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Analysis of Voice Parameters Variation during Passaggio of the Trained Male Singers
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ABSTRACT

It's not easy to produce very high tones during singing for not only untrained
ordinary people but also even trained singers. To get high singing tones from the low
tones, some trained singers used to use a distinguished singing technique, Passaggio
(vocal register transition). The purpose of this study is to compare several voice
parameters variation between when to sing with using the passaggio technique and to
sing without using it.

We selected 18 male singers (tenor 8 baritone 10), who had more than 7 years of
experience and were well trained in passaggio technique. Simultaneous measurements of
fundamental frequency (F0), mean flow rate (MFR), intensity (I), and subglottal pressure
(Psub) were performed using the phonatory function analyzer (Nagashima).

For the tenor, target tones /a/ were presented: 1) easy phonation: B, 2) high tone
without passaggio: F#; 3) high tone with passaggio: F#; For the baritone, target tones
/a/ were presented: 1) easy phonation: G#s;, 2) high tone without passaggio: D#s, 3) high
tone with passaggio: Dis.

FO of the target tones between non-passaggio group and passaggio group was almost
the same in both tenor and baritone groups. Intensity of the non-passaggio and passaggio
vocalization was much louder than that of easy phonation and pasaggio was louder than
non-passaggio vocalization (especially statistically significant in baritone singers). MFR of
the passaggio vocalization was greater than non-passaggio vocalization in both tenor and
baritone group, but statistically significant only in baritone. Psub of the passaggio
vocalization was greater than that of the non-passaggio vocalization in both tenor and
baritone group, but statistically not significant in tenor.
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g wjol A F(speaking register)e M4 (modal register)} 714 F-(falsetto
register)2 T2 1, =AY weo] AT(singing register)® &4 F(chest register), T4
(head register), 7Fd T(falsetto register) & TFE3171% &2 FA(chest register), T4+
(middle register), 773 7(head register), 7}d -(falsetto register) 2 FE371x &t} [1]

olgA tE o A7 t& IAE vy AFA v §43 go] TEE g0l
passaggio®|th[1] ZLEiA ojg&]elell A HUEe] WE 18(C4E Do di petto (C4 in
Chest)zt B271% &} [2] Passaggio?] BS& Ao #Alo] glo} olF FQ2%hd] Mancini
= “Haig dorts shte] AFoM thE 4R dekAlx @A $4 7 & UE T
FEOZ o|Fofcy 3] st &t gl thA] Fal Passaggiod A2 4oviy g
2 9250 A Ax2 1 F840] ZFxHI Ut} PassaggioE e §H-E Agvit o2

289 A, EgY FFH we tach Fge As ditH ez FAHTUY TN F
A4z ulgE & —.01]1\1 passaggio® ¥t} Hirano, Tizte, Van Denised°l &434432(CT
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Ax dgeze Q¥FoR AAT 18 BE 9% ANIARY SHAIPALIA
phonatory function analyzer (Nagashima)(Z® 1)& AME3te FO(V|£F3+4), Intensity(7
%), MFR(27]§€), Psub(d&3hHE F435te vastdth FHA 238 Zo)7] 3ty
A o Wl dFg Fdtel FA Zld KA EE ¢ US4 SAsACh

HY & pitch pipei EolM B &8 A% H 42 AR FH7| 7 FAE w23
ZREE AN F UGE e (easy)R “o}"'2 &S WA sted F48m, oA pitch pipe
Z BolM Fs & A Y ¥ passaggio® A % L2l(non-passaggio)2 “ob’E&E WAl
& 5| SASA. passaggio® ¥ 40 FAE Ty £O02 AT 9 e P

2 2 3 98 SHIAHIY 2).

B ER e UM o2 easyS Gh 2O E non-passaggio?t passaggioSe Diz S0
2, BgLe “oPrgoz AT & “J%*P.i 2 3 yrEsted ZAd. FAAMHE
paired T-test2 7 A3 o

a9 1. » . a9 2

23 dx & By
1) Hlv 9] 739 passaggio(368.7t4.8)8 & ol non-passaggio(365.4+11.3)8 AL w 1.
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o Hx9) W3t A gAY obF 2F VM BGHoREE 2L SRR FAYLEE
o7l 9w Intensity(FE)E easy(79.3:3.3) 20t non-passaggio(83.3:1.9)¢} passaggio
90.1£278 L del FAHoZ guYA F/FEUR, passaggio®: W& WUt
non-passaggio® & #HET AEs FAHIoY BAFoRE AUyt QA wEbdd
MFR(Z7] F&)< easy(199.3+41.9)9} non-passaggio(196.0+49.8) Atolols ¥ wWar 91,
passaggio(243.6169.3)8 & ulE F7|F&°] E/tEY EAH LR E Yuirt g3E Psub(A
F319H)2 easy(75.3t15.3)2 A48 & ¥ W HE} non-passaggio(100.2+14.3)8 & o) £4 2oz
QA F71E 3, passaggio(110.7£32.0)8 & W= easyR T} A F5ge] EAH R 2v|g)
A 718029, PassaggioE & W7} non-passaggioS & wE T} A E3gte] Zrshy B4
Aoz ourt HATHE D).

¥ 1. Vocal register transition(passaggio) in Tenor

@9 Easy non passaggio passaggio
FO Hz 246.7+6.3 365.4+11.3* 368.7+4.8*
Intensity db 79.3+3.3 88.3+1.9* 90.1£2.7*
MFR mL/sec 199.3x419 196.0+49.8 243.6£69.3
Psub mmH20 75.3£15.3 100.2+14.3* 110.7£32.0*

*P<0.05 compared to Easy. *P<0.05 compared to the non-passaggio group
FO (Fundamental Frequency), MFR (Mean Flow Rate), Psub (Subglottal Pressure)

2) u}2]E-2 passaggio(334.9xA 2] 283)8 ¥ w9} non-passaggio(332.4:49.8)E S wjof
Hxle Wz A fUth Intensity(FE)E easy(81.3+1.9)2.t} nonpassaggio(88.2+2.5)%}
passaggio(91.8+28)& ¥ uwlo] FAAHoE uiAl F7FHA, E£FF non-passaggiok.th
passaggiodlAl &9 ZA=rt BAHez ouiglA FrME AT MFR(ZZ]F&)AME easy
(202.7+285) K.t} non-passaggio(267.4275.7)9} passaggio(319.2+604)2 & ujo] EA o
ojn) A F7+E13, X3 non-passaggioR. Tt passaggiod W] &7)F &) EAF R ¢
oA F7HE AT Psub(AdE3HY)S  easy(69.5+12.6)2 T  non-passaggio(110.7£43.0)}
passaggio(133.1+51.8)8 & w TAA o= uiA F7M=A 5L, passaggio(110.7443.008 &
el non-passaggio(133.1£51.8)8 & wiHt} AEI¢L F7kehd EAH oz vzt g
tHE 2).

X} 2. Vocal register transition(passaggio) in Baritone

o9 Easy non-passaggio passaggio

FO Hz 209.8+6.7 332.4+49.8* 334.9+28.3*
Intensity dB 81.3+1.9 88.2+2.5* 91.8+2.8*

MFR mL/sec 202.7+285 267.4+75.7* 319.2+60.4*

Psub mmH0 69.5+12.6 110.7+43.0* 133.1£51.8*

*P<0.05 compared to Easy.

t P<0.05 compared to the non-passaggio group
FO (Fundamental Frequency), MFR (Mean Flow Rate), Psub (Subglottal Pressure)
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3) "9} ule]E 9 easy, non-passaggio, passaggioS & we] FO9] WH3E uHjwsle] HH
T & t} passaggio® T W(Tenor:368.7:4.8, Baritone:334.9+28.3)¢} passaggio® ¢t & W
(T:365.4+11.3, B:332.4¢+49.8)2] #x]9] W3l= A9 UATHZHY 3). Intensity(F=)E tenors]
79 easy<non-passaggio<passaggio(79.323.3<88.3t<90.122.7)8] «A & Z7}8}91, baritone
A A) easy<non-passaggio<passaggio(81.3+1.9<88.2+2< 91.8+2.8)2] =M E F7lsRHZH
4). MFR(F T3 7)F8)L Tenord 744t easy(199.3+41.9)9F non-passaggio(196.0+49.8)=
W Aoz} ¢la  passaggio(2436+69.3)W  F7F8I45l, Baritones easy<non-passaggio
<passaggio(202.7£28.5<110.65£43.0<133.1+51.8)8) <A Z F/IsHH Y 5). Psub(3&3F
hE F T B easy<non-passaggio<passaggio(Tenor:75.3+15.3<100.2+14.3<110.7+32.0),
Baritone!(69.5+12.6<110.65+43.0<133.151.8)9] =X 2 F71EAHIH 6).

Intensity values of phonation types (H2) FO values of phonation types

400
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100
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]
Easy NP P
a9 3 19 4

(mmé20) Psub values of phonation types {ml/sec) MFR values of phonation types
140 350
120 300
100 250
80 200
60 150
40 100
20 50
0 0

Easy NP P Easy NP P
19 5. a4 6.

4) "9 JiQ1zre] FOxe & ol Holx @gtey Tenor®s 4 H-L non-passaggio
(T1:370, T5:367, T7:372, T&384)o|A Bt} passaggio® & w(T1:369, T5:364, T7:365,
T8;374) FO= A9 ZAY k7t d1&ksty, U™ A] 4 32 non-passaggio(T2:362, T3:346,
T4:364, T6:356) Xt} passaggio® & wj(T2:372, T3:361, T4:367, T6:375)° <7k AEdts A
o2 AAFHJTHZE 7). v1EE 4 B non-passaggio(B3:314, B5:326, B6:462, B7:363) K.t}
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passaggio® wW(B3:308, B5:316,B6:320B7:305) F07} &8stz & 6 W2 non-passaggio
(B1;301, B2:335, B4:321, B8:295, B9%:302, B10:303)E.t} passaggios & w(B1;358, B2:388
B4:331, B8:313. B9:372, B10:324) F07} 718t tH29 8).

Tenor Frequency (Hz) Tenor FO of phonation types

EASY N.PASSA | PASSA 400.0
T1 24050 370.00 369.00

T2 | 24300 362.00 37250 o
T3 234.00 346.50 361.50 o N
T4 | 25150 364.00 367.50 ' TS
TS | 24000 367.50 364.50 —
T6 | 23950 356.50 375.00 .

T7 240.00 37250 365.50 200.0

T8 | 25300 384,50 374.00 Fasy
a9 7.
Bar’itone Frequency (He) Baritone FC of phonation types
EASY N.PASSA PASSA 5500
Bl 21750 301.50 358.50
B2 210.50 335.00 388.00 4500

B3 | 20650 314.00 308.00
B4 | 21000 321.00 33150
B5 | 21750 326,50 31650 3500
B6 | 220.00 462.00 329,00
B7 | 20100 363.00 308.00 2500
B3 | 20800 295.50 313.00
B9 | 20350 302.50 372.50 1500
B10 | 203.00 303.00 324.00 Easy NP P

a3 8

5) intensitye® Tenor® A% T1L easy(78)<passaggio(89)<non-passaggio(90)9] £A4=Z
Z7v3ta, T7L easy(78)Et}E= non-passaggio®t passaggioolA &7} non-passaggio$}t
passaggio®l 4] 855 dB2 2t yuz] 6 W2 easy<non-passaggio<passaggio?] A=
29 7%t Z7vetch vlal e A9 B7L passaggio] ATt easy9} non-passaggio Bt} &9
=7} Z7189 easy$non-passaggiot #etn, YAl 9 He MY easy<non- passaggio<
passaggio?] £AZ F7tstH ¥ 9, 10).
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Tenor Intensity (46) Tenor Intensity of phonation types

EASY | NPASSA | PASSA 000
T1 78.00 90.00 89.00
T2 76.00 86.00 89.00
T3 84.00 91.00 92,50 %0
T4 7750 88.00 89.50
5 8450 90.00 91.00 80.0
T6 79.50 88.00 9450
T7 78.00 85.50 85.50 70.0
TS | 7650 83.00 8950 | Feoy N P

a3 9
Baritone  Intensity 8 Baritone Intensity of phonation types

EASY | N.PASSA | PASSA oo
Bl 83.50 87.50 94.00 g ]
B2 81.50 88.50 92.50 o2
B3 82.50 90.00 90.50 w00 _—
B4 77.50 91.00 95.00 N
B5 80.00 85.50 86.00
B6 | 8250 87.50 93.00 600 e
BY 83.00 83.00 89.00 —o—B6
B3 79.00 90.00 91.00 ——87
B9 8100 9100 9450 70.0 86—
B10 82.50 88.00 92.00 L Easy ne P

23 10.

6) EHjie A
passaggio<non-passaggio<easy¥] <M Z T3, T5, T6, T79 Z$E non-passaggio<easy

<passaggio®] ©AZ F7|E ¥o] AXEFHH L,

¥ MFR(Z71%H&)2 Ti, T4E

2 easyE.T} non-passaggiool Al &7

easy<non-passaggio<passaggio T2%

AN

ot

27} 23ko 1} non-passaggio®t passaggio Alelole A9l Aolrb fiAtHZY 11). vla|Eg]
7% Bli B8 A9ldtn MY easy<non-passaggio<passaggiod] &A1 2 BEF T7)FH &

[e]

%7} 1L, Bl non-passaggio<easy<passaggio® 42, B8 non-passaggio®} passaggio
AME 2L easyR O HHFZ7|HF &0l FAFHIY 12).

Tenor MFR (m/sec)
EASY N.PASSA PASSA 4000
T1 141.00 197.00 233.50
T2 203.00 156.00 138.50 00,0
T3 21850 184.50 239.00
T4 279.50 302.00 384.50
T5 194.00 173.00 212.00 2000
T6 171.50 141.50 240.00
T7 218.00 189.00 278.00 100.0
T8 169.00 225.50 223.00

Easy

Tenor MFR of phonation types

NP P




Baritone MFR of phonation types

—e—Bt
—e— B2
—a—B3
——B4
——B5
—e—B6
——B7
——B8
——B9
-—o—B10
~{J=Mean

Easy NP P

22 SA 73 298 A4z (2002. 12)
Baritone MFR (Mi/sec)
EASY | NPASSA | PASSA w500
Bl 193.00 15050 260.00
B2 22750 306.00 346.50 1000
B3 22550 331.00 392.00 350.0
B4 19750 249.50 310.50 3000
B5 228.50 247.00 315.00 »500
B6 184.50 246.00 283.00 00
B7 13550 137.00 206.00
B3 296.00 327.00 327.00 1500
B9 202.50 335.50 340.00 1000
B10 | 20650 344.50 412.00
a3 12

7) B39 Psub(A&E3ehE T1, T5, T6, T72l 7% easy<non-passaggio<passaggio
M2 F7}sla, T2E passaggio<easy<non-passaggio® €412 Z7}815 e, T8E passaggio

<non-passaggio<easyd «AE

EEETE

F7he A, T3e

easy<passaggio<non-

passaggio, T4%1A] = non-passaggio<easy<passaggio®] TA 2 Al&3sto] Frlstdezd
13). vlg]lE9) Z$ B2 B3, B6, B8, B9, B102 easy<non-passaggio<passaggiod £A& &

7b&t 1,

B1,

B7&

non-passaggio<easy<passaggio?] &AZ

Z7hsgom, B4, Bo:

easy<passaggio<non-passaggio?} €M Fr}stdtH2 ¥ 14).

Tenor Psub (mmH20) Tenor Psub of phonation types
EASY N.PASSA PASSA 190.0

T 63.50 111.50 139.50 —
T2 82.50 100.00 68.50 oo -
T3 50.50 128.00 96.00 ST
T4 101.50 89.00 139,00 el
T5 71.50 95.00 109.00 %0 T
T6 79.00 100.00 154.50 ——tican
T7 69.50 97.00 108.50

T8 84.00 81.00 70.50 Fasy NP 7

a9 13,
Baritone PSUb ‘(mmH20) Baritone Psub of phonation types
EASY N.PASSA PASSA 00

B1 71.50 68.00 103.00 '

B2 52.50 91.00 177.00 00

B3 88.00 149.50 194,50

B4 51.00 122.00 79.50 1500

B5 59.50 105.50 96.50

B6 77.00 86.00 108.50 1000

B7 61.00 34.50 69.00 oo

B8 76.50 183.50 295 50 '

B9 80.00 135.50 143.50 00
B10 77.50 131.00 133.50 Easy NP P

a3 14
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B AToA Aoty Fa8 Jo4F 7€ passaggios: & W BT IIFER FEIY
o] ZFrletedlxE B4sln V| EF34(F0): passaggio® 317 @& wWio} wimste Ao W
7k flieh kAt o2 Aol ofEd dvtH oz HFIZ/HET FEsge] FokeE
J|BFETSIL R AEete Roz el Yrhl2] AAtE e Ao AL s o o9

S A¥E st o, 7|EFgTE A A8 ddISY 2H 2L oE e
98ttn <A Urhl2] 283 canine modeld e WEFZ(E38] CTmuscles, TAmuscles)
9] 45 A8 register transition®] A& ZAHFTIT Fri[1] B AFAM o AFE 24 A
}7tE3be] F7HY AolE Holy ©l, 1 o|fE olvtk AoFEHY AR, YA 54, 2
A1 AR AdHe wet d3lg 2d 4 U] wWEelzgtn AZdr)

wE 2o &o]A passaggio® ¥ W non-passaggio® ¥ W} vlaEH FF x|, 4
T RS =2, e 94X, 394 AN wEe] 4 g dwedn @A glon 4]
Mcglones 2 register changet ¥571%9 247 #@Ho 2 Rolgta dFdh[5]

£ AT e oA diside A7t HA ¥hoenz FF oo i@ A} o] FA
of & oz Azt wetA FFol passaggior] Al AF HEHE £4 &+ e A
] HZE(Close Quotient), Jitter, Shimmer, HNR $& ZAl3ted B W passaggiool thdt &
HE SR ] o|Fo]d Rolg FEHT)

£ dFoA "yl e EasysS ¥ w9 wndle] non-passaggios & W HTIZV|F
&2 A9 W3y} died v, utE B e oAl FilEYTt o] olfE olvix e}
) E Aloldl d g e 29 Eol7t tEy] W e] ohdrp FZHch o] dFeA
passaggio® & & HY, vle]E ZFAM non-passaggioSs d dHtl PFFII|F S0
7t e, o] Aie Large 50 ARE d79 dAd 23E Bch6]

Sundberg J, Titze 59 ATA Ad7HEL o & SElE A 7|2FFA57E S71E o
AEee F ostE 4RSIt FowsteEY, B3 waun 29 RS o 89 dB
AE F7HThn BISYTT) olRe2 9 FE(ntensity)E HESHHPsub)ol Z7Hel
gt Zsjd Aoz Gqad 4 gled, B d7edAM Hdortd 89 AmE AEEkte)
passaggio® 32 ¥& W HTh passaggio® & W FUtst SAPD A 2e ARE
YR AT st AR vt e &9 Amrt AedE BT 238 HFEINF
& 2 AEste] AT AFAE JehlAEH, ol ovlE Q9 Ao), FL& FY, 53
Aoizd THoR 3t Aol oldrl FE5HRL o]RL 225 W o4 & AR AoTtelA
Alggk ¢2e] A A8l ¢ AFE B

TFoz ¢ ZA 42898 d £ govME 2L FE So|x g1 B F& FEELE AL

F e F28 A4H Hadeld Brt & F Ue Aot
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