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Perceptual cues for /o/ and /u/ in Seoul Korean
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Abstract

Previous studies have confirmed that /o/ and /u/ in Seoul Korean are undergoing a merger in the F1/F2 space, especially for
female speakers. As a substitute parameter for formants, it is reported that female speakers use phonation (H1-H2)
differences to distinguish /o/ from /u/. This study aimed to explore whether H1-H2 values are being used as perceptual
cues for /o/-/u/. A perception test was conducted with 35 college students using /o/ and /u/ spoken by 41 females, which
overlap considerably in the vowel space. An acoustic analysis of 182 stimuli was also conducted to see if there is any
correspondence between production and perception. The identification rate was 89% on average, 86% for /o/, and 91% for
/u/. The results confirmed that when /o/ and /u/ cannot be distinguished in the F1/F2 space because they are too close,
H1-H2 differences contribute significantly to the separation of the two vowels. However, in perception, this was not the
case. H1-H2 values were not significantly involved in the identification process, and the formants (especially F2) were still
dominant cues. The study also showed that even though H1-H2 differences are apparent in females' production, males do
not use H1-H2 in their production, and both females and males do not use HI1-H2 in their perception. It is presumed that
H1-H2 has not yet been developed as a perceptual cue for /o/ and /u/.
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Figure 1. Schematic F1/F2 spaces based on the vowels confirmed in

previous studies
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Figure 10. F1/F2 spaces corresponding to Figures 7-9 (left: Figure 7, center: Figure 8, right: Figure 9)
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1. A=5 AA(n=182)2] ¥4 A}
Table 1. A result of generalized linear mixed models
for the stimuli (n=182)

FAX | F=ex|  z#k pHk

dd 7.320 2.603 2.812 0.0049"™"
) Fl -5.836 1.756 | -3.323 0.0008"™"
F2 10.297 2.683 3.839 0.0001"""
A 8.260 2.721 3.036 0.0024"
@ Fl —6.338 1.832 | -3.459 0.0005""**”
F2 12.118 2913 4.160 3.19¢-05

FO 1.290 0.325 3.960 7.48¢-05"""
HHE | 19.980 13.534 1.476 0.1399
3 Fl |-14314 7.224 | -1.981 0.0476
F2 24.271 14.306 1.697 0.0898"
HI-H2 | 5.935 3.001 1.978 0.0480"
HHE | 14.885 10.629 1.400 0.1614
F1 | -10.654 5.639 | -1.889 0.0589"
) F2 18.819 11.378 1.654 0.0981"
HI-H2 | 4.112 2.318 1.773 0.0762

FO 1.279 0.673 1.900 0.0574"

'p<0.1," p<0.05,™ p<0.01, ™ p<0.001.

¥2.77] 299 AIC, BIC, A #EE
Table 2. AIC, BIC and correct classification rate for the above models

AIC BIC A IEE(%)
(1)F1, F2 191.2 203.9 77
(2) F1, F2, FO 170.6 186.5 80
(3) F1, F2, H1-H2 108.0 123.9 99
(4)F1,F2,HI-H2,F0 |  105.4 124.4 96

U o 119 78 A Ak A ZF o] 100%3] ootk
19 6%} vl Wk Fl, F29] 9] A7) el s o] gla HI-H2= A
el G5 shh 219 10(85) 9] Ba gihe
Rho R Adgaerh s EERIOR Fdo
HI-H22 780] 7hsatet 219 10(215)o1A] /179 33}
© 31 /7, R R 179 F3Eel Qe OBAIY] /s
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Bl sfdato] a7k vp=A AP A0 Hrt HI-H2
o t3le] FORE T A% Qlek ol thdt FARAE
AR A3k @71 stalou FA7F A dskA] kot 3 3004
ALt Aol FYUE o8k ALY 37184
& hAEHA el = AL s el vlolE oA nt
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27 AR A o= AA9-7F Sl dl(Albert & Anderson, 1984;
King & Ryan, 2002), /-1-/2} /7/7} $H:3] H2| (- E)= o] =
7ol 1<l it

7 82 X722 HHEE0] 80% vl AFFS(n=25)2]
EAolth2see] Ht FEES 45%). F1= 24 o]
Eo] itk F2= /77 ol = H = = o] Qlo] 19 10(F)
oA Bl A= o] 7hEsl Belth 3 34 = F2rk 7
FEFo] e WMFE Uil ot 8 7FsAdo] Qe F2,
HI-H2 257 F95F 10%AA 5 o] sto] frast SeH7)
F23) 71534 3l A7) AEEe] BHA vERd A oE 1
QIth. 1§ 8, 99 FAIRAS AF5o] W syt oh 2R
o] ZHE AL ZAAY 3TN S AAEITE 19 8,
9 B FO7} 528k 9kotr] wjEe) I 30 FOE A28 Fl,
F2, HI-H2E T ¢k 4] A& A Alekeleh

O{N e
i ol

3.9 7~99 24 A¥
Table 3. A result of generalized linear models for Figures 7~9

[ 332 [E524] 2z | p#t
97 -
27 15.422 10.389 1.484 | 0.1377
Sag | FI|-1229 9.754 | -1.260 | 0.2076
v F2 20.213 12.269 1.647 | 0.0995'
HI-H2 | 6.287 3.327 1.890 | 0.0588'
A 7.183 10.298 0.698 | 0.4854
i F1 -6.054 3.811 | -1.588 0.1121
%9
F2 9.442 8.504 1.110 | 0.2668
H1-H2 1.991 0.544 3.656 0.0002""
'p<0.1, " p<0.05,™ p<0.01, ™ p<0.001.

17 9% FHEC] 97% o) dol 3L B w3kl A ¢ d] S

AF2(n=48)2] SFEAoIth489 ] H FHEL 99%).
I 10(EE)2 B F7telA] B Fl, 22+ 7o) o
9 HolEHE FHES] =2 A2 E3A B Ay ¥
Exvt g4l JaFeS Zote HI-H27F 28 2-8-317]

2ol Aow FAHAL Fl, RE ol oue A=

HI-H2 #}o) & 1718 o] 7hasithi= A&
3.3. /T A7 #AAdh= ST
A5 A (n=182)°ll thall o= SR 7 vkE A 2] 7h( -
=/, TR TR AN E DL SRA AT (E 018,/
TIE /TRI9E AZhE = Zlo]l Bojah=A] A ews T4
HRl, 47HA) SEATE 5 W, IR ASeS ] Wi
% ohe ZAAE 3RS AAIEITE R Ve A
= 3 400 AlAsiele (1" 3)0lA HI-H28] ARg-oll '
2po)7F Ao Bz Ao e 2jol7) QA E Bels)
7] 91l A Ao} A FA E e A s 3 ARSI
¥ 49 AA AvE B oy BF 29 JF¥Eo] /b an
Frolsieh ohA] el 18] X7k AC] P2 A oL glrk
a1 8 = Qlrh S o] 88 Aol 2] X2l
FaFeo] F A F19 A9 F291 A7 Ao A S5
-8 B Aol A= 18] A Zell F27 A ARl ks gk
20 &2 VERgh EM oA AR Ap=5-2 F29] 93k
S O AF-go A= 1] HEo upet
F19] <& ﬁOl EUﬂ U 5 Qi oA o] ikstel| A fr2]atAl
-3 H (3 39 18 9 AF}) HI-H2E= A 2ol A= o] et} &
8 314 ek A 0 & VFEbTE /1= HI-H27} 10% 3-8 5
= olsh o] 31 WA o) Aol £ Zlolt) AutEs
WHE & o] AA|3] Ao Bt
3 40l|A] Bzo] oA o] A zbe- VR Ao R T
olal Faixivkar & 4 vk HAE o ek
7} 71 g ol ol 5ol & 4 Qlrk ik 7
219] Huizgto] ojA wu} Zo} Fol 9] 9]&L oA w} A4
o7 At & dolE]e] A-g Fh A2 K- 5
o] 3HE, vloly Ay ) o] gHEo] AX|E= S oJu] st
1179) 75 F29] FAA7E P I mojuAe| B Faglo]
AAGTE 5, /1099 BE 07 A7} shEo] AZIt)
31004 AA G RAATY /18] QO 7=/ /7F AL Bl m

0;

O

uL MNo12
=2,
>
l

F4. 747 Ag0) B4 A}
Table 4. A result of generalized linear mixed models for the perception test

F4x | EFLA 7%k pak F4x | EFAF 7%k pHk

aH -10.155 4.076 -2.491 0.012° Eapos) -3.308 2.452 -1.349 0.177

o/ Fl 0.820 2.795 0.293 0.769*** ” Fl -0.772 1.496 -0.516 0.605**

A F2 -11.900 3.423 -3.476 o.ooof A F2 —6.424 2232 -2.878 0.004

H1-H2 -0.935 0.527 -1.774 0.076 HI1-H2 0.363 0.240 1.510 0.130

FO 0.719 0.484 1.484 0.137 FO -0.354 0.297 -1.194 0.232

Rl -11.003 4585 -2.400 0.016" R -3.338 2.606 -1.281 0.200

o/ F1 1.1308 3.099 0.365 0.715*” /u/ F1 0.156 1.605 0.097 0.922**

14 F2 -13.075 3.873 -3.376 0.000 14 F2 —7.088 2.379 -2.979 0.002

H1-H2 -0.812 0.585 -1.386 0.165 H1-H2 0.410 0.250 1.642 0.100

FO 0.746 0.534 1.396 0.162 FO —0.455 0.307 -1.479 0.139

aH -6.968 4.495 -1.550 0.121 ko] -3.571 3.349 -1.066 0.286

o/ Fl 1.233 3319 0.372 0.710* ” Fl -2.224 2.057 -1.081 0.2801

| F2 9221 3.763 —2.450 0.014 | F2 -5.910 3.080 -1.919 0.055

2Ol HI-H2 -1.223 0.640 -1.909 0.056' 0 HI-H2 0.360 0.349 1.032 0.302

FO 1.075 0.562 1.914 0.055" FO 0.026 0.433 0.061 0.952
'p<0.1,” p<0.05," p<0.01, ™™ p<0.001.
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Table 5. Acoustic parameters for /o/-/u/ of Seoul Korean
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