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Production and perception of Korean word-initial stops
from a sound change perspective
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Abstract

Based on spontaneous speech data collected in 2020, this study examined the production and perception of Korean lenis,
aspirated, and fortis stops. Unlike the controlled experiments of previous studies, lenis and aspirated stops of males in their 30s
were not distinguished by voice onset time (VOT) in spontaneous speech. Perceptual experiments were conducted on young
females, the leaders of language change. FO was found to serve as the primary cue for the perception of lenis stops, and then
VOT distinguished the aspirated and fortis stops. The fact that the sounds were always perceived as lenis stops when FO was
low, irrespective of whether VOT was short or long, showed that FO plays an absolute role in the perception of lenis stops.
However, in some cases the aspirated and lenis stops were distinguished only by VOT, which does not happen in production.
In terms of sound change, disagreement between production and perception systems occurs when sound change is in progress.
In particular, when production change precedes perception change, it indicates that the sound change is in its latter stages.
Young females still maintain the previous system in perception because the distinction of lenis and aspirated stops by VOT
was valid in their parents’ generation. In other words, VOT is still used for perception to communicate with other groups.
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2016; Jeong, 2010; Kang, 2014; Oh, 2011; Silva, 2006). ol %l of|=
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Al 0 2 2 Bang et al.(2018), Kang(2014)° 4+ §2 214
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@olo] WIETh & A9l o & #EEnky siqlvh s
Byun(2016)> A¢] VOT7} £ol& ¥4l ofv 2} H5-29] VOT
7} Eolwtal, wheba] 1980—1990 ] &4 oA oA vOT7} 3
w3 As WHO IAHA] A 2 AREEA] 28kl 11 7] FO
o] o]ojukekrtar =73l Tt

FollA AFE ATES EFate] AF7HA <] A Aol
A i A 54 AR Ve ® sh3la, A 3ks)

3 A= =8I o) Kang & Guion (2008)->

1977 o] F 4 157 19661 o] EA 1H-S EE Lo
) 232] W3} eFfol, 322 212 3l (clear speech), T U3
(citation), H8l(conversation)l] whe} o} HA THER] 4bsH H.gpT}
= AojA 9o 2H2 4= Ut} Kang & Guion (2008)2] &1 2
71977 o] EA IF oM & @ @ske) 2o 72 i3l
AR H 57 AL-2] VOTOl A ZFo|7F JEREAIRE 19661 ©]
4 5ol = BE Sl A voTel 2ol 7} 93tk = 4
S AdlelA = B S30 A52] 72 21 sk A VOTEUH= FO
< Fos AA R o] g3trh= Ao] ¥E Hlo

olg] gt Aol tishe] & ATl A & 202014 9] 10—60T)] -

O] A 935S T o2 WA o)l whE o) F w432
S ARz sth A4 S wgkE o 5 e U

u:rH

A e o] 23} ol Altel whek gebA| an 9l Slo
SRIF NS w, 7 thF ok 3 A& X 7HH Q] ZHo|t}. &
ol & s dojubal Q= A AldlellA, i3} A] S35
= VOT ¥ Foo] A7} Aol 2 1o & 77 93k sh=A] 52 71
9] ko] £o] A7} I @3t} o] ek HolA o] F Hale
9] A7} okAFS A Jang & Shin(2010), Kang(2010), Kim
(2001), Kim et al.(2020) 5 53 73k AFtolt} o] & A+
oAM= FEHOE AE WA A spAtEe] Be A5
A|Ztel 4] VOTE.TH= Fo& ol&3tttal ¥l 4o
Kim(2001)el A= 2030t SHA2 tjato = X2 28-S & 4
¥} w2 Fool B-52] A|Ztell #AAQ1 AEhs shrha Bl
1] 31 Jang & Shin(2010)°1 A= Tl 3p<tel] B] &l A& s}A}7}k
Fool| W17bslttar 3191 © 1, Kang(2010)0M = E33} 259

A ZF g o] lofAf 4041 o] 4e] A dkr T 20t 2] kel A Fo
o] vhAj 933to] v Atha &F¢ITh B3 Kim et al.(2020)0)14 =
AT 2dS BT 427 35S A7 o VOTHE.Y Fool
g & 9s Rk Fd oA JedeS Foell o wizksich
A5 BolFleh AN of 2 32 o] & ATtellA ate}
A Z}e] glo] ojul gt 2ol 7} QA= A A O kA A &
Uth= Aol S A F7HA] tiF-Ee] A= wsle} 2| zhe A

1 0] BHEXE= gEo

RN ENES

BFo] BEX] &3] o] A (https://corpus.korean.go.kr/main.do) ol A Tt F

< A 33714 7Fssitt

BEASHA F0&] ofgko] AR L Ytz Aol F58k3 o, 2
she} A7 o] FAA o= oWA THEAE AT E A=
E=ta & AT

kel 2| 749 Afol= & WS R AEA 19A] o8
9] Fagh At 7]l Ak & WsyF X3 FA wele
shof A1 2+e] = AR 7F vebue, kA AbES ARalo] whst
k= U2 X 2b8kA] ¢ki=TH(Janson, 1983; Ohala, 1993; Pinget et

al., 2020). 3 & shollx] wkslrl AalaliA A\ zko] Aaal
Aol dialiAE ool 17| % sttt Ohala(1993)ollA1E 24
ZH(misperception) & ZH-E] & W 3}7} WSt Bk Hil
2 Janson(1983)0 A& wsle] W sk} 2| 2ke] wislr ok A3yt
vt ¥kt 781 &9 Pinget et al.(2020)014 = & #3519
1ol el 2195k ol T 4 ek 1 sl
o, & As}e] A2 A7l ojuizl sxe & wiskel ¢
g el A A g Erkar sl
o ¥ AT EAR &4 A8 o A o) e
852 VOT9} FO& S ato] A& ojw gt AAIE FA st
WA gRlg Zlojw, ol il Eﬂ”(machine learning) &
Q1 SVM(support vector machine) ety g|&S g-8-3 Zlo|t
arkgo Rt Qo] Mate FE A AL oYL AP
ool 349 W e Wso} A210] Aol £ 54 o
th 2o oy e Aol & & Wske] walelA oA ofs
S QAT oo 2 ohrel s ek

o]

[ TR )

211 43 AR 3

o] Aol x= HP o AollA 755 Dt 34 2
*] 2020(National Institute of Korean Language, 2021)’2 A8-3}
Akl o] SA WA= 20219 3€ SR HA ARE, 7
spAp7E o' Aol thsto] 153 % AHrE 7 thatkate o]

e o] ek g —r@rﬂ%‘ii_/i‘ﬂ?ﬁ’ o AP, A
1A 2] FAE v AHrE A gtk o] weA] el
2ol 3t 3l A= A= vl o) F 2 739“1(10—60‘?]194 A al oqlﬂ)
ojm THg-A| o= F 500417t F o] F&o] ©A vk 54 9
AL olu] ojekTt ol 2 FEE o] 313 JSON el w5 A
Absh AL A7 E o] 9lo] At ARS8t o - A E] 5t
th wg ZF s R S8, Fo AFAL dA AFA A
JSON F & A3+ a1 3lo] spake] 29714 sperdt o= itk
thik 54 Helo] 16 kHzS] %2 F5E, 16 bit FAske] A3
PCM 3 2] 0= A& ¥ 7] wol PCM 3+ & wave U E
WHESHE Zgo] F sk, 2 Aol 4= Python (version 3.8)

22 0|8 4 o), Aol BEA) o] 8- AH s of
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F3E &3l wave L E WFHSISITH

& Aol = SR T2 AFAT B e 52 A7)
1 ARRES o2 sigith (o) A Th(10-60H,
G oA (7] AN 2 1992 S e

Ho g o] o
/e 2 SR MR A s7kx] B s o, /F/8F e 5

E 1. oF #3538 28 27 () M)
Table 1. Sample size of word-initial stops
34
=4 | 109 | 20tH | 30uh | 40ch | S0t | eotH | A
- 39 77 71 72 71 63 393
= 17 40 41 33 27 25 183
T 14 21 21 24 24 19 123
SHA| 70 138 | 133 | 129 | 122 | 107 | 699
A4
=4 | 10t | 20th | 30uh | 40ch | sou | eoth | A
- 74 75 74 74 80 67 | 444
B 42 38 45 34 31 27 | 217
T 25 26 25 26 26 22 150
gl 141 | 139 | 144 | 134 | 137 | 116 | 811

2.1.2. 93 54 4

o] H =2 VOT 2} FO2 =7 3= dlolli= Praat(Boersma,
P., & Weenink, D., 2021, version 6.1.41)& ©]-&3}3t}. VOT+
=4 HE& Faste] 3t S0 E Al JEo R Qe 77
A ghgo] e B 999 7A 37 E S5kl
f‘rﬁgé © 559 FO2- F2 o] Yeh= A E a0

} H FO& iF LHOi 741*}8}‘%} LR

32 12 5= 91 Th(Jun, 1993).
o1& Z74%¥ VOTS} FO 12719] T8 0)x10-60th)d
= MAeYS B9 e, Be, A%l ofdl RIE HoliA

> O W,

2 B AN 283
3

89 shab W AEl 7 24 ot wiAl T

3 BEANA 100 G A A7) B4 8] 7k ol 5120 iskond, 60t ol A5

“ﬂim4ﬂlﬂﬂﬂTﬂﬂ%%iﬁ?ﬂHﬂﬂﬂ%

A o] B2 /]uko 7 A 7E Hlo .
Tl o) F Hla52] Wil el B4 ol ol o]
H A E HlolE| S o 53fo] F

7_]olgi D—]/\ Eip] _—y]_E] '] %L%_%]— 7—10]

1:;1
1%%%ﬂﬂa%@@azwzﬂ%ﬁﬂ%Wﬂuaﬁ
EE w

K R IR > o

2.2. %3} 5 A A

1 58 VvOoT 54 A3E ArehE v 22 W T3 ]
7} 2k 40600 1EOIA VOTS] HH2 A>3 &
o2 Yeha ok 79 dEH EHAIE 10300 1ol 2
=7 352 vOT B+fell Fnl gt o7t 1 thp>.05). ZLH

1914 Hol%, 452 VOTE etz A= & xjo|7} vt
WA= ARE 232 VOTE= 42 AUl 2 2] FojEo] 3
ﬁJ VOTS} =Fo] 7} Qloj A aL gk, w31 40-60th o) 533} 2

=] VOT zfo]& K1 040 2] - ofn] W/ e v]3)| 21 x}o]
7P AASS & F e, ol o]d e AF-EelA] Bad uf
9} o] gk=o] VOT WslellA] ofdo] Aol JIASS delF
= Aotk 18]ar 9349 1020t 2] 25 VOT+i= 55-58 ms =
2 o 250l sl gAstA W, o) 6ot HA o] A
VOT9} H| 528t o]t}

2. A Lol A 2] VOT B 2 EFA2H(HS: ms)
Table 2. VOT mean and standard deviation of spontaneous speech
3
g 53 | oo | 20d) | 30u] | 4ot | sodi | 6ot
Heo 66.7 66.2 59.1 61.5 60.1 56.3
°v (16.0) | (19.4) | (17.4) | (20.5) | (17.6) | (19.2)
Ao 64.5 65.4 62.7 71.7 91.0 79.7
e (21.6) | (22.7) | (19.7) | (18.5) | (25.8) | (21.3)
s 16.4 15.6 16.9 20.9 234 18.0
°r 47 | 84) | (64 | (17.1) | (10.1) | (8.6)

%173
g 53 | oo | 20d) | 30 | 4ot | sodi | 6ot
o 57.7 55.5 63.3 57.1 54.4 52.4
°v (19.6) | (21.1) | (19.6) | (21.0) | (18.9) | (16.1)
Ao 58.3 55.2 62.3 67.3 69.8 68.4
e (19.5) | (19.0) | (20.0) | (26.3) | (23.8) | (28.2)
a o 14.3 16.2 12.0 16.7 13.5 14.4
°r 9.1) | 88 | (59 | 9.6) | (5.1) | (7.0)
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Figure 1. VOT(ms) mean and standard error of spontaneous speech

kA W FEE F0 S AHE AAEHE v 23 E "
29} 2tk FO2 Byun(2016)2 #arate] 7ol Fo 32 5
3}t z-score B AFE-SFATE ©]i= Foo] A3 unt ol 2} A= o
upepA], Lhobrh -2 g ol et ie iRInte & 2ol 7} Q17| Wi

olct,

FO 127112] T1&olM BT A4 a>% s 02 el
o}, T3t QoA A E vOT ) Bl @S w] FO2> o1& of uje}

A 9G24 &2 BHE HolFEh vyt 6ol 1009 S
FO 2}o) 5 AR Bl w s w), e vlsl o349 2] 35 Fool
1 wo] stobxl 215 €13t = gt} o]+ Byun(2016)2] 2 7t}
© &, Byun(2016)°4+= o1Ado] Al 7EE 28l
oA FOS W= A 07 FoS A FA 07 o] 43h= 710

l

X 3. A &3lol) A 2] FO(z-score) B 2 EFHAN 2 z-score)
Table 3. FO(z-score) mean and standard deviation of spontaneous speech

i
A 5 | 10o) | 20 | 30t) | 4ot | sothH | eotd
o —0.92 | —0.86 | —0.90 | —0.96 | —0.88 | —0.87
" (0.26) | (0.47) | (0.39) | (0.31) | (0.45) | (0.59)
ao 0.79 | 0.80 | 091 088 | 072 | 0.70
o (0.54) | (0.62) | (0.78) | (0.50) | (0.61) | (0.85)
ne —0.03| 0.14 | —0.11 | 0.10 | 0.12 | 0.17
(0.52) | (0.65) | (0.54) | (0.57) | (0.76) | (0.69)

94
24 3 | 100 | 200 | 300 | 4od | sod | 6ot
o —0.99 | —0.98 | —0.89 | —1.00 | —0.85 | —0.79
°r (0.33) | (0.33) | (0.39) | (0.35) | (0.42) | (0.38)
N 0.84 | 094 | 093 0.85 | 093 | 0.75
" (0.49) | (0.51) | (0.60) | (0.56) | (0.47) | (0.59)
e 0.13 | 010 | —0.05 | 0.13 | —0.02 |—0.16
(0.61) | (0.54) | (0.63) | (0.72) | (0.54) | (0.69)

LEA
==}

aspiration
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FO(z-score)
o
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Lto|
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w
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10cy 20y 30y 40cy 50t 60y
Lto|

39 2. A &3lol| A 2] FO(z-score) H o E EFE 24}
Figure 2. FO(z-score) mean and standard error of spontaneous speech

VOTS}F09] Hlo]B 2 714 L waleld F shihel 4% svm
& 01844 B, 218, AEE A & VTS DA
SR e ol S WA VOT. FOole] S 95

L=l
4 o] Pt} SVM2 T2
2, 47 v (margin) /\Polﬂ oz}t 5] E 75‘
(decision boundary)S 2t darg|Eolth whebA] 2 459
ARl 2, AS, dee] v‘%i% ot 7] 95k H A <]
pEjFolgta & ¢ Qivh # ATFelA =
al,, 2011014 Al F8h= SVM & alE]ES Pythonoll 4], Package

e feox o i alo

scikit-learn(Pedregosa et
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e1071(Meyer et al., 2021)°14 Al F3H= SVM &L

& RR

Core Team, 2021, version 4.0.5)°l14] AF-&-3F31 T} Pythons 1%
39 A1ZFskE SleliARt ARg-8kal o Lbm #|

SFLTE3

% 394 sVM L EE

o] Aol AR FH V&7

L E RS AL
o b BES v B AS
RS 2 59l

), VOT7} B 1.

= 22 Fod A0 A , A

Zol P& o7 BFdr}l w3l VoIV Ad5-E 2508 Y
7FsAdo] Atk A% FA o BojFr)

R THE0fzl SVM R 59 ¥ Z2EE ROC

(receiver operating characteristic) 2141 & $ AUC(area under the
curve) . AR AUCE kel whef 0.5<AUC<0.7Y o v

22 Fool2hd VOT7Z| vl d 71 Zo] #Hg, e 7l S(low) HEE, 0.7<AUC<0.9Y ] X =2|(moderate) FE%,
2 EFE, 22 voTehd vl E =28 Feo] 32, 2 Foo]  0.9<AUC<IY W] 5S(high) B &, AUC=1Y o] $H38 Sh(perfect)
HEog RREtH: S ujdtths 18y dAH A E A EE YR TK(Fischer et al,, 2003). 3 49] 7} A& o]zt
£ B9 B3 459 voTel Foe wol AAA etk de 71l whek vOT9 Foo] M w5 4714 ©A19] 15}
9] FO2 H22] FORTE vl 2 Hell fxI3h, H22 voT = Ed3glch
£ 20 ms "] RHl &= A 8] R AEIA] S ® 45 1WA F5T AL0 EielA Fo2 EE 15014 0.9
kA &3 A5 AAE o 50—601‘41E Agstae o F dE AUCE Hof v &Elet Y855 vepilict Rid
AR 7187170, 5 xFol A AL B 5 ek ol= L3 VOTE B4 50-60tjelA v 859 ASwg molw el 1
Agol Foe 2w 2 BHEATE 28 HojFEths 3 g FollMe W X@_‘Ei Btk H59 Ao ERelAE
50-60tl, @143 60tl o] He-Z52 AAAL ()2 71€71E  VOTZF BE IFolA =& & el Fo =2 g%
72 e, ol BeH A8 457 22 Fos 3l E &2 1EY X@lﬁ yeRAh 181 BE 1504 Vot
o], voTel gJal 72 = Utk= A& ou|gith F o] & AUCTHF02] AUCKETTE =34+=1, ol 53 d+59] 7
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y ] 2 3 [ " ° 2 ¥
O 3.SVM g 55 o] 83 o F 35, A3, A9 AAXA

Figure 3. Decision boundary of word-initial lenis, aspirated, fortis stops using SVM (support vector machine) algorithm.

3 Package ¢1071(Meyer et al., 2021)& Ol%ﬂ ReIA A8 SVMS AT wofl = 7] 2 A%

EZ Ego]d o] ¢} B 2E to 39 dlolEl A 7:39] HIEE S| H2E b

128~

[e]
R

olHNA St EAE

o
6"5_‘

2] 8}99 Thtype: C-classification, kernel: linear, cost: 1).
A=A #23HH o] w)h

2} R A] E53 SVM 22l o] EFo|yd Hlo|E ol A= 2 10T: 94.0%, 20TH: 91.5%, 30TH: 89.9%, 40TH: 94.4%, S0TH: 89.5%, 60TH: 84.9%, <13 10

th: 92.5%, 20TH: 94.5%, 30TH: 94.5%, 40TH: 90.6%, 50TH: 93.7%, 60tH: 92.7% 2] A &S,

H2E dlo]E ol A= “dA 10t]: 95.2%, 20tH: 100%, 30

o: 97.5%, 40tH: 100%, S0TH: 97.3%, 60TH: 90.9%, 173 10th: 97.6%, 20tH: 100%, 30TH: 93.1%, 40TH: 92.6%, S0TH: 95.2%, 60TH: 91.4% ] B3
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4 THeE 50t oA o] A g ol A= 8529 VOTZE 4529 VOT< AX|+=
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oA Fox} VOT7F 25 F 83 Ahs kx4t VOT7} FOL.th
S A8 ov|dte 1
FolME VOT7E B8 5ol =AY

Ac)
=l
o F
e
i

Y,

[o
1o

92 qge

S FERAEh 2 8 A5 Rl PR VOT7 F 88
01518 Fl= AL of 2= 9
AS o= S Y ATt

F4.SVM B2 9] ¥ Q8 E(AUC)
Table 4. Variable importance(AUC) in SVM model

A vs A9)

=3 35 | 100) | 200) | 30t) | 40t | soth | e0dd
VOT 0.570 | 0.505 | 0.548 | 0.663 | 0.882 | 0.814
FO 0.997 | 0.971 | 0.994 | 0.997 | 0.981 | 0.942
A (EE vs 82)
=335 | 100) | 2008 | 30d) | 40t | soth | eofd
VOT 0.504 | 0.507 | 0.525 | 0.601 | 0.687 | 0.656
FO 1.000 | 1.000 | 0.998 | 0.998 | 0.993 | 0.979
A S vs D)
== | 109 | 200) | 30t | 4ot | soth | 6ot
VOT 0.996 | 0.999 | 0.993 | 0.957 | 0.971 | 0.973
FO 0.923 | 0.942 | 0.873 | 0.940 | 0.863 | 0.872
AX(H 2 vs D)
== | 109 | 200) | 30t | 4ot | soti | 6ot
VOT 0.988 | 0.977 | 0.992 | 0.969 | 0.998 | 0.995
FO 0.952 | 0.963 | 0.877 | 0.918 | 0.891 | 0.807
FAE S vs A5)
= W4 | 100 | 2008 | 30 | 4odl | sodh | ot
VOT 1.000 | 0.998 | 0.995 | 0.963 | 1.000 | 1.000
FO 0.870 | 0.779 | 0.875 | 0.853 | 0.736 | 0.671
A (Eovs A+)
=== | 10t | 20t | 30t] | 4oth | s0th | eotd
VOT 0.995 | 0.977 | 0.999 | 0.986 | 0.999 | 0.995
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SVM, support vector machine; AUC, area under the curve.
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FE AL OF HA2o S HIE D SVM A S H &
Table A1. Response percentage of word-initial stops and prediction percentage from SVM model

(91: %)
IS 9 & VOT 10 VOT 20 VOT 30 VOT 40 VOT 50 VOT 60 VOT 70 VOT 80 VOT 90
0 semitone 91.25 87.5 91.25 91.25 93.75 91.25 92.5 91.25 92.5
+1 semitone 71.25 75 82.5 87.5 90 91.25 88.75 93.75 775
+2 semitone 275 28.75 475 70 75 78.75 68.75 66.25 43.75
+3 semitone 13.75 15 17.5 11.25 23.75 26.25 23.75 225 18.75
+4 semitone 25 3.75 3.75 25 7.5 5 6.25 3.75 1.25
+5 semitone 25 1.25 5 1.25 1.25 3.75 1.25 25 1.25
+6 semitone 1.25 5 2.5 5 5 2.5 1.25 2.5 2.5
5 oS uE VOT 10 VOT 20 VOT 30 VOT 40 VOT 50 VOT 60 VOT 70 VOT 80 VOT 90
0 semitone 14.242 44315 78.137 92.715 96.071 96.977 97.364 97.659 97.913
+1 semitone 8.477 29.687 62.112 80.430 86.084 88.277 89.627 90.704 91.646
+2 semitone 4.653 16.626 37.815 51.838 58.168 62.060 65.072 67.744 70.241
+3 semitone 1.890 6.961 16.581 20.826 22.506 24.937 27.359 29.784 32.277
+4 semitone 0.709 2.736 7.067 7.702 5.620 5.803 6.469 7.219 8.037
+5 semitone 0.288 1.141 3.174 4.110 1.737 1.086 1.144 1.280 1.455
+6 semitone 0.120 0.478 1371 2.247 1.164 0.270 0.179 0.192 0.216
= 2 HE VOT 10 VOT 20 VOT 30 VOT 40 VOT 50 VOT 60 VOT 70 VOT 80 VOT 90
0 semitone 2.5 5 3.75 5 2.5 5 5 3.75 6.25
+1 semitone 8.75 3.75 3.75 25 25 5 8.75 25 17.5
+2 semitone 6.25 75 6.25 6.25 17.5 17.5 23.75 30 53.75
+3 semitone 7.5 75 20 325 50 52.5 70 72.5 78.75
+4 semitone 11.25 8.75 22.5 43.75 60 70 86.25 91.25 95
+5 semitone 15 10 15 45 71.25 725 90 92.5 96.25
+6 semitone 11.25 6.25 25 38.75 75 81.25 93.75 925 92.5
2L oS & VOT 10 VOT 20 VOT 30 VOT 40 VOT 50 VOT 60 VOT 70 VOT 80 VOT 90
0 semitone 2.845 5.555 5.490 3.869 3.247 2.897 2.589 2314 2.067
+1 semitone 4.157 9.773 13.422 13.239 12.437 11.369 10.286 9.274 8.348
+2 semitone 6.227 16.298 29.409 37.427 38.823 37.126 34.703 32.188 29.734
+3 semitone 7.476 20.391 42.802 64.691 73.156 73.810 72.281 70.113 67.692
+4 semitone 8.402 22.979 48.294 75.834 89.718 92914 93.160 92.671 91.928
+5 semitone 9.467 25.589 52.436 78.360 93.659 97.684 98.501 98.615 98.528
+6 semitone 10.720 28.430 56.538 80.480 94.167 98.601 99.505 99.714 99.784
A S5 u& VOT 10 VOT 20 VOT 30 VOT 40 VOT 50 VOT 60 VOT 70 VOT 80 VOT 90
0 semitone 82.913 50.129 16.373 3.417 0.682 0.127 0.047 0.027 0.020
+1 semitone 87.366 60.539 24.466 6.331 1.479 0.354 0.087 0.022 0.006
+2 semitone 89.119 67.076 32.776 10.735 3.009 0.814 0.224 0.067 0.025
+3 semitone 90.634 72.648 40.617 14.483 4338 1.253 0.360 0.103 0.031
+4 semitone 90.889 74.285 44.640 16.463 4.662 1.283 0.371 0.110 0.035
+5 semitone 90.246 73.270 44391 17.531 4.603 1.230 0.355 0.105 0.017
+6 semitone 89.160 71.091 42.092 17.273 4.668 1.129 0316 0.093 0.000
A sHHE VOT 10 VOT 20 VOT 30 VOT 40 VOT 50 VOT 60 VOT 70 VOT 80 VOT 90
0 semitone 6.25 75 5 3.75 3.75 3.75 25 5 1.25
+1 semitone 20 21.25 13.75 10 7.5 3.75 2.5 3.75 5
+2 semitone 66.25 63.75 46.25 23.75 7.5 3.75 75 3.75 25
+3 semitone 78.75 77.5 62.5 56.25 26.25 21.25 6.25 5 25
+4 semitone 86.25 87.5 73.75 53.75 325 25 75 5 3.75
+5 semitone 82.5 88.75 80 53.75 275 23.75 8.75 5 25
+6 semitone 87.5 88.75 72.5 56.25 20 16.25 5 5 5

SVM, support vector machine; VOT, voice onset time.
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