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CHAPTER |
| NTRGDUCTI ON

speech the ups and downs are those of the
damental pitch of the voice, produced by
i bration of the vocal cords. Voice,

ely as voice, plays many parts in communi -
ijon. It provides the overtones that are

a
r

DCE S S

n
ev
rel
tio
e rawmaterial for vowels; determnes the
ference between certain consonants: nost
mportantly it is what gives speech its power
0 ride over noise and carry Iong di st ances.
sides these roles - which th oug they in-
ol ve voi ce and hence tone coul d al nDst as
vel | "be nonotone - the fundamental pitch of
the v0|ce plays others that overlap in their
? ysi cal manifestations” (Bool i nger 1972)
hius voi ce plays a very inportant role in
Speech and [ anguage.
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Voi ce has been defined differently by different
people. Mchael and Wendahl (1971) define voice as
"the laryngeal nodul ation of the pul monary air streamwhich
Is then further nodified by the configuration of the vocal

tract".

Judson and Weaver (1942) define voice as "laryngea
vibration (phonation) plus resonance".

Fant (1960) define voice by using the formula P = ST,
where P the speech sound is the product of the source S, and
the transfer-function of the vocal tract, T.

Nor mal voice has to be distinguished from abnorna
voice for clinical use. But in voice science the question



of nornmality and abnornmality is a matter of subjective
opinion. An operational definition for nornmal voice has
been given by Nataraja and Jayaram (1973). "Normal Voice
can be defined as one which has optinmumfrequency as its

habi t ual frequency".

The nornmal devel opnent of voice has been a source
of continued interest to speech scientists. This study
of voice basically considers the changes in the fundanental

frequency that occurs as the age progresses.

The fundanental frequency of the voice is determne
by the rapidity with which the vocal cards open and cl ose,
during the flow of air fromthe lungs. Fundanental fre-
quency is considered as the pitch of the voice (John

Chal a; 1975).

Various investigators dating back to 1939 have pro-
vided data on various vocal attributes at successive deve-
| opnental stages frominfancy to old age. Studies by
Fai rbanks (1940 and 1949), Msak (1959), Qurry (1940),

Sni decor (1943), Hanley (1949), Sanuel (1973) indicate
that the aging trend for nmales with respect to pitch
central tendency is one of a progressive |owering of
pitch level frominfancy through mddle age, followed by

a progressive rise in old age.



The results of these studies also showed that in
femal es, the general progressive |lowering of pitch |levels
from chil dhood to adul thood followed the nmale pattern. But
unlike in males, there was little change fromyoung adul t-

hood to advanced age in fenal es.

A study of "Fundamental frequency of vocal cords and
natural frequency of vocal tracts of Indian popul ation" was
attenpted by Sanmuel in 1973. He observed a | owering of
fundanental frequency with advancing age in the case of

both nmal es and fenal es.

A longitudinal study of children's voice at puberty
has been done by Loebell and Basel in 1976. The results
showed that there was a significant descent of fundanenta

frequencies during puberty of all subjects tested.

The repeated focus on nornal voi ce devel oprment is
primarily based on the premse that, know edge of the nornal
process will result in information that will lead to an
under st andi ng of abnor nal . Presuanbly the discovery of
those variabl es essential for the normal acquisition of
voice wll provide a base of operation or standard for the
study of defective voice. Defective voice devel opnment nay

be described with reference to normal voice devel opnent.

The fundanental frequency analysis is a val uable
suppl erental nethod for an objective voice exam nation.

(Schultz - Coulon 1975).



"The fine structure of the fundamental frequency of
phonation can even play a part in transmtting the
state of health of the speaker. Measurenents of
the variations in fundanental periodicity, pitch
Perturbatlons have been used as a diagnostic tool

or the early detection of cancer of the |arynx
as well as for other |aryngeal pathol ogies".
(Li eberman; 1963).

Many studi es have been reported using fundamental
frequency analysis as a tool for voice therapy and al so

for diagnosis of voice disorders.

Shantha (1973) has found that the cases wi th voice
probl ens use a pitch deviating fromoptimum She has been
able to give nornmal voice to these cases by providing

opti mum pitch.

A spectrographi c anal ysis of fundanental frequency
and hoar seness before and after vocal rehabilitation has
shown that the use of a pitch which is bel owthe natural
level is a major factor in initiating nost types of

dysphoni as. (Mrton Cooper; 1974).

Ast hana (1977) in her study found that the cleft
pal ate speakers had significantly | ess nasality at the ,
hi gher pitch level than the habitual. But the degree of
perceived nasality did not change significantly as the
habi tual pitch was | owered. The habitual pitch used by

cleft palate speakers was | ower than the normal .

W/l son (1972) has noted that "before planni ng voice

therapy with children, it is necessary to nake a careful



anal ysis of the child s use of vocal pitch. This exam -
nation woul d include determning the habitual pitch used
by the child and the pitch range, then conparing these

values to norns according to age and sex".

An attenpt has been nmade by Nataraja and Jayaram
(1973) to use only fundamental frequency for classifica-

tion and diagnosis of voice di sorders.

Jayaram (1975) has studi ed fundanental frequency
of dysphonics and nornal s and has concl uded that "conputing
the optinmum frequency and habi tual frequency for dyspho-

nics would help in differential diagnosis of dysphonias”.

The study of nornal devel opnent of voice will be
useful in the derivation of norns for the purpose of
di stingui shing normal fromabnormal, and thus in diagnosis.
The norns derived would al so be useful in therapy; i.e.
to decide the pitch to be used as a goal in voice therapy

with dysphonias based on age and sex.

An attenpt is made in this study to find the
nor mal devel opnent of voi ce through the study of habi -
tual pitch. The physical attribute of habitual pitch
I's the fundamental frequency. Hence this study is
i ntended to give informati on about the devel opnment of

voi ce through the study of fundamental frequency.



Statenent of the Problem

The problemwas to study the devel opnent of voice
with reference to age and sex in terns of fundanental

frequency of voice.
Met hod

The data was col |l ected by tape recording the voice
of normal subjects, which was anal ysed by feeding it to
the Tacho Unit through a Sound Pressure Level neter and
stroboscope. The direct reading fromthe Tacho Unit was

taken as the fundanental frequency of voi ce.

Limtations

1. The study was |limted to the age group of seven
to twenty.
2. The fundanmental frequency was tested only in one

Vowel position, /al.

3. The pitch used by the subject during experinental
condi tion was consi dered as his habitual frequency

(nodal frequency).

Hypot hesi s

There will be no difference in the fundanent al

frequency between nmal es and fenmal es of the sane age

group.



2. Therew !l be no difference i nthe fundanent al

frequency between the successive age groups in mal es.

3. There will be no difference in the fundamenta

frequency between the successive age groups in fenal es.

4. There will be a difference in the fundanental

frequency between adults and children.

| npli cati ons

1. This study gives information regardi ng the nornal

devel opnent of voice in terns of fundanental frequency.

2. This study provi des fundanental frequency norns

for different age groups of both the sex.

3. This information will be useful in the diagnosis

of voice disorders and also in voice therapy.
Definitions

1. Voice - The definition of voice given by M chael

and Wendahl (1971) is used in this study. They define
voice as "the laryngeal nodul ation of the pulnonary air
stream which is then further nodified by the confi gu-

rati on of the vocal tract".



2. Fundanental frequency - "The terns pitch and

fundamental frequency (F ) is used interchangeably. Both
will be taken to nmean the rate of vibration of the voca
cords during voi ce production. When quantifies the units
are Hertz", (John Ohal a; (1975). This definition is used
in the present study as the definition of fundanental
frequency. The fundanmental frequency was directly read

fromthe Tacho Unit, connected to stroboscope and SPL

net er.



CHAPTER 1|

REVI EW CF LI TERATURE

Voi ce and speech are essential to human communi cati on.
Man's ability to use synbolic |anguage and the forns of human

communi cation are the basis of human cul ture.

It is only man who has devel oped the vocal neans for
communi cation beyond a rudi nentary stage. The speech appa-
ratus al so serves other nore fundanental processes |ike respi-
ration and nastication. It is believed that speech evol ved
as a result of the many di sadvantages of hand signals or

gestures.

The spoken word is the main focus of attention in
| i ngui stics. Speech is easily produced by the human-bei ng.
The range of speech variation is imense, it can be varied

froma soft whisper to a | oud sound.

The sounds used in human speech serve for comuni ca-
tion at many levels. Only a very small part of the inforna-
tion conveyed by speech, |ess than one percent, is used for
| i ngui stic purpose as such. The rest gives other Kkinds of
information: about the specific characteristics of the vocal
tract of the speaker, which enable us to recognize his voi ce,
about his physical well being, about his enotional state, and
his attitudes toward the entire context in which the speech

event occurs.
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\Voi ce conveys the sex of the speaker. It conveys
the enotional state of the speaker. Voice is also inportant
In conveying neaning - as in tonal |anguages'.

"Voi ce plays the nusical acconpaninent to sReech,

rendering it funeful, pleasing, audible and coherent,

and is an essential feature of efficient communica-
tion by the spoken word" (G eene; 1957).

Intonation and inflection are two inportant charac-
teristics of speech that help to make speech intelligible.

"Wien pitch changes without interruption of phonation
the change is termed an inflection. This aspect of pitch
usage has been shown experimentally to be very closely
related to the expression of neaning and enotion";

(Fai rbanks; 1940).

Patterns of inflectional changes constitute intonation.
Each spoken | anguage has its own intonation pattern. There
are certain | anguages called "Tone | anguages" in which "pitch
Is avery significant paraneter as when conpared to other
| anguages". (deason; 1966). In these | anguages, variations

In tone, connote variations in meaning. Pitch variationis
al so one of the ways of stressing a sound, syllable or word.

"(CGood speech is both purposive and comuni cati ve;
havi ng %g{eeable voi ce quality, should be pitched at a
evel , ichis best for that particular voice, highly
flfx bl e and have sufficient strength and distinctly

rticulated and finally semanticall'y sound = == |

| eve
|

artic |

(Gay and Wse; 1959).
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The vocal apparatus consists of different parts, sone
of which belong to the alinentary tract and others to the
respiratory organs. The vocal function is based on highly

co-ordi nated novenents of these two organ system

The role of the larynx as the central voice organ has
up to now been widely discussed. Glen 130 A. D. thought the
trachea to be the central organ acting as a flute. Dodart
in 1700 showed that the vowel originates in the |arynx.
Ferrein 1741 proved sound was directly produced by the vibra-
tions of the vocal cords. Helnholtz (1875) showed that the
puffs of air escaping through the glottis are the prinmary
source of sound.

"The mechani smof human | arynx, often regarded as

sphincteric, nore nearly represents graduated fol ding
or plication. Taking the end of normal expiration as
the reference condition, folding decreases with inspira-
tion and increases successively with reserve expiration,

phonation, effort closure and swall ow cl osure". (Fink;
1974) .

“Wien vibrating, the vocal folds provide a w de
spectrumof quasi periodic, nodulations of the air
stream accounting for various tonal qualities, reflect-
ing the different ways the vibrator behaves". (Brackett,
1971).

Th-e essential function of the folds is now comonly
accepted. D vergence anong the present day theories of voice
production ari se when the way the vocal cords are set into
vibration is questioned. There are two theories of voice

production, viz,
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1. Myoel astic or Aerodynam c theory

2. Neuro-chronaxic theory

M/oel astic or Aerodynamc theory was first advanced
by Muller in 1843. Mnor nodifications of the theory have
been suggested by Tondorf (1925), Smth (1954). This theory
postul ates that the vocal folds are set into vibration by the
air streamfromthe lungs and trachea, and the frequency of
vibration is dependent upon their |ength, tension and nass.
These factors are regulated prinmarily by the interplay of

the intrinsic |aryngeal nuscles.

The Neurochronaxi ¢ theory, advanced by Husson (1950)
postul ates that each newvibratory cycle is that each
initiated by a nerve inpulse transmtted fromthe brain to
the vocalis nuscle by way of the recurrent branch of the
vagus nerve. The frequency of vocal fold vibration is
dependent upon the rate of inpulses delivered to the

| aryngeal nuscl es.

According to Fant (1960), the nmechanical, nyoel astic
theory of voice production is commonly accepted. Based on
M/oel astic theory, he considers the follow ng factors as
responsi ble for determning the frequency of vibration of

t he vocal cords.
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"1. Control of the |aryngeal muscul ature affecting
the tension and mass distribution of the cords.
| ncreased tension and smaller effective nmass increases

fundament al frequency.
2. Decreased subglottal pressure.

3. Increased degree of supraglottal constriction as
I n voi ced consonants reduces the pressure drop across
the glottis, thus reducing the alternating positive
and negative pressures and fundanental frequency de-
Creases.

4. Ashift of the tongue articulation towards a
high front position results in an increase in fundanental
frequency due to increased vocal cord tension."

The sounds produced by the |aryngeal vibration do
not of thenselves contribute voice. This |aryngeal tone
consists of a fundamental tone and a rich supply of over-
tones. Only when its various partials are resonated and

intensified by the vocal tract, do they constitute the

hunman voi ce.

Travis, Bender and Buchaman (1934)? state that:-

systen] the various parts of which have interactive
effects There is a good reason to suspect
that the waves of puffs generated by the vocal cords
not only affect, but are affected by resonatlnﬁ system
The vocal cords, or generating nechani smand the reso-
natlng cavities or nodifying nechanism cannot be

consi dered apart from each other."

" the voice producing mechanismis a closed

Thus any consideration of voice should al so include

resonat ors.
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"Just as the sounds of mnusical instruments are weak
without anplification, the tone produced at the glottis
I's probably not |ound enough to be heard very far away
without anplification.... the process which anplifies
and augnents the laryngeal tone is called resonance".
(Fi sher; 1966).

There are different definitions of voice. Sone defi-
nitions restrict the termto the generation of sound at the
| evel of larynx, while others include the influence of the
vocal tract upon the generated tone, and still others broaden
the definition to include aspects of tone generation, reso-

nance, articulation and prosody.

M chel and Wendahl (1971) discussing the definitions

of voice, statex that: -

“the random house dictionary lists 25 primary and
secondary definitions of voice, the first of ichis
‘the sound or sounds uttered through the nouth of the
human bei ngs in speaking, shouting, singing etc.'.

If we expect the "scientific' definitions to be |ess
vari abl e and nore precise than the 'lay' definitions,
we Wil l be disappointed".

Fant (1960) define voice by using the fornula P = S. T,
in which the speech sound, P, is the product of the source,

S, and the transfer function of the vocal tract, T.

"Wien di scussing the production of speech, it should
be noted that the source, S, of the formula P = ST,
I's an acoustic disturbance, superinposed upon the flow
of respiratory air and is caused . . . . . . by a quasi -
periodic nodulation of the air flow due to the open-
I ng ?nd cl osi ng novenent of the vocal folds". (Fant;
1960) .
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M chel and Wendahl (1971), define voice as "the
| aryngeal nodul ation of the pul nmonary air stream which
Is then further nodified by the configuration of the vocal

tract."”

For the purpose of the present study, the defini-

tion offered by M chel and Wendahl (1971) w |l be used.

An attenpt has been made by Nataraja and Jayaram
(1975) to reviewthe definitions of normal voice critically.
They concl uded that each of the avail able definitions of
voi ce have used subjective terns, which are neither defined
nor measurable. And they have suggested a possibility of
defining 'good voice operationally - "the good voice is

one whi ch has optinmum frequency as its fundanental frequency".

There are three attributes of voice. They are

pitch, quality and | oudness.

Pitch is the psychol ogical correlate of frequency.
The psycho physi ci sts have worked out a subjective pitch scale,
the mel scale, in which the pitches of the tones sound as if
they are equally spaced. Equal steps on the nel scale do
not correspond to equal steps on a physicist's frequency
scale. They are found to be corresponding to equal ly sepa-
rated points of stimulation along the basilar nenbrane in
the inner ear. (Perkins 1971). To anchor the psychol ogi cal

scale of pitch perception to the physical scale of frequency,
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a sound with frequency of 1000 Hz at an intensity of 40 dB
has, by definition a pitch of 1000 mels.
"An increase in frequency is perceived as an in-

crease in pitch. Frequency and pitch are related

| ogarithmcally Ebublln% the frequency (|nten5|tr

be|n? unchanged rai ses the pitch by an’octave; halving

the Trequency, lowers the pltch by an octave".

(Judson and aver; 1965).

Erickson (1959) is of the opinion that the vocal cords
are the ultimate determners of pitch, and that the sane
general structure of the cords seemto be the determ ning

factor in the range of frequencies that may be produced.

The frequency of vibration of any vibrator is deter-
mned mainly by the mass, length and tension of the vibrator.
The relationship between each of these three factors and the

frequency are expressed as,

1
Bl

F = Frequency

| = Length of the vibrator
T = Tension of the vibrator
m = Mss of the vibrator

Frequency is

(a) inversely proportional to the length of a given
vibrator “under fixed tension.

(b) directly proportlonal to the square root of the
tension"for a given vibrator of fixed |ength.
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(c) inversely proportional to the dianeter for
vibrators of the sane material and of the
sane | ength and under the sane tension.

But this formula is not applicable to vibration
of vocal cords, as precisely as in the case of nusical
instrunents, and this does not explain all vocal cord

condi ti ons.

Though there is no definite one to one correlation
bet ween pitch and frequency, there is a correlation in the
sense, when frequency of tone is raised the perceived pitoh
too seens to be raised. In normal hearing persons perceived
pitch changes associated with variations in intensity
are not very large, the direction of these slight changes

depend on the frequency of the tone.?

Pure tones, noi ses and ot her aperiodi c sounds,
have nore or less definite pitches. 1In general pitch of
conpl ex tones, according to Stevens and Davis (1938)
"depends upon the frequency of its dom nant conponent;
the fundanmental frequency in a conplex tone is the one
perceived. (Plonp, 1967), states that periodicity of pitch
has been found to be inportant in perception of pitch in
a conplex tone. Even in conplex tones, where the funda-
mental frequency is absent or weak, the ear is capable of

percei ving the fundanmental frequency.

Loudness is the psychol ogical correlate of inten-

sity. The three major determnants of intensity in the
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in the human voice are, strength and duration of breath
pul se, duration and force of closure of glottis and coup-
ling factors in the resonators. One judges the |oudness

of a tone, chiefly by audibility of speech.

Quality is another correlate of voice. M chel
and Wendahl (1971) states that while | oudness and pitch
has a princi pal physical correlate and can be neasured
psychophysical ly, quality cannot be done so, "due to the
exi stance of many qualities each with its own underlying
paranmeters”. Quality is mainly affected by the node and
rate of vocal cord vibrations, characteristics of resona-
tors and also by the relative intensity levels of funda-
nment al frequency and har noni cs.

"“Anderson (1961) states " = = Both quality and

| oudness are mai nly dependent upon the frequency

of vibration. Hence it seens apparent that frequency
s an inportant paraneter of voice".

The frequency of the vocal cord vibration is

directly related to the fundanmental frequency.

"The fundanental frequency of phonation which is
primarily physical correlate of perceived pitch is
determned by the rate at which the vocal cords adduct
and abduct".( Fl anagan, (1965)

There are several indications that fundanenta

frequency of voice may be a significant determnant of
voice quality. 1In an experinent with a tone generator,

MIler (1953) showed that when only a portion of the vowel
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spectrumis presented, changes in the fundamental frequency
may alter the judgement of vowel quality. For exanple the
first two formants of the (a) of a child s voice correspond
approximately to the position of the first two formant for
the (i) of amn. |If amn raises his fundanental frequency
of voice to correspond to that of a child (falsetto), the

hi gher formants are removed by filtering, the acoustica
result corresponds very closely to the (i) of a child wth

| ow pass filtering.

A nore general relation between fundamental fre-
quency of voice and vowel perception was observed by
VWendahl (1959). His experiments were conducted with a
series resonance synthesizer, which simulate the first five
formants and was excited by a recurrent inpulse. He enploy-
ed characteristic resonance positions for various vowels
for both nen and wonen speakers and shifted the fundamental
frequency over a wide range. The results showed that when
the formant positions were held constant, the vowel val ue
judgements varied with different fundanental voice fre-
quenci es.

The fundanental frequency of voice changes as a
function of age. The voice of newborn infants has a pitch
around 440 cps. (Qutzman and Platau; 1905). Wth the conti-
nuous growth of the larynx the child s voice gradually
- changes. This voice change is nost promnent at the
pubertal age.
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"The change of voice or nutation, during puberty
is primarily the result of the accelerated growth
of the larynx and particularly of the vocal cords”
(Broadnitz; 1959).

Before puberty, there is little difference between
the voice of boys and girls. Wth the onset of puberty the
change begins. The slow growh of the larynx during child-
hood i s speeded up under the influence of sex hornones.

"The vocal cords grow by about 1 cmin the mal es

and 3 to 4 mmin the fermale during puberty. The
cartilagenous structure of the larynx al so grows,

Particularly in the anterior - posterior axis. The
ower range of the voice drops by about an octave

in the nale and two to three tones in the fenal e"
(Broadnitz; 1959).

In the majority of cases this change takes pl ace
wi t hout appreci abl e pitch breaks during speech. But in
sone, a period of pitch breaks are observed due to the
inability of the individual to control the vocal cord
nuscl es because of sudden changes in the larynx due to
growh. Eventhough larynx in girls also grow, change in
pitch is not so marked as in boys. The physical reason

for this fact is the anmount of laryngeal growth is greater

in males than in fenal es.

Pitch breaks have been observed in the child | ong
before the onset of puberty. 1In an exam nation of sixty
children between the ages of seven and eight years,

Fai rbanks (1950) could find pitch breaks in both sexes.
Therefore, the voice changes in puberty should be interpre-

ted as the intensification of a process that begins already



at amuch earlier age (Broadnitz; 1959).

In describing the types of nutational voice and
disorders Weiss (1940) has given a figure shown bel ow.

e

0 NN W

Mut at ilorfaal setto in the female.
Mut at ilorfal setto in the mal e.
Persisting child" voice
Normal change of voice infemale.
| ncorepinett ation in the male.
Normugt ation in the male.

Perevemg ation in the female

Mut atli dreesso in the mal e.

© v o P WwWwN e
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In the figure the heavy black line (6) represents
the one octave drop in the normal male voice during puberty.
For a short while the voice may even drop below the [evel on
which it later settles. The descent of the fenale voice by

two or three notes is also shown (4).

Mutati on constitutes the nost inportant single |and-
mark in the vocal history of an individual. It is during

this period that the voice of the adult takes shape.

A series of investigations dating back to 1939 have
provi ded data on various vocal attributes at successive

ages, frominfancy to old age.

The tables A and B show the fundamental frequency

findings reported by various investigators.

The aging trend for males with respect to pitch
central tendency is, one of a progressive |owering of
pitch level frominfancy through m ddle age followed by

a progressive rise in old age.

In the femal e popul ation cited, the general progre-
ssive lowering of pitch levels from seven and eight year
old girls through young adul thood follows the nale pattern
and may also be attributed to laryngeal growth and devel op-
ment. Unlike males, there is little change fromthe tine
of young adulthood to the time of advanced age, and little-
change between the two groups of differently aged ol der

femal es.



Table '"A shows the conparison of the fundanenta
frequency findings of various investigators for nales at
different ages with the findings for the fundanental fre-
guency of the present study.

| nvestigations and nean Fundanent al
maturity | evel. f requency (cps)
Fai r banks (1942)

Infants (9 nont hs) 556.0 (in hunger

wai | s)
Fai r banks (1949)
ven years 294. 0
Ei ght years 297.0

Sanuel (1973)

Seven years 268. 0
E ght years 280.0
Ten years 248.0
Fourteen years 208.0
Present study
Seven years 269. 5
Ei ght years 265. 8
Ten years 269. 7
Fourt een years 158. 9
Ei ght een years 141.0
Qurry (1940)
Ten years 269. 7
Fourteen years 241.0
E ghteen years 137.1
Sni decor (1943)
Superi or speakers 129.0
(Col | ege age)
Hanl ey (1940)
Adult (24.6 years) 118.6
Mysak (1950)
M ddl e age (47.9 years) 110.3
E der group-1 (73.3 years) 124.9
El der group-11(85.0 years) 142. 6




Table 'B shows the comparison of the fundamenta
frequency findings of various investigators for fenales at
different ages with the findings for the fundanental fre-
quency of the present study.

| nvestigations and nean Fundanent a
maturity level. frequency (cps)
Fai r banks §1949)
even years 2173. 2
Bi ght Vyears 286.5
Duf fy (1958?
El even years 258. 0
Thirteen years (Pre-nenarchal) 251.7
Thirteen years(Post-nenarchal) 237.7
Fifteen yéars 229.5
Li nke (1953)
Young adul t 199. 8
MG one and Hol | | en &1963)
Qoup A (72.6 years 196. 6
Goup B (85.0 years 199. 8

Samuel (1973)

Seven years 280.0

E ght years '

Elgvenyyears 270.0

Thirteen years 241.0

Fifteen years 233.0
215.0

Pr esent stgﬂy
even years

Ei ght years %;%'%

El even’ years 758 6

Thirteen years 243 2

Fifteen years 24921
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Harry Seynour (1975) studied ratings of vocal | oud-
ness level, pitch level and rate of speaking for a non
pat hol ogi cal sanpl e popul ation of nmale children by trained
judges. Vocal sanples of nmale children judged to have nore
acceptabl e voices, were significantly higher in pitch
| evel s, greater in |oudness and faster in rate of speaking

than children judged to have | ess acceptabl e voi ces.

A longitudinal study of children's voice at puberty

was carried out by Loebell and Karger (1976). The voice

of 25 children were recorded during puberty for two years
every nonth. The materials recorded consisted of sustained
utterances of five vowels in isolation and a short sentence.
The fundanental frequencies of each utterances were neasured
usi ng narrowband spectrograns of these recordings. The
results showed a significant descent of fundanental fre-

quencies of all subjects during the |apse tested.

Coincidental with a general increase in research
attention given the aging popul ation, there has been a
growing interest in the changes in speech and voi ce charac-

teristics of individuals of advanced age.

Research has provided physical data that define limts
of appropriate pitch, rate and | oudness of voice for the
male and female adult (Mirray and Tiffin; 1934). Studies
by Lewi s and Bl ack (1942) applied psychophysical nethods to

the study of vocal attributes of nale adults - they are the
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first to differentiate by nmeans of psychophysi cal nethods,

good speaki ng voi ce from poer speaking voi ce.

Studies indicate that higher average fundanenta
frequency, greater fundanental frequency variability
(Mysak; 1959), increased vocal intensity, and reduced rate
of speaking (Ryan; 1972) constitute at |east sonme of the
changes in speech and voi ce associated with advancing age in

mal es.

Pitch level and pitch variability of aged wonen were
studied by MA@ one and Hollien (1963). Phonel |l egraphic
anal ysis of the data showed no significant different in

nmean pitch |l evel between the aged groups and the young adult

groups.

In a study by Ptacek etal (1966), it was found that
the nmale and fermal e geriatric subjects (over 65 years)
showed a statistically significant reduction in their tota
pitch ranges as conpared with younger adults (under 40 years)
This finding contrasts with the results of the previous study

by M3 one and Harry (1963).

Abnormal deviations in voice also occur. Hornonal
insufficiency may interfere with normal growh. If sexual
devel opnent is inhibited or absent because of dysfunction
of the sex glands, no growh of the |arynx takes pl aces

The patient continues to speak with the voice of a child.
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QG her mutational deviations such as - nutationa
falsetto in the fenmale and mal e, inconplete nmutation in
the mal e, nutational basso in the male - have no organic
basis, but are prinmarily the result of functional or psy-
chol ogi cal influences. Many of the deviations from
normal vocal behaviour that are found in the adult can

be traced to the nmutational change during puberty.

Attenpts have been nmade to study the fundanenta
frequency of voice disorders. John Mchel (1968) has
studied the differences in nean fundanental frequency
bet ween vocal fry and harshness and normal voice. Ten
adult mal es recorded a standard passage in their nornal
voi ce and then in vocal fry. A second group whose voice
had been clinically diagnosed as harsh, recorded the passage
in their usual harsh voice. The fundanental frequency indi-
cator and the phonel | egraph were used to obtain fundanental
frequency data fromthese recordings. The results of the
study indicated that vocal fry can be differentiated from
clinical harshness and normal phonation on the basis of
nmean fundanental frequency. A second finding was,clinical
har shness and normal phonation could not be so differen-

ti at ed.

Shanta (1973) has done a study on "Establishing and
Validating Isochronal Tone Stimulation Technique". This

technique is based on the assunption that a majority of
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the voi ce disorders can be treated by changi ng the habi -
tual pitch thereby providing opti mumfrequency. She has
found that the cases with voice problens use a pitch devia-
ting fromoptimum Fromher study she has cone to the
concl usion, "By changi ng habitual pitch and by providing
opti numfreq-uency, voice problens such as puberphoni a,

nasal ity, hoarseness, spastic dysphonia can be treated".

Morton Cooper (1974) has used spectrographic
analysis as a clinical tool to describe and conpare funda-
nmental frequencies and hoarseness in dysphonic patients
before and after vocal rehabilitation. He has reported
that one fifty out of one fifty five patients were using
too lowa pitch before therapy. After therapy they were
free of hoarseness. Fromthe objective neasurenents of
fundanental frequencies obtained, it is posited that the
use of a pitch which is below the optinmal |evel is a ngjor
factor ininitiating or contributing to nost types of

dysphoni as.

Jayaram (1975) has nade an attenpt to conpare sone
of the paraneters of voice between normals and dysphoni cs.
A significant difference in the habitual frequency neasures

were got between the subjects of both groups.

The fundanental frequency of the voice of different
syndronmes has been studied by many investigators. Duffy

(1954) anal ysed the speech of cerebral palsied persons by
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nmeans of an instantaneous fundanental frequency recorder.
He detected pitch characteristics which were related to

different types of cerebral palsy.

Most of the acoustic research on esophageal speech
has been concerned with the neasurenent of fundanenta
frequency. Investigators have studied the source function
characteristics of esophageal speech assumng that the
principal factors affected by | aryngectony are those of
the vibratory source. (Danste; 1958, N chols; 1968). The
vowel formant frequency characteristics of esophageal speech
of male and fenmal e | aryngect onees have been studi ed by
Nancy and Wi nberg (1972). Conparisons were nade between
mal e and fenal e | aryngect onees and between | aryngect onees
and normals. The results of the study suggest that "the
formant frequencies were consistently higher in esophagea
speech than in normal speech - regardl ess of the sex of

t he speaker".

Burk and Saxman (1965) has done a study of the voice
of mal e Schi zophrenics. He found that the patient group
used a significantly larger fundanental frequency devi a-
tion than did their normal controls during inpronptu speech

but not during oral reading.

In a parallel study by the sane authors (1968), the

speaki ng fundanental frequency and rate of speech of adult



femal e schi zophrenics was investigated. Tape recorded
sanpl es of oral reading and inpronptu speech were conpared
for the schizophrenic females and nornal fenmales. The
patient group was found to use a significantly larger
fundanental frequency deviation during oral reading and a
significantly slower oral reading rate. Mean fundanenta
frequency level for the patient group was higher than

that of the control group but not significantly.

Speaki ng fundanental frequency of five and six
year old children with nongolismhas been neasured by
Wi nberg and Zlatin (1970). Results showed that the nean
speaki ng fundanental frequency level for the sample of
children wi th nmongolismwas significantly higher than
t he mean speaki ng fundanental frequency |evel for the

control group.

Vocal fundamental frequency characteristics of
mongol children has al so been anal ysed by Mntague et al
(1974). Few of the nongol children had relatively higher
fundamental frequencies.% But as a group, no difference
was found between the two groups in terns of fundanental

frequency.

| nvestigation of the effects of snoking on the
fundanental frequency of adult wonen was carried out by
G lbert and Wisman (1974). The results indicated that in

the reading condition, fundanental frequency for the

30
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snmokers was significantly | ower than fundamental freg-uency

for the non-snokers.

Wi nberg et al (1975) describes sel ected speech
characteristics of patients with acronegaly. Sone of the
patients with acronegaly were found to use a | ow fundanenta
frequency than the normals. This |owering of fundanenta
frequency was prominent in fermale acronegalies than in

mal e acronegal i es.

A study was conducted by Asthana (1977) to find the
effect of pitch variation and intensity variation on the
degree of nasality of cleft palate speakers. The results
of the study showed that the cleft pal ate speakers had
significantly less nasality at the higher pitch | evel than
the habitual. But the degree of perceived nasality did not
change significantly when habitual pitch was | owered. She
has recommended that the optimumpitch of the subjects nmay
be nmeasured to find out whether the pitch that was associ at ed

with less nasality was near the optinmm pitch.

Thus the study of vocal cords function is of great
i nportance for the understanding of both normal and di sturbed
phonation. The frequency of the vocal cord vibration is
directly related to the fundanmental fregnency. Fundanent al
frequency can be neasured at two points. (1) By finding out

the frequency of vibration of the vocal cords through direct
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observati on. (2) By analysing voice after issuing out

of the nout h.

Several objective nethods to neasure the fundanent al
frequency of the vocal cords have been devel oped. The first
break through in voice research came with the invention of
the laryngeal mrror by Manuel Garcia in 1854. Laryngio-
scopy has the great advantage of sinplicity and versatility
of use. At the sanme tine it has certain limtations also.
They are (1) It presents a two dinensional view of the sur-
face of the vocal cords. But it does not give any inforna-
tion about the | ower side of the cords. (2) The human eye

cannot register novenents of the vocal cords during phona-

tion.

Strobescopy is a very useful technique, as the

vi brations of the vocal cords can be slowed down to a fre-
quency well within the corresponding range of the eye. It
I's al so possible to observe the vocal cords in a certain
phase of the vibration. Stroboscopic principle was invented
by Plateau in 1829. Even though the original stroboscope
was invented by Stanpfer in 1832, it was introduced into

| aryngeal research by Certel only in 1875. That stroboscope
was called disc stroboscope. Misehold in 1913 succeeded in

phot ogr aphi ng the vocal cords with this type of stroboscope.

Kall en and Polin (1934) constructed the first electro-
ni ¢ stroboscope. Luchsinger (1949) and Panconcelli Cal zia

(1953) also built electronic stroboscopes and used themto



33

to study the vocal cord vibrations.

The stroboscopic effect is based upon an optica
illusion. The instrument has an oscillating |ight which
produces rapid flashes. The speed of the flashes of I|ight
Is controlled by the acoustic in-put obtained through a
m crophone at the neck of the patient. |In this manner per-
fect synchronization between the speed of vocal cord vibra-
tion and the flashes of light is got. Thus any change from

apparent standstill to notion of the cords can be got.

H gh speed ci nemat ography nakes the actual vibra-
tions of the vocal cords visible. The problemof nmaking a
notion picture canera that permts the taking of pictures at
the high rate of vocal cord vibration was sol ved by the Bell
Tel ephone Labs in 1940. Later Paul More and Von Leden has
used this canera for study of vocal cord behaviour in voice
di sturbances. The drawbacks of cinematography are -
(1) Only brief periods of phonation can be recorded because
of the Imrense speed. (2) Subjects cannot produce nat ural
speech when the | aryngoscope is inserted into the nouth.
(3) Wether the tension in the nmuscles is influenced by the
| aryngoscope is not clear. (4) This nethod is tinme consum

ing and very costly.



34

Spectrography is also used to find the fundanent al
frequency. Spectrograph devel opment project was started in
1941. Sound Spectrograph is a special nachine to show how
t he speech wave spectrumvaries with time. In this machine
t he speech wave is converted by the m crophone into an
anal ogous el ectrical wave. The spectrumis divided into
twel ve bands by twelve analyzing filters. The output of
each filter indicates the strength of the conponents in one
part of the spectrum Each filter output controls the
brightness of a light bulb. The lights nake a record on

t he phosphor coating of a belt that is pulled past them

Anot her version of the spectrograph divides the
speech spectrum (from 100 to 8000 cps) into about 500 bands
and produces a pernmanent record on special paper. They are
call ed spectrograns. In all these patterns time is shown
along the horizontal axis and frequency al ong the vertical.
The darkness of the trace indicates the energy | evel of the
spectral conponents. The spectrogram s | owest frequency
conponent has the same frequency as the vocal cords' fre-
guency of vibration. This is the fundanmental frequency

of voice (Denes and Pinson; 1953).

Tonography i s anot her val uable tool for the study
of phonation. Luchsinger (1949), Husson and Dijian (1952)
have published the results of tonographic investigation.
But tonography suffers froma major drawback, that it

presents static pictures.
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Dunpsey et al (1950) talk about the clinical inpli-
cation of a pitch neter designed and built at the Purdue
Uni versity, called the Purdue Pitch Meter, which is built
to indicate the fundanental frequency of the conpl ex sounds.
Fundanental frequency can be read fromthe builtin neter,

at recorded on a suitable mlliameter.

In 1957 Fabre introduced el ectrical inpedance
neasurenents to the study of novenents of vocal cords. This
nethod is called El ectrogl ottography. This nmethod used a
very weak hi gh frequency current (200,000 cps) which is
allowed to pass transversely between two el ectrodes applied
to the neck on either side of the larynx. The variations
inintensity of current, varying Inversely with the inpe-
dance of the tissue, i.e., the vocal folds being in contact
wi th each other or being separated, is presuned to reflect
the vibratory novenents of the vocal folds. But according
to Hettz (1970), " = QG eat care should be observed
when recording the speech sounds, and so far, the experience

of the nethod in routine examnations is limted".

A technique for recording glottal area variation by
neasuring the anmount of |ight passing through the glottis

was devel oped by Wiss (1914). In his experinents, a
| i ght source was placed in the sub-glottic space of an excised
| arynx and the |ight passing through the glottis was recorded
on phot ographi c paper on a rotating drum Rhonboi dal narks
wer e obtained on the paper which corresponded to the indi-

vidual vibratory cycles of the vocal folds of the excised
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|l arynx. (Sawashima 1974, p. 2328).

Sonesson (1959) designed a modification which made
it possible to obtain photoglottgrams from the |iving
larynx. In this technique light, which is transillum nated
through the neck, is allowed to pass through the glottis
and is picked up by a light conductive rod introduced into
the mouth. When the vocal folds vibrate the glottis is
alternatily closed and opened and the intensity of the [|ight
varies corresponding to the actual glottal area. The |ight
conductive rod is connected to a photomultiplier tube and
on a cathode ray oscilloscope, a curve is then got, which

corresponds to the vibrations of the vocal folds.

Somesson's technique inmposed severe limtations on
the articulatory movements of the supraglottal organs.
To avoid these limtations, Ohala (1966), Malecot a nd

Peebles (1965 ) have introduced modification of Somesson's
techni que.

"The principle of the new technique is to introduce
a small photosensor attached to the tip of a thin tube
through the nose into the pharynx, thus making trans-
i Ilum nation possible during speech. (Sawashima 1974
p.2328).

There are certain limtations in using this tech-

nique. (1) Some of the artifacts may be caused by
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conditions in the larynx, such as variations in the thick-
ness of the vocal folds. (2) A shift in the positioning
of instrunments relative to the larynx is also a source of
experinmental artifact. (3) Conditions such as up and down
novenents of the |arynx, displacenent of the instrunents
in the pharynx and interruption of the light by the epi-

glottis during utterances can al so cause errors.

Qisman was the first person to use | am nography
to study | aryngeal vocal phenonena. He has studied the
| am nograns nade on several singers while they were pro-
duci ng various vocal pitches. The results of the study
suggests that there may be a systematic trend in the cross-
sectional size of the vocal folds which would correl ate

wi th the fundanental frequency of the voice.

Hollien and CQurtis (1960) al so used | am nographic
X-rays to study the changes in the cross-sectional dinen-

sions of the vocal folds with variations in pitch.

Hollien, Qurtis and Col eman (1970) nodified
standard X-ray | am nography by conbining the principles of
stroboscopy and | am nography - Stroboscopi ¢ | am nography
(STROL). This technique is utilized in the investigation
of vocal fold thickness related to fundanental frequency

of phonation and vocal intensity.
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Schul t z- Coul on (1975) reviews the applicability of
a newl y devel oped fundanental frequency anal yzer to di agnosi
In phoniatrics. During routine voice exam nation, the
anal yzer allows a quick and accurate neasurenent of funda-

mental frequency along with other paraneters of voi ce.

Ham et and Reid (1971) have shown that the voca
fold closure tine can be determned by transmtting conti-
nuous ul trasoni c waves through the larynx. Since the other
nmet hods for the neasurenent of the fundanental frequency
nment i oned above have certai n drawbacks, Hol ner and
Rundqgvi st (1975) have used the results of study by Hani et
and Retd (1971) to develop a nethod which allows the deter-
m nation of the fundanental frequency during normal speech

by an ul trasoni ¢ beam

“In this nmethod at each side of the neck two natched
ul trasound pei zoel ectrical crystals are applied. Specia
type of transducers are used as transmtter and receiver.
Bet ween these transducers a continuous ultrasoni c wave pro-
pagates through the larynx fromthe transmtter to the
receiver. Wen the vocal folds open, the intensity of the
ultra sound passing through the air filled glottis is |ow
Thi s depends on the fact that the acoustic inpedance of air
I's much snmaller than that of the surrounding tissue. Wen
the vocal folds are in contact with each other, wthin an
unbroken ul trasound beam the ultrasound passes through the

contact surface. The intensity transferred, changes with



the variations of the contact area of the vocal folds.
This variation of the received ultrasound intensity is
recorded during speech or phonation and is proportional to

t he fundamental frequency of the vocal folds". (Holner and

Rundqvi st (1975).

According to these authors, both el ectroglotto-
graphy and the described nmet hod are nuch nore conveni ent

for the patients than the photogl ottographi c method.

Nataraja (1972), Sanuel (1973), Shanta (1973),
Sheel a (1974) and Ast hana (1977) have used stroboscope -
w th Tacho Unit and SPL neter to determne fundanental
frequency of voice in their studies. The subjects of their
study were instructed to phonate a vowel in their nornma
speaki ng voice and this phonation was fed to the strobo-
scope whi ch was connected to a SPL Meter and Tacho Unit.
The fundanental frequency was read directly fromthe

Tacho Unit.

The present study al so nakes use of SPL neter with
Cctave Filter Set, Stroboscope and Tacho Unit for the
nmeasur enent of fundamental frequency of voice. It is
assuned that under instructions by the investigator, the
subjects will use their habitual pitch during the experi -

nent al conditi on.

Thus the review of literature by the present

i nvestigator shows that the study which is concerned about
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the change of fundamental frequency in Indian popul ation
s necessary. And such a study would be helpful in deve-
| oping norns for different age ranges of both sexes. Thi
information would be useful in diagnosis and therapy of
dysphoneas to a clinician. Hence the present study is

required.



CHAPTER | 1 |

MVETHODOLOGY

Present study was ai med at neasuring the fundanenta
frequency of voice of normal subjects, in order to find out
the changes in fundanmental frequency with reference to age r,

and sex.
Subj ect s

The subjects of the study consisted of both mal es
and fermal es. They ranged in age from7-20 years. They -

were selected fromthe follow ng institutions.

1. Denonstration School, Regional College of
Educati on, M/sore

2. Royal English Primary School, Msore

3. J.S.S. Hgh School, Mysore

4. N rmal a Convent, Msore

5. Christ The King Convent, Msore

6. Mahajana's H gh School, Msore

7. Al Indialnstitute of Speech and Hearing, Msore

8. Regional college of Education, Msore

9

J.S.S. College for Wnen, Mysore

Every second person was sel ected fromthe Attendance
Regi ster as subject for the study. The subjects were
exam ned by the investigator. Only those subjects who had

no speech and hearing problens were sel ected for the study.



TABLE - 1

Tabl e showi ng distribution of the subjects based on
age and sex.

Sex
Age Mal e Ferral e
6 - 16
18 18
8 24 18
9 22 39
10 29 20
11 29 17
12 25 24
13 26 15
14 18 35
15 22 22
16 16 15
17 15 22
18 20 21
19 15 19

20 17 16
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| nstrunents used

1. SPL neter (Type 2203) with Cctave filter
(Type 1613)

Condenser M crophones (Type 4145) S No. 324901
Tacho Unit (Type 5527)

St roboscope (Type 5066)

Tape Recorder (Philips)

o M WD

| nstrunmental set up

I nstrunents were set us as shown in the bl ock -

di agram

The SPL neter with M crophone and Cctave Filter was
pl aced near the tape recorder, to pick up the signal easily
fromtape recorder. The out put of the SPL neter was
connected to the Stroboscope. The Stroboscope was connected

to the Tacho Unit.

Test Room

The analysis of the tape recorded voi ce was done in

a quiet roomof the E ectronics Departnent.

Calibration of the instrunents

1. Sound Pressure Level (SPL) meter was calibrated
by using a Piston Phone (According to the Pro-
cedure given in the B & K Manual 2203 and 1613).

2. Stroboscope and Tacho Unit were calibrated with
the help of the calibrated Beat Frequency Gsci -
Ilator (BFO).
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3. The frequency responses of condenser M crophones
(B&K types 4145) were determned. The M cro-
phone i ch shomed a flat frequency response was
used.

4. The tape recorder was also in good condition

Reliability of the Tape Recorder

Reliability of the tape recordi ng was checked
before the experinent. The subject was asked to phonate
vowel /a/ in front of the m crophone of the SPL neter and
at the sanme tine the voice was tape recorded. The funda -
mental frequency was read directly fromthe Tacho Unit.
Then the recorded voice was played in front of the SPL
neter. The distance between the m crophone of the SPL
neter and the speaker of the tape recorder was approxi na-
tely one feet. The fundanental frequency of the recorded
voi ce was also noted directly fromthe Tacho Unit. The
results of both these procedures were sane. That is the
fundanental frequency shown by the Tacho Unit when the

voice was fed directly and through tape recorder.

Pr oceedur e

Step 1 Tape recording the vowel /al

During the recording sessions, each subject was
directed to a quiet roomand seated in a chair. Each
subj ect was instructed to phonate vowel /a/ for three

successive trials, after giving the follow ng instructions.
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| nstructions

"I amgoing to record your voice. Say /al conti-
nuously in your normal speaking voice, keeping the pitch
constant. Phonate it as long as you can. \Wen you fee
you cannot prolong it further, you can stop. Repeat the

sanething three times".

The proceedure was denonstrated, terns were explain-
ed and translated into other |anguages for those who did

not understand the instructions clearly.

The volume |evel of the tape recorder was kept
constant during all recording sessions. The distance
between the mouth of the subject and the speaker of the
tape recorder was approxi mately twelve inches.

Step 2 Anal ysis of the recorded voice to

determ ne the fundanmental 1requency
whi e phonating the vowel /arl.

I nstrunents were arranged as shown in the block
diagram The recorded voice was played in front of the
m crophone of the SPL meter. The distance between the
m crophone of the SPL neter and speaker of the tape
recorder was approxi mately one foot. The fundanenta
frequency was read directly fromthe Tacho Unit. The
Filter net work was set to 125 Hz/ 250 Hz dependi ng upon
the frequency of voice. The volune of the recorder

voi ce was adjusted to get reading of 60 - 70 dB SPL.
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Suitable scales were also selected on Tacho Unit i.e.,

fromO to 150/ 0 to 500 Hz range.

Whenever the investigator suspected that the
Tacho Unit reading was high, (as it is possible to get
the first harnmonic if a higher filter net work is selected)
the next lower filter net work was sel ected and readi ngs
were checked to obtain correct fundanental frequency, i.e.,

| onest frequency in the conplex sound wave.

Step 3 Validity and Reliability checks

To check the reliability of the proceedure for
fin-ding fundanental frequency, the tests were repeated
once again randomy selected subjects. No significant

di fference was found between the two readi ngs.



CHAPTER |V
RESULTS AND DI SCUSSI ONS

Experinment: To determ ne the fundamental frequency
Of voice fromthe analySis of the
recorded sanpl €.

Mal es

Tabl e A shows the neans, standard deviations a-nd
ranges of the fundamental frequency for males. G aph
shows the nean fundanental frequencies of males from7 to
20 years.

The study of the graph reveals a gradual decrease
I n nean fundanental frequency fromage 7 years to 11 years.
After the age of 11 a sudden decrease in the nean funda-
mental frequency is observed. The nean fundanental fre-
quency 263.1 of the age group 11 lowered to a nean of
158.9 at the age 14. After the age of 14, not nuch differ-
ence is seen in the nmean fundanental frequency up to the
age of 20. However an increase of about 10 Hz is seen
fromage 14 to 15 years. This may be due to the sanple
used. This difference is not significant as per further
analysis, 1i.e. the statistical analysis of the data do
not show a significant difference between these age

gr oups.
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The inspection of the Table A shows the age groups
15 and 16 show the highest standard deviations. The o
values for both these age groups are 37.4. So these two
groups can be considered as the most variable groups
among the males studied. Age group 20 shows the lowest
standared deviation. The o value is 11.4. So this group
can be considered as the least variable group among males.
These variations may be due to the sample used. However
it may be that the stability of control over the laryngeal
activity is well established by 20 years, and not at 15 or
16 years immediately after puberty.

In order to test whether there is any significant
difference between the successive age groups and also
between the different age groups of males, the Mann-
Whitney 'U' test (two - tailed) was used. Fifteen randomly
chosen scores were taken from each age group for compa-

rison.

The null hypothesis (Ho) of the Hypothesis (2) was
that there will be no significant difference in the
fundamental frequency between the successive age groups

in males. This hypothesis was tested.

The Table C shows the results of comparison of
fundamental frequency between males of successive age
groups. The fundamental changes in males between the age

groups 11 - 12 and 13 - 14 show a significant difference
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whi ch rejects the null hypothesis. Age groups 11 - 12

is significant at 0.02 | evel, whereas age group 13 - 14
is significant only at 0.05 |l evel. No significant differ-
ences between the successive age groups are found after

age fourteen.

The significant differences between 11 and 12 and
13 and 14 can be attributed to the pubertal changes. The
changes in the larynx due to puberty seemto start around
the age of 11 and a rapid change in the growh of the
| arynx occurs upto the age 14. After 14 years, even if

there is a change in voice, it is nere gradual up to age

To check whether the lack of significant difference
bet ween the successive age groups was due to a change so
gradual that it took no significant steps, all the age

groups were conpared with the other age groups.

Tabl e D shows the conparison of fundanental fre-
guency between nal es of different age groups. Inspection
of this table reveals that age groups 7, 8, 9, 10 and 11
are all significantly different fromthe remai ning ol der
age groups, i.e., from12 - 20. The only significant
di fference between the younger age groups is found between
7 and 11. However it is significant only at the |evel of

0. 10.



Wien age 12 is conpared with the ol der age groups
(from13 to 20) a significant difference is observed from
age group 16 and above. No significant difference is seen

bet ween the age group 12 and 13, 14, 15 years.

Age group 13 is significantly different fromall

the ol der age groups (from1l4 to 20 years).

Wien the age group 14 is conpared with ol der age
groups a significant difference is found between 14 and
18, 19, 20 age groups. So as stated earlier even if no
significant difference is seen between the successive age
groups, after the age of 14, the voice continues to change
in terns of fundamental frequency. But this change of
voioe is mare gradual and it becomes evident only in the
| ater adulthood. This is proved by the absence of a
significant difference between age groups 14 and 15, 16,
17 years and the presence of a significant difference

bet ween 14 and 18, 19, 20 age groups.

Simlarly no significant difference is found when
age group 15 is conpared with 16, 17 age groups. But
there is a significant difference between the age group

15 and 18, 19, 20 years.

Age group 16 is not significantly different from
the age group 17. But it shows a significant difference

fromage groups 18, 19 and 20.



After age 17 no significant difference is found

up to 20.

It can be concluded that not much difference in
voice is seen after the age of 14 in males. Even if the
voi ce continues to change, this change is nere gradua
up to the age 20.

Thus the Hypothesis (4) that there will be a
significant difference in fundamental frequency between
adults and children in males is accepted.

Samuel (1973) has concluded that there is a
definite lowering of the fundamental frequency in males
at least after 10 years, though the lowering is so gradual
that significance is not seen between successive groups.
Thus the results of his study agrees with the results of
the present study.

ol



TABLE - A - FCR MALES

e sex RN GONORGn Ranges

7 M L H
269.5 11.7 240 - 290
8 M 265. 75 14. 21 230 - 300
9 M 266. 6 22.2 220 - 300
10 M 269. 7 17.5 240 - 290
11 M 263. 1 23. | 220 - 310
12 M 231.1 26.1 135 - 280
13 M 229.5 25.5 125.- 260
14 M 158. 9 23. 8 125 - 250
15 M 168. 6 37.4 105 - 240
16 M 151.2 37.4 125 - 180
17 M 149. 2 20. 2 110 - 180
18 M 141.0 18. 52 110 - 170
19 M 135.8 16. 7 105 - 170
20 M 138. 0 11. 4 120 - 150

F.F Fundanent al Frequency
L : Lowest fundanental frequency in the
group
H : H ghest fundanental frequency in

the group
M : Mal e .



Conpari son of fundanental

TABLE - C

of successive age groups.

frequency between nal es

Level s of significance

Age U 0.002 0.02 0.05 0.10
6 - 7 78. A A A A
7-8 96.5 A A A A
8-9 105. 5 A A A A
9 - 10 104.0 A A A A
10 - 11 107.0 A A A A
11 - 12 56. 5 A R R R
12 - 13 104.0 A A A A
13- 14 58 A A R R
14 - 15 96.5 A A A A
15 - 16 83.5 A A A A
16 - 17 104.0 A A A A
17 - 18 80.5 A A A A
18 - 19 110 A A A A
19 - 20 133.5 A A A A
A = Ho Accepted
R=H Accept ed
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FENVALES

Tabl e B shows the neans, standard devi ations and
ranges of the fundanental frequency for fenmales. Gaph ||
shows the nean fundanental frequencies for age groups 7 to
20 years. The general progressive |owering of pitch |evels

fromchil dhood to adulthood is .seen in fenal es al so.

The study of the graph reveals very slight change
up to age 9 in the nean fundanental frequency. But after
age 9, a decrease in nean fundanmental frequency of about
35Hz. is seen up to age 12. The nean fundanental frequency
at the age 9 is 275.5 and at 12 it is 243.2. Further the
statistical analysis of the data to find the significant
difference between fenales of different age groups showed
a significant difference between the age groups - 9 and 10,
9 and 11, 9 and 12. So the fundanental frequency at the
age 9 is different fromthe fundanental frequency at 10,

11 and 12.

According to the graph after age 12 only very slight
change in the nean fundanental frequency is seen up to age
17. But at 18 years there is an increase of |0H. Again
at 19 years, there is a decrease of about 15H,. After 19
years, not nmuch change is seen up to 20 years. These
differences seemnot to be real, as the conparison of
successi ve age groups for significance of difference
shows no difference between the age groups 17 and 18,

18 and 19.
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The hi ghest standard deviation is for the age
group 18 (31.6). Lowest is for 12 years (10.6). These
variations may be due to the sanple used or due to other

reasons whi ch are not known.

The significant differences between the successive
age groups and between the different age groups were

checked for the fenmal es al so.

The results of the conparison between successive
age groups in fenmales is shown in Table E. A significant
difference in fundanmental frequency is found between the

age groups 9 - 10 at 0.10 level and 11 - 12 at 0.02 | evel.

Hypothesis (3) that there will be no significant
difference in fundanental frequency between the successive

age groups of females is thus partly rejected.

The results of conparison of fundanental frequency
between fenmal es of different age groups is shown in Table
F. Fromthis table it is evident that at the |ower ages
even though a gradual change is taking place, it is not
significant and does not becone evident until the age of
10. Age 10 is significantly different fromage 9. It is
also significantly different fromall the ol der age groups

except 11 and 18.
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When the other younger age groups are conpared
with the ol der age groups, age 7 is found to be signifi-
cantly different fromall ol der age groups from12 to 20.
Age group 8 is significantly different fromthe age groups
11 and above. But age 9 is significantly different from

all the ol der age groups i.e. from10 - 20.

A significant difference between age 11 and all

the other older groups is found except at 15, 18 and 20.

No significant difference is seen after age 12
bet ween any of the older age groups. This indicates that
fundanment al frequency shows no significant change after

the pubertal age, i.e., 12 years.

So the Hypothesis (4) is accepted, i.e., there is
a difference in fundanental frequency between adults and

children.

Thus the results of the statistical analysis indi-
cates that in the femal es studied vocal nutation seemto
start around the age 10 and is conpleted around 12 years
of age. So after the age 12 the voi ce achi eves adul t

formin terns of fundanental frequency.

The results of Samuel's (1973) study did not show a
significant difference between age group. 11 and the ol der
age groups i.e., 12 - 14 years unlike in the present

st udy.



TABLE - B - FCR FENMALES

Sex Mean St andar d Ranges
== devi ati on L - H
F 276.5 20.5 240 - 300
F 273. 3 23.7 240 - 340
8 F 270. 6 16. 3 240 - 300
9 F 275.5 181 240 - 320
10 F 268. 0 23.93 240 - 310
11 F 258. 6 14. 9 230 - 280
12 F 243. 63 10. 6 220 - 280
13 F 243. 2 30. 3 200 - 275
14 F 239. 4 21.3 160 - 280
15 F 242.1 27. 6 205 - 260
16 F 241. 1 17. 6 200 - 260
17 F 240. 2 18.9 180 - 255
18 F 248. 8 31.6 180 - 300
19 F 232.9 28.4 180 - 250
20 F 248. 2 18. 8 220 - 28
F.F. = Fundamental Frequency
F = Female
= Lowest fundanental frequency in the group
H = H ghest fundanmental frequency in the group



TABLE - E

Conpari son of fundanental
of successive age groups.

frequency between fenal es

Level s of significance

e U 0.002 0.02 0. 05 0.10
6-7 93.5 A A A A
7-8 106 A A A A
8-9 95 A A A A
9-10 70.5 A A A A

10-11 103.5 A A A A

11-12 42. 5 A R A R

12-13 111.5 A A A A

13-14 101.5 A A A A

14- 15 98.5 A A A A

15-16 93 A A A A

16-17 98.5 A A A A

17-18 112 A A A A

18- 19 A A A A

19- 20 87 A A A A

A = Hy Accepted
R = H Accepted
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Conpari son of Fundanental Frequency between nal es and
Fenal es.

G aph Il shows the conparison of nean fundanenta
frequencies of nmales and fenales for the age group of 7 to

20.

O conparison it can be found that a definite
decrease in nean fundanmental frequency is observed as the
age progresses in both males and fenmales. For the fenal es
a promnent decrease in nean fundanental frequency starts
after the age of 9. The nean fundanental frequencies
continue to lower up to the age 12. After age 12 not nuch

difference is seen up to 20.

In case of nales a sudden decrease in nean funda-
nmental frequency starts after the age 11. |t continues to
decrease up to the age of 14. After 14, eventhough a

decrease is seen up to age 20, it is nore gradual.

The graph shows a difference in nean fundanenta
frequency between nmales and fenales at the age of 12 itself.
But further statistical analysis shows that the difference
between nal es and fenmales in terns of fundanmental frequency

of voice is not significant until the age of 14.
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Tabl e G shows the conpari son of fundanent al
frequency for significant differences between nal es

and femal es of the sane age group.

No significant difference in fundanenta
frequency is observed between nal es and fenal es from
age 7 to 13. But a significant difference in funda-
mental frequency is seen between the sexes for all
the age groups above 14 up to 20 at 0.002 |evel of

si gni fi cance.

This contradicts the results of the study by
Sarmuel (1973). The results of his study showed a
significant difference between the sexes for funda-
mental frequency at 8, 9 and 20 and above. Ages 8 and 9
were significant only at 0.10 level, so it was attri-

buted to sanpling Iimtations.

Present study shows that the vocal mutation of
mal es start |ater when conpared with the females. The
change of voice in nales start only by the age of 11.
Wiere as in the fenal es a change of voice seemto occur

at the age of 9.



Conpari son of fundanenta
and feral es of the same age group.

TABLE - G

frequency between nal es

63

Level s of significance

Age ° 0. 002 0. 02 0.05 0.10
6 108. 5 A A A A
. 109. 5 A A A A
8 84.0 A A A A
9 74.0 A A A A
10 108. 0 A A A A
11 109.5 A A A A
12 92.5 A A A A
13 92.0 A A A A
14 38.5 P P P P
15 9 P P p P
16 0 P P P P
17 11 P P P P
18 6.5 P P P P
19 0 P P P P
20 0 P P P P
= H, Accepted

H

Accept ed
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Thus the Hypothesis (1), that there will be no
significant difference in the fundanental frequency
between mal es and fenales of the sane age group is partly
rejected, i.e., asignificant difference in fundanenta

frequency is seen between the sexes after the age of 14.

It may be concl uded t hat

1. The voice of nmales and females (in terns of
fundamental frequency) is significantly
different fromeach other after 14 years

of age.

2. In nmales the fundanental frequency of voice
is significantly different between the age
groups 11 - 12 and 13 - 14.

3. In fermales the fundanental frequency of voice
is significantly different between the
successive age groups 9 - 10 and 11 - 12.

4. The voice of children in terns of fundanenta

frequency is significantly different from
adults for nmal es and fenal es.

Hypothesis (1) that there will be no significant
differences in the fundanental frequency between nal es

and femal es of the sanme age group is partly rejected.

Hypothesis (2) that there will be no significant
difference in the fundanental frequency between the
successi ve age groups in males is also partly rejected.
A significant difference is seen between the age groups

11 - 12 and 13 - 14 in mal es.
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Hypothesis (3) that there will be no significant
difference in the fundanental frequency between the
successive age groups in fenmales is partly rejected.

A significant difference is seen for the femnal es between

the successive age groups 9-10 and 11-12.

Hypothesis (4) that there will be a significant
difference in the fundamental frequency between adults

and children both anong nal es and ferales is accepted.



CHAPTER - V

SUMVARY AND CONCLUSI ONS

The purpose of present study was to give infor-
mation regarding the normal devel opment of voice in
terms of fundamental frequency with reference to age and

Sex.

Fundamental frequency of voice is measured from
the phonation of the subject during the experimenta
condition, under the instructions of the investigator
The pitch used for this phonation is considered as
"habi tual ".

The subjects were both males and femal es ranging
in age from7 to 20 years, with no speech or hearing

probl ens.

The hypotheses made for the purpose of the study
were that

1. There will be no significant difference in
the fundamental frequency between the nales
and femal es of the sane age group.

2. There will be no significant difference in
the fundanmental frequency between the
successive age groups in males.

3. There will be no significant difference in
the fundamental frequency between the
successive age groups in fenmales.

4, There will be a significant difference in
the fundamental frequency between adults
and children both anong mal es and femal es.
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The data was col |l ected by tape recording the
voi ce of normal subjects after giving instructions.
This tape recorded voi ce was anal ysed by feeding it
to the Stroboscope which was used in conbination with
a Tacho Unit and SPL Meter. The direct reading from
the Tacho Unit was taken as the fundanental frequency

of the subject.

The statistical analysis of the results were

done.

Hypothesis (1) was partly rejected i.e., a
significant difference in fundanental frequency was

seen between the sexes after the age of 14.

Hypothesis (2) was also partly refuted. Because
a significant difference in fundanental frequency was

seen between the age groups 11-12 and 13-14 for nal es.

Hypothesis (3) was also partly rejected. Becanst
a significant difference in fundanental frequency was
seen between the age groups 9-10 and 11-12 for the

f emal es.

Hypot hesis (4) was accepted because a significant
difference in fundanental frequency was seen between

adults and children in both sexes.
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Concl usi ons

1. Alowering in the fundanental frequency wth
advanci ng age was observed in the case of both nal es

and f emal es.

2. Vocal nutation in nmales seemto start at |east
by the age of 11, and a rapid | owering of fundanental
frequency seens to occur upto the age of 14. After the
age of 14 even the voice continues to change (in terns

of fundanental frequency) it is nore gradual.

3. In fermales the vocal nutation seens to start
earlier than inmales, i.e., at least by the age of 9 and
it is conpleted by the age of 12. After the age of 12
only very slight decrease is seen in the fundanental

frequency up to the age of 20.

4. The voice of adults and children are different
both in nmales and fenales in terns of fundanental fre-

quency.

5. After 14 years the voice of nmales and fenal es
are significantly different in terns of fundamental

frequency.
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Recommendat i ons

1. Asimlar study to be carried out ina

much |arger sample

2.  The norns derived fromthis study (nean

fundanental frequencies for different age groups)
may be used for diagnosis of voice disorders and

t her apy.
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APPENDI X - |
TECHN CAL DATA

Preci sion Sound Level Meter (Bruel and Kjaer
Type 2203)

The Precision Sound Level Meter Type 2203 is a
hi ghly accurate instrunent designed for out door use as
wel |l as for precise |aboratory neasurenents. It is
easily portable, battery driven and conpletely self-
contained for ordinary sound |level and vibration measure-
ments. Used in conjunction with a suitable filter set,
exanpl e the Bruel and Kjaer Cctave Filter Set Type 1613,
the instrument becones a handy and easily operated fre-

guency anal yzer.

The Bruel and Kjaer Type 2203 covers the range 16
to 134 dB (or 39 to 148 dB using al/2" m crophone). A
the three weighting networks (A, B and C are included
in the instrunent as well as a linear characteristic
and nmeans for connecting external filter circuits for
further shaping of the frequency characteristic if nece-

ssary.

The Filter Set (Bruel and Kjaer Type 1613)

The Cctave Filter Set is a conpact, portable unit
containing 11 band - pass filters for octave anal ysis.
It is prinmarily designed for use in conjunction with

the Precision Sound Level Meter Type 2203, the conbination



being a portabl e noise and vibration analyzer. Only
four screws are used for joining the units together and
the electrical connection is provided by a connection

bar .

The Filter Set Type 1613 contains 11 filters with
centre frequencies in accordance with | SO Standards as
follows: 31.5 - 63 - 125 - 250 - 500 - 1000 - 2000-
4000 - 8000 - 16000 and 31500 Hz. The overall range of
the Filter Set is thus 22 Hz to 45 KHz.

Moti on Anal yser (Stroboscope) (Bruel and Kj aer
Type 4911)

The Mdtion Anal yzer Type 4911 is designed for use
I n observing and neasuring periodi c nmechani cal phenonena
such as nechani cal resonances observing the functioning

of the larynx and rmany ot her conplicated nechani sns.

The flash of the Type 4011 may be synchroni zed by
any external electrical signal which is periodic with a
pul se wi dth greater than 20 seconds, a frequency in the
range 5 Hz to 10 KHz and a voltage |level in the range
100 nV to 280 V peak - peak. If no external signal is
available the instrument nmay be triggered from either
the line frequency or an internal signal generator with

a frequency range of 5 Hz to 105 Hz.



Tacho Unit (Bruel and Kjaer Type 5527)

The Tacho Unit (Type 3527) is a reliable RPM
measurement used along with the stroboscope (Type 4911).
The Tacho Unit incorporates speed reading sinultaneous
with visual observation, with four speed ranges for
accuracy. There is no need for manual adjustnents to

fol | ow t he speech vi brations.

The Tacho Unit is combined with the Stroboscope
and the SPL Meter, in the present study, to get the re-
quired readings. The Tacho Unit is connected to the
Stroboscope by a cable fromthe "Qut put f" socket, the
saw tooth signal fromwhich exact synchronismwth the
I nput pulses is fed to the stroboscope. The nunber of
I nput pul ses, as received by the stroboscope from some
kind of triggering device, is measured and indicated
in RPM

Condenser M crophone (Bruel and Kjaer Type 41450

The Condenser M crophone's operating characteristics
of high stability, flat |inear response and reasonably
hi gh sensitivity, combine with its mninal effect on
the sound fields inwhich it is placed to neasure sound
pressures. They are designed for use with a range of

i nstruments: mcrophone anplifiers, frequency analyzers,



precision sound |level neters etc., to give a conplete
anal ysis of the sound fields neasured.

A conpl ete m crophone consists of a mcrophone
and a cathode follower for inpedance conversion allow ng
long cables and relatively |ow input inpedance anpli-
fiers to be used between the m crophone and the measuring
instrunent. The m crophone cartridge is screwed on to
the housing of the cathode follower naking a snall

rugged unit.

The m crophones may be directly connected to the
different Bruel and Kjaer nmeasuring instrunents which
are provided with a condenser M crophone input socket
fitting the mcrophone connecting plug. Stabilized
plate and heater voltages for the cathode follower
and polarization voltage for the cartridge are available

on this seven-pin socket.



APPENDI X- | |

Raw Dat a showi ng Fundarrent al Frequency of Ml es
and Fenales - 77Years

S . No. Mal es Fenal es
1 270 240
2 290 340
3 270 280
4 260 280
5 280 260
6 270 280
7 250 290
8 246 250
9 270 260
10 266 240
11 260 250
12 260 250
13 260 280
14 280 275
15 260 260
16 250 240
17 270 270
18 270




Raw Data show ng Fundanental Frequency of Males and
Femal es age 14 Years

S . No. Mal es Femal es
1 140 230
2 150 260
3 230 240
4 120 260
5 150 210
6 140 240
7 130 250
8 145 160
9 125 250
10 235 240
1 220 240
12 250 220
13 230 313
14 240 270
15 220 250
16 140 270
17 150 280
18 135 240




Raw Data show ng Fundanental Frequency of Mles and
Femal es age 20 Years.

S . No. Mal es Fermal es
120 220
2 120 260
3 135 240
4 120 250
5 150 220
6 150 230
7 125 280
8 150 240
9 120 220
10 135 230
11 140 280
12 135 260
13 150 255
14 140 265
15 130 245
16 145 250




