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CHAPTER |

| NTRODUCT! ON

Speech is a neuronuscul ar activity. In other words,
the output of this activity is the acoustic signals, which
are used for cornnunication - as speech. The acoustic
characteristics of speech have been found to vary wth
age. These acoustic features on various aspects of
speech production indicate that the accuracy of notor
control inproves with age until adult |ike perfornmance
I s achieved at about 11 or 12 years, sonewhat after the
age at which speech sound acquisition usually judged to be

conpl ete (Kent, 1976) .

"Reviews of the literature concerned with devel opnent
of speech in children have provided nuch in fornation
on grammatical, contextual and syntactic aspects (Mller
and Smth, 1968) , but sonmewhat | ess on phonetic aspects
(I'rwin, 1943, 1945, 1948; Mrley, 1965, S non 1957) of speech
devel opnment. Phonetic studies, particularly since the
i ntroduction of the sound spectrograph in 1946, have
clarified certain acoustical characteristics of speech
sounds (Potter, Kopp and Green, 1947, Joos, 1948, Peterson
and Barney, 1952; Potter and Stei nberg, 1950; Peterson,
1959), and these characteristics have been confirned

subsequent |y by acousticsl resonance theory (Dunn, 1950,
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Stevens and House, 1955, 1961, Fant, 1960; Cooper et al .,
1952). Potter and Steinberg (1950) and Peterson and
Barney (1952) reported that the vowel formant frequencies
of children were about 25%hi gher than those of the adult
mal e and 20%hi gher than those of the adult fenmale. The
rapi d anat om cal, physiol ogi cal and psychol ogi cal devel op-
nment in chil dhood woul d, of course, predict that these
acoustical features of the speech sounds or phonenes of
children could not remain stable over any |ong period of
tinme. However, there is a scarcity of acoustical studies
concerned with the devel opnent of speech sounds or phonens in

children (Ckamura) "Eguchi and H rsh (1969) .

The present investigation was designed to clarify the
way i n which speech sounds or phonenes devel op in nornal
children after the initial stages of |anguage acquisition
by studyi ng vocal fundanental frequency, formant pattern
of vocalic sounds tenporal property - VOI. Study of these
acoustic paraneters of speech sounds have been consi dered as
reflecting, the adjustnment of the phonatory apparatus. Shaping
of the vocal tract and the timng and co-ordination of articula
tion. (According to Kent (1976) "A:though the physi ol ogic

and phonetic interpretation of acoustic data are sonetines
uncertain, acoustic analysis for appropriate to test certain

hypot hesi s about devel opnental changes in anatony, notor

control end phonol ogi cal function". These acoustic analysis



1.3

have been considered to have application in identifica-
tion, diagnosis and treatnent of devel opnental disorders

of conmmuni cation, E guchi and Hrsh (1969) have conducted
an extensive study to investigate the devel opnental changes
in the vocal fundanental frequency, formant frequencies and
ot her tenporal features of speech. This study by Eguch

and H rsh (1969) has been the source of inspiration for the

present investigation.

e, hundred children age ranging from4-12 years, both
mal es and fenal es with Kannada as not her tongue were con-
sidered for study. Al the subjects were nornal in terns

of speech, |anguage and hearing, attending normal schools.

Spont aneous speech was elicited by showi ng three pic-
ture cards. The stinulus card were devel oped to elicit
these sentences idu papu (this is baby) , idu koti (this
I s nonkey) , and idu kenpu bana (this is red colour) . Each
child was given three trials, all the responses were recorded

usi ng tape recorder.

One set of the responses of three sentences, which was
consi dered as good by the experinentor was used for anal ysis.
The anal ysis was done to obtain fundanental frequency and
formant frequencies (F;, F, and P3s) of the vowels /a/, /i/
/ul, o/ and / e/ fromthe test sentences. Further analysis

was done to note the VOT val ues of voicel ess stop consonants
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/p/, It/ and/k /, occuring in the test sentences. These
nmeasur enents were done using H gh Resolution Signa

Anal yzer (B and K type 2033). Thus for the hundred subjects
the fundanental frequency and formant frequencies of five

vowel s and VOT val ues for three consonants were obtai ned.

Necessary statistical treatnent has been done to test

t he hypot hesi s.

Limtation

1. Only ten nmales and ten fenal es have been consi dered for

each age group.

2. The age group has been limted to 4-12 years.

3. Intra subject and Intra group variation were not
st udi ed.
Hypot heses; -

| a. There is no significant difference between the nal es
and fenal es of the same age group when the nean

fundanmental frequency of the vowels are conpared.

| b. There is no significant difference between the nal es
and fenal es of the sane age group when the nean
formant frequencies (F;,, F, and P3) of the vowel s
are conpar ed.

| c. There is no significant difference between the nales
and fenales of the sane age when the nmean VOT of stop

consonants are conpar ed.
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Il a. There is no significant change in fundanenta

frequency of the vowels with increase in age.

Il b. There is no .Significant change in fornmant
frequencies (F;, F, and F3)of the vowels with

I ncrease in age.

Il ¢c. There is no significant change in VOI of the stop

consonants with increase in age.

Il a. There is no significant difference in the funda-

nmental frequency of different vowel s,

1l b. There is no significant difference in the fornant

frequencies (F;, F, and F3)of different vowels.

Il ¢c. There is no significant difference in the VOI

of different consonants.

Definition

Fundanent al Frequency:- is the |lowest frequency in the

spectra of the vowel as shown by H gh Resolution S gna

Anal ysi s.

Formant Frequencies;- are the frequencies show ng the peak

intensities in the envelopes 2, 3 and 4 of the spectra of

the vowel as shown by H gh Resolution Signal Analyzer

VOI' :- is the duration fromthe end of the burst of the

voi cel ess stop to the beginning of the follow ng vowel as

shown by the H gh Resolution Signal Analyzer.
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| nplication of the study

The study provides information regarding the changes
i n fundanental frequency, fornmant frequencies (F;, F, and

Fs) and VOT with age, in the age range 4-12 years.

The study provides information regarding difference
I n fundanental frequency, formant frequencies (F;, F, and
Fs) and VOT, in the age range 4-12 years, between nal es

and fenal es.

This study provides norns for Fy, F;, F, and F; and
VOT for the age range 4-12 years for both nmal es and
femal es, which can be used to note the variation in these

paraneters in clinical population.
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REVI EW CF LI TERATURE

"Today we are able to neasure the acoustic or audible
aspects of voice with sophisticated equi pnent. The voice
print anal yzer, sonograph, airflowneter, pressure recorder
and conputeri zed nodel s of the vocal tract enable investi-
gations to confirmearlier enpirical findings and unearth new
aspects of vocal sound characterization. The physiol ogi cal
aspects of sound production such as breathing patterns,
vocal attack, vocal fold vibration, and sone resonance

qualities can be reveal ed by acoustic neans". (Bunch (1982)).

The literature concerned with devel opnent of speech
i n children have provided nuch information on gramati cal ,
contextural and syntactic aspects (MIler and Smth, 1966),
however | ess on phonetic aspects (lrwin, 1943, 1945, 1948;
Morl ey, 1965; Sinon, 1957) of speech devel opnent. Phonetic
studies, particularly since the introduction of the sound
spectrograph in 1946, have clarified certain acousti cal
characteristics of speech sounds (Potter, Kopp and G een
1947; Joos, 1948; Peterson and Barney, 1952, Potter and
St ei nberg, 1950; Peterson, 1959; Babul Basu 1979; Ravi shankar
1981; Indira 1982). St udi es have al so been conducted to
study the resonance characteristics of vocal tract and the

changes with age and they have confirned the acousti cal
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resonance theory. (House, 1955, 1961; Fant, 1960; Cooper
et al, 1952) Potter and Stei nberg (1950) Peterson and
Barney (1952). The rapi d anatom cal, physiol ogical and
psychol ogi cal devel opnent in chil dhood woul d predict that
the acoustical features of the speech sounds or phonenes

of children do not remain stable over any |long period of
time. However, there is a scarcity of acoustical studies
concerned with the devel opment of speech sounds or phonenes

in children (Canura, 1966)".

"The past two decades have been witness to an increasing
application of acoustic analysis to the study of speech
devel opnent in children" Kent (1976). However, it can be
observed that acoustic data have been collected in three
maj or areas: (1) vocal fundanental frequency (fo), (2) static
formant patterns of vocalic sounds, and (3) tenporal
properties such as voice onset tine, rates of fornant novenent,
and segnent duration. Sonetimnes the physiologic and phonetic
interpretation of acoustic data are uncertain, but acoustic
analysis is appropriate to test certain hypotheses about
devel oprent al changes i n anatony, notor control, and

phonol ogi cal function.

Such acoustic anal ysis have been considered to be useful
i n knowi ng nore about the devel opnental disorders and thus

in the treatnment of devel opnmental disorders of speech.
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Therefore the present study ains at investigating three
aspects of speech by acoustic analysis i.e., fundanental

frequency formant frequency and voi ce onset timne.
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Fundanent al Frequency

"The act of speaking is a very specialized way of
usi ng the vocal nmechanism The act of singing is even
nore so. Speaking and singing denand a conbi nati on and
i nteraction of the mechani sns of respiration, phonation,
resonance and speech articulation. The best speakers and
singers are often those peopl e who, by natural gift or
training, or by a studied blend of both, have nastered
the art of optimally using these vocal nechani sns.

(Boone, 1977) . The basi ¢ node of human communication is

t hrough speech. This facility has been considered as an
over laid function, since the organs designed prinarily are
to serve other fundanental and vital functions |ike respira-
tion®* mastication and protection. Sir R chard Paget (1930)
convi nci ngly specul ates that man invented speech due to the
demand of craftsmanship,art and agriculture on his hands
and thus eventually forced himto shift his node of

comuni cation fromhand signals to vocal synbols, viz.
Speech. Speech is a formof |anguage that consists

of sounds by utilizing the flowof air expelled from

| ungs.

The normal voi ce shoul d possess certain characteris-
tics of pitch, loudness and quality which will nake the

nmeani ng cl ear, arouse proper enotional response to ensure a
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pl easant tonal effect upon the hearer (Berry and Ei senson,

1968) .

Sone of the investigators restrict the termvoice,
only to the laryngeal tone, while others include the
transfer function of the vocal tract, while still others
include articulation and prosody in addition to phonation

and r esonance.

Judson and Waver (1942) defines voice as | aryngeal

vi bration pl us resonance.

Fant (1960) defines voice as

P = ST,

where in, P = the speech sound,
S
T

t he source,

transfer function of the vocal tract

"Whi | e di scussing the production of speech, it should
be noted that the source s of the formula, P = ST, is an
acousti c di sturbance superinposed upon the flow of respiratory
air and is caused..,. .. = by a quasi periodic nodul ation
of the air flow due to the opening and cl osi ng novenent of

t he vocal folds" (Fant 1960).

M chael and Wndahl (1971) consider three inportant
factors to define voice, they are pulnonary air stream

| aryngeal vibration and Transfer function of vocal tract.
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Hence the definitionis as "the |aryngeal nodul ati on of
the pulnonic air stream which is then further nodified

by the configuration of the vocal tract".

The essential function of |arynx has been w dely
accepted that it has biological functions Iike preventing
the foreign body entering the respiratory tract, building
sub-glottal air pressure. Further secondary functions
| i ke the vocal cords vibrate during phonation, but the
controversy exists as to the nechani smof these vibrations.

There are two theories of phonation nanely.

1. Mjoelastictheory or aerodynamc theory, and

2. Neurochronaxi c theory.

Vari ous studi es have been reported in defence and
refutation of both the theories. According to Fant (1960)
the earlier theory i.e.Moelastic theory is nost commonly

accept ed.

"Just as the sounds of nusical instrunments are weak
wi thout anplification, the tone produced at the glottis
I's probably not enough to the heard very for away without
anplification == | the process which anplifies and

augnents the laryngeal tone is called resonance" (Fisher 1966)

(bservation of wounded individuals wth various types

of openings in the neck region and experinments wth excised
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| arynges provi de adequate support that the Sapra glottal
resonators (vocal tract) anplify the |laryngeal tone and
give themthe human quality (Judson and Waver, 1965; Boone,
1971; Berry and E senson, 1962; M chael and Wndehl, 1971).
Wien the | aryngeal tone consisting of a spectrum of sounds
passes through the vocal tract and is transmtted towards
the |ips, the vocal tract responds better to those
conponents of the laryngeal tone that are at or near its
natural frequency. These conponents will be enphasized

and the spectrumof the sound enmerging at the lips will show
nore energy at or around the natural frequency of the

vocal tract.

Resonance i s dependent on the volume of the cavity,
the size of the opening, the length of the opening, and

structure of the cavity.

A series of connected passage ways in the neck and
head constitute the resonance apparatus for the human

VOi ce.

G ay and Wse (1959) thought of the vocal tract as
a series of cylindrical sections with acoustical mass and
conpliance uniformy distributed al ong each secti on.
Thus, the function of vocal resonators is tw-fold. One,
to increase the | oudness of the |aryngeal tone and

second, to give human quality to vocal tones.
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I n humans various resonator's contribution has been
extensively studied and it has been considered that the
contribution of the Tracheobronchial tree, belowthe
bi furcation of the trachea is negligible in the resonance

of laryngeal tone (Judson and Waver, 1965).

Judson and Weaver (1965) also state that "the
i nfl uence of |aryngeal cavities on resonance is also
debatable. The main aimof these cavities is to aid in
t he production of laryngeal tone". Thus the supra
glottal resonators have been considered as mainly contri-

buting to the resonance of the |laryngeal tone.

Fi sher (1966, pp 95-96) states that "as the voca
tract (fromlips to glottis) is not of uniformdiameter
throughout its length, it does not confirmprecisely
to the principles of resonance. In an irregular tube
of this sort, resonance at any particular nmonent is
i nfluenced by (1) the length of the tube, (2) the cross-
section area of the lip opening, (3) the cross-sectional
area and | ocations of constrictions along the | ength of
the tube, and (4) the elasticity of the walls. Wien
constrictions in the passage way occur, the tube is
divided into cavities which are coupled together. The
cavities can act as separate resonators if the constric-

tionis great and extensive".
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The human vocal tract has a w de variety of surfaces;
and resonance, to a certain extent, is influenced by the
surface structure of the cavity; at one end is the hard
surface of the teeth and at the other end is the sponge-

| i ke softness of the |ung.

These changes in the cavity dimensions reinforce the
fundanental tone and overtones of the | aryngeal tone.
The pharyngeal cavity forns an inportant resonator.
This cavity is subjected to alterations inits size,
shape and tension by various activities |ike novenent of
the root of the tongue, the action of the superior, mddle
or inferior constrictors together with thyroid, stylo-

pharyngeal and pharyngo pal atal nuscl es.

The oral cavity is yet another inportant, nost
nodi fiable resonator. It can function as a single
resonating cavity when tongue lies relaxed on the floor
of the oral cavity, or it may be considered as a multiple
resonator when it is divided by the tongue into two

cavities connected by a small aperture.

Oral cavity can further be sub-divided between tongue
and t he pal ate, between tongue and teeth or |ips, between

lips and teeth.

The nasal cavity plays a significant role when it is

coupl ed with the naso-pharynx, as in the production of
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nasal sounds. The nasal sinuses play very little role

i n nornal speech volune or quality (Judson and Waver,
1965). Thus the laryngeal tone, a conplex tone that is
produced by vibration of vocal folds gets anplified and
nodi fied, by the resonators nainly the supra glottal i.e..
t he fundanmental frequency and over-tones get anplified.
The fundanental frequency of voi ce when perceived

auditorily is termed as pitch.

Pitch is the psychol ogical correlate of frequency.
Mel is the scale used to quantify pitch. A sound whose
frequency is 1000 Hz with an intensity of 40 dB has a
pitch of 1000 nels. Hence frequency of a sound does not
uni quely determne its pitch (Steven and Davis, 1938).
The rel ationshi p between frequency and pitch is logarithmc

(Judson and Waver, 1965).

Al though pitch is defined often interns of pure
tones, it is clear that noises and ot her aperiodi c sounds,
have nore or less definite pitches. The pitch of conpl ex
tones according to Stevens and Davis (1935) depends upon
the frequency of its domnant conponent, i.e., the funda-
mental frequency in a conplex tone. Plonp (1967) states
that even in conplex tone, where the fundanental frequency
Is absent or weak, the ear is capable of perceiving the
fundanental frequency based on periodicity of pitch.

Enrickson (1959) is of the opinion that the vocal cords
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are the ultimate determners of the pitch and that the
sane general structure of the cords seem determnes the

range of frequencies that one can pr oduce.

The factors determning the frequency of vibration
of any vibrator are mass, length and tension of the
vibrator. Thus the mass, length and tension of the voca

cords determne the fundanental frequency of voice.

The changes in voice with age and within the speech
of an individual have been subject of interest to speech
scientist. The present study is limted to the investi-
gation of changes in fundanental frequency with age, and
therefore studies concerned with this are revi ewed.
Various investigators dating back to 1939 have provi ded
data on various vocal attributes at successive devel opnent al
stages, frominfancy to old age. Studies by Fairbanks,
(1940, 1949), CQurry (1940), Snidecor, (1943), Haul ey (1949)
Mysak  (1950), Sanuel, (1973), Usha Abraham (1978),
CGopal (1980) showthat aging trends for nmales with respect
to central tendency is, one of a progressive |owering of
pitch [evel frominfancy through mddle age followed by a
progressive raise inthe old age. The voice of new born
has been found to be around 400 Hz (G utznman and Pl at eau,
1905, Indira, N 1982) with growth of larynx the childs
voi ce gradual |y changes. The voi ce change is nost prom nant

at puberty.
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Eguchi and H rsh (1969) states that "It is well
known that the fundanental frequencies of children and
adult fenales are higher than those of the adult nal e".
They further add that "children have a fundanent al
frequency of about 300 Hz even up to the age of 8 and
10 years. There is no significant difference of fundanenta
frequency of speech between 7 and 8 years, or between
boys and girls of those ages (Fairbanks, Herbert and
Hammond, 1949, Fairbanks, WIley and Larsman, 1949,
Potter and Stei nberg, 1950, Peterson and Barney, 1952).

The fundanental frequency val ues are distingui shed
by sex only after the age of 11 years although small sex

di fferences mght occur before that age (Kent, 1976).

The fundanental frequency drops slightly during the
first three weeks or so, but then increases until about
the fourth nonth of life, after which it stabilizes for
a period of approxinmately five nonths. Beginning with the
first year, fundanental frequency decreases sharply until’
about three years of age, when it makes a nore gradua
decline reaching to the onset of puberty at 11 or 12 years
of age. A sex difference is apparent by the age of 13
years, which nmarks the beginning of a substantial drop for
nmal e voi ces, the well known adol escent voi ce change in the
case of fenales, the decrenent in fundanmental frequency

frominfancy to adulthood is somewhat in excess of an
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octave. Were as nmal es exhibit an overall decrease
approachi ng two octaves". Kent (1976). Various studies
have been conducted to investigate the changes in funda-
mental frequency with age. However nost of these studies
are cross-sectional studies. Therefore, as Kent (1976)
states that the above findings may be considered as the
representative of the actual devel opnental course of

voi ce (fundanental frequency) at various age | evels.

Fl atau and Qut zman, 1906; Ri ngel and Kl uppel , 1964;
Sheppard and Lane, 1968; Gstwal d and Pel t zman, 1974;
Prescott, 1975; Penold et al, 1974, Mc d one, 1966;

Van Qordt and Dvost, 1963; Eguchi and H rsh, 1969;

Fai r banks, Herbert, and Hammond, 1949; McQd one and

Mcd one, 1972, Duffy, 1958; M chel, Hollien, and Moore,
1966; Hollien and Paul, 1969; Linke, 1953, Snidecor, 1951,
Pet erson and Barney, 1952; Boe and Rakotofiringa, 1975;
Fai rbanks, W/l ey and Lassnman 1949; Curry, 1940; Hollien
and Mal ci k, 1962; 1967; Hollien, Malcik and Hol | i en,

1965; Naidr, Zboril and Sevci k, 1965.

Thus the fundanmental frequency |owers w th advanci ng
age in both sexes. In nales nmarked | owering of fundanental
frequency is seen at about 10 years of age, and in fenal es

a gradual |owering of fundanental frequency is reported.

Further studies with Indian popul ati on has shown that,

inmales, This lowering in the fundanental frequency is
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gradual till the age of 10 years, after the age of 10
years, there is a sudden marked | owering in the fundarental
frequency, which is attributable to the changes in the

vocal apparatus at puberty. And in case of fernales only

a gradual |owering of fundanental frequency is seen (CGeorge,

1973; Usha, 1979 and Gopal 1980).

Fundanent al frequency changes wi th anat om cal changes

as reported by Negus (1949).

Anong the several type of organi c changes recogni sed
| eadi ng to vocal involution, the vocal changes noticed
during nenopause in females and climacteric in nmales are

nost obvi ous.

Wt h advanci ng age the vocal range gets reduced
t hrough the | oss of high tones. The |aryngeal tone changes
due to biol ogi cal phenonmenon of aging. Terrocal and
Azimer ( ) reports that "shortly after 20 years of age
the laryngeal cartilages progressively get ossified, the
bl ood vessels undergo arterlosclerotic changes as do al

ot her vessel s, and al so endocrine function is reduced"

Thus the |owering of fundamental frequency is seen
both in case of males and fenmales with age, and these
variations are attributed to the anatom cal and physi ol ogi cal

changes wi th age.
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The study of fundanental frequency has i nportant

clinical inplications.

Anderson (1962), and Brodnitz (1965), are of the

view that -

"Pi tches above optinum are generally associ at ed
with strident, shrill, tense voice. Pitches
that are deviant inthis directiontend to
abuse the vocal folds at the point of maxi num
di spl acenent, the mddle of the vibrating vocal
cords, This type of traumatic vocalization
W || exacerbate existin? pathology of the cords,
such as, neoplasns; wll produce [aryngitis; and
I f prolonged will lead to the devel opnent of
nodul es - sonetines called 'Screaner’s nodes'

___________ or Singer's nodes, depending on the
nature of abusive conditions; all of which are
conductive to screechy voices at high pitches".

The fundanmental frequency of the voice in different
syndrones have been studied by many investigators, Duffy
(1954) anal ysed t he speech of cerebral pal sied persons by
means of an instantaneous fundanmental 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 fenal e | aryngect onees have been studi ed
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by Nancy and Wi nberg (1972). Conparisons were nade
between nal e and fenal e | aryngect omees and bet ween

| aryngectonees and normals. The results of the study
suggest that "the fornmant frequencies were consistently
hi gher in esophageal speech than in nornal speech -

regardl ess of the sex of the speaker".

Burk and Saxman (1965) have studied the voice of
mal e Schi zophrenics. They 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 paral l el study by the sane authors (1968), the
speaki ng fundanmental frequency and rate of speech of
adult feral e Schi zophreni cs was investigated. Tape recorded
sanpl es of oral reading and inpronptu speech were conpared
for the schizophrenic females and normal fenmales. The patient
group was found to be using a significantly |arger funda-
mental frequency deviation during oral reading and a
significantly slower oral reading rate. Mean fundanenta
frequency |l evel for the patient group was hi gher than that

of the control group but not significant statistically.

Speaki ng fundanental frequency of five and six year
old children wi th nongoli sm has been neasured by Wi nberg

and Zl atin (1970). Results showed that the nean speaking
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fundanmental frequency |evel for the sanple of children
wi th nongolismwas significantly higher than the nean

speaki ng fundanental frequency |evel for the control

gr oup.

Vocal fundanental frequency characteristics of
nongol children has al so been anal ysed by Mont ague 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

f requency.

| nvestigation of the effects of snoking on the
fundanent al frequency of adult wonmen was carried out by
G lbert and Wisman (1974). The results indicated that
in the reading condition, fundanental frequency for the
snokers was significantly |ower than fundanental frequency

for the non-snokers.

Winberg et al (1975) described sel ected speech
characteristics of patients with acronegaly. Sone of the
patients with acronegaly were found to use a | ow fundanent al
frequency than the normals. This |owering of fundanental
frequency was promnent in fenmale acronegalies than in nmale

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 showedthat 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 optinm pitch
of the subjects may be neasured to find out whether the
pitch that was associated with | ess nasality was near

t he optinmum pitch.
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For mant Frequency

"The peaks in the spectrumof vowels correspond to the
basi ¢ frequencies of the vibration of the air in the vocal
tract. The region of the spectrumin which the frequency
corresponds are relatively large and known as formants.

The formants of a sound are those aspects of it which are
directly dependent on the shape of the vocal tract and are

| argely responsi ble for the characteristics quality., = .
It is the presence of formants that enables us to recognize
the different vowels which are associated with the different

posi tions of the vocal organ"” (Ladefoged (1962)).

Singh and Singh (1979) define formant frequency as "the
frequency regionthat is significantly anplified for a con-

tinuous period of time is known as a fornmant frequency.

The formant at the | owest end having a continuous stretch
of darkness (on a spectrogran) is called the first formant and
is denoted by F;. The next higher band width with a noticeabl
stretch of darkness is the second formant, denoted by F, and

third higher band width is the third formant, denoted by Fs.

The term formant a German word, was used first by a

physi ci st Hermann in the second half of the nineteenth century

A formant is a range of frequencies but since a fornmant
nust give rise to a peak in the spectrumof sound produced,
the termformant is commonly applied to the frequency at which
peak occurs (Fry, 1979). Fornmants are the nost significant
earnmarks of sound and every vowel is forned by two or nore

formant ranges (Bunch, 1982).
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"The nost significant features of the vowel spectrum
are the frequencies and anplitudes of the various formants.
These correspond to the resonances of the vocal tract,
and t hey produce peaks in the speech spectruni.

(Dennes and Pi nson, 1963, p.117).

Two theories have been proposed regarding the vowel
production i.e., cavity tone theory and Harnoni c Theory.
According to cavity tone theory proposed by Wllis (1830),
"The sound identified as a vowel was dependent only upon
the length of the resonating tube and the vowel tone was
conpl etely independent of reed tone" (Fundanental frequency)
"The vowel heard was the result of an augnentati on of
certain of the harnonic conponents of the reed tone"
according to Wieat stone (1837), the proponent of Harnonic

t heory of vowel production.

Scripture (1904) on the basis of a very thorough
review and on the basis of his own experinments has concl u-
ded that, that the vowel production is not a function of
the over tones or harnonics but rather a function of the
natural resonance of supra glottal resonators. Thus the
cavity tone theory is nore widely accepted t han the

Har noni ¢ t heory.

There are several indications that fundanental voice

frequency may be a significant determnant of vowel quality.
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In an experinent wth a tone generator, Mller, RL.,
(1953) showed that when only a portion of the vowel
spectrumis presented, for exanple, only the first two
formants of the [ ] of a child s voice correspond
approximately to the position of the first two fornant
for the [a] of aman. |If a man raises his fundanent al
voi ce frequency to correspond to that of a child
(falsetto), the higher formants are renoved by filtering,
t he acoustical result corresponds very closely to the

[ ] of a child with lowpass filtering and may be so

interpreted by a listner.

An even nore general relation between fundanent al
voi ce frequency and vowel perception was observed by
Wendahl, RW, (1959). Hi s experinents were conducted
with a series resonance synthesizer, which stinulated
the first five formants and was excited by a recurrent
| mpul se. \Wendahl enpl oyed characteristic resonance
positions for various vowels for both nen and wonen speakers,
and shifted the fundanmental frequency over a w de range.
Hs results showed that when the formant positions were
hel d constant, the vowel value judgenents varied with
different fundanental voice frequencies. Thus the
rel ati onship between F, and formants have not been nade

cl ear.
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In the past, studies on vowel formant frequencies
have been reported to clarify sone acoustical features of
speech sounds. |t has been recogni sed that the vowel fornant:
represent the acoustical resonant properties of vocal tract
as shaped in articulation by the tongue (Potter, Kopp and
G een, 1947; Joos, 1948; Peterson and Barney, 1952;
Pet erson, 1951, 1959; Potter and Stei nberg, 1950; Stevens
and House, 1961). Identification of the vowel is chiefly

dependent on the first and the second fornmants.

It has be presuned frompast that the first fornant
corresponds to the back cavity and the second fornant

corresponds to the front cavity of the nouth (Joos, 1948).

Studi es of synthesized speech and neasurenent of this
size of vocal tract on X-ray pictures reveals that the
first and second formants are not sinply acoustic features
of front cavity and back cavity in the vocal tract

(Fant, 1960).

"The first formant™ the frequency of the first
formant is generally dependent nore on the back cavity
vol une than on the volune of other cavities. An exception
is the vowel [a], where F, is affected equally on a

percentage basis by a change in the front cavity vol une.
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Since the back cavity of [a] 1is nmuch shorter than the
front cavity, the percentage increases of F;, due to the
renoval of a small unit length section of the back cavity
Is larger than the shift caused by a renoval of a section

of the sane length in the mddle of the front cavity.

F, of the vowel s [e], [i] and [t] I s al nost
conpletely determned by the back cavity volunme and the
narrowest section of the nmouth cavity. In the vowels
[u],[o] and [ a] Is sonewhat nore dependent on the
front cavity constriction section. The contribution of F
of [u] fromthe back cavity volunme is sonewhat | arger

than that fromthe front cavity.

"The second formant only in the case of the vowel
[t] was the nouth cavity with associated orifices
found to be the essential determnant of F,. F, of [i]
Is clearly a hal f wavel ength resonance of the back cavity.
There is a simlar but not so apparent tendency of F, of
[e] to be influenced nore by the back than by the front
cavity. The second formant of the back vowels [u],[o0]
and [a] 1is somewhat nore dependent on the front cavity
than on the back cavity. Providing the cavity vol une

changes are introduced on a constant percentage basis.
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this tendency is apparent, but if the volune changes are
performed by neans of a constant |ength reduction, there is
an equal dependency of F, on the two cavities for [u]
and also for [a]. |Inthe case of [u], F, is dependent
much nore on the rel ative dinensions of the tongue pass
than on the |lip section. These two parts of the conpound
resonat or system have about the sane effect on F, of both
[a] and [O]. The lip section is of practically no

i nportance for F, of [i] and does not have a very narked

influence of [e] either” (Fant, 1960, p.121)

"Needl ess to say, the vocal tract of a child is
snmaller in size than that of an adult. But we cannot easily
assure that the formants have higher frequencies in pro-
portionto the size of the vocal tract with age as a whol e,
because different parts of the vocal tract presumably change

at different rates” (Eguchi and H rsh 1969)

The psycho- physi ol ogi cal devel opnent is al so considered
to be one of the factors in determning the variation in
formant frequency wth age, along with the anatom ca
changes. Further, the perception of vowels is not dependi ng
solely on the formant frequenci es but al so influenced by

many ot her factors (Peterson 1952).

Kent (1976) reports that "the fornmant frequencies

of children's vowel s are higher than the val ues obtai ned



2.25

for adult fenales and hi gher yet than the val ues obtained for
adult males. On the one hand, this result is to be expected
given the differences inthe length of the vocal tract

bet ween chil dren and wonen and between chil dren and nen.

On the other hand, mathematical prediction of the observed

di fferences has been the subject of several papers, right

up to the present. |If growh of the vocal tract were uniform
their prediction wuld be sinple enough. However, Fant
(1960) argued that there are differences other than size
between t he vocal tract anatomes of nmen and wonen, and

that children apparently are nore |ike wonmen in the
configuration of their vocal tracts. Hence, as a boy

grows into nmanhood, the changes that occur in the fornant
structure of his vowels cannot be |ikened exactly to the
changes in resonant frequencies that are observed as a

uni formacoustic tube is | engthened. The probl emof the
scaling of formant patterns is inportant for speech percep-
tion, because of its inplication it holds for the recogni -

ti on BBoBpgavagCEct aeaEEengm ti SR of phonenes and speakers.
Thi s issue has been discussed in several papers (Broadbent,
Ladef oged, and Law ence, 1956; Gerstman, 1968; Fujisaki and
Kawashi ma, 1968).

Mol (1963) replotted the data of Peterson and Bar ney
(1952) to reveal an apparently linear change in fornant
structure anong children, wonen, and nmen. He ascribed this

| i near change to the "principle of uniformaxial growh".
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The principle of uniformgrowh of this vocal tract is

not w t hout preponents (Kent, 1976).

But study by Eguchi and Hrsh (1969) give little

support to Mol's principle of uniform axial grow h.

Nor dst or m and Li ndbl om (1975) report the |inear
relationships inthe formant data of man, wonen, and
children. They suggest that departures fromlinearity
in the Peterson and Barney (1952) data nay be expl ai ned
by articulatory differences anong t he speakers, especially
because not all of the speakers in the investigation were

nati ve Aneri cans.

Formant frequencies of adult nmale and adult fenal e
vowel s were conpared by neans of scale factors based on

ratio as follows by Fant (1966)
1) First formant scal e factor
Kl =_Fi of female -1 X 100

F, of male
2) Second formant scal e factor

F, of fenale
k, = -1 x 100
F, of male

Fant (1966) concluded fromhis cal culation that the
scale factors relating nale and fermale data vary with the

class of the vowels, with the average scal e factor about
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1896. In addition, he determned that the scale factors
for both F; and F, were | ow for rounded back vowel s, that
the scale factor for F; was |ow for any close or highly
rounded, and that the scale factor for F; was high for
very open front or back vowels. Fant (1966) pointed out
that these differences are consistent with differences in
vocal tract anatony between nmales and fenales, in so far
as nmal es have a greater relative |l ength of the pharynx

t han f emal es.

The scale factors defined above can be used to
characteri se devel opnental changes in the formant struc-
tures of vowels. Scale factors calculated fromthe data
of Eguchi and Hrsh (1969) indicate that the children
often had average F; val ues approaching those for the
adult fenale subjects. |In viewof this unusual result,
the formant frequency val ues reported by Eguchi and
H rsh (1969) should be treated cautiously. Considering
the data for F,, which are nore systematic than those
for Fy, during the devel opnental period of three - 13
years, second formant scale factor changes at the annua
rate of 3.4%for an adult nmale referent and about 2%

for an adult fenale referent.

Kent (1976) has drawn the followi ng tentative

concl usions about child adult scale factors.

1. The scale factor for F, is large for the high vowel s
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but snmall for the | ow vowel s.

2. The scale factor for F, is large for the front vowel s

but small for the close back vowel s.

Bunch (1982) states that the various factors effecting
formant frequencies are related of the vibrating frequency
of the vocal folds to the resonating frequency of the
phanynx and further it depends on t he anount of danpi ng.
Wnckl e (1967) while discussing the transfer function
of vocal tract states that "when there is severe danping
of resonances in the vocal tract there are w der resonance
curves for the formants, and therefore a w der excitation

zone for the formation of non-harnonic partial s".

Sundberg, (1977) is of the opinion that the alterations
inthe configuration of the vocal tract gives rise to varia-
tions in ranges of formant frequencies. Conbinations of
variations in the shape and extent of opening of |ips,

t he position of the tongue, mandi bl e and soft pal ate have
been considered to be contributing for the changes in the
responses of the cavities in the vocal tract to different
frequenci es and t hus change the formant frequencies. A

| east 4 formants can be identified in any vowel irrespective

of the pitch according to Sundberg, (1977).
Variability in children's Formant Patterns for Vowel s

Study by Eguchi and H rsh (1969) are the only
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substantial source of data in this area that the intrasubject
standard deviations of both F, and F, for five vowels in
five recitations each of the sentences, He has a
blue pen ad | amt al 1l have been calcul ated.
The variability of Standard Deviations of both F, and F;
have been found to decrease with age, uniformy i.e., the
variability of S Ds decreased fromthree to 11 years.

The relative values of F,, F, and F, reach an asynptotic

| evel at about 11 or 12 years of age,at which age the
variability of the children's data is about the sane as

the variability of the adult data. This has been considered
by Eguchi and H rsh (1969) as the evidence to show t hat

the young children were nore inaccurate in articulatory

posi tioning than the ol der subjects.

Li ndbl om (1972) questioned Eguchi and Hrsh's
assunption that the variability of F, and F, is descriptive
of instability in articulatory positioning. Lindblom
(1972) showed that a hypothetical curve relating the error
of formant frequency estination to the fundanental
frequency is simlar in formto the age dependent standard
devi ati on curve presented by Eguchi and H rsh (1969).

And therefore Lindbl om (1972) suggests that the "measurenent
error mght be a significant factor inthe variability data
derived fromthe spectrographi c measurenents. The probl em

woul d be easier to evaluate if estimates of the neasurenent
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error has been obtai ned separately for each age group
used in the study". However, Eguchi and Hrsh reported
neasurenment errors based only on size different vowels
spoken by a 6-year-old child and by an adult nal e.
Therefore the conclusion by Eguchi and H rsh (1969)

have to be considered with sonme reservati on.

As the review indicates, the study of Fy, F; and F,
woul d provide information on both, the condition and t he
control of the |aryngeal and the vocal tract system
And thus as Kent (1976) states that "Beyond the question
of postural stability, formant patterns, either relative
or absolute, mght have sone value in the identification
and di agnosi s of deviant devel opnent. However, nany
conditions that are sufficiently severe so as to affect
formant structure are readily signal ed by gross.changes
I n physi cal appearance, such as congenital malformations
of the head and neck. Perhaps, though, formant patterns can
be used as one index of normal anatom cal devel opnent,
especially during the first two years of |ife, when the
di stance between the larynx and the oral cavity gradually,

i ncreases to forma pharyngeal tube (Negus, 1962; Liebernan
et al., 1972; Lieberman, 1973). Abnornalities that affect

t he devel opnent of the pharyngeal cavity conceivably coul d
be detected by appropriate neasurenents of fornant

structure".
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VOT

Voi ce onset tinme (VOT) is one of the paraneters anong
the tenporal features of speech. Vot nmay be defined as
"The duration between the rel ease of a conplete articulatory
constriction or burst transient and the onset of phonation

(Li sker and Abranson 1964, 1964; 1967).

According to Kent (1976) "Qne of the nost frequent
objects of systematic, quantitative research on speech
devel opnent is VOI, for stop cognates in syllable-initia

posi tion".

VOT has been found to be affected by several variables
such as age, articulatory position and | anguage. VOI has
been found to be nore during early childhood upto certain
age (Preston, Yeni-Konshian and Stark 1967, Wnter, Korn,
Mac Keil age and Preston 1967; Eimas et. al., 1971,

Stark 1972; Trehub and Rubi novitch 1972; Kew ey-Port and
Preston 1974; Zl atin and Koeni gsknecht 1975, 1976). It
has been stated that "changes in the VOI distributions
that occur during the first six years of |ife appears to

the fairly systematic". (Kent, 1976).

The nature of the sound i.e., whether it is voiced
or voiceless is determned by the voice onset tine. Wen
t he voice onset occurs after the articulatory posture in
the vocal tract. The sound will be unvoiced while the

voi ce onset occurs before or sinultaneously with the
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rel ease of the articulators, the sound will be consi dered
as voiced. The termvoice onset refers to initiation

of vocal cord vibration.

VOI' has been found to vary with the position of
articulationi.e., it has been found to increase consis-
tently as the constriction of articulation noves backwards
fromlipto velum HIllman and Glbert 1977, Port, 1979;
Li sker and Abranson (1965) have shown that the nean VOT
of / p/ 58 m sec for /t/ 70 m sec. and/ k / m sec.
Prestin, Yeni-Konshian and Stark (1967) reported that the
di stribution of the values of VOI for children approxi-
mated the adult nodels. Zlatin (1974) studied voicing
contrast preceptual and productive VOI characteristics of
adults and reported that the analysis of the perceptual
data reveal ed significant differences anong | abial, apical
and velar stops. |In production of voiced and voi cel ess
stops reliable differences for nean VOI were shown
all cognates and anong pl aces of articulatory constriction

within voicing category as age increased.

Basu (1979) reported that there was a consi stent
increase in VOI with respect to the position of articulatory
constriction (as it noved backward in the oral cavity) in
case of non stutterers. Port (1979) in his study regarding
rel ati on between VOI and vowel duration in initial English

stops report that the results inply that tenporal
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| npl ementation rul es sinmultaneously influence severa
acoustic intervals including both VDI and the "inherent"
Interval corresponding to a segnent, either by independent
control of the relevant articulatory variables or by

sone unknown conmon nechani sni .

According to Summerfield and Haggard (1972) VDT

decreases with increase in speaking rate.

Anot her variable affecting the VOI is the age of
t he speaker. Many studi es have been reported wth
reference to speech devel opnent in children giving due

I nportance to MOI as an inportant tenporal feature.

Preston et al (1967) have studied VOTI for Lebanese
and American infants of, 12 nonth old and showed t hat
t hey produced apical stop consonants with essentially the
sane range of VOTI values in the short |lag region of the
conti nuum Between one and two years of age group stop
productions spread from a rel atively narrow uni noda
distribution as the Anerican and Lebanese chil dren begin
to exhibit differential phonologically appropriate
characteristics for their respective | anguages. It was
also found that the magnitude of VOI difference required
for distinguishing between prevocalic stop cognates

decreases a function of age.
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Menyuk and Klatt (1975) in their study on VDT in
consonant cluster production by children and adults report
that overall timng characteristics were simlar for children
and adults. VOT generally increased fromlabial to dental
to velar clusters, and was shorter in single tone.
Children's VOI averages were generally but not signifi-
cantly longer than adults in all context and co articulation
constriants affected the accuracy with which children pro-
duced the stops and liquid portion of a particular cluster.
Kent (1976) noted fairly systematic changes in the VOI
distributions during the first six years of life. The
majority of stops in the early words of the child are
characteri zed by the occurence of a short delay between
articulatory rel ease and the onset of vocal fold vibration.
Shortly thereafter, the VOI distributions of children
begins to assune a formwhich is simlar to that of adult
speakers. By the age of six, the ranges of VOTI val ues
for voiced and voi cel ess stops overlap to a greater degree
than for adults. Voicing | ead (negative val ues of VOI, for
whi ch voicing precedes articulatory rel ease) becones nore
common Wi th maturation, especially for hilabials. In
addition, the variability of VOI decreases so that adult
like stability of production is noted at about eight

years of life.
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Li sker and Abranson (1964) have studied the VOT in
various | anguages including H ndi, English, Tam!| and
Marat hi for the stop sounds in word initial position. The
VOT val ues obtained did not agree for any two | anguages,
hence | anguage has been found to be a variable in VOT
nmeasurenent. They have also reported that VOT is |ess
i n runni ng speech than in nonsense syl | ables. Presence of
voi cel ess stop in a stressed syllable nmakes for a greater
lag in the onset of voicing hence, type of speech sanple
I's another variable for VOI neasurenent. Basu (1979)
in his study of VOI in stutterers and non stutterers al so
usi ng Kannada voi ced and voi cel ess stop sounds in iso-
| ations and in spontaneous readi ng reports that his
findings do not agree with the findings of Lisker and
Abranson (1964) i.e. VOTI in H ndi, English, Tam| and
Marat hi. Ravi shankar (1981), in his study on VOI in
different age ranges has used only Kannada as the | anguage
to elicit voicedand voicel ess stops and has found t hat
results simlar to Basu s(1979) investigation. Further

that the VO varies with age.

Zl atin and Koeni gsknecht (1976) studied the Devel oprent
of the voicing contrast: A conparison of VOI in stop
perception and production inten, tw year old children,

ten six year old children and twenty adults. They report
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that the nmean VOT differed significantly as a function

of age. In the case of the adult speakers, it was
reported nean VOT for voiced steps was in the short

| ead range while the average for their voicel ess stop
productions was in the noderately long l|ag portions

of the VOTI continuum The children of two and six year
old usedprimarity the short |ag range for voiced
steps and, in general, their average VOT for voi cel ess
cognates was snaller than those of adults . Infrequent
occurrence of |ead during the production of voiced stop
sounds was common i n two-and six-year-old children. They
have al so observed significant differences between voi cing

categories for all cognate pairs within each age group

and a progression of later nean lag tines follow ng from
the nost anterior point of constriction in the vocal tract
to the velar position in case of adults and six-year-old
children, which agrees with the studies of Lisker and
Abranson (1964). There was no significant difference in

results with respect to sex in all the groups studi ed.

The unstable and infrequent occurrences of |ead
I nthe production of voiced stops and long lag in the
production of voiceless stops during the early period of
life is attributed to | ack of consistent control over
the timng of laryngeal and supra glottal articulatory

events.
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G aham and House (1971) and Edwar ds (1974) have
opi ned that the distinctive acoustic cue VOT is hel pful
to assess the general process of nmotor skill acquisition,
since VOT production distributions appropriate to the
childs | anguage are acquired during the period of speech
sound learning. Morleys et al (1980) report that as the
child acquires productive control over voicing VOI val ues

w |l change concomtantly.

There are many studi es whi ch have consi dered that
i nvol venent of larynx in the causation of stuttering
(Travis 1931; Wngate 1970; Adans and Reis 1971; Van
Ri per 1971; Wke 1974; Freenan and Ushijinma 1975; Hanna,
WIfling and McNei Il 1975-). Schwartz (1974) has expl ai ned
“"The core of the stuttering block”. According to this
nodel "The disorder is essentially an inappropriate,
vi gorous contraction of this posterior cricoarytenoid
in response to the sub glottal air pressures required for
speech”. Thus this leads to increased VOT in stutterers.
Neur ophysi ol ogi cal |y VOI can be defined as the activity

of posterior crico arytenoid during phonation.

VOl has been found to vary between stutterers and
non-stutterers i.e., stutterers have been found to and
have | onger VOT t han nornal s (Basu, 1979; Agnello and
Wngate 1972; Adans and Hayden 1974; Starkweat her et al
1976; H Il man and G | bert 1977; and M Il er 1977).
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Ravi shankar (1981) in his study on VOT in different
age ranges has found that there is no significant
difference in nmean VOI val ues for voicel ess stop sounds
with increasing age in both mal es and fenmal es, but not
so in case of voiced stop sounds and no statistica
difference in VDI nean val ues was noted between the age
range of 4 to 7 years but significant difference was noted
I n mean val ue for subjects above 7-8 year group onwards.
This was true for both nales and fenal es hence no sex
difference was reported. There was significant difference
i n VOI' between each voicel ess stop and its voi ce counter
part for both nmales and fenales at all age groups. A
consi stent increase in nean VOI values with respect to the
point of articulatory constrictionis seen for all subjects

above 7 years of age.

Thus the review indicates that the VOI is determned
by the anatom cal and the neurophysi ol ogi cal condition of
t he speech nechanism Therefore any deviations in VO
woul d indicate the possible abnormalities in neurophysio-
| ogi cal and/or, anatomcal maturation. As the VOI has been
found to vary between stutterers and non-stutterers, neasure-
ment of VOI may becone a useful tool in differential dia-
gnosis of stuttering and nayu%g?eagluate various stuttering

t her api es.
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The study of fundanental frequency, formant
frequency and VDT for the purpose of identifying the
devel opnental disorders at an early age, has been
attenpted. And the results are encouragi ng indicating
the possibilities of useful ness of neasurenent of the above
paraneters in diagnosis and differential diagnosis of
vari ous speech disorders. Therefore the present study
proposed to investigate, fundanental and formant frequencies
and VOT in I ndian popul ati on of younger age group with

the viewof using this data for clinical purposes.



CHAPTER 111

METHODOLOGY

The study was ained at investigating the devel opnental
changes in fundanental frequency, formant frequency and

voi ce onset tine in children of both the sexes. The study

consisted of the follow ng steps. *
Step 1. Sel ection of subjects
Step 2. Sel ection of Test Materi al
Step 3. Recordi ng of the speech sanpl es
Step 4. Sel ection of speech sanples for analysis
Step 5. Anal ysi s of speech sanple for the neasurenent c

a) Fundanental frequency
b) Formant frequency

c) Voice onset tine.

Step 1. Selection of subjects.

Subj ects ranging from4 to 12 years of both the sexes
were randomy selected for the study. Al the subjects had
Kannada as their nothertongue and none of them had any
speech and hearing problens. The subjects were examned for
possi bl e oropharyngeal deformtes and were found to have no
deformty hence all the subjects were included for the study.
The subjects were the children from

i) Denonstration primnmary school ,

ii) Nursery school, Manasagangot hri .
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The follow ng table shows the distribution of subjects

I n various age groups.

Sex

Age Tot al
years Mal es Feral es
4-5 10 10 20
5-6 10 10 20
7-8 10 10 20
9-10 10 10 20
11-12 10 10 20
Tot al 50 50 100

Step 2: Selection of Test Material .

Three sentences in Kannada whi ch coul d be picturised

wer e sel ect ed.

R &\&).

(This is a baby)

QAR Bnsd.

(This is a nonkey)

QY "-5033) W .

(This is red colouf)
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These sentences were selected as they were found to be with
in the vocabul ary of the children age range 4-12  years
further, it was found to be easy to elicit spontaneous speech
(as answers to the question what is this, by show ng the

pi cture cards).

These sentences consisted of five vowels, representing

variety of tongue position in vowel articulation as follows

/al from papu
i/ from Koti
/ol from Koti
/ul  fromKenpu
/el from Kenpu

In additionthe stop consonants /p/, /t/, [kl were included
inthe word papu, koti and kenpu for the purpose of

neasur enent of VOT.

Each subject was instructed as follows inKannada.

"D AT & Susdy ug)a(f,:g( Faeox0H% I .

vszy S8 @eT  dew

("1 will show you three picture cards and | want you to tell

nme what you see inthe picture").
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Wenever the expected answer was not elicited the
child was provided with the answer and it was used as a
trial for exanple sone children did not use the word papu
or Koti such children were provided with the words which

the investigator wanted themto say.

Each subject was presented the stimulus cards randomy
and the investigator asked themto say what they saw in

the picture by asking the question

Ve od?

(what is this)

The responses were recorded using National Panasonic
t ape recorder (Mdel RQ2175) and Sony CHF-90 Cassette in
t he Speech Laboratory of All India Institute of Speech and
Heari ng, Mysore.

Each subject was presented the three picture cards
threetinesi.e., for eachsubject t hreeresponses wer erecorded
threetines.Interval of approxi matel y one m nut e was provi ded

bet ween successi ve presentation of stinulus cards.

Al the children (i.e., one hundred) underwent the
experinment. Thus a total of nine hundred responses or
sentences were recorded as spoken by one hundred chil dren
age ranging from4 to 12 years. This was considered as the

material for analysis to neasure fundanental frequency



Fig. 1. Stimulus cards used.
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formant frequencyand VOT.

Step 4. Selection of speech sanple for anal ysis.

G the nine sentence spoken by each subject three
responses representing three different sentences were
sel ected on the basis of presence of |ess interfering noise,
absence of a discrete observable plosive rel ease, and/or
| nappropriate productions (for exanple, shouted, whisphered
or grossly exaggerated responses). These utterances of the
subjects were transferred fromthe cassettes to a spool tape
(TDK, AUDUA L-1800) using Unher (Mdel SG 630 Logic) tape
recorder. Line recording technique was used for selecting
and transferring the speech sanples fromthe cassette to the

spool tape.

Step 5: Analysis of speech sanples, and neasurenent of
fundanental frequency, formatt frequency and VOI were done

using H gh Resol ution signal Analyzer B and K

There are various objective nethods to eval uate the
fundanmental frequency of the vocal cords. Stroboscopic
procedure, Pardue pitch neter, H gh speed ci nenat ograph
El ectrogl ott ography, U trasonic recordings, stroboscopic
Lam nography (STROL), Cepstrumpitch detection, The 3 M
Pl asti formMagneti c Tape vi ewer, spectography, D gi pitch,
Pitch Conputer.

To neasure formant frequency avail abl e obj ecti ve net hods

are several Anplitude Wi ghting, SpectrumTransfornmation,



Photo 1. Display of the Instrument used for the study
HIGH RESOLUTION SIGNAL ANALYZER. B & K 2033,

LSS .- T
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Strongest Harnonic evaluation, D gital conputation of the

Cepstrum D nensi onal anal ysis of vocal spectra.

To nmeasure VOT the avail abl e objective techniques are
two: Qptical oscilloscope nethod. Vide band spectrogram

met hod.

No literature was available to the investigator regarding
the use of H gh Resolution signal Analyzer for the nmeasurenent

of fundarental frequency, formant frequency and VOTI.

A pilot study was carried out to evaluate the reliability
and validity of Hgh Resolution Signal Analyzer B and K type
2033 (HRSA - B and K 2033 in the neasurenent of F.F, Fornmant
frequency and VOT (Picture no.1 shows the equi pnent used for
the study). Five nale and five fenal e objects were selected

who had no speech and hearing abnornmalities for this purpose.

The subjects were presented with three picture cards
whi ch were used with other test subjects, and using the
sane procedure as described earlier In Step 3 and 4, the

responses were recorded and sel ected for anal yses.

Wde band spectrograns were obtained for three sentence

by each subj ect.

The fundanmental frequency was neasured using Digi pitch
which is the optional part of the spectrograph (Voice
Identification Inc. Mark VII)



Photo 2. Display of the fundanmental frequency for
vowel /al.
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The signal fromthe spectrograph was fed to the D gi
pitch through line input, the digi pitch gave the digita
di spl ay of the fundanental frequency i.e., of the vowels
lal, [il, [ul, ol and/el/, fromthe three sentences of each
subject. The extraction of the vowel fromthe sentence was
possi ble using the " Signal Gate" facility available Inthe

spect r ogr aph.

The sane signal was fed to the HRSA from spectrograph

t hrough Iine input when HRSA was having the followi ng settings

Input - "Direct" - connects the Direct Input to the input

anmplifier.

Trigger - "Free Run - nakes operation of the HRSA
| ndependent of any triggering conditions.
Records are taken and transforned at the
fastest rate conpatible with the HRSA cal cul ation

pr ocedur es.

F.SFrequency - 1 b to 5 KH, is selected for the

use.

Wi ghting - "Hanning" - causes the tinme domain record
to the transformed nodified by a Hanni ng

( Cosi ne?) wei ghti ng.

Record - "Cont" - causes newrecords to be continuously
t aken and transformed according to the trigger-

ing conditions set.
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| nput Function - "lInst Spectrunml - causes the input
function to the DI SPLAY SELECTCR to be the
| nst ant aneous spect rum

Scale Brightness - Controls the brightness of the scale
on the HRSA display screen and can be adjusted

dependi ng on the need.

Maki ng the above setting on the HRSA, the signal gated
from spectrograph (voice ldentificationlInc., VII) was fed
directly. The signal fed were vowels /a/ /i/ [ul [ol
and /e/ individually. As a particular vowel kept appearing
on this display screen of HRSA, in formof visual display,
the "Stop" key was pressed whi ch stops recording and trans-
formation, retaining the nost recent conplete record (as

shown i n photo No.2 for vowel /a/l).

The Qursor was noved towards the first peak, and the
readi ngs for frequency were obtained by digital display under
the head 'Sel ected frequency' and the intensity al so determned
under the head "Selected | evel". Thus for all the five vowels
the fundanental frequency was obtained. To confirmthe
fundanental frequency, the cursor was noved to the next peak,

whi ch happened to be a multiple of the first peak.

To obtain the formant frequencies f,, f, and f3 the
key on the "input function", "Averaged Spectrum was sw tched
on keeping the earlier display as it was. Averaged spectrum

causes the input functionto the display selectoa to be the
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averaged spectrum Peaks were seen on the di splay screen

at different frequency levels. By noving the Cursor, to the
hi ghest peak excluding to the first peak which corresponds to
t he fundanental frequency, in each envel op,the peak frequ-
encies were determned and these were considered - as fq,

f, and f3 respectively fromthe head "Sel ected frequency".
Thus for each of the five vowels the first three peak
(formant) frequencies were determned (as shown in photo
No. 3 for vowel /a/). To find the VOTI of the stop

consonants / p/ frompapu, /k/ fromKoti and Kenpu and /t/

fromkoti. The follow ng setting were nade on this HRSA

1. Input sane as earlier.

2. Full scale level - 2.82 volts. This indicatesthe full
scale level display on the HRSA display screen in volts
peak. Assumng that the input gain, etc, is adjusted

such that the HRSA internal reference reads 100 dB or
100 nv.

3. frequency
4. Input function - 1 H - 200 H, "Tine" - causes the

I nput function to the displayselectorto be the tine

functi on.

The signal was fed from spectrograph w thout any gating.
As soon as the required word appeared on the display screen.
The 'Stop' Key was applied. The cursor was to the point on the

horizontal line to the last dot as it was considered as the
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Photo 4. Display of VoT for stop consonant /p/.
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representation of the stop burst, this gave the initial
reading in m seconds i.e. the end of the release of stop
consonant and then the cursor was noved to the point where
the regular vertical striations appeared on the display
screen as this was considered as corresponding to the

begi nning of the vowel. Picture no.4, shows the VOrI

nmeasurenent for /p/ as in papu (the display is of the word

papu).

The time reading at this point was noted and t he
difference between this reading and initial one was considered
as VOT for that particular consonant. Using this procedure
VOT for all the four stop consonants, fromthe three test

sent ences wer e det er m ned.

Thus the fundanental frequency, formant frequency and
VOT for the sane vowel s and consonants of the test sentences

were determned usi ng spectrograph and HRSA

The results obtai ned usisg both these above net hods
were conpared for each of the ten subjects and no significant
di fferences were found on conparison. Therefore the method
of neasuring fundanental frequency formant frequency and VOT

usi ng HRSA was considered to be reliable and valid.

The speech sanples of all the hundred children i.e.,
the five vowels /a/, /i/, /ul, el and/ @/ and the stop
consonants /p/, /t/ and /k/ fromthree of the test sentences
whi ch were recorded as responses were subjected to anal ysis

using the procedure as in pilot study.
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Thus fq, f4, fo, and f5 for all the five vowel s and

VOT for all the three stop consonants for hundred subjects

wer e obt ai ned.

To find out the reliability speech sanples of ten
subj ects was sel ected randomy fromthe popul ati on of
hundred subject of the study. These sanples were anal ysed
agai n using the sane procedure. No significant differences
were found between the earlier and t he present neasurenents,
Thus the procedure of neasurenment of f, f;, f, and f3 and

VOI for total population was considered to be reliable.

Thus it was established that it is possible to use
H gh Resol ution Signal Analyzer B and K 2033 to determ ne.
and
fundanental frequency, fornmant frequenci es/VOT of a given

speech sanpl e.



CHAPTER |V

RESULTS AND DI SCUSSI ON

The objective of the study was to determ ne the funda-
mental frequency for vowels /a/, /i/, /lul, /ol and/e/l,
formant frequencies of these vowels and VOT for the stop
consonants /p/, /t/ and /k/ inthe age group of 4to 12
years in both males and femal es. These vowel s & consonants
were segnented fromthe words of the test sentences spoken

by chil dren.

Fundanental Frequency (F.F)

Tabl e I shows the nmean fundanental frequency wth
standard deviation for the five vowels i.e, /al, /i/,
/ul/, /ol and / e/, for both nmal es and fenal es of the age

group 4-12 years.

Age group 4-5 years

The mal es of the age group 4-5 years had shown a nean
F.F. of 335 Hiat, for the vowel /a/, being the |owest and a
mean F.F. of 383.75 Hz for the vowel /u/ being the highest
anong the five vowels. The vowels /e/, /o/ and /i/ had shown
a mean F.F. in between these two i.e., 346.25 Hz, 356.25 Hz
and 377.50 Hz respectively. Even though /i/ is a high fre-
guency vowel when conpared with other vowels, in this group

/u/ had shown hi gher frequency than /i/.' On exam nation of
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Table Il - Show ng the significance of difference of
Mean fundanental frequency between nal es
and fermal es of the sane age group.

Year s lal [il [ul /ol lel
4-5 R R R R R
56 R R R R R
738 R R R R R
9-10 R R R R R

11-12 A A A A A

A - Significant at 0.05 |evel.
R- Not significant at 0.05 | evel.
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the standard deviations of this age group of different
vowels it can be stated that the group selected for the study

was a representat i ve one.

In case of fermales of this age group the vowel /i/
shows the highest nean F.F., 367.50 Hz and vowel /a/ shows
the lowest nean F.F., 313.75 Hz. Qher vowls /u/, /ol and
/el are showing nean F.F. of 348.75 Hz, 345 Hz and 336.25 Hz
respectively. This group can also be considered as a repre-

sentative of general population as the S Ds are | ow.

A conparison of nean F.F. of the five vowel s between
mal es and fenal es of this age group, using significance of
nmean test shows that there was no significant difference
between nal es and females for all the vow es as whown in
Table I'l1. Thus the hypotesis | a stating that there is no
significant difference between the nales and fenal es of the
sane age group when the nean F.F. of the vowels are conpared

I S accept ed.

Age group 5-6 years.

t he
In/nmales the nean F.F. of /a/ was the | owest, 313.30 Hz
and /u/ had highest, 351.30 Hz. Wichis simlar to earlier
group of nmales and the nean F.F. of /i/, /o/ and /el are
334.5 Hz , 326.40 Hz and 320.50 Hz respectively. S Ds inthis
group were | ow enough to state that the sanple of this group

was a representative of the general popul ation.
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Femal es of this group had shown the |east value
of mean F.F. for /a/, 297.50 Hz and /i/ show ng 342.75 Hz as the
hi ghest nmean FF in this group. A lowering of nean F.F was seen
from/u/, /A and /el i.e. 332.50 Hz, 327.50 Hz and 315.75 Hz.
S.Ds are also low, thus this group forns a representative

of the popul ati on.

Table Il show ng the conpari son of nean FFs of nal es and
females of this group indicate no significant difference bet-

ween the two at 0.05 | evel. Thus hypothesis la is accepted.

Age group 7-8 years

The mal es of this group had shown the sane pattern of
results as the earlier two groups of males, 1i.e, the nmean
F.Fis lowered from/u/ to/o/, and thento /e/ and /i/ and
finallyto /a/, the nean F. F. being 321.25 Hz, 308.75 Hz,
307.50 Hz 307.50 Hz and 306. 25 Hz.

The same pattern of nean F.F. for the five vowels as in
t he previous two groups had been shown by the fenmal es of this grow
too. However the vowels /i/ and /u/ had shown the highest nean
F.Fs 318.75 Hz. Thus lowering from/e/ to /a/l with/o/ in
between i.e. 296.25 Hz 295 Hz and 294.75 Hz, being the nean
F.Fof /e/, /o/ and /al.

The S . Ds of this group for both nales and femnal es were
| ow, suggestion of bei ng popul ation representatives. The

hypot hesis | a was accepted for this group al so.
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Age group 9-10 years.

As seen earlier the nmales of this group also had
fallen in line with themby show ng hi ghest nmean of for
/u/ and least for /a/ and /e/, /il and /o/ falling in
between. The nmean F.F were 326. 25. Hz, 313.75 Hz, 305 Hz,
300 Hz and 291.25 Hz respectively.

The fenal e popul ation of this group showed again /i/
as having the highest nean F.F value and /a/ as the | owest.
The ot her vowel s were in between viz., /i/ 327.50 Hz, /u/

306.25 Hz, /el 299.Hz, / o/ 296 Hz and /a/ 290 Hz.

These nmal e and fenal e subjects can be considered as
representative of the population by virtue of |ow S D scores.
Table Il shows that there was no significant difference in
mean FFs across the sex of this group. Hence hypothesis | a

st ood accept ed.

Age group 11-12 years

190. 10 Hz, 207 Hz, 219 Hz, 228.35 Hz and 233 Hz were the
nmean F.Fs of the vowels /a/, /el, [il, [ol and /u/ respectively.
The vowels /a/, /el, /ol, [il and /u/ can be arranged in
ascending order of nean F.F and the fenal es al so had changed
theirorder unlike earlier female groups. However there was
simlarity between males and females of this group in terns of
meanE. F. Sof vowels i.e. /a/ show ng | owest and /u/ highest.

The ot her vowels being in between. The nmean F.Fs for /a/ of
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femal es of this group was 285 Hz, /e/ was 287.50 Hz, /o/ 292.50
/i/ 302.50 Hz and /u/ 310 Hz.

The subjects of this group are also representative of
the general popul ation |ike others groups of this study,
It is interesting to note that the S Ds for all the vowels,
both for nales and fenal es are considerably | ow, when conpared

to S.Ds shown by all other groups.

The males and fenmals diverge in terns of nean F. F.
all the five vowels. Further the statistical analysis, as
depicted intable |1, shows that there was significant
di fference between the nales and fenales of this group in
terns of femal es having higher nean F.F of vowels /a/, /il,
/ul, o/ and /e/. Hence the hypothesis la is rejected with

reference to this group.

The inspection of table | on the whole warrants that the
vowel /al/ has the lowest nean F.F for all age groups in both
mal es and femal es. The vowel /u/ had shown t he highest val ue
of mean. F.F anong the five vowels studied, in all the nale
groups. However the fermal es had shown a tendency of produci ng
vowel /i/ with highest nmean F.F anong all the vowels, except
the fermal es of the group 11-12 years, who had shown, |ike nales
the highest nmean F.F in producing vowel /u/, and fenales age
group 7-8 year had shown, the sane nean F.F for both vowel s
[i/ and/ul.
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Al'l the nal e groups except for those in the 9-10 years
group had shown a higher nean F.F. for the vowel /o/ when
conpared to nean F.F of vowel /e/. The fenales of the group
4-5 years, 5-6 years, and 11-12 years have shown a hi gher

mean F.F for vowel /o/ than for the vowel /e/.

Thus in general the five vowels that are being studied
can be arranged in asceding order of the nean F.F, for both
mal es and fenales, for the ages ranging from4-12 years as

follows: /fu/, /i/, o/, el and/ al.

The conparisons of the nean F.Fg of all the five vowels
shown by nal es and fenal es of different age groups shows"
that there was no significant difference between nal es and
females interns of nean F.F. except in the age group 11-12
years, where the fenmal es had shown a higher nean F. F. than
their counterparts. Thus the hypothesis la is accepted with
reference to age group 4-10 years but rejected with reference
to 11-12 years. Therefore it can be concluded that the nal es
and fenales do not differ, interns of fundanental frequency
upto the age of 11 year as shown in G aph A However, in
general the fenmales of all the age groups showed a hi gher

mean F.F. then the nal es.

The conparison of nean F.F. for the vowel /a/ of the
present study with the earlier studies of the F.F. of vowel
o _ Sanuel
/al inisolation by/(1973), Usha (1978) and CGopal
(1980), on the Indian popul ation, shows that, the nean

F.F. of the vowel /a/ is higher in the present study
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inall the age groups i.e. from7-11 years both in case of
mal es and fermal es. This may be because of the fact that
the vowel /a/ analysed in the present study was segmented
fromthe word of the test sentence and not in isolation

as inearlier studies.

The studies by Samuel (1973), Usha (1978) and Copa
(1980) on the Indian Popul ation had indicated that there
was no significant difference between nmal es and fenal e
bet ween the age group 7-10 years in terns of nean F. F.
The results of the present study. Corroborates with the
t he above findings. Further a significant difference
bet ween the nmean F.Fs of nmal es and fenal es above 10 years
had been found in the present study. A simlar report
had been given by earlier investigators (Sanuel, 1973;
Usha, 1978; and Gopal, 1980).

To test the hypothesis Ila stating that, "there is no
significant difference between the age groups in terns
of nmean F.Fg of all the five vowels for both nal es and
femal es of different age groups were conpared using

significance of nean difference test.

Wen the nean F.F. of males of 4-5 years age group was
conpared with nmean F.F. of other higher age groups it
was found that, there was no significant difference in
nmean F. F between the age group 4-5 years and 5-6 year for all the
vowel s. However, theneanF.F. for vowls /e/, /o/, /il

and /u/ of the age group 7-8 years showed a significant



4.11

di fference, whereas for the vowel /a/ there was no signi-
ficant difference between the age group 4-5 years and

7-8 years. The nean F.Fs of all the vowel s except /e/, of
the age group 9-10 years showed significant difference
when conpared with the nean F.Fs of the vowel s of the age
group 4-5 years. A significant decrease in nean F.F

of all the vowels inthe age group 11-12 years was found
when conpared to 4-5 years as shown in the tables Il a,-e.

Thus the hypothesis Il a is rejected.

The mean F.Fs of males for all the five vowels of the
age group 5-6 years, were conpared with 7-8 years, 9-10
years and 11-12 years groups. No significant differences
bet ween the age groups 5-6 with 7-8 years and 9-10 years was
noticed. The age group 56 years showed higher nmean F. F
for all vowels when conpared with 11-12 years group as shown

inThe table 11l a-e.

No significant difference in nmean F.Fs of all the five
vowel s was found when the nmal es of the group 7-8 years were
conpared with 9-10 years. As depicted by the tables Il a-e,
these is significant difference in the nean F.Fs between the

age groups 7-8 years and 11-12 years.

It is evident fromthe tables | and Il a-e that there
is significant difference in nmean F.F for the age group 9-10
years, when conpared with 11-12 years for all the vowels in

case mal es, with sudden |lowering of the F. F.
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Table I'lla - Show ng the significance of difference between
nmean across age group and sex of Fp for vowel
/al.

Mal es

Year s 4-5 5-6 7-8 9-10 11-12

4-5 R R A
5-6 R
7-8 R
9-10

11-12

Py
> > > >

Fenal es
4-5 R R R
5-6 R R
7-8 R
9-10

11-12

0 W VW P

A- Significant at 0.05 |evel
R- Not singificant at 0.05 |evel



Tabl e 111b -

Mal es
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Showi ng the significance of difference bet-

ween nean across age group and sex of FA

for vonel /1 /.

Year s

4-5 5-6 7-8 9-10

11-12

4-5
5-6
7-8
9-10
11-12

> > » >

Fenal es

4-5
5-6
7-8
9-10
11-12

0 - > >

A- Significant at 0.05 |evel.

R- Not significant at 0.05 |evel.
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Table Illc - Significance of difference between nean
across age group and sex of Fy for vowel
[ ul are shown.
Mal es
Year s 4-5 5-6 7-8 9-10 11-12
4-5 R A A A
5-6 R R A
7-8 R A
9-10 A
11-12
Fenal es
4-5 R A A
5-6 R R R
7-8 R R
9-10 R
11-12

A- Significant at 0.05 | evel.

R- Not significant at 0.05 |evel.
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Table I11d - Showi ng the significance of difference
bet ween Means, across age group and sex
of Fo for Vowel /o/.

Mal es.

Year s 4-5 5-6 7-8 9-10 11-12
4-5 R A A A
5-6 R A
7-8 R A
9-10 A

11-12

Fenal es
4-5 R A A A
5-6 A A A
7-8 R R
9-10 R

11-12

A- Significant at 0.05 |evel.
R- Not significant at 0.05 |evel
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Table Ille - Show ng the significance of difference
bet ween Means, across age groupand sex
of F for vowel /el.

Mal es

Year s 4-5 5-6 7-8 9-10 11-12

4-5 R A R A
5-6 R
7-8 R
9-10

11-12

> > >

@
(o)}
py)
py)
x> r

9-10
11-12

A - Significant at 0.05 |evel
R- Not significant at 0.05 |evel.
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Thus the hypothesis, that there is no significant
di fference between the age groups in terns of mean F. F.
has been partly accepted and partly rejected with reference

to mal es.

In other words the age group 4-5 years is not diff-
erring fromthe age group 56 and 7-8 years but shows a
significant difference with age group 9-10 years and 11-12
years. Simlarly the age group 56 years is not differing
from7-8 years and 9-10 years but does differs from 11-12 years
group. 7-8 years group has shown a significant difference from
11-12 years group but not with 9-10 years group. A signi-
ficant difference is found between 9-10 years and 11-12
years group. Thus it can be concluded that there is no
statistically significant difference between the successive

age groups, except between the 9-10 years and 11-12 years

gr oup.

These results when studied with the table |I. indicates,
that there was gradual decrease in the nean F.F of mal es
with age and sudden decrease in nmean F.F in the higher age
group, 11-12 years, studied. S mlar results have been
reported by the earlier investigators both on Indi an
popul ati on and non I ndi an popul ation (Fai rbanks, 1949;

Duf fy 1950; Qurry, 1940; Sanuel, 1973; Usha, 1978 and
Gopal 1989).
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In case of fenales, the inter group conparison of
mean F.Fs for all the vowels i.e. 4-5 years with all the
hi gher age groups, 5-6 years with the ol der age groups,
7-8 years with their senior group, and 9-10 years with 11-12
years group, indicates, as shownintables | and Ill a-e

the follow ng results:

1. The age group 4-5 years shows no significant difference
of nean F.F. of all the vowels, when conpared with 5-6 year
group. However the nmean F.Fs of the vowels /e/, /ul, i/,
show a significant difference with the nean F. F. of the age
group 7-8 years. The nean F.F. of the sane age group for
all the vowels, except (a) has shown significant difference
with the nean F.F of the age group 9-10 years. The nean
F.Fs of all the vowel s have been significantly different

bet ween the age groups 4-5 years and 11-12 years.

2. The nean F.Fs of the vowel /a/, /el/, /i/ and /u/ of the
age group 5-6 years has shown no significant difference with
the age groups 7-8 years and 9-10 years. The vowels /e/,

/ol and /i/ produced by the age group 5-6 years has been found
to be significantly different fromthe sanme vowel produced

by age group 11-12 years interns of nean F.F, as indicated

inthe tables I, |V a-e.

3. No significant difference was observed for any of the
vowel s when conparing 7-8 years group with 9-10 years and

11-12 years groups.
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4. Simlarly no statistically significant difference was
seen between the age group 9-10 years, conpared with 11-12 years

for all vowels in termof nean F.F.

Thus the hypothesis Il a is partly accepted and partly
rejected with reference to fenales studied i.e, there is no
significant difference between any two successive age groups.
However the | ower age groups have shown significant difference
wi th higher age groups. Wien these results are viewed in
the light of the nean F.Fs given in table | it can be stated

that there was a gradual decrease in the nmean F. F

The present results are in agreenment with earlier reports
(Sanmuel 1973, Eguchi and H rsh 1969; Kent, 1976; Usha, 1978
Gopal , 1980).

Wth regard to changes in F.F. Eguchi and Hrsh (1969)
state that " It is well known that the fundanmental frequen-
cies of children and adult ferales are higher than those
of the adult males. The fundanental frequencies of the
vowel s of an adult fenales are about one octave hi gher than
that of the adult nmale. Children have a fundanmental frequency
of about 300 Hz even upto the age of 8 and 10 years. There is
no significant difference of fundanmental frequency of speech
between 7 and 8 years, or between boys and girls of those
ages" (Simlar views have been expressed by Fairbanks, Herbert

and Hammond, 1949; Fairbanks, W/l ey and Lassman, 1949; Potter
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and St ei nberg, 1950; Peterson and Barney, 1952; Sanuel,

1973; Usha, 1978; and CGopal 1980; (Copal (1980)has con-
cluded fromhis study of nales and fenal es, age ranging
from7-25 years that "there is a gradual |owering of F F.

wi t h advanci ng age both in case of nmal es and fenal es.

However, the change is gradual upto the age of 10 years,

after which there is a sudden nmarkedd decrease in the F.F. and
no significant difference is found between nmal es and fenal es
upto 10 years. Only after this age there is a significant

mar ked di fference between the nal es and femal es”.

The results of the present study are in full agree-

ment with above findings.
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For mant Frequency

The second part of the anal ysis consisted of nmeasure-
ment of formant frequencies, i.e. F, F, and F;. Inthe
present study the peaks in the spectra of the vowel dis-
pl ayed on the screen of HRSA with the key of "Averaged
Spectrum? on in the "input function" was considered as the
formant frequencies . The peak in the first envel ope
was considered as F , in the second envelope F, and F,, F;
inthird and fourth respectively. As stated in Chapter II
on Met hodol ogy, the formant frequenci es determ ned using
this procedure was confirned by anal ysing the sane vowel s
spectrographically. Further the present procedure was
consi dered as a nore accurate nethod of determning fornant
frequencies as the HRSA gave the digital display of the point
at which the curser was stationed, both in terns of frequency
and intensity. Using this procedure Fo, F; , F, and Fs,
were determned for all the five vowels /a/, /el, [ul,

/o/ and /i/, extracted fromthe words of the test sentences
uttered by all the hundred subjects, age ranging from4-12

years.

Table IV a-e and graphs B 1-3 shows the nean Fi, F,
and Fz;for all thefivevowls/a/, /i/, /ul, /ol and/e/,

for all the age groups both nal es and fenal es.
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G-aph' B.. Shw'ﬂﬁ-gmt-‘he corrpari's‘_c')'n' ” r'rérén Fl of II t he
five vowels, of males and fenal es of different
age groups.




G aph B,. Show ng t he corrparisdh of nean F, of aI_I t he
five vowels, of nmales and fenal es of different
age groups.




o e

G aph B;. Showing the conparison of nean F; of all the
five vowel s of mal es and fenal es of different
age groups.




Table V: Showi ng the significance of nmeans of various vowels and their formant frequencies
bet ween mal es and fenal es of the sane age group.

/| al [il [ u/ /ol lel
Year s

R F  Fs F,  F  Fs R R s R R Fm B R

1-5 R R R R
5-6 R A R R R R R
7-8 R R A R R R R A R R R R R R
9-10 A R R R R R R R R R R A R R
11-12 R R R A R R R R R R R R R R

A- Significant at 0.05 |evel
R - Not significant at 0.05 |evel.
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4-5 years group

The F, of vowel /a/ in nales has been found to be the
hi ghest anmong all the vowels inthe nale group i.e.
826.25 Hz. The F, of other vowels range from453 Hz to
462.5 Hz. Vowel /i/ presents the highest frequency at F,
(2166.5 Hz) when conpared to other vowel s, next being / e/
Wth 1722.45 Hz, /u/ shows the lowest F, i.e., 1021.2 5 Hz,
/al and /o/ comng in between with 1617.5 Hz and 1998.5 Hz.
F; of /i/ was the highest 2856.25 Hz anong the 3rd formants
for all the vowels, with /o/ show ng the | onwest (2198.75 Hz)
/el, lal and /u/ were in between having 2693.75 Hz, 2532.50
Hz. and 2367.5 Hz. respectively. Thus the results indicate
that only F; of vowel /a/ has higher frequency and differs
fromall other vowels. Not nuch difference was observed
anong all other vowels. F, of /i/ has shown a consi derabl e
difference fromother vowels. Smlarly F, of vowel /e/
differs fromF, of /u/ and /o/ but not fromthat of /a/.
Again /i/ has differed fromother vowels interns of F; as it
has hi ghest frequency. Not nuch difference is found ' in
F; of /e/ and /a/. However these two differ from/u/
and /o/. VMowel /u/ has also shown a greater F; val ue than
lol.

In general the SDs of F;,, F, and F; of all the vowels show

that there is not much variablility inthe formant, frequen-

cies anong the nal e subjects of the group 4-5 years.
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The fenal es of the sanme age group have shown t he
sanme tendency as far as F; for all the vowels is concerned.
F, and F; have been the replica of nale group for all
the vowel s, which is evident fromthe tables IV a-e and
Gaph B 1-3. Thus not nuch difference was expected between
the nale and female groups for all the five vowels in terns
of F;, F, and F;. Further this has been confirmed by the
statistical analysis using significance of difference of

neans as shown in table V.

5-6 years group:

The nmal es of this age group have al so shown a hi gher
Fi. (643.75 Hz) in vowel /a/ than in other four vowels . The
ot her four vowel s have not shown nuch variation in F , rang-
ing from518.75 Hz to 446.20 Hz. i.e. fromvowel /u/ to /i/,
with/e/ and /o/ in between, with frequencies 506 Hz and 495 Hz
respectively. F, of this group has also shown simlar
tendencies as the earlier age group i.e. /i/ show ng hi ghest
frequency (2181.20 Hz) and / o/ show ng the | owest (965 Hz)
wth/e/, /u/ and /al/ inthe ascending order between /i/ and
/al as indicated inthe table F; of the vowel /i/ has been
the highest (2953.65 Hz) as in previous age group /a/, /el,
/ul and / o/ have been arranged in the decreasing order interns

of frequencies of F; of this group.
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Like inthe earlier group the F, of /a/ has shown a
greater difference fromF, of all other vowels. Not nuch
variation is noticed in F, of the other four vowels. F;
also, like in the previous group has shown hi ghest frequency
invowel /i/ and differs fromall other vowels with a
difference of approximately 1000 Hz. Anong the ot her vowel s.
F, has not shown nuch difference which is clear fromthe ins-
pection of the table IV a-e. Again the vowel /i/ has shown
the highest frequency in F; and differs from F; of other
vowel s by nore than 500 Hz. The vowel /a/, /u/ and /e/
do not show nmuch variation in terns of F; F; of vowel

[/ o/ has been | owest, around 2000 Hz.

The fenales of this group has shown 734.95 Hz as the
F, of /a/ovowel, which is the highest inthe group, the
next being F, of /o/, (462.5Hz), /el/, /u/ and/i/ arein
descending order with 443.75 Hz. The study of F, of this group
shows /i / having highest frequency of 2127.50 Hz. /u/, /o/,
/al and / e/ have shown F, in ascending order i.e. 983.75 Hz
1067.50 Hz, 14.65 Hz and 1702. 40Hz respectively. The F;
of this group has shown that /i/ has the maxi num frequency
value followed by /e/, /al, /ul and /o/. The fenal es of
t hi s group have shown sane tendencies regarding inter vowel

conparison of F;, F, and F;, as in nmales of this age group.

O looking at the table IV a-e and graph B 1-3 it has

been concul ded that there is very little variation.
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Refering table Vit shows that F; of /a/, F, of /u/
and F; of /e/ are significnatly different in nales and
fenmal es otherwise for no other formant frequency of any

other vowel there is difference of nean value inthis

gr oup.

7-8 years group

The mal es of this group agai n have shown that the
vowel /al/ has the highest F, (760 Hz) when conpared with
ot her vowel s /o/ and / e/ have shown al nost simlar F;
(482.50 Hz for /o/ and 453.75 Hz for /el/) whereas /i/ and
/[ u/ have shown sane F; (387.50 Hz, and 381.25 Hz). Thus
the vowel /a/has the highest F;. As in the previous groups
F, of /i/ has been the highest having 2145 Hz. The |owest F,
has been shown by vowel /u/ (756.25 Hz). |n between these
two vowels /o/, /al and / e/ have been placed with 1112. 50 Hz
1465 Hz and 1750 Hz. Thus in ternms of F, the vowel /i/
differs fromall other vowels wth highest frequency and
there is approximately 300 Hz difference between the F;
of the other vowels. Again vowel /i/ has shown the highest
F; anmong the five vowels, next highest Fs; has been shown
by /a/ thanin/a/, /u/ and / 0o/ (2863.75 Hz, 2756.25 Hz,
2602. 50 Hz, 2315 Hz and 2186. 50 Hz) .

As in the previous group the fenal es of the age range

7-8 years have also shown /a/ as having highest F; (741.25 Hz),
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and /i/ as having lowest F; (391.25 Hz). In descending
order based on the frequencies of F,. /o/, /el and /u/

were found. (500 Hz, 455 Hz and 417.50 Hz) as can be seen
fromthe table IV a-e and graphs B 1.3. Vowel /[a/ differs
fromother vowel s by a mninumof 250 Hz interns of F;

and the differences in frequencyeis of F, of other vowel s
have shown variations within 110 Hz, rangigg from500 Hz
to 391.25 Hz. Againthe vowel /1/ has presented the

hi ghest R, (2183.75 Hz) followed by /e/, /al, /ol and /u/
with frequencies, 1805 Hz 1610 Hz, 972.56 Hz and 482.5 Hz
The F, of /i/ has differed fromF, of /e/ by about 300 Hz
and the /e/ to /al difference is about 200 Hz, /a/ to /of
difference is about 600 Hz and difference between / o/ and /u/
I s about 500 Hz. Thus it has been seen that F, of this
group has great variations, withinthe F, of all the five
vowel s. Wien conpared to F, of all the five vowel s of

all earlier groups. F; of vowel /i/ is the highest and of
vowel /o/ is lowest (2323.75 + 2707.50 Hz) with vowel s
/al, el and /u/ being placed in between inthe descendi ng
order based on the frequency of the F;. The F; of vowel
/1] does not shownuch difference fromF; of vowel /a/
and /e/. The vowels /a/ and / e/ do not differ nuch from

[u/ and / o/ .

The S.Ds as shown in table IV a-e indicate that the

variability of the group was not nuch.
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Table Vindicate that there is not nuch of statis-
tical difference between nmales and fenal es of this age
group for any of the formant frequencies i.e. F, F, and
F; of any of the five vowels except for F- of/a/ and

F, of /ul.

Age group 9-10 years

The mal es of this gropp as earlier groups have shown
[ al as having highest F; (911.25 Hz ) and lowest for /i/
wth 313.75 Hz. The F; of the other vowels are / o/
475. Hz, /el 470 Hz and /u/ 417.5 Hz. The vowel [/ a/
differes from/ o/ by 475 Hz. The difference between
[ol, [ul snf /el has not been much. /i/ has varied from
other vowels i.e, /o/, /u/ and / e/ by nore than 100 Hz.
As seen earlier the F, of vowel /i/ has the highest
frequency (2307.5 Hz) and lowest is that of /u/ being
936.25 Hz. The F, of other vowels were / e/ 1748.75 Hz, [ al
1493.75 and / o/, 1066. 25 Hz. Considerable difference
has been found between F, of /i/ and /el i.e. about 600
Hz. Not much difference was noticed between / e/ and /a/

but / o/ has a considerably | ower frequency than /a/.

The femal es of this age group, like all other earlier
groups have shown F; for vowel /a/ as maxi numval ue when
conpared wth the F; at other vowels, the F; of /al/
being 772.50 Hz, followed by the F, of /o/, /el/, /ul and
[i/l, The difference between /a/ and /i / being about 400

Hz. Not nmuch difference was observed within /u/, /o/ and
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lel. F, followed the sane pattern of values i.e. /i/

bei ng highest, as in nmales of this group. |n descending
order /i/ was 2291.25 Hz, /e/ 1852.30 Hz. /a/ 1581.25 Hz
/o/ 993.75 Hz and /u/ 845 Hz. The difference between
successi ve vowel s bei ng approxi mately 450 Hz, 300 Hz,

600 Hz and 150 Hz. The F; of the highest vowel in case

of mles is /i/ (2931.25 Hz) so also in femal es, the | onest
F; being for vowel /o/ (2128.75 Hz) . |n between were /e/
W th 2652.50 Hz, /a/ with 2573.75 Hz. and /u/ with 2392. 45Hz.
The difference between /i/ F; and / e/ F; is about 300 Hz,
/el and /a/ F; differ by about 100 Hz, and /a/ F; differ
by /u/ with approximately 175 Hz. Wereas /u/ is greater
than / o/ by about 275 Hz.

The S D values of the age group 9-10 years indicate that
the sanple selected has limted variability. Hence this
proves to be a representative of the general popul ation, as

shown intable IV a-e.

Tabl e V shows no significant difference between the
mean values of F;, F, and F; for all the five vowls /al,
lel, lul, /ol and /i /, between nal es of fenal es of this
age group, except for a significant difference of F, for

vowel /al.

Age group 11-12 years

The mal es of this group have also followed the tradition

of having the F; value of vowel /a/ as highest with 840 Hz.
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The val ues of F; for other vowels being /i/ 492.50 Hz,
[ul 452.50 Hz, /ol 448.75 Hz and / e/ 442.5 Hz. It is evident
fromthe table 1V a-e that the difference between g of
vowel /a/ and other four vowel s was approxi mately 450 Hz.
There w as very less variation withinthe vowels /i/, /ul,
/ol and /el interns of F,. The F, values of vowel /u/
has naintained its superiority, over other vowels, in
terns of frequency (2356.50 Hz). The |owest val ue of

R Is of vowel /o/ having 988.75 Hz. Hence a gap
of nore than 1300 Hz. D fference betwen F, of /t/ and
/el was about 750 Hz, between /e/ and /a/ was about 200
Hz, between /a/ and /u/ was 375 Hz and finally between

/ul/ and / o/ being only 32 Hz.

The F3 values of the vwels in ascending order were
li/ 2778.75 Hz /al 2610 Hz., /e/ 2580 Hz., /u/ 2432.50
Hz, and / o/ 2153.75 Hz. The variati on was not as much
as inthe F, of this group. However, the difference

bet ween hi ghest and | owest F; val ues was 625 Hz.

Anong the fenales of this group also /a/ carried
the highest F, value (781.50 Hz), followed by /0o/ with
460 Hz., /el wth 443.75 Hz., /u/ with 421.25 Hz and
lastly /i/ with 366.25 Hz. The difference between hi ghest
and | owest vowel being approximately 415 Hz. The variation
with for vowels /o/, /e/, [/ul and /i/ was wi thin 100 Hz.
The F, had foll owed the sane pattern as the nales of this

group which can be seen by refering to table 1V a-e, the
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the difference between /i/ and / o/ being about 1350 Hz.

The values of F, of all the vowels were /i/ 2303.75 kHz

/el 1722.50 Hz. /al 1605 Hz. /u/ 1042.5 Hz. and /o/ with
956.25 Hz. The F; of /i/ was the highest (2740 Hz) as in
the earlier groups but it has been foll owed, here, by /e/
with 2652.50 Hz unlike in earlier groups by /a/, which had a
F; of 2600 Hz. Inthis group /o/ was 2105 Hz and /u/ was
2393.75 Hz i.e. nore than about 290 Hz conpared to /o/.

The difference between the highest and | owest vowel s was

about 635 Hz.

By referring to table IV a-e and graph B3 it can be
stated that there was limted varaition in the subjects

sel ected of this group.

Table V indicates that there was no significant difference
bet ween nmal es and fenales for any of the fornant frequencies
i.e, F;, F, and F;, for all the five vowels except for /a/ fol

Fs

Thus the analysis of the data on fornmant frequenci es has
indicated that the F of vowel /a/ has the highest frequency
and /i/ showi ng the |owest formant frequency anong all the
vowel s of both the sexes in the age range 4-12 years. The
vowel /i/ has shown the highest F, and F; anong all the
vowel s in both the nmales and fenmales of all age groups.
Wiereas the vowels /u/ and / o/ show the | owest frequencies

on F, and F;. Thus the hypothesis Il b stating that there
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is no significant difference between the formant frequencies

of different vowels is rejected.

I n general conparison between the nmal es and fenal es
reveals no significant difference anong the F, ,F, and F;
of all the five vowels in the age range studied. The
hypothesis | b stating that there is no significant differ-
ences between the nal es and fenal es of the sane age roup when
the nean formant frequencies (F;, F, and F3) of the vowels

are conpared is accept ed.

Tables VI to X (a, b, c) shows the results of conpari -
son of mean F;, F, and F; of nales and fenal es of different

age groups for all the five vowel s.

The conparison of F; of the males of 4-5 years of vowel
/al with higher age groups i.e 5-6 years, 7-8 years 9-10
years and 11-12 years shows no significant difference except
with 5-6 years. The 5-6 years age group shows significant
difference with 9-10 years, and 11-12 years but not with 7-8
years age group. No significant difference between 11-12
years was found with 788 years, but significant differences
was found between 9-10 years with 7-8 years. No significant
di fference between 9-10 years and 11-12 years was observed.
The fenales pf this age group (4-5 years)have shown no

significant difference with any of the groups.

F, of the vowel /a/ by the age group of 4-5 years has
differed significantly fromthe F, of 56 years and 11-12
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Table VI a: Showi ng the significance of difference
bet ween nmeans across age groups and sex
for vowel /al.
Mal es
Year s 4-5years 5-6years 7-8years 9-10years |I|-12years
4-5 A R R R
5-6 R A A
7-8 A R
9-10 R
11-12
Femal es
4-5 R R R R
56 R R R
7-6 R R
9-10 R
11-12

A -
R -

Significant at 0.05
Not significant at 0.05
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Table VI b: Show ng the significance of difference
bet ween neans across age groups and sex
of F, for vowel /a/

¥2;$: 4-5years 5-6years 7-8years 9-10years 11-12years
4-5 A R R A
566 R R R
7-8 R R
9-10 R
11-12

Fenal es

45 R R R R
5-6 R R R
7-0 R R
9-10 R
11-12

A - Significant at 0.05
R - Not significant at 0.05



4.43

Table VI c¢: Show ng the significance of difference
bet ween neans across age groups and sex
of F; for vowel / a/

MVal es

Year s 4Sbyears 5-byears 7-8years 9-10years 11-12years

4-5 R A R R
5-6 A A A
7-8 R R
9-10 R
11-12
Fenal es
4-5 R R R R
5-6 R R R
7-8 R R
9-10 R
11-12

A - Significant at 0.05
R - Not significant at 0.05
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Table Vila: Showi ng the Significance of difference
bet ween nmeans across age groups and sex
of F, for vowel /i /.

:\(/g;re : 4-5years 5-6years 7-8years 9-10years |I-12years
4-5 A A A R
5-6 R R A
7-8 R A
9-10 R A

11-12

Renmal es
4-5 R R A A
5-6 R R R
7-8 R R
9-10 R

11-12

A -
R -

Significant at 0.05
Not significant at 0.05
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Table VIIb: Show ng the significance of difference
bet ween neans across age groups and sex
of F, for the vowel /i /.

Mal es

Year s 4-5years 5-b6years 7-8years 9-10years |1l-12years
4-5 R R R R
56 R R R
7-8 R A
9-10 R
11-12

Fenal es

4-5 R R R R
56 R R R
7-8 R R
9-10 R
11-12

A -
R -

Significant at 0.05
Not significant at 0.05
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Table VIIc: Show ng the significance of difference bet-
ween means across age groups and sex of F3
for vownel /i/.
Mal es
Year s 4-5years  5-6years  738years 9-10years |I-12year
4-5 R R R R
56 R R R
7-8 R R
9-10 R
11-12
Femal es
4-5 R R R R
56 R A R
7-8 A R
9-10 A
11-12

A -
R -

Significant at 0.05
Not significant at 0.05



4. 47

Table VIIla: Show ng the significance of difference
bet ween neans across age groups and sex
of F, for vowel /ul/.

Mal es
Year s 4-5years 5-6years 7=8years 9-10years |I|-12years
4-5 R A R R
56 A A R
7-8 R A
9-10 - R
11-12
Fenmal es
4-5 R R R R
56 R R R
7-8 R R
9-10 R
11-12
A - Significant at 0.05
R - Not significant at 0.05
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Table VI11b: Showi ng the significance of difference
bet ween neans. Across age groups and

sex of F, for vowel /ul/.

Mal es

Year s 4-5years b5-6years 7-8years 9-10years |I|-12years
4-5 R A R R
5-6 A R R
7-8 A A A
9-10 R

11-12

Fenal es
4-5 R A R R
5-6 A R R
7-8 A A
9-10 R

11-12

A - Significant at 0.05
R- Not significant at 0.05



4. 49

Tabl e VI11c: Show ng the significance of difference
bet ween neans. Across age groups and sex
of F; for vowel /u/.
Hal es
Year s 4-5years 5-6years 7-8years 9-10years 11-12years
4-5 R R R R
56 R R R
7-8 R R
9-10 R
11-12
Fenal es
4-5 R R R R
56 R R R
7-8 R R
9-10 R
11-12

A-
R -

significant at 0.05
Not significant at 0.05
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bet ween neans.
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Showi ng the significance of difference
Across age groups and sex

of F, for vowel /of.

Mal es
Year s 4-5years 5-6years 7=8years 9-10years 1I1l-12years
4-5 R R R R
5-6 R R R
7-8 R R
9-10 R
11-12
Fenal es
4-5 R R R R
5-6 A R R
7-8 R R
9-10 R
11-12
A - Significant at 0.05
R - Not significant at 0.05
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Tabl e | Xb: Showi ng the significance of difference
bet ween neans, across age groups and sex
of F, for vowel /o/.

Mal es

Year s 4-5years b5-6years 7-8years 9-10years |I-12years
4-5 R R R R
5-6
7-8 R R
9-10 R
11-12

Femal es
4-5 R
5-6 R R R
7-8 R R
9-10 R
11-12

A - significant at 0.05 | evel.
R - Not significant at 0.05 |evel
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Tabl e | Xc: Showi ng the significance of difference bet-
ween means across age groups and sex of F3

for vowel /ol .

Mal es

Year s 4-5years b5-6years 7-8years 9-10years |l-12years

4-5 R R A
5-6 R
7-8 A
9-10
11-12

>
> U U X

Femal es

4-5 R A
5-6 R
7-8 R
9-10
11-12

o > XU 3D

A- Significant at 0.05 |evel
R -Not significant at 0.05 |evel.
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Tabl e Xa: Showi ng the significance of difference
bet ween nmeans across age groups and sex
of F, for vowel /e/.

Mal es

Year s 4-5years 5-6years 7-8years 9-10years |Il-12years
4-5 R R A R
5-6 R R R
7-8 R R
9-10 R

11-12

Femal es
4-5 R R R
5-6 R R R
7-8 R R
9-10 * R

11-12

A - Significant at 0.05 |evel
R- Not significant at 0.05 |evel.
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Tabl e Xb: Showi ng the significance of difference bet-
ween neans across age groups and sex of F,
for vowel /el.

Mal es
Year s 4-5years b5-6years 7-8years 9-10years |I|-12years
4-5 R R R R
5-6 R R R
7-8 R R
9-10 R
11-12
Fenal es
4-5 R R R R
5-6 R R R
7-8 R R
9-10 R
11-12
A- Significant at 0.05 |evel.
R - Not significant at 0.05 |evel



4. 55

Tabl e Xc: Showi ng the Significance of difference
bet ween nmeans across age groups and sex
of F3 for vowel /e/.
Mal es
Year s 4-5years 5-6years 7-8years 9-10years |Il-12years
4-5 R R R R
56 R A R
/-8 R R
9-10 R
11-12
Fenal es
4-5 R A R R
56 A R R
/-8 R A
9-10 R
11-12

A -

R -

Significant at 0.05 |evel

Not significant at 0.05 |evel
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years groups. No other significant differences was
found between the age groups. No significant differences
between the fenal es of any age groupr was observed when

F, of /al was conpar ed.

F- of vowel /a/ of nmales of the age group 4-5 years
has differed from7-8 years only, as it can be seen from
the table I ¢c. The 56 year group had presented F; which
differed fromall other groups significantly. No significant
di fference between the higher age groups with reference to
F; of /al was observed. The females of have shown no
significant difference for any age group anong thensel ves

interns of F3 of vowel /al.

The table M| a indicate that the F, of vowel /i/ for
the age group 4-5 years, does not differ from 11-12 years
but differs significantly fromall other age groups. Were
as the sane fornmant frequency of 5-6 years has shown no sig-
nificant difference with the age groups 7-8 years and 9-10
years but showed a significant difference with 11-12 years.
The F, of the age group 7-8 years has not differed from
9-10 years but with 11-12 years. Significant difference is
found between 9-10 years & 11-12 years in terns of F;. The
fenal es of the age group 4-5 years were conpared for F;
of vowel /i/, and it was found that they did not differ from
any of the age groups, except the group 4-5 years with the
hi gher age groups i.e. 9-10 years and 11-12 years. The
study of table VII b shows that the F, of /i/ of males did not

differ anong any of the age groups, except that 7-8 years
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showed a significant difference with 11-12 years.
Smlarly the fenal es have al so shown that there was

no significant difference anong any of the age groups.

The nal es of all the age groups have presented
the sane F; value for vowel /i/. However this fenales
had shown a slight change i.e. 56 years wth 9-10
years, 7-8 years with 9-10 years and 9-10 years with
11-12 years had shown significant difference in

terms of Fs.

The F; of vowel /u/ shows significant difference bet-
ween 4-5 years with 7-8 years, 5-6 years with 7-8 years

and 9-10 years, 7-8 years with 11-12 years, as can be seen
VI
fromtable/a. No other significant differences were

observed. The femal es had not shown any difference in the

val ues of F; for vowel /u/ anongst them

Table V11 b shows that in case of both mal es and
females, F, of vowel /u/ had differed significantly, when
4-5 years was conpared with 7-8 years and when 5-6 years
group was conpared with 7-8 years, and 7-8 years was
conpared with 9-10 years 11-12 years. No other differences

were noti ced.

The nmal es and fenales of all age groups showed no
significant differences anong t hensel ves, when F; of

vowel /u/ was consi dered.
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The table 1 X a shows the conparison of F; of vowel
/ o/ for both nmal es and fenal es, anmong different age
groups. No significant differences was observed for any
of the group except that the females of 5-6 years diff-

ered fromfenales of 7-8 years.

When F, of vowel /o/ was conpared wthin thensel ves
interns of age group no difference was noticed as
depicted intable I X b.

The vowel /o/ had presented F; in the age group 9-10
years, which differs fromall other age groups in nales,
whereas no other age groups had shown difference anong
t hensel ves, as it can be nade out fromtable IX c. In
case of fenales the F; of vowel /o/ has shown differences
only between the age group 7-8 years with 4-5 years and
44412 years .

The examnation of the tables X a, b, ¢, shows the re-
sults of F;, F, and F; of vowels / e/, when conpared across,
the age groups of both nales and fenmal es shows no signifi-
cant differences in F, and F,. On conparison for both
nmal es and fenal es anong t hensel ves. However F; of 5-6
years age group of nal es had shown difference when com
pared with 9-10 years. Were as in the female group the F;
of the vowel /e/ of 7-8 years differed from4-5 years,

5-6 years and 11-12 years.
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Thus in general it can be concluded that the Fi,
F, and F; of the vowel /a/, /i/, lul, /ol and /el
do not show statistically significant differences anong
t he age groups between nal es and fenmal es. Further no
statistically significant difference were found between
mal e and feral es of the age groups studied i.e. from
4-12 years. The results of present study warrant the
conclusion that the F;, of vowel /a/ was significantly
hi gher than F, of other vowels and F, and F; of /i/
and /u/ had shown higher frequencies than F, and F; of
ot her vowels. However these are not consistent in all
the age group of both the sexes. Hypothesis Il b is
accepted, stating that there is no significant change in
formant frequencies (F;,, F, and F3) with increase in

age.

Eguchi and Hrsh (1969) after an extensive study of
formant frequencies in different vowels produced by , the
different age groups have concluded that, the gradual but
mar ked decrease in F, as contrasted with the nore stable
F, is seen. However inthe present study such gradua
decrease in F, or stabilised F, were not observed. They
further state that "another feature that stands out is
that the first formant frequency for /a/ appears to be
| ndependent of age". Thig?%ggr%een found in the present
study al so. Individuals nmean formant frequencies do not

appear to becone nore |ike each other with increase in
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age of the subjects, as per the results of the present
study. A simlar report has been nade by Eguchi and

H rsh (1969).

I n the discussion on vowel production and formants
Eguchi and Hrsh (1969) state that "Cne sinple notion from
the past was that the first formant corresponds to the back
cavity and the second formant corresponds to the front
cavity of the nmouth (Joos, 1948). However, it has al so
been reported that the fornmants generated by different
tal kers speaking the same vowel have different frequencies
and that formants generated in producing different vowels
may have the sane frequency. A theory based on absol ute
val ues for vowel formant frequency has great difficulty
St evens and House, 1963 . Various investigators have
considered as a basis for this confusion, size of voca

tract, dialect and many ot her factors".

- Smlarly not nuch variation is found between the
age groups and sexes interns of F, F, and F; and anong
the vowels. This can be explained on the anatom ca
devel opnent of different parts of voice and speech organs
in children as pointed by Negus (1949). It occurs at
different rates at different ages, For exanple, the deve-
| opnent of larynx is considered to be nost rapid between the
ages 3-5 years and then beconmes nore gradual until puberty
is reached. Simlarly as pointed out by Sanuel (1973), the

devel opnent of the vocal tract is gradual upto the age of
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puberty, Thus the changes seen in the acoustical proper-
ties of the vocal tract are very gradual, particularly
between 5 and 12 years. The results of the present study

of Fo, F1, F, and F3 in children, age ranging from4-12 years,
also indicates that, the acoustical properties of the vocal
tract change gradually. As stated by Eguchi and H rsh
(1969), these are only few studi es on vowel fornmant frequency
of children (Potter and Steinberg, 1950; Peterson and

Barney, 1952), especially on the devel opnent of formant frequ+r
enci es (Potter;.and Peterson, 1948; Ckanura, 1966). Thus

it is difficult to conpare results of the present study

with any other simlar studies, as the data regarding the
formant frequencies of this age group were not avail abl e

to the present investigator. However, as the fornant
frequenci es had not shown any change with age, the results

of present study were conpared with the results of earlier

i nvestigators reporting fornmant frequencies for higher

age groups. The results of the present study were in agree-
ment with that of others (MenonK. M N., Jenson, P.J.,

and Dev, D, 1969; Fry, D.B. 1976 and Shukl a, 1981)
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VOT

The final phase of anal ysis was neasurenent of voice
onset time inthree consonants. The stop consonants /p/,
[t/ and /k/ were taken fromthe words of the test sentences,
[ p/ fromPapu, /t/ fromKot and /k/ fromKenmpu as well as
fromKoti. The VOIs were measured for these consonants using

HRSA, as described in Chapter 11, Methodol ogy.

Age group 4-5 years.

The nean val ues of VOTI for nales and fenal es are given
inthe table XI. It is evident fromthe table Xl that /t/
consonant had the nmaxi mum durati on of VOI, being 35 m sec.

/ kI of the word Koti had 28.24 msec. and /k/ fromKenpu

had 27.90 m sec. Thus there was no significant difference in /k/
VOT of both Kenpu and Koti. Lowest duration of VOI was found
for /p/ being 13.90 m sec.

Inthe femal e group, of this age range, simlar findings
were seeni.e. /t/ had largest duration with 26.6 m sec.
%% i n Kenpu had 20 m sec and /k/ inKoti was 20.6 m sec.
and lastly /p/ had 15.3 msec. As stated earlier /k/
consonant had no difference even anong fenal e menbers of

t hi s group.

The S.Ds can be observed fromtable XI which show
limted variability except for /t/ in femal es which was

slightly higher than others.
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Table XII  Showi ng the significance of difference of
neans between nal es and femal es for VOT
of /p/, It/, and/Kk/.

Ikl Ikl It] I pl

kenpu kot i kot i papu

4-5years A A A A
5- 6years R R R
7- 8years R A R R
9- 10years A A R

| | -12years R R R R

A - Significant at 0.05 |evel
R- Not significant at 0.05 |evel.



G aph C Showi ng the distribution of VOIs for various
stop sounds for nmales and fenal es of different
age groups.
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Refering table X1 which shows the significance of mnean
difference for all the four stop consonants of all the age
groups, it was evident that there was a significant difference

for all the stop consonants between nmal es and fenales of this

group.

Age group 5-6 years

The mal es of this group like the earlier groups had shown
maxi mum duration (26.10 msec) for /t/ consonant, |east for
/ p/ consonant being 13.77 m sec, /k/ of Kenpu was 22. m sec.
and / k/ of Koti was 19.86 m sec. There was a difference

of approximately 2 m sec. between the two

As seen intable Xl it is evident that fenales of this
group had followed the earlier pattern of VOI, duration of
/t/ being longest (24 m sec). The duration of /p/ was
9.12 msec. less thanthat of /t/, which was 14.88 m sec.
The /k/ of Kenpu showed 18.28 m sec. and /k/ of Koti showed
20.6 m sec. Hence, as earlier, inmales of this group there
was a difference of 2 msec. as it was present in fenales,

but here /k/ of Koti was higher unlike in the nmale group.

The S.Ds of males of this age group were found to be
slightely nore variable than the fermal es. However, there
was no significant difference between nal es and femal es for

t he VOT val ues of correspondi ng consonants.
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Age group 7-8 years

/t/ consonant with 23.21 m sec. duration fol |l owed by
/ kI of Kempu with 20.94 msec., /k/ of Koti with 17.93 m sec.
and /p/ with 15.66 m sec. were the VOTI val ues obtai ned by
nmal e nenbers of this age group. Inthis group, pattern of
duration for various stop consonants had been the replica
of earlier male groups, with /k/ of Kenpu being 3 m sec.
hi gher than /k/ of Koti. /t/ remained with highest duration
and /p/ was last with least duration, /t/ consonant in fenale
group was 27.5 msec., /k/ of Koti was 23.10 msec., /k/ of
Kenpu was 20.13 m sec. and /p/ was 15.50 m sec, hence a
replica of earlier female groups in terns of order of
consonants along the duration of VOI. As nentioned inthe
age group 5-6 years, here also it was found that the /k/
difference in Koti and Kenpu was reversed i.e. in nales
/ kI of Kenmpu was nore by 3 msec. and in fenales /k/ of

Koti was nore by 3 m sec.

The S.Ds of nmales as shown in table XI are reasonably
| oner than the earlier male groups. But feral es showed a
nore variability than earlier fenale groups. However nal es
and fermal es of this group showed nore variability on /k/ of

Kenpu. The fenal es showed nore variability for /t/.

On inspection of table XIl it is clear that /k/ of Koti

had a significant nean difference when conpared between mnal es
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and fenales of this group. The other stop consonants /t/,
I p/ and /k/ of Kenpu, did not show any statistical

difference in neans.

Age group 9-10 years.

The mal es had the VOT for the various consonants as
follows: /t/ highest with 23.80 m sec., /k/ of Kenpu 22. 30
m sec, /k/ of Koti 20.40 msec. and /p/ as 15.90 m sec.

The difference between the two /k/ val ues was approxi nately

2 msec. as shown in table Xl .

Looking at table XI, it is evident that the VOI for the
females, of this group had been a replica of earlier fenale
groups, ie. /t/ highest duration (35.7 msec), /p/ |owest
duration (18.3 msec). Here /k/ of Kenpu had a duration of
28.05 msec. and /k/ of koti had 27.90 msec. Unlike the earlier
fermal e group where /k/ of Koti was nore than /k/ of Kenpu,
but like the mal es of this age group, the fenal es al so showed
a difference of about 2m sec. between /k/ of Kenpu and /k/

of Koti with /k/ of Kenpu being higher than /k/ of Koti .

The table XI shows that there was variability in nales for
stop consonant, /k/ of Kenpu and Koti nore than other consonants.
In case of fermales /k/ and /t/ of Koti showed nore variability

than the other two consonants.

Table XII indicates that /k/ and /t/ of Koti are signi-

ficantly different for mles and fenales of this group in
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Hypothesis Ic, is accepted, stating that there is no signi-
ficant difference between nal es and fenal es of the sane

age group when the nean VOT of stop consonants are conpar ed.

Table XIII shows the results of conparison of nean
VOTI values of all the four consonants of different age
groups of both males and females. The nales of 4-5 years
of age have differed siginificantly fromall others age
groups presenting higher VOI values for all the consonants.
No other age group has shown any significant variations
wi th other age groups. The fenmal es had shown as can be nade
out fromtable XIII inconsistent variations. QGoup 9-10
years has shown significant difference with all other age
groups and had presented greater VOI val ues than ot her
groups. Hypothesis Il c i.e. there is no significant change
in VO of the stop consonants with increase in age is
accepted, as no consistent variation wi th age were noticed

both in nales and fenal es.

In conclusion it can be stated that /t/ occurring in
the nedial position in the word Koti has consistently shown
hi gher VOT val ues, next being /k/ occuring both in Kenpu
and Koti and finally /p/. occuring in papu showed t he | east

val ues in both mal es and fenal es.

According to the study by Ravishankar (1981) /k/ had
t he hi ghest nean VOT /p/ had |owest VOT and /t/ occuring

I n between in both mal es and fenal es, age ranging from
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Table X1l Showing the significance of nean difference
for all the stop consonants between the
age groups

Mal es

Year s 5-6 7-8 9-10 11-12

4-5 A A A A

5-6 r r r

788 r r

9-10 r

Femal es

4-5 r r A r

5-6 r A r

7-8 A r

9-10 A

A - Significant at 0.05 |evel
r - Not significant at 0.05 |evel.
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4-10 years. This study had considered the consonants in
I solation. The table XIV shows a conpari son of nean VOI

val ues.

The conpari son of the VOI val ues of the present study
with the previous studies on Indian popul ati on using
Kannada shows that there is not nmuch difference in the VOI
val ues of /p/ both inmales and females in the age ranges
studied. The VOT Val ues of /p/ have been higher than the
adult VOT val ues given by Basu (1979). This may be because
of the fact that Basu had studied the VOI val ues of voicel ess
stop consonants inreading in isolation where as in the present
study, VOTI of the voicel ess consonants had been studied from
spoken words. Simlarly /t/ has shown hi gher val ues than the
previous studies. But surprisingly the VOI values for /k/
in the present study have been | ower than that of previous
studies. These differences may be attributed to the kind of

sanpl e studied the and place of consonant in the word.

Many investigators (Lisker and Abranson 1964; H Il man
and G | bert, 1977; Basu, 1979 and Ravi shankar, 1980) have
reported that there was a consistent increase in VO with
respect to position of articulatory constriction (as it noved
backward in the oral cavity). However, in the present study
this has not been found to be true. As /t/ has shown hi gher
VOTI val ues than /k/. This may be because of the fact that,

t he VOI val ues had been neasured using /t/ occuring in the

medi al position of the word (Koti).
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==Babul

Basu

(1979)

Table XIV - showi ng the conparison of nmean VOT val ues
obt ai ned by various studies, wth present
st udy.

VBl es Pl N [KI
RS P.S R S P. S R S P. S
Year s
4-5 18.40 18.90 22.40 35.00 41.00 28.07
5-6 18.00 13.77 18.40 26.10 42.40 20.93
7-8 18. 40 15.66 17.40 23.21 38. 60 19. 42
9-10 16.00 15.90 23.00 23.80 40.00 21.30
Fenal es
4-5 14.20 15.30 18.00 26.60 27.00 20.30
5-6 20.20 14. 88 20.40 24.00 42. 00 19. 44
7-8 10. 20 15.50 11.80 27.50 24. 80 21.61
9-10 20.00 18.30 22.60 35.70 45.00 27.97
Adult nales 10.06* 13. 93* 30. 96
R S. = Ravishankar (1981)
P.S. = Present Study
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Whil e discussing the results of their study with respect
to VOT, Eguchi and H rsh (1969) statethat "the nean tine
I nterval s neasured here do not change systematically with age,
and also that, there is w de variation anong individuals
pronounci ng the sane phonetic sequences. These two observa-
tions are in accord with =~~~ ot her investigators,
with respect to VOI*. Simlar findings have been observed
inthe present study for exanple VOI of /k/ by the sane

group of subjects intwo different words, had shown variations.

Earlier studies have indicated that there was no signi-
ficant difference in VOl val ues for voicel ess stops with
increase in age in both mal es and fenal es (Ravi shankar 1981).
The present study had al so indicated that there was no
significant difference in the VOI values with increase in age
both in case of males and fermales. Further this study had al so
shown that, there was no significant difference in the VOI,
val ues between nmal es and fenal es of the sane age group. The

sane results have been reported by Ravi shankar (1981).

Kent (1976) in his tutorial on Anatom cal and Neur o-
nuscul ar maturation of the speech nechani sm evidence from
acoustic studies states that the neasurenent of F, fornant
frequenci es and VOT, have applications to the identification

and di agnosi s of devel opnental di sorders.

The study of Fy, has been found to be useful in early
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i dentification, diagnosis and treatnent of various speech

and | anguage di sorders. (Kent, 1976; Samuel, 1973; Copal, 1980)
Smlarly a study of fornmant frequenci es has been considered
as a useful tool In identification and diagnosis of deve-

| opnent al di sorders (Kent, 1976; Eguchi and H rsh 1969).

As VOT reflects the ability of an individual to control the
neur onuscul ar system of speech, the study of VOI contri butes
to the understandi ng of various speech pathol ogi es (Kent,

1976; Eguchi and H rsh, 1969; Basu, B, 1979; and Ravi shankar,

1981) .

Thus, the results of present study will be useful in

identification, diagnosis and treatnent of various Speech

and Voi ce di sorder.



CHAPTER V

SUWARY AND CONCLUSI ONS

The acoustic analysis to study the speech devel oprent
in children has been found to be useful, as such studies,
reflect 1. the adjustnment of phonatory appar atus,

2. the shaping of the vocal tract and 3. the timng and
co-ordination of articulation and thus provide evi dence
regardi ng the anatom cal and neuronuscul ar nmaturation of
speech mechanism This information has been found to be
useful in early identification, diagnosis and treatnent

of various speech and | anguage di sorders.

The present investigation was undertaken to study
the Fo, formant frequencies (F;, F, and F3) and voice
onset time in hundred children age ranging from4-12 years

both nmal es and f enal es.

Three sentences were elicited fromeach child by show
ing three picture cards (picture show ng a baby, a nonkey
and red colour). Thus the three sentences idu papu. fﬁgag Jmégf

(Res elae8). idu koti and idu kenpu banna R g wer).

were elicited and considered as spontaneous speech for the
purpose of the study Each child was given three trials.
Al'l the speech sanples were recorded using tape recorder
of the spectrograph (MCVIIl). e of these sanples was

consi dered for anal ysis.
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Five vowels /a/, /i/, /ul, /el and/ o/ extracted
fromthese test sentences using signal gate of the
spectrograph were analysed to obtain Fy, F;, F, and F;
with the hel p of H gh Resolution Signal Analyzer (B
and K 2033). further the voicel ess stop consonants / p/
[t/ and / k/ in the words of the test sentences were
anal ysed using HRSA to obtain VOT values for all the

subj ect s.

Procedure to obtain Fy, fornmant frequencies (Fy,
F, and F3) and VOT using HRSA was val i dated by anal ysi ng
t he speech sanples of 10 adults males and 10 adult
femal es both spectrographically and usi ng HRSA, The

procedure using HRSA was found to be valid and reliabl e.

After the necessary statistical treatnment, the

fol | ow ng concl usi ons were drawn.

1. The fundanmental frequency both in case of nales and
fenal es decreases with age, nales show ng a sudden decrease

around 11 years of age.

2. No significant difference in fundanental frequency was

found until the age of 11 years between nmales and fenal es.

3. The Fy in vowel /al/ has been the |lowest in both mal es
and femal es and highest /u/ for males and / i/ for femal es

anmong the five vowel s studi ed.

4. No sex difference was found in teans of fornant

frequencies in the age range studied.
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5. No systematic variations in formant frequencies,

of all the five vowels, with increasing age were observed.

6. P. of vowel /a/ was found to be highest anong all the
vowel s in both nmal es and fenal es, through out the age range

st udi ed.

7. F, and F; of vowels /i/ and /u/ were found to be having

t he hi ghest frequenci es.

8. MNo variations in VOTI values for the voicel ess stop con

sonants studied with age was noticed in both the sexes.

9. No sex difference was found In VOI val ues through out

t he age range studi ed.

10. No systematic variation in VOI values with the arti-

culatory constriction noving backwards fromlips was found.

Recommendat i ons

1. To study these acoustic features with w der age range

and a | arger nunber of subjects.
2. This study may be tried with various other | anguages.

3. To study these features in conparison tb clinica
popul ati on.

4. To study these acoustic features in repeated utterances
of the sane subject.

5. To study other acoustic features, |ike duration of vowels

and words along with these acoustic features.
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