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The characteristics of soprano students’ voice related to the vocal methods
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Abstract

The purpose of this study is to find clues to the risk of voice disorders in soprano students. The subjects of the study were
17 soprano students and 18 general students (women). The phonation of vowels /a/, /i/, and /v/ with C4 and F4 notes in
each group were recorded. Then, only soprano students were made to record their classical vocalization containing vibrato.
Formant, formant energy, bandwidth, VAI (vowel area index), VSA (vowel space area) and L/H ratio were analyzed. There
was significant difference in F3 such that the singers’ note was measured around 3 kHz which seems to be 400 Hz higher
than one from general students. But, There was no significant difference in L/H ratio between soprano student and the
general student. There was a significant difference in F3 in the comparison of the soprano students’ two vocalization
methods. Classical vocalization was measured at 200Hz higher than sustained phonation in F3. Vocal tract adjustment was
made and vowel space changed, but there was no significant difference in F3 energy, which is the index of singers’
formant according to the phonation method. The L/H ratio, which can be a direct indicator of vocal effort, has no
difference in phonation method and is lowered in all phonation methods as the pitch increases. C4 and F4 pitches are lower
than the singing range of the soprano. When the pitch changes, vocal effort increases like a general student which will be
an indicator of the risk of vocalization. This will be a clue to the vocalization of the immature soprano student.

Keywords: singer’s formant, vocal load, vocal effort, soprano student
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Table 1. Fundamental frequencies concerned with
the vocalization method and notes

C4 F4

/ot /0]/ /15 oV /ol/ 15/

A7 2602 2638 2629 | 3441 3462  348.1
AYdm)| #5.1) 47 (@#5.9) | #5.8) (F12) (=5.4)
AIA| 262.8 2637 268.1 | 346.6  349.1  349.1
(YRR (#11.5)  (#8.7)  (#3.1) | 6.1)  (*73)  (#7.3)
AobkAll 268.1 2662  267.3 | 3503 3537 3545
AIE)| #3.1) (45 (@44 | @37 @59 @6.1)
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Table 2. Formulas for formant energy and VAS, and VAI
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Table 3. F3, L/H ratio concerned with the vowel and notes
A= Axkel
C4 F4 C4 F4
F3 Joly 2992.1 2907.8 2440.4 2336.6
— (£283.7)  (£367.5) | (+488.7)  (£476.5)
F3 Jo/ 3231.1 3072.9 3274.1 3069.5
- (£192.2)  (£153.5) | (£216.1)  (£139.3)
—— 2839.1 2839.4 2420.7 2196.3
T (£197.6)  (£263.1) | (+489.5)  (£380.5)
L/H 221 1.97 235 211
ratio_/o}/ (£21) £21) (£.29) (£27)
L/H 232 2.03 2.56 2.21
ratio /0]/ | (£.13) (£.14) (£.19) (£23)
L/H 232 2.11 2.53 221
ratio_/-§-/ (£.16) (£.14) (£.26) (£.27)
¥ 4. A 2 25| WE F3, UHratiod] t A4 23}
Table 4. Results of t-test regarding F3, L/H ratio
= t df p-value
C4 4.111 27.597 .000
o
F3_/ol F4 3.954 33 .000
C4 -.621 33 541
o
F3_/ell F4 .068 33 .946
C4 3.349 22.658 .003
(e}
B3 F4 5.782 33 .000
L/H C4 -1.591 33 121
ratio /o} | F4 -1.630 33 113
L/H C4 -4.147 33 .043
ratio /°]/ | F4 2.573 33 613
L/H C4 2762 33 .009
ratio /%-/ | F4 -1.417 33 166
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Table 5. Formant frequencies concerned with
the vocalization method and notes

Qg EEET
4 F4 C4 F4
936.2 825.0 905.6
o 2 (£83.

FLIOW | ooy 98526832 516 (i078)
p jey | 13907 1455.9 1320.5 1356.0
(£129.9)  (£1524) | (£224.5)  (+350.6)

B3 ey | 29920 29078 | 31199 316l
— (+283.7)  (£367.5) | (213.7)  (+169.5)
F oy | 4188 467.0 511.7 461.9
- #903)  (887) | (#461.7)  (x121.7)
[ oy | 26129 24795 | 25150 23954
= (£1254)  (£1374) | E1382)  (£140.9)
i o | 323U 30729 | 32059 31267
- (£1922)  (@&153.5) | (#2133)  (£145.8)
by ey | 001 532.5 518.8 534.7
ST @603)  @137.) | @129.1)  (21762)
b ey | 9837 1077.1 1346.4 1368.7
= (£844)  (£548) | (£6634)  (2483.5)

.| 28391 28394 | 31298 31568

F3 /-%/

E *197.6)  (£263.1) | (258.1)  (177.8)
Aderi el Zh JA AdehE Ao mE F3-S <19 3>l AAIEFS]
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Figure 3. Singing F3 of each note in soprano students
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6. TR BF RS PR A3}
Table 6. Results of repeated measures ANOVA
regarding formant frequencies

jr_iﬂr/ dr F
R F1_/oV F1_/°/ F1_/$/
=7 1 6.090* .000 341
oA 1 37.416%%* 562 312
AR |1 1.025 1699 196
F2 /ol F2_/0]/ F2_/%/
=7 1 918 10.385%% 516
it 1 2.057 13.311%%% 11,897+
A |1 063 077 261
F3_/ol F3_/°]/ F3_/%/
=7 1 091 4.952% 051
oA 1 10.606** 227 38.264%%*
AR |1 1.145 1733 074

Hok

"p<.05, "p<.01, " p<.001
322 XHE U9zt va

2s /o}MW WA 7F B1-B2-B3 9] %ﬂ 3 z2}o]7} 9l
™, A1 w2k B2-B39] #-2]8t 2o] & 1.3 th(p<.05). L&t
AT ARG o] $h ZFo] 7 GISITE B3E] 1A ol A WE 5]

ZF 23t 2Fol7F QA A Thp<.05). WA 11 2fol= ZF S Aol
A B12} B3, 28] 1L B2 F4 Aol A vt §-2] 8 2jo] 7} 22k

A THp<.05).

25 /o) g ol whet B2 9} B3 ol 4] 2] §F xfo] 7} 2}
R m(p<.05), + A} FZ 2G5k 2ol 7} glgit B
ol/i= Bl B2 oA SA 3+ Zh i o] 2] 8k 2o 7} 9204
omn, F4 SACNA B2 7F 3 3 fold alolE Rl
(p<.05).

5 /50l g of] uheh B o) gko] 1ol o) =
BHAARE SA9} 5 2-gol e {2 2ol A oF
ATE SA 7F 2 g Ato] f2 gk Afol= glglen, iy
W P4 SA1€] B3 oA RE 2] gk 2ol 7} 2 E Sl Thp<.05).
<3 7> Y 9 SAlel mhE ZF B58] tie gk 7= B Al

frole.

70890 2 Ao whE gk
Table 7. Formant bandwidth concerned with
the vocalization method and the notes

g8y EEET
4 F4 C4 F4

188.8 3443 356.5

[}
BLISW | Lyjag) M4SN Hgn)  (22497)
b | 2031 345.1 269.4 535.1
-~ ®1159)  (2246.9) | (:2252)  (x470.1)
el | 5167 824.5 243.0 253.5
- (£356.5)  (£508.5) | (£1284)  (+180.1)
Bl o) | 2334 3348 275.1 317.2
- *1169)  (£159.9) | (#201.8)  (+210.9)
ol | 3892 549.5 314.7 211.35
- (£264.2)  (417.7) | E128.1)  (274.8)
Y 460.4 382.9 362.9
- (£256.9)  (£193.5) | (119.7)  (+184.6)
. 220.9 216 3325 330.2

Bl /%/
- *1129)  (£159.6) | (2132)  (:2433)
152.4 3517 3513

]

+

B2/ Q072864 asyy | isoy  (2177.8)
53 oy | 5406 7217 316.8 284.1
ST (43386)  (#5708) | (131.6)  (£1102)

3.2.3. THE oA v]@

RE F-Eojx Ao w2} F1dB, F2dB, F3dB2] 2] 3t x}o] 7}
THEE QA THp<.05). Aol e zfol= ES /0]/2] F1dB
9} F3dBolA, B /975 F2dBolA 218k xpo]7t Qllch
(p<05). 218 BE BgollA daah-g2 f2o3 2ol fl9d

E}.

2 /o}, /°]/2] Bonferroni 23 8] A3} 24 7+ 2} 1A
Hgt;j |4 F1dB, F2dB, F3dB2] 2] 3+ 2107} 21 A th(p<.05). &
AR TF B o= B jole] ZF XU E o] f-o] et
“Fo] 7} %i"*%ﬂ HPSH o /0 g o wheh BE 2

2 19= %74] ﬁ&%@ﬂo*ﬁ W F1dB, F2dB, F3dB<]
o) gt zfo] 7} 1Sl o, MW I F4 S Al A 7-2] 3 2ol &
HAtKp<.05). LA 2l A w}% EHE oux| ] B
I FFEHAE <E 8ol A7 EHE 71 F3dBY WHES74
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Table 8. Formant energy concerned with the vocalization method

and each note

g 7(1—131_:}%04 /\é o_‘h‘ﬂj_wb%
C4 F4 C4 F4
F1dB_ 80.7 85.2 81.1 84.1
/oH #3.9) (£2.7) (#3.1) (£3.6)
F2dB_ 79.4 82.5 77.3 81.4
/o (#3.6) (#3.6) (£6.2) (#3.3)
F3dB_ 71.9 75.1 70.8 76.2
/oY (4.2) (£3.6) (£3.7) (£2.8)
F1dB_ 77.7 79.9 78.6 81.5
/°]/ #2.7) (£2.1) (£3.1) (£3.4)
F2dB_ 72.8 75.4 73.1 78.1
/ol/ #3.4) (£4.8) (£4.3) (£3.6)
F3dB_ 73.4 78.3 725 76.6
/ol/ 3.7) 4.1) (£2.9) (£3.6)
F1dB_ 76.9 79.8 77.9 80.6
15/ (2.4) (£1.8) (£2.4) (£3.3)
F2dB_ 722 78.3 69.6 71.4
15/ (x4.4) (#3.3) (x4.4) #5.1)
F3dB 61.7 66.4 62.2 68.2
e (#5.9) (5.6) (£6.9) (£5.4)

X 10. L/H ratio®]] th g+ ¥18-=4 EAHEA A3}
Table 10. Results of repeated measure ANOVA regarding L/H ratio

FEIEE r

ANEAe af L/H L/H L/H

ratio /OF/  ratio /©]/  ratio /5-/

=7 1 22.755%%%  7(0.379%%% 28 8E5HH*
Elseshelas| 1 3.568 2.053 3.135
SAFEAAYE |1 034 132 226

“p<.001
Zh &7 2 A o w2 VSASH L/H B89 Hity 178

A5 < 11>3 1H 0 F AAJSIATH<IH 4~6>).

11330 2 gA ol W2 VAILL VSA, UH Hl &
Table 11. VAI, VSA and L/H ratio concerned with the vocalization
method of each note in soprano students

9. F3dBell T3 RHESA A2 A3
Table 9. Results of repeated measures ANOVA regarding F3dB

FRI} EES i
Al & Z- df >
RECR g F3dB_/o}/ F3dB /°]/ F3dB_/$/
SA 1| 18.223%#%  16.974%**  7.855%*
g 1 .001 4.947%* 2.07
SAFEAEH | 1 2.006 535 676

ko

"p<.05, "p<.01, "p<.001

3.2.4. VAIS} VSA, L/H ratio B] i
VAIS] WHES574) Ahta] A, gy o A 9
T AN p<.05), oA TaTe} 2G4
= Ak Als A Ay g 7FcaS AN F
o8t 2o 7} il o, A g ol A SA 3 -2l gk Zfo 7}
ZE vkp<05). VSAE SAATE F23t AolE
(p<05). bAoA SA 2+ Fel st Aol 5 HAATHp<.05),
UG 7 2] 3 2ol gLtk
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Figure 4. VSA concerned with the vocalization method of each note in

soprano students
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