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The electroglottical curve at the
laryngeal level

v v 4’ « |: maximum opening of the glottis

* ll:maximum closing of the glottis
(stroboscopically determined and
transferred from the
4 electroglottography curve).

—— « Il and IV represent the change in
b resistance during the transition
' ' between these two states
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Measurements with the Danish
standard text, phonetically balanced-

"The Northern wind and the Sun”
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| ¢ Range of fundamental
. . frequency 15% pr centiles from
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Woldike's Musicality test- Reproducing a note.

2.schoal class
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Woldike’s rhythm test.
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The phonetogram structure

name date
first name diagnosis
date of birth examiner
dB (A) microphone distance 30 cm. /a/blue /ifred /u/green
110
100
» Form for phonetogram measurement
80 according to the 1981 UEP standardisation
y proposal.
60
5 Reproduction of the semitones is given
with 30 cm distance and measured with
40

GA C EGAc ega c cgac egac ¢ g gpnintensity meter from Bruel and Kjeer,

60 150 1568

frequel'lC‘)"[HZ) Type 2208
,a;ﬁTTFWWWﬂTFmWFWW

weak C 4 c c c'
loud
weak C c c [4 c'
loud
weak C C C c ¢
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Planimetry was made on paper in the study of the normal development.To
calculate the area of voice intensity versus fundamental frequency, one cm2
was comparable to 32 dB(A) x semitones.

Later on, we constructed a phonetograph hardware where the semitones
were given automatically, whereafter a filter secured the voice source
fundamental frequency.

The maximal and minimal intensity was measured averaging 10 equal sinus
curves respectively.

Later on, we developed a software program known as PG 100. PG 200 is
an averaging program with standard deviations of the measured tones.
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Average of phonetograms, made

with PG200

1 .
1 =
: L T—

Average phonetograms and
standard deviations for the
three choirboys (I — 1lI)
involved in the prospective
longitudinal study.

The phonetograms before
and after the change of
voice were compared.

For test person | and Il, only
one phonetogram was
made in mutation and
before mutation
respectivetly.

For test person lll, three
phonetograms were
measured before and three
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48 boys & 47 girls from 3-11 degree in
‘a amateur singing school
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This was made using the
model from the Union of
European Phoniatricians
1981.

Average phonetograms for
boys and young men,
depending on voice type
(The voice type was
determined by the singing
teacher.)

A: Beginner

B: Soprano

C: Alto

D: Voice in puberty
E: Tenor

F: Bass
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48 boys & 47 girls from 3-11
degree in a amateur singing school

A different ages.

AU AT N ¢ A (8.9 yrs.) — Beginner in

A 4 Ry / the choir.

CAH PR ] ¢ B (11.7 yrs.) - Typical

child’s voice with change

ki of register (330 - 392 Hz).
ot e o o o C (1 3.8 yrs.) — Well-

examiner dateolbith  emaminer

Anfbiue fied Auigreen - dIB‘IQ'“ microphane distance 30 om fublue Afred fufgreen - trai ned VO i Ce Without

TN register changes with

ramigme A AN limited dynamic breadth.

A o B B L D (14,8 yrs.) — Pubertal

SiEECIEEEICSEIEES il 4 B voice with register

changes.

frequency (H2)  fmequency (Hz)
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SINGING QUALITY

VOICE RANGE
IN CONTINUOUS
SPEECH

MIDDLE
BIOLOGICAL
TONE

LOWEST
BIOLOGICAL
TONE

FUNDAMENTAL
FREQUENCY IN
CONTINUOUS
SPEECH

Development of fundamental
frequency In boys
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Development of fundamental

f | | n
+ . .. frequency In girls
R P . 5 g-?“”ct,?oo" ;‘ ™
R G T s e T « Graphical representation of:
o [ X — vocal parameters phonetogram areas,
Banm 0 gew .. nata ‘ — tonal range of the speaking voice
J o Bl ddte S — tonal range of the singing voice
CETE TR — deepest note in the phonetogram
N . wd — fundamental frequency of the speaking
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Examples of phonetograms in boys
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frequency (Hz,

before and after puberty

Average phonetograms
for boys and young
men, depending on
voice type. (The voice
type was determined by
the singing teacher.)

A: Beginner

B: Soprano

C: Alto

D: Voice in puberty
E: Tenor

F: Bass
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Examples of phonetograms in girls
before and after puberty

Pre-puberal Post-puberal
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Average pr. year of phonetograms in

qirls
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Average pr. year of phonetograms in

boys
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Average phonetograms for
boys with standard deviations,
as a function of age.

The abcissa is divided up into
semitones, with the frequency
for each octave marked.

The scale on the ordinate is in
dB(A).
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Pubertal stage in boys

Age

Mo of boys

Serum testosterane
Dihydrotestosterone

Free testosterone

sexual hormone binding globulin
Delta 4 androstene dione
Dehydro epi andro sterone sulfate
Testist valume

Fundamental frequency

Voice range

Phonetogram area

Lowest biological tone

(years)

inmol/)

{n mol/1)

{r mal/1)

{n maol/1)

{n mold1)

{n mol/)
(rml}

(Hz)
{semitones)
o)

(Hz)

87-129

19

0.54

018

0.007

134

0.54

1400

23

237

3.7

158

13.0-159 16.0-19.5 pryr. % change

4

189

45

25

5900

20

125

5.0

34

2

68

37

77

-16

24

25

=11

3.9

9.2

-12

Geometrical average of
hormonal, pubertal and vocal
parameters for boys (grouped
according to age) and the annual
change in these parameters in
%.

(Phonetogram area:1 cm2 = 32
semitones x dB(A)).

M. Pedersen, FRSM Dr.med.Sci. Et h.c. ENT specialist, The Medical centre, @stergade 18 3. DK — 1100 Copenhagen Denmark

Url:www.mpedersen.org



Pubertal stage in girls

A

Tatal numibser

Cwesterone (E1]

Destradiol (E2)

Tatal testoiterons

Free testosterone

Dastenane sudphate (E1504)

DHEAS

Andrestendione

S hormone bending globulin (SHEG)
Menasche

Pubsc har stage

Mamma development sTage

Hiesghit

Waaight

Fundamental freqguency in continuous speech
Tarse range in continwaous speech
Taarse farys in Singing
Phonetographic anea

Phionetogram bowedt tane
Fhonetogram minddle (one

Phonetogram highest tone

{years)

Hz
Semitones
Sarmitanes
om "

Mz

Hz

Hr

* om' carwerson factor: 1 ém'= 32 semitone* dilis).

18

i ]

136

12

104

133

0.6

0037

1974

500

3128

130

-5

104

2458

4.2

n

FiE.)

156

1105

BF128 130159 160198 Significance

11

123

108

0.94

0.00%

2342

T200

3143

123

+11

a6

5

11

123

241

52

LS

283

145

413

1263

Geometrical averages of
hormonal, pubertal and
vocal parameters for
girls (grouped by age).
The relative standard
deviation lay between
11 and 140%.

(Significance of the
differences between the
groups: p<0,01 xx;
p<0,05 Xx).
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Pubertal development in a longitude study
W|th measure every second month in the
~ 8th school year, 3 boys

6 phonetograms, measured on a boy at intervals
of 2 months (Age 13.7 - 14.6 years). The third
phonetogram (December) has the biggest area

and shows the smallest irregularities. In January,

the boy was suspended from singing in the choir

j due to the start of the change of voice (C4 = 262

Hz).
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Statistics are necessary!

* The phonetograms of the Thomaner choir are
different before puberty and in puberty

120 g
dB(A)—

100

. Average phonetograms with standard

*07 deviation for the cohort of sopranos and of

60 pubertal change groups (mutants) from the

a0 Ny A\l Leipzig Thomaner choir. The hormonal

PIARLR RN P FLR A parameters were similar to those of the

65 131 282 523 1047

Copenhagen boys.
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