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Aerodynamic Characteristics, Vocal Efficiency, and Closed Quotient Differences

according to Fundamental Frequency Fixation

2 A S

Kim, Jaeock

ABSTRACT

The aerodynamic characteristics (subglottal pressure (Ps) and mean airflow rate (MFR)), fundamental frequency (Fo),
intensity (I), vocal efficiency (VE), and closed quotient (CQ) were compared during a sustained vowel /o/ sound under three
conditions: in a comfortable loudness and pitch level (condition 1), in a maximum loudness level with a fixed pitch (condition
2), and in a maximum loudness level without a fixed pitch (condition 3). Also, multiple regression analyses were done to
measure the aerodynamic characteristics affect on the VE and the CQ in each condition. The results showed the Fo, Ps, MFR,
VE, and CQ increased as I increased with and without fixed pitch. Most notably, VE in condition 3 was the highest of all the
conditions, but CQ was not very high. By the results of multiple regression analysis, VE was significantly affected by I and Ps
in all conditions; Fo was the other main key for affecting VE in high pitch. However, none of the aerodynamic characteristics
significantly affected CQ. As I increases, Fo should be increased by increasing Ps and VE. Therefore, researchers should
consider and specify an a priori to Fo, Ps, and I when measuring VE to examine the complex and delicate vocal mechanism.
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(myoelastic-aerodynamic theory)oﬂ*" AAIE vRe} o] Ao W
ATEY F5o g3l A&ol AMHAA 5F7] AA o)
ARE 517t ARl EgetA HH AEshie] gE(dEst
Qk, subglottal pressure)©] “Fsdte] A7l delA Ha, Ao
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H, °ol& %‘ E%"é(vocal efﬁmency)O] E]—IL ?SFE}[ ] eAES
7] & $40] 42 itk

AU g F7]H(aerodynamic
power)®] HIEE UehH, thge FAd o3 s=dEth

. Acoustic power, watts
Vocal Efficiency = P ~

Aerodynamic power, watts

4 x 7 x 12 x sound intensity
mean airflow rate (mL/s) x subglottal pressure (kPa)

r = distance to microphone (meter)
I = intensity (dB)
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obd uf SAEEFo| Fedte AL AEdtsdol Tt
A oNHAA XN A (potential energy)”} H8HE o
A REPA Y we} S99 5 (kinetic energy)E &3
Ao 7 AT Y(work)S o EM TVUYAEY FTFEH
o] Z7ketAl HaL o|= 3 7= W tHol st HiiA
= w7l wEolu(1][14]. 12 Aule] HHf7t & o]

AAA g AT ARIAUE BTG HriekE AX Y
Ao EFNLIA 2| o] olF7] W] 7% 1) ol
HEE7) ARUA S FESt oA Rtk wetd &
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HELHE ZHY wole 4R A4 AEES 3

A el
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A AxE FAE HEHOE AMESIA o AAY A} FF
A% A 9 AgAES) WEo] glom, =5
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analyzer(PFA: Nagashima Ltd. Model PS 77H, Tokyo, Japan)E
A3 iAol Al @ £o® FE uhal vlo| AR
10cm B3 T FH B2k vl9-23] 2(mouth piece)% -
ol i AdejellA Ag S5 24 AEE IV &
A HEF /9 & A B S 7]Trx17<]
AEE 9 37)E g 1 371938 "l
AJE3F¢(subglottal pressure, Ps)3 HTE7]FE(mean flow
rate, MFR), 18|31 83812 W4l 7]EF 34 (fundamental
frequency, Fo)9} 4 7= (Intensity, NS Z43IA 1L, o]& 9]
23l S a2 &4 (vocal efficiency, VE)E A4St

o]} FAlo ol AE(thyroid cartilage)2] %= T F-of
3 EGGE &3l 7IRAA AEZ s8A7] Ao AudSE
E(closed quotient, CQ)< ZA3IATE EGGE Wald=9] <&
Z i HAFE FRATIL Ao &2l wE 7]
Ae F8she Ao2N, Aoyt A volle ¢F A
o] B3stA ¥ol MFo] AL, A7t WA wfolle Aol
ol AP E olg3te] AERFS dojWozH Hd9
HAE 2 IFFFE & 4 15 CQe= Lx Speech
Studio(Laryngograph Ltd., London, UK)2] SPEAD (Speech
Pattern Element Acquisition Display) ZZ2 1= AZsle] =
Asta 45k
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of Yo 2 =Av 33 ol WEART F 2} 27
sfol A} 71 RFe} o4 AETF £5% ool 38 W &

23 24 U
THE ARE SPSS 20.0& o83k FAGH. BE F
AH 5 A3 Foo

Ao & frolrEd 052 F
27 13 21 2 8 ze] FFE ERlsh] 98] tgxE
t ZA(paired samples rtest)= AAR A, FH 19
Fo(211.58 +22.29 Hz)9} %7 29] Fo(214.12+19.37 Hz)=
oulgt ZFo)7} GIATHr =-.825, p=.423).

Z7A 1, 23 2, 21 30 ©E F719s M (Fo, 1, Ps,
MFR), VE % CQY #}ol= REER4HEA(repeated measures
ANOVA)C.Z Hlwalon, 35 14 {70 g 7 Eﬂ#
3] zpol& AW R 9] 22 A3 7
t AARE AANFAT VES CQE d&dte 37198y axl

o] FAIAIE Fofstr] HallA DAA T3] 714 (stepwise
multiple regression analyses)< AH&-3}$1 T

3.9 A3

3.1 &7 3t Fo ¥l
For &7 1, &7 2, 74 3 2ol #-9u3t zpo|7} AUt

(F=134.398, p<.001). =71 3(377.27+50.90 Hz)°] 71 =3

21

3, 271 28 27 39 Fo 2ol #ould zjo)7) Atk =
-11.629, p<.001<1¥ 1>).

32 27 2+ 1 ¥l

Al 270 & & FAHSE fou|3 2tol7} JAATHF
=153.075, p<.001). I= 27 1(71.06 £4.15 dB)°l A 7} o
gtom, 7 g0 2 27 28029+3.11dB)A =%k, =7
3(89.20 +£5.54 dB)ll A 71 (<9 2> 271 29F 24 3
9 I relle fromg zkol7t AATHe =-7.494, p<.001).
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Figure 1. Fundamental frequency in each condition
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Figure 2. Intensity in each condition
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oty 27 2(94.68 + 5827 mmH,0), 71 3(134.84 + 96.60
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mmH,0)2] £ 2 =t ad 3> =4 29 =4 39 ps 7t
of fFelmgk zol7k AATHe =-3.291, p=.005).
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Figure 3. Subglottal pressure in each condition
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MFR ol FAXMCE Fud 2pol7k UATHF =
4.065, p=.028). MFRS =71 1(127.25+43.04 ml/s)o] 7F4 &
Utk 4> T} =7 2(180.68+ 12023 mls)9 F=7
3(191.87 £ 103.48 ml/s) el frojmgk Afol= FAATHr =-.498,
p=.626).
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x 10°7}F &okow, =7 3(8.57x10°£7.59x 10%)°] /M4 &
o<1y 5> 27 29 =4 39 VEE FYu|g AolE K
Athr=3.961, p=.002).
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Figure 5. Vocal efficiency in each condition
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006). CQ= Z71 1(50.39 £4.45 %)°] 7F @3k, 1 o&o
2 27 3(5539+6.83 %), 7 2(58.05£8.82%)] L2 ¥
kou<ad 6>, 27 29} 24 3 7kl fofu|g Aol YEk
WA 29kt = 1.068, p=.304).
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Table 1. Stepwise multiple regression on vocal efficiency in each condition

R2
z7 SHHS F B E t
TEET O (Adi. RY) p S s p
e -3.807 688 -5.534 <.001
873
1 I 19.250 <.001 064 010 973 6.192 <.001
(.723)
Ps -.006 002 -490 3.119 .009
& -38.592 14.539 -2.654 021
776
2 I 9.098 .004 551 185 577 -2.985 011
(.536)
Ps -.038 010 -748 3.872 002
A -122.495 19.893 -6.158 <.001
I 900 1.366 225 .999 6.073 <.001
3 15.661 <.001
Ps (.759) 074 014 -940 -5.365 <.001
Fo 051 022 340 2.266 045
EPHS 219 gF-3A 4 (multicollinearity) & F1eet7] 9% 3.7 2719 CQel 9= 2%l
I A& (Tolerance) 7t 0.1 ©]38}0] 1L, Variance Inflation Factor 7+ 2% CQE d=317] ¢354 Fo, I, Ps, MFRS =3
(VIF)7} 10 o)dold S 7ke) Ado] dokn oAdn %2 9AZ g3 AEAS AASEoY, ogd zA00A
[15]. = Fou)dk o= 83 myo] YehA st

5 @ur 4—7(}6?7:]] H2a7b 8012 0.1 ool
t7F 1.284% 10RTH Zrobx] S Zhe] o]
A S & F Aok 21 1 VEY dF 29 =¥
Ao g VERFOM(F, 15=19.250, p<.001), =& A
873 %(R*=.873)IT}. 4 7HA EYWHE F 274 1 VEO
< mRE F8 298 [(B=.064)9+ Ps(B=-.006)1.21M, Fog}t
MFR-2 :&Hil%ﬁéﬂw oot e WTERE A=A

Z7 29 AS, FAIAE 47} 8880]U 1, VIFE )
7} 11272 E% A 719 o] glvta & 4 vk =4 2
VES] ¢ 81 By Fog AR UG OM(F, 1=
9.098, p=.004), 2&e] AL 776 %R =.776)%}. 5
HEE F 27 2 VEI 9FE vAE F2 29 1B8=
5519 Ps(B=-.038)1.2.1, Fo?} MFRE 3|7 & o|A f2
3k e MR A LEHATh

x4 3¢9 74 SAAZE HA 56293, VIFZF FHol
178002 =9 ko] o] glta & 4 9tk 24 3
VE9| o= Q& FE frog Aom Uetom(F,, )=
15.661, p<.001), 2¥ 2] &2 90.0 %[R?=.990)4 T} =3
HTFE 5 A= =8 8812 IB=
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