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A study on the voiceless plosives
from the English and Korean spontaneous speech corpus®

Kyuchul Yoon™*

Department of English Language & Literature, Yeungnam University, Gyeongsan, Korea

Abstract

The purpose of this work was to examine the factors affecting the identities of the voiceless plosives, i.e. English [p, t, k]
and Korean [p", t", k"], from the spontaneous speech corpora. The factors were automatically extracted by a Praat script and
the percent correctness of the discriminant analyses was incrementally assessed by increasing the number of factors used in
predicting the identities of the plosives. The factors included the spectral moments and tilts of the plosive release bursts,
the post-burst aspirations and the vowel onsets, the durations such as the closure durations and the voice onset times
(VOTs), the locations within words and utterances and the identities of the following vowels. The results showed that as
the number of factors increased up to five, so did the percent correctness of the analyses, resulting in 74.6% for English
and 66.4% for Korean. However, the optimal number of factors for the maximum percent correctness was four, i.e. the
spectral moments and tilts of the release bursts and the following vowels, the closure durations and the VOTs. This
suggests that the identities of the voiceless plosives are mostly determined by their internal and vowel onset cues.
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1. A= 1 5~40 ms g 20| G INEItAE Kol {54 of F-of mh

2} thefst Aol Rol= A E AR YAl ok

LS8 2ol oA dAZE H AT 7Hclosure) ol 7 (Kent & Read, 2002). 43S T8k ©]& 3k QA5 #3t

T (release burst)o] A Akl |7 E WA A T(voice onset time, T TAHAL T S, olF0] ZF R0 SAJEA Aol&
olat VOT) = AA 4% R5o® ety deix vk 2+ deku 2 vebd ¢ gl sl Ao

7] 2 g0 THEolA = A, oju gt 29150 o]¢] 7o QRS P A, 4 ‘lﬂéﬂ 242 739, Zue(1976)

=] of] Uit At Thakdt 71| 4] o] ol A gt 9} Byrd(1993)x= go1€] [p]7} [t, kjH.tF Aohal Ba1skel o,

7_'
Jojo] Qo] M3 FEo] A= A, FHSL thAllE  Crystal & House(1988)%= [p, k]7F [f] .U} vh4& Aular 48191
50~150 ms =] HHFHS e, 25 71Ee] AgE T Gof Holo] IHA AF-E OIFSE St Yao(2007)2] AT

* This work was supported by the 2019 Yeungnam University Research Grant.

** kyoon@ynu.ac.kr, Corresponding author

Received 16 October 2019; Revised 29 November 2019; Accepted 30 November 2019

© Copyright 2019 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.

Kyuchul Yoon / Phonetics and Speech Sciences Vol.11 No.4 (2019) 45-53 45


https://crossmark.crossref.org/dialog/?doi=10.13064/KSSS.2019.11.4.045&domain=pdf&date_stamp=2019-12-31

oM+ [p]2 Zol7F 60 ~90 msZ AL LA, [k, ]l 101
£40~70ms FE FEE 1O, (k17110 ms W 912] Ao]
T oA 31 S Bl ato] o]de] F ATE dAHES
Zek As AUt ol oTt Aol AYd A1, A5
7320 AR FrobA 1, AR E B A7UEo] o F
o} 1 1.5 9 THPae et al., 1999; Shin, 1997).

ANkd-& 173k Halle et al.(1957)°14+= olUX7}F H 35
o Q= Fo] o, A7, AT skl tiske] 7242} 500 ~
1,500 Hz, 4,000 Hz ©]4}, 1,500~4,000 Hz 4 =tk B 318} a1
At} o]z dt FAS AFEY BZEZ O F AR Stevens &
Blumstein(1975, 1978) 714t 2.2 Blumstein & Stevens(1979)+&
RS0 FA DS TS 85%2) A ER 28 Aol uf
o FFE ATt stk AU EY S HE FEE T
F310] ] 714 &) -5 FH(moment), = 5= F4 #h(center of gravity),
= H(variance), H] th* 5 (skewness), 3 ¢l T (kurtosis) ] 78 oA
29132 Forrest et al.(1988)2] Ao+ 743 a4 +2] Wdst
A AR T2 40 msE A SIGITE T A el o]
= ol gsto] %] AEER 25 AAE TREE F AT
st} ShA| L, kA gof AFRof|A] ol Winitz et al.(1972)
o] Aol Lotz A9 58% J 2 o=t "olA dat
o} H2}7) o] - A&k FARS ®H i)

o] 0]2] 9] 2lojo]] Q)oJ A=, Bonneau et al.(1996)2] &~
o] Aol A 87%2] FEF S B, vidH=o 9 [k N
gddnto g & o] 2 FEglon [p, = EET} ‘%Hﬂrﬂ t
A tH(Smits et al., 1996). TH=0] 2] A= AL FTH| 25
d55 A5+ Hwang & Yoon(2017)°14 63%%] FETE K
tha shrh 22 Aol Jo] Hoto] I A= 66%2] 5
= Btk

VOT®] 73-9- Bl 4] @& A7} o] Foj A ghrt. o+A-5-9]
FAE Tidhs 7S 2AE oYt 239AE dElTe
ez % 2 el A 2T} Azou et al.(2000)S ol2] AT A

= nlgo 2 Jojo] A [p, t, k]S VOT7} -7 —46~85 ms,
—65~95 ms, —70~110 ms 2] EF5 o] Fv}al 318tk FH =7+
AL A2 <A A<ATl FE S AR grol F7F
3FCH(Kent & Read, 2002) 5]"301 Lee & Yoon(2016)°14] A&
32200 HA 2 A LS9 A, AA<Fe<A T 3
G52 AR Fho] Skt Baskal gl

FAFoA $5 B5o 7] ¥ e {2 ¢ Wl
Fol= Boo XHE A 0]?7 F(formant transition) = Z=+$]
of W 2GS il Eie Frhal 2 A Stk o] 74
HAL [b, d, g = ANEY HelYA7]S F8] 373 Delattre
et al.(1955)o1 4= i‘ﬂ Aol A Q] 7t LHE Ful7}
L5 259 A 7ol 8ol Fvkal &3, OPELO% I
At Alwan(1989)v°— Xﬂo]%wu Al FUNET} 25 HXI
A =3k Kent & Read(2002)+= 5~
& B3 A &A]E%’é %“J‘: A gg ko eIt

AolA Ao ATES T B, Fh50 4 A 84

o o e A% el £85I BE eig 24

o

o

2}

e
2

=
a-

mlm

P

b
o

UM HEe] zfoli= glont vl F o g 8-S shar ekl
e g Qi wEb 2 Aol 2z sh 58 AAE et
T O ST o] 8lES FEA oR AvHel, o]l;—o]
ol 2591 Aol ol A VlefehizAE v
Tf]f]? A 719 59 skl 8 -4 (discriminant analysis) S %

17 e,

i
40,
J}r r
Ulo
rsa
_>;‘_,
kil
il
_i'i
OXE
1 o
HU
_o|Ll
%9,
i
;@
Ma o
K-
M
H
2L
2
>

HA diskets A elell A dshet Ak o= W 2to] 7k 9l
o o e qlvk 2EiA B AFtellAE A
491 9jo] Wolo] 3 A(Pitt et al., 2007) 2} 3H=0]
2(Yun et al., 2015)F /302 sto] Joje] 74 =}

k] 9} o] 28 oA S [ph ¢, KNS AT Bt g

m&l_t

2. A+ A

2

N
-y
2
o N
=
o
M
g
o
o rF %
rE

o,
o o
4
s

o

o= AHEE AL ol
A& st % 3 2
o1 ef2] A0 hoted AL AN W
WOl o] B e A} 5y

0 o

> O
K
o

o
4 1
>~

>

]_
o]

piS

o
:g

[ ok 2
o2 & do J
2 Lo fo
1o
1 ol
o
o
o rr

_{

oX,
b

qu R

e
Ar)
39
|

+
r

re
-
=2
X
fr

2
=
o
2
PI
l
Sﬁ
|o
i
—hl
M
Ql
Oy
J
_O|L
38
O

S
ok
N
==
oZ

oG o) A2} HAES Fu| ol A
Hwang & Yoon(2017)0l14] A8} 1t

S8 Ao r L= F9i ¥
;y%oﬂ | 2= ®7)5o] Qe g yad X5 vets
A H S Ate] TFsEtaL, T4 B o) AR Fu Ao
BAA R FA 5]01 RoFE WA A& Sl AFE o
VOT APto] 7Fsateh( 19 1 7).

NS
&3

it [o

Ny (m o™

o
S

ol &

mlm l—m

O_E

people seem liorsse

uh|1

i )
|h P lyl P

<VOICE =creaky > b

I8 1. 23 HE A b
Figure 1. Praat script running
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Table 1. Number of voiceless plosives extracted
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Table 2. Means and standard deviations for the closure durations
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Figure 2. Histograms for the closure durations (ms) of English and Korean
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Table 8. (1-3) Discriminant analyses on the moments & spectra of the
bursts & following vowels
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and VOTs
Jol: 74.6% A=k
p t k
67.7% p 4,390 625 1,473
=3k | 75.4% t 1,016 10,254 2,327
77.4% k 797 1,809 8,935
] of| 5%k
30]: 66.4% 7 ; &
41.9% p" 1,618 1,278 966
*=53 | 78.7% th 408 6,805 1,434
64.4% K" 304 1,963 4,108
3% 87 32 95 Bl sl K Pl A5 o] del| vl 0.8% &
AE) FoE F7HE Yo, B0l 03% ¥AES] $71
o] T13, 747} 74.6%2} 66.4%2] & JETE Rk /N 1t
&0l AR £ % o] §lofAl, H4)3k dol g voT 4
B AAER A J& % 7kl lo] uln] kA RE P 3S v
A= A0z vebe

F7h el E Pl v

2
olElel F7Het F WA
Q

¥ 99} ¥ 10 ] 2l
E 3|2 74.6%1 A 70.2%%E 4

1 66.4%E FA A TE o] 7h
H oS0 s AR, [p, k9 FeeTt A AA
S7FeRA oL [1]9] e = 719 20% FRIE o] Hast A

2% 5 g

il

F10.(1-8) BaeHo] ) SIK 9k AF 2L FF 57} F BERA
Table 10. (1-8) Discriminant analyses after adding locations in
utterance/word and following vowel identities

Jol: 70.2% A=k
p t k
75.5% p 4,898 134 1,456
=g | 54.6% t 1,646 7,419 4,532
85.8% k 1,172 469 9,900
: o =
3H=10]: 66.4% 5 | f’k o
44.8% p" 1,729 1,172 961
*=53k | 774% th 480 6,693 1,474
64.6% K" 351 1,905 4,119
Gol9} st=olo] HA T Aol IS vA = &
Q1S AR A 07 Frfste] At A3, o]l upe} H7he] 4
7t YE RS & 5 A8l wekA, Sl 1R 9
"X R] EAY AT oZAI7] = AN $ A5 A%
B S5, delyde] l 215 w3, (1) /et ) 4) 2T
7k (5) VOT9HS: 7143 F7p8 o2 i iAe A3kl
I AFE 19 JeERI Tt
E11.(1, 4,5 /MEaE 7 #2711, VOT £.2919] 84
Table 11. (1, 4, 5) Discriminant analyses on bursts, closure durations
and VOTs
o] 733 % A5k
p t k
66.5% p 4,317 613 1,558
=3 | 13.7% t 1,056 10,023 2,518
76.6% k 786 1,912 8,843
ghrol: 65.4% > Oﬂjﬁ 5
41.7% " 1,609 1,244 1,009
#=3k| 77.5% th 403 6,701 1,543
63.4% K" 261 2,072 4,042
BE 20 v TFEPS AR 10 HD)2 o5 gt
Hl &l B, o] 2] A= 7T 70.2%00A4 73.3%2 ZAl
Z7}5E i 3haRo) = 66.4%001 4] 65.4% . ThA HASE S B
T Atk S £ 7] A Sl HAA (R 7 Fx) Fols) st
=o] B g alo] glol Fote: Yol 0.7% ¥JIE,
Sharo]= 0.4% 2RI E 71 A F7hehs 31 0% YERT 4
T RS EF U AFEY Q9% § F)S vwE B
o] @Rlo] AAFLZ AIA AFEE FoJ ] AT 0.5% 2
E, 3502 0.7% ERJAE 4 AS B 5 Qi meha o] &
Q2 IS T VM7= ALeRE Bty #HAF7k
VOT 2%10] 71 % 99} vl wd] B, oJ7]d= A s
A SIS RAJ AE S e H W AFEY QQlo]
slty]o] Qlom g X 119 AUl gol=13% EQIE, 3hro]
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A3} (@) HHTIE, (5) VOTE] Hl 7H4] LR1ITHS 744 1 i - B Goglish B Korean it
ML Agste] 1 A9E ¥ 120 YERRQTE A9E W ¥ ZE— 74
119] 790 )8 o] o] TEL 74 5% 12% EIE, Tt — &
o)1= 66.3% 0.9% EQNE F7he A& & 4 QI A AHE | 1 G ‘ T
7Fs3t o8] 71 2915 FollA] oS A eg] 7l 7]0fa) i &
1) 71 22198 Abg ael = A 310] 299 B 0.1% Q) 5
E o)z} b ol 5 RS g 5 Q= 20w Hehd A 1 )

1
(¢)] 1-2) (1- 3) (1- 5) (1- 8) (1,45 (1,34, D)
o]t}
29 4, Golsh Bo] B4 G| o] Z ATE
Fi 4, Predicted percent correctness of English and Korean
£12.(1,3,4,5) /13, A4 T2 VOT, A5 2.8 253 3 Bre P ¢

297 2910 WREA
Table 12. (1, 3, 4, 5) Discriminant analyses on bursts, closure durations,

voiceless plosives

VOTs and following vowel moments LA F7HD)HAA G)yH o E gl A= STl llf]r?/} o
S £ 74.6%, 3ol 66.4% 74 T ¢lo] BF oS HE R
@ ol: 74.5% 5 T K Z7Vsl= S B o (6), (7), B)H L2 5 A 79 g9l
azg 7 T T o T Toas0 | 235 o] F7FHH gteli= Wk glot Jofd o5 Aeee
774% | k 806 | 1.800 | 8935 2318 702%% Fashs 202 et N 28l e S
e i ﬂl—i—h%} - 3l ThAl 72l @Rlo] opbd Ul 7)9] QRInkS o] & Foj=
TR 1,209 1’;98 o 74.5%, SOl 66.3%E 1 o] JEERTE 94X 0.1% E

wzgk [ 785% | o 408 | 6,789 | 1450 AE A2 fha B2 F Asie ARl
64.5% K" 292 1,970 4,113 AyA o7 F o] 25 (1) /i, 3) F%F B, @) ¥
H-7F Aol (5) VOT7F 773 52 o5 el Fo3
H 773} voTE FabA Hd 3hdg A9 do| 2 on]  7]9E gk 2o ' vEbaL, 971l (2) et v A F
P71 % gk sl ke Wi RS e oS g 2910] SR H L oS F el 74.6%(F 1), 66.4%(Fh=

s
o= o] o] A 73.9%, SHo] 9] A 66.0%F T 7H4ast  oDE BT 7 USE A HATk ol &2 IHAE o]
LA 2 5tk o= VOT AR goldx vk #2774 ¥ Hwang & Yoon(2017)°14 Bargk G 9] 66%, =2
A

0o AAR Q) HAdE do] ARt A FEEst a 63% oI5 Aol vis) T4 ghoz, At e] g o) 9]
She o 253 5 Qlrk web Ak a4 gontalg ol FHHOR AREE 2Qge] o @ Sl Z]old Ao
T2k Zo] 9Ql% A% Frhe] vlofahs Row B ols B 5 vk A oo} @ele) 74 A e Fodt
Aot TS A= AR ATt et el EAlsks
A S A 9] QQIEE o Rt A5 BE0) A%} H-9]e

4. 328 = EATCRE 21S e
A A Fol Atk Fo] AR E o] &3 Winitz et al.
B =Xof| A= o] o} shro] zpdukal 4 Iw 2ofA] 7 (1972)014 Dol 58%2] Bt Wrk= oWl *1-9] 74.6%7}
7F 523 SHAE [p, ¢ KIS ¢, K'E FE 0L, o150 259 BE] s HolN o 3] AP oS FFE HolA=
X Aol TS A AOR o= o5l /pA ] QA S =, E3FAL Itk 53, dhate] oS Fghies ojel ]S g ot
(1) e e e, (2) At Uejx) Rt Tholi Gojel o] o] Afole] 7]Qlek # oluie}, i o]
CEHAACY, 6) AF B0 LFEHAAEY, @) AT A LA AT ol9l 74 g 2594 A @
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o] B Aawst 54 IHAE tdo R o] 4 S [p, t, k]2 ghro] A S ph K] &=
S92 A TS v A QJES AR E Fo|t) T ATYHEE o] 4319 252 A5 FE319 1,
RN S B3l 2219 & AR ST ATIEA FA 4E 59 oS A FEE ARt Aol AE-E 291
2 M, 9 $ 71429 BE AE Ft e 5% AFEY 787, #7317 VOT, ©hof 9} sl ]
A, mpH o 7 AT g o] FF %—o]am. B Avlel] w2, Q219 £ vl A7k ~7}o}—— Ao o=
HE 7L U R F71810] o= 74.6%, 1ol &= 66.4% 5 UERNATE 12y AR FHlgkel mEdhs vl
vl i) aRlom T FakGa, ol 52 ad Y A5 BEe] S AHER 7187, HH77H VOTS
t} o) FATE S 25X AL Y 2ET A5 250 JEFS FAo peths S u]ditin
&=t
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