BEizssitilin t | w9 | 5083
‘ koku haku seki ryoku sci. 5 kon % ‘ ‘ ‘
Second Consonant RRRKERTELA k 4/ 8 | 3.601
saN kcg keN seN raN meN bou {s| sou ma
\ o= 18 T HEEE R TR R \ N \ 6/10 \3.111
siN siN deN ‘u_H' teN ryuu kou jouu/sei syuu {um
EETERMK W B2 N \ 5/10 \ 2315

readings were determined based on the “Roman
spelling system” (Kunrei-shiki). Here, Kanji char-
acters whose Sino-Japanese reading is not listed
on the table are treated as having no consonants,
which is represented as “qb”. Moraic nasal conso-

nants represented by ““>/”” are indicated using “N”,
ni

na
whereas other dental nasal consonants in “J, =,

nu ne no

X, %, /7 are indicated using “n”. Out of the
2,136 characters, 2,062 have at least one, and 152
have at least two readings. For the 74 characters
that have no reading, we treated them to have a
reading “¢”. We omitted 1 Kanji character that
could not be converted to its Kanji embedding be-
cause of the absence of the Kanji character in the
model’s vocabulary. In consequence, 2,135 Kanji
characters were used in this expeirment.

Hyperparameters For the hyperparameters, we
empirically set Ogi,e = 7, Oz = 0.025, g =
—0.10, O4ist = 3, and O.gyer = 0.2.

5.2 Result of discovered phonesthemic
clusters

Hierarchical clustering on the 2,135 Kanji char-
acters resulted in a total of 2,134 semantic clus-
ters. Then, the population proportion test of the
first and second consonants was performed target-
ing between the semantic clusters and the popula-
tion of the 2,135 common Kanji characters. Tables
1 and 2 show the population proportions of the first
and second consonants, respectively. As a result,
out of the 2,134 semantic clusters, 100 for the first
consonant and 33 for the second consonant were

extracted as phonesthemic clusters, respectively.
Table 3 shows examples of the discovered phon-
esthemic clusters (Full lists are provided in the ap-
pendix). The results suggest the existence of cor-
respondences between consonants and meanings
in reading, which is in line with our expectation.

Comparing the discovered phonesthemic clus-
ters between the first and second consonants, 18
clusters were common and 4 clusters were inclu-

sive. For example, for the cluster {§ (silkworm),

ch ch seN 1 aN meN

#8 (silk), i (cocoon), ﬁ'ﬁ (fiber), 5 (indigo), ##

bou sou
(cotton), #f (spinning), % (yarn), %% (mulberry),
ﬁ (hemp)}, both the first consonant “m” and the
second consonant “N” satisfied the significance
level. However, it is unlikely that the consonant
pair (m, N) plays a phonesthemic role in this clus-

meN

ter because there is only one Kanji character (“#f
(cotton)”) in the cluster that has the first consonant
“m” and the second consonant “N”. Also, since
each first consonant belonged to an average of 7.7
phonesthemic clusters and each second consonant
belonged to an average of 11.0 phonesthemic clus-
ters, the meaning of each consonant could not be
determined uniquely. For example, there were 15

clusters that shared the representative second con-
saN

sonant “N”, such as the one with “& (silkworm)”
and another with “J (advance)” listed in Table 3.
In contrast to the definition of phonesthemes to
evoke specific meanings, too many meanings asso-
ciated with each consonant may lead to a dilution
of the relationship between the consonant and its



Table 4: Examples of semantic labels automatically assigned to the discovered phonesthemic clusters.

Phonesthemic Cluster ‘

Conceptual Dictionary-based Method

‘ Semantic Label ‘ Coverage Rate ‘ Affinity Score

5 (black) [ (white) ¥ (blue) 7t (red) | SPeCtlcolor | 5/8 | 470
4% (purple) #% (green) #L (red) ¥ (yellow) ‘ color ‘ 8 ‘ 1.65
| piece | 28 | 140
#| (cut) #2 (rub) # (crack) 7k (chang) B B B
HY (paste) ¥ (coating) Hll (peel) #| (peel)

¥ (drip) # (crystal) & (bubble) 7 (bean) | grain | 3/ 9 | 240
% (drain) & (wheat) ¥} (flour) B (sweets) ‘ sphere ‘ 3/ 9 ‘ 1.51
$I (drains) ‘ food product ‘ 4/ 9 ‘ 1.25
#& (short) £ (long) %* (small) H* (medium) | size | 2/ 9 | 1.30
/Iy (small) K (large) 3 (half) /& (high) |  concept |  2/9 | 055
1K (low) | — | — | _

& (place) 17 (stand) £F (have) 7% (exist)
JE (birth) 4 (birth) H} (produce) A (enter) 3/11 1.31

% (produce) 1T (go) F& (emerge)

meaning. Since we try to discover phonesthemic
clusters as a stepping stone to identifying phones-
themes in Japanese, further analysis of the phon-
esthemic consonants in Kanji readings, prioritiz-
ing the meanings associated with each consonant
is required in future work.

5.3 Result of automatic labeling

Applying our automatic labeling to the discovered
phonesthemic clusters resulted in assigning one
or more semantic labels to 84 out of 100 phon-
esthemic clusters represented by the first conso-
nants and 30 out of 33 phonesthemic clusters rep-
resented by the second consonants.

Table 4 shows examples of the labels automati-
cally assigned to each phonesthemic cluster. For

ka
example the phonesthemic cluster {fffi (value),
kiN keN / koN

{ﬁ (value), %(frult) ¥ (equal), MR (donation),

kou /ku kuN kou / ku seki

H (tribute), # (merit), ¥J (merit), #& (achieve-

ment)} was labeled Wlth the meanmgs of “value”
kaN

and “exploit”, and {T’* (involve), J_ (relation), B8

kei raku ketu

(link), % (link), #& (connection), ## (connection,

setu zatu / zou mitu

#% (connection), #E (miscellaneous), % (den-
sity)} was labeled with the meanings of “connec-
tion” and “relate”. This indicates that phones-
themic clusters were identified in accordance with
the meanings of the Kanji characters.

5.4 Cross-lingual comparison

Phonestheme is generally considered to be
a language-specific phenomenon (Dwight L.
Bolinger, 1950), but some phonesthemes have
been reported to be common across languages
such as English and Swedish (Asa Abelin, 1999).
In this section, we compare the phonesthemic
clusters identified using the proposed method with
the phonesthemes reported in various languages,
and discuss the similarities and differences among
them.

5.4.1 Comparison with phonesthemes in
English

We first compare our phonesthemic clusters with
the English phonesthemes reported by Magnus
(2001). Magnus grouped English monosyllabic
words according to whether or not they contained
each consonant, and categorized the meanings of
the words in each group. Then, for each mean-
ing category, the percentage of words in the group
that represent the meaning was calculated. We
use these data of consonants attatched with the
percentage of each meaning. Next, we classify
each of the phonesthemic clusters into groups ac-

cording to their representative consonant. For ex-
kou kyou

ample, the phonesthemic cluster {7# (lecture) A
kou
(teaching), ¥¢ (school), 7%

kuu

(research), E:f (study),



Table 5: Examples of phonesthemic clusters with relatively high affinity scores to the meaning of consonants in
English. Original expressions of consonants in Magnus (2001) are displayed next to the representative consonants

with brackets.

Phonesthemic Cluster

Representative Consonant ‘ Meaning in English ‘ Meaning Percentage ‘ Affinity Score

kaku kaN kaN ki syou siN/ziN toku rei

control ‘ 8.0% ‘

HEERKEHS | k () 140
si  syo syuu seN zi kei zoku kaN matu
R R EER | s Us)) | start | 7.9% 130
gaN gaku tyou haN roku kyou kei kou hou
P TE IR 8 00k 2% e O e \ g (&) \ valleys \ 13.0% \ 0.45
tyou teN to Kkatu satu retu saku haku
3 Al o i 7 20 il \ t (1) \ touch \ 25.7% \ 0.30
reN raku kei kaN kei ketu setu zatu mllu
A 15 B fR A B M \ r (//) \ connections \ 14.3% \ 0.20
ch_ goN go gou ne ;ﬁl‘ zi ko syou mei baN
E BEEATMHNAE g (e \ voice \ 3.7% \ 0.10

Edku zyutu ryou

(study) *Jt (Welfare) 1TI (art) ¥ (therapy)}

keN / koN
and {ﬁlﬁ (value), % (frult) i’] (equal) Hik (do—
k()u/ku kou / k

nation), B (tribute), # (merit), I (merit), 1

(value), ‘fﬁ (achievement)} are classified into the
group of the consonant “k”. Next, for each conso-
nant group, we compare the meanings of each con-
sonant in English (Magnus, 2001) and the labels
assigned to the phonesthemic clusters obtained by
the proposed method.

The comparison is made using Equation 3,
which calculates an affinity score between a se-
mantic label and a phonesthemic cluster, as used
in the labeling method in Section 4. Specifically,
we regard the meaning of a consonant in English
as a candidate semantic label [,,, and compute the
affinity score A(l,,, 5;). Unlike in Section 4, we
do not set the requirement of positive values for
the affinity scores, nor do we set a threshold for
the coverage ratio or the shortest distance from the
root node. A higher affnity score implies a higher
semantic relation between the meaning of a phon-
estheme in English and that of each Kanji charac-
ter in a phonesthemic cluster since it indicates a
closer distance in the WordNet hierarchy between
the candidate semantic label and each Kanji in the
cluster.

Although most of the affinity scores between
the candidate semantic labels and the phones-
themic clusters were highly negative, some of
the candidate semantic labels showed relatively
high affinity scores with the phonesthemic clus-
ters that contain specific consonants significantly
more, which are shown in Table 5. The map-
ping between English consonants and consonants
of readings of Kanji characters were determined

according to Kindaichi (2010). For example, in
Magnus (2001)’s work, 8.0% of the English words
containing the consonant /k/ were considered to
express the meaning of “control,” and the affin-

kaku kaN

—

ity score between “control” and {FéEJ (cabinet). B

kaN syou
(government), & (supervisor), ﬁ (command), Ff

(general), “NﬁN (minister), & (governer), ﬁ (or-
der)}, the phonesthemic cluster containing signif-
icantly more “k”, was 1.40, which is a relatively
high value. This suggests that the consonant /k/
in English and the consonant “k” in the reading of
Kanji characters convey a similar meaning.

On the other hand, the meaning percentage in
some clusters is less than 10%, which raises a
question whether each representative consonant
truly represents its corresponding meaning. To
avoid using weaker sound-meaning relationships,
the necessity of filtering English meanings used
for this comparison remains to be considered.

toku re

5.4.2 Comparison with phonesthemes in
various languages

Next, we also compared phonesthemes attested in
various languages (Plato, 1999; Hamano, 1998)
with the phonesthemic clusters in the same pro-
cedure. Some of the results are shown in Table 6.
The correspondence between Greek letters and
the alphabet was determined based on the trans-
lation by Reeve (Plato, 1998). There were one
first consonant and eight second consonants that
showed relatively high affinity scores between
the meanings of the Greek phonesthemes (Plato,
1999) and the phonesthemic clusters. For exam-
ple, Plato (1999) assumed that the consonant *“ T
in Greek represents the meaning of “binding,” and

tyou

its affinity score to the phonesthemic cluster {4k



Table 6: Examples of phonesthemic clusters and consonant meanings in various languages with relatively high

affinity scores.

Phonesthemic Cluster Other Language Representative Meanings in Other Language Affinity
Consonant Scores
tyou teN to katu satu retu saku haku Greek T
3E BE 3 ) 2 20 2 (Plato, 1999) t (7) binding 1.40
B g ook gk i g o Japanese ideophone
B E A (Hamano, 1998) & hard 029
kou kyou kei keN ko SN seN haku yo zyaku zyw Japanese ideophone
EEBREBERERKRERPE (Hamano, 1998) k hard, heavy 0.00
G Gou tw N KaN ou em syou Japanese ideophone
BB ZE 2| & & (Hamano, 1998) t movement —0.45
e sew syoku X wow syoku w0 ki G K Japanese ideophone o
B HE o R B RSB S R B (Hamano, 1998) s gliding movement -1.30
seN setu syoku seN sou syoku nou aN i n\I kitu kyuu Greek .
BB R RS TR | (b, 1909) s (o) wind —1.30

teN to katu satu
(stretch), HY (paste), & (paint), & (split), #Z (rub),

retu saku haku

2 (split), HIl (shave), 3#| (peel)} which contains
significantly more first consonant “t”, was 1.40, a
relatively high value.

The comparison with Hamano (1998) revealed
23 Japanese consonants that have relatively high
affinity scores. For example, Hamano found that
the first consonant “g” in Japanese ideophone rep-
resents the meaning “hard,” and the affinity score
between “hard” and the phonesthemlc cluster that

contains significantly more “g” {f?é (slow), IJ%
kyuu geN/ goN geki lyo

(fast), & (rapid), % (severe) ¥ (intense), &

kyoku / goku

(striking), H (extreme), 11‘3( (slight)} showed a
value of 0.29 which is a relatively high score be-
cause about 85% of the phonesthemic clusters did
not have positive values.

Among the meanings of the phonesthemes in
German (W. von Humboldt, 1836), none of them
showed relatively high affinity scores with any
phonesthemic cluster.

In the above comparison between various lan-
guages, it was confirmed that “g”, “k”, “s”, and “t”
were the most common consonants that showed
high affinity scores. The common feature of
“g” “k”, and “t” is that they are plosive sounds.
As they tended to show high affinity scores, it
could be implied that plosive sounds have stronger
sound-meaning relationship than the other types
of language sounds. However, the number of
data on the meanings of the phonesthemes in
Japanese ideophone, German, and Greek are ex-
tremely small compared to that in English. There-

fore, increasing the number of phonesthemes and
their meanings in these languages would be our
future work to obtain more reliable results. Also,
considering the historical fact that the readings are
derived from old Chinese, it would be interest-
ing to compare our findings and the consonant-
meaning correspondences attested in modern or
old Chinese.

6 Conclusion

In this paper, we hypothesized the existence of a
concept similar to phonestheme named “phones-
themic cluster” in Japanese Kanji characters. We
proposed a method to discover phonesthemic clus-
ters by focusing on readings of Kanji characters
and a method to automatically label their mean-
ings through a data-driven approach. For iden-
tifying phonesthemic clusters, we first converted
Kanji characters into Kanji embeddings, and then
extracted semantic clusters of Kanji characters by
hierarchical clustering. Then, a population pro-
portion test was performed on the first and sec-
ond consonants of the Japansese reading of the
Kanji characters included in each cluster, where
clusters containing a specific consonant signifi-
cantly more were identified as phonesthemic clus-
ters. We applied the proposed method to 2,136
common Kanji characters and discovered 100 and
33 phonesthemic clusters for the first and second
consonants, respectively. The automatic label-
ing successfully assigned semantic labels to more
than 80% of the extracted phonesthemic clusters.
These results suggest the existence of the corre-
spondence between certain consonants and mean-



ings in the readings of Kanji characters. The re-
sults also suggest that the first and second con-
sonants of the readings can function as phones-
themes in Japanese.

This paper focused only on the consonants in
the readings of Kanji characters to discover phon-
esthemic clusters. However, by carefully select-
ing words to be analyzed, we believe that the pro-
posed method can be applied to other types of
Kanji readings and even more general Japanese
vocabulary. Expanding the scope of our analysis
would enhance the understanding of phonestheme
in Japanese.
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A Appendix

This section presents all of the phonesthemic clus-
ters discovered in Section 5, where we applied the
proposed method to 2,136 Kanji characters.

In Tables 7 and 8, the 100 clusters represented
by the first consonant and the 33 clusters repre-
sented by the second consonant are listed in order
of their representative consonant and z-score. The
z-scores in the tables represent the test statistic for
the population proportion test. In each phones-
themic cluster, Kanji characters having the repre-
sentative consonant are presented in bold.



Table 7: Phonesthemic clusters represented by the first consonants and their semantic labels.

Proportion of

Phonesthemic Cluster R%)gissil:lt::tve Kanji Containing z-score Semantic Label
Representative Consonant
= k 79 4311 feat
BEE B EM
HERE > k 6/11 2.845 —
BAEARRT
B 4 47 9 k 5/'9 2.649 content
Bh =
;ﬁﬂhﬁﬁm [@% k 5/9 2.649 —
M &7 =
Eﬁ ’@ﬁﬁ ;{% k 5/'9 2.649 sound property
Eﬁ g g kL k 4/ 8 2.106 management
EEEER
MERGHE k 5/11 2.093 firm
E3|
= o g 1%( = e 38 4.092 acute
# ’_r*ﬁ % E I g 3/ 8 4.092 doubt
7~
T =EmE T s
_,.'i'.5 *E;B i,g g g 3/10 3.511 language unit
BB R
9B 5 88 o B g 3/12 3.069 | administrative district
L
=B EE
IRy g 3/14 2.716 representation
8 iR OF
i ﬁ % g i g 2/ 8 2.506 consciousness
7 2L g 29 2,284 restraint
g 2/ 9 2.284 organization
g 2/ 9 2.284 instrumentality
g 2/ 9 2.284 sacrifice
g 2/10 2.093 natural elevation
. 0 18 B g 2/10 2.093 activity
2 & & e %
AR 1B s 7/13 2.807 act
35 iR
/K%gn;g‘ﬂ% ﬂéﬂ“ S 5/ 9 2.460 happening
'ﬁ*; W g s 5/ 9 2.460 change
RWE ==
& ¢ :I:E;fﬁliéﬁx S 5/ 9 2.460 measure
BB T
B E,Eg%gr i s 6/12 2.374 wisdom
BREEER
# E ;%E % B s 6/13 2.135 artifact
ik
BERETR
BE g ?biﬁl %J z 4/10 4.174 attendant
B X 0E L S ..
7 5 15 7 y/ 3/ 8 3.452 activity
:%ﬁa (S %Iv'é.\
75w [t z 2/ 8 2.047 control




Representative Proportion of
Phonesthemic Cluster Consonant Kanji Containing Z-score Semantic Label
Representative Consonant
H 2§ H iR
IE % 5 z 2/ 8 2.047 —
BESD | .
(& O t 5/ 9 4.333 size
WEREM "
= I t 4/10 2.981 condition
= w Ik I
BdERR t 4/11 2.738 act
e
= fa3
= % é} 1;'? ® t 3/ 8 2.438 animal
Egl:l g i @L
e, ;‘; e B t 3/ 8 2.438 compound
iR BE 2] B 2 .
NE t 3/ 8 2.438 stick
€ ﬁi g.% g@ t 38 2.438 force
FAARTE T
ﬁjhﬁﬂjt\;’/ t 3/9 2.183 morality
EMESH
OB Y 4 oA t 3/10 1.961 —
35 Mt t 3/10 1.961 —
B X %A
B 5 b B I d 4/16 5.789 topographic point
b R 5 51
= 7;5] g g W d 28 4.093 building
ERR L R ..
= ME B 5 1
M E Rt d 2/12 3.158 entirely
F %
ME M FR AG 7T
BE R H 8 1T d 2/12 3.158 body covering
JiI=:
FT X % o
& % T BK B d 2/13 2.990 turn
o TR O T 5 )
9K BY G n 2/10 4.427 marriage
B XFKER . .
H&EH %A n 2/10 4.427 time period
T E B KR
EEEITH n 2/11 4.180 duty
7
EL T
& (ﬁ*aﬁi;(’% &) n 2/12 3.964 —
% I
TB Fhik
# ﬁﬁﬁﬁ 4ifi 26 n 2/14 3.599 woman
Ik B A
B X Wi &% 15
BH 8 I n 2/17 3.170 —
AR ¥ B M 95
25 3
e
T § = ?‘E e n /8 2334 feeling
Al Eﬁ b ;ﬁ Jai n 1/ 8 2.334 permission
Bt A
T W% 0 A
B & = n 1/ 8 2.334 woman
—_— =MW ..
E R A n 179 2.156 digit




Proportion of

Phonesthemic Cluster R%)resentatlve Kanji Containing Z-score Semantic Label
onsonant .
Representative Consonant
ﬁﬁ_j E Aﬁiiﬂgk n 179 2.156 | cardinal compass point
73
oE o=
;"‘ o f; g % n 1/10 2.003 artifact
s A | =Y
E]Iﬁ'i % % % % n 1/10 2.003 connective tissue
BT & T .
B i *'?X % f n 1/10 2.003 internal organ
i g Q % % n 1/10 2.003 digit
e gﬂz = = h 38 2.864 artifact
FTEXE %
-'ra;ﬁ %@%ﬂ‘ ¥k h 3/ 9 2.597 currency
&8 W E &=
8 %0 5 Bt 1 h 3/11 2.161 action
EH
B % R BF %
B EEE h 3/11 2.161 natural elevation
Iin
MEEREE
2 172 Wik 7 X h 4/17 2.142 activity
4 #% BE E g
I
T KSR
i HF BE & = h 4/18 2.009 act
R BCTH A
TET
'ﬁﬁ )E‘J:\ ;& =< ‘E
B8 2 7 iE bk h 4118 2.009 —
I o = RE R
R E
BE B2 & AL M
17 B¢ 5 Fp 28 h 3/12 1.980 device
5 15 W X
NE 4 A ) Bk h 3/12 1.980 utter
it %D
Wi T B 6 BN
WA R h 5/25 1.975 foodstuff
R B
Ba @& =
5% FC 78 IR &
B8 & Wb b 3/11 3.570 commerce
il
& gg % ﬁ (] b 2/ 8 2.739 container
|
% E g L’i‘\J % b 2/10 2.310 distance
>
v E E BN ‘g .
fg ‘Ig A 1 %;; b 2/10 2.310 discourtesy
TTREYTEWE
2 g S L b 2/10 2310 body part
=R RE .
B 4 e (i b 2/10 2310 policeman
i j; s b 2/10 2310 miserable
(S EA
B of BLA)
8 % &y i b 2/11 2.136 group action
EBRFERE
T S b 2/11 2.136 book
#
DAY
i é E 1%( ™ m 3/ 8 5.723 geological time




. Proportion of
Phonesthemic Cluster R%)gissi?lt;:tve Kanji Containing Z-score Semantic Label
Representative Consonant
EIHEE .
= & 1 - m 2/ 8 3.649 spirit
5 2% 7 1 R
R 48 G 2 8 m 2/10 3.153 shrub
DHERE
5] E% EJ%E;;} R m 2/13 2.619 —
= 1#
jEg= s
B 5 5 M R m 2/13 2619 artifact
JE A
TEH R
BE i PR A4 m 2/13 2619 activity
BE 18 itk
P2 A T
B EINE &% y 3/16 3.619 accept
5 u & %
5
5% ) B TE
e (1 Jil y 2/ 8 3.580 rede
TR 5% MH K 18
% = 2% 3% i y 2/10 3.089 chant
TG 2
i AT 8 y 2/16 2.174 —
TE UK {5 H R
i
T REEEN
mE RS r 3/ 8 4.069 artifact
EZEN
7 gﬁ ﬁﬁw L r 3/12 3.049 —
ER e
Jﬁﬁ/\ ik i A r 3/14 2.697 —
= ik
AHEITEE .
3585 12 r 2/ 8 2.490 machine
BWREER .
W 5 il r 2/ 8 2.490 sexual desire
EREERFR
?an: :]:% ;kﬁ ;’;JI'Z: T 2/ 9 2268 Change
ZHEA N . .
B r 2/ 9 2.268 time of life
IR 8 2= 1) B .
18 3B 98 HE r 2/10 2.077 written record
BE 1A Tl IR 1=
7 U w 1/ 8 6.529 freewheel
ZE T FE IR IE
N2 ok K w 1/11 5.520 region
53
=
T
55 AE 3% R0 & w 1/16 4.510 —
o~ £ 8k i
wh




Table 8: Phonesthemic clusters represented by the second consonants and their semantic labels.

Proportion of

Phonesthemic Cluster Rc:é)resentatwe Kanji Containing z-score | Semantic Label
onsonant .
Representative Consonant
E i Ii N % 2 .
42 4T g k 4/ 8 3.568 chromatic color
B 7< #L 5 BX
R A I M k 4/11 2.727 clothing
7

o E_é i@ - k 3/ 8 2.429 machine

& | & 7 k 3/ 8 2.429 extort
= s K 3/ 8 2.429 belief

T B
BRE 2 k 4/13 2.316 condition

1| 3
FEIE B & I
ESRCIDR N k 5/19 2.174 cultivate
¥ 1 Y 9k 3R

¥RE Bk b
*%gﬂ%ﬁfﬂf K 3/ 9 2.174 entirely
?ﬁﬁ%ﬁ K 3/ 9 2.174 grain
*’%E‘ ,ﬁiT %5 K 3/ 9 2.174 invite

5] G
AW ERE
e £ 2 8 Bk k 11/90 0.428 —
i % 52 FE M
i e Tl
0 A T TE
& | A IR k 2/16 0.216 accept
B 5 7% %%

=
=% 15 B MG FE
18 BX 0 =k k 4/34 0.177 —
2R3
EfEEE
P ZLFfi ¥ A%
5 1T AR k 6/56 -0.025 —
15 R e g
EHEERTT
SEI R k 1/23 -0.999 —
5B E A
5 2 ¥ 18 7R
53

%iﬁ%ﬁ% éj‘g t 4/ 9 5.083 change

i=]
I:II] 13\ g aE .

% il i t 3/ 8 3.936 stick
_/(tiﬁp—cl \71 t 3/ 9 3.630 digit
ﬂ|| E ﬁ‘;’ |

B j,g J%Lﬁ t 3/ 9 3.630 text
= n
iz g % % % t 3/10 3.367 statement
/. ~ /|
EE & fe .
i) f% g t 3/10 3.367 artifact
T B 1 77 IR
H A % AT t 3/11 3.137 act
78 I\ PR 1L 12
[E 8 B R t 3/12 2.933 opening
=
EEW WM 2/ 8 2395 d
iﬁ ﬁ (EH t . compoun




Proportion of

Phonesthemic Cluster Reé)resentatlve Kanji Containing z-score | Semantic Label
onsonant R .
epresentative Consonant
[ EEiRE!
%2 i t 2/ 8 2.395 force
BX 2 UAT 70 .
ek t 2/ 9 2.177 morality
T ERBURE SR
OF & Dk e & t 3/18 2.051 act
R A R
T8
% EX W zm\[ 8 .
12 55 1 1 t 2/10 1.989 discourtesy
BEZFEZR :
& B R t 2/10 1.989 miserable
HZKEHE . .
g B % = f t 2/10 1.989 time period
= fE R
B 4 2 N 6/10 3.098 shrub
B EH
IE 48 14 N 5/'8 2.947 —
EHERGH .
HE WL N 5/'9 2.609 region
EREEK .
BRI E S N 5/10 2.315 group action
EEREE
£ 30 [ B & N 5/10 2.315 attendant
B A
EREEAA N 6/14 2.076 —
2 18
'|Z-1 7 ‘
% 15 A1 N 4/ 8 2.070 vessel
W=
HFEFRS S N 5/11 2.054 —

o B




