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Abstract

It is known that the voicing contrast for Japanese word-initial stops is primarily realized as differences in the voice onset
time (VOT). However, recent studies have reported that voiced stops are more often produced with a positive VOT than with a
negative VOT among the younger generation nationwide. It is also known that post-stop FO is associated with the stop
contrast, but the degree of FO use differs from region to region. This study explores whether the difference in post-stop FO
functions as a perceptual cue to the stop contrast along with VOT. Fifty-five college students who are native listeners from
four different regions participated in two or three perception tests. The results show that VOT is a primary cue to the
voiced-voiceless distinction of word-initial stops, but that the effect of post-stop FO on the stop contrast is marginal. The
post-stop FO is involved in perception only when VOT is ambiguous, such that a sound with high FO is more often
perceived as a voiceless stop, but not vice versa. The results of this study indicate that the acoustic parameters associated
with the stop contrast are not the same in production and perception, and suggest that other factors such as context, which
is not an acoustic characteristic, may also be involved in the stop contrast.

Keywords: Japanese, word-initial stop, perceptual cue, VOT, post-stop FO

L A&

YHEoj2] o] F w32 v dof o FS FHkshs
A5 A Aes kA s TS0 28 digS o] F
=207 d#A 9k VOT(voice onset time) © 2 714314
AEE 5wk TS o whs et gk 74952 VOTE
ZFaolg ARl Y Al 2Fe] FFE 795 (voiced/

pre-voicing), -3 = (voiceless/unaspirated)= T-H 8l 34 A

o](true voice language)®] X U= A a1, Foi} 5L A

g 7149 fFH2 FAd5(voiceless/aspirated), 35 (voiced/

unaspirated) S T'H 5= 71214 10](aspirating language) 2] F7J
SR U= ZobA Lisker & Abramson(1964)2] F #42] VOTE- 2t
+ 5 7Hel 222 (short lag: 0-25 ms, long lag: 60-100 ms)2] &7t
of] 2% 3t} (Kong et al., 2012; Riney et al., 2007; Takada, 2011).
Aol 7952 VOTl tislA= AT Afolell A oA
o] i) o) el A F73] 11 & #reE AdE o= Hauvt
Q1=7} 3¢ (Ttoh et al., 1979; Kobayashi, 1981; Shimizu, 1996;
1999) 7352 VOT+ 452 vOTS} 19 7H7H91 4 vOT7}

* This work was supported by JSPS KAKENHI Grant Numbers JP19K00634, JP20K00642.

** byun@aiu.ac.jp, Corresponding author

Received 30 July 2021; Revised 12 September 2021; Accepted 13 September 2021
© Copyright 2021 Korean Society of Speech Sciences. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-

Commercial License (http:/creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any

medium, provided the original work is properly cited.

Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64 53



ol
e

e s fES SF WU E vl
A% A THHomma, 1980). $2-9} FAFSE Aafl= 222
o] M= ZrolE 4= 9] =1 Kong et al.(2012) F-453
°] VOT7} Ul 53 do]eE AlAlska VOTTHS. =

Mol &2 7 ae] g - ask] o givkar Fgskeith

AedTtel] Hol: o] 2 BUX|&= Takada(2004; 2006;
2011)°l| &3l 3pA}2] LA 7} ool 7]Q1eH= Z1 o= BR1E ¢
t}h. Takada(2011)2 A=-& v oz =38 R 34 79
25 o] g-3o] 1895—2001'd ] A3t 90878 2] VOTE 438}
Atk olef w2 H HE A WM = EETFA Y IHEX]

roox ik

lo

.

4 de ®e rr o

=
= RS0l o #e VOT, 555 SR sk EAN

A 5ol & we) VOTE 2tk U4S =7
A5 127] 918 13 191 Takada(2011)2] A5 #2131
CHEs 45 4. 92 Ao &7k 3 A 19 7he 59

=
0 msoll A& EA F7h fASE HeAoR HA). ThEES

VOTZE Wb Bl&o)t} 7F 732 3hake] A& 201 7H7A 0
It} 9Z9] Kinki= LE, LAFFE 2t 2o
o7 FFEA I 77 o] A9 9] thiEA] o] n] @ E2:2] Tohoku
T ESFAY Z7to] 9 tl3EA]| oot
A& B 1910 o] E4#e] wheh= &
gd Aol Al XFo] AL FASS oFsh 714 0] gl
Q1 5294 21o](true voice language) = & <= Qlth. 121}
19201 1% EAAFE F4952] VOT7F & #he2 vehtr]
AlZbato] 1980 T] o] F-ofl E8 3 shatell A= 852 VOT
olel] 1

I
)
o
ol
Ny

O] Wk A&7t oF ghow Adua gk ool wia) FAd=2
VOT:= Aol uh Wk} A 2] §lof 1980t o] - A=

ANA 0w 57 T35 VOT7L S5 Ett
BEY T3 FAMS shxke] Ad ) daglo] a2

VOT7} 719] ¢ o= vheph 4529 voTS 47t 55
=)o lrk ¥ oF @ 74352 vOTE 1910 ] o] dell=
VOT2] 9] 37}40 mse| 3@ Ao Ado] e 24+5 voT7t &=
4 Zo] 1960t 0] 57} ¥ 3] 217} 20 ms HF7HA] E A
AT T8 57t oS AXIT

I 1olA B AXH 1980 o] %9 A2 At o=
Aot 35 352 VOT7ZE S53ste] F-E0] ofe
ZFefolct. Z1efut o]l st AF el A 2 B A7} ob= vk Ay
ol A 3] FAG A 7Hde] E7to] Ytk Bal= ob
7HA] GAtk o] 22 VOT ©]2]8] th& HFE o7 #Hf5o] 7
HE 3 Q= 21L& AAKET

VOT o] g]ol] g0 o] HF2] el #ofsh= S35
do] FAlRIZLe tial] AS7HA FEES2] Fo, B2 o4
(H1-H2) 5°] AEHo] gtkByun, 2021; Gao & Arai, 2019;
Kang & Kong, 2014; Takada et al., 2016).

A

Kinki i Tohoku

Bomn in the 1910s or earlier

W voiced Cvoiceless

™

5% Wvoiced I, OIvoIceless 5o,
I\
IJ VI\"\' 0% 4 - —
THedbdsoailicdbas Toeazaabiagedideg

50%
Born in the 1920s to 1930s

i 4 - L

Y ITTT I T EITIL

50%7 S50%

25% '.n‘ 5%

f

FUUTibbbdbbatabhs TERILERELELbantlL
Born in the 1960s to 1870s

2584 A 5%

A\ e
I e

50% 50% ]

Bornin the 1980s or later
25% N 5% "
kS
\-.
0% ____AL_ " .\

VOT, voice onset time.
Takada (2011: Fig. 3-24), 95 4, Kurosio & % & 2]

J7 1. d2o] o F HA 52 VOT £
Figure 1. Distribution of VOT in Japanese word-initial stops

Kong et al.(2012)= =Wl o3z} 20 2] VOT, Fo,
HI-H23:E 5781 o] 2A A 3| AR 2 s o] 43}
o] o2 A= (A vlEA A5 FE)E Rask
t}, olof whEH o] Anrt ofzt thEd] WA o4 <] wa}
£ VOTHHS 2 §43/74 & 81%2 Az 3% 4 3l
olell Fo7l waiA ™ A7} 90%= ettt o7 thA|
HI-H27} B3l 92%7F4] 714 @), VOTS} HI-H2RHe 2 =
oAZ A7} 84%el 144 HI-H2 &3} R U= Fo 237 &
Z1 0 Z YR B 9] W3l VOTREOE 89%°] HEhw
e EE T SloH of7]o Fog Hall= Y etwe] W
3= 9lal HI-H2E B3-S w 91%, VOT®l FO$} HI-H2E =5
S wf 92%7HA] A== Ao ® ygheh Jelshd, 5%
I VOT, F0, HI-H2 & BF ARE-8iA 1734782 vk=A 77
& e S e P BT 02%E 21 438 5%
HE7FVOTR! 2% Y E577F A8k Fosk HI-H29] AHS-
o QoA = g Apol 7t Qlof g Bk o el AlA Fo &7t
A ERTh HI-H2 &9 P Z5elA QA 571 st
U2 W] Blab 1 g T 5] kb

Byun(2021):> &2 A 95 o] -&-3to] 47 214 2] djghAy
(1990t &4) 8285 thate 2 VOTS} FOS #A1 kgt +=
ol BE9 oFsls W3knormal speech)R tF &3F54d 0]
=93] Yeh= 73slE #3k(clear speech)2] 378 A7 5o

54 Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64



2 Tohoku

fo (z-score)
fo (z-score)

%

+
o voiceless| "+
+ + voiced 7
.

[=]
fo (z-score)

fo (z-score)

24 + + 0 Normal
* Speech

0 1 2

T T T T T T
2 -1 0 q 2 -2 -1
VOT (z-score)

VOT (z-score)

-2 -1 0 1 2
VOT (z-score)

24 Tohoku

fo (z-score)
+
fo (z-score)

; @
f’ﬁ*+ + 0

¥ "
2 et 0 voiceless
- + voiced
; ; T T ,

fo (z-score)

Kinki 0

fo {z-score)

2 1 0 1 2 2 a4 0 1 2
VOT (z-score) VOT (z-score)
VOT, voice onset time.
Byun (2021: Fig. 10), Phonetic Society of Japan %3

9

-2 -1 0 1 2
VOT (z-score)

2 A 0 1 2
VOT (z-score)

¥ 2. o of F H5-2] VOT-Fo &<t
Figure 2. Acoustic space of word-initial stops in Japanese (top: Noraml Speech, botton: Clear Speech)

VOT$} FO FollA o] o] }3Henhancement)®] =75 H] 1
sl A7} o) whabs 2l vhgik
719 291 Byun(2021) 2] A 3= A48l HE 14561 VOT7}
3 skl SR
oM HE EF T 7, 717, ZHX]HL—J Afolt}. o]
8 HA 5] TS Aol oFshe W3K(normal Speech)
N =TT 83%, 1T 73%, 1171 45%, T 26%E Halskal
AUtk 7952 VOT7F 28 o #ro = Vel E5FA WS
AR b S Aol 7 s T e
A 7P 2] 2k o 7 #HHS-2] VOT Hgle] glojA
7FE BAA Q] AL Ao 7H R4S AL FEA]
wWolel & < itk
Byun(2021)°l] AHS- 2F&}¥l U8l (normal Speech)E 1
olmjofe] ksl % Lﬁrﬂ WF3k(clear Speech)= Z- 1
3| sHA| = sh= @A o]t Akl SJAkA
g )3k 9] 7 ﬂ% 3171 KE (noraml)©|
s}o] ofste wabrt 7o) & Zlojrk. 17 2004
o] o= X]HLO]‘/} oFstel Lﬁ} of vjaf Zshe stoll M
o] 7she wshol| A ZFst
< FO, 7Hr A3 54
VOTSiTE o= #olu} VOT W54 wjr ) Fo7t &l
o oS AT} FolA | 747A FHA YL oFsle
stell A Fo7F tai A v sokie Zdshe watell A VOT @5 uf
7} A&7 o ol 23} & ¥H(Normal vs Clear)”7} FO S} R
T IA Wtk §978E 880 A5E 5 gl gES
ZAE Q17]]1 ofshel whalell ] VOTREC 2= 81%-91%C] 1t
B|sHAIQl Ashe WEtel N T, TreE, A71A 93%-
95071] ek of7]oll Fork clalA Al Alele] o 3t

[o
N

oX H o o mx ME

SRR

g
2 X o ode do

Al A A]
2 7u=

B
EI
3:
]o
10
Y
e
o
Sh
oE,
rkﬂ

rUE m>i of do do Mt nZ e o d

N

=
-
13
n

=

Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64

SE 97%7HA b A A 0 2 VOTS} FORre =
< A g 5= QA FhvoT &) & FHA YL 338
A A VOTTEO.Z 99% -1 0] 715

o]+ & Aol A& VOT 2ol 5 55-2] Fo7F 952 7+
ol wefskar 9l Zlof g ek sk Azl A I Fo7t ¥
ataL Aol vl A= FiEs] AR A btk A7 W
7HEQRIAIE =8 w AbEellA HEE = gt A Y AE
(buzz bar)> AL A7) FAlo] Hejgirh Teu Al AE
HE7E e e] A zbe]l Befsll= abe A ARl 2]le]
OM 2hs A2 eu Agelv Ak dsfo]tiMatsui, 2014;
Otomo et al., 1957; Sato, 1958; Takada, 2004).

Aol AR EE SEEAd0] Azl AR Flo)Ehs
& BFAR FEo|t) vk AbEelA] BEE = SEEA 0]
Zholl Al PR A ¢k= A7 A=l Fo] A
5 11 F shdolth AEEe ofF A ArEel e FR
VOT®} 32 FOZ WERARE Eojskxi =3 2= A7zt A Fo
= 7]9] o] g3HA] 93l FE VOTWHC 2 388 R teh= 7o)
& A QITH(Kim, 2004; Kong, 2012; Lee et al., 2013).

v 2 Ao A A} L5 %] b= S3FEAJ o] x|zl A ALE-E]
= 9% gk 9ol ] ofF M Aol A vOTHE R
53] 7+ o] = (Abramson & Lisker, 1970; 1973; Abramson &
Whalen, 2017; Kong et al., 2012) A7}l X & VOT z}e]7} &4
Sl v ST QR 5] 9o VOT Aol 7} off uf

8 wjis &1 2 0] Fo o] 7} X ZHEA O 7 Mol Ao ok
] 31 thAbramson & Lisker, 1985; Winn et al., 2013; cf. Whalen et

A7

o

A&

Suro] Ao

X] =]

J

[ele)

S o = x-O
™

al., 1993)
¥310] %2 o ¥l o] o) F w)& X|Z}el VOT 9] Fo7}
PolaheA 2 sl Zolt) AEelN AR Aol S ek}

55



Hehie o) = A ejolu} Fort 548/ o) o] ghofatar 9o
g Az A% 1 A el whek Foo] #ol7t glg Bloleh= o

A (1) AT @ BHEL 018 ;Mﬂ deEEEE!
B8 AN AThe ks gl (1) PR 4

(VOT7} % 3h 9] A Z+-& no] FAee ¥ B"é 1 o891 2) A
o3} Aglo] g A7kl Foo] Tholi= e g Aol gk,
olatell A= 2,004 A F Well thal] A sk 3.4 Ahg
B, 4 DA WG A7l Dofolis $ M
1 7 219 Q2lef tis) =2Jskal 5.4 AR O F wig] sty

2.7k A9

& B2} uk2 A A AL QA
ojx A3 2,32 VOTS} FORES W4 = 3
54 2= VOT7]' ook %}\—

TP AT

Y
o
foos
40
I—L

2.1. A% 1 A Jpal vs /ba/
211 A

1% 28] Byun(2021)914 2291 F-2]m]e] 2] thE 2 SKnormal
speech) 32870(8278 2] /pa/ /ba/Z 2R W3y Fol A VOT7} 0-
25 ms?l 16870(2% 39 %A} Hul(dummy) 12718 ©]$t
180711 A=+ 0% A3t A= 16871+= /pa/ 7t 77712
VOTE 6-25 ms, /ba/7} 917} 2 VOTE 4-24 msO|t}. 17 32
W 9] whslrl Ao Q=) AT TR ALt o
ol = Z7hE 2] Qs AE Aol AAEE ARl T
W Z4e7F 4o o= AE Wrleka Aol s Hii e ¢
£ 4ol AAIBFA T

9 4= 23 3604 A8 A55-& VOTSHFOE vro] o
ERdl Aotk vOTS] 51 /ba/7] 10 ms, /pa/7F 16 msZ F43
=9 VOT7F ozt 71 S 0.2 445 o] Stk Fo= 9] &4
o] 4o Slo} #x7F == UiolA Utk /pa/7t ba/E.TFFO %k
o] ot oM g B FUAE 12 Hz A7} Qlvk A&
IS Abo] 9] o] 2]t xfo|7h A el S v X Q3L
O} Aol 9]€] Apoleof] 7]Q1gthaL o] AX] = 542
2= 2] ekokrh 19 49 §lovt Hr] 2] VOTE —57- —51 ms
2 A& gl gisix = Al

280{0 /pa/
+ /ba/
260 ¥ +
+4
+
240 & o
#+ ++ 5, r‘ +
220 ® -kl b
B ﬂ
+
< 200 F
z +
= +
S 180 ” o
160 9 2
re
140 + oQl o o
Pl +4 o (] oo
+ o A 00
120 + # ? 000 o
+ * g (] o] 0
+ + o o]
100 o F
]
o+ By
80 + o

-126 -100 -75 -50 -25 0 25 50 75 100
VOT (ms)

29329 19 4SS
Figure 3. Stimuli for Exp. 1

30 300

250+

B 200+

VOT (ms)
FO{

oo
oo
00
[s]
OO0
[Eassvs]
OO0k
[esssé sl
CoCO0
[seas]
COo0
Qoc00
[vs]
[sassesl

Eg@ggggoo B o

&) 150
[ (o]
o) o

i) [esa]

5 o]

[=]

100+

T T
Ibal /pal
VOT, voice onset time.

9 4. A552] VOTSHFO 3
Figure 4. VOT and FO values of stimuli for Exp. 1

2.1.2. Z71A}+

A= 1997-2001'F EAY 2] Al 55vgot), AR s =
TH(FTIOIEE 3 127, I 209, 1171 1078, - 1378 0]
t}. 919] Byun(2021)2] Akl the T1F 02 A ojuir) Hh
o vjgo] 1E2A ko r g Y E A okal ol F5shal

o} A2 Z7EA] 34819932001 Z489) kAot

—L

2.2. A% 2 IS /tof vs /do/
22.1. AL

28-S VOT7} % 3E& 7HA = 24070 th A2 10871 9F
Hr] 1271F 23] RHE), 32 =5 FAY o7 e} 412 o]/
(19981 EAY)o] W3}t /to/(34 ms, 240 Hz)©| T} Byun(2021)2)]
T3 F 321899 232 F 12 VOTS Foo] Y5 As 5
VOT+= 8-72 msE 8 m 7+ ©. 2 917, FO= 170-280 HzE 10 Hz
HA o2 12¢A 473 tE Praat(Boersma & Weenink, 2019,
version 6.0.22)2] Manipulate” )52 ©]-8-3t0] ] VOTE 957
2 zzlzs} —6 ] 71—71—/] FO 12‘/]'74]E zzlg].gir,].. u]—Z] E}'Qi
G2 oA e FAAAHES v 8l 243 54

56 Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64



O] FOE AEZ 0 2 5% F33 UHonset/off set=1.05). 343 5%
T TR} o] Asich

A 104 A3 A 1807] T 2728 1S A
9%t 137709] EHFAR T Er] 9] Fo xfol)ys 573t
HIE2 A 1.06, TUA 1.045 A0 p/, b/ B5F S
o] wll-¢- ZA v W37t A (OF 15%) Bt A& 1=
AREEEA] b | & YA Q] Ak Bl 1.055 AHE-St

TP 5%). A= Aol ¥4 WskE

o2 TS

Sro] 23wt g Qg £t gk 71 glek. v
olel Rt Aol B Mool TS Fol Mt ek 517] we] 3
AT §AR FOF 8] SO S Beka, RE Sol A
o2 A g9k

43 29 dvl A 19 AL Fo|ER AR E e
A A,

2.2.2. A71AF

A3 19] FApe} 22 A& 47) A tfgHAY 557 0] ) AE
HFol A A9 139} 712 341 0] A gk 3 -2 o Alghol o),
2.3. 4% 3 A= /tal vs /da/
23.1L AZE

A= VOT7F & a3 ks 7HA & 264700 eh(A =+
1327015 23] WH, Y] 1), A 20014 &F 3] VOTE 2He=
Ao ® {474 o] oF HAZ] wiEel & #tel
VOTE 2t A58 TVt 452 17149 511 &

oJA1(19951 ZA8)o] w313t /ta/(30 ms, 227 Hz) 9} /da/(-36
ms, 253 Hz)©]th. Byun(2021)°14 -4 #4152 VOT7F = 3k

o] /< 7AW FHA ] slA) 38 Q] whalE Ha g
VOTS} Fo2] S A3t & VOTE 5624 msE 8 ms 7+4 0

2 119A1(0 ms= +3E3 -34S E3h), Fo= 170-270 HzE 10 Hz
FAORE 11HAE AAslvh A3 29 P74 Praat €]
Manipulate”| 5= ©]-8-8F0] WA VOTE 11HAIZ 228 S0
FOE 11TAIZ 24313l 1 $of] dx2 55 93t7] Al 4
3 29t TR 559 FOE YEHOR 5% Tt
(onset/off set=1.05).

A2k AL 728 dof) old

R R ERRELEE
8 Tgee) A9

wgae) 4

oo 53 YA A9 ARToE 5 W o] 2] £
RS g1 sl P ASEA S A
FHE P A 2ge A 2N o AFE A
DR DEEREEEEE L EDEEE

A& QA O E A AE AGel 2ol 49 FFHE
Dejstol WahE Tk thet ol v] Qlitek A1 ol e Wit
HIA A QhE B A28 VOT Aol 7}

7} A Avfol| JaFS

2758 ARS8l 52 FO ZFo] 7} 2t
3l /a/ £} /5 AHESFSATE. Kol T3l A
£ Byun(2021)ollA $&ES0] /iy vl F/952 Fo7) =0}

X-]oviﬂ _%_%
A
A o] ont 259 FHIF A Ae e 7

i w3 Z0] o)n] TRl ) STk webd B ATelN
A3t 288 Aol FAF S Aol ABAL FFL v
47 9% Zlolek AAstel APS ABHAT,

2.3.2. 7R+

=]

A 1,200 F7He A 2419 1350]c,

G, 7)A S A7 AR, 28 20199 67
W] A7k A 1, 2, 38 20199 1090l vhA T
A Aol A A G o2 87 ASSE AR <
A AES AF 1 > A 1 - dF 2> A8 2~
34 P RS A

WOl AFAT Z7lA= AF Aof A8
Fof mo]= s 7ol S @l
Z(Sony WH-1000XM3, Tokyo, Japan)s Z-8-8}3L 3| =&
Q= 573 7P Tk aL A7 E = 3 E ASEE g
FA = 270 ] AdEA oM FEsto] A= SISith thAl
wi= “HA RN E FEste] o &5 5 LS o
A % =2

sol £ 9eha A4S U s}

o >
w1
2,

oy i e

®

oy "

32

dlo
r

i3

o %

Moo
- o
d
%
of
o

%1:‘:;&1

¥@ di B2 oo
—&Miﬂémlﬂ
mnﬂ?

_o|L
2w u
lo A
HU

P T 58 &
2+ 3omﬂlﬂ}ﬂ} g 38
ZW%] e A Pr
13} A Alol= Al EES B F2 %H*GLL
% O] A EE] A1F 1(pa-ba), 2 F 2(to-do), 2 3(ta-da) 2]

T} YEo]2 S Fo|BE MY = 7Ry E sisith

20 F7¥et el Ao Aeix) = G 2715 810
l SHEE 532 S=rol gk etar r1skich
BE 7R AR Foll 2% 9 FE S AR wera, A

ok, A
8 Axn}o] 37| Fo) Aol A= Atk

U
o

© EE i
no“

2 1310

mzi‘l
ook rE.

Hn~

A

>

BEEOERIOE2 Y 9 P L TEATINEG

T[]
| mm

RGBEWEBILDEL ) 9 PLTHAT(RSG

(&l [E]

REEHERILDEI V9 PLTHAT(ESG

= [E]

29 5. AP, 29 2F), A 3EEHe)
Figure 5. Experiment screens for the Exp. 1 (top), Exp. 2 (center) and
Exp. 3 (bottom)

Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64 57



3. 43

3.1 23 1 A3 /pal vs /ba/
319 29 60l A3 18] A AASITE 2 19 FHt 4
G5 WA AL pa7t 94%FTE A AEZE 93%-95%F
o 2+ ztol7F A9 §lar 19 6014 Bz AAH 37& A S]
= o] Ko} 7l 7} 90% o) g WAl ket oo vt
S b/ B AEES 66%E ATHE O = uj-
2 BT 63%69%% A Zstth A A7} 7H IRAL =l

52 FhHo] A9 < ¥ glrkar 3 4
3| o]——l: O%EJ J_zﬂ-glo-]

/ba/2] VOT+=

OT J17}t Oi *é

Fl:

R

S
y

X o
OE_EEQL'JR:[O
_1oﬂgrﬂru£ﬁ
° X o
mim
=i
A

2 o 2 mn
Mot

|
T

Ac)

Jo

fol

o

< 1:10

S,
Mo

E 1. AR /pa/ o/ o] AH AFE
Table 1. Correct response rates of /pa/ /ba/ by region

5 HE 217] =5 Bt
Chubu (%) | Kanto (%) | Kinki (%) |Tohoku (%)| mean (%)
/pa/ 95 93 93 93 94
/ba/ 63 67 69 64 66

100~

= -

Correct response rate (%)

Edb
=R

20-

Chubu Karto Tohoku Kinki Chubu Kanto Tohoku Kinki

I3 6. A2 /pa/ ba/S) A GE ARE
Figure 6. Correct response rates of natural sounds /pa/ and /ba/ by the
native Japanese listeners of four regions

100-

80~

Correct response rate (%)

. E3b
20- EHp

Séoul Sebul

3R 7. AAF fpal /ba/ ] RHE (MEHA F7HAb
Figure 7. Correct response rates of natural sounds /pa/ and /ba/ by the
native listeners of Seoul Korean

AhE FHHT, 4
i]v‘ﬂ— L]-?‘i_j' S Asst A= Af
%o L]-[F(3 50)=0.4818,
= A Ay
Eol #4859 A ugiv‘r vJ oP l %S&E}[ (1, 50)=129.5,
p<0.0001]. 2H&ollA 718] VOTREC. 2 v*é JHg S e
HAGS o2 A B pa/d] FEEC] F1L ba/l] FHEC]
vhol 2| zbef A 1 E}—E—‘ A Hrk VOTJ EETFEE o
Holu} ZAAC R oJ3tA] 9k
A o] 220l tﬂul /bau VOTE= -57--51 ms 2 4
= Ao} 100%3A Tk o] AFe B g e A
A= A7 MFE Bl A A= AE2ei =
o] A XJ%O] SOl A0 AZtE PR A5 A %
TE B7] o rh= Aok
o5 M A7kt st @»}01
= /pa/7} 50%, §9+ /ba/7k 77%5%
o] Aol YA o® £k
O] AHE 50% T Fd59 o] HE qkH 1 2}%&
itk 2§ 30 = A AS52] Fo b2 A
7} €] §lo] Az MR A Efo] HA| o] el %
VOTel| &J&sf|o} dh=t 45 /pa/S] VOTZH 2.
al7]olli= F-5] A A fot Aol o | R o g 4

2

rﬁ ml‘“

r&
5 % G

£ oot

o 1L
X ¥n o

:{o O_u
ox o
o

L

L
L
BNO_{HF

o rfr
rlr —d
2

i)

Hﬂ
o

¢

Toox 2
o Kl O T odo o o

rkﬂ
&

3.2. 48 2 A5 fto/ vs /do/

T 8ol AR 29] AFAE AN SATE A9 A 3 FRglol
o= Ao o] A} VOT7} < 3l AA=a5 &

2| 7}eF3itt. 8 ms2] 53] > VOTY o #-%
ASHAl YER =Y 22 8 mso]o =
& FO7}F 5 wREO = 358 Fooll A= ol 9] §lo] 74
Z}3}giTt, o] A VOT7} =58] ot A7+ feE 4] 2|
1A & A4 Fo7t 779/573 8 a2 4 %)

AA}ET),

mie
4

4+ A4

f
S
2

n oo

[e] [e)
g A7

X
Buoreh N

2 go o
r H |o
N

>

o

rl

Y

tlo ofr

&M AFe AAY A=
VOT7} % $Lo.2 Hehhs @ 4=e
A et 47 Ftoks 4 vk 19
VOTE Zt= A=a5 74
o] VOT Ahg-<ll 3loiA AbE3t 2] 2+2] A 3}
& HojFEr

T8 9= A A7) Atolrh Al HAkels ¢
3] ohE e Z 71 VOTS) =2 Fox
2o FoE SR A Zstn Y=
BA7 A o= voTel gEste] A et Al &
el Z71AE VOTS) FOE A 2] 53 A3kl 3
Sl

A 2= A2 7Rl A WA AAEA= 1" 9
A B A VOT7} 64 msol| A & 54 S 1 54182 A4 il
= 31 5= 7] wWiEel 17 8oz VOTE & WAl &

72 msE F7FFUA R it of| A = o w| gk Yol it

=
i)
o

2
x
rlr
e
> rie
N ©
% rlr :(o
e
0,
o=y o1
»o¥e fo [ lo

oo

2

e

o

-

oX

dlo 4
e

it

= 30 oX

=t} 9

3 o2

wo |o
R0
o
N
52
e

N
-

58 Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64



3 ol EAZF A
& ok 19 guto v = A AA el A7 3
b7k o1& S shi= 2] 9] ¢] Ato]7] wfolh

e A7) Aah A9 29) 3
o

A

[} R
=z L
= =

S e
(e}

pRe)

m B

50%  51-74% 75-100%

T T
T 3
T 1
T T
T 5
T T
T T:
T T
8 16 24 32 40 48 56 64 72 B 16 24 32 40 48 56 64 72

8 16 24 32 40 48 56 64 72 8 16 24 32 40 48 56 64 72

VOT (ms) VOT (ms)
T 8. T2 /to/ /do/ 2] Q1A E(Y B 470 8)

Figure 8. Identification rates of synthesized sounds /to/ and /to/ by the
native Japanese listeners of four regions

H B

50% 51-74% 75-100%

<F 0 0O D DO O

16 24 32 40
VOT (ms)

39 9. 335 /tof /do/ 2] 1A E(A1&)
Figure 9. Identification rates of synthesized sounds /to/ and /to/ by the
native listeners of Seoul Korean

w
w

A3 3 TS ftal vs /da/

18] 39 AxE 79 109 28 119 AA S Th AE 20
A= & wke] VOTE FwskA] ot7] wiitel A8 394+ &
2k} oF 382 VOTE B 8381it) 19 102 A E 29} vzt
T2 Q25 50% ©]38ke} 75% o107 Uie Zlojal 7
11> F0&] 3ol & o] ApAlebA 17] 9138) /14 &5 1021 E &

-L Flf m>

mlo

VOTE= F48.0.2 A718}aL Gl o] sl cht 113
oA Od_%é}ai—i—ﬂ & @l VOT/} 4 Aol 25

S0 X1 ﬂrskb 7401 OM ¥
Sﬂ VOTE 435, & %M old VOTE 452 A7}

& 75 eItk VOTZF 0 ms§l 73-%(+0 —t— €59 voT7}

ok %)I—Omst 52 VOTZF & @l &5 0 ms2 228t A)
o= Fo7} 5Hs wf A A 7to] £ Fo7t 2 W S A
Zho] oRZF == Z1 0% KoL F02 o] 7} S]4] Hut o] Zint o ®

L FO7} oW Tolala Qx| ok 2= glom e 7 104
ApA| 8] B SHch

M B =

50% 51-74%

75-100%

56 -48 40 32 24 16 -8 0 +0 +84+16:24
VOT (ms)

2310, 385 /el /da/ 9] A EFFAD)
Figure 10. Identification rates of synthesized sounds /ta/ and /da/ by the
native listeners of Chubu region

50% 51-59% 60-69% 70-79% B80-89% 90-99% 100%

Chubu

-56 -48 -40 -32 -24 -16 -8 -0 +0 +8
VOT (ms)

I 1L ISl /dal O] AAE(F A A EA
Figure 11. Identification rates of synthesized sounds /ta/ and /da/ by the
native listeners of Chubu region (in detail)

Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64 59



13 119014 VOT7F 0 ms¢! -9 +0 msi= FO7F & o] o}&
& w42 VOTHE T 745 A Zto] 74Astal -0 ms= FO7)F &
uf T2 5 3kl VOTRE.U} 4

ek fras Rt glol {3454
ol gsh= T717F 2 & 3l& A Ak vk < ke voT 99 A

A9} S 7] VOT 99 A=
th & k2] VOT Qo A= voTel gle] =2 Foell dis)

il
=
o
e
“
BN

N
o
il

w2 Fool islAl fAd52) X1 e] AL itk 1™ 11eA] B

3 W2 Fod Wl 48, =2 Fod u) A4 ]

7] Rths 22 Fod ] #4502 A28k Z1 o2 Wl
[

oA ¥ VOTZE dhito] efjmf st -0l W2 FOE 7143 4%
o7 weely] Brks 52 FoE 7ML A S0 R ddehs
o5 UFEo]= Gao et al.(2019), % ©]+= Whalen et al.(1990)°]14]
gl 4= ok

4.+=2]

)

B2 1 93%-95%, T35 63%—69%

= d2oll A s wiekt) Akd3-9] VOTE 0-25 ms

B 7L I NS S el Sl A aelskd W

A7 025 msS] VOTE Zh= f4 28 422 5

RS & 4 otk ol e A2 o A go|u} wpRIA| =,
O

it
2
2
o

=
Zhel A= A3} A aglo] oF 4k VOTY o 73+
s AR FHE o= FY A9 U9 sx=3xhE =
ATt Matsui(2014) 2] A3}2F 5 A X] 3}, Matsui+ Klatt speech
synthesizer® 2/J 3t S5 o] &5 Aifola 319 HF |
S AASE o] g8t ARE 232 AL 2 A7) 9l
= Aol AR Fo] gl o m = 73] :

Matsui(2014)= 717190 A==} 297 & i o= A&
I A7 APE AT Atz M= 452 VOT7F A9
= S 2 R 9F 18A ¢ A6 E LIS
O} X Ze e o AA 1020 msE AR FA/FAS
A Bh= A o2 e TH I E Q18 AA=h. 7414 2= VOT
7} 10 ms©] 3t A 80% ©1/30] Fd 5 0. A Z}8kal 20 mso] /e
o] 80% o)Al FAS o2 XZbErinh A2 1S 10
msE 1020 ms AFo] o] A 3= & = o1} ©] 10-20 ms7}F 573/
g o) AAR = FYEck

$19] Matsui(2014)2] A5 231.2] 23 17} 8| wsl] 2} 1
120 A3 19 vOoTel W& FEES ARSIt A8 12

o

VOT7}0-25 ms % 10-20 ms7} o1 H A EfJIA| & &1E 5 Sl
TS AL 7 90% o7l A" VOTZ} 10 ms A5-ol|l A=
N AFZ(O0FEANO] 80%0 WA E&Th H4
Matsui&] A2}el FAFE] gk 10 ms )5 F7d52) 3
o] 131,20 ms o) el A= 422 FHEC] vlg- STk,
S0 =2 AZh. $7F1 1020 msi= 10 msol] 77k AF=5
B Brof] A5 AHEC] Fat 60%0] A% A= 77t 3L
2A 2]t 50% 8 £7F 2 A SR KAt Matsuil] A}
T NSO ftal/dyR A, B A 19 A=
FAS O R /pal-ba/Z AR STH= 20| = ) out XS f-/d/
FS/p/-b/S] VOT ko] mlg- 717k A Blwsk= dlof] &
g e Zolth o7]elM 523 32 549 -2°] voTell Bt
shof Q1A ¥ 31 Qlrhs= Aotk

(9}

il oo p
O 0 Mt rlo

=

d
hin

N
o 2 d

oo 4n o

_ 100 +¥3+@§50889a59030@0008
® £0470, T4 o
; 80 4 -PO++U$ & o]
) | o] le]
[ Te ff' ty

+
Beog 1 ¥, ¢
a 0 ++. 4 o+ o /pa/
4] Sl + [ba/
o 404 i S
E + +
= + + + +

o 1‘++ +

o

T
5 10 15 20 25
VOT (ms)

VOT, voice onset time.

I9 12. VOT(ms)oll w2 B AFEHE 1)
Figure 12. Average correct response rates by VOT (Exp. 1)

3= « more than 70% 3 o
% less than 70% 2
2+  corec! fegponse rate 2 — p a 0
o ® 8
= 1 o ]
i x 1 + & rr 8, ©,
§ Q?. w . oF Og DO
o 0+ & " 0 h o g G
E ; :o ;'x-ﬁx -4 .I?—_'P_kg%.ﬁ +‘9%
=7 Xe 4
| * ! oy ++x35008
o I o %Y Lo
=41 o /pal
3 :
3 T T a ; ; | + /baf
A 45 10 -05 00 05 10

VOT (z-score)
VOT, voice onset time.

19 13. VOT(z-score) 2} FO(z-score) ol T2 B AFEAEH 1)
Figure 13. Average correct response rates by VOT and FO (Exp. 1)

A 104 FA=0] Fooll AL REg-38A] gkt 2e 1
13904 &g 5= ik 18 132 AF 19 AH=2S VoTS
FOZ YeRd Zlojth A=3e | 2] 37do] 419 Slo] Fo&
Mg Atslely vl A Z VOTE Atslsigic) o2
% 192 -kl Y= 3 S(+3EA) 377019 A HES 2%0lA
100%Z F9A = 71%01THO9H] 0BA] T4 371 A 9)).
AGE 10%E 71T IR &2 57 e S0 2 o]

60 Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64



A Ao] 91%:0] otk % TR oA B A F e
FOoll A 7852 &0l FobA 1, 2 Foolx] fd <] 4
GEo] wolR= 29 Fosl AHETS] a-s E FotE
7} 1 tk(Pearson =—0.045, p=0.7893). (18}l = 418 3770
F3et= e AAM=91)E B Fog} FEo] okt 2
e Bolu FskA] $tthr=0.1326, p=0.2101). F+73
= AA0=77)°l HNallX= kgt oF2] A2 (=0.2586, p=0.0232)
15 AL FE YEE o312 A3 39] Auelx] Felst
0 v A5 A 7] F7hehE A BaE A ket
Dﬂ, E]io] ;(]_oq 0_/] o_<,3_ VOTV‘—_ ‘3}\42_# O}HQ_Q]

oﬁmim
r

9
;o

Hir
o
-

e 83 o v
o
Ipr
o I

L4 a

Ach

[0
-
¢

N
=2
[au
—r

o e
27
_O|L
s
i

f
é
o

[o
)
£
Lo .

9,
_>‘L

?ﬂ
F_E
HU
NFL
&

RN A/
o
(ot
2
i
o
oo
32
fu)
I

lps]
()
¥
s
N
i)
5
RUNL

R o,
> o
ku 1o
>
N
¢
X
i

1o
N

»
N
2 mlo

& w5 0] 99 4|7} A
J/52d ] el VOTREC. R FiHo] E-318k e ol
5

LTSS
18 7Fs o] 71 & FZ o 314 ehi=rhd ol A f4/
H A
,1

O

A& e olslishs Ad7k A¥ 101]"1
& Fejujojol A ut AR ojoA TR ¢

9] 22~ ¥ (minimal pair)< ka(itd =71) vs ga(l'k ), kin
(& ) vs gin( ), to(# ) vs do(J% ), pan(’¥> ") vs
ban(If ¥hs oA Al Zhols 4= Qlh AR (A& F A
7F Aoy Rojsiatele] tislelA Ze e ofF #H4
H& VOTRES ©hA 2 8he] 508 a1 shil VOTZF & #4213
=9 A5 5 BEIE AR ola|E 47t §ith FOE ©hA

lo o

= 8to] 50231 ahul %] SHAET} 9lo] g Aol B Al
S I E 79 95l Mgl WA e Fos A8,

S FOS R A7
5917 wjg EFA ) Gao & Arai(2019)= AFEo| A o] F o
A2 el AR-E= Fo &bl Agdevt Rt

= AelAle FAEAA A

A St E o= FEaHA] eFethal sl ot 4] flES] &
Az EEE] Azl Fo AR-S AAshs axle] d F S

7 2t
Qo M HF AW VOTREO 2 {41/ 0] gF Hloj & o} 7]
WAl A o] & Q13 SJAkAgol| A7} Qhrhal shs Bl
= uhel oA gtk aEtE RojH At ol B R §A/
3] ol S skl §le 7k FoR Tz a3brh A kA]nt Ak
ZolA] o] A& Ado] FelE 250 SH(HI-H2)S )48l
B FE A Aotk 2aelAs By A RS JFH o]
ZF0S THEl o Aol A w3 1A | AbE ) A ol A 22
1 =& gl E 7} E‘r & QAL AbEel A = gt Aot

o

tellds 237t & Fr glorz sls) & F a7k alal

& vhehoEl OIEH HERE o5 5 Fo18 Qs 4=
e el E geke] HA 80 s (snow) ¥ F(eye)
Jebe] A Qg Wsslel s o] of HA|uk o] 2
Aol EAZE A SR A Wl EETE AAR o]

9 0
:?‘:'ONJLUIOJ\'F

1o
>
=

o

Bulo 2 olo)t 4 917 ol
o
A=)

re 4

£ oAE arheka k. ARole) SHL UG A S F45
A

0%2 I HA}; 147 B57F dubi= 1oy geojop = &
Atk oA wal A olglE 2y dol S Fulof Ul

; ul = Ho S v S
O 7 WgEE Zo] Rgolth A4 o ojd H| RSV}
A= A Thell 2YA7F QleB R o7 A= AF3EHA
R=th. 2ol A= B AekA] gka 33ty wiite] o
S5l dEo7 MEE TAWAGEA FY)yS EdF 2
A g oR BEEE 3 A A S B0 gt o
Ho] Y2t} Kurosakiv= ©1& HFFOZ 3 WA <42 2] el
BEo] SO T AGEA Bey& b9 4358 Zuo]
Sol7 B-5-5 A sto] AAIEkITE E S k= w4
(T A)olopP R BEEA I “FA(TAWA)CloPoX R &
2] E9 o] <AA(TrnA)olopg Wol utE A 43t
EEAE Atk AA(TvwAyo] 5oz AAEHSIY
S AL o s AL 57%A o Fu o2 A EUS
o
=

QL' rlr

A o® g7ste] == 2101 100%S] el

S AR B o 79 VOTE Zhs of 7§44 #4]5¢)
A F A E S o] of e el A Azl voT o] 9]¢ A
AR T WS AR oA oAl Ejto
Aol o= 24 7943 2] A 7tell 53 stetelE7) o
Tt e gRlo] Bofdhal & Ths e TRE] A =
2t A 1oA ds o AANE /4 S AHES
Fat 66%3ATt o] 5] ol wef s A
g shellA] <k gkl VOTS 2h= #4959 &S 719

100%7} & Z o7 oatgt) =3l vOT7} T4 |2 Sof) A

e &8 ANE Bulo] B 4 80% FYste] B
gk Ao 7 AAHL) o] F FHEly] s E AE, B9 =
= ,

S A4ds) g+ E
548

AE QR ofF 4
o] of Frhs 21& ofe] AYATA el Aol A
ool weh Y] Aol QOLt F4EE Fo o7} 4%
o] el wofehs RE APATAN FEHOZ e
Aol B At AbEe] ghol st % W4 VOTS) F07} 412}
N 2ol =AE Ay 5ol 4G YL o)
A7k A2 AN,

]VOTE]'OE O/H/ 43]

40\' 2 nlo

wgle] o= Xl‘lioﬂ*i‘% s

& A Azl 2ol £
529} A Z}of] 2r0)i= S8 WST) AX|EHA] Gh= A HojE
o} VOTEHe 2 7he| 1] o] o] 2] ¢ dloll s B -ata Fos

Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64 61



>,
oo
—OL
B
52
rlr
iy
g
H
o
gl
229
2
of ol
o
N
N
:?1:."
=
o
e
Y
o
=
o

2

EaR )
o rot
E r}q, B
oo rfg N

- o [ s (R
o N ]
%
o 2
LN
oo B 5
2 o 30 T
i G do S
ofN N
4 ojr
ied) o,
al 2
0 &
L) K1)
g e
i
=)
o
(ol
o
o

N
-

[e]
8l k& #]of 8 Zlojtt,
ol M FHAY FA7 Fo ALgo] =3] s Al A
o=t olel thialA= AaLe] oA 7} Qlek F=H-A
o| -] VOTE F& AM-8F3 Fo AFRo] 71 2=2¢1 X
AR 3 FHAE 0] 2] €] At tfgk AF o] €] 4]
HEE JHE EaoAes gelo] Erleglon &

d
NS A
ol
X
2

= dle

oo
of

151

w

o
_4r>'I.E
e

ot

N

o & 52 18 ro o
of R X ofm 2
)
ol
bt
fol
U
X
ot
o
g8
>
L)
2
e
po)
L
o
12
oo
W
o
bt
fot
u

X

o e AkE Qirhe Fo Afol7h f st 7k ws
o1& Zoltk. o] sl ME 919 g
A 359 A= Ak,

N
o
°
I
k&
iy, m
i ¢
N
o
4 o
o)
ul
N
-

1o,

lo
oy
N
2
o
&
=
ot
A:‘—l'
{o,
)
r [
=
1%

References

Abramson, A. S., & Lisker, L. (1970, January). Discriminability
along the voicing continuum: Cross-language tests. Proceedings
of the 6th International Congress of Phonetic Sciences (pp.
569-573). Prague, Czech.

Abramson, A. S., & Lisker, L. (1985). Relative power of cues: FO shift
versus voice timing. In V. Fromkin (Ed.), Phonetic linguistics:
Essays in honor of Peter Ladefoged (pp. 25-33). Orlando, FL:
Academic Press.

Abramson, A. S., & Lisker, L. (1973). Voice-timing perception in
Spanish word-initial stops. Journal of Phonetics, 1(1), 1-8.

Abramson, A. S., & Whalen, D. H. (2017). Voice onset time (VOT) at
50: Theoretical and practical issues in measuring voicing distinctions.
Journal of Phonetics, 63, 75-86.

Boersma, P., & Weenink, D. (2019). Praat: Doing phonetics by
computer (version 6.0.22) [Computer program]. Retrieved from
http://www.praat.org/

Byun, H. G. (2021). Acoustic characteristics for Japanese stops in
word-initial position: VOT and post-stop fo. Onsei Kenkyii, 25,
41-63.

Gao, J., & Arai, T. (2019). Plosive (de-)voicing and 0 perturbations
in Tokyo Japanese: Positional variation, cue enhancement, and
contrast recovery. Journal of Phonetics, 77, 100932.

Gao, J., Yun, J., & Arai, T. (2019, August). VOT-FO coarticulation in
Japanese: Production-biased or misparsing? Proceedings of the
19th ICPhS (pp. 210-214). Melbourne, Australia.

Homma, Y. (1980). Voice onset time in Japanese stops. Onsei Gakkai

Kaiho, 163, 7-9.

Itoh, M., Sasanuma, S., Tatsumi, I. F., & Kobayashi, Y. (1979). Voice
onset time characteristics of apraxia of speech. Brain and Language,
17(2), 193-210.

Kang, J., & Kong, E. (2014). The role of {0 cue in distinguishing a
laryngeal contrast of word-initial stops in Korean and Japanese.
Language and Linguistics, 62, 75-100.

Kim, M. (2004, October). Correlation between VOT and FO in the
perception of Korean stops and affricates. Proceedings of the
Interspeech 2004 (pp. 49-52). Jeju, Korea.

Kobayashi, T. (1981). Nihongo no gotd haretsuon no VOT [VOT in
Japanese word-initial stops]. Gengo Bunka Kenkyujo, 7, 149-157.

Kong, E. J. (2012). Perception of Korean stops with a three-way
laryngeal contrast. Phonetics and Speech Sciences, 4(1), 13-20.

Kong, E. J., Beckman, M. E., & Edwards, J. (2012). Voice onset time
is necessary but not always sufficient to describe acquisition of
voiced stops: The cases of Greek and Japanese. Journal of
Phonetics, 40(6), 725-744.

Kurosaki, N. (2002). Boin ni zensetsusuru hatsuon nitsuite [On the
syllable-final nasal followed by a vowel]. Kanagawa University
Studies in Language, 25, 11-22.

Lee, H., Politzer-Ahles, S., & Jongman, A. (2013). Speakers of tonal
and non-tonal Korean dialects use different cue weightings in the
perception of the three-way laryngeal stop contrast. Journal of
Phonetics, 41(2), 117-132.

Lisker, L., & Abramson, A. S. (1964). A cross-language study of
voicing in initial stops: Acoustical measurements. Word, 20(3),
384-422.

Lisker, L., & Abramson, A. S. (1970, January). The voicing dimension:
Some experiments on comparative phonetics. Proceedings of the
6th International Congress of Phonetic Sciences (pp. 563-567).
Prague, Czechoslovakia.

Matsui, M. (2014, September). Hensokutekina gdseion’o mochiita
shiin yiseisei no chikakuni kansuru tegakari nitsusite [Perceptual
cues to stop voicing with anomalous synthetic sounds]. Proceedings
of the 28th General Meeting of the Phonetic Society of Japan (pp.
117-122). Tokyo, Japan.

Otomo S., Sato, T., & Takakura, M. (1957). Nihongono musei
haretsuon to ytisei haretsuon no soi [On the difference between
voiceless stop consonants and voiced stop consonants in Japanese
sounds]. The bulletin of the Phonetic Society of Japan, 95, 4-9.

Riney, T. J., Takagi, N., Ota, K., & Uchida, Y. (2007). The
intermediate degree of VOT in Japanese initial voiceless stops.
Journal of Phonetics, 35(3), 439-443.

Sato, T. (1958). On the differences in time structures of voiced and
unvoiced stop consonants. The Journal of the Acoustical Society of
Japan, 14, 117-122.

Shimizu, K. (1996). 4 cross-language study of voicing contrasts of

62 Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64



stop consonants in Asian languages. Tokyo, Japan: Seibido.

Shimizu, K. (1999). Nichieigo niokeru heisashiin no yiiseisei-museisei
no onseiteki tokuchd [A study on phonetic characteristics of
voicing of stop consonants in Japanese and English]. Onsei
Kenkyi, 3(2), 4-10.

Takada, M. (2004). Nihongo no gotd no yusei shikei haretsuon /d/
niokeru +VOTka to sedaisa [The +VOT tendency in initial
alveolar plosive /d/ in Japanese and speakers’ age]. Onsei Kenkyi,
8(3), 57-66.

Takada, M. (2006). Gotd yiisei haretsuon niokeru VOT no chi’ikisa to
sedaisa: Tohoku kara Kanto no bunseki [Regional and generational
variations of VOT in initial voiced plosives: An analysis of the
Tohoku-Kanto area). Nikongo no Kenkyii, 2(2), 34-45.

Takada, M. (2011). Nihongo goto heisaon no kenkyi: VOT no kyo
Jiteki bunpu to tsigjiteki henka [ A study on the word-initial stops of
Japanese: Synchronic distribution and diachronic change in VOT].
Tokyo, Japan: Kurosio.

Takada, M., Kong, E. J., Yoneyama, K., & Beckman, M. E. (2016,
October). Do pitch and voice quality cue word-initial “voicing” in
Tohoku Japanese? The 24th Japanese/Korean Linguistics
Conference. Tachikawa, Japan.

Winn, M. B., Chatterjee, M., & Idsardi, W. J. (2013). Roles of voice
onset time and FO in stop consonant voicing perception: Effects of
masking noise and low-pass filtering. Journal of Speech, Language,
and Hearing Research, 56(4), 1097-1107.

Whalen, D. H., Abramson, A. S., Lisker, L., & Mody, M. (1990).
Gradient effects of fundamental frequency on stop consonant
voicing judgments. Phonetica, 47(1-2), 36-49.

Whalen, D. H., Abramson, A. S., Lisker, L., & Mody, M. (1993). FO
gives voicing information even with unambiguous voice onset
times. The Journal of the Acoustical Society of America, 93(4),
2152-2159.

* A 3]7 (Hi-Gyung Byun) 1. A1 %] 2}
A a3 Fu
Akita International University
Yuwa, Akita-city, Akita 0101292, Japan
Email: byun@aiu.ac.jp

A=) e) o) S ) [e] [e]
ARk S, FULH N2AT, SHLE

Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64

63



RojHAe] & Qo] oF He] Az

TERE

%%ﬂﬂﬂ%ﬂﬂ%i%?ﬂOEWHE?WHﬂ%@%caﬁqvmﬁ AL ok 7k VOTE 2= 7 o
2 dEA Uk HEo Aol sk f4d50] oF 3] VOTE 2 o F H 52 FA35 o] Aoy e
ZHETE THORE AYH T Q= Ao] FRlFHL Pﬂ“ﬂﬂ”ﬁJﬂﬂ%% o7 S el
wnﬂﬂﬂ?%i%ﬂmﬂWﬂvfﬂﬂﬂmﬂﬁqEﬂhﬂzﬂ“ﬂ~%% AT VOT S} FO7F A 2 W=
25 FaIAE AES Aolt) 47] N9 thehAl 5582 vt o 7 A S-3) FA S-S 0] 23 Al 71A) X2t A
& AAIgE A oz oAt o F 52 AA A7t M E 7]5shHs A2 voTelH o3l Foo] A
£2 53] 9421 Ao Z eI FO= VOTZE 7153k 45 woll %2 F0E TS 02 AZshe 4+ 3
S HH R B FOE 522 A2 ek A5 AL BolX ¢kt olefst Avb= 44/ 9] ol B
= abE o] S8 Mol X7 A7 ARBHA] e S 5251, Yolr) Ak w429l VOT S o] o 4
A= F02] A=2Q0 AR §lo] A Z ol A £-43/7 2] el Edto] i 22 VOTSFo ©] 212 thE 2
Qlo] FABHaL S AAFSITE Rarof| A= At oA o= F& #Foj7) A H B o] SA-MHI-H2)o Y 53 4
F7Fobd T Wo] Fofstar 9lg 7heAd ol Hldl =3kl ot o o) tigh 5 kO F O] TpA| R ol gtk

Bol: o], o) FHE, 4|7k 54, VOT, F4TEF0
FuEH
PASARE

$27 (2014). #570] 9} Qo] o] of T 2% FFEAA
o

Tl o] S A 0 o] A 70/ ©/979 62, 75-100.

* 2 1= JSPS KAKENHIS] A]9-& who} 5238 =] 95U (AW 5 JP19K00634, JP20K00642).

64

Hi-Gyung Byun / Phonetics and Speech Sciences Vol.13 No.3 (2021) 53-64



