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Abstract

Korean has a three-way laryngeal contrast in oral stops. This
paper reports perception patterns of plosives of Japanese,
French, English and Chinese by Korean speakers. In Korean
loanwords, laryngeal contrasts of Japanese, French, and
English plosives show distinct patterns. To test whether
perception explains the loanword patterns, we selected
languages with different acoustic properties and carried out
perception tests. Our results reveal discrepancies between the
phonological adaptation and the acoustic perception patterns.
Index Terms: laryngeal contrast, loanword phonology

1. Introduction

This paper reports perception patterns of plosives of Japanese,
French, English and Chinese by Korean speakers. Korean has
the well-known three-way laryngeal contrast: lenis, aspirated
and fortis: the other languages in this study have two-way
contrasts. Those contrasts are attributed to various degrees of
VOT, FO height and other acoustic properties [1]. The
question we raise in this paper is how much of the
phonological contrast in Korean loanwords can be ascribed to
perception. The motivation behind this study is to better
understand the relationship between the loanword adaptation
process and perception of foreign sounds. All studies of
loanword phonology assume, to various extents, that
perception determines phonological categorization (e.g., [2],
[3] & [4]). However, in many loanword studies, the actual
perception patterns are often merely stipulated. Thus, we
would like to provide empirical data on the perception patterns
to compare with loanword patterns.

We conducted perception tests of plosives in CVCV
context by Korean speakers using modified stimuli from
nonsense word tokens. We shall report here a part of our
results from a broader experimental project.

2. Phonological adaptation of laryngeal
contrast in Korean

Of the many analyses proposed for the Korean three-way
laryngeal contrast (see [5]), we adopt the distinction lenis [-
tense, -spread glottis (s.g.)], fortis [+tense, -s.g.], and aspirated
[+tense, +s.g.] proposed by [6]. The lenis, fortis, and aspirated
consonant series are represented as C, C' and C", respectively.
For Japanese, French and English laryngeal contrasts we shall
employ [+voice].

2.1. Asymmetries in Japanese loans

In Korean loanwords from Japanese, the original [+voice] is
neutralized in the phrase initial position and distinguished in
the phrase medial position. The Japanese phrase initial
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voiceless and voiced plosives and phrase medial voiced
plosives are uniformly adapted as lenis plosives across
available data ([7] & [8]). Below is the Korean adaptation of
the Japanese voicing contrast from [8] based on common
usage. Pitch patterns are added by the authors. H stands for
high tone; L: low tone. The input phonemic sequences of any
language (including Japanese palatalized and labialized
allophones) are indicated by | |; the output Korean adaptation
forms are written in phonemic sequences in / /. Variants are
indicated by ~. In addition, we use [ ] in order to indicate the
stimuli of the perception experiment.

(1) Japanese initial voiceless plosive adapted to Korean lenis:
|tojota] HLL-> /tojot’a/~/tojot"a/ ‘Toyota’
[karate]| LHH-> /Kkarat’e/~/karat"e/ ‘Japanese martial art’

(2) Initial or medial voiced plosive to lenis:

|buci| HL > /pusi/ ‘soldier’

|dagi| LH-> /tasi/ ‘soup stock’

|soba] HL - /sopa/ ‘Japanese buckwheat noodle’
[nagoja] HLL-> /nakoja/ ‘Nagoya’

The following patterns were reported for adapting medial
voiceless plosives to fortis and aspirated [8]. Hence, only
word medial plosives in loans keep the Japanese [t+voice]
opposition.

(3) Medial voiceless plosive to fortis or aspirated [8]:
Inarita| HLL > /narit’a/~/narit"a/ ‘Narita (Airport)’
|oosaka]| HHHH - /osak’a/~/osak"a/ ‘Osaka’

However, in another study by [7], word medial voiceless velar
plosives are adapted only as fortis and alveolar plosives as
lenis. These data were based on the Korean Etymological
Dictionary and are assumed to be the actual pronunciation.

(4) Medial voiceless alveolar plosive to lenis [7]:
[tatami| LHH - /tatami/ ‘straw mattress’
|mikaN| HLL - /mik’ary ~ ‘tangerine’

While much speculation on Korean perception of acoustic
cues has been offered to resolve the mysterious asymmetries
between positions and between places in voiceless plosive
adaptation patterns, no clear answer has been proposed.

2.2. Distinct categories for English and French

The data of the two sources above showed the initial
neutralization of Japanese voicing contrast. Nevertheless,
Korean adaptations of English and French words maintain the
original voicing distinction in every position. As in Japanese,
French and English have a two-way laryngeal distinction.
Only English is known to have aspirated allophones of the
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voiceless plosives in stressed positions, and devoiced
allophones of the voiced plosives at the phrase boundaries.
Below is data drawn from [6]. Transcriptions are adapted to
our symbols.

(5) Korean adaptation of French voicing contrast:
[pREtG| > /p"wrentan/~/p’wrent’an/ Printemps store’

ledit| > /etit"u/~/etit wy/ ‘Edith (Piaf)’
[kaRmen| > /k"arwmen/~/k’arumen/ ‘Carmen’
[boRdo| = /poruwto/ ‘Bordeaux’
|gijotin| > /kirot"in/ ‘guillotine’

Here, French voiceless plosives are rendered as both fortis and
aspirated. On the other hand, adaptations of English words
show an alternation between lenis and fortis (the latter in an
emphatic expression) of voiced plosives, while voiceless
plosives are adapted to aspirated in every position.

(6) English into Korean:
|paip| > /p"aip"uy/ pipe
spi:ka| > /swp"ik"s/ speaker

|ba:| > /pa/~/p’a/
|deens| 2> /tensw/~/t’ensw/
|gard| > /kaituw/

bar (the latter with emphasis)
dance (idem)

guide

[7] report no variations in such cases: French voiceless
stops are adapted as Korean fortis; English voiced ones as
lenis. The question is why Japanese initial voiceless plosives
are adapted as lenis while French initial voiceless plosives are
adapted as fortis, when both languages are known to have only
lightly aspirated voiceless plosives (see [7]:93).

Korean loanword data from different languages indicate
that multiple factors might be involved in identification of the
laryngeal contrast of L2.

3. Perception Experiment

We recorded sequences of plosives (CVCV) in Japanese,
French, English, Chinese and Korean, took acoustic
measurements, and carried out an experiment to observe
Korean speakers’ perception patterns of acoustic inputs.

3.1. Recording and acoustic data

Three male speakers for each of Tokyo Japanese, General
American, Parisian French, Seoul Korean and Mandarin
Chinese uttered the two-syllabic nonsense words /tata/ and
/data/ (except for /tha-t"a/, /t’a-t’a/ and /ta-t"a/ for Korean) and
corresponding bilabial and velar counterparts with HL/LH
tone patterns (HL: Stimulus Type 1, see 3.2) in carrier
sentences. For Japanese, French and Korean, HL and LH tone
patterns were demonstrated by the experimenter for imitation.
For English, the experimenter presented to each speaker a
board on which is written ‘tata’/‘data’ and ‘tatah’/‘datah’ to
elicit HL and LH patterns, respectively. For Mandarin Chinese,
‘Tone 1’ (high level pitch) was employed for H tone pattern
and ‘Tone 3’ (low level pitch) was for L tone. The utterances
were recorded in a sound-proof room onto a digital recorder
(Marantz solid state recorder PMD671) with a microphone
(Sony ECM-959DT) and digitized at the sampling rate of 48
kHz with 16 bit resolution. Three out of five tokens were
retained for the listening tests. The target syllables were
excised from the carrier sentences.
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Table 1. FO average values [Hz] of stops (Type 1: HL) in
Korean (KR: " for aspirated: [b, d, g] for lenis), Japanese
(JP), French (FR), English (EN) and Chinese (CH) in
initial position (S1: H) and medial position (S2: L).

KR Jp FR EN CH
. st 130
2 122
vata st 134
s2 123
carn st 137
s2 124
s |5 141 166 139 129 186
2 7 129 19 103 110
wma LS 136 165 135 129 189
2 121 143 13 107 112
a5 140 164 135 132 194
2 120 142 110 100 118
baps st 119 139 119 119 181
2 113 131 110 104 110
s st 118 145 120 119 183
2 19 139 108 104 114
o st 120 141 119 115 182
gak’s 2 122 136 109 102 115
VOT S1H

1 p
1t
"
95 110
VOT S2 L
KR o
= kh
JP !
= k
FR | N
E k
EN i ¢
S —
Ige=— — X
1|k
-40 -25 -10 5 20 35 50 65 80 95 110

Figure 1: VOT average values [ms] of stops (Type 1: HL)
in Korean (KR), English (EN), French (FR), Japanese
(JP) and Chinese (CH) in initial position (S1) and medial
position (S2).



The FO and VOT values of the relevant segments in ‘S1’
(the first syllable in the recording) and ‘S2’ (the second
syllable in the recording) were measured using Praat
Ver.4.5.08. The VOT was measured based on the waveforms,
and the average values of FO were calculated from the first
analyzable FO value of each vowel (because the closest FO
values to the preceding consonants can be used as cues to stop
identification). The data were then averaged over the tokens of
the different speakers. The absolute FO and VOT values of the
recorded stimuli (Type 1) are shown in Table 1 and Figure 1,
respectively.

3.2. Stimuli, listeners and procedures

We created 7 types of stimuli. This paper reports the results of
Types 1, 5 and 6 only. Type 1 (HL) is one of the natural
tokens with HL pitch patterns, which happened to be a natural
prosodic pattern of all the languages involved. Type 5 (MM)
is resynthesized from Type 1 by applying the average FO
value of the S1 and S2 to the whole stimulus. Type 6 (LH) is
resynthesized from Type 1 by taking the lowest FO values for
S1 and the highest for S2. In our previous studies [9], it was
found that the amplitude plays little role in identification of
laryngeal categories; thus, we omitted the comparison of
amplitudes this time.

Twenty-five Korean monolingual listeners with normal
hearing participated in the perception test. The listeners are
university students of an average age of 22.4 years old,
residing in Seoul and Kyunggi areas (Seoul dialect areas) for
17.3 years on average. Most of them had English lessons in
Korean schools, and they self-reported that they are not fluent
in any foreign language.

The stimuli were dichotically presented to the listeners
through headphones (Sony MDR-CD900ST). The seven sets
of manipulated stimuli were grouped into five language
combinations, and presented randomly to the listeners. No
language information was provided beforehand. The
experiment was divided into two parts: each part had 1134 (for
the four languages other than Korean) or 1323 (for Korean)
stimuli (corresponding to three tokens for three speakers for
four of the five languages, seven conditions, and six
consonants for each language except Korean, where nine
consonants were used). The stimuli were presented in a
pseudo-random order. The listeners were instructed to
concentrate on the categorization of the first consonant in part
1 and the second consonant in part 2. Each language was
combined with two others and evaluated by fifteen listeners.
Results were submitted to statistical analyses in which
repeated-measures ANOVAs were used.

3.3. Responses to original HL stimuli

The results for the original stimuli (Type 1) are shown as to
Japanese, French, Chinese and English in Figure 2. Japanese
initial [p, t, k] are categorized overwhelmingly as Korean
aspirated. Medial [p, t, k] are perceived as fortis or aspirated.
The initial [b, d, g] are categorized either as lenis or fortis.
French results show an overall categorization in [-s.g]. The
initial [p, t, k] show more tendencies to be categorized as
fortis than [b, d, g] do. English [p, t, k] are perceived as
aspirated in both S1 (stressed) and S2 (unstressed) positions.
[b, d, g] are equally categorized within [-s.g]. Chinese [p, t, k]
are categorized as [+s.g] in the initial and medial positions.
And [b, d, g] are categorized as fortis.
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A two-way ANOVA based on the fortis responses with
two laryngeal contrasts and four languages as the independent
factors revealed significant effects of laryngeal contrast
(F(1,14) = 32.323, p<.001) and of the interaction (F(3,42) =
18.870, p<.001). This can be attributed to the unique
perception patterns in French, where laryngeal contrast was
perceived based on the fortis category, while the other
languages made use of the aspirated category. Another two-
way ANOVA testing the positional effect showed significant
effects of language, position and the interaction (language:
F(3,42) = 41.732, p<.001, position: F(1,14) = 10.884, p=.005,
interaction: F(3,42) = 2.952, p<.043). Further pair-wise
comparison revealed that French and Japanese showed distinct
patterns in which more aspirated responses were seen in the
initial position for Japanese and more lenis responses were
seen in the same position for French. As for the place effect,
the results of yet another two-way ANOVA based on the
aspirated responses with three places and four languages
showed there was no effect of place (place: F(2,28) = 1.245,
p=2303, language: F(3,42) = 50.290, p<.001, interaction:
F(6,84) = 3.359, p=.005).

JP (left) & FR (right)

Initial Medial Initial Initial Medial Initial
ptk ptk bdg ptk ptk bdg
EN (left) & CH (right)
100
90
80
70
60 —
50
40
30
20
10
0
Initial Medial Initial Initial Medial Initial
ptk ptk bdg ptk ptk bdg

Figure 2: Percentages of responses for Type 1. The grey,
black and white bars indicate lenis (C), fortis (C’) and
aspirated (C") respectively.

3.4. Responses to F0 variation

We investigated the influence of FO because FO is an
important cue for [*tense] categorization in Korean [1], and
because Japanese words have pitch specification. We have
compared the responses given to the first syllables of Type 1
(the original H-toned stimuli), Type 5 (M-toned) and Type 6
(L-toned) stimuli of Japanese, French and English voiceless
stops and the three Korean stop series. Although the
differences among FO variations were not statistically
significant in every single comparison between two Types, the
overall results indicated that as the FO decreases, [+tense]
response overall decreases and [-tense] increases.



4. Discussion

In Korean loanwords from Japanese, we observed that initial
voiceless plosives are rendered as lenis. However, they are
perceived as aspirated in our experiment. In medial position,
they are perceived either as fortis or aspirated at chance, hence,
within [+tense] category. This pattern corresponds to [8]’s
loanword data. The acoustic data of the stimuli in fact indicate
the intermediate status of Japanese voiceless plosives as
compared to fortis and aspirated Korean stops. Japanese
medial voiceless plosives have absolute VOT values more
similar to Korean fortis than to aspirated (Figure 1); however,
our relative duration analyses show that VOT proportion of S2
against whole word duration, 6.2% in Japanese, is between
that of aspirated (11.2%) and fortis (3.7%) (Not all the relative
duration data are shown in this paper due to the space
limitation). The relative closure duration of Japanese is more
similar to that of aspirated in Korean than to that of fortis.
Initial voiced plosives, on the other hand, are perceived with
variation within [-s.g], unlike loanwords where they are
rendered as lenis in every position. Thus, initial neutralization
between [£voice] does not appear in our results. The voiced [b,
d, g] were in initial position, hence H-toned; this might be
reflected in a relatively higher rate of fortis response. The FO
values of Japanese voiced stops match those of the Korean
[+tense] category in these stimuli (see Table 1). However,
lenis, [-tense], variant of the results is not explained by FO0. In
addition, Japanese [b, d, g] have absolute VOT values more
similar to fortis than to lenis (Figure 1). It seems, however,
that the relative VOT has a better match to the Korean
categories: Japanese [d, g] have relative VOT values ([d]:
5.5% and [g]: 8.1%) more similar to lenis ([t]: 6.0% and [k]:
8.5%) than to fortis ([t’]: 2.9% and [k’]: 5.5%). Although
remote VOT values were obtained for [b], it must be due to
one particular speaker’s negative VOT.

French [p, t, k] tend to be perceived as fortis, [+tense, -
s.g.]; French voiced ones overwhelmingly as lenis [-tense, -
s.g.]. Clearly, both voiceless and voiced ones are treated as [-
s.g]. These results must be due to the short VOT in the stimuli.
The responses to French stimuli are closer to the loanword
patterns of [6] but with less response to aspirated. According
to the other sources (p.c. Ahn; S-C, Kim, among others), the
reason for variation in loanwords is as follows. The loanword
rendition of French voiceless stops as aspirated is due to
written adaptation based on Roman spellings so that Korean
speakers who have no knowledge of French inputs tend to
read the written forms and the speakers who adapt French
sounds themselves (and those to whom oral forms from these
speakers are transmitted) tend to use fortis. Our results support
this interpretation. As phonological analysis of [6] suggested,
the French voiceless and the voiced distinction seem to differ
in [£tense] values in the Korean laryngeal categories in this
acoustic perception as well. The basis for categorizing French
[-voice] as [+tense] and [+voice] as [-tense] within the [-s.g]
category may be explained by the FO difference. While both
syllables are pronounced in H-tone, we observed systematic
FO differences between the [£voice] plosives. As shown in
Table 1, in our acoustic stimuli, the FO values of French
[+voice] stimuli are very similar to those of Korean lenis. The
FO values of French [-voice] are similar to those of Korean
[+tense] plosives.

For English stimuli, [p, t, k] in initial and medial positions
are mostly perceived as aspirated, hence [+s.g.].
Categorization of voiced plosives vary between fortis and
lenis, hence within the [-s.g] category, at chance. FOs of the
voiced stops match those of lenis. However, although FOs
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seem to be low enough for medial voiceless to be categorized
as lenis (Table 1), they are categorized mostly as aspirated.
VOT seems to override the FO cue in this case. Loanword
analysis based on phonological [+s.g] categorization ([6])
corresponds to this perception pattern.

Chinese unaspirated [b, d, g] are categorized as fortis
while French voiced ones with even shorter VOT are
categorized as lenis. This difference can be explained by high
FO values in Chinese stimuli. The influence of phonation
characteristics such as spectral tilt that we have not
investigated in this study remains to be determined ([1]).

The general conclusion of this paper is that perception is
only partially reflected in Korean loanword adaptation of
plosives. Given the perception results, the initial neutralization
of the Japanese voicing contrast may not be due to the
acoustic properties investigated (VOT, amplitude ([9]) and FO0).

The VOT information in the Japanese initial voiceless
plosives is somehow neutralized in the loanword adaptation
process. Could it be that a historical change occurred in
Japanese after the adaptation grammar was established? FO
information from Japanese pitch accent is also completely
cancelled in loanword adaptation. Later research should see if
there are any principles for the selection of acoustic cues for
loanword grammar, and where factors other than acoustic
perception come from. Categorization might depend on the
listener’s knowledge of language. In this experiment, the
listeners only had English at school and are almost naive
listeners. If the participants had some knowledge about the
donor language, the perception patterns might be different.
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