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Characteristics of Phonatory and Respiratory Control on Pitch, Loudness,
Register Change in Untrained and Trained Singers

Seong Hee Choi, PhD’, Do-Hyun Nam, MD', Deak Won Kim, PhD?
Young-Ho Kim, MD! and Hong-Shik Choi, MD’

IDepartment of Otorhinolaryngology, Institute of Logopedics and Phoniatrics and
*Biomedical Engineering, Yonsei University College of Medicine, Seoul, Korea

Background and Objectives : Training of breath support and laryngeal muscles control are important components in the
development of the singing voice. The purpose of this study is to compare characteristics of respiratory and phonatory control on
pitch, loudness, register change with untrained males and trained male singers.

Materials and Methods : The 11 untrained males and 11 trained male singers participated. Closed Quotient (CQ), fundamental
frequency (fo) and relative volume contribution of the rib cage (in percentage rib cage, % RC) and relative volume contribution
of abdomen (in percentage abdomen, % AB) were measured during various pitch, loudness, register tasks using /a/ vowel pho-
nation : Legato, staccato with C3-D3-E3-F3-G3 notes and crescendo and decrescendo with C3 note as well as modal register
with C3 and falsetto register with C4 note using an integrated analysis system of Respiration, EGG and Voice.

Results © (1) When pitch increased with legato task, loudness also increased in untrained male group but maintained in tra-
ined male singers. CQ was also increased both untrained and trained male singers but it was not significantly different (p>.05) .
The abdomen contribution to lung volume were significantly predominant both in inhalation and exhalation in trained males
singers (p<.05). (2) When pitch increased with staccato task, CQ was not significantly different in untrained but significantly
different in trained male singers. The respiratory function of male singers were characterized by significantly predominant
abdomen contribution to lung volume in exhalation except for inhalation (p<.05) (3) When loudness increased with crescendo,
fo was significantly increased with increasing CQ in untrained males but fo was relatively consistent with increasing CQ in
trained male singers. The respiratory function of male singers were characterized by significantly predominant abdomen con-
tribution to lung volume in exhalation except for inhalation(p<.05). (4) Most male singers were able to change register from
modal to falsetto register, but untrained males were not. Thus, CQ was significantly different between modal and falsetto register
in trained male singers (p<.05). The respiratory function of male singers were characterized by significantly predominant ab-
domen contribution to lung volume in exhalation except for inhalation (p<.05) .

Conclusion : Male singers were superior to untrained males in coordination of respiratory and phonatory control on pitch,

loudness, register change. Implication are offered regarding how the results might be applied to the voice therapy as well as
singing training.

KEY WORDS : Singers - Pitch - Loudness - Register - Respiratory and phonatory control.
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for Social Sciences(SPSS)12.0& AMEIS 0w et ¢
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Fig. 1. Phonatory characteristics of
one male singer(A) and one un-
trained male (B) during ascending
and descending Legato/a/ pho-
nation. The male singer maintained
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(Table 1).

2) Y tE(legato) /O &Y Al §A 22 2N T
/o A F7 A ¥ EY v EY
WL 43.5%, B4 Ak 241990, B7kE /o
Hal}\g b3l ve:}ul-x] oro u—ALCL 36. 6%M:ﬂ HOU]J—_
19.7%%. 7kHio] AR R {28 %@ RGN
0] FSIH(p<.05). T3 F et BF % Al BT}
T Big Al F2 359 o] Aoy 5AFc R
FoJ3k 2ol KolR] ASITHp>.05). /oYL Al 37] &
A TFY gL FHEEA 2 9L 23.0%, B4
Qe 47.8%%0H, APLE /ol WAelxE Fin Lxl %
2 41. 1%An, Aoy h= 22.7%). &, Aebbs
oloﬂ vl FAHCE FelsiAl
O (p<.05), T o2 JA

Table 1. Fundamental frequency and closed quotient during
legato /a/ phonation with pitch change
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> rlo rlo
Mo oo w

Fundamental freq. (Hz) Closed quotient (%)
Low (C3) High (G3) Low(C3) High(G3)
Untrained 124.15£5.34 182.82+11.93 48.50+7.32 50.86+4.73
n=11)
Singers
(n=12)
* : Mean=£SD

131.72+7.65 199.34x£12.65 52.34+6.20 59.271:5.36

Table 2. Relative volume contribution of the rib cage (in percen-
tage rib cage. % RC) and relative volume contribution of
abdomen (in percentage abdomen, % AB) during legato /ao/
phonation with pitch change

% RC % AB
Inspirafion  Expiration  Inspirafion  Expiration
legato legato legato legato
o Ty O Ty P iy P Ty

Unfrained 435 366 478 41.1 565 634 522 589
21.1) (20.4) (19.2) (18.2) (21.1) (204 (19.2) (18.2)
Singers 241 197 231 227 759 803 769 773
(16.6) (16.3) (15.7) (16.6) (16.6) (16.3) (15.8) (16.6)
* . Mean(SD)

Table 3. Fundamental frequency and closed quotient during
staccato /a/ phonation with pitch change

Fundamentadl freq. (Hz) Closed quotient (%)

Low(C3) High(G3)  Low(C3) High(G3)
Untrained 12555691 184'.52i8.40 52.86+5.11 53.40£7.35
Singers 133.16+3.00 196.90-8.94 54.39+5.73 58.88+3.82

* : Mean=£SD

3 Al §2) §:—§°
2o KolA] skt (p>.05) (Table 2).

/ol g A E71 Al B2 5F) vl FRR] 2
AL 56.5%, Ao h= 75.9%% 1L, A7HE fol/ v A
HAx] ke YA 63.4%%3L, WA ks 80.3%
Aelrlrol BAR R FoshA B4 & vlEo] %
tH(p<.05). B3t 5% 24 AR 2% H3l A 524 &
o] Hgo] £ F BF F7RIGoY $ARLE {9
Aol KHolA| QRtth(p>.05). /of T Al 7] Bt B4
359 ulgL FEx] ok YAE 52.2%, B et

£ 76.9%32H, A7IE jol/ WM ERNA] o
AL 58.9%% 1, Ae7h= 77.3% At} WA, et
TR o2 Auklel vl BAK R oA F4
Fo) H)go] BYom(p<05), 2% 1P ARG 25 W
] 55 52 359 njge 27 Blou
o7 #o3 xjolE= Holx Ykt (p>.05) (Table 2).

3) AEFIE /o By A 2Tt YEHY S

7}%1- 1%—,@. io] /(33/_4~ Eaﬂulx] oko o] ‘é}
7)1 EFaleE 123.8118.46Hz0190 2, 7P & 29
/G3/&A 184.52+8.40Hz0]31t}. ARl /C3/Z¢lA
133.16 £3.00Hz°) 132, /G3/&NA 196.90+8.94Hz
o])3lth(Table 3).

AETAEE ASMe duklEE 53.02+4.74%, A
ORI 54.39+5.73% R, THolkde LIt 53.25
+6.89%, AokITS 58.88+3.82%°)1tHTable3d). &
7} SVl uhegt duklFE AL 18 7ol Abelrt
AN (p=0.722), HAAFS A3 15 el FolE
o) 7} O]ﬁ‘:}(p 0.015). dukl7z Aokl & HluE
w, ALl F T Ikl BAFSZ g Aot H
O H(p=.083), IglMe B Aol TelA FelsHA
e £l %7}6}9it}(p=.044).
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Table 4. Relative volume confribution of the rib cage(in percentage rib cage, % RC) and relative volume contribution of abdo-
men(in percentage abdomen, % AB) during staccato /a/ phonation with pitch change

% RC % AB
Inspiration Expiration Inspirartion Expiration
faf staccato /a/ /al staccato /a/ Jaf staccato /a/ faf staccato /a/
Untrained 435(21.1) 30.5(24.7) 47.8(19.2) 38.3(19.4) 56.5(21.1) 69.5(24.7) 52.2(19.2) 61.7(19.4)
Singers 24.1(16.6) 19.8(13.1) 23.1(15.7) 21.5013.8) 75.9(16.6) 80.2(13.1) 76.9(15.8) 78.5(13.8)
* . Mean (SD)
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e 435%, A= 24.1%931, AERLE Joy @A) A
W) ke WS 305%GT Y AR 19.8%
ore olblelel ulal F4 339

Hj-go] dhgtor) SAH 07 Foldt Aol molx) stk
(p>.05). = T A BF 2% 18 AEd 3% H3) A
4 559 Hlgo] ZAaslglon), BAR R Fogt xjo)
= ATHp>.05). /ol A Al 37] Bt 4 2EY vl
& FEkA] 9k AL 230%, WA A7k= 47.8%%0
o, 2ePHE /oy ¥HdelMe FHEA] o2 HAE 3R8.3%
93, Aokl 21.5%%TH Table 4). &, A7 te &4
WA] ok Aniklel] B3] 57] Rt 24 &2 BlE&o]
oJehA| Hokom (p<.05), THLH] o AL F5 1A
AlETH %‘:7} Wk A §2 S5 B F71E B b
W, 9 AR S5 1A ARt S5 W A F2

59 Hlgo] AAsl o FAASR FoFt Aol K

o]x] okekth(p>.05).

foY WA A F7) Al BA 550 RS Tk o2
AL 56.5%, HW}%— 75.9%Q3, AEFIE Jol/ WA
W FEnk] ke JA S 69 5%, B k= 80.2%
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2 AT p>.05). /oY B Al T7] B¢ B4 3F2 1
& FHuka) e I 52.2%, WA AR 76.9%
o, ZEPIE fol/ oM FRNR] o2 Bl
Aet7h= 785%%. A7tad TAXCE
559 B]go] HUHTable 4) (p<.05). T3
1Y AR % HE Al T 7 B 52 559
Hl&e] 71 BHelou, BAR R {8 2ol HolA
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Fig. 2. Respiratory characteristics
of one male singer(A) and one

~
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¥ E2S
BTH(p>.05). 019 tlEe], AERFHE WA Al Aot A
BOlNE 979 attack® 2 AT R0 712l $49)
W37t AR (Fig. 2).

5) EES} AERIES] Y2 S Yl

AR E-S A 219 /C3/EA H7HES et
E H Al dRkIEe /C3/2 Ae 7elA alvtEs
48.5%, ~EPFEE 53.0%, AL d7tEE 52.3%,
AEWVEL 54492 T 7 B ZUHIoY BAY &
A2 AT E>.05).

& 279 /G3/LolA HFIESY AEFHES] A3
S AuRIFEE Y7tENA 50.9%, AEFFEANAM 53.2%
2 Zrlstg ot Fo3t 2ol RolA] dgkii(p>.05), A
bl HkEME 59.3%, AEHEAIAE 58.9%
7 asion BAA R {2 alolE HolA gtk
(p>.05) (Table 5).

2. Y Mop A 2yt 2% TH &4
1) 3T B A EF UM E

H7)5jo] T st £(C3H) L Fil WES WAL T
Al(crescendo) T A (decrescendo) & ®, FH
5
%

4o

W) ofe AWl 119.8HzelA 158.1Hz2 257}
7¥ste] uhet 7\RFRTt FAHLE FASHA SIS
°or(Fig. 3), o7Ht- 130.7HzellA 133.5Hz2 &k
B3t A giglon, $AHOR FoJ3t Aol HolA|

Table 5. Comparison of closed guotient on legato and sfaccato

CQ of legato (%) CQ of staccato (%)
Low(C3) High (G3) Low(C3)  High(C3)
Untrained  48.5+7.3 50.9+4.7 53.0+4.7 53.2+6.9
Singers 523*£6.2 50.3+54 54.4+57 58,9+3.8
+ * Mean (SD)
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&l &, 2, &7 HalA 58, 28 £&

ook (Table 6) (Fig. 4).

A% Wgle] ufE JREHES FUUR] 2 duRIY
< 718 B F7kel @ 49.1% 5
ARoR FosH F78Iglth Aokt 7125352
2 ZI1e} A EHAELS 51.9%°04 63.1%2 F
ARoR {F23H F718kitH(Table 6).

2) YT BB A A T 24 389 H|Z

/oY LA A E7) Al FA TEFY BIEL FEER g
WAL 43.5%, AR 24.1%Qa, ABAS /ol BA A
FHR] 9k WAL 31.1%9, P4 AY7R=E 20.2%%
Qe FHLA ¥ dhlle] HlE) 4 TF H|
o] Woto BAFHOR {oF Aol HolX)

LES AT 24 Au 4% We A §4 259

2« N i i 1

EGG Voice
Vi vl

Voice

CQ EGGpitch EGG
[Hz] zoom [V]zoom[V]

[%]

. 5] 'ﬁa‘,‘__,)@i& ’.)ﬁi'

Fig. 3. Fundamental frequency (FO) and closed quotient(CQ)
with loudness change of one untrained male in marked voice
signal (1st window): Pitch zoom window (5th window) showed
fo increased during crescendo while fo decreased during de-
crescendo.

Table 6. Fundamental frequency (FO) and closed quotient (CQ)
during loudness change

FO(Hz) CQ%)
Forte Piano Forte
Untrained 119,79 11.66 158.14+53.47" 49.41+3.80 54.58 +6557

Singers 13070+ 3.45133.54+ 391 51.92+8.72 63.12+4.691

* ¢ Pifch change with loudness increase in unfrained males, p=
0.003, T:Ca change with loudness increase in unfrgined mao-
les, p=.013, *:C&Q change with loudness increase in male
singers, p=.002

Piano

H]go] F F BF sl Tasieith(p<.05). /of
Al 37) Fek FA 350 H]ES YA oL WA

23.1%Q0n0, AT /ol 2o
M FaEr] o JAS 37.5%% 1, 7R 21.5%2
: o] Fe)aHAl Wekem (p<.05),
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Fig. 4. Fundamental frequency (fo) and Closed quotient(CQ)
with loudness change of one male singer in marked voice
signal (Tst window) : Pitch zoom window (5th window) showed fo
was nearly no changed during crescendo and decrescendo.

Table 7. Relative volume contribution of the rib cage(in percentage rib cage. % RC) and relative volume contribution of abdo-
men(in percentage albdomen, % AB) during crescendo /a/ phonation with loudness change

% RC % AB
Inspiration Expiration Inspiration Expiration
Jo/ Crescendo /af faf Crescendo /o/ la/ Crescendo /a/ /af Crescendo /a/
Untrained 43.5*(21.1) 311217 47.81(19.2) 37.5T(172)  565*(21.) 68.9(21.7) 522t(19.2) 62.5(17.2)
Singers 24.1*(16.6) 20.2(17.6) 2311(157)  21.57(18.1)  759*(16.6) 79.8(17.6) 76.91(15.8) 78.5(18.1)

* T, ¥ 1 p<.05. Mean (SD)
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T 36.731£23.87%, A7 11.73+21.39% %t}
(Table 8). FHA] ok& URIFE 7MITE AMESH= d]
ofgjgol ollem, tifd §A ol LABIITHEig. 5).
A7t ATl TR AT S A oiR R v

Table 8. Fundamental frequency (FO) and closed quotient(CQ)
with register change

Modal

Untrained Singers Untrained Singers

cQ@ Fo Ca Fo CQ Fo Ca Fo

(%) o O Ho %) Ho (%)  (Hp
Mean 49.90 115698 53.19 130.39 36.73* 279.44 11.73* 263.14
SO 442 1099 872 689 2387 7487 2139 1643
* 1 p<.05, 1 Mean(SD)
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Voice EGG Volce
fvi

zoom V[ zoom Vi

CQ EGGpich EGG
1%l [Hz!

sQ
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Fig. 5. Phonatory characteristics of FO and C& with register chan-
ge (from modal fo falsetto, C3-C4-C3) of one unfrained male in
marked voice signal(1st window). Register fransition was not
achieved. Gradual pitch change in pitch zoom window (5th
window) and CQ increase in CQ zoom window (6th window) .
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Fig. 7. Characteristics of Voice,
EGG, and Respiration during mo-
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K70} ARAAEL ek 1 2o)E RolA] ke
(p=.235), 7M7) Aedge A T AjolE B3
(p=.032). THWA] @& dulolAts 27k 7MW

A fFolgh AfolE B3t p=.002).
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Fig. 6. Phonatory characteristics of fo and CQ with register
change (from modal fo falsetto, C2-C3-C2) of one male singer
in marked voice signal(1st window). Register transition was
achieved. The EGG data at the fourth window indicates de-
creased vocal folds contact with abrupt pitch jump change
and 0% CQ in falsetto register (6th window) .

Ch+Ab
1961

Ab/Ch+Ab
(%1

dal-falsetto-modal /a/ phonation in

an untragined male (A) and o male
singer (B).




&Y 8, 2%, 7 M 28, 25 £F

Table 9. Relative volume confribution of the rib cage (in percentage rib cage, % RC) and relative volume contribution of abbdomen
(in percentage abdomen, % AB) during /a/ phonation with register change from modal fo falsetto register

% RC % AB
Inspiration Expiration Inspiration Expiration
Ja/ Modal -falsetto Ia/ Modal -falsetto /o) Modal -falsetto /o Modal - falsetto
/af /o /al /a/
Untrained  43.5(21.1) 37.1(23.1) 47.8(19.2) 45.4(18.4) 56.5(21.1) 62.9(23.1) 52.2(19.2) 54.6(18.4)
Singers 24.1(16.6) 27.3(22.2) 23.1(15.7) 25.6(20.7) 75.9(16.6) 72.8(22.2) 76.9(15.8) 74.5(20.6)
2) NJ MRAN T EN
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A, fol WA A FEA) ke PATS 37.1%%5, B SRCIEFED O 28E 72 WS F2(nirinsic laryr
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