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Effects of F1/F2 Manipulation on the Perception of Korean Vowels /o/ and /u/
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ABSTRACT

This study examined the perception of two Korean vowels using F1/F2 manipulated synthetic vowels. Previous studies

indicated that there is an overlap between the acoustic spaces of Korean /o/ and /u/ in terms of the first two formants. A

continuum of eleven synthetic vowels were used as stimuli. The experiment consisted of three tasks: an /o/ identification task
(Yes-no), an /u/ identification task (Yes-no), and a forced choice identification task (/o/-/u/). ROC(Receiver Operating
Characteristic) analysis and logistic regression were performed to calculate the boundary criterion of the two vowels along the

stimulus continuum, and to predict the perceptual judgment on F1 and F2. The result indicated that the location between
stimulus no.5 (F1=342Hz, F2=691Hz) and no.6 (F1=336Hz F2=700Hz) was estimated as a perceptual boundary region
between /o/ and /u/, while stimulus no.0 (F1=405Hz, F2=666Hz) and no.10 (F1=321Hz, F2=743Hz) were at opposite ends of
the continuum. The influence of F2 was predominant over F1 on the perception of the vowel categories.

Keywords: Korean monophthong, formant manipulation, synthetic vowel, auditory perception, ROC, logistic regression
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Table 1. Measured formant values for F1 and F2 of stimuli

Stimulus No. Fl (Hz) F2 (Hz)
00 405 666
01 392 669
02 378 672
03 364 677
04 351 683
05 342 691
06 336 700
07 333 710
08 330 722
09 327 733
10 321 743

4) /Q/(F1=373Hz, F2=710Hz), /$-/(F1=331Hz, F2=826Hz)
S) /S/(F1=394Hz, F2=741Hz), /%-/(F1=333Hz, F2=865Hz)
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Figure 1. The continuum of stimuli on F1-F2 formant chart

webA <29 >3 o] oHollA 100 CZ <2 F29} FI
el A7t AR 2, 0MAZ0] /2/(F1=405Hz, F2=666Hz), 10%
AF=o] [$-AF1=321Hz, F2=743Hz) 2242 A& 7144 €4
=1}

>

o o

[\

3 U

3
o]FolHth. Praatoll A A F=
ExperimentMFCE ©]-8&3to A& FNZES FASIATE =
e =EER AFE(LG XNOTE LGX14)Y] & ALLE7}
Z(Creactive Sound Blaster X-Fi Surround 5.1 Pro)oll 1-2% 3
EZ(Creative Aurvana Live!®) 0.2 A= E1, F
Z2~(Logitech M215)2 3} <] HES ZE3ste] SH35T
AL g9 A 1A FAZ FAEAJL o] (o=
SR /ol Z $EShE /27 2 ¥(identification) AE
(‘task0’), T 2 EEA AR SR
A8 A (‘taskl’), AHFS 3L ‘9 9 T SUE A
= /2/-/% Z3AAE 2 (forced choice identification) A&
(‘task2’)©| T}, group02 task0, taskl, task2 =A12 HAE 53
3L groupl < taskl, task0, task2 <=o]ATh. FHeF A Q] AA|
A7y 124, 1549 A4 A S uIvH T Jd

i

Gris QETish 24 S Bu P

rlo

q rr

6) AT THE ZAHZe SAH2013)F 243 2tol7} A
o ol &4 7 Adye 2t A=A A &
Ad2013)M= 72 FEA R T 100msE 52

2 AEEt B =RdAs A 7 A RA 200ms
AFo] TS Adesta, HdelE F dolo] 12 AFeR
HE AE 50ms, =

3 100ms 7-7FS Praat ~AHE 7502
s FE39H. o3t THE &4 WL FYsith

)

o A st 1ol Fol} g Aolet Asck
B 439 AL dolwst B wed Al
W) NPAT A W) G FUE Y3 N2E 2

e algsiel, 33480l B it A BEL 4 5
% shiel HAE A A9 FEHOE o]

Ir
2
.
o
QL
3

= 5
o7 AAE, TIF APATe] dHow v &
ATk & Algel o] SEEE 0.8% Fo o AdAt
o] ANHA. & 7 HAA Yol 22HE ARES 5~7
O R F APAE JPAT 308 oAt 78 A
oldle bt et W FAE 4 AT wEEAIRE

Ak o) HEAX ol &

g

rr

12c

oL
(o
in

! = 9ol s @
W MRS aTah YA @ W 5L 5

AR

s B AP Azl A dF ABE ST dsA
ol 24 Hdel A HA AAek LT AATE FAHL
A A@AFo] FAH R 154 A|AEo] F 113]9] Al
o] o] FofHtt. F WAet Al WA Aol As Aol §id

Y AR A @A S B RFIAGS BAsH T
2 A9F T, AAE oA HAsky 4P A% A=

@ BF Tk Aol B Fole 3@
2o AAE ATk AP FHSaE Ao LA
o 3

FE 23" Ao 2 A

ABET, AEAgel B T 9 YA Belo] HgAe] Ex
Tohs ol W BY J1FOE HES AAYcH

MedCalc ver. 12.3.0.0 ZZ 1A A=l ol IF
Z}] A Zth(perceptual judgement)= HIEOZ FIQI¥E7, 3}
A (‘entire_data’), ‘F1E(‘female’, ‘male’), FHTE(‘group0’,
‘groupl’) To]EIe] ROC #A& w3ttt BE AAgk &
B oA RS} Bolx=rt HuX| o o]2+ Youden AT
9] H Y (maximum of the Youden index)ol] -33l= #e =
S 2t AAY TEFK(criterion value) > 2 3T

35U dlojElo] th3] IBM SPSS Statistics ver. 20<
Agete] A= W] e RAlE FASH] A 2X 2~
Bl 37 &Y (logistic regression Analysis)= F33FHTH HA
Zb A B(stimulus) S FHHFOR, APV A Zh-S-
(‘response’)2 F4HN 02 sl B3I

02o2 7t AR9 FI, 2 48 FHFoR Esto

H
Z A H(backward stepwise) > 2 H24J51 AIE B WY
. ole F EZY R FBANEY F13 F271 71oske

7) 791 ROCY A3 BRaue Aok



N
N

i}OIE otR7] {elth. mA|goE o 7] A]
s MEoE ERAGEE AW EYT
JMOM Z FAE ZF 5 78 5 A HAe
T9& At A 2, 3, 49] 37 T sgst= vlo]
E};“‘at}. Ao AR dlolE Y AA Atdlee 4 3
316871 St

bt

—H ol
Y
r-{m J&‘i‘ I

d

A

D

i
i

o
a
X
to 12

o
ruE =

Al

3. 94+2x

2l =

3.1 AAGOHE ez 3 U=
ROC I AE T& AARgkelA W% dE(true positive
rate, VE)S YA E(false positive rate, 100 - 50| )] 3t

TE UEhdth ROC =4 49 BE HE2 & 5T oA

Sl

Ao Ixo Asae IPE/Eox &S Yepdth o]
o]l ROC 33t #FAE AUd RIEe} Bo|=rt =%
100%8] %@.f& HEE S 7 AANS E3THZweig &

Campbell, 1993). <1 ¥ 2>& task0 FAAH oA APA=
2 AAHHoRE EFSI 18 ROC FAHO=E, taskl
task2o| M= ARG AE A9l

ROC 4 Z¥ FAH AAdo]El(entire_data)e] V=2
Eo)& task09H ZHZt 91.33 83.6, tasklolA 91.59} 87.0,
taskzoﬂ*‘] 86.73%F 93.12 Uetdth RE 4 AAE FE°]
== 882004 94.5 Ato], Bol=& 79.8¢014 93.1 Aelol

Eﬁ}%i\:}(i 2).

mlm

Hmr

32 FASFEHEZR(AUC)Y e EEAs:
ROC EAollA £7F wle] ROC bl
the ROC curve, ©]3}F AUC) Wilcoxon

24315 A (area under

rEEAERT ge

YAt SHME M5 HM3E (2013)
stimulus
100F— ——
[ Sensitivity: 91.3
80 Specificity: 83.6
| Criterion : 25
= i
= 60r
g :
0] 40 |
0 I
20 F
(0] = S T TR T B
0O 20 40 60 80 100
100-Specificity
19 2. task0 AAEI0]E 9] A 4A4 ROC =4l
Figure 2. The ROC curve of taskO data ('stimulus'
classified by 'response' variable)
kg STH(Hanley & McNeil, 1982; Fawcett, 200614 #]<1

oo IR

). ROC 37+ A olal AUCE
2 1L AUge s FHsk=d, A
o8 HA D ALEE RAETh
i F s FA glo] gdsta AgsiA Esivie
A, & UgEs} Eolmrl BF 100%S] 79 AUC #H2 1
O] tH(Greiner et al., 2000). Swets(1988)°] WEZH AUCE 7|+
o2 HARAAUC<0.5), FAHZ0.5<AUC<0.7), & A
(0.7<AUC<0.9), T A0.9<AUC<1), SHAUC=1)3
o £ ok

task0& AUC = 0.942(95% CI: 0.934 - 0.950), p <.0001 % 2

o AR o) el

Adee] Aoks 59

(g

_pl

AAE

3 2. 34 A=l tigk ROC &4 23
Table 2. Result of ROC analysis for stimuli

sensitivity specificity AUC 95% CI“ Jb
task0 entire_data 91.3 83.6 0.942 0.934 to 0.950 0.7485
female 90.5 83.7 0.938 0.924 to 0.949 0.7416
male 92.1 83.5 0.947 0.935 to 0.958 0.7558
group0 90.5 87.9 0.962 0.951 to 0.971 0.7844
groupl 92.1 79.8 0.926 0.912 to 0.939 0.7188
taskl entire _data 91.5 87.0 0.959 0.951 to 0.965 0.7850
female 91.9 88.4 0.965 0.954 to 0.973 0.8034
male 91.1 85.6 0.953 0.942 to 0.963 0.7669
group0 91.1 88.3 0.962 0.952 to 0.971 0.7934
groupl 92.0 85.8 0.956 0.912 to 0.939 0.7774
task2 entire_data 86.7 93.1 0.964 0.957 to 0.970 0.7983
female 90.3 91.9 0.971 0.961 to 0.979 0.8218
male 93.1 85.8 0.960 0.949 to 0.969 0.7887
group0 88.2 93.1 0.966 0.955 to 0.974 0.8131
groupl 94.5 84.0 0.962 0.952 to 0.971 0.7847

“AUCY] 95% A% 7K Confidence Interval) 3H3Hgk D AF3HgE ° Youden A4
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Table 3. Result of logistic regression analysis performed with ‘stimulus’, ‘F1’-‘F2' as covariate

B S.E. Wald )4 Exp(B)

task0 stimulus -964 033 863.692 .000™* 381
Constant 4.923 177 772.296 000" 137.470

F2 -124 .004 850.033 .000™ 883

Constant 86.313 2.948 857.168 .000™" 3.06E+37

taskl stimulus 1.176 043 749.685 .000™" 3.241
Constant -7.006 263 710.253 .000™" .001

Fl -.055 013 17.460 .000™" 946

F2 091 .009 100.283 .000™* 1.096

Constant -45.279 10.518 18.530 .000™" .000

task2 stimulus 1.246 046 730.222 .000™ 3.478
Constant -6.466 248 679.453 .000™" 002

Fl -.030 010 8.226 .004™ 971

F2 124 011 122.715 .000™" 1.132

Constant -75.622 10.947 47721 000" .000

*p < 05 * p< 01, ** p< 001

& A FoM o) & AEEE HYH taskl[AUC =
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Table 4. Classification table

Observed Predicted
response Percentage
no yes Correct (%)
task0  response no 1299 255 83.6
yes 141 1473 91.3
Overall Percentage 87.5
taskl  response no 1617 242 87.0
yes 111 1198 91.5
Overall Percentage 88.9
response Percentage
12/ /5 Correct (%)
task2  response /R/ 1525 113 93.1
203 1327 86.7
Overall Percentage 90.0
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