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ABSTRACT

The purpose of this study was to (1) establish a Korean adult normative database for phonatory aerodynamic measures
obtained with the KayPENTAX Phonatory Aerodynamic System (PAS) Model 6600, (2) investigate the intra-subject reliability
of these measures across three testing sessions, and (3) examine the effect of gender on those measures. 170 healthy normal
speakers (70 men and 100 women) between the ages 18 and 49 years participated in the study. The PAS protocol of

maximum phonation and voicing efficiency were conducted and 25 measures were obtained. All aerodynamic measures taken
in this study demonstrated high intra-subject reliability in clinical aspect. There were no significant effect of gender in the

measures related to sound pressure and subglottal pressure. However, significant differences for gender were found for

phonation time, airflow rate, expiratory volume, aerodynamic power, SPL range, pitch range, mean pitch, aerodynamic

resistance, and aerodynamic efficiency. Clinicians should be aware of significant gender effects in some aerodynamic

parameters when interpreting the data obtained from PAS.
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Table 1. Number of participants by gender and age

20tH 30th 40TH =

@4 50 11 9 70

o34 80 16 4 100

% 130 27 13 170
22 AT+ Azt

WFAELS ALl 2AF iehgd oulsy S45eY
& UESIY Aol BAE WA HAS AME e o
PAS Model 6600= ©]-83 57142 AL 5 HodEA
(Maximum Sustained Phonation; MXPH) A9} SAHE&
(Voicing Efficiency; VOEF) A& AT 2t HAE AA|
3171 Zo| A (calibration)d 1.0 Liter syringeE ©]-83l +1%
& ¥4 =5 wgS HAES T

MXPH A& B Ao 24 248 o] 37934
A& SH3E AoR, A g £olg o E 3
el & A B9l F wREFE I Z A4
ntx3E dEd dEsta Heks &
< A

2 o
[oX

=y
fox
oo |r

A AR, olE 33 W AEA

Lo a
e
>
rlr
@
-4
>
N
>

)
[o
£
o
kl
4
oy
N
L
2
2
il
o
S
of

=] 7

e ol &SRt o S AT v EFolE dE
2 #Ae AydA wrRezagzd dAEH e 7o)

q

2 ¥ B WH F vpxaE dEel WHAA Fu
U Apolol SIRA7)T, & B W 2%
Ay 120] B WA 2L FAE FUA BBHE S22
A3l s WESIG O, o F 33 W AP o
BgATE Aokz FuE sl B4 s oAzt A4
B WA A vhazis FHE H§3A 9

A7t pyE AT AEY - JES FEG AE719E A

st

23 A8 B4

B Aol ASE I8 WFEL PAS Model 66002
2 BAs o <FE >0 AL, 4 "HeEsd fAs
PAS Model 6600 ™37 (2006)9 AAT AL IhZ AME-519
o}, MXPH #AoA FHUlSU(Maximum SPL; MAXDB), &4
4% (Minimum SPL; MINDB), 3% (Mean SPL; MEADB),
S 9(SPL Range; RANDB), FA424& Al 32U (Mean
SPL during Voicing; DHODB), & %(Mean Pitch; MEAP), 3
th A4 A ZHPhonation  Time; PHOT), #31137]5F&(Peak

=

27

0x

019

]3]

4

Jor

N HE=9] HAX 107
Expiratory ~ Airflow; PEF), Y 3%7]5F&(Mean Expiratory
Airflow; MEAF), &7]%(Expiratory Volume; FVC)2 Z433% 2
™, European Laryngological Society(Dejonckere et al., 2001)°l 4]
AA G vpel o] o] 33] WHE AT

VOEF A& HS%(Maximum SPL; MAXDB), %+
S%%(Mean SPL; MEADB), f454t% Al B 5% (Mean SPL
during Voicing; DHODB), 3+ %(Mean Pitch; MEAP), &%
$J(Pitch Range; RANP), &7]FA|SAI7HExpiratory  Airlofw
Duration; FET100), 31173} (Peak Air Pressure; RAP), 3+
AE3FY(Mean  Air  Pressure; MPAP), FILE7]FE(Peak
Expiratory Airflow; PEF), %25 7]%F&(Target Airflow; TARF),
% 7] %H(Expiratory Volume; FVC), 4545 Al BHE7 /&
(Mean Airflow during Voicing; MFPHO), 37]% 8K Aerodynamic
Power; APOW), 34 & (Aerodynamic Resistance; ARES), &3
F-&X4(Aerodynamic Efficiency; AEFF)S ZA3%2oH, PAS
6600 ™Y (KayPENTAX, 2006)°] 2]A3le] 59 ®kE3E A
F3re] 33] WHE SAT o B A=A ol 33
53 AL Qs

F79 A5 BAEAL SPSS 20.0™ ZE1(SPSS Inc.,
Chicago, IL)2. 2 A3ttt 7|&FAE o|&3t] Al HA Wt

ol

v
=
I
e
ol
M
r >
S
1
2
X
<
2
(e}
=
<
o
-
of \(
0>~
o
ol

L 9
1o
%
-

Agsga, 78

A
Geisser 4% ke AH8IAT, ER 7 27195 Wes

2 Bkt

Z7 A THF = 5.709,

£ 2}o)= FVCAAMTE 2] u]s1A

UERATHF =3.570, p=.033). 71 9] 2E WFolAs uhE =4

Zpel A 7ol Aozkgd HbE 234 Al wE F
[

E37} ¢19lTh MEADBE 4548 &7 9o Faw) 24

IABAE kst

o
i



108
2. AU APLYMXPH) o)A W 243150
o] WE Frlejstd WySe) M2y Band Az

Table 2. Repeated measures ANOVAs for aerodynamic

parameters as a function of trial and gender in MXPH

MXPH Source F p
MAXDB Trial 288 712
Trial x Gender 1.086 331
MINDB Trial 3.123 .050
Trial x Gender 172 .823
MEADB Trial 704 489
Trial x Gender 5.709 .004*
RANDB Trial 2.718 .870
Trial x Gender .590 .553
DHODB Trial 662 435
Trial x Gender 3.085 .076
MEAP Trial .646 525
Trial x Gender .059 .943
PHOT Trial 361 .697
Trial x Gender 925 .398
PEF Trial .081 .909
Trial x Gender 2.195 118
MEAF Trial 2.007 142
Trial x Gender .370 .667
FVC Trial 3.570 .033*
Trial x Gender .077 913
*p <.05: Abbreviations are on <Appendix 1>.
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Figure 1. MEADBs in MXPH by trials and gender

VOEF Aol 4] Hh&
24 RN A

=7

<3

é]\}\

o} Ao
3>l A5

2aelet SH0s MeA M1S (2014)
o} g 31 FeAE At e Wae <IE 2>9 MPAP
RIAL, T Yol WHE ZA 3ok 4l 71 FEAkge] e W
S5 QAT MPAPE W 235 MR B 3
2 F7Veldal, oA A HACA F AR 24T u Zv)st
Aot I F o ol F718IA EATHE =3.681, p=.029). Bt
= 2A350] gk SAHCR felud Aot YA W
= DHODB(F=8.152, p=.001), MEAP(F=11.151, p<.001),

FETI100(F = 14.321, p <.001), RAP(F =3.849, p=.025), FVC(F =
6.987, p=.00)A™. MPAPE 52§ a7} Qlo a3 &
He AN wstck

S 3. VOEF FHAlolA] % 43159 4
2718 WS wESy EARA A3
Table 3. Repeated measures ANOVAs for aerodynamic
parameters as a function of trial and gender in VOEF

VOEF Source F P
MAXDB Trial 1.817 .166
Trial x Gender 2.358 .099
MEADB Trial .706 419
Trial x Gender 1.079 .309
DHODB Trial 8.152 .001*
Trial x Gender 1.402 248
MEAP Trial 11.151 <.001*
Trial x Gender 1.051 .340
RANP Trial 217 .805
Trial x Gender .044 957
FET100 Trial 14.321 <.001*
Trial x Gender 976 362
RAP Trial 3.849 .025%
Trial x Gender 1.734 181
MPAP Trial 6.071 .003*
Trial x Gender 3.681 .029*
PEF Trial .568 .555
Trial x Gender 267 750
TARF Trial 2.808 .069
Trial x Gender 2.331 .106
FVC Trial 6.987 .001*
Trial x Gender 2.730 .068
MFPHO Trial 2.563 .080
Trial x Gender 2412 .093
APOW Trial .824 424
Trial x Gender 2.111 130
ARES Trial 1.632 202
Trial x Gender .840 411
AEFF Trial 2.449 101
Trial x Gender 2.957 .067

*p <.05: Abbreviations are on <Appendix 1>.



KayPENTAX Phonatory Aerodynamic System Model 66002 0

8.5 } 1st trial
+ 2nd trial
o) I 3rd trial
T
E 8.0 T
= |
o -
32 o
& 7.5 N
o : 1l " T
< H : |
o i ; I
E| : 5 i
w 7.0 i : I
S P
> i1
6.5
T T
Men Women
gender
T3 2. VOEF FA|o|A AE3 k& S8 3140
w2 A ESHH(MPAP)
Figure 2. MPAPs in VOEF by trials and gender
3 4. MXPH Aol A whs S4 3] we
27198 Wase 247
Table 4. Aerodynamic parameters by trial in MXPH
H  Gender Trial 1 Trial 2 Trial 3
Mxi M (SD) M (SD) M (SD)
MAXDB Men 84.06 (4.41) 84.02 (4.34) 83.68 (4.53)
Women 82.45(451)  82.85(4.58)  82.86(4.65)
MINDB Men  64.28 (10.71) 6624 (9.14)  66.74(9.12)
Women 61.79 (10.52)  62.70 (8.01) 64.09 (5.94)
MEADB Men 79.22 (4.16) 79.09 (4.65) 78.74 (4.67)
Women  77.70 (4.46) 78.25 (4.47) 78.55 (4.46)
RANDB Men 19.77 (10.23) 17.78 (9.07)  16.93 (8.86)
Women  20.21 (8.52) 20.14 (8.63) 18.75 (7.06)
DHODB Men 79.47 (4.21) 79.12 (4.66) 78.78 (4.68)
Women  76.95 (8.81) 78.30 (4.48) 78.56 (4.47)
MEAP  Men 121.70 (17.51) 121.36 (15.12) 120.39 (15.17)
Women 219.49 (17.84) 218.76 (19.65) 218.49 (18.55)
PHOT  Men 20.82 (6.02) 20.73 (6.21)  20.61 (6.54)
Women 15.21 (4.54) 15.81 (4.19) 15.77 (4.32)
PEF Men 0.30 (0.13) 0.33 (0.20) 0.36 (0.18)
Women  020(039)  0.19(027)  0.15(0.11)
MEAF Men  0.15(0.07)  0.15(0.07)  0.16(0.07)
Women  0.08 (0.06) 0.08 (0.06) 0.09 (0.08)
FVC Men 2.87(0.97) 2.94(1.12) 3.01(1.11)
Women  1.19 (0.89) 1.23(0.8) 1.30 (1.00)

M=mean, SD: standard deviation; Abbreviations are on <Appendix 1>.
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Table 5. Aerodynamic parameters by trial in VOEF

X =%
= =

VOEF  Gender Trial 1 Trial 2 Trial 3
M (SD) M (SD) M (SD)
MAXDB Men  83.52(3.58)  83.46(3.60) 83.67 (3.52)
Women 82.08 (4.39)  82.61 (4.43) 82.39 (4.48)
MEADB Men  81.50(3.68)  81.66 (3.60) 81.05 (8.70)
Women 80.25(4.20)  80.74 (4.37) 80.71 (4.53)
DHODB Men  81.50(3.68)  81.66(3.55) 81.92 (3.52)
Women 80.25 (4.20)  80.76 (4.35) 80.72 (4.54)
MEAP Men 122.09 (14.23) 123.58 (13.88) 124.29 (13.53)
Women 220.09 (18.47) 220.52(20.27) 222.65(19.71)
RANP  Men 6.08 (3.35) 5.95(5.03) 5.38 (3.83)
Women 12.81(25.37) 13.27(2591) 11.63 (23.50)
FET100 Men  0.78 (0.23) 0.74 (0.22) 0.72 (0.21)
Women 0.77 (0.23) 0.76 (0.20) 0.74 (0.19)
RAP  Men 7.98 (1.86) 8.14 (1.59) 8.39 (1.79)
Women  7.58 (1.62) 7.60 (1.75) 7.66 (1.82)
MPAP Men  7.20(1.73) 7.33 (1.53) 7.71 (1.53)
Women  6.98 (1.59) 7.05 (1.72) 7.06 (1.84)
PEF Men  0.26 (0.18) 0.25 (0.16) 0.24 (0.13)
Women 0.10 (0.07) 0.10 (0.06) 0.10 (0.07)
TARF Men  0.19(0.09) 0.18 (0.09) 0.18 (0.09)
Women  0.08 (0.06) 0.08 (0.06) 0.08 (0.06)
FVC  Men  0.14(0.08) 0.13 (0.07) 0.13 (0.07)
Women  0.07 (0.05) 0.06 (0.05) 0.06 (0.05)
MFPHO Men  0.19(0.09) 0.18 (0.08) 0.18 (0.09)
Women  0.08 (0.05) 0.08 (0.05) 0.08 (0.05)
APOW  Men 0.14 (0.08) 0.13 (0.07) 0.14 (0.08)
Women  0.05 (0.04) 0.06 (0.04) 0.06 (0.04)
ARES Men 60.34(93.73) 63.78(78.24)  70.82(97.28)
Women 162.07 (172.26) 167.91(184.48)  165.31 (169.57)
AEFF Men  255.81(306.30) 245.71(188.77)  249.27 (189.08)
Women 673.11 (824.57) 821.64 (1044.49) 850.30 (1251.58)

M =mean, SD: standard deviation; Abbreviations are on <Appendix 1>.
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Table 6. Differences of aerodynamic parameters by gender in MXPH

o el we o]

Current Study Zraick et al(2013)’s Study
MXPH Gender M (SD) Median 95% CI Min-Max Range M(SD) Min-Max Range
(Quartile Range)
MAXDB Men 83.84 (3.91) 83.33(5.41) 82.91-84.77 76.20-93.97 81.14 (4.66) 77.00-94.36
Women 83.02 (4.38) 83.01 (5.52) 82.16-83.89 72.95-93.75 82.98 (4.96) 71.44-93.98
MINDB Men 66.27 (7.65) 67.31(9.34) 64.45-68.09 45.22-81.57 59.92 (7.31) 36.27-74.72
Women 63.53 (5.48) 63.97 (7.29) 62.44-64.62 46.86-74.65 62.32 (8.35) 36.55-71.97
MEADB Men 79.21 (4.19) 79.06 (5.18) 78.21-80.21 68.17-87.57 76.47 (5.56) 69.07-90.16
Women 78.49 (4.41) 78.69 (5.74) 77.61-79.36 67.08-90.30 77.74 (5.46) 65.39-90.56
RANDB Men 17.57 (7.20) 15.38 (9.20) 15.85-19.29 7.01-46.06 21.22 (11.45) 8.62-49.67
Women 19.58 (5.92) 18.94 (7.77) 18.41-20.75 7.80-35.09 20.66 (7.86) 9.04-55.80
DHODB Men 79.31 (4.26) 79.08 (5.74) 78.30-80.33 68.16-87.57 76.59 (5.75) 69.79-90.24
Women 79.50 (7.81) 78.75 (5.81) 77.95-81.05 67.09-133.53 77.84 (5.37) 65.42-90.57
MEAP Men 122.35 (15.60) 122.13 (17.88) 118.63-126.07 82.02-168.84 114.22 (11.93) 92.71-195.99
Women 217.81(18.60)  220.13(26.77)  214.12-221.51 165.23-249.63 212.53 (23.14) 158.57-259.79
PHOT Men 21.15(7.11) 21.27 (9.96) 19.46-22.84 10.68-47.74 21.89 (5.99) 9.89-32.84
Women 15.82 (4.33) 15.19 (6.57) 14.96-16.68 6.77-28.20 22.00 (5.74) 5.25-28.96
Men 0.31(0.13) 0.31(0.18) 0.28-0.34 0.08-0.69 0.29 (0.17) 0.06-3.54
PEF Women 0.17 (0.20) 0.14 (0.10) 0.13-0.21 0.02-1.81 0.23(0.11) 0.03-1.76
Men 0.14 (0.07) 0.14 (0.10) 0.13-0.16 0.03-0.34 0.14 (0.08) 0.04-0.43
MEAT Women 0.09 (0.09) 0.07 (0.10) 0.08-0.11 0.01-0.71 0.13 (0.06) 0.02-0.26
FVC Men 2.84 (1.11) 2.91(1.56) 2.57-3.10 0.43-4.84 2.85(1.46) 0.49-5.87
Women 1.27 (0.85) 1.08 (1.49) 1.10-1.44 0.14-3.34 2.71(0.98) 0.20-3.75

*p <.05; M=mean, SD: standard deviation, CI: Confidence Interval; Other abbreviations are on <Appendix 1>. The data of Zraick et al(2013) are from

18 to 39 year-old data.
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Table 7. Differences of aerodynamic parameters by gender in VOEF

Current Study Zraick et al(2013)’s study
VOEF Gender Median . .
M (SD) (Quartile Range) 95% CI Min-Max Range M(SD) Min-Max Range
MAXDB Men 83.57 (3.46) 83.97 (4.90) 82.74-84.39 72.92-90.92 81.31(3.90) 72.50-89.12
Women 82.40 (4.28) 82.57 (6.62) 81.56-83.25 73.21-90.98 82.57 (3.50) 72.06-88.16
MEADB Men 81.43 (4.69) 82.19 (4.74) 80.31-82.55 54.86-88.69 77.00 (4.69) 66.88-86.76
Women 80.61 (4.27) 81.10 (6.16) 79.77-81.46 72.21-89.73 78.12(7.93) 67.74-85.56
DHODB Men 81.72 (3.50) 82.19 (4.75) 80.88-82.55 70.90-88.69 77.02 (4.68) 66.88-86.76
Women 80.63 (4.27) 81.11 (5.99) 79.78-81.47 72.21-89.72 78.73 (3.93) 67.76-85.56
MEAP Men 123.39 (13.66) 125.14 (15.06)  120.13-126.65 93.18-166.68 121.11 (21.01) 81.78-159.28
Women 221.19(18.89) 221.75(29.25)  217.44-22494  163.32-253.70 | 195.52(27.95) 132.78-241.76
RANP Men 5.78 (3.31) 4.66 (2.86) 4.99-6.57 1.64-17.97 20.73 (22.59) 4.90-80.92
Women 12.51 (17.95) 6.40 (4.11) 8.95-16.07 3.06-109.39 35.05 (35.24) 7.35-159.09
FET100 Men 0.74 (0.21) 0.68 (0.22) 0.69-0.79 0.44-1.40 1.37(0.35) 0.62-3.03
Women 0.76 (0.19) 0.71 (0.24) 0.72-0.79 0.42-1.68 1.34 (0.42) 0.72-2.35
RAP Men 8.24 (1.69) 8.34 (2.17) 7.83-8.64 2.97-13.18 7.55(2.24) 4.64-16.41
Women 7.62 (1.61) 7.58 (2.38) 7.30-7.94 4.24-11.28 6.65 (1.96) 2.60-11.17
MPAP Men 7.48 (1.57) 7.76 (2.05) 7.10-7.85 2.82-12.00 6.08 (1.65) 3.59-11.43
Women 7.03 (1.59) 7.00 (2.46) 6.72-7.34 3.80-10.38 5.57 (1.72) 2.52-8.68
PEF Men 0.25 (0.13) 0.26 (0.14) 0.22-0.28 0.02-0.86 0.42 (0.38) 0.07-1.42
Women 0.10(0.06) 0.09 (0.09) 0.09-0.11 0.01-0.36 0.19 (0.10) 0.05-0.41
TARF Men 0.19 (0.09) 0.20 (0.11) 0.17-0.21 0.01-0.40 0.15 (0.09) 0.01-0.38
Women 0.08 (0.06) 0.07 (0.08) 0.07-0.09 0.01-0.29 0.11 (0.05) 0.02-0.21
Ve Men 0.14 (0.07) 0.13 (0.07) 0.12-0.15 0.01-0.34 0.21 (0.15) 0.01-0.61
Women 0.06 (0.05) 0.05 (0.08) 0.05-0.07 0.00-0.23 0.17 (0.12) 0.03-0.50
MFPHO Men 0.18 (0.09) 0.19 (0.11) 0.16-0.20 0.01-0.39 0.12 (0.05) 0.01-0.37
Women 0.08 (0.05) 0.07 *0.08) 0.07-0.09 0.01-0.29 0.11 (0.05) 0.02-0.21
APOW Men 0.14 (0.08) 0.14 (0.12) 0.12-0.16 0.010-0.380 0.09 (0.07) 0.01-0.25
Women 0.06 (0.04) 0.05 (0.05) 0.05-0.06 0.010-0.220 0.06 (0.04) 0.01-0.18
ARES Men 64.59 (86.90) 40.20 (25.16) 43.86-85.31 14.61-658.75 52.60 (30.31) 17.12-679.14
Women 164.33 (171.85)  110.62(123.25)  130.23-198.42  26.36-1,047.10 | 55.18 (30.64) 2.19-289.59
AEFF Men 247.83 (215.55)  184.74(209.25)  196.44-299.23  50.43-1,537.13 | 45.81(21.37) 22.94 -244.56
Women 782.77(976.97)  362.70 (857.74)  588.92-976.63  48.40-5,786.12 | 103.66 (57.29) 13.12-1,038.30

* p <.05; M=mean, SD: standard deviation, CI: Confidence Interval; Other abbreviations are on <Appendix 1>. The data of Zraick et al(2013) are from
18 to 39 year-old data.
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(MPAP)o| T} &3} A HyE JESRS
2 AolE HolA] grol (S AHA BT u ¢ A
shehe Ao ARl FAH AtEETE AS & 4 3
L OlES 77 AW, HSte] Bk MXPH FA| 4
G5} ofAdo] Z+zt 83.84 dB, 83.02 dBR T, VOEF 34 o) A
Z}7t 8243 dB 80.61 dBE F A BT AH 7he| Aolrt
Atk Zraick £](2011, 2013)9] Aol FHogk didA F
18~39419] A 43219l a9kl HHgE MXPH A A
WAdo] 81.14dB, J4do] 82.98 dB°ISl1, VOEF IHA|oA&= Z+
7t 81.14dB¥ 82.57dBE & @?9} FARE FAE Bom,
Goozée 2](1998)9] AFAAE Ao WE zpo]7} AT
TS VOEF A4 S48 B4 E3Id = FA47 o4
Zol7k REH, AL 748 cmH20, 142 7.03 cm H20%
o} ©]= Aerophone IIZ HAAZEIINES SAHT AAT ¢
(1997), Goozée ©](1998) & Hiss £](2001)2} PAS 66008 ©] &3
Zraick 2](2011, 2013)2] 79} LS AHA=E, 10~69412] 4
Qe tioz B A4 9(1997)8 ATE GAT ojxo] Z+
4.1 cmH203 3.5 cm H209 3L, Goozée 2](1998)2] 20~304 ol A]
YA oJAL 7} 934 cm H209} 6.73 cm H20, 314041 6.56
cm H202} 7.9 cm H20, 41~5041= 7.86 cm H209} 6.2 cm H20Z
ol5S We oA ¥ Aol= flem, Hiss 21(2001)
o] AFE 2039494 A} oJ o] 7t 6.34 cm H20, 6.31 cm
H20°|30t. 18~894] )& o= 3 Znick £1(2011,
2013)9] AFelA= FAol 6.08cmH20, 9/43°] 5.57 cm H20
2 3q 7] zpol7t glith 03%1~u}13} B Adwstde] 4
E0] O olfre At v 4 EE A s
9] polellA] 71 Aow HATH %E*év‘i—%POLOI @47 o
A Zhell zol7t e A ATE(Awan et al., 2010; Bernthal &
1966; Statholopoulos, 1986)=

® ooz QoA

Beukelman, 1978; Subtelny et al.,
Ao o] AFENME B dEstee] E83 oA ko] H
 Z0)7F 1em H20 HeJE 2 Abol& UEREA] it
= J—q.;q]oﬂ/q o] oo HlE] =& FAFHS Hel U9y
H A2 U(MINDB), HNAALAZE HuAHE
#HE BE WeS(3IL57]FE(PEF), B¢
37158, BV FE(TARF), Fds 2HEA HHF37|7&
(MFPHO)), 3717, %7l°ﬂ§}(APOW) 10} o] FellM Hoid
12
=]

_E

o
v.—:'_ .
&

AR %, 9Ado] 1582 =tk FAdo] o
/doll w3 HhA %E‘é/\lml 70 ol EAe] o3 miE|
He| gy H&gFo] 2717t 7] W&o T(Schneider &
Baken, 1984). ©|& T2 HAPATE vlws)] B, A3F 9
1997)7F AAIRE B 208 =, A4 172 22 o] 4 &
AT Aol FABIATE 12 Zraick 21(2011, 2013)2] 18~39
Al G 2189 2, AHL 22 22 Ao 2 xo|r} ¢,
Ao Aol B Ao 3 =& FAE 2Tk oHT
atolE= AT FAg tidAES d¥ EXo| ©E Aold F

Ao

,_.

B2 AQI9 BI|HEA #HAS0 FHAX 113
= JARE FF AT At AA 7] AlA F27F D A
she HE 7ol SFAY AolodlA zEE AL ol A7
Hth MXPH #A19] 371%S B <iF 6>, 94 o7]%F ¥
TS B 7284 Liters)®} Zraick £)(2011, 2013)2] A7+23}
(2.85 Liters)$} ztel7} Qe W, o8 B AFoA 1.27
Liters, Zraick £](2011, 2013)= 2.71 LitersZ A %Qle] &7]gfo]

SEAo s 28] o] =oE Ae o & Utk olH 3 Aol
7} B AT} Zraick 9)(2011, 2013)2] AE zhe| Hjdzhd
AN Aol g ZHBIA L, 1 A G 719 Ao|E ThEA

Vet Ao2 Hlt)

HHES/|FE€ HIERES MXPH FAGA  EAol 014
Liters/sec, ¢J4d©] 0.09 Liters/sec$i1, VOEF A9 A 57]HF
&9 HFHE dAdel 0.19 Liters/sec, 43©] 0.08 Liters/secZ
T A BFolA el oAl v wheH, ol w9
AT 9, 1997)014 BHFE7]F8°] F49(0.17 Liters/sec)
o] o§4(0.13 Liters/sec) B.tt ETHtE ARes TUsith 29
o2 A= HEF He g9, 7IFE oleATE

&¥(driving force) ¥ olz} Y& =7], AAdTe =71
S BEE SFAI FFAY A e Aeolz ) TU1F
2 Aol oMol Hls] okl dFTtHAwan & Alphonso,
2007; Isshiki & von Leden, 1964; Goozée et al., 1998; Higgins
& Saxman, 1991; Holmberg et al., 1988; Holmes et al., 1994;
Netsell et al., 1991; Stathopoulos & Sapienza, 1993; Wilson &
Leeper, 1992). TRk Zraick 212011, 2013)2] 7-ollA& MXPH
A HFE7) 7] YA 0.14 Liters/sec, &4 0.13 Liters/sec
2 o]E zbo] Ao)7}t §il oy VOEF FHAo) Ao HHE7|F&
o] JAl-& 0.15 Liter/sec, 942 0.11 Liters/sec 2 B4l o] oAl
HlE| & FX& B oloks AWEA Goozée £1(1998)0
A= VOEF A9 £4 57| 7-80] JHol| w2} A2z 2}
o|7F Itk 1y o] AFlME 74 dFdEE FU|FEe
BHke By ol A A7t S & & Ank 7
el A A7t Fell=: EFsta SAHCE Aol7t N
| olfE oint= FA EAHHOlA ZIdE ZoE Helth
Goozée €1(1998)°l14 o] ATellxe 483 67] AFE 1o
B3 o] AR S Aoz A Zhel| BAA 79
njAdo] gl Ao g BAH 7 2o}

VOEF #A¢] &7]198k2 dgo] 0.14 watts, 8L 0.06

watts = o] ool wls] = TV %“_*3%3}%

%} Z,:‘]_‘C_ 1/1-/\40] pESe N
’““Mﬂ Tk “%011 e AEskee] Afole ey £H T
715789 AolE BRI Zraick 212011, 2013)9] AFANME &
AHoz Foudt Aol filoyt T71gste] Hagho] FHA
0.09 watts, <14 0.06 watts2 ©]5 kol o]zt T Tt
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(1998) M= F7148to] Ao ulel zfo]E HolA gt
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AEATe] gk Il 645 9dyne sec/cmS, 44
164.33 dyne'sec/omS= o/do] Egho} o
of EFHUAT}F WA Ukttt AEATES
2o HEIAE Z7]FEE e #(Smitheran & Hixon,
1981) 0.8 o&atm, B ATl &g B oAl
H goll vl ofgo] o} o4d9
Wilson?} Leeper(1992)2] A4+ A3}
o} =) I Goozée £1(1998)2] ATl &3St
I 37]FE0] AW Ztoll Zfeolrt glol AEAEe] 4ol wE
i

FAEEARL Fo] 247.83 pp.m., /3] 782.77 p.p.m.°]
3, AEAGT A Z oA 7o) Wolrt Yk SAE
e 2 (acoustic power)S F7|HstoZ Yo 4HE3)

1, =

(KayPENTAX, 2006)2.2, & AE34 2 57|78
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2 $F9sk(2 o) 42T A SA4EEAH o &
T Aok Goozée £1(1998)9] ATolA FAH Ao SAHEE
e 2 203041914 96.7 pp.m. 3 32.7 pp.m., 31~40A= 81.2
41~5041= 40.9 pp.m.3 37.3 pp.m.
o]} al, Zraick 2)(2011, 2013)& FAdT j4do] Z}+ 45.81 p.p.m.
7 103.66 pp.m.OE F AT BFoA AE o] BAAHOZ
frojug ztole Yoy HigholAe Aolg Btk =&
T AT BT ZEHAY el A e B AT vzt
e A& & F Aok o1F2A 371
A8} SAHEEAY T ol A T Wolde] & F7HEHH
HPEL HAFEY T3k (median)S A3 F= Aol Foh
1 3FTHAwan, 2010). ©]ol £ AFdAE <&E 5>} <E 6>
o ZF 371983 WrEe] FAUA AT, 95% AT
34 HAFHY FAYE A A
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PASE o]&3td 4%t Aol FEEE 37984
EAS AvET B AFe vugozy Figde EAS
F 4 gebd # gls Aol

Ahn, S. Y., Kim, H. S, Kim, Y. H,, et al. (2003). Comparative
evaluation of electroglottography and aerodynamic study in
trained singers and untrained controls under different tow pitches.

Phonetics and Speech Sciences, 10(2), 111-128.
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Heerg oFA} & A9
Maximum SPL (3 thS-%}) MAXDB dB HE WA Hole
Minimum SPL (3485 MINDB dB HE HolA HAie 3t
Mean SPL (B MEADB dB He el A By
SPL Range (&4'H%) RANDB dB W] oAl Hrheela H4e9k 7he] 2jol
Mean SPL During Voicing DHODB dB HE oA F459 BasY 8 4852 S534(Pitch
(FAS & A BTt contour) FollAl 4440 e FEI BH3I Z2AHH
Mean Pitch (HH#S%) MEAP Hz HY HolA FAFAA AEd Asdd 55
Pitch Range (&%) RANP Hz B Wl A HASST HoiSet 7He] Aol
Phonation Time PHOT sec He UldlA fA50] A4HE AlIZE
(FHN A LEAT
Expiratory Airflow Duration FET100 sec HE WollA 3 &7|F 7IZE o] SMsE WA 57] A
(B71FAIEAIRY olu
Peak Air Pressure RAP cm H,0 HAuAREEYS SATEAH ZEEFN F23 HEE AR
FAAESD ek = (Air Pressure contour) H$] WollA s s I o] &
4 FLEE (burst) FolA TEEE M =2 4
Mean Peak Air Pressure MPAP cm H,O B ES L 24 E%’“ ZZEZNAN Fo3 HER S
(BB &) AzoA s} e T o) SHoERYH doljxl BE HiE
FE9 4 Jé‘#%k TheF shte] AsoA & shute] St gk o]
EABIAY e Sivke FEFer APt PydEst
e HuAESUAY Y
Peak Expiratory Airflow PEF Liters/sec HE WA B2 Hi FH 57/
HLZF9)
Mean Expiratory Airflow MEAF Liters/sec S7)F%E 37 08 e
(BH57178)
Target Airflow TARF Liters/sec RATI)REL oA {4 BHY FAIIRERE FHEE
(FHZ778) < AE&H Aol o3 " A7 HWH elA 7]—v—7<]°ﬂ °J3)
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FHSFES AE o AR SAEEHGAE SR 4
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ol 45 Hsl AFE. o] MY W sU1FEe Hgkol
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Mean Airflow During Voicing | MFPHO Liters/sec He oA f450] AEHe 59U AA 3719 He=3A
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Sy
Aerodynamic  Power APOW watts 71982 S4EEY ZEEZA Fa3% HFE, F7|9ES
(371493h BT, 2571 RS 9 0.09806S 3 B
Aerodynamic  Resistance ARES dyne - sec/em’ | AEAEFS ST EA EEE*OI]H o ATE, AEATS
(B2 BAATYS FHSV|REE Y F 09806.2 F3F 4t
Aerodynamic  Efficiency AEFF parts per SAHEEANLE SHE SN ZEEFZIA FR3 AFE, SAHES
(EAREEA) million AL 2& 3k Acoustic Power)= 3714 SH(Aerodynamic Power)°
(p.p.m.) 2 Wi g 239she 1.4137*107%10M4PP %) 11 MEADBE &

Ho7|7&S SA3] S8 2R ARANHH 2 A B
Q+=41(Sound Pressure contour) S ZHE AL HFY

Reference from KayPENTAX (2006). Instruction Manual for Phonatory Aerodynamic System Model 6600.




