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A Comparative Study of Relative Distances among English Front Vowels Produced

by Korean and American Speakers

%F W ED

Yang, Byunggon

ABSTRACT

H| L

The purpose of this study is to examine the relative distances among English front vowels in a message produced by 47
Korean and American speakers in order to better instruct pronunciation skills of English vowels for Korean English learners.
A Praat script was developed to collect the first and second formant values(F1 and F2) of eight words in each sound file
which was recorded from an internet speech archive. Then, the Euclidean distances were measured between the three vowel
pairs: [i-¢], [i-1], and [e-e&]. The first vowel pair [i-€] was set as the reference from which the relative distances of the other
two vowel pairs were measured in percent in order to compare the vowel sounds among speakers of different vocal tract
lengths. Results show that F1 values of the front vowels produced by the Korean and American speakers increased from the
high front vowel to the low front vowel wih differences among the groups. The Korean speakers generally produced the front
vowels with smaller jaw openings than the American speakers did. Secondly, the relative distance of the high front vowel
pair [i-1] showed a significant difference between the Korean and American speakers while that of the low front vowel pair
[e-e] showed a non-significant difference. Finally, the Korean speakers in the higher proficiency level produced front vowels
with higher F1 values than those in the lower proficiency level. The author concluded that Korean speakers should produce
the front high vowels distinctively by securing sufficient relative distance of the formant values. Further studies would be
desirable to examine how strong the Korean speakers’ English proficiency correlate with the relative distance of target words

of comparable productions.

Keywords: English vowels, formant values, vowel distance, Korean speakers, American speakers, proficiency level
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Please call Stella. Ask her to bring these things with
her from the store: Six spoons of fresh snow peas,

five thick slabs of blue cheese, and maybe a snack for
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her brother Bob. We also need a small plastic snake
and a big toy frog for the kids. She can scoop these
things into three red bags, and we will go meet her
Wednesday at the train station.
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soundNameS$=selected$("Sound")

select Sound 'soundName$’
soundID=selected(""Sound")
soundID="soundID'+1

clearinfo

Edit

editor Sound 'soundName$'

Show analyses... yes yes yes yes yes 10
Spectrogram settings... 0 5000 0.005 35
Intensity settings... 30 100 "mean energy" yes
Formant settings... 5500 5.5 0.025 30 1

Pitch settings... 75 500 Hertz autocorrelation automatic
1o} aske] F1, F2 &4

token$="8ask"

pause Select the vowel segment of "ask".

vstart=Get start of selection

vend=Get end of selection

dur='vend'-'vstart'

timepoint="vstart'+dur/3

Select... timepoint-0.0125 timepoint+0.0125

pause Check the selected segment.

f1=Get first formant

f2=Get second formant

print 'soundName$"tab$"token$"tab$'F1:'tab$"f1:0°

...'tab$'F2:'tab$"f2:0"newline$’

1910l 3R E5H 259A 742 YA 774 dofel
HEo] 283 RS A

Close

endeditor

fappendinfo result.txt

select 'soundID'
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Figure 1. Measurements of F1 and F2 in words, red and bags
by a Korean male speaker(ml)
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F2 (Hz)
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Figure 2. A vowel chart of F1 by F2 of the front vowels
produced by 23 Korean and American speakers
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Figure 3. A vowel chart of F1 by F2 of the front vowels
produced by 24 Korean and American female speakers
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Table 1. F1 Means(standard deviations) of English front vowels
produced by Korean(k) and American(e) male(m) and
female(f) groups

Vowel kFlm eFlm kF1f eF1f
i 351(54) 350(48) 416(82) 393(48)
I 391(70) 431(40) 456(60) 501(58)
€ 587(103) 539(63) 650(137) 676(83)
® 652(115)  684(127)  740(126) 805(154)
Vowel kF2m eF2m kF2f eF2f

i 2204(159)  2250(157)  2703304)  2750(153)
1 2051(96)  1859(127) 2449245 2199(183)
e 1737(124)  1645(135)  2000(178)  1925(195)
® 1743(195)  1646(105)  2043201)  2089(192)
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Figure 4. Relative distance(%) of front high vowel pair [i-1]

produced by Korean(k) and American(e) males and females
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Figure 5. Relative distance(%) of front low vowel pair [e-z]

produced by Korean(k) and American(e) males and females

=)

AaRgos WA =l vlal] vl=Qle vlgo] 4
oz =yt =9l E4H o9 wedde 47,
40%9} 35%2 U HA 1 5% ZolE Rl o Hlg, u=
B 49 nEHTS 47 63%S 64%E Holi 9]
oA i ek 7F 1%9] F2 ztolE Bt =< oy
i Aole Ax thy HoA AW E LS EA A Afo]7t
A Zo = AZHET Ao 2 JAE Aol oF 29%
Ao FAAE Bk o3 Aole Fxle] m=Qld
13 4 F4o] Ao ddo] J& AeE 44T =
& Yang(1996)2] A2 oA} o] w5l o]PR S 1
7} g=lol vl Fl13 F22 yepd Rgg7tolMe dud
o2 BEEe] FA &S T Eo7t e, o
At '5491 2ol zol& A SE 5 th
BLoA =l Wi e] vBlE&HTFS 27 229%, 23%
z ‘#L% A 1% ZolE Bl d vls] w5 @i
247} 34 %9} 32%2 9 Ad 2t 2% olE B

)

3L
Ay
=)
I

©
>,\I

—_

o

ul

2]

ot

—_

2 HE 22
HAZTh A2
Aol =l Ao w2l ke Apol= oF 12%4
oA, Ao om =dle] w=lo vs) dEdE =S
FFARE =2 HAdol 12%, 94
o] 15%E BAL, PI= FAdol 23%E, HA0] 13%E BN
=3

olglgt A= HIE vm Yoy ofARE g=ele] 7Y
ofgo A MAARIAR [e-x]E A9 2 BFESOE W
ot PEskA R Adets YA THIngram & Park,
1997). 259 ATl e 7HAIE BRVIZ Bse By
FHANA G=RAY [l 63%7F [e]2 AR FEEHUTE
m}2b7FA 2 Han, Choi, Lim & Lee(2011)9] ATolM % d=2l
RS B [, 1E [ie20 7 EE3aL [e @] [e]

it



a

et=011t 0|=010] Zatet SHHL2Se| &4UHA JHel Hi

o

Aol 71A dgste] ARl Aolg RGeS Rk
o, Kim(2010)2] AT 6199 =187} hvdEhg o
o] Wz}

_]

L2 0odo ko om M do
ERL
E o i
Y% o
ui D{o
tlo
EEazy
& <
it
g g
o
= 7,
ol o i)
N rlr
N Mo
i=) &
i P
alle} 2
L z
N
o
rr
I‘-&

ol
k1
)
oo
ol
rir
jin)
=)
:?L_'.
o
Al
ro
o
>
il
N rlo
)
il
k1

fr
N
(e}
il
-
%
ok
4
30
pata
o
&
i1t
24
i,
ol
=2
>
rlr
o

=
AH dojAle] ztolef 7T FE UTHEFE, 2013).
T 250l Eol9E @l heed®t hidEs
5 W doRIEL ST g Hate] vhg-& UEhl =
MMN(Mismatch Negativity) t°] 180 ms(FZ -2.2uV)Q1dl H
3 F=ASL 280 ms(F -22uV)E HojA Exofo] T
w2y 1745HA wHEtE A42S WEth
olgldt e Aol SAHLE oW zfo
T Z9] 3 W<l Mann-Whitney2] U4 S A

Lk =

ot I A Ao e 2t vladAMe = EAd w2l
1+

=

5

=2
X

Ir
)
il
2

N
N
> 30
rlr
N
R

A ARl A= [ia]e] B AzlelM AR Fofn
gk #Fo] 7} WA h([i-1], N=23, Mann-Whitney U=112.5,
[e-e]2] A AgolME Foulet Apol7t gl 2oz =

o

=20 44 Aol A= vl ARg BYET, [i1]2 dE
AgedlAs BAHSE foulg Aol7t BFARK[i-1], N=24,
Mann-Whitney U=124, p=.002), [e-2]2] dth& A= &
Yujg o]zt gle ALE T WTHN=24, Mann-Whitney
U=99.5, p=.106). AAR ] HlwA= &=l dA3 o
Aol AHIREH AEARE] FE AgloA fofugt
ZFolE  Holx  AQITH([i-1], N=25, Mann-Whitney U=69,
p=650; [e-&], N=25, Mann-Whitney U=83.5, p=.769). R}37}A]
2 uEQ AT A9 A A= fFou|g Aol &
Holx] ok hrh(i-1], N=22, Mann-Whitney U=67.5, p=.652;
[e-], N=22, Mann-Whitney U=68, p=652). ©]2|3 A4 2
FE 1A =213 v)=elo) 2FFNAE 7 o) Hdad
e AARZAA AR Bl dUE AlE gRste de
oo, d=Uz v=lo] AMu RS thE Huld A
243t Y-S & & Utk olHE 2ol7} Fojd-HF

b= ofdl BAIE Hol=A the AollA dopir|z

b

b gz Aot

o, AEYolEAl ml=ele HF 4.88F(FEHA 1.33,8A
3384 Wehe FeH, F Abgrol WU Heeite] v]of

5474011, PG 15HOR
Hog F At 7t 1.94% AolE Bt 4
& [ia]9F AEARE [e-z]9] AUE AE A
Yelld <19 6>3 2tk

10 20 30 40 50 60 70

'
1 i
1 1
1 1
1 1
1 1
1 1
—
1 1

T
loL.loV loL.hiV hiL.loV hiL.hiV
fluency Level.Vowel height
a9 6. =i =T (hiL, loL)
AT RS hiV)H A ES(oV)S] Bz Azl &2
Figure 6. Distribution of relative distance(%) of high and low
front vowel pairs(hiV, loV) according to fluency level
groups(hiL, IoL)

a4 HAIRSe] A

2 o
— T
30.8%2 &F 93%20lE HYT, HAAHEL Az A

FARAAFE g A AUy es F& HoFEth R
£ o]g3te] FAEe} AARZO] HiE A Alelo 3|AE
218 S o) R’ e 0.223(p<.05)02 F 22%9] AHHS
7Y, AAA B e R=0.023(p>.05) 2.2 2 1]51A]
< #n oluzg} A EE v o)y3 SAATNE AT
o Aks FFEHE g2 APz 4oky, ASdol® &
A&k FAAA SR LR WESE AAZIT o R

HAAE FH3 oA FUS FH
A oA FARAEE 4= 5 e &

297 B A7} Basith G, wevlHe] ¢33

o
o
A

to X nE



013)

106 2aelet S48 H5A M4 (2
ZBAZ FRra7] 98 AR oE Jlee] AERE EoA o WS ZE=d 7o Ao g Jgdrn) go g HUg whe
QFe] IS T E—%"ﬂ AAg 7|2 WEY] BEXRSS oA AA~GA B3 S4E GO R doHle g
LESHES FE3 FE2010)0] ATE ALHsiEE, Yo 245 Brkeke] Addel s A E Algo|th
2 ZoAztol A ‘?ﬂ”ﬂa’]%% H=atA AL A9 1311 s
450 A=} olEA MEA TFallE vt Aok F1EFH
[ 9 A8 Kang, Sukhan. (2007). Acoustic analysis of speech. Seoul
Pakhaksa.
o] ATl F=UY AR S EFd =8-S F7] A% 9 (2007). SFSAHEHE. AL sk}
A8 A AANE 47952 = w22l dHES] = Kim, Young-Su, Kim, Keun Ho, Kim, Jong Yeol, & Jang, Jun-Su
SARNA AEIR S ALARS 879 ES IHEE (2013). A study on the formant comparison of Korean
245ta, ol Alole] A”E A3 U, ZIEESAEA monophthongs according to age and gender—a survey on
vlE) Tk AE Al vlggke] od BXE RoleA patients in oriental hospitals—. Phonetics and Speech Sciences,
e vlws Byttt O e ded 2t 5(1), 73-80.
A, A7} wZ¢lo] AR A BeF FoldHdRe AT, 425, AFY, AT (2013). A% 2 Al &
o] FIgte 1EJA ARZOE Z4E Folxlon, Jo ¢l GRS XHE Hiwo| A3 A7 -shiHd yds
- Zpel7k AT =l FAd ] [i-aloll tigE F1 =ke]7} 301 g FASE - TAY} 478 5(1), 73-80.)
HzId] ®lsl, Pl=¢] P4 xlol& 334 Hz, S=¢ AL Yang, Byunggon. (2009). Formant trajectories of English vowels
324 Hz, "]=¢] A4 4 S Bt F1a2 4EE A produced by American males. Phonetics and Speech Sciences,
of ¥lelsle BAE MR, T2l YEY HE7} 1(3), 65-72.
w¢lof] Bls) oA Arha @ 4 Qlrh (Y (2009). Pl=Q1 FAdo] E53 GRS XTHE
EA, =l v=RlY FojAHRS vk AEIES A, wAaE 9 4738 1(3), 39-48.)
I ALA RS Ao o AgoA Ha 3 2polE HYTh Yang, Byunggon. (2008). Formant measurements of complex
A (-] Z1EAG HlF =S AHIREST DA waves and vowels produced by students. Speech Sciences,
B BFolA mlslel nls) FThA oz v nles AR 15(3), 39-52.
o Qe I BAVIn A% AAHIESA 19 & (¥ (2008). B35 tigAo] A3 g IHE
& At F oD Abelol] fond ApolE Byon, 5378}, 15(3), 39-52.)
il éﬂ BE [ee]d] AFolle Fvlgh ato]& RolA| it Yang, Byunggon. (2010). A method for correctin,
Zr Ao A= AR AgoA 25 F2u|d zjolE pronunciation by wooden chopsticks. Phonetics and Speech
HolA eSth Sciences, 2(4), 3-10
AA, g=le] FALSHAEE T3 g s | (FHZ (2010). Y737l o3 Fojmg T
HA A AE AHE 29 A GLdFE AE4IRS 5 , 3-10.
Be TR FIRES] Afol& BHYo2H, o] s wrdst= i
WY A=t ddA o R gty FA4E + dok dEx
259 AE Agls sk aztel 9F 9.3%Ak0lE B American speakers
AAA R AHE Adls oF 27%AF0lE Bt 11-20.
AEHO R dmQlo] FoHEES W3l of dHu=SE (FHZ (2013). Sl w
oA m=ld gkds o g A AzlE H8st 7l o eE ol I}ES =
o Y AEE st FES FEHEHA EIEE F 11-20.)
o1 Fdart Qi
o] AFolAE ABUS T3l YR ATH SAHARE
Z&3te Bl A FAREe] Wdolvt TE3 Fo] FAl
stARL A2 T8 A7]9 HEE (£F= (2013)
S SAHUE o83 el
e Holl A 2 AT 21-29.)

X 9= A Ao U7
7R SRRt g $)s) depa

Bo= AlFel ARE o] 48] H

Ao} 5478 2(4), 3-10.)
Yang, Byunggon. (2013). An acoustical analysis of English stops
at the initial and after-initial-/s/ positions by Korean and
Phonetics and Speech Sciences,
s/ Theol

=1 ©°
Yun, Yungdo. (2013). An ERP study of the perception of English
high front vowels by native speakers of Korean and English
TE5 A4l thek ERP A AT
st 503),

Phonetics and Speech Sciences, 5(3), 21-29
=1
. =

A

g English vowel
o

=]

50),

A

s}, 5(3)

oz Wizl £47

Jolgn

offlojme Ty



a

et=011t 0|=010] Zatet SHHL2Se| &4UHA JHel Hi

o

Fant, G. (1970). Acoustic theory of speech production. The Hague:
Mouton.

Fant, G. (1975). Speech production. STL-OPSR, 2-3, 1-19.
Flynn, N. (2011). Comparing vowel formant normalisation
procedures. York Papers in Linguistics Series, 2(11), 1-28.
Han, Jeong-Im, Choi, Tae-Hwan, Lim, Injae, & Lee, Joo-Kyeong.
(2011). The interlanguage speech intelligibility benefit for
Korean learners of English: Production of English front vowels.

Phonetics and Speech Sciences, 3(2), 53-61.

Hillenbrand, J., Getty, L., Clark, M., & Wheeler, K. (1995).
Acoustic characteristics of American English vowels. Journal
of the Acoustical Society of America, 97, 3099-3111.

Ingram, J.CL., & Park, S. (1997). Cross-language vowel
perception and production by Japanese and Korean learners of
English. Journal of Phonetics, 25, 343-370.

Kang, Hyunsook, & Han Jeong-Im. (2013). Cross-generational
change of /o/ and /u/ in Seoul Korean II: Spectral interactions
in normalized vowel space. Phonetics and Speech Sciences,
5(2), 33-41.

Kent, R, & Read, C. (2002). Acoustic analysis of speech. San
Diego, CA: Singular.

Kim, Ji-Eun. (2010). Perception and production of English front
vowels by Korean speakers. Phonetics and Speech Sciences,
2(1), 51-58.

Ladefoged, P., & Broadbent, D. E. (1957). Information conveyed
by vowels. Journal of the Acoustical Society of America, 29,
98-104.

Nordstrom, P. E., & Lindblom, B. (1975). A normalization
procedure for vowel formant data. International Congress of
Phonetic Sciences in Leeds, paper 212.

Peterson, G., & Bamey, H. (1952). Control methods used in a
study of vowels. Journal of the Acoustical Society of America,
24, 175-184.

Pickett, J. (1987). The sounds of speech communication: a primer
of acoustic phonetics and speech perception. Austin, Texas:
pro-ed.

Roach, P. (2013). English phonetics and phonology: A practical
course/student’s edition, Vol. 1. Cambridge: Cambridge
University Press.

The speech accent archive. (2013). Retrieved from
http://accent.gmu.edu/ on August 27.

The R Foundation. (2013). Retrieved from http://cran.r-project.org/
on August 30.

Traunmiiller, H. (1988). Paralinguistic variation and invariance in

the invariance in the characteristic frequencies of vowels.

Phonetica, 45, 1-29.

Yang, Byunggon. (1990). Development of vowel normalization
procedures: English and Korean. Ph.D. Dissertation, The
University of Texas at Austin.

Yang, Byunggon. (1992). An acoustical study of Korean
monophthongs produced by male and female speakers. Journal
of the Acoustical Society of America, 91(4), 2280-2283.

Yang, Byunggon. (1996). A comparative study of English and
Korean monophthongs produced by male and female speakers.
Journal of Phonetics, 24, 245-261.

Yang, Byunggon. (2006). Discrimination of synthesized English
vowels by American and Korean listeners. Phonetics and

Speech Sciences, 13(1), 7-27.

* ¥ (Yang, Byunggon)
Fokigtn goln S
TR ST AHE 30
Tel: 051-510-2619
Email: bgyang@pusan.ac.kr
Homepage: http://fonetiks.info/bgyang



