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Differences in Speaking Fundamental Frequency for Voice Classification and Closed
Quotient between Speaking and Singing

9= @A F A
Do-Hyun Nam - Hong-Shik Choi

ABSTRACT

Habitual speaking fundamental frequency (sF0) plays an important role in determining the
voice classification, which can be presented differently depending on the vocal fold length and
language habits. The purpose of this study, therefore, was to compare the differences in sFO
for voice classification and closed quotient between speaking and singing. Seventeen singers (7
sopranos, 5 tenors, 5 baritones, mean age 25.1 years) with no evidence of vocal folds pathology
were participated. sFO and closed quotient (CQ) both in speaking and in singing (A3-A5 with
soprano, A2-A4 with tenor and baritone) were measured using SPEAD program and
electroglottography. No significant differences were observed for sFO between tenor and
baritone groups (p> 0.05). However, CQ in singing was significantly different among three
groups (p< 0.05), but CQ in speaking was not (p> 0.05). Furthermore, CQ was significantly
different with both soprano (p< 0.01) and tenor groups ((P= 0.02) whereas baritone group
revealed there is no difference when compared between speaking and singing. No significant
differences in sFO between tenor and baritone participants may result from decision—-making for
voice classification by experience and should measure sFO before determining the voice
classification.

Keywords: voice classification, speaking F0, singing, closed quotient

1.4 &
s}l 7] EF 942 (habitual speaking fundamental frequency)s= Ao Zolet Ao 714 &




7}A 2

[e)

=

(2008. 12)

3z

A (v i
d (viscosity)Z} &4 (elasticity)

Z]
T

o Tet A157 A4

stk ey AgE

[¢)

23 aqlojgt

148

W w
ﬂuthﬂﬁﬁeﬁ ..
o T X LT W OR
)U,Um,o| Lowam mﬁHZXXHAT iodl
= md.r_aLﬂeHo 5 = e X T oo 75
- N By or © o S m e
g = o 8 3 n_rsz < o = oy
§° T = D S % % i = T = 2w %o R
o Mo ! = w0 T ) 70 Hoxe Y
— 1 vaﬂ gﬁoqo XY = DT].I ﬂ_leA‘Ll .I‘.Alﬂk]
w%.ﬁ?ﬂﬁ m1xau1m%7 W_/ﬂmomax M1Wﬁ§
Voﬂmr.xumniﬂ ao,zaﬂ}@ ?%1%3 Zoa“oﬁﬁoa.
%ﬂé%%%ﬂ m%%u]mu@ﬂ.mwﬂA@m P EwEE
1%?% Sz Mo ™ o P TEﬂojm T 0 9 B ©
dp e iy o © o < ) XomK o > @ B x
O NN 41%%awgaﬁl_%% &Mgl_&%
LXEo#ezTﬂnvl T‘SﬂMﬂﬁ d|71r < ® a.imw,m..n@
o o s ° g = LI B o B N < T
S kg MW T o BN J =W U o s = o
= = s o T R =y AR oy 613,%
gn]ﬂ%x7makﬂ x/@dﬂﬂuﬂ%mﬁou ,Xaaeg %or]ﬂuﬂwﬁ
EA_;dl_dﬂ < 7 ﬂ%ﬁurﬂﬂﬂﬁcwl mﬁcﬂklﬂﬁ,;l zm_b_mmozn_
o P oo om0 LT o= T Ecs u i pEECwE
o= 0 ﬂ_Hﬂv_AI‘N !
%E%%x@r Jmﬂd.ﬂ:ﬁ%aaiﬁ%ﬁ.ﬂlor% < Aoy
zoomﬂ uuz#aﬂ o%q_o'me 5 T }LLemumenn ﬂiﬁﬁo
oo = Mo T ol i o s 2 A = N % 03 - o mo mﬁ o
X T X T o] zo X = Mo X B = i <o mR
ay o M qur9 e oy =
i B Yo ~ =< - = = T T R T o= woH oM R T X
)ﬂm%ﬂdr. ) ﬂd%{/&mﬂreg o C <~ & o
5 o ST T - CI - e TN 1]31%%.5
o wrEL T nuao%k.m.n%?MgT?E g T L. PEw
= I W T = X N8 g o o — ~ ) SH o
d)7_|,|1_|;oL 7Lﬂ| n_EHH 1_.076_1u.ﬂo» 0 L.C13.5
SRR o o A o g T G oo MO o
o< O~ ) = %o O]T.LI 110.0+_E.t\.1
E5 G ﬂnsi@@idﬁv Iy PE ST N
%W@o# A ZFMME q_AlﬂATuAIMM.DKJMH7 | iﬂwr B ﬂﬁnv.a_.]mlﬂa
- wﬂ_wo BoEm NE! w5 & 3 % mmddl 0| ] ol = N . = M o o 3
;OL T = 0o T o oF ._uwwe Eo AT mn — wi w 0o ™ ‘_.r ‘_lﬁ_ﬂ N 10_._| - ‘&I OL X
Ewam%wﬁ% 1drﬂo§§,%ﬂooﬂ|&%w| %otﬁﬁ@mo
WQ%%E%} Wﬂ%&@m%%%go@%ﬂ ﬂnnw,%ﬁoSﬂo
)‘_Juu — N .. = i — \N yv.
ﬂﬁmogo%m«ﬂ@?%%éwlmo%ieg%uﬂm% g ®
X ol i o ATuAlHo,mMz_. il W o= o T op ﬁoﬂummﬂﬂaw ﬂqﬁﬂ o B
I e -~ o @ X W e og
ogmmgﬂow%@r%%x,Qmwﬂﬂﬂurmﬂqu e el
W e N o = T O % 70 X H o~ T % =
o w B Ik <0 N oo oo X o X T T N moe
ﬁix] on_duko,m.ﬁwrtﬁoﬁd. T o T oo T o M T
%GM%%M @o&lAmm_ L_L%ﬂeg%@ AndgR T
) o- X | o T W B ~ M o— M T X !
ﬂwt%%g ﬂﬂo%zoﬂb meamMuﬂﬂaAMumon E%WK&%
e A S A sz r=0F VEIT SRR
aoﬂaﬂmam%%ﬁﬂﬁmﬁwmAT%@%@aﬂ R B
1] B — —_ - g
%@%@%%%momwuﬂzbﬂwmoE_Lnx%mg mﬂaﬁmﬂ%
7@o@ﬁoa}ﬁo%AGiezm@xmqﬂvﬂw%i S T
I R = i % w_ ey, o WO I W o e
NroMr < o X PR B = o
ﬁ mﬂ@@ﬁ_ﬂrma m@wr7;xﬂ%
iiaunb.m
ﬁﬂ;ﬂoM
B = o



Fol upe weh s)wFvhes weh L Aoy A JuldEES] He] ulw 149

&) ! AH0A) e () 212 Cm) =7 Al(Kg)
ATk (7) o 22.1+0.9 9.0+2.6 164.9+5.2 60.3+14.5
g1 (5) 3 26.2+4.1 8.0+19 174.0+3.9 73.8+84
ul2] E(5) Gl 27+1.3 75+1.3 174.62.6 885+15.3

s
Aol RsEs AAE 93 $F ~EZR~F 3] (laryngeal
H02 FXE g EGGHEZE 3
g s BFSAT AWS o HJAF T} SJAL
]' 533} jom Auldd o5k FgAel Al e st dEA #E sk G A9 AMES

s
=
A8 7oz MAB AL

222 %3} 7EFgS 2 AU FEY 54
Haro F3H4 L2y Eoldl ¥ VEFag Ao dA A7) T Ade JAFA
o] vl AUHEES =A37] Yste] EGGHES wlo]lzE H 33l Lx. Speech Studio

(Laryngography Ltd, London, UK)2] SPEAD(speech pattern element acquisition and display)>~
2aWE ARGt 7 Qs Al ek dHiolA] 513 §4 9 9] EHeE FAYE TS EHs ¢F
3 27 A& ss WE FANGoH, HAETEY] 90% TS BY 4 (quantitative
analysis: QA)S 33l wWol ¢S Adgsiich

023 WA Aol AP HEEe =4
SPEAD 219 (§31e] 34 4 St HE ARYSEE F9] Aokl BGGU=
oh ol aE FASaL B whelES I A ste] <39 13 o] A2(110
HO & & 71egos Q4T F, "off 2s Agatel @ 84 4 kel Suk e
A4(220 Hz) S 7M A1 & &% A e 4 ]

2Eog dAste] F SEH e A5(880 Hz)&& S
= g

U:l
Bl
=
=
ko)
&
il
T mo

tlo r
o
f -
i
ol
ol
32 n
[o m
A
Fy
(&
=
b
o o
>
L)
1z rlO
053




150 S 3te A157 A4E (2008. 12)

EA AL SigmaPlot 8.0(Jandel Scientific, San Rafel, CA) A2ZE o] & A}-&3lo] n] RS
27— E A~ DB AR A (Nonparametric Kruskal-Wallis one-way analysis of variance)% ' ©
]_

ek 7| RFESes U EEE] Aol A v BAsE, BW B A 4F 2

i

g us = il
o AYHZES vl B0, v 43 =974 (Wilcoxon Rank-Sun Test)¥# o2 w3}
Al AUAFES 2 A AAHFES vl 24 Y F5E2 p el 0.05 w kel EAA
o2 Fo3% 2ol7t e HAoeR HFEIP Tt

5 2ERZN~F39FE Fotd AF 7o A
o) 24 (vocal nodule) Z
7 o] FoA I RS, &
Fefell A oAl 54 st o
stk wgk A
Adle s
mass oscillation) . 2
el st Aol
et om, wek vy

[

D
?1% b
=

oR

rlo

1y

N

Mo

2
3

Al

o,
™
offt
B
i
N
>~

ox
les
o 1=
of X
-
i~
Zoworr
2
o= >
e o o
LU
>
i% %
oy
£ g
D
__vE‘ =
. B
=
N E
Mo
@
O
£
N ot
rlr
oX,
o o
To, Mr
™o
(X
olft
=
i)
rlo

=)
rr

LS.

o7 WNEdle 532533 (multi mass oscillation) & 2 ¢
4

o
>3} o] WA Al ool Jesiele Adujel st el

1@ ol
>

A

I

hu)

)
offt
ol
rlr
rE
Iz

Zi

o
fr
™
offt
ol
ol
rlr
dz
e
)
ottt
o
ot
o
fr
=
o,
ol
ol
rlr
o
H
)
w
32
=

U

u 165Deg 537 8Hz 79 2dB Lx 210Deg 537 8Hz 79.2dB. Lix 255De; g525 OHz 72 0dB uzunD g 537 SHz 718.2dB

2. 2:xehee] AUAEARARN Q71484

\:l



dFol whE e VlEakel wal 3 Aot Al AU EES] Aol v 151

L 2100wz 256 4z 76205 Lix 255Dy, 259 4tz 75005 L 300Dy 25642 76205

| = 1650me 295 v 7570

-

= 76 345

Lz 345Deg 250 4Hz 76 248 Lz 30Deg 250 4H: Lx 75Deg 256 4Hz 76.4d5. Lx 120Deg 250 4Hz 75.8dB.

2 3. Eue JUAEAEAA T A7) 55

£

T Mhng 173 AHz 23 1R T AsTong 1701 TH= A1 AAR

VIV

L 120Deg 177 2Hz 84 44 L 225Deg 177 2Hz 81 8dB.

a9 4 vlelEe) oA EAEA /889

32 AF 3 23t 7 EFIs

240
217.8
220
200 |
N
L 180 |
&
||<:|1_ 160 1
o140 | 130.1 126.4
~N
120
100
80
Sop Ten Bar




152 S 3te A157 A4E (2008. 12)

S <9 59 o] amehwe] WEY|EFH4(2178:99 Ho)E
W, whe] Eh Ha s}aﬂ% al g o) wagew gl BAHeE Aolrt At Aow ekt
o1} (P= 0.03) E1U9)(130.1£11 Ho)sh vhel E(1264584 HOWS A2 v 0€ © eljnch v}
S wahr| e %7} THz 27 5450 BAHOR o3 o] F wolx o} oleje] A
32 nalv.

HF 2 s BT

w
w
ofN
=
e
oty
>
oX,
=
i)
b
B

r 52.5

S ES(%)
o
1S)
O oo o oo ooooo
\

Bar

Sop

a9 6. 4

ofN

EREEEE S

-

T 2 3t A AAHEZES <2¥ 6>9F o] AxEteE 50.942.9%°] 1, H=52.5+3.74%
PRk 1.6%=A UES AL, vle] B2 54.3+23%2 ~Xg =BT 39% o =4 UE
o, HUnThE 18% W %A 450} hxehe, HUY, e Ee] #AZ B Sgugon wa)
NEFARIE e AFlA AUAFEe] BA Uehdo AF BFolA BAHCR FolF 2
o1 molA| ghgkeh.

b

T SEEE AT 24 s WY ANHSES <ad 7> <& 2> A ¢} o] Az
g AA TR Fat 382+6% % o1, A5 7] (AS-Ed)ellM = A3 AA Bt A=
Ao Fit 44.0%0]aL, Tl Aol 352%E e 1o ®
= A FEC] YolAs AdE Btk 2du HUs FASA T (A2-GI)N A= Bt 57.5% =
AA B 73] Hd AUHFERQ] 601:55% ks wkon T 1399 AT (A3-Ad)A =
62.3% %= YEht Ao AdAFERTG T 15 A7dA ¥ 52 AdHEFES Ble bt
2= AR A Wt 55.9+5.7% 2 Skl Adglol Bl dAT HHSES Held
7P =25 (AN YokA = ddE Bl el AF 7 A% oM FAACR

o] =

om e AelE BiAtHp < .0D).

-l> nﬂm i

(N

W

(=09}
=

hal
=20
p

= =

jir

ol
—n



Aol whe W A\ uFseeh wa 8 gehuy

Al AR FES] Aol v

70
65
60
55
i 50
kI 45
40
35.
30.
25.

2(%)

Ao

Oo0o o oooo oo o
T

M
N

A B C# D E F#G# A B

C# D

—a—Ten

‘ —e—Sop

——Bar |

E F# G# A

g 7. A= 4

9% W eEws Be 4udEse) W

153

T2 4 AF W AT M A S 2 Ao Ese W
o Z3Eehi o B B
" ANEEE(%) v AAEEE(%) AUEEE(%)
A3 44476 A2 55.8t5 53.7+5.9
B3 45.0+4.6 B2 55.8+7 58.8+5.5
C4 45.0£5.5 C3 57.846.4 55.4+4.9
D4 43.1+5.3 D3 57.7£6.6 54795
E4 42.7£5.2 E3 59.0+6.2 55.5+3
F4 38.0+3.8 F3 57.1+£4.7 55.0+2.7
G4 37.716.8 G3 59.5+5.2 55.4+3.1
A4 37.1£5 A3 61.4+5.3 54.8+8.6
B4 37.8+7.8 B3 64.4+7.1 56.6+4.9
C5 35.1+£8 C4 62.5+4.1 58.1t4.4
D5 34.1+9.7 D4 61.1+4.3 59.4+55
E5 34.4+6 E4 60.5+3.5 59.5+54
F5 31.3£8.3 F4 64.317.3 54.3+5
GH 34.4+84 G4 61.214.5 57.1+3.7
Ab 32.848.9 A4 63.4+£4.7 50.8+13.1
=i 38.26 bz, 60.1+5.5 55.945.7

A A
o) <29 8>9} o] Al
Ho] FAHORE on] 9l AolE HHL
g Al AU EFEC] 7.6% =A SAHE FAHLR on
E9 A st o 2 Ao AUHFFES Aol 16%E TAALE on]
Hp = 0.19).



154 2238k 7157 A4% (2008, 12)

CQ(%)

2I 2 (P< 0.05) Ef| A4 (p< 0.05) HI2|E(P> 0.05)

O Speaking CQ Singing CQ

a9 8 A4F E EE

wa
i)
o,
>
o,
=
)
B
et

IRFAGE 49 A%, 499 2T, A

i
0
ox
)

o 1t
M

ol
25

9

fe ox
Sl

PL

}O‘l

N

o

0,

o,
= P
N
-
=
N
-
o

Y[

B 0 Boll Suole), AEAN HoF LAAAE 244 A

2
2

=

2

o\
L & ot L

e

2
2

ol

2o
=R oy

)
ol
ol
2
oX
of\
=2
-z
)
ol
ol
rir
U[o
12
o
o
i
ol
ol
~N
E=)
Hd
oX
of\
10
2V
)
=
=
1o
2 8o o

oX,
o

oy

o

=2
R
oX
2 o
il
=)
e
ol
o
32

2
k
i,
4>
2
o
fr
of

i‘i
k]
-
i
[
|m
fr
f
[>
Ky
&
o
>
[

oX,
i}

o] 2E AL "y} nlERE e JE 949
Fd (lower margin)< 79| FHZo] o]Fo]x]

(
Col=s Augue WS
)

B o
e
-
AN P e
1o,
™
ol
o

0%
g
o
fu
2
offt
ol
el

&2
ke
6 N
5 X
o K
o & %0
ox X
o 8

32
iy}
E
i
N
N,

o
X
E
i)
ol
N
=2
Fll-r

1( rlo
fd
dlo
o
e

o
il

2,

O

2

T

L

2,
9
>

Ir

nor
oX, ©

2 (head voice)ol 2} F 2
A A= 1970 N " AlA S 8F3] ol A Hohen(198 )2
(chest voice)¥}
Tate TP o 31'04 %‘?‘éﬁ]

Raq gtk w3 e} vhelee) oz
5 & °l

fol 1t ¥ rlo Ho o X F

o,
=
ol

fin}

-

oX,

o

=)
N

fu

2 L
uj

S Lo
=~
Y
ry Om
rlo Afi
ofl

i

o
i.rlll
rlr
Y

l

toh,

E L

£ o

& o
p

rot
oX,
o
=2
>
ox.
-
o
M
tlo
oot
o,

&z &

3
K=
?L
0
HU
-
.i

o
rir

o
¥
=
8
v
£
r_.oﬁ
>
2
o
fr
oX,
=
ox
)
=
rﬁ
Ol

Rl
ol
ol

P
Qo

ol
£

ol
BT oE W dle
Ml oo M 2 ox Loox

N
=)
i
2
ox
12
29,
_)L .
"
u
fu)
it
4o 0
ox
o
> U

oX FN
2
i)

tlo ll~>
TG
k)
f

o
=3
o
oy 2
0%
p‘L

o oXx
o

H o 8
-
_O|L
<
i
Kl
oz

=2
>
N
N
tlo
M
Ay
o

o

2
e

o o] A F7re] 90% TRl S % dha}y)
= © 2 vebybed], Titze(1994)2] B 110l A
sl 7125 9k57E 164.8 Hz=2 ol At Al o] B o] w8} 7|25 54421 130.1
22 AolZ wylon) utgEe] 9§ 1235 Hz2 ol A9 1264 Hzeb 719 vls=dk 4
Ak By el e} 7 @Faker e At HlE vHAl SAE A AP adAre] 1F e
% oot Foll atvfolA et Hue] wa} VR4t vl ER T b Algle] AEaE 2 H(1149

oX
lo,
oX,
o\
=2
R
ft
o
)
o
N
)
0 o
rlr
>'}L

rr
ooz )

il mlm m

3}
o}

>,\(



155

&e] Aol

=
=

=

O] H]—a

=

=

=
=
=

A e

T

Hzg]_
125.3
LR I;IZ)O]L}
sl 7

]

m@ommﬁb
oiMLM%)
. LoL‘mMrD]
uMegﬂﬂa@E%ﬂ.ﬂ
ﬂzﬁimiﬂlmwouuugo>ajl
u|4a1r JLl.nl @312 ,
@ ﬂn ~ lmvﬁ
ﬂm@ﬁ%gmﬂvﬂ%oﬁ mmm
%Hoﬂm;il,oﬁhn_tu@aodr.lm m%wn
gﬂeg %ﬂeoﬂo _L”ﬂgozoﬁ T o
B OfZL:L@uHm. ﬂﬁHdrHuEgE o
Eg_%._iﬁe%m?mc. ‘«oﬁlbtﬂo,ﬁw 1rE~ B = %
;ﬁxoﬁag »cTwreEoLL;Ai]ﬂ7L3 o T°
T M < W =2 .o LG B o L A IR o))
é%urméA,zaw« geuogoa‘wulﬂ IL)EO,% wﬂag}
ﬂu&ﬂoxﬂo;]eaﬂlxxbooHlﬂAaL%ﬂa}oL ;ﬂ,_w.oﬂr
% qu_ﬁoA\i cﬂﬂ 4Ew _slof@é r
uuoTHouelﬂéTi ﬂ%i}ﬂr.mﬂuo (m«vuwsurmmeﬁﬁ.ﬂr..
iﬁSﬁo]oTHn ﬁoémm@mﬂ ﬁ_h/lATuau:m\&dw]P4]u._defﬂli
ATioaﬂAﬁ.Lsziim{.iomﬁﬂ_ﬂﬂlﬂﬂxﬂ,ﬂmﬁﬂﬂ%#aePr}ﬁoi
oaiia« ﬂafiturmw_&dumﬂuoz.i%,u ﬁoﬂaﬂfﬂu7 Efﬂi
s LmEﬂﬂ%i E%alﬂaEx e ﬂmoﬂa ﬁaqo_a zogeg o
ﬂmm}W%HA»&oﬂ%..imiw,mmuimum..ﬁe.ﬂ.p&}.
A;umi.v.:ﬁf;uffolﬂwmwwﬁlimﬂgﬁ.i
4@3Ag.%fyxwﬂegaﬂﬂ}Ueréam.Tﬂy.a.a.e
ZTWmMM gjﬂri anzﬁb?qro, aﬂm%hﬁo ﬁﬂgmmo;a
u.rJAzooc4 ﬂﬂ.ﬁdﬂpx ﬁa% oEom o &I_E.L Houa_
7A.Mm.gexﬁcEMafﬂurm.eﬂurm&.aMﬂ.arﬂwﬂeﬂqdrﬂ&ﬂﬁﬂ}5xw
ﬂﬂhiégﬂfé b@jﬂﬁo]eg 1#&§%ilﬁ%@ﬂ@dw«
~ OAJ.HO,UIU..U,D.!‘LW oy O,&ﬁ_!,A ﬂJL\/ 1107E.J||7A ﬁEXoX
ua_qo,ﬂ_wrm_ﬂx B ;ﬁeg_o ,%dw*‘wﬂu %HTM Eﬁwﬂ mm.ﬂo
LexmqurmﬁLlfigEqﬂrqxqéurmaacL-wﬂLLﬂﬂ
o o H.o7@».&1&%@@1“%&%qumooaﬂ.euomﬁﬁmﬂ
o a\.lﬁwﬂﬁ qamﬂﬂ@ﬂA&mwme s ﬂjg
_,#ﬂﬁodl A%.X ‘I\oyAOJv ~ ]I,Uloll ‘AOMMO# _;,.,LJO._I‘I]J.O
Jay LIMM £y .io Ao:T__ouEE fluam,Axml.AJﬁﬁ LIHHZ
xumﬂoﬂﬁoﬂoﬂﬂroﬁﬂ\_ﬂﬂ Eé.wr Mﬁ%nnm» TMﬂAﬂ_s] ©
m1aumf@ﬁ4;o§;aﬂ 17;; BVATHEEQ Afzogq&
H.muwrurﬁw.éaﬂﬁ..W%-Z.om.m.f7éﬂ§.a41&%5
h - = — o N S = ],o- T iz
Amaﬂ.m.@lwnu.a‘éurmhﬁx o,aﬂyﬂévrgalruo = NE Vo
,1.?pxlf..w:.;“mw%“.ﬁw.ww:w.wimfz
mEm_ uszuufoEo-wxom_-.o.oSoaAoXﬁ.ﬂ%a7oM4XoT
midrdr u%egmﬂ 1wuuo¥ﬂc4§nno1a ﬁaegoT Z W
m X 2% o)/ W N Eﬂo o U M o N o W ) IS lmuu
LEAMMU%EE]J \1aﬁ\m fﬂ&;l mﬂ;ﬁ.imﬂﬂu K omﬂ
zoucu_lz_. 7xum_n]o 9ouA| 2 4d|o‘_ mﬂ#ei
4a_Lﬂ o;;.mwﬂ ﬁongﬂdLAoﬂlxuu]%ﬂmﬂ iigias
e 5o “awx, zr 2w - ogkawmw ﬂgaégaa
L EOL,oMX]_ﬁleo}Lt(iﬂJlHHoﬂeo%ﬂNOT ALu_ﬂ.oFo,ur
awq.ﬁw.ﬂm..a%maqi;wwaﬂﬁ.w“mﬁy..m
o] v - o X
oﬂmuoxﬂrwummawﬂquuueWﬂ..@xﬁﬂeﬂe7pxﬂoﬂﬁdggﬁ
ﬂba‘ig?;dpéwL4Mnmg %Lﬁqwﬁléuﬂ
o 7o = = At =) dn B N iy — p
muxos,&%w o#nmﬂoﬁ 1Xﬂ3§ Eo#o,ﬁu e
wuﬁmeonwmiE tAuMLdnxu.Emmwowuwrm@
T 2 g mﬂﬂoMV@JEPﬂﬂﬂS Hoé
zu.uﬁ,m o@memr&s}iwm% -2
nmlr9ocmgylmo7aoﬂ% 1lg_sﬂ )
owﬂoﬂﬂoﬂoZoWEmmu_q‘mlmﬂ/lnmoi%
@o@oiﬁgqxnl% i%m?megm
xo_wﬁwﬂw;]mﬂ T 3
g_ﬂ%%mwGeggbw
@Huhu‘#%m@H
o,o|,m|ﬂpl1ﬁmal‘mm,|_lum_h
gwayﬂ
Ao Mo
O#Dﬂ.,MO



156 2238k 7157 A4% (2008, 12)

a3ke] ol Atel 72 A3E Hth Sundberg®t Hogset(2001)+= vlE]ES Aoz 3k A
NAE APHEZESL 3 25 o B} =& S5oA =& AYS nelvty BHise] tE 2
#E Yediglet, 571 $7F @545 5438 AUEEEC] SU8ke A2 gARE AdedS &
THA FEE %F/lﬁ*‘é Zgko] 7] Wil el Howard(2001)2] Aol X 9F Zo] JUlHFELS &

wo] Wa mrhes Zwe] was fae] gvka sk

4ot A AURSEN 4 A AOUFES v EAR0E 9 9 2 HUAEES B
gom HuE B4R ofn g Ee ANREES weon), vES W 9w A 4
% 2t Aolg molal gtk olel@ Aol whe} Lpehbis Fol

g
3wy sdel met debAve, GNHoR A4 W BT urt W & 9w

SR L EESE R
O SES E RN A3 ES Ao dEs] qEd $EE ¥ ASHEE YRS E
o] %2 RO dlguELl g olgHe My A AWASES W A AUASED T Aol B

3 4
woln) g Aoz oo tlald Y FAWE AE AotAg dom oz Ao & Bl

Alku, P. & Vilkman, E. 1996. “A comparison of glottal voice source quantification parameters in
breathy, normal, and pressed phonation of female and male speakers,” Folia Phoniatrica
et Logopaedica 48(5), 240-254.

Cleveland, T. F. 1977. “Acousticproperties of voice timbre types and their influence on voice
classification.” Journal of Acoustical Society of America 61(6), 1622-1629.

Gramming, P., Sundberg, J., Ternstrém, S., Leanderson, R. & Perkins, W. 1988. “Relationships
between changes in voice pitch and loudness.” Journal of Voice 2(2), 118-126.
Harries, M., Hawkins, S., Hacking, J. & Hughes, 1. 1998. “Changes in the male voice at
puberty: Vocal fold length and its relationship to the fundamental frequency of the

voice.” Journal of Laryngology & Otology 112(5), 451-454.



dFol whE e VlEakel wal 3 Aot Al AU EES] Aol v 157

Henrich, N., D’Alessandro, C., Doval, B. & Castellengo, M. 2005. “Glottal open quotient in singing:
Measurements and correlation with laryngeal mechanisms, vocal intensity, and
fundamental frequency.” Journal of Acoustical Society of America. 117(3 Ptl), 1417-1430.

Hollien, H. 1983. “Report on vocal registers. In: Askenfelt, A. Felicetti, S. Jansson, E. Sundberg,
J. Stockholm Musical Acoustic Conference (SMAC), Stockholm, Sweden, Royal Swedish
Academy of Music 46(1), 27-35.

Howard, D. M. 1995. “Variation of electrolaryngographically derived closes quotient for trained
and untrained adult female singers.” Journal of Voice 9(2), 163-172

Holmberg, E. B, Hillman, R. E. & Perkell, J. S. 1989. “Glottal airflow and transglottal air pressure
measurements for male and female speakers in low, normal, and high pitch.” Journal of
Voice 3(4), 294-305.

Howard, D. M., Lindsey, G. A. & Allen, B. 1990. “Tawards the quntification of vocal effiency.”
Journal of Voice 4(3), 205-212.

Houben, G. B., Buekers, R. & Kingma, H. 1992. “Characterization of the electroglottographic
waveform: a primary study to investigate vocal fold functioning.” Folia Phoniatrica
(Basel), 44(6), 269-281.

Kahane, J. C. 1978. “A morphological study of the human prepubertal and pubertal larynx.” The
American Journal of Anatomy, 151(1), 11-9.

Sundberg, J. 1987. The Science of the Singing Voice. Northern Illinois Univ. Press, Dekalb, IL.

Sundberg, J. & Hogset, C. 2001. “Voice source differences between falsetto and modal registers
in counter tenors and baritones.” Logopedics, Phoniatrics, Vocology, 26(1), 26-36.

Titze, I. 1989. “Physiologic and acoustic differences between male and female voices.” Journal of
Acoustical Society of America 85, 1699-1707.

Titze, 1. 1994. “Principles of Voice Production.” Prentice Hall.

Vennard, W. 1967. Singing, the Mechanism and the Technique. Fisher, New York, NY.

A9k 2008. 10. 28
A=t 2008, 11. 29
AAZAA: 2008. 12. 11

A S5=d
NSEEA 2% 146-92
AT v

A #5372
AEEEA =35 146-92
AT~ By AR7F oA HuFA (§- 146-92)
AAetn o gjst oju|A 5z WA FAAdojstd o

q

o]
Tel: +82-02-2019-3461 Fax: +82-02-3463-4750.
E-mail: hschoi@yuhs.ac



