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Further Issues on the Duration Differences in Vowels due to the Voicing

of the Following Stops in English

ABSTRACT

It is a well-known phenomenon that vowel duration in English is generally longer before a voiced stop than a voiceless
one. Past research has postulated that the closure duration of the voiceless stop is generally longer than that of the voiced
stop and that the duration of a preceding vowel is determined complementarily by the closure duration of the stop. To shed
further light on the phenomenon, this study examined fourteen native speakers of American English who read the

monosyllabic words [bVC] (V =

[i, 1, e1, & &, A, a], C = [t, d]). First, we found that mean vowel duration was 38 ms

longer before the voiced stop than the voiceless (mean duration ratio = 1.24). Second, mean closure duration of the voiced
stop was only shorter by 5 ms compared to the voiceless stop (mean duration ratio = 0.97). Therefore, for our subjects,

vowel duration was not determined complementarily by the closure duration of the following stop. Third, vowels with longer
inherent durations (viz., tense, diphthong, and low vowels) tended to show larger duration ratios in the voiced and voiceless
contexts than the vowels with shorter durations (viz., lax vowels). This indicates that the lengthening of inherently shorter
vowels before a voiced stop is limited in order to avoid overlapping with longer vowels in the duration range. Fourth, there

was no significant gender difference in vowel duration ratios in the contexts of voiced and voiceless stops. Finally,

considerable individual differences were found in the vowel and consonant duration ratios.

Keywords: Consonant voicing, vowel duration, closure duration, duration ratio, inherent vowel duration, gender effect,

individual difference, English

1. A&

EEED)
Ao g
shohd B4 Aend 4 AL ¢
Al Z5¥t. House & Fairbanks(1953)&
W5lek [heCIVC2JAA(C1E C2& FLT A, B2 [i, er,
® q, 05, u]), 74 AL FA e mgo] T4 AL A

Qe BSHT Aoyl ¥ A, 7|E F3<(fundamental

5o wel s =59 Zol(duration)7} AH|A

2 4zl Adelth tE 27e] 5Y
ol A BFo] dol7t o 4
Fol Bzl At

= AL

1) °lgtd At 8tanl, ejoh@ewha.ac.kr

A5k 20124 7€ 259
FAYA 20129 99 109
AAAA: 2012d 9€ 10¥

frequency)”} 13 o, 7% (intensity)’} B 7Sl YERSTI
Bustaoh IJH% [b, d, g] 8749 =g Zole »g&
245 ms, -4 JM" p, t, k] 4L 161 ms2 YEbGTh &
4 B4 3 BE Zol9 HlE(duration ratio) 1.529\15}.
Zimmerman & Sapon(1958)& g0 R At I3l wE
Aojo] ok AFo] {4 HAS [b, d, g]¥ W A =9 4
o7} H 218 ms, T4 HaAS [p, t, K]Y = 123 msHTh B
TFATHES Aol HlEL 1.77). 2920 2o AT {4
e & Bes 78 AS o E2ET o AA Z23sHRANL
+ FART HA e
FooA 748 AE o Bee
o] 7+ vl AFA Chen(1970)2 A9 FFAol W&
A BEe] Aol ztol7t AHE 47]¢] Ao RFolA A



Aok Busdich A4S o BEol FAES o BeRTh gof
92 ms(H& 1.63), EojE 53 ms(H]& 1.15), A

£ 29 ms(Pl& 1.22), d=ol& 28 ms(HlE 1.31) W ZA
ERtTH2) o]l Chen(1970)—°— Aol frigel e e =
lo] HHEARQl #iola, 7 lojo] whe}

o] zfol& %w gate] vepd &’lth akatt. Fole
Ao el mE 2g Zolo zolg At Yelll=
ool & ‘_1:]-51_ AT ole} #H3F] Fromkin(1977)2 4]
o Uehte 548 As o BE Aole] FHHE Aol S
TR o= dAisojof Jha FAEIAT

HA o FFAo wet Mg =g Aoy DeAE dN
o] Hal2 #H Aol(closure duration)”} 53¢l FC]- o
oA 7]Agth= Aol thKeating 1985). =,
e Haf dolrt f4859 ﬁﬂéﬂ Aolrt} v 4A 1
ll, AAH 4 dolg o= A= HzstA fAskE s &
H2 74 HAHS o Zaol f4 HAls & REET o A
wHe AFS Uepithe 74014
8 Al Aol7k A #
E AT 237} Utk Denes(1955)= ﬂx} g o] L33 AL
“use”([jus)®t BAF “use”(juz])E ZHested ol g Aol
& AT &, WA “use”d] 1 T4 A Aol E9 §
Ab cuse”d] [ju] Foll Boli(zl B + ?‘J 4 Z}—) E’\}
“use”9] #r2 v"é A< = Af <

%)

& BE + U 4 A AN EHFA Aokl [s]+

0(1

i

&£
i o>'

rE
it

Z o
40
e

BN

A Azl YFgE v

Keating(1985)-& T"r—“."*é A A =
HEdo g yehts @o] oflm, meba ozt x}Ol% e

2) B Aol olgd Aol Aol o L(word-final)oll 1]
sl med} Agel EUT oMol &¥ wWog ol
(word-medial)oll 9|23t 223} z2go] 2 2o £ o
o =X Uebuit ot Bols -4 Aol ool @
GUEE, gAlotole} Faole °1W°ﬂ AT ELES H
Ealt Aol ol AXlA #4 AALel FAS3
& (final devoicing) &2 74 thZ7} F3H(neutralization)= 7]
Zola, ol HHS 47t BF TS0l HS(lenis
stop)ol F3e AblOIA fHLSES] dEolth Bole] &
A A8 ok Be Zolof] @) wkEA 9](2002) FE.

3) BE oot Aah Ag 454 A2l dolae] fU
AEYe gulsiAs gtk A4S0 489 FEHE A%

sl 2157] i8] Fjol T ool WHAew A Roln)

YAt S0 M4d M3S (2012)

Aste] YA o doldlAE §4 FHoR ity
FAATE B Sol, Flege(1979) AH$-tiobekH]oto)(Saudi
Arabic)oll A AEE [a:]7h o2 [d]$h [1] SlA Frelvid o)
Aelg welx| Qe Hud vk gt o9 #7AE @

BE oww Yoluhs @yol ofmz

E g Oﬂ]i Keat1ng(1979)°] J—'—u]v'??} Zdsol9 {74
o B3 ZolE & F Utk FHEoE o
2 ol YAofA 25| FF4 tE7F FAEA gor=,
B3 Aole] Aol oF YA {74 A
T} “rada”9}  “rata”E 249 Earo] A} @Elskl =,

A T2 HF 169.5 ms, [tf] & B2 1674 msZE YERGE
o 748 A4S & Be Aoy Aol £ 2.1 ms, HISS

2 Yeht, FasojdAs Ao f7480 e A9 =
%94 Aol Apo|7} vERdTHY & &+ §lth

A HalSe] #H4 Aot da 29| deo] Aol& 7HA
20+ Aol Jerg oyt i dojol Hls) {54
a2l #Hal do] zfolrt Ho] M =39l o] zpolr}
A e AR AT EdT. o= HHlSo H dels
[dI7} BT 92 ms, [t]7}F 130 msE EAIZ o2 §ou3dt xpo]S
Btk FAS #Ha Aol vrr] fAdS #HaA AolE AL
H HE grol Fole] A9 Lisker(1957)914 1.60, Port(1977)
A 1358 BaE vt et o EFHsolE 1410030t F,
EUsoE AR A4 AFo] 4 AR Zolvt A%
ARk, A B39 Aol Apol= UERA] &2 Aol

FdEolo] ol2jg ZAAE Fal Keating(1985)2 229 Zo]
7F 1A Hlso] H oo wel A== o] BEAQl
Qo] oplgtal FASIGTE EHTolME FFA HASe
Ha dol7t frefulatA tEd® E7eta A =g Ao
2ol 7 YERA] @i & Qo B=E, FojXH E% Aol #}
o|7b AA Yehe Ao ozt R o A2 A
Ehte dodAs {748 AL 49 BS Ao| Aol 4
TF2)(phonetic rule)>.Z2 AAHHATE= Zo|t} Keating(1985)2 Tl
ozt ol g &4 AN E A AL glon ¢dAHow
F/dE T (cognitively represented) 3FTE &, BE 54 @4
o] & Ao W FEo &stu Ao stEArt shEElok
shk= W&-olzta 78t dthy

B AFNME {748 A EY Bg Holg AnFsia

[=a= ’\L‘x'“'—"g %ﬂﬁi-l-?(]' gk AA, old A+
B FoldlA 743 Hallso i Aol dd S Aol

4) Lisker(1957) <= #HdSo) digh Axfo]x
3 &l o] gl e Ui :
) olyd YA S4F HHL wad =g 2 A4 &

E2 A Aok o3 B AsHd A
Chomsky & Halle(1968)9] 97&ol ¥hst= Zlolth.



02 RPY HHMES & Z5 2

20[ X0l CHet & JHKI 2HE

apol7h felmatAl hehben) @_umm} AUG1E 2 32

W), £, 2o 2F Dold) W} f74 AS & 2 Aol
o Ao} thEAl Lehbrp e 27le] FASCHA Qi

22 JLES(high vowels)ZTH A EE(low vowels)®] Zol7t T
ZTH(House & Fairbanks 1953, Lehiste 1970, Westbury &
Keating 1980). A&+ 25 o 25 7]#9] o]Fol ¢ 2
BE ZF olF 57t Bg 2ol Hissittd ARZo] o 24
A ZL2HE Aotk w3k dukzog T

T} o]F R-2(diphthongs)®], ©|¢+ Z-E(lax vowels)® T} 114 &
S(tense vowels)©] o]} ©] AtiDavenport & Hannahs 2010).
BEo] 3 do7t FiiA o R 1 ARE, olF Be, A B
= 4 A & 423 @3] B8 A vepeA aF
stz FTHE.348). AA, F54 As A9 Bg do] o]

7} 82} A(speaker gender)oll @t ThE2A YEPY=T1? E3b

(monophthongs) X

A0 2 24 zlol= ofXdo] YAAHTE L4 T Z(phonetic
contrast) S Bl A3t Ao R YJeElE AHFRo)

ln_WL

Atk A& S50, Xl B
1995), % ®$(pitch range)S T H
Heuven 1999), A&

=i o
=~ =1

n[o

FE o YA ARE-3Skal(Henton
A Y™ (Haan & van
©<=3}(consonant cluster simplification)
Hol3Byrd 1994,
Whiteside 1996), 72 & Hd5 Hd< o sh= 59 o]
WA E A THByrd 1994), £3], Johnson & Martin(2001)2 =]
FAZF(Creek) o] Aol FREI TR 3] Dol Zpol& o
ol ¥ ZA yepitkar Badgk v itk ofof] & Aol A=
qAdo] T L9 F54 t=E o EYsiA 3] 8 =
= Aolg ztolE YA RT o AA YeE A AHR 1A §
OG1D. UA, F548 A 8 BE do] Ao|rt BE 1
FapllAl dFA o2 YeEhErE?  VOT(Allen, Miller, &
DeSteno 2003), "F&g9 wb# FA F-I}<F(frication centroid
frequencies, Newman, Clouse, & Burnham 2001), 222 ¥HE
Z9}<~(Hillenbrand, Getty, Clark, & Wheeler 1995) 5 o8] <&
F Aol el A8 kAt 1 Aol FeIEshl vehd Ao
B d} qTK3.14).

=2 (vowel reduction) s @

4

h

2. Ag

—_
N
ol

9] sixpt Agd stk @A A7 7THMI~M7,
2 2144, 93 A9 20-24A4), AA A7} THFI~F7,
F 214, A% HY 19-224)0|AL} HEA BT v=
AR AA g sty SR S 149 F 11He =
A A goly AT 2%8(M2, F2)2 BlF dRolA glojy
AMFANA Ao, 18M6) thE Fold F7tellA gojut 6
Wrlek AT o] 16d FeHe mE AR AFsHT)
M6E A&stie 5 &= AF Aol §lth T5 oo
b

2 9lFolE PASK: WAAE gk

o o
T
e

Y

87

H2E @2 “eat((bit])”, “bead([bid])”,  “bit([brt])”,

“bid([brd])”, “bait([bert])”, “bayed([berd])”, “bet([bet])”, “bed([bed])”,

“bat([bat])”, “bad([bad])”, “but([bat])”, “bud(bad])”, “bot([bat])”,
“bod([bad]y & AHESIAT. EFe] Alf o] EIE aF]
Al ARS, olF BEg, A% B, ol S Sol x3E &
9ES AAEAT 54 T2 ], o8 T2 TS [l
A §48% [d) ddoEolth YT 54 A e
AA EASHE EEERE ARG B EEs AN A S
AA BFAAzeE wsyt o] E480] dold dFe wA
7FsAel Aokl Bty] wiEo|th HZAE E¥EL “Say
‘o me”d B B0 ¥ol YFth HAE @Y v B
SO 8 AAste E@8o] & A9 HZE 289 i (coda)©]
o 299 Fo(onset) 2 &2 A5HSME 7HsAo] JOERE o
£ Jatax AFo R AAsts @S Ttk HZE 35
S T2 AR Zﬂ/‘]ﬂ‘”ﬁ} HFH 23 ERES 2%
AR AF wAshE WA AMgste] 3z 1t s £ =

o] z}o)5 ol AL A|Fst1A ST

52 vl AR YA & tist 4 A e A
28 =340l MARANTZ PMD670 =571 % Shure BGS.1
wto]l 25 ARgSt o] FolxTh 7 FFAE o] wiA ol #gt
AEAE AL, A5 U3t & WA £ AES 3z vt
Hate] =35tk H2E ARE 22,050 Hzo] B8 FE HE
of WAV #Hd 2 M= ek WAV U2 Hske A
24 2233 PCquirerXE AH8-3te] £ ST

7t 2Eol Aol ofF #H= [b]e] % AFHE o H
& [vde] H7b A= 227 7%1% AHg3E ZA
=3 01%‘ I»H—«l Ha dolg, FE] A@AL o 9
219 [ g3t g1 o gl “to”9l el A vl24
4%6}051311 . [Ud1S] B AR AEA “07] [1]9] SHE
AANANZ ZAsAT 4079 [tle ZE Aed EAsez
ok [d1e] #HA Aol Ao 5UdT FFS FAS Aoz I}
Astdeh 8ol @A e o A5 HH dolE A

N

|>~8

—_

Atk A 6L oo [ge [dIE FHEstAY wigtgst
ol Hof dRAQl FHo) oH e AeAtt Ze5d A
o] Aol 78 flolAM A3t P Y(wideband) 2~HEZ T
e Tl lahs e AHgaHATh

s

& 2 o] ovlE
A BAP= AABAT G AL
25 HTE 191 msoloy, FAS &

ms)el &14(159 ms)ih @A Vel §74 e B



[0,0]
0]

(43 ms)©] 9432 ms)Eth 11 ms © 2
R A o B o) MR 9(.29)0] S(1.208
7443 A=, dd 2] Fh(12) =
F(12) = 1.012, p = 0.331)l 3l
ouEtA] Fe Fo= »}E}Mq ES

S 8 8 ode
&
= X2
[
T o
&
Lo
EFH
Lrh:

ox
i)
2
o
()
NI
)
s
s
:(o o

5329, p < 0.001).
i A oF 2 Aolol sl Al ztolrt et Ao
2 Uehgth 8 & Ee 2ol zolE M= ¥
ms(H] &2 1.59), M1 88 ms(Hl& 1.50DE ZA Jepd wkd,
M5 8 ms(Hl& 1.05), F4= 14 ms(H]& 1.09), F6= 14 ms(H]

£ 1.10E A _Hsﬂf;}

n:F:U
©
X

+ A ne}, RS & B Zo] HEs vHE U
E}‘ﬂ BE AT F2 8 o e Aol AolE gl
HoZ A Yebd FAGAEANAA FAFHIIT MSE 2ol
MY o [d] ellA 123 ms, [t] SolA 129 ms, M6E g0
] wf [d] 2ollA 129 ms, [t] LellA 136 ms, FAE 2-89] [¢]
d o [d] LollA 130 ms, [t] LA 141 ms, F6= 0] [1]¥

o [d] SolA 117 ms, [t] SolA 121 msZ, 242 485 [d] &
MR FA4E [t] ollA BES 238 o 4A Z&3stAth
oJAYE FFAES ¢ ES 4ol #Hds RiE JEhd 2
3L [1e1AY [e]¥ wATHe 339 #=x).

32 748 #HAlEY H 2ol Aol

<GB 20 A3 EE 85 2 T8 Fd 2ole] He
T @ T Aol g HlES AASAT A HHa Xﬁﬂ
HA@g= AN 49 A FAAE(130 ms)ET}
(121 ms)& B 9 ms T Al ZF3HAATHHIE 0.93), E4 —%
FA3E(95 ms) BTt 48597 ms)S 23|8 2 ms O ZA =
SFATHHIE 1.04). 58 TE t-74A43 A3, A o) 7L(t(6)
= 1.849, p = 0.114)°] HI& FkK6) = 1.779, p = 0.126)°] o
3 da oA 3t Aol FofuletA ¢otth F WO ERE
o] Ha Zol(112 ms)7t FAL(117 ms)ET 5 ms ZSk

i

a4
3, F gk 2 vlg2 097019 Ue TR -@AS A /4
w3 FAEe H Zol 1 Aol frevEkAl FUTH(T) =
-1.354, p = 0.218).

YAt S0 M4d M3S (2012)

E LAY e @ B Aol Ao] 7
W& S BAPE B
Table 1. Differences and ratios of vowel duration before the

voiced and voiceless stop: Average values of individual speakers.
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=
e 191 147 43 1.29
o
e 191 159 32 1.20
A
e 191 153 38 1.24

JHAEE, M4, Fl, F2, F3, Fo= 429 4 do|2 Z
ZF 4 ms, 14 ms, 19 ms, 17 ms, 5 ms O FA Z239AT
M5, M6, F4= 352 #H3) ZolE 238 3 ms, 9 ms, 6 ms
o 2A 2539 th 82 H ZolE o358 o 2A =
=% AR5 B4 AAE BS EE ARY, 48
o] i AojollA TS Haf dolE W Fho] & #l Be
3L M59] A% [i] 12 ms, [1] 8 ms, [e] 5 ms, [A] 10 ms, [a]
7 msA, M6 [i] 3 ms, [1] 9 ms, [e1] 4 ms, [¢] 3 ms, [=] 8
ms, [A] 30 ms, [a] 10 msHOH, F4E= [1] 4 ms, [] 5
12 ms, [A] 23 ms®, B5 874 547 FAglo]l 48+ H
Hq dolE o 2A 223 A7 Btk HAEHoE 4 A
=5 U A 2% JFAEE IF ES e 8
< O 24 2339tk FAsA FAES HH delg W
ol oF 7 2S Fo], M4E [i] | ms, [er] 7 ms, F1-2 [A]
10 ms, [a] 10 ms, F2& [e1] 9 ms, F6 [1] 3 ms, [A] 6 ms, [a]
22 msZ YEPTh F3& [i] 34004 f5F459 = dolrt
TYTh

]
ms, |

]

ol
pcs rfk.
N

rﬂ

33 250 afr 7:-_1_019} e & B Aol Aol
2 dojA 3
19} Apo)7

1

O



Lol CHet 2 JHKl 2ME

EEEE FA Hdls o e 2ol F @& 3 o] H HE
< AN AT = o B Aol [&] > [e] > [o] > [i] >
[A] > [e] > [1] €=, FAF & e 2ol [=] > [a] > [e1]

> [i] > [e] > [A] > [1] =22 A7
AA [z, a, e, iJ7F B2, [e, A, 17} ASUTE oA AT
o} o], ARF, olF R, I BEe dolrt Z2A vet
Zlo|th(House & Fairbanks 1953, Lehiste 1970, Westbury &
Keating 1980, Davenport & Hannahs 2010).

i)
fuj
= 3
&
J
-
ot
ﬂllﬂ ot
td

%i

2. 574 A4S 3 A Aol
Aol 8wl g 3 @A Bgh
Table 2. Differences and ratios of closure duration between the
voiced and voiceless stop: Average values of individual speakers.
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M4 106 110 -4 0.96
RinAs s | RS - H&
M5 100 o7 3 1.03 =g RS | RS | BHY | GAY
M6 86 77 9 1.12 Aol (ms) | Z°l (ms) | (ms) %)
Fl 131 145 -14 0.90 [i] 185 146 19 127
2 120 139 -19 0.86 ("bead-beat™)
(1]
F3 122 139 -17 0.88 (“bid-bit”) 150 128 22 117
F4 105 99 6 1.06 [e1] 3 165 s 135
F6 125 130 5 0.96 (“bayed-bait”)
_ [e]
W ) 164 140 24 1.17
3 # 97 95 2 1.04 (“bed-bet”)
g Bt 121 130 -9 0.93 (2]
— . . 230 184 46 1.25
ZA B+ 112 117 -5 0.97 (“bad-bat”)
(] 165 136 29 121
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7t AFE GRS o Ee dolg Hlgo] HolAE ARl
7} 9= Aoz ks 2= 9} I 1 25 §574 H3ds & 2 4oy Hl&
A A R E T ' Figure 1. Ratios of vowel duration before the voiced and
<2 2ol 229] dojo} §FAS & =5 o] Hj&9] 4+ voiceless stop classified by vowels.
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Figure 2. Scatter plot of vowel duration and ratios of vowel
duration before the voiced and voiceless stop.
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Table 4. Differences and ratios between closure duration of the
voiced and voiceless stop classified by preceding vowels.

fae | wde | ee- | ve
zs #H Zdo] | #HH Zo] T4 (425
(ms) (ms) (ms) )
[i]
111 115 4 0.
(“bead-beat™) o7
[1]
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(“bid-bit™)
[e1]
(“bayed-bait” | 112 121 -9 0.93
)
[€]
110 120 410 0.92
(“bed-bet”)
(] 99 115 -16 0.86
(“bad-bat”)
[A] 125 120 5 1.04
(“bud-but”)
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106 104 2 1.02
(“bod-bot”)
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