
COMPARISONS BETWEEN THE VOWEL FORMANT FREQUENCIES IN SPEECH 

AND SONG 

B0rge Fr0kjrer-Jensen 

The :following analysis o:f the :formant :frequencies (?:f 

singers is part o:f a more ~omprehensive analysis o:f the Danish 

vowel :formants in speec_h, shout, and song, (7). Di:f:ferent parts 

~:f the material :from that analysi~ have been used :for investiga

tions on the changes o:f :formant :frequencies at high voice ef

fort (6), and :for investigations on the relations between male, 

:female, and children's :formant :frequencies .(8). 

/ 
1. The purpose. 

The purpose ·o:f the present investigation has been to 

study why vowels sung by trained singers have· a di:f:ferent 

timbre compared with spoken vowels. This problem should be 

divid~d in two parts: 

{a) a comparison between the acoustic spectra 

in speech and song 

and 

(b) an investigation o:f the physiological 

changes in the vocal tract which cause 

the acoustic changes. 

The preliminary examination o:f the vowels in song· 

discussed in this article deals mainly with the :first part 

o:f this problem, i.e. the acoustic changes in song compared 

with normal speech. 

2. The material. 

The 'material for the .. _formant measurements consists of 

tape_ recordings from seven professional male singers (two 

basses, three baritones, and two tenors) engaged with the Danish 
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Radio's choir and chur~h choirs.*) The physiological observa

tions are based on,a material consisting o:f io m~le s~bjects, 
- . .. . . • . ~ 

lo female subjects, and 5 children. Hal£ of the male and hal:f 

of the female subj~cts were trained and professional singers. 
1 The rest must be classi:fied as untrained si_ngers. During the 

, tape recordings some visual observations concerning the changes 

0£ tha- resonating cavities in.song-in relation to sp~ech were 

written down. The observed modifications in song concern::· 

(1) position o:f th~ larynx, (2) m6uth opening, (J) lip round

ing~. (4) movements of' the hyoid bone, and (5) the dilated 
/(v i 1, 

pharynx •. 

All the subjects have contributed with recordings o:f 

{a) normal speech, 

(b) song in low-pitched chest register (t~e fundamental 

:frequency nearly equals· the :fundamental :frequency in 

speech), 

(c) song in high-pitched chest register (the :fundamental· 

:frequency is about one octave higher than in low-pitched 

chest register). 

All the subjects have spoken and su~g eleven Danish bi

syllabic words in which all the Danish long vowel phonemes and 

the lowered r-influenced /a/-variant [a:] occur (6),(7). 

The tape recordings have -~een analysed by means of the 

Sona-Graph. All the :formant frequencies. are· based upon ave

rages of measurements on narrow band and wide band sonagrams. 

These data have been converted into punched cards and treated 

in the electronic data processing center (NEUCC) as discussed 

*) My material includes hundreds o:f sonagrams from profes

sional :female singers, too. They have, however, been excluded 

:from the :formant measurements :for this article in order to get 

a more homogeneous collection of data, and because it is im

possible to measure· the formant· :frequencies o:f the more high

pitched :female voices in song<. Such sonagrams can only be 

analysed by a comparison 0£ single harmonics, which is outside ... 
the scope o:f this article~ 
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in (8). Photo copies of the EDP machine outputs are shown in 

Figs. 1 and 2. 

3. The vowel formants in speech and song. 

Column AMEAN in Figs. 1 and 2 shows the formant fre

quenci~s for the spoken vowels of the seven singers. Column 

BMEAN in Fig. l shows the formant frequencies of the eleven 

.vowels sung in low-pitched chest register. Column BMEAN in 

Fig. 2 shows the formant frequencies of .the eleven vowels sung 

in high-pitched chest register. Column BAPCT in Fig. 1 and 

Fig. 2 shows the differences between the sung and the spoken 

vowel formant frequencies expr~ssed as a of the 

spoken vowels. (the variable "BAPCT" thus equals the parameter 

K in the terminology of acoustic phonetics), and column SDPCT2· 
n 

indicates± twice the standard deviation of that difference 

(which equals a 95.45 per c~nt significance level). 

A more detailed explanation of the different parameters 

in the tables Fig. 1 and Fig. 2 may be found in reference (8). 

4. Significant changes in formant frequencies. 

The different formant frequencies for normal spoken 

vowels and for sung vowels in low- and high-pitched chest re

gister are depicted in Fig. J. The vowel formants are depicted 

in the following way: in speech by means of solid lines; in low

pitched chest register song by means of dashed lines; and in 

high-pitched chest register song by means of chain-dashed lines. 

The diagram Fig. 4 shows the K -values expressed as per-
n 

c~ntages (3) £or the formants of' each vowel sun~ both at high 

and low pitch in relation to the same spoken vowel. Twice the 

standard deviation is indicated for each K -value. 
n 

Assuming 95 per cent confidence limits we can make the 

following conclusions: 

lli 
Vowels sung at the same pitch as normal speech do not have 

first formants which are significantly different from those of 

normal speech., whereas Fl is considerably raised -when the pitch 

goes up. If the pitch is raised one octave in the chest re-
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. . -PROGRAM FOR tOHPU.tSONS...:8ETWHN vowel. s,ecTu GROUP A AND vowel· SPECTRA &Roui-·ii-:iiinf suiasnc ·uLcuuttoNs • 

. VERSION OF DECEMBER 1961, CIJFJJ. 
• t : • . \ 

INPUT GROUP A ~NO INPUT GROUP 8 ARE TWO SETS OF VARIABLE NUMBERS, 
··- --·-··1..- - . MEAN VALUES, -. ... 

STANOARO ERRORS OF MEANS, AND • 
NUMBER OF SAMPLE$ FOR EACH ~ARIA8LE•··· '., •• ' 

NUMBER OF VA~IABLES HUST OE THE SAHE IN GROUP l AND GROUP Be 
"THE MAXIMUM NUMBER OF VARIABLES IS 999. 

t ••• THE HAXl~UH NUMBER OF SAMPLES FOR A VARIABLE ·t$ 999e 

-~ I· • NUMBER OF A VAIHABlE IN GROUP A• 
A"IAN, ~ "RANS 0~ SaM,~ijl IN O~OUP A• 
K • NUHte• o, ,,~,llS ,o~ AHIAN. 
ASD@. • STANDARD ERRORS OF MEANS IN GROUP Ae 
APCT ·• ASOE fN PER CENT OF MEANS. 
·J NUMBER. OF A VU I .\~LE IN r;RdtJP B. 
BHE~N • ~EANS OF S~MPLfS IN CROUP 6. 

·L • NIJfil\l:R OF S.\MPLf:S FOR .OMl:4No 
eso~·· • STAND~RO ERROR5 OF MF4N~ IN BROUP e. 
BPCT • B~OE IN.PER CENT OF MEANS. 
OIF9A • THE OIFFFRENCE BMEAN - AME~N • 

. 8APCT • OTFBA IN P~R C£NT OF AMEAN. 

J 

S0.\8S • STANOAR~ OEVIATION FOR THE OtFFERENCE OIF8A. 
SOPCT • THE RElATtVE STANDARD DEVIATION FOR OtFAA CAlCUlATEO IN PER CENT• 
SDPCTZ • TWO Tt~£S ~OPCT. 
SOPCT3 • THREE TtHES SOPCT. • 
NO • THE TOTAl ·NUMBER OF VARfABlES JN A GROUP. 
NVAR • AN INTEGER VARIABLE WHICH DETfRMINES WHEN.WARNING MESSAGES MUST APPEAR •. 
NF •• CODE NUM~ER. NF. o, NO CALCULATIONS QN BAPCT-AVERAGF~ ARE r.fNFRATrn,· 

NF 2 1, CALCULATIONS ON BAPCT-ftVER~GFS ARF GENER~Tfn FOR FORMANT FREQUfNCJESt 

·'· 

NF s 2, tALCULATION~·oN BAPCT-AVERAGES ARE GENERATED FOR FORMA~T FREQUENCIES ANO FORMANT LEVELSe 

' . ERROR MESSAGES OCCUR IN OUTPUT TABLE WHEN INPUf DATA EQUAL ZERO 0~ ARE ABSENT. 
ERROR MESS ACES OCCUR fN OUTPUT Ti\BLF WHEN CUMPAR I srms ARE MAOE FOR WRONG vu IABLE NUMBERS • 

. WARNINGS OCCUR WHEN NUMBER OF SAMPLES EQUALS OR tS LESS THAN NVAR•· 

,.ALE SINGERS. COMPARISON 8£TWEEN SPOKEN ANO SUNG VOWELS, lOW PITCHEO CH"EST REG. 

VAR HO AHEAN I( ASOE APC T BMEAN l BPCT OiFBA BAPCT SDABS SOPCT SOPCT2 SOPCT3 

1 236. •,7 7.27 J.OIJ ' 250. 1 ll.23 4.49 14. 5.93 13.38 5.45 10.89 16.3'1} 
2 2101. 1 47.88 2.28 1962. 7 $9.0l 3.01 -1390 -6.62 75.99 3.77 7.55 11 32 • 
3 2974. y· 74 •. H 2.51 2Hlo 7 93.17 3.41 -243. -8.17 119.44 't.24 6.47 12:11 -(..: 
4 3321. 1 • 74.55 z.z~. 11n8. 1 09.10 2.01 -213. -6.4l 116.11 3.64 1.2a 16.92 
5 281. 7 t0.32 3o67. 298. 7 4.H lo4f. 11. 6.05 11.20 3.95 7.CJO 11 85} 
6 • .ZOTZ. 1 40.13 l.94 1926. 7 47.84 2.48 -1460 -7.05 62.'t4 3.15 6.30 9:'tS e• 
7' '2144. 1 57.'l0 2.tl 2644. 7 48.82 l.85 -100. -3.61t 75.66 2.80 5.60 8.40 • 
e 3379. 1 97.84 2.~o 1104. ,·. 9n.01 2.90 -215. -a.14 132.96 4.10 a.20 12.Jo 
9 365• 1 ll.55 3.16 410. 7 21.63 5.26 45, 12,33 24.52 6.15 12.30 18.46} • 

10 1961. , 44.4~ 2.21 1009. 1 42.13 2.36 -152. -1.1; 61.66 3.21. 6,55 9.02 e· 
11 2474. 7 79.03 3.19 2350. 7 56.47 2.40 -124. -5.0l 9T.13 4.00 7.99 11.99 ' 
12 3341• T 66.91 2.00 31260 7 97.81 3.13 -215. -6.44 118.51 1.11. 7.43 11.l't . 
13 542. 1 29.90 5.52 586. 7 31.93 5.45 44. 8,17- 41.74 7.75 15.51 23.26} 
14 1101. 7 77.12 4.53 1472. 7 70.56 4.79 -229. •13~46 104.53 6.60 13.20 19.79 a.:• 
15 23060 7 75.60 3o28 2372. 7 62.46 2t63 66. l.86 98.06 4o20 8041 12,61 
16 3433. 1. 95.03 2.77. 3162. 7 9't.82 3.00 -271. -7.89 l34,2't 4.08 6.16 12.24 

18 1157. 7 11.11 1.48 1084. 7 40.07 3.70 -73. -6.31 43.57 3.98 7.96 11.94 a,:. 
17 717, 7 26061 3.11 6710 7 34.29 5.11 -46. -6.42 't3.40 6.32 12.63 10.95} 

19 25310 T 96.62 3.90 2586. 7 76.43 2.9b 550 2.17 124.77 4.89 9.78 14.67 
20 3551, 7 184.07 5.1a 315ft. 7 ll8.3fJ 3.75 .. -397. •11.10 210.e1 6.40 12.ao. 19.19 , 
21 237~. T 8.08 3.41 2600 7 12.49 4.llO· Ho 9o70 14.fl8 5.89 11,78 17.67} 
22 1863• T 34.55 lo85. 1805. 7 41.69 2,31 ~58. -3.11 54.15 2.96 5.92 8.89 IIJ!. 
23 2ll8o 7 43.67 2o06 2019. 7 44.24 2.13 -39. -1.84 62.16 2.96 5.93 8,89 4 • 
-~~- .. _3_1?5.•.. 1 8loH Z.56 3070, 7 104.1'1 3.39 -125 •• -3.91 l32.37 4.25 8.50 12.74 
25 301. 1·· - ·e.4i •·i.79 .. 159;-· ·7- ·29.1·i" • ·:li.H •• •• ,;9;. 19.27 31).30 0.•;a l'r ■ -15 .. 25.73} ••• 
26 1637. • 7 lt0,29 2o46 1620. 7 34.31 2.12 "'."11• -1.l)'t 52.92 3.25 6.49 9.H pf: 
27 2051, ' 7 47,81 2.33 2020. 7 40.74 2.02 -31, -1.51 62.81 3.08 6.16 9.25 
28 3161. T 78.55 2.48" 3026. 7. 106.18 3.511 -135. -4.27 132.08 lt.30 8.60 12.90 
2-(] 385. 7 11.70 3.04 416• 7 H,.l() ~.87 3lo 800'5 19.90 4.92 9.04 .14.76} 
30 1619. 7. 67.14 4.15 15()4. 7 53.111· 3.52 -11'5• • -1.10 •• 85.54 5,44 10.88 16.33 Q?: 
31 2086. 7 43.54 • 2.09 2()79. 1 29.'53 1.42 -7. -0.34 52.61 2.52 '5.05 7.57 
32 3170. 7 • 71.14 2.24 3062. 7 1O6.rJl 3o46 -108. ~3.4l 127.67 4.13 8.25 12 ■ 30 

H ,m: ' i !tn tH ,Ht ~ ;i:H rn J!: J:H :rn ::H ·tH lt0

5
:~1.a.= · 

WARNING_ ONlVt • N.UMBER OF $AHPlES IKI FOR ANEAN ANO NU'18ER Of SAIIIIPLES (LJ FOR BMEAN ARE LESS THAN OR EQUAL 

36 3i4e. • 14,.19 4.59 2e65, , 02.10 2.89 -383. -11.19 110.62 s.1t1 10.0; 16.20 
· WARN I NG ONLY t • .. HU,'8ER OF SAMPLES ( k I FOR AMHN ANO NUM!\ER OF -SAMPLES ( U FOR !3MF.AN ARE LESS THAN OR EQUAL 5 
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38 ; 
39 
40 
41 
42 
43 
44 

346 • 
762 •. 

23\6. 
31 H,. 

1130. 
862. 

22CJ2~ 
1163, 

7 
1 
4 
6 ., 
1 
6 
6 

10.99 
l3."0lt 
80.97 

102.00 • 
9.76 

25.82 
81066 

120.u 

3.te 
l, 71 
3.50 
J.ZT 
2.27 
3.00 
J.56 
3,80 

360, 
769. 

2310. 
3041). 

4J~. 
85<1. 

2287. 
3038 •. 

7 13. 1)9 
7 12.09 
6 «H. 71 
7 l 13. All 
7 t0.62 
7 Zl.'17 
7 81'fl4 
1 93.52. 

3.64 
1 • 57 
). qt, 
3. 7c; 
z.44 
2.79 
3.58 
3el)8 

14. 
1. 
2. 

-76, 
60 

. -3. 
-5. 

•tZ,. 

• 4.05 
' 0.92 

o.oq 
-z. 44 

l,40 
-0.35 
-0.22 
-3.95 

17.09 
17 • 78 

122.34 
152. 88 

14.42 
35.23 

115.61 
152•23 

THE AVERAGE FREOUENCY or FORMANT IN GROVP 8 IN RELATION TO GROUP A IS 1.12 PER CENT, 

THE ave~AGE FREQUENCY OF ,oRMANT 1 IN GROUP 8 JN REllTION TO GROUP l IS -4.54 PER CENTt 
.~ 1 

THE AVERAGE ,REQUENCV OF FORMANT 1 tN.GROUP 8 IN RELATION TO GROUP A IS -1.5z PER CENT ♦• 

THE AVERAGE ·FIUO~£NCY OF ,oRMANT 4 IN GROUP B IN Rt LA.TI.ON TO GROUP A IS -6~ 35 PER UNT • 

4.83 
2.32 
'5.28 
4.97 
3.33 
4.09 
5.05 
~.89 

9.66 
4.65 

10.'56 
9-.95 
6.66 
e.19 

10.10 
9.78 

THE TOTAL AVERAGE ft~RC£HTAGE OF FORM-Nf ·FREQUENCIES IN GROUP I IN RELATION TO GRO~P A JS -1•3Z PER CENT• 

CALCOLATtOkS ~lit 8EtN COMPLETlO•· 

STO, 

,~-·~-., 
I· •. F l G. l 
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t~qnuTE OF PHO~EHC<,. UNIVERS tTY OF 'COPENHAGEN, DENMARK 11~ 
ppor,RA~ FOR CO~OART~ON~ B~TWEFN VOWfl ~PECTRA GROUP A ANn VOWEL SPECTRA CROUP B WITH $TATISTIC CALCULATIONS• 
VFRSION Of ~ECE~~~R 19~7, CqFJI. 

INPUT GROUP A ANO INPUT GROUP BARE.TM~ SETS OF VARIAOLE NUMBERS, 
MfAN VALUES, 
STANDARD ERRORS OF ~EANS, AND 
NU"'BER OF SAMPI.E$ FOR .EACH VARIABLE. __ 

NU'l:3FR OF VA~ l ABLES !"UST BF THE SAHE IN GROUP A ANO GROUP B• 
THE M\XfMUM NUM~ER ~F VARIABLES IS 999. 
THE ~AXIMU'4 NUMOER OF SAMPLES F~R A VARIABLE IS 999e 

l Nll,IRrR QF A V,\RtAeLF J~ ,;RIJUP Aa 
l\!4fl\N • Ml=~t,i~ ni: ~l\'4111.liS IN !';ROIIO Ao' 
I( ■ Nlll-41\filt nl' S\"11tlf!S l'O" I\Ml!Al'fo 
ASOF ~TI\Nnl\Rn ERRnR~ nF HEA~S IN GROUP A. 
APCT • ASDE J~ PER CENT OF MEANS ■ 
J • NU~OFR OF A VARIABLE IN GROUP Bo 
B~fA~ • MEl\~S OF SAMPLES JN GROUP Ro 
L • NUMBER vF SAMPLES FOR BMEAN. 
~~nE ~T\~nl\~D fRRnRS OF MeANS JN GRaUP e. 
~PCT • RSOE fN PER CEN~ OF HFANS ■ 
OlFP~ • THE DIFF~RENCE B~EAN - A~fA~. 
8APCT • OJFBA IN PER CENT OF AMEANo 
sn~~s STANOI\RO OEVIATtON FnR THE OTFfFRENCF. ntFBA. 
S~PrT THE RELAllVE STANO&RO DEVIATION FOR OIF~A CALCULATF.O IN PER CENT. 
5ryor1, • TwO TJMFS SDPCT. 
SDPCTl • THREE TIMES SOPCT. 
Nn • THE TOTAl NUMBEP OF VARIABLES JN A r,RQUP. 
NVAR • AN INTEGER VA~IABLE WHICH DETERMINES WHEN WARNING MESSAGES MUST APPEAR. 
~F • A CODE NtlW)tR. t-•F ,. l"I, NO CALCULATIONS ON BAPCT-AV!'.RAGf'S AR( GENEll.°1\Tf:O, 

NI= s t, C~LCULATlGNS ON RI\PCT-AVFRAGES ARE GENF.RI\TEO FOR FORMANT FREQUENCIES, 
NF • z, CALCULATIONS ON BAPCT-AVF.RACES ARE GENERATED FOR FORMANT FREQUENCIES ANO FORMANT lEVELS• 

ERRO~ MFSS~CES OCCUR tN OUTPUT TABLE WHEN INPUT DATA EQUAL ZERO OR ARf ABSENT. 
ERROR MESSAGES OCCUR IN. OUTPUT TABLE WHEN COMPARISONS ARE MADE FQR WRnNG VARIABLE NUMBERS. 
WARNINGS OCCUR WHEN NUMBER OF SAMPLES EQUALS OR IS LESS THAN NVAR. 

MALE SINGFRS. COMPARISON BETWEEN SPOKEN ANO SUNG VOWELStHJGH PITCHED CHEST REG. 

VA~ Nn l\'-41=A~ I( I\S'l~ I\Pf'T flMf.AN L RS!'IE RPCT n1FqA MPCT SOAR~ SOPCT 

t 7.:,1,. 7. 1.21 3.1:, :rn4. 7 12.12 3.99 60. 28.Bl 14.13 5.04 
2 7.101. 1 47.f1'3 2. 211 1915. 6 .81.08 4.23 -IA~. -8.85 q4.16 4. 8 l: , 2~ ,, •• 1 H.n 2.51 264 3. 6 11q.16 4.52 -3Jl. -ll.13 11.0. 82 5.17 
4 3,, l • 7. 74.~r; 2.2\ 31B7 • 7 q5.14 2.99 -134. -4.0J 120.87 3·. 74 

5 ~"l• 7 to. n 3.67 38f>o 1 zr;.13 6.51 l'l5. 37·.37 27 .17 1.1i1 

6 ~:nz. 7 40.lJ 1.94 18 ll. 7 69.04 3.81 -26 l • • . -12~ 60 79.86 4.28 
7 2 7:.4. ., 'H.!"1 2.11 24 I c;. 7 f. l. '•3 2 ■ 54. -329. -11. 99 64.35 3.30 
A 33.79. 7 97. 8 '• 'i.?rJ 3195. 1 95.41 2.99 -19'•• -r;.45 l36. 66. 4.16 
9 365. 1 tl. 55 J.l~ 54 3. 7 72.H 4.20 178. 48.77 25.59 5.26 

10 t96t. 7 44.4«; 2.21 16';(,. 7 ~'i.50 3.35 -3')5. -15.55 11.11 4.05 
11 24 74. 7 7q.n 3 J. l q VJJJ. 7 ~8.76 . 2. 57 -19 l • -1.12 98. 1•8 4. 10 
12 3341 o 1 f,(,-91 2.0') 3216. 7 77.16 2 .4ri -125. -3.74 102.l) 3.13 
13 542 ■ 7 7.'1.91 'i.52 621. 7 23.58 3.79 al'J. 14.76 3tJ.08 6.69 
11.- 1701. 7 11. 12 4.53 1292. 1 45.91 3. 5'5 -4')9. -24.!)4 8'1.75 5.76 
15 7.)06, 1 75. 61} 3.20 241 o. 1 75.H 3.14 l'l4. 4.5t 107.0l 4.54 
16 3433. 1 95.IH 2.11 3250. 7 69.51 2.14 -101. -c;.33 11 7 • 74 ,3. 50 
17 717 • 7. u .. -,1 1. 71 664. 7 40.63 6.12 -·n. -7.39 4d.r;7 '7. 16 
18 l l c;7, 1 11.11 1.48 1062. 7 4q, 78 4.69 -95. -0.21 c;2.64 4.92 
19 75~1. 7 98.62 3.90 2654 •. 1 74.4CJ 2.81 123. 4.86 123.59 4.80 
20 355 l •· T lH,07 5. 18' 3333. 1 92.H 2.11 -218. -6.14 205~95 5.88 
21 . 237 • 1 ,..,.,_~ 3.41 321. 7 12~07 3.76 84. • • 35.44· 14.52 5.08 
22, 1A6J. 1 )4. 51; 1.85 1111. 1 38.07 2.23 -152. -13.16 51.41 2.90 
23 .? l l '3 • 7 ,,1.,, 7 2.!)f, 2146. 7 46.58 2.11 7.JJo 1.32. 63.85 2.99 
H 319r;. 7 Al.64 2.56 3oqo. 7 57.61 1.86 -In5• -J.29 99.92 3.16 
25 JOl, 1 • !I. 41 2.7q 41)9. 7 7.4.q5 -· 6.tO 10". 3c;. 88 26.H .6. 71 
26 t 637. 1 40, :,q 2.4~ 1551. 7 56.34 3:63 -!H,- -5.Z'i 69.26 4.39 
27 20 c;1. 7 Ho8l 2, 31 7.IJ6l. 7 42.66' 2.01 l'). 0.49 64.08 3~12 
28 3161 ■ 1 1'1. o;r; 2,48 3096. 7 60.64 l,96 . -65. -2.06 99.ZJ 3,16 
29 :, ~r;. . 1 1t. 7,, 3.'l4 541. 7 22.22 4. l l 156. 4'l. 52 25. 11· 5.11 
30 161 <}. . 1 ,, 1 • l '• "· 15 l 3'13. 7 37. 51 2.69 -22i,. ... 13 • 96 76,91· "· 94· 
11 ~0116. 1 4J. •;,. 2.IJQ 2192. 1 "i7.'.H 7-.f,O l'l6. 5.08 71.75 3.34 
32 ll70o 7 , 11.14 2,24. . :1139 • 1 M.4'1 2.15 -Jl • -1).98 98.00 · 3. 11-

33 254. , I 1.~J 2 .q J 368. 7 21.·4 7 7.46 114 • 44. 86 28.46 B .02·' 
14 15q. ,, . 1.4. H 3,21 81t9. 7 23.92 2.e2 9(). 11.Bh 34.15, 't.27 
15 ~, 05. r; .\2.37 2.01 21j9. 1 1nr;.qa 4.95 34. l. -,2 114.14 5.~5 

W\P'\lf~"; n~,L.., • - 'lflJM!lFR OF ~\"IPLE~ l~I f=OR 4MEAN JC: ins Tl{AN. OR. E~UAL~ 5 

36 J?'•"· 4 l',9.l:J ,._.,., . Vl6'ie 7 li3.ll 2.1"16 -183. -5. 63 l'il.99 5.03 
Wl\ltNfN~ O~IL 'ft - Nm•'tFA, ·r}f= SA'4Plf'S 110 FOR AMEI\N IS LF.~S !HI\N OR EQUl\l~ 5 

37 l'•~• • 1 to.9'1 lo 1 g 4c;~. 7 7.1. 6 3 4.7S 1"19. 3 t. 'il"I • 24.26 5.12 
38 1 1,z. 1 13,'l4 1 • 71 812. 6 18. 1 1• 2.31 5,J'. 6.56 22. 83 2.87 
:,9 7ll'-• 4 111.q7 3. t:;!) 2623. ,, 74.56 2.84 317. 13. 26 110.01 4.51 
40 1 I l f.,-. ~ Hl~.in 3. 7.1 3111. 7 5\.()3 t.66 -5. -0.16 ll 4 • 32 3.67 
41 4 .i'1. 1 9.7', 2.21 c;z9. 7 12 • 4 3 2.35 99. 23.02 p;.90 3.27 
42 M,'!. r. ,,. 8 ~ 1.00 '184. 7 48,08 4.89 122; 14. l c; 54.57· 5. 73 
41 7.7q~. (, Alo',6 J.56 2583. 6 · 64. 97 2.52 291. 12.1n lOlte 35· 4e36 ,.,. ... 111,3. •. ,, 120. t 2 3.0,., 3181. 1 ·49. 93 1.57 . 18. o.57 130.08 

"· 11 

THE AVERAGE F'R(;QUENCY OF tORMANT l IN GROUP 8 IN RElAtlON TO r,RQUP A IS 30.32 PER CENT, 

·THE IVEUGE FREQU,ENCY OF· FO~MI\Nf 2 IN r.ROUP IJ IN RELATION TO .GROUP A IS -5.92 PER tENTt 

THE •AVERAGE FREQUENCY· Of FORMANT 3 IN r.P.OUP 8 JN RflATJON TO.GROUP A IS ltl8 #'ER CENT, 
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gister, Fl becomes significantly higher except for the open 

vowels [a:] and [Q:] (the average increment for Flin song 

ist low-pitched chest register 7 per cent, and high-pitched 

chest register 3o per cent).*) 

ll.!. 
All the front vowels show a lowered F2 in song. The lowering_ 

is more pronounced the higher the pitch is, but the difference 

from speech is only big enough to be considered significant 

for singing in the high-pitched chest register. The rounded 

back vowels exhibit nearly the same formant frequencies as in 

speech when sung in low-pitched chest register. When sung in 

high-pitched chest register they have a significantly higher 

F2 than in speech. 

F3: 
The changes of F3 in song a~e very small, and the few ch~nges 

are most pronounced at high pitch. Thus the unrounded front 

vowels [i:], [e:] and[ .. ~:] are significantly lowered, and the 

rounded back vowels -[o:J and[;:>:] are significantly raised in 

relation to speech. 

F4: 
F4 is lowered during song in the whole pitch range of the chest 

register. 

It may be seen from the above-mentioned formant changes 

that the vowels in high-pitched song are more centralized than 

in speech. In this respect the formant changes equal what hap

pens when the voice effect is increased (6). However, it is 

*) This article only takes into account song at nearly the 

same pitch as normal speech and song at about one octave higher. 

An examination of song at lower pitch than normal speech (9 

subjects have been ·involved in this analysis) has given the 

result that all the formants are lowered in relation to speech. 

However, the individual deviations are too pronounced, and it 

is not possible on the.basis of' my material to speak about a 

significantly relevant formant lowering in very low-pitched 

song. 
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c~early seen :from the sonagrams that the main di:f:ference be

tween shout and song-is a changed energy distribution ·in the 

spectrum. Flis very weak in shout and often very prominent 

in song. The upper part o~ the spectrum is strongly intensi

fied in shout, and o:ften :fully cut of:f in song. 

S. The physiological changes. 

As previously mentioned this article will not deal with 

the physiological changes o:f the vocal tract becau·se I have not 

had the possibility o:f making X-ray photos yet. A more de

taiied investigation of the articulatory/acoustic problems in 

song must naturally involve calculations on the resonatory ca

vities based on X-ray photos.*) Therefore only a :few primitive 

visual observations carried out during the tape recordings o:f 

the subjects will be mentioned here with suggestions o:f pos

sible explanations. 

With 23 subjects singing at the same pitch as that o:f 

normal speech I have observed: 

Lowered larynx •·••••••••••••••• lo subjects 

Raised larynx ...... ·•••• ...... 1 ·subject 

Increased mouth opening 

Decreased mouth opening 

Increased lip rounding 

Decreased lip rounding 

. . . . . . . 
........ 
. . . . . . . 
• • • • • • • 

Lowered and advanced hyoid bone. 

Dilated pharynx . . . . . . . . . . . . . . 

9 subjects 

2· subjects 

9 subjects 

0 subjects 

9 subjects) 

lo subjects~ 

mainly 
with 
trained 
si~gers 

*) Sundberg {10) has shown by means of X-ray photos of 4 male 

singers that the vocal tract has about the same length in rest 

and in speech, whereas the length o:f the vocal tract is· in

creased in song. The increase is caused by a 1 cm lowering 

of the larynx. 1 Furthermore he has shown that the jaw is 

lowered and the distance between the Sinus Morgagni is in

creased by So per cent in song (Fo A& 120 cps). 
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With 2o subjects singing in high-pitched chest register. 

I have observed: 

Lowered larynx ••••••·•••••••••• 

Raised larynx •••.....••••.•... 

Increased mouth opening • • • • • • • 
Decreased mouth opening • • • • • • • 
Increased lip rounding •••••••• 
Decreased lip rounding . . . . . . . . 
Lowered and advanced hyoid bone . 

Dilated pharynx . . . . . . . . . . . . . . . 

7 subjects t ( 

4 subjects 

8 subjects 

(1) subject 

8 subjects 

0 subjects 

lo subjec_ts) trained 

lo subjects~ 
singers 
only 

These two tables show that many subjects perform an ac

tive expanding of the vocal tract during singing, and that very 

few perform an active reduction of the resonance cavities. 

The most interesting thing is that the observation of 

lowered and advanced hyoid bone and dilated'pharynx applies to 

the trained singers only. These observations agree very well 

with those of other investigators (10), (11), who all speak 

about lowered larynx, increased resonance cavities, and lowered. 

jaw in song. 

6. Formant variations explained by the physiological changes. 

If we compare the visually- obseryed changes in the re

sonance cavities with the formant variations in Fig. 4 we may 

put forward th~ hypothesis that Flis raised in song because of 

the increased mouth opening which influences Fl most (the point 

of maximum volume current for the main resonance of a quarter 

wave length is situated in the mouth opening) (2), (4). There

fore the lowered larynx and the dilated pharynx do not affect 

Fl sufficiently in order to lower this formant. Only for the 

most open vowel [a:]the increased cavity in the lowest part of 

the vocal tract is able to lower 1 because the mouth is already 

fully open. 

During song the cross-$ection area of the vocal tract as 

a whole is increased. This must also be valid for the point of 

maximum constriction. According to Fant ('4) a widening at the 

place of maximum constriction causes a lowering of F2. and F3 in 
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the unrounded front vowels, ·and a raising of F2 in the rounded 

back vowels. 

F4 is lowered in all vowels 'in song because of· the 

lowering of the larynx. This lowering of the larynx (which 

probably is accompanied by a widening of Sinus Morgagni) ac

tually causes a lowering of all the formants, but the effect 

is most pronounced at higher frequencies where the point_of 

maximum pressure in the closed part of the resonator is most 

influential upon the resonant frequencies. 

7. Trained versus untrained singers. 

A comparison between the formants of lo trained and 

lo untrained singers (material not presented here) indicates 

that FJ in the rounded vowels is higher in song than in speech 

with trained -singers, whereas the opposite is true of un-

trained singers. According to the articulatory tables we 

must conclude that the lowered and advanced hyoid bone, the 

active dilated pharynx and the lowered larynx must in some 

way be responsible for the changes in FJ. 

Again, according to Fant's calculations on the horn

shaped three parameter model of the vocal tra~t, a widening 

of the lowest 3 cm in the vocal tract (i.e. mainly a widening 

of the Sinus Morgagni cavity) causes a raising of FJ. We may 

expect that trained singers are able (to a higher degree than 

untrained singers) to perform such an active widening of the 

lowest part ·of the vocal tract. The visible ruanifestation 

0£ such a change would be a lower~ng of the musculus geni~

hyoideus, an advanced and lowered hyoid bone, a dilated pha

rynx, and a lowered larynx. Most of these changes can be ob

served ~y visual inspection of the trained singers .. 

The acoustic observations agree with that of Sund

berg (10) who mentions that "FJ and F4 are closer in singing 

than in speaking and appear to be closer in trained voices 

than in untrained speaking voices", and with that of McGinni_s, 

Elnik and Kraichman (9), who speak about the more prominent 

FJ and F4 of trained singers (the intensity level is increased 

when the distance between the formants is reduced). 
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As previously mentioned these conclusions have to be 

verified by means of X-ray photos. 

B. Summary. 

The changes in song in relation to speech tend to de

velop a certain voice qual_i ty and mood which is determined by 

the context and by the individual. Also; the trained singe·r 

will try to obtain the best unity of sound in accordance with. 

our (i.e. the Western World's) way of conceiving s~ng art. 

These artistic shapings of the sound influence the vocalisa

tion. The acoustic structure of the vowels is, therefore, 

changed: there is less variation in formant levels among the 

different vowels in song compared to speech, and the first 

formant is often intensified. The analyses show an energy 

band in the acoustic spectrum between 2500 cps and JSoo cps 

common for all the vowels. 

As for the formant frequencies Flis drastically raised 

as a· consequence of the increased mouth opening in all vowels 

except [a:]. The higher formants are lowered because of the 

lowered larynx and the active dilated vocal tract, except that 

F2 is raised in the rounded back vowels because of a widening 

at the point of maximum constr~ction. The raising of FJ with 

trained singers may be due to a dilation of the lower part of 

the pharynx. 

These c~anges are most pronounced with bass singers 

singing in high-pitched chest register, and least prominent 

with tenors singing in low-pitched chest register. 
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