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A Comparison of Aerodynamic and Acoustic Characteristics Between Single
Notes and Singing Notes in Professional Female Pansori Singers
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Purpose: This study attempted to discover differences in acoustic and aerodynamic
measurements by comparing single notes and singing note of a female Pansori singers
regarding their vocalization techniques, which is based on '"Tongsung'. Additionally, the
study also tried to determine whether differences in the diagnostic usefulness of each
measurement exist. Methods: Seventeen professionl female Pansori singers with an average
age of 33.24 (+4.85) participated in the study. The running speech protocol of the
Phonatory Aerodynamic System Model 6600 (PAS); singing zone in the scene where
Simbongsa opened his eyes /Ye/ (A4, C5, D5); and single note (A4, C5, D5) were
compared respectively. A Wilcoxon ranked sum test was executed using SPSS 20.0.
Results: There was a significant difference in the range of sound pressure at A4. Second,
there were significant differences in the sound pressure range, mean pitch, and mean air
flow rate at C5. Third, there were significant differences in mean sound pressure, sound
pressure range, mean pitch, mean air flow rate, and air flow volume at D5. Conclusions:
It was found that the vocalization of 'Tongsung' used by female Pansori singers was more
dynamic in singing notes than in single notes. In addition, the variation of the note
according to variables suggests that external factors such as rhythm (jangdan), scale
(‘gil), and tone (‘seongeur’), which are emphasized in traditional Korean music, may
affect the evaluation of vocalization. Therefore, it is necessary to present the vocalization
of Tongsung conditions carefully considering the unique musical structure of Pansori in
the research design for Pansori singers.
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7, 35T 22 oF 84t I WUl s v 5 A2 AARITE mEbd wae 54
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.M 2

AR 4 ARARD TAE Tt ARgslE B S
=2 AEoKITn A AdREeE SRS AXske Al
UelH(Hong, 2011), %40 s us 9 Adf 9 st
Zo] Fa1 FAoIA7F ZA YerdtHKim, 2004).

E9], Btady 7 Ao OE At =5 2Es] 9
sto] WIZtE i A oE AESY 20| ojFojXn A

HEE w9 24E fAcks ME Vi Jun g
WA 7lee & v B S43Q A 9 2= Wst
7b 8=, 7o B3t YRt AESHdE st /A5t
=8 o232 7HAA "ok ol whet waE] 74Tt 7k o
= ¢ AT 5% Sk HeolA Aol oE HEcidTt Add
BHE 2 yAYo] olFojAY, FHEE= EFHoE ZEEit
(Hong et al, 1996).

Noh 5(2001)9] A+ Z2¥E TEAH wAY 714 Jodt o
gl Ao, MITE Vi Add guil JoE 47 AEsid
710l |t Alel7t glom, WXtE Thge FHekm dRiel
A 7ol |k, 2%, I7)FEA fott Zol7t e A
Huma qlth & AR 7159 ARSI 9o s gkl
A Hoh gofelA WA AR ot 29 A2 ek
Aol 7} it

olfgt S ¥ F7|9sH Brk= WA E3Kvolume), 71F
(flow), &=(pressure), 2k(pitch), Zx=(dB) 5= =452 (Joshi
& Watts, 2016), AE7ke0] 1551 9 E/o]| ofg] ©AE AT
gtk ol FE WE Tl TS dieR At ST,
Titze(1989)= FFHo = 7t F7Iotd S5k S7FskAqE Hit
E 75 SR 9ol =2 |k At Arodz 4] 2719
mE 72 Wit §lE 4 it B siginh ol ke
AHos AgEsiolol] wet 2AERTE o]ow i, 71Es

o, S0 FH 5ol YeiiE JFE HE 4 SEE Bl o}
AtHGramming & Sundberg, 1988). E3t 72 H|UollA 3t 2Ek
B w9l 712 Fuirt S7FE o ARSI F it = AR
Sofo] T H7h W, BEe] Wik 39 %7t 8-9dB S7tet
= 7208 B QJtiSundberg et al., 1993).

I3 AR 7Y 2% 9 371998 SA4E7e 9 A
Aol mEh dut Fof, |k 3, &, TP S AIBE
24 S AAst ok WA gEk Ftouf Wk o8
AR AFES AWEY FE AR 7k, Rl 54 A%
AL Aoz AYsta ckKaneko et al., 2019; Mercer
Lowell, 2019; Ravi et al., 2019). o] d+EL2 7} &8
| Guklet SAAEAY 553 F/ vX= 3840 &3t
£ Husia Stk wiHo| 933 TP *]63 o AFES F
2 A7 1R3 g E4S Haske Ytk(Cleveland
et al., 2003, Kirsh et al., 2017, Nandamudi & Scherer,
2018). HTE 7kE HidoR A" Sl AHAhn et al,
2003; Choi et al., 2006; Nam et al.,, 2004) 94 HE 7}
/\4 dEd, 47d, 49d 35 ¢ E%ﬂx—’] ‘—E.Ho Hust
o, AR 7Y 1f3 v E4 St Park
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AT,
SHARE gaE] 77t ARgShe 54 20l dstel W&o At
dito g 1 E544S mefsof SEetAl, otdd 7Hd=ollA
ol el # }OWE =] o7k Qi wae] At
/32 Wi SolA vz A= de &
de] gt ghe FE 4F, #AaTe 7|20 H
, = HekE FAI %F—’ vz deyls 47 S A
‘WHong 2011). SAl°l BaTole A, 24, A= &2
7} ‘”‘“Eﬂ(Baek 1979) = % ool At
A 58
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2. AN

o2t RS 2% 9 3719eH B4 5] Slsk
PAS 6600(Phonatory Aerodynamic System, KAY electronics,
Inc)& AMESIch W4 Hrle A4St Z2EZ(running
speech protocol, RNSP)lIM AA[SII=T, A8a} oA 4
ek 295 2k, 7% I RHE 35 7|50l gigt JEE o
52 & V] "otk F719eH WS4E Byt 7]F-E(mean
expiratory airflow, MEAF), 27|%expiratory volume, FVC)<
Z7g5l1L 2R WE Bt S(mean pitch, MEAP), 2% 1
A(pitch range, RANP), Hat 2%(mean sound pressure level,
MEADB), 2% 9 (sound pressure level range, RANDB)E &
Aottt RNSP  Z2adoA  FHoig7|¥(maximum  sound
pressure, MAXDB)T} 11 57]15F8{(peak expiratory airflow,
PEDZ AlgstAeE 22 oA 59 A, Y =9 @23t 7t
oo EANotEE ool I 9, Sk, 7Rl Wt ESFAE
ofn] QA ESkTh ERF 7IE 5= AAEE Nam 5(2007)2] &l
A @A e 71e0] 84 Aot 2EE Bt sidled, "R
A2 gotol Wt SHAE AL Qick

3. 48 Hx

g B7ke &go] SAE H-star 2835 HAolA AAlst
Aot 7P wAY AR F ASA vEe tEeE AAS
of HEANA vl FHIE DI 7PRHTE 2)9 dHE A
B2 AAetget. &5t FAE o 2 s¥ed, 1 olfe 7K
o] SHe ‘o] 4mo] ofFt}. o 4wo] ofF|Eth. o Aol
oty o] A 34 33(A4, C5, D)X YT g s} o
£ 24 doR 5197 iZolthE S 1).

e &3 Al uA3E FEokr A Al AAECh
@22 Pianolo(Stoeckli, 2018) ©o}Z2 ARgsia] AFE &

FUT A YA IS
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Figure 1. Single note
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Figure 2. Singing note
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BRoE oA mag V9 o TR 3|98
Hlwslr]  9ste]  A4(440Hz),  C5(523Ha),
D5(G87Hz)OIA  371%sk4 ¥4 MEAF, FVCeF @ehd
Z* MEADB, RANDB, MEAP, RANPE HQlo& 3}t

A% AEE SPSS(Statistical Package for the Social
Science) 20.0Z27IHS AMgsto]l BAAT stlom, {os
2 0.059} 0.014F202 Wilcoxon £HAAS A9ttt

24718

. g7 Zut

1. AAOlIN T30 7139 X10|

Adol digt ¥ HA Zah, 37198 W4 RANDB
(7=-3.290, p0.01)°A FeJst Aol7k glloH, Th3(1.88
dB)ell Hlsl 7Fe(3.64 dB)ollAl RANDBY 3717F Wepsitt.
HhHol| MEAF, FVC, MEADB, MEAP, RANPojA:= GoJst 3}
o7} YTHIE 1).
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B 1. AMOIM S22 7130 252 4 20
Table 1. Results of Wilcoxon test for single note and singing note
in A4

A4 (440Hz) M SD MD z
MEAF Single note 1.25 0.55
-0.01 -0.284
(L/sec) Singing note 1.26 0.45
Singl 1.1 0.50
I?VC ingle note ° ° 0.12 -0.568
(Liters) Singing note 1.03 0.43
MEADB Single note  100.20 4.71
-230 -1.91
(dB) Singing note  102.51 6.26 3 o7
RANDB Single note 1.88 1.07 -
-1.76  -3.290
(dB) Singing note 3.64 1.55 7 329
MEAP Single note  426.13  16.72 808 1586
(FO) Singing note  434.20 6.38
RANP Single note 34.57 48.36
-1.79  -1.349
(Fo) Singing note 36.35 21.40 3
“pK.01

2. CoOliM HE1t 7Hd32] Xi0]

Csol  Wigt €= AY Ay 99 we
MEAF(=-2.51, p.05)0llA |ogt Aok Sloict. E3t &
Fskd W4 RANDB (=199, p<.05)2F MEAP(z=-2.059,
pCO5)OIA Fefst Afol7k QUSltt wgol Hle] 7oAl
MEAF, RANDB, MEAP 9 37P} Uehdth MEAF= @29
A Wt 1.23L/secolA o 7PFSolA 1.54L/secE F7H3A,
RANDBE ¢804 i 3.08dBolglour 7HZold H+
4.80dB2 Z7I¥om, MEAPE ©2olA  508.87Hzellontt
7F¢2olA 514.80Hz8 717} Uelyttt.

uhHo| FVC, MEADB, MEAP, RANPOAl= §-2olgt #}o|7} ¢l
tHHE 2).

B 2, Co0IM H31 71839l 252 4F 2
Table 2. Results of Wilcoxon test for single note and singing note in
C5

C5 (523Hz) G i
Ut Smmaome 15 o3 0B 250
(L};:]efs) Ssi;rjggiilegnnoottee 1?2 82(1) 0.07 -0.73
. e a3 ag 0% 054
SN S F S SR TR
T e ek gy S 209
R(/;g)P Sf;zt?fg?;fe Zgg(l) Zg(l)j -16.19 -1.681

"p{.05

3. D5OIM TSk kS RI0|

D59 Higt d=& A4 29 &

N
18
E

2 ¥4 MEAR(Z=-2.70,
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2X.01), FVC(z=-2.72, pCODOIA f2ft Zpol7t Qlgleh. TSt &
gFskal W4 MEADB(=-2.817, p<.01), RANDB(z~=-3.148,
X.01), RANP(=-2.012, pX.05)014 §elgt Hol7} gl e
of s} 714204 MEAF, MEADB, RANDB, RANPOIA %717}
FVCOA 747} UeRdt. MEAFE @204 B 1.291/secol]
o} 780 1.63L/sec Z7HIAL, MEADBE: @0l B
96.34dB ot 7oA 99.13dB Z7}3oH, RANDB: o
204 Bt 1.87dBoI oY 7F2olA 4.14dBE 7Pt Uert
o E3F RANPE T304 Bt 75.42Hz0190H 7FggollA ¥
F 17891Hz 27 UeRdeh wheo] FVC: weolq B
1411019001 73S0l 0.78L2 #4avt UeRdtt.

Hhdo| MEAPOIAE Rolgh &ol7h QISITHAR 3).

B 3. Do0fM 317139 85 4d 21

Table 3. Results of Wilcoxon test for single note and singing
note in D5
D5 (587Hz) M SD MD z

MEAF  Single note 1.29 0.61 033 270"
(L/sec)  Singing note 1.63 0.57 ' '
FVC Single note 1.41 0.57 "
0.37 -2.72
(Liters) ~ Singing note 0.78 0.31 3
Singl 6.34 4.22 -
MEADB  Single note 96.3 278 -2.817
(dB)  Singing note  99.13 5.18
RANDB Single note 1.87 0.61 "
-2.27 -3.148
(dB)  Singing note 4.14 3.27 73
Singl 62.1 8.50
MEAP - Single note - 56213 385 11.40 -1.444
(FO)  Singing note 550.72  35.13
RANP  Single note 75.42  76.46 .
-103.49 -2.012
(FO)  Singing note 178.91 147.02 349

705, “pC01

o] A7 o TaF 79 A WS deE et
7P 37198 9 A S wWaS vluste, AAF T
ol we Zpol7h YA Yopr At SRict. AT EAll wE
A3t 9oF 9 =9l vt 2t

37198k AL Adk o mae] 719 B2 MEAF B
)R T B 7PEEOlA S7keks Aol Uehta, v
FVC 37|82 o Hoh 7PgolA Hasks Aol vepdt.
SUIFY 31 55 HEHolA g3 g 2Eq At 54
Wb 9 29 s digt 7] Ye FEE ABSH, =2 37
ol 371%2 S7H =84 589 A#7t AckHillman et al,
1990). ZHHAE Colton 5(1990)° wEAFE Azl g 5
7Ie A s F719 FAS W1sA LA dige] #E FHof
AR 73 2A4o] wE, W2 57]9 B A AF
Aot e o4 ALE Bkl 9ok 2 AT Zy ©edt v
Ao B IF 2 IU|RE HolWAR RS0l H
MEAF9] 37h= oA wae 79 58 wgo] 7P 54004



H& S7Ho= AME By itk BHH S719F 7raof et
ois mAE WY EAJoR 7IAEE Hug AYPH-HHong,
201D)E "], EQHSH Auuao] wet Adu Wdo] £hds
Aol Aol 7177 AZEAY 271 AlZF &of W/go] 14
AHA et AR @5 mE SV AAE 5 ' &
AU, E= HE 609 FHE Ado] A&How o]ojRn Ao
e} Fw 7)o 4 57 AR ©@50] IUIF fdol AH
ARl = 717 Aow RAHUAHA 55 & & Sith ol2E
gl oy waE] 719 B TEolAET TP Al &
g 179 Ao OE 35 29 kEo] IRt AME
= 3, C59 MEAF, D59 MEAF, FVCe] 93t Z3E H
1202 SHpdrE O A2 oS T

¥ A An o wmaE 7Y B2 MEADB,
RANDB, MEAP, RANPOIA] &3 B} 7304 S7loke B
o] Uehdth £35] XE 204 RANDB & S oAl felgt
Apol7t At et g e R gt HAdEd IA9 |
ket oA Kim (2014)2 19.58+5.92dBE Zraick 5(2012)2
20.6617.869] RANDBE HEX $h} ot 2 A9 RANDBE=
1.87-4.80dBE AHdow wje 22 HQE Hol=d, o=
PASS] A&HsiolA thgAtelA HQkdt 2ol ofd 178 2= Al
Alstgi7] diieleh. 2dol® 2= 39 RANDBOIA /3 Ajo]
£ HQl AL oA T 75T @ Hoh 7R 4014 H
% 9580 W ol SlSE 5 & & Utk olEd A2
MEADB Bt S¥olAE 1T 4= J=dl, o4 2=t S==
=857 @0l e F85HA o7l SH84E IuEeR
S s A9 4 $F(Sound pressure level)olZtl 9
ofe, A 121 A9 e 9 Aol w2t oeFeiA a(Colton
et al, 1990), H7H Y¥HRl AJEslte] F7tol weh 54 vt
7Pl 5k 9A TR 4EA Qi v MtE T
9] WY EAL Vit BAgle] SR Wt R
4 5 91 &3E 7159 e AT 8 o AY 182 9
o] ZFQolthHirano, 1988). ©Az AWO H9 Noh &
(20012 2% 29 HIHE 73.38dB, ¥HRI 2
09.60dBE HIst3=d], & A9 AdolA D57HA] 0|2 Bt
AEe 9F 96-103dBE A9 B4 TAR0] =2 SYeE
23H v AME AT, ol AT 34 AE
Th= Hong (2011)9] dete A5kt EgE & Aol
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& 22 ANFZOIE Eo 39 HMYEY 3=
7b FEHZA AL o4 waE] 7 B dEo] 9] A

ofd g3 & Alol9] At 29 23|, & x4, ¥, A
I 22 A AA WolA 348 B=g b& Axska vkl 9
A gt 4 ok o, D52 MEAP ©+2(562.13+38.50Hz), 7FS
(550.72+35.13Hz) ¥ AfoloflAlgt th2 S Yerel=t], o
E AR 2240 UE D5 FH1go w4 of#8S H1g Park
5(2018)9] A7 At FYUsH WetollA] D5oA HERt B2
IS W 7k Q1Y 71ed BAR ST 4 ook O
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22 Z2 7 2ol ekt Al g2 2 AR 9 SR
A S Sa AARE 7H2OIM eftt 7 EAtke Aol
T3 A49] RANDB, C59] RANDB, MEAP, D59 MEADB,
RANDB, RANPS| #eofgt Z7F8 HH dgo= gebdes 1
g2 B FHE
AFEIE LAz duEy oy wad Vo] S84
< e B 7PE 2204 Al 224, Wiéel wet =53
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o B4 A7 AF Lol 7
25K AT, 4, A4S 22 R 947k 4 W) P 1A
& olong @7 A4 AR Bael 199 S0 T2 A5
Tfste] Wot 24 8 WHAS Alstelof Beka RS ik

o 7o Ay % olo] WE FF A7 ket Pk A
A, W4 9 TRt ARt BRE Sslel wasis o)
ofxjo} Stk BA, Wae] ZMENr ohie Akl WRE A
59 A9 7 Mus Bo whel B4 S Tl ¢ 8

O

"7} gon], YA7H S L AMEY BANS o83 AY
3 A a7 WA, AR B AR Fleke] o5
1954 E4o] 4% A7 149 Bast gk
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a1 +d

Ahn, S. Y., Kim, H. S., Choi, H. S., Lee, S. E., Choi, S. H., Song, K.
J.. & Kim, Y. H. (2003). Comparative evaluation of
electroglottography and aerodynamic study in trained singers
and untrained controls under different two pitch. Speech
Sciences, 12), 111-128.

RMe, A%, B4, oL, 3], 714, AIE (2003).
ZgoRRlat guel o] AZIHEAA E 3719k Al df
g A7 2378t 10(2), 111-128)]

Baek, D. W. (1979). Pansori of 'U Jo', 'Pyeong Jo' 'Gye Myeong Jo'.
Journal of Korean Musicological Society, 8, 149-203.
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os}s], 8, 149-203.]

Choi, S. H., Nam, D. H., Kim, D. W., Kim, Y. H., & Choi, H. S.
(2006). Characteristics of phonatory and respiratory control
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singers. Journal of the Korean Society of Logopedics and
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Phoniatrics, 1A2), 1015-6437.
(H43], g=d, Hd9Y, HF3, FE4 (2006). 4471t &4
W] ok URRIY S, FE, A Wik Al W4 2 SR
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Appendix 2. Running Speech display of singing note
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