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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

1. A&

U Eo] o] o F Hl52 Id Hofl Al X-5-& ks #
A A XEs FRkeHA] e 959 28 diEgS o] F
= 702 I A St} VOT(voice onset time) 0.2 7|31 -
Aee & gk TS oF e 2t thek R4S 9] VOTE
3L <

azgont AFRloj Y A 2159 72 45 (voiced/
pre-voicing), -3 <-(voiceless/unaspirated)S- T-H = 434
©](true voice language)] 3SR T= 411, otk FUolA

o 7149 §F2 FAS(voiceless/aspirated), d+(voiced/
unaspirated)= T'H3}= 71214 210](aspirating language) 2] -3
SR U= ZobA] Lisker & Abramson(1964)2] oF 7kl VOTE 2t
+ Y+ 7Fel a22](short lag: 0-25 ms, long lag: 60-100 ms)2] 3t
o]l $] %] $Fth(Kong et al., 2012; Riney et al., 2007; Takada, 2011).
Aol 452 voTell tialx= Adad T AtelolA oA
o] I} o] Fell A Fi3] 71 & FroE AdP k= Bt
$)E=7} SFW(Itoh et al., 1979; Kobayashi, 1981; Shimizu, 1996;
1999) 452 VOT+= 7452 VOT S} w9~ 717k 4 vOT7F

* 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


https://crossmark.crossref.org/dialog/?doi=10.13064/KSSS.2021.13.3.053&domain=pdf&date_stamp=2021-9-30

3778 sk frad ¢ W7t E & vkl =438t
= A% S TH(Homma, 1980). F-4Fo} ARt Aali= 29 =
T M= gtols 4= 91i=tl Kong et al.(2012)2 452} 743
w9 VOT7} tii-2 S8 HlolH & AlAlskal voTREe ==
N R e el E rE ] ol fivhar itk

Aol ol = Takada(2004; 2006;
2011)°l &l 34AFe] WAz} tolof] 71918H= Ao 7 el Q)
T} Takada(2011)> A= thtoz S R 4 7
25 o] g3}o] 1895—2001 &oﬂ ZA3 908 2] VOTE #4135}

r
s
N
N
rlo
T
o,
N

o] & #< VOTE %%ﬁ} 141%2 .L%
R Takada(zonu ArE W‘GW
ThEs 7

0 msoll A ¥A F7H %*é%% 749—*“0i Ml) 7&*
VOT 2] AZ2](20 ms 7+4), AZFHLE A A dolE] FollA oHD‘
VOTE UFeb vlgolth 7} 1712 shake] Ad &
2 ke Zlolth 99 Kinkit 1L, 2AMHS 296 x]oﬂ
O & FPEA Y 7 0] A A 9] 3R] o] n] @ E%:2] Tohoku
© BT A 20| 28] tf A o]t}

20 74

a9 19] 714 B9 1910 o] FAAke] wheh
A2 3G Aol A 250l QAL A S ok 7] 2 o] Sl
A AA 2449 Ao](true voice language) = = 5= 1T} 181}

19201 ©]F ZAARE 5432 VOT7F &F 2Eo 2 LEhy)
A1 ZFsle] 1980\ o] o ZAUSH ste| A= f/95<] VOT
o] vk A=rb oF groz AdE gtk ofef whal F459]
VOT+= Aol i Wislr A9 glof 1980 )l o] F Z A A=
AFA 0 F FAS T 352 VOT7F F538HA Hct.

QEE] S FAE gk Ad R dgle] f952
VOT7} A€ & gto= et 74 52] voTsh 4457t 5
wo] olrk # <k @l F952] VOTE= 1910 WOﬂ%
VOT2] 3 =7} 40 mso| Qe Ao o] Y2452 vOoT7F %
=4 0] 1960 ) o] &7} = ] A7} 20 ms FF7HA] EHA
T35 T Jert u & AXI

I3 1604 B AAY 1980 0] 5] S Al o=

Ao} §4-53 A2 VOT7ZE 53k o] o8-
Zefolnh el ol el gt e A = A7t ol vhE A
oA ubgAbe] Al Y7ol Exto] ok Bk oy
7] §lEk ©]312 VOT ©]9]9] thE MFE ofF HfFo] 7+
HE 1 9= AL AJA}ET)

VOT ©]9]el] Ao o F Hj2) 32 o] Fojsh= —%f%
‘do] Fallzte] tisll A =7HA] $45252] Fo, 52 24
(HI-H2) o] AEY] $rHByun, 2021; Gao & Arai, 2019;
Kang & Kong, 2014; Takada et al., 2016).

Kinki Tohoku
1 . . Sow
Born in the 1910s or earlier

W voiced , CIvoiceless g,
LA

uq@A rlj MO o
*éééééééééi“éﬁéé

5057 0%
Born in the 1920s to 1930s
!

25% it 25%

s
.f'i-'\a_\
0% 0%
el n

[

80
100~
1050
150
120~
100~
80
-
0~
20~
o~
20~
-
0~
B0~
180~

50% 7 50%
Born in the 1980s or later

25% 25% "

‘\\\ B

VOT, voice onset time.
Takada (2011: Fig. 3-24), 9% 474, Kurosio & % 5 2|

29 1. Q8] o F A4 o] VOT Bz
Figure 1. Distribution of VOT in Japanese word-initial stops

Kong et al.(2012)E =Wl Foj3kx} 201 <] VOT, Fo,
HI-H2%S ‘Z*O}O% o|FEA 1Y A ] AnE o] gt
o] 5] A E(H/FEE HlEA 5T EHE)E Bkl
t}. o] w}éﬂi ”LM A7} o 2 WA 0409 w3}
= VOTRES 2 §A/F9 8 81%2 ez e 4 glow
olell Fort gafixle HEwrt 90%z &ekgith o7 thAl
HI-H27} B ai#]4 92%7}%] Wk VOT S} HI-H2RHS 2 =
o & HBr) 84%° 1AM HI-H2 A¥FR U= Fo a3 &
Ao VERETE P 9] BelE VOTREC.R 89%2] FE%
TS e 5 gl o] 7)o FoE tlsl = H el |
3= o HI-H2 S O3S v 91%, VOTel Fogt HI-H2 S 25
A3E w 92%7HA] 7= A o= vgkeh el sk, S8 W
T VOT, FO, HI-H2& =5 A8l A 73/ vk=A 48
e @ﬂ: ks t W 55 92%=2 23 dx7 23
Y RF7F dAekt Fo9h HI-H28] ARE-
of SloiAl & 7‘4017} o] AR} o AlA Fo &7
H BEA A3 =7 sht
SRR 513=

Byun(2021)t Z__lt A FHE o] gate] 47 A2 oAy
(1990t &48) 82185 thAat o & VOT S} FOS BA15130t =
oAM= BEY oF3hE WsKnormal speech)H .t} S5

3] Yel= 73t I3(clear speech)] #E-S A

F

dol

&t

o}iJ

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



2 1T6hoku
£, o o0
o
1 ity EBBo, o | _ - =
e ¢ 8095 % | ? ®
8 + %&p 0 =1 08 Q
» 0 & 0% o @ 2 b
N %, 0g8 o ~ ~ N
e L E ol o2 o o
Aty
ad #gé_;_ o
2] e o voiceless . + +90 & Normal
+ + voiced i Speech
-2 -1 0 1 2 2 1 0 1 2
VOT (z-score) VOT (z-score)
24 Tohoku 24 Kinki 0
o
14 @ oy 0% [ — 14 .
@ 0@ @Q%%? 0900 9 ole =
g o 0o o | B | T e Y 3
@ (o +0%0 40 & O 04t bt oF o @ 04 @
N + 9 o ' - -+, i Q . &
o ', %o e T e R0 o |3 5
2 ] ¥ W, @ Tl * *+!t“%-é +g o 2 el
+’#’ Y+ 0 ¥ u—‘ s}
o f‘
2l ey o voiceless 2 g 2
& + voiced
T T T T T T T T T T T T T T T T T T T T
-2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2 -2 -1 0 1 2
VOT (z-score) VOT (z-score) VOT (z-score) VOT (z-score)

VOT, voice onset time.
Byun (2021: Fig. 10), Phonetic Society of Japan &3 &<J

a3 2. L] ofF H &2 VOT-Fo 33t
Figure 2. Acoustic space of word-initial stops in Japanese (top: Noraml Speech, botton: Clear Speech)

VOT$} FO S04 ©]= Z19] 733K enhancement) = =715 B] 1
st Aok it upeba] 22 gt

1% 201 Byun(2021)2] & AAIBFATE 54952 vOT7F
F #o & b= v SR H 5] FAsH)o] AR
AL MFE] =TT, 347, 117], AL Aujolt}, o] F
3 #HA=Y FA S-S o] oFshe WS normal Speech)
|4 =T 83%, THF 73%, 317] 45%, 5 26%% H.a1skal
ek F950) VOT7F 28 o o2 YEde S TS
AR sk S Al dellA] TP A A
A 7pg v 2] 2k o7 #1382 VOT Hglel] glojA
71 FAARD AL Aol o 7 BpAQl A2 FHX
wolef & 4= gl

Byun(2021)]] AF-8-# 2Fs}#l #sl(normal Speech): 1
oJnjof o] thEwts), 733l W3H(clear Speech)= £ 1
3lghAE Ea gahs Fao| it YRR AT $

78l ksl ® g (noraml)©] 1L

sho] oFslyl el A g #7o] = Aok 17 20
o] o= Xtoi} oksle whsle] n|s| 73l W)l A
W} A0 o] s A= ek wslelA AskE
T W s e FA 10712 Fo, 1A S A
2 VOTth o= A%olu} voT &5 wlw ) Forl o
o o5 JF =Tt ok u 47 Al FHAL-L oFsle
slollA] Fo7t Halld wmoke 7Fshe whslellA] vOT w5 uf
7} 487 Y ol w3} & F(Normal vs Clear)”} FO &2}

T 3A Utk §953E AES] A5E 5
Y AE 917191 oFsbe uHalo A VOTREC. 23 81%-91%° 1t
33kA1Q A3t W3l L5, gf9r, 771X 93%—
95%714] &et7F o3 7)ol Fo7F Hall A Al XA 2] o & F &

T o

2

lo

EEEEEEER R

moas o mo o

o]

do L ofe oo O

ox o oy my M2

3]

=

1T @Y o mo o ¥

T:Q-“V

3 o
U= HEL

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

T 97%7HA] et A A o 7 vOT9) FoRte &
S A9 EE 5 QA FrhvVOT £} & FEALE 33}
Aol VOTREO. 2 99% o] 71s).

oA 8 AtEel = VOT 2lol 45532 Fort #lf3-2] +
Hof| Zrofatal oli= Zlo] E ek Tkt Azl A = Fo7} 2hod
skarL Aol tialiA = Fts] HEE o] Q1A etk A7 W
7HSIRIA S =3 wf AbEell A whE = gkl o] A XE
(buzz bar)> AAI A-2] FA4lo] Fojgitt. vk A s
o] 7t A 52] A 2ol #ofahy= sk AA A1 a”lo]

oAup Agolvt d¥te AdafolthMatsui, 2014;
Otomo et al., 1957; Sato, 1958; Takada, 2004).

=
E4ARQ FEolth ok AlEel A BEE =
A A7k A g
% 1 % shdolrh Ao ofF AES Ak
VOTS} =2 FOZ YERA| W R o] 3kl (= 2= =] Z}el|A] FO
= A 9] 0] 4314 T2 VOTHEO. R A28 #|Zteh= Flo]
ey 4] QI TH(Kim, 2004; Kong, 2012; Lee et al., 2013).

HE 2 AFZ ol A ARS-EA] b= S FEA o] A2l A ALE-H]

A5 QUth G0l o F FHH S AE oA E VOTHe =
Z3-5] T8 o) =1 (Abramson & Lisker, 1970; 1973; Abramson &
Whalen, 2017; Kong et al., 2012) | Z}o| X %= VOT =}o]7| 1
2o e SFEAL AR 34 ok voT Hol7} ofu)
Ul F5RE0) Fo Aol 7t 254 0% so]i= Zlo] ol
A 3) T Abramson & Lisker, 1985; Winn et al., 2013; cf. Whalen et
al., 1993).

o)1=
%

oL

¢

¢

B319) B2 Qo) ¢] ofF F2hE X2}l VOT 9] Fo7}
Tolah=r 2 ¥l Zlo|th. AN Be] Ao) S ek}

55



b of = x| ejolu Fo7t -7d/5-/3 o el dhofstar gle
D8 A7 M & 11 A ol wheh Fo2] o 7) Qg Zlof gk o

datel () AA=2h Q) TAE= ol 8 F Al 7HH 2

& AT Az dahs 2 () sk f9

(VOT7} % #h 2l #1742 o] FARes 3

o 7k gbglol w5 A7kl Foel ed=
ojatell A= 2.0 A3 el visl] dHstar 3. 04 A3tE

Haght 4. 01]*1 b g o Azl Bojahis 3 W

_ILI ruE
_%
)

» o
&
~
~ o
By

4l 77 912 @le] sl =28kl 5.4 A& 22w sttt
2. A7+ ¥

)\164 1% ;(]_ % /\Eh‘g 2,38 -51-/K‘1_C’__O_ /\]__Q_ ]_oir/} 81: 1
VOT7} & 3191 7355 Bl A7} vtz A 1A8kL Ql=A]
= gsh] S8t o1 A 2, 32 vOTS) FoRk-S M2 3}
of 7t7ke) e 18] 919 Aol th A 2= VOT7E % 7k
i A% 3 VOTL oF @tah & 3he B Egehs AT EE

gL,
A% 1,28 P4 1Fo] FA]
tﬂ—_/] T;Htﬂ—/\g /\164 3 “Z[_J_?_/(]H ] EH g\j]—

2 AY 1,25 A2 o=} 34

oE
rnr

2.1. 23 1 AFAS /pa/ vs /ba/
211 A+

19 22] Byun(2021)°14 221 F-2]ujof 2] & #-5K(normal
speech) 328711(827¢] /pa/ /ba/ 5 214 13l Fof A VOTZ| 0-
25 ms?! 16870(2% 39 O%AN e A 7](dummy) 12715 st
180705 A=+ 0.2 ARSIt A== 16871+= /pa/7F TT7H 2
VOTE 6-25 ms, /ba/7} 91712 VOTE= 424 mso]t}h. 19 3&
Wi o] Bt Ao Sl AR o E AREEITE o
ofd 4= e EE =] Sl AE Aol AASE A AT &
Y Exe7k 4o o= RS Wrlsta AfFaxE H g o
£ oA AAIBHA T

I 4= 1% 304 A3 A =5-8 VOT S} FOE Wro] b
bl Zolth VOTS] %A+ /ba/7} 10 ms, /pa/7} 16 ms=E F-A
=9 VOT7} 22 71 S 0% 45 o] Qlvk Fo= Hi 2 &4
o] Ao Qlof Fx7F 2= oA Utk /pa/7} /ba/E Tt FO 7k
o] oFFF obA] W B FURE 12 Hz A7} Qlvk A=
I A5 Ako) 9] o] 2] gt xpo 7t A el S wE F& QA
O} A= 28] Zpolel] 71R1gITh AL oA AR = 5L
ZHE A okoktt 2% 40 fley 6] 9] VOTE -57- -5
2 A= gl tisirx A5

1O 37

8

2800 /pal
+ /ba/
260 4 +
+
I +
240 rptorbikioh o
w* 4 + 3§ o*
220 e o -
* e
¥
o 200 LI (P
I +
= +
o 180 . 4
160 o 2
140 + 09l o o
P! 4 o 0 9
+ 4+ o+ 0 o
120 bl P 900 o
+ + 0 0
+ + + 5o o ©
100 1 ®
+ + o
80 + o
T T T T ] T
-126 -100 -75 -50 -25 0 25 50 75 100

VOT (ms)

3. 4819 A5F
Figure 3. Stimuli for Exp. 1

30 300
254 & cooo
[ses] 250+
w 0
20 [s)
- 8 Lo eoneat 7
w
E iy 0oBR3e0 ! 2004 %
= 15 ) 80000 = ©
5 am oo = s} &
[} o0 I
> am G000
mm [3)
10 aomm o ocoooo 150
g [59) @
w @© o)
am 5] 3 %
firiino) o0
5-{ am
100 g 3
0 T T
ba/

T T
Iba/ fpal /
VOT, voice onset time.

9 4. A5F2] VOTHFO 2
Figure 4. VOT and FO values of stimuli for Exp. 1

2.1.2. F71A}

A= 19972001 =AY <] th8HA 5515 0]tk %
SFEIP| B 3 124, 7HE 201, 717] 108,
t}. 919 Byun(2021)9] BAkol= THE 21F O A
o] Hlgro] 12X ko T F IS ] ok 7
oh Al Z71AE 34782 19932001 EA4 2] ol

9=
FR3
o}
A

ot

rr
k

4 E
o

]
%

H

12

-

(e]

_O,L'nL of

X

2

2.2. 218 2 32 fto/ vs /do/
22.1. A=2L

A5 VOT7]' & g 7HA = 240700 A= 10871 2
Hul 12705 23] WH), 958 S5 F A4} o} 412 o4
(19983 &A4)o] %‘ﬁhsl /to/(34 ms, 240 Hz)©|T}. Byun(2021)2]
T3 F 31899 WElE F R VOTSF0o) H9E 48k &
VOTE 8-72 msE 8 m 7+ 2 & 9%k, FO= 170-280 HzS 10 Hz
HAo 2 1267 473t Praat(Boersma & Weenink, 2019,
version 6.0.22) 2] Manipulate” ] T o] g3slo] WA VOTE 9¢tA|
2 223 Fof| 24712 FoE 1292 2&59Ith nix|Ete g2
dZ oA 2= ‘%Z}Odiﬂi%% at7] 918l 22hek 54

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



Ol FOE YEACRE 5% Y
Che vt 2 1 gatsict.
A 1914 AR A S 18070 F 2V 7E SR ol E A
Q1E 1377019 SFEEA A 2 @) 9] Fo 2}o))S =4 5o
&2 BEA 106, U 1045 AT pl, b ZF BBE
ol v 27 vebe Wbt QoA ek 15%) Bt A el
AFgEFA] ko HiEx| oF =0k 9] Ak HHQ) 1,052 ALga)
ATHEAE 5%). A= AAle] 912 e Foan TS
[e]

%) HHonset/off set=1.05). 3% 5%

rr 1o

n[o m[m

E0) 233} 2L Qg EFolutvt 9818 57 Qe chit
ole]gt Zto] B4 Wispe] JES Fol A b 17] W] 3
AT SHxE 0% 913 FOAHS B, LE S U
50w g39r,

A3 29 Ayl A 19 A S| R AL AFe
A Ak
22.2. 374

A% 19 GAho) 2 A0 47) Ao vhetal ssrolek A
Wl AR A 13 28 34wo] 2wk 3 S ThE Abgol),

2.3. A3 3 TS /tal vs /da/

231 A=5
o VOTZF & k3 & 3k 7FA+= 264700l vk (A=

132711% 23] t‘&%, Hul gl A8 204 < kel voTE ;%c
Ao Z f§23/53 2 o] oF H7] wiEel & #he
VOTE Zt= A=5-8 716kt o2 17148 a3 &
Al 341995 EA8yo] w3l /ta/(30 ms, 227 Hz) %} /da/(-36
ms, 253 Hz)©|t}. Byun(2021)olA -4 #H125-2] VvOT7Z} 2 %t
o] F7 7Y} FH-AG2 sh4f 387 o] e HaE
VOT2} F02] HYE A3t T VOTE —56-24 msS 8 ms 7H4 0.
2 119A1(0 mst= +343 -3kS £, FOE 170-270 HzS 10 Hz
HACE 11HAE AAsklch A3 29 I7HA 2 Praat®]
Manipulate”| 5 ©]-83to] T3] VOTE 11THA| 2 22}3E o
FOE 1A Z 27319tk 1 ol 2228 v|817] 98] 2
29} PIRIA R AFES2] FOE AdEX O 5% WFEITh
(onset/off set=1.05).

AZp AP 2 el dH

e AN E QT wede) A

e 55 B A9 ASBAE ST WS ol 9o 2
Habk QU] MRl B A% GER e A4FEel
FHW AR A2 = A2 2 1Y At

o} 10 wpE wlo]E| 2] AlF] = AetE HA4sket] 918 WA <
YAE dEH 07 W A Qo Ao 2ol 59 FT/HE
gelste] WstE Folck thyk o] m] et Z1A 9 o] gl s}
7} A8 Axlo] JgS uj M= oty g z}_o_g VOT =}o]7}
A9 e s AA S5 AHESL B8 Fo &Fo] 7 3
Ao T ARSE I3 a/9} ol f\}ﬂﬁ}‘ﬂ o} Bl tialA
= Byun(2021)ollA] F45-80] /Y w= 439 Fo7} o}

A= Ao] oy B2 TR 73739 Frele]

£ Rk o] o] Falg vt 3)
A&t 239 )7} F97
o

12h= dAskel] A S X3 si3l

2.3.2. Z71AF
A3 1, 200 FIVe FHEAL &

A19] 137 0|t}

2|

=
S5 7HE, 7171XHe] A= Ad |, 25 20194 6-7
, FEA] A7 ks A 1,2, 32 20199 10€9] vt
FAE PA 0= 870 AT HE AHEH A
o

?:lu 1_,/\1641_,0:]/\2_,)\1542_,

il

>,

o oy g mle
tlo >
> e
>, 2
Y
2
>
o
o

W
1o,
?p

i M= Zsi
St A= A7 A9 Aol gl
3 = Stk L ol o)z AE 7)ol 9 @l
(Sony WH-1000XM3, Tokyo, Japan)s 2H-8-8}a 3| =]
L= S 7P AL *MH o—% Zﬁ g
AlE= 2709 AdEiA el Al
= <o ﬂﬂ*”é e 0}04 A E& 0%
AEiste] gska 4 =
2 EOP HA &
A 1, 25 302 AV AE 32 40%%%113}3} ﬂfﬂ off F2lst
2hz A AlREe] WEhE A s 7R Akl Rl
ik A& v A3 Aol S| EES W 1L T218 FH R E 59Tt
% 5= o) A5E] A3 1(pa-ba), AF 2(to-do), A 3(ta-da)2]
shdolrt. ditol® Ei= Zlojne AEA) = 7| shsith
A9 1, 200 7R M2l AR AR i 718 slslaL
ATl SR 52 gl=el Y ereal 7 Tsklth
BE 7R A9 ol 240 dE e Abd e gkl A

& Aste] T A ol A2 A A,

>,
gﬂ
X
b
(e
oo

0
4y
=
il
ok
tlo

S 3e (s H= T N o e
.
HO X g W

10

>F5 o

of
-

o3
I

REECEBIOE7 ) v FLTBATIHER
!
e |
RUEHERS 6020 » 2L THATLLSG
o= il ==
RUEGLBI 5070 2 2L TBATHEW
f, j';‘
Z
= 5]

I 5. AR, A 2(FY), AF 3EHhe] 34
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. 2%

3438 1 24

= /pa/ vs /ba/

F 13 a4 6ol AE 19 d3E A

/ba/ 2]

U‘ii—‘?—"ég
X

B AHES

A AHE BT 63%—69%E A2
™

Ipa/7} 94%33 T},

Assiek. &

14 Jﬂil 7(—]

A Z = 93%-95%%

elaha £9.82) Wl A9 & ¥ Yok B

¥1.744

st o] 5% o B 3 3E 0]9]
GAE b/l VOT= 5%
F3VOT AR} Qo &

& Jpal ba/] A

08. rlr

ﬁ

H'é‘

= =AY 35S Al
1= o] = Ao} th |7} 90% o) BHAl wakQit). o] o uk

= 66%= o F ] vty
Zateh, A A7} 7

;9 ro
BETQ»"
oy Mo

O o o ot ORI

lo,
2

ﬂo%ﬁ%
lo o
u
N

Table 1. Correct response rates of /pa/ /ba/ by region

=
Chubu (%)

TE

Kanto (%)

7]
Kinki (%)

EsF
Tohoku (%)

B

mean (%)

/pa/ 95

93

93

93

94

/ba/ 63

67

69

64

66

=]
=3

Correct response rate (%)
o
2

Chubu Kanto Tohoku

g6 AdS
Figure 6. Correct response rates of natural sounds /pa/ and /ba/ by the

== mm B ==

Eib
BEp

Kinki  Chubu Kanto Tohoku Kinki

Ipa/ fba/ 2] A

o gae

native Japanese listeners of four regions

IR 7. A49S

b P
100 -
=
o 80"
[
@
b
£
2 60-
7
)
s}
)
S 40-
S
.
20
Seluu\ Seluu[
Ipa/ /ba/ 2]

E3b
BEp

ARE (2R

Figure 7. Correct response rates of natural sounds /pa/ and /ba/ by the

58

native listeners of Seoul Korean

O:

A FREAE, TS AWl A% SR, 3

B SR o LM AN S A Ak
S48} 799 FETPE §2184 LEOFG, 50)-04818,

p=0.6964, F(3,5)=0.3847, p:0.7645], s T TSI AY
o] 59 ARERt FostA FTHAL, 50)=129.5,
<0.0001]. AZ A A2 VOTHHS 2 FA4/5F-A-S -8 8= 5
FAE e AR} pa/o] FEEC] ¥ e/l FHEC]
ol 2| 7o = thE A BT VOTY Q&) & Z1 o7
Holu} SAA 0 &= 28] gkt

A3 19 2291 Hu] /ba/2] VOTE -57--51 ms 2 H &
= Ao} 100%3A T o] AR B hd [ o] Ao XEo]
T35 A7F RE Bo|x|u FAls ARME AFP%
o] At Ro] gloj SR AR S48 A7k A
AAJA HEFE 2] P Holth.

I7 78 AR E A A E BH e dajoltt H
T AHES T35 pa/7) 50%, 35 /a7t 77%=2 LE-2l
;q_g]__t_ ‘?J'EHE %@%9/] Z%ul—ao] /\L\;qu o= ;olq _\?_ TC:’T
o] AHEE 50%= T ol e qF QL %lt 25 et
ek 19 3¢ Sl AAE AS52] Fo #h g 2] 2po]
7F A9 glo] A7t W E A Efo] ¥4 g7 WTOH Aoz
VOT°ﬂ 4+ ok 31=d] FA1S /pa/2] VOT7F FAS- 0 7 B3

| AA] ¢ko} cto] o gled A o= 4 At
3.2. A3 2 3418 /to/ vs /do/

7 8ol A ¥ 29] AFE AAEATE Ao A A THglo]

o] =)o o] HAR} VOT7) & w4l A58 =
22133t 8 ms 2] 53] F-2 VOTL W 5493 =] Zfo] kit ¢
AsHAl VrebEH 22 8 msolol = f3 5 A Zko] $-A1E A

s
07} St& wk o 2 F2 Fool A= o 9] glo] s R
7

£ Fo g0 A
Asisiek o) 22 vorrt Ja Fot A7k A=A AN 75
S £ A 07 98] e 29 5 slrke A

VOT7} & ow Yehds ﬁ*o—% Zé S x}°l~ ‘Oit 01L
R A} A zrolE 4= Qi) e} X Zef| A= oF Zho
VOTE 2 AS5E 7480) ohd FA&o= shdstal gl
o] VOT AHg-ol QlofA] 123} %) zke] A7} A x)ab] ¢k A

& HojEr
% 9% Al Arkate] Aol U
A

S HH—Eroﬂ I 801]%1L VOTZ 3t oA
72ms % F7HSIIA R ol A = ol & ol gl

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



Aegel A7kRe] Ak AF 29 A

4 ol A7 gle
Fs) ok 1Y szt AFE

Rne 5 A el EA7F 9=
Aol obd7F oS S sk & 9] o] A¥ol7] wiite]tk

50% 51-74% 75-100%

8 16 24 32 40 48 56 64 72

T T
TT T
e b
T T T
ToT T
TT T
T T 1
HEH o
TT T
TT T
ST T T
8 16 24 32 40 48 56 64 72 8 16 24 32 40 48 56 64 72
VOT (ms) VOT (ms)

IR 8. T4 /tof /do/2] Q1A E(L 0] 471 <)
Figure 8. Identification rates of synthesized sounds /to/ and /to/ by the
native Japanese listeners of four regions

50%  51-74% 75-100%

8 16 24 32 40 48 56
VOT (ms)

37 9. 45 /to/ /do/2] A2 E(A-SH)
Figure 9. Identification rates of synthesized sounds /to/ and /to/ by the
native listeners of Seoul Korean

3.3. 23 3 3= /el vs /da/

218 39 A= 79 103 29 119 AAEITE A 2
A & #42) VOTE w3k @8h7] wiitel A9 3°1Wb =
I #k2 VOTE B E3tetqith 29 102 A7 29 »ixt
TR QIS 50% 8t} 75% oo 2 e Zlolal 19
11> F02] T & 1] AAISHAl B7] 93 Q14 ES 102 E &

oo

ja\ A

¢

9 102 1A 2 2 39 VOTE f450%, oF 39
VOT= 7502 A Z2bskal Sl Ao] W o}E} ok Meged
ToM T AFR T & #e] VOT7F 495 A2kl B4
o|A] ek Z1& wEshd <oF 39 vOT7l obd 578 fAd S 2
2 A S 7T vk ohAl 2l 5 3ke] VOTS
S, oF 3k VOTE TS 02 A Zsk= Ao ol oF

%S 7FsA ot VOTZF 0 mse! 73%(+0 mst 422 VOT7}
& 7 -0 msE 459 VOTZF & kel &2 0 ms®= 22E 7
o= FO7F 5H-& W) 742 A7to] L FO7F & W A= A
Zho] ofF = Z1 0 & Wol Fo2] #of7t Sl o] Zinko 2
= FO7F o9 A #ofatal Ql=A] & = 1o ® 17 1104
28] RS 513

50% 51-74%

56 -48 -40 -32 24 -16 -8 -0 +0 +8+16424
VOT (ms)

38 10. 38F fal /da/ o] QA E(F A
Figure 10. Identification rates of synthesized sounds /ta/ and /da/ by the
native listeners of Chubu region

ey

50% 51- 59% 60-69% 70- ?9% 80 89% 90-99% 100%

Chubu

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

I3 11. 42 /tal /da/ ] QA E(FHA ) A A
Figure 11. Identification rates of synthe51zed 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



19 11914 VOT7F 0 ms?l -9 +0 ms+= FO7} SH& uf th&
F 7] VOTETF FA45 A 7to] 7+4:38kal -0 msv= FO7F 55
o) THE 3] VOTRE.TH 7735 A Zto] ZhAdh= 21 voTell
et frast JRo glol HA4 8] 7o) ol Wl FoE
o] &3t= SV E F US A 2k vhvk oF 7S voT 9 A
Aot & #ke] vOT 9o AAIE nluws B o] 25 th=
o} & 79 VOT G of|A = vOoTel aglo] =& Fooll thal
FAFORE A7 sk 7} S8k oF 7k VOT & 9ollx=
5%2 Fooll T3l A fd5-2] 2| 2zto] A9 glek 19 11014 1
3t W2 Fod W fd, =2 Fod v 422 2 27t

7] Hops 52 Fod v 54 é’.gi A Zyehz AL E H]lth
o] 4% VOTZ FHeto] ofjmfj &t 7 -9-¢j &L 05 73 45
°F gslr] Bl 52 FOE 7M1 TS0 2 whdshs
©]3:= Gao et al.(2019), ]+ Whalen et al.(1990)]| 4]

A5 dB

gelsk 4= 9lth

4. =9]

4.1. o] o) Al 5] LA A17h W= VOT
25 AFEE A 304 F02] #oj= Q1A E LY O HE

£ 33 @ Aol Ao FA/FA Q] X7 A 07 VOT

of & AR E RS AT 7= A A-E

A8 1o A= FO7t A 2] 2h0]A] §Stth= A, s daed

T2k v sk A gl B At sy,
AASE AHES A 19 AFES 55, GE 7171, 75

O] 47 A1 B A 1 93%-95%, 1735 63%69%
2 53] fASollA s stk Z}Oﬂ—"—,l VOT+= 0-25 ms
2 A7 F A S ) e °1L 71% yHshd W
& BA7F0-25 ms®] VOTE ZHe 52 T o= Aeet
e & Utk olgh A o] 1‘?%‘ v v A =
VOT AHg-of| 9lojA] Atz A= Aol uh& 2po] 7} QLA RE A
Zhol| A= Ao 3} Aaglo] < #he] voTY Wl P& o= %2t
k= Aow FARAL o= TY A9 U9 = xhE =
A} Matsui(2014) 2] A3}e} = A X] 3t} Matsui+ Klatt speech
synthesizer® 2}/4J ¢t $3 55 o] &5t Aol Ea19] AY |
S AASE o] ot ANE 250 AL th2 A7) 9l
T Aol fARSE Hol gle B Z 7his] A3ttt

Matsui(2014)+= 717141 A= 2h 297 & I F e = 4t=
I} A 7F AHE s AFEel A = f7952) VOTZF A 9
o wkE Zbe SAG)eF 19 o2 26T E WS
o} e A o) A 1020 msE FAR 54/FA S
A Bh= A o2 VERTH1IE Q18- A=h). 7414 0.2 += VOT
7} 10 mso| 3o 80% ©)4do] f4d5 0 2 X Z}skal 20 mso]
o]H 80% o]/do] 2w A STk A=52] 1HE 10
ms= 10-20 ms A}o] 2] A= & = 1o 0] 10-20 ms7} -
g o) BAX R =k

$1¢] Matsui(2014)2] A5 2319 A3 13 vl wa) Bk 1
& 120 A9 19] voTell W& &S AAsklch A3 12>

VOT7}0-25 msZ 10-20 ms7} o] ¥ ANe
S A187F 90% o) el AWt V0T7} 10 ms d?fﬂw
Mo AFOXEANC] 80%l HIXA E33ich 74
Matsui®] 2379} fFAFsE] 2k 10 ms o8k A2 A
o] &1, 20 ms o)/l A2 FEEo] vl Wk
Ago 7 A7}, F7H1 1020 ms= 10 msol] 7} AF=

B2 gl 432 AHEo] At 60%C] AT A5 77t AL
27 ;@Tov o 50% Y 7 @ Ao E Btk Matsuid] A
FEE TS OR ftal/da/R A, B A 19 RS

ﬂlo fr
ro W

D]o VJN
o nqm

AA-F O Z /pa/-lba/Z AR SITH= 2P0l = o X785 -/d/
9} F=S/p/-b/8] VOT gkel w5 7H7k$1A vlwshs dlel] &

d

Tl fle 2otk ool &
ooto] QIAH AL Slvh= Aotk

L3 A2 5ol voTel vt

o

_ 100 +¥3+g+gmgegsggoaogooag
= +0+ ‘+++D
& 80 0 0 *
© T If £y
;{: +
¢ 04 * X0 v
b2 o t+ .+ + o /pa/
g 404 ++++f + /bal
kil + +
it + + +
S 204 * +
Q + g +
(6] o e " +
0 T T — T
5 10 15 20 25
VOT (ms)

VOT, voice onset time.

I3 12. VOT(ms)ol| 2 B AHEET 1)
Figure 12. Average correct response rates by VOT (Exp. 1)

37~ « more than 70% 3 O
% less than 70% o
2+ correct response rate 2 - & 8 o
© @ 8
— 14 B 0
£ a | T i
& o X 40, 0f & Of o
?ood 2% od | #Y ,¢ 4 c%f?@‘jg
= w & — 5 A 490 Fo,
2] gt Pl P B
..x)§ » + _g: ‘Hg + #+.:_ 8
-2 . 2 + +F 0
: o /pal
+
3 : i % + (ba/

T T T
A5 -0 05 45 40 w05 00 05 10

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

1% 13. VOT(z-score) 2} FO(z-score) ol W2 H o A
Figure 13. Average correct response rates by VOT and FO (Exp. 1)

E(H D)

A 1004 fAd5o] Fooll AL wkg-38h4] gkt As 1
Y 1394 golsk 4= Qlct 17 13 AF 19] AF=e-2 VOTS}
FOE Uehd Zlojok A=Fol Hde] 4] 49 Slo] Fog
AR/IEE Arglstal 72 VOTE Aatgstalth o8
% 298] -kl = 353 37719 A EES 2%l
100%2 S4AE= 7T1%01THORES] OXA 735 371 Al8)).
AHE T0%E 7|E0® I8 S S W2 § 07 o]

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



AT Alo] 9o ™ot} % TR A B A w
FOolA 452 FEEol wokA A, &2 FoolA f452 4
@50 WolAlE 2] Fost EE Y S d Zotm
7} Sl th(Pearson =0.045, p=0.7893). (1t A= 773+ 3771

s e %i ﬂ(n—91)M R Foet JHEE© Oﬁ& -

o] i ope gzﬂ 39 Aol s

oo FOL 5 73 Ato] AN 205} D) 2k
eleb, 2ol G91e] 49 VOTE el 446

ko] B gholsie] o) wahe A\7e] Qaba Whe B 5

AUTE FEES Fo= 5 AZtells #ofahA] ¢hal 745l
= A

A okst Aeke Rl & 3] g AoV AN =2
FO= 759 A7 GA 2 A% o i 2 B2 Fo= 49+
O] A7k kA & 2ro] x| ehkrt

Fd57d 2] Tl VOTREC.Z o] S-351-3F Aol A
0]-& 7ks/do] 71 = FOE ©]-8-38HA gh=thd o] @A 743/
FAE TEske] oldlshE AUk A 1eA ARgS AAE
& Fejulofol At ol d5A® B FA HHle
9] # 2 UJ3 ¥ (minimal pair)< ka(i 271) vs ga(ift W), kin
(& ) vs gin(#E ), to(# ) vs do(f& &), pan(”¥> ") vs
ban(f: Bh's o] HA A FrokE 4= Qlvk. A A& B 2h
7h digupo)u 2osirtele] tiglell ] £ 2= o7 H4
& VOTYE WA £ ako] 50811 31 VOT7F & 441 74
=9 A5 5 REIE AUE s E 57 flth FoE WA
F 3to] 2081 s 1% oAl ET} §lo] AF o] A A1zt
k= TS I8 99 Al AAAE F& Fog 74 3,
92 FOE A oE A8k AlgtellAls da9A 4
S - EgkAFAT Gao & Arai(2019)3= AHEC A o F )
Aol el ARE-EE Fo AFoli= A ont Yeh bR o
2] FANE = FEsHA] FErhar spgl o 912] AES] &

A= B 7ol Fo AH-E AAshe 29le] = % )

- 3l
%‘oﬂﬁ = WA VOTIEO & {4/

Py gl A o] 2 3k oJAfaFoll EAI7F Slrta

= ek QA btk gk Rolgahs olE WA R 4
ge) ol & st O‘QW} F01E}~ a7t X‘OWU& *J
o= A= ¥eo] seld B

02,

4 2
1o X
30
o
P
o)
_Q
f
=
2
x> F
r1r
2
ﬂlo
10
Ello
wy E
o
i)
[y
o2
o%
Moo
o

gs]
S

B PO A BN W A ALET} A 2ol A 2
Fofev)et ok 5 9] =
a2 SR glong Bl
Vg o]9le] MR oIS B B Y 5
A el Az ol Esnow) Tt E(eye)
AR Qs GE eI T8o] o) FA L o] 2
ALLE FAZL R QL g BTk YA o

e
o

0;

N0l om o e orlr mE

o 3o
Oﬁxln\olﬁrlr
F—Q—{oo‘q“%
Eﬁﬁr_ﬁ
i
ot
O,
S

2
o
1o,

L %0F % FaE 4 ole A9E 28 BA ol RS
o 2 o]gl|e 4= 9l7] wlEo|th

Kurosaki(2002)+= w4 50] ofmligh Z-9-of Z o= osfa}
ol 2k vk oo ST HS A 537
FTUs 254 Bl o ® e E = FE5F0] B, WS,
V(T A F flo] 25 Ew 9)Y ws Wolal | ES
07 g Flo] HFoJthFAAOE ofH H|E37}
O AR Thel] EYA7F QOB R o7 A = AFEHA
=th. Bol siabE B gAekA] ool wE-Ehy] wiitel o
S EU P50 R M TAWAGES AY)yS S5 &
A S BRSO ME] A AR A —% SO gt 2

_J_UO] 017F ’Clﬂlﬂ/p(ma 5K °J)’° U=
03t A5-5 A sto] AAISIGITE S b= T A
AT A)oloP Z vEEAE HYA(TAWA)OloPOIARE A
2ol 59 o] “AA(TnnA)olopg gol vlE A 545}
=tAE AFALE AFYA (T nAyo] sz AAEHS]
S AL o7 ST AL 57%R o o 7 A E S
W= 0% T @AL 1478 BF7E <dvks fo)y] Jojop s &
Fakqleh vhal @) A drojehs AE wolE e gl
'O 2 FA k] i Z10] 100%%] Zlo]th
S 2R R ok 7] VOTE 2H= o 5 747 il 4g0)
l»ﬂ 4?“01 o] 2] ol A A ztel VOT o] £]€] A
}ﬁo}xl HO AL ARGl E o]
8] Azl 5% ghetwE 7L obd

S|
™

rjg

v
riru
E
4>
ru

! 40
2
2£
R
0
mlo

o

—ELFE&O""
>
o
0

2 2 X oox do
"
Mo &

ko rlr

L)
=

_(:;L
v
i}

o
)

2 X

(o3
- r:l
i

K=
& o

o o 2 oMo pe o

£t
Hﬂg
2
2
oo

o Mo

=

ol

S
N =
lo X °
HU o2

)
O
<
Q
il
)
rl
:(o
)

=

I

N

N
)
£
oz
i
v

HR

ot

<

o

—

N
- 0
-m lo

<
o
ki

o Mo

b

=

oo g
g i

i)
ﬂ
e

flo et ok
2oy 1
[o do

it o
T 2
<
pi=A
rir
o
2
&
>
[o

lo
>,
a
2
i)

5.4%

AEollA Aol 9] o FHiFo] vOTHO Z #7354 2
o] of gtk 21 & ofe] Aol E1E Apdlol) X
oo upe} Y o] o)z 9l o) FEE -2 Fo xjo] 7} 5-4d/5
AJ o] o) Bolsl= AL AEAToA FEA T FHelE
Abol ), Rtz kel #oshs &8 M4 VOTS) Fo7k 417

o= 2ol=AE AR st AAdSI S-S o8
31 %) 2} 28 AN &k

o] o F HHF2] YA A 7F ®iE VOTE, I3 3d
FOO] A& 3] 3h 201 71 0 7 hel ¥ Qit}, o= x| 1} A}
Bglo] o= Ao MLt T2 Al s AbEo) 220l 3

N8} 2| 2ol 2hol= S8 RF7F AAHA] o A HolE
th VOTHEC 2 7He are] o] o2 Hel % &8t FO&

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



AgalA) stk £ T W4E Az Bk & Aol o)

2050 £AE A ki AP BAN FATAL

2 Q8 Edo] Qi 2S A 4 §7] upolek, BEA

L RS SAMIHY) JelE Fuln g g3 Wa o]

W7} wofaha 9 7FsA el thel =ahsiek. Ape) Fe

239 B o187 A o] Fejvlole] e ARE

TRAA FAE FRH] A E B I F
[

njo] & F3l Brej ] of & Ao|rt.

AE 3ol M= FHAY AFA7E Fo ARgo] =3] sl A
< BTl oel tiaiA = Aare] oJ 27} Sk FHA
& A& oA VOTE F2 AME-81I FO AFg-0] 713 A=4Q1 %
Aolrt, AH 32 FHAH 0] 2] 2] Hpef| tjgh AR} o] 2]

ool @A WHE U BaoAE selo] RSOt
£33 FO Aol 7 A el friahA] ek A€ el 9
A A A FO7k VOTS} A9 B58b70 70 i 2

131 S5 EEFANE AL AV, 4 30 537

>
o
=2
R
PH
mi
flo
iih)
& oo
il
12
rlr
_\1
5
]
S
_>|~L
o
:L
, o

ol
_?L
o N
o Ny
g
_1

o1l A 912 28
o) s = 2T

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 f0 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 f0 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 goto 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 ytseisei 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 sdi [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 ytiseisei-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 ytsei 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 yusei 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 kenkyii: VOT no kyo
Jiteki bunpu to tsijiteki 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 F0 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.

« ¥13]7 (Hi-Gyung Byun) 12 4] 2}
A AL G} Fu g
Akita International University
Yuwa, Akita-city, Akita 0101292, Japan
Email: byun@aiu.ac.jp

Aok 4%, LA E=d T, S-S

oo

s>

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

63



BoiBA] % AR oI L Az

Qliof 2] o] Hsf -2 AAFH 0.2 VOTR T ] £42-2 & %) VOT, 452 o kel VOTE 2H= Ao,

oleh. #50] 7ol olat §41-5o] o 4he] VOT S 2 o)F 4 wa0] w43} o] A0
& o AR 3 9l Hlo] ATk Ee A eojet FEo] 2otz glort of F g o
VOT ©]9]o] -4 5:8-9] Fo 2ol 7} - Zlo] ¥3 41Tk, ¥ni= AH&o] oli= &3 W4 VOTe Fo7} A7 14
ERRGAE AR A0ITh 47 A9 ¢) thShY s5US O A g TS ol 43 4] 1A A7 2
2 AR A3 of = Aol A} o F 2] AR A2 W 715 2 VOTol v g Foe At
§& 8] @A A 02 LERGTL Fot VOTZH 715814 23 el & FoB 24 S 0= A2kshe 49 9)
OV U e FOR 4802 A Zeke A A molA] Gtk ol e Ak AT el sl
SHE AR £F W9 A|Zh Mgk AR A U RS Ee, Lol A Wl VOTe] o] ojel e
oA 5 F0S] A F AR AL glo] QAT f-34 9] ] Exbo] gl Z1e VOTSh Fo o] 9]©] the &
g10] o FaL & ALY RIAAE AEeIA o] Y= #oirl AR 25 SAMHIH)ONE &3
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