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| NTRODUCTI ON

Speech not only is one of the nost conplicated human
behaviours but also represents one of the highest
achi evenents of mans | earning. It is physically a conplex

act which involves a high level functioning of the systens.

In terms of the structure and function involved speech
is the result of 1) adjustnent of the phonatory apparatus;
2) the shaping of the vocal tract; and 3) the timng and
coordination of articultion. The congloneration of these

factors results in the acoustic output that is speech.

The constituents of speech or speech characteristics
undergo a devel opnental change from chil dhood, adol escence to
adul t hood. The maj or change occurs at the time of puberty
when vocal system evidences change in structural shape, size
and consequently, a change in the physiol ogical process of
speech production. Predictably these changes |eads to change
in the acoustic characteristics of speech. Therefore the
acoustic charecteristics of speech are studied to note the

devel oprment al changes. Sone of them are,

- Maxi mrum phonati on duration

- Sz ratio

- Fundanmental frequency in phonation

- Fundanental frequency in speech

- Speed of fluctuation in frequency in phonation

- Extent of fluctuation in frequency in phonation



Speed of fluctuation in intensity in phonation.

- Extent of fluctuation in intensity in phonation

Frequency range in speech and phonati on.

Intensity range in speech and phonation

- Rse and fall tinme in phonation

Since these acoustic characteristics reflect the changes
in the vocal system and its function, they have been used to
study the nature and function of the speech nechanism
Al t hough, the physiologic and phonetic interpretation of
acoustic data are sonetines uncertain, they are useful in
testing certain hypothesis about the devel opnental changes in
anat oy, notor control, and physiological functions. Thus in
the event of abnormal structural and functional changes there

w | be a correspondi ng change in t he acoustic

characteristics of speech.

Therefore an insight into the varied characteristics of
speech would in turn facilitate in differentiating normals
from the abnormal s. This would in turn add in delineating
those paraneters, Which are critical and vital in identifying
the underlying disorders and diagnosing the condition

precisely. This will in turn lead to effective managenent.

Further as the acoustic paraneters of voice plays an
inmportant role in diagnosis and treatnent of voice disorders.

It is inportant to study the normal aspects of acoustic

paraneters of voice.



Sone of the paraneters which have been found sensitive
to the devel opnental changes and also abnornmal conditions
have been studied by Kent (1976), Shigenore (1977), Msak
(1966), Snidecor (1943), Usha Abraham (1978), Kushal Raj
(1983), Rashm (1985), CGopal (1980) and Vanaja (1986).

There were very few studies on these paraneters
especially on Indian population. Therefore the present study
aimed at studying the developnental changes of acoustic
paraneters of voice in children and adults. This study
i ncludes nore age groups than that of simlar study done by
Rashm (1985) and also includes nore paranmeters than that of
t he above study. This study also ains at finding out the

changes in acoustic paranmeters with reference to age and sex.

Statenment of the problem

The problem was to know how t he aerodynam ¢ and acoustic
paraneters with age and sex.

The present study therefore, ainms at anal ysing sone of
aerodynanmi ¢ and acoustic aspects of the speech of children
and adults. Hi rano(1980) has listed a nunber of paraneters
of voi ce. Sone of these have been considered in this study,
nanely, maxi num phonation tinme, mean fundanental frequency,
frequency and intensity rage phonation and in speech, rise -
fall tinme of phonation, speed and extent of fluctuation of
frequency and intensity in phonation and speaki ng fundamental
frequency. In addition the ratio of the naxi num phonation

time of / s/ to that of /z/ al so have been studi ed.



Totally three hundred subjects, both males and femal es,

age ranging from seven to twenty two years, were considered

for the study. All the subjects were normal in terns of
speech, |language and hearing, and were attending nornal
school s.

Three trials of the naxi mum phonation duration of /al/,
[il, ful, [sl and /z/ were recorded for all the subjects.
Using the data on vowel phonation, the followng were
det er m ned.

(a) The maxi mum phonati on duration

(b) The fundanental frequency

(c) Speed and extent of fluctuations in frequency and

intensity.
(d) Frequency and intenstity range

(e) Rise and Fall tinme.

The phonation of fricative was used to nmeasure :

(a) The s/z ratio, which was calsulated by dividing the

maxi num duration of /s/ by that of /z/.

Recordings of three repetitions of the sentences 'idu
pa:pu', idu'ko:ti' and '"idu kenpu banna' were made for all

the subjects. This was analyzed for

(a) The speaki ng fundanental frequency

(b) Frequency and intensity range in speech



The follow ng hypot hesis were nade.

MAI N HYPOTHESI S
There is no significant difference in the aerodynamc
and acoustic parameters with increase in age and between

SeX.

Auxi | i ary Hypot hesi s:

I (a) There is no significant change in the maxi num
phonation duration of the vowels wth increase in
age.

(b) There is no significant difference between nales and
females of the same age group, when the nmaxinmm
phonati on duration of the vowels are conpared.

Il (a) There is no significant change in the SZ ratio with
i ncrease in age.

| (b) There is no significant difference in the SZ ratio
between mal es and fenal es of the sane age group.

Il (a) There is no significant difference in the fundanental
frequency of phonation in males and females wth
i ncrease in age.

11 (b) There is no significant change in the nean
fundanental frequency of phonation between males and
femal es of the sanme age group

1V (a) There is no significant difference in the speaking
fundanental frequency in nmales and females wth

i ncrease in age.



IV (Db) There is no significant change in the speaking
fundanmental frequency between males and fenales of
t he same age group.

vV (a) There is no significant difference in the
extent of fluctuations in frequency of phonation
in males and females with increase in age.

vV (b) There is no significant change in the extent of
fluctuations in frequency between males and fenales
of the same age group.

VI (a) There is no significant difference in the speed of
fluctuations in frequency of phonation in nales and
females with increase in age.

VI (b) There is no significant difference in the speed of
fluctuations in frequency of phonation between nales
and femal es of the sanme age group.

VIl (a) There is no significant difference in the extent of
fluctuations in intensity of phonation in mles and
females with increase in age.

VIl (b) There is no significant change in the extent of
fluctuations in intensity between nmales and fenales
of the same age group.

VIIl (a) There is no significant difference in the speed of
fluctuations in intensity of phonation in nmales and

females with increase in age.



VI

I X

I X

Xl

X

Xl

(b) There is no significant difference in the speed of

(a)

(b)

(a)

(b)

(a)

(b)

fluctuations in intensity of phonation between nal es

and femal es of the sanme age group.

There is no significant difference in the frequency
range in phonation in nmales and females with increase
in age.

There is no significant difference in the frequency
range in phonation between males and fenales nales
and femal es of the sanme age group.

There is no significant difference in the frequency
range in speech in males and fenmales with increase in
age.

There is no significant difference in the frequency
range in speech between males and fermal es males and
femal es of the sane age group

There is no significant difference in the intensity
range in phonation in males and fenmales with increase
in age.

There is no significant difference in the intensity
range in phonation between nmales and fenales nales

and fenmal es of the sane age group.

(a) There is no significant difference in the intensity

range in speech in males and fenales wth increase

in age.



Xl (b) There is no significant difference in the intensity
range in speech between males and fenales of the
same age group

Xill (a) There is no significant difference in the rise tine
of phonation in nmales and fermales,with increase in
age.

Xill (b)) There is no significant difference in the rise tinme
of phonati on between nales and fenal es of the sane
age.

XIV (a) There is no significant difference in the fall tinme
of phonation in nales and fermales,with increase in
age.

XIV (b) There is no significant difference in the fall tine

of phonation with increase in age, between nales and
femal es of the sanme age group.

DEFI NI TI ONS:

Maxi mum Phonati on Duration (MPD):
Maxi mum duration of phonation has been defined as the
maxi mum duration for which an individual can sustain

phonati on.

SZ Ratio (S/Z):

The S/Z ratio is defined as the ratio of the maxi num
duration for which the fricative / s/ and /z/ were produced by
the subj ect

Maxi mum dur ati on of sustained / s/
97 =

Maxi mum dur ati on of sustained / z/



Fundanental frequency in Speech (SFF):

The mean frequency of the speech stimulus displayed.
Fundanental frequency in phonation (PFF):

The nean frequency of the steady portion of phonation as
di spl ayed on the Pitch Anal yzer.
Extent of Fluctuation in fundanmental frequency in phonation
(PFX):

The extent of fluctuation in frequency was defined as

the nmeans of fluctuations in fundanental frequency in a

phonation of one second.

Fluctuation in frequency was defined as variations +/ -

and beyond in fundanmental frequency.

Speed of fluctuation in fundanental frequency in phonation
(PFS):
The speed of fluctuation in frequency is defined as the

nunber of fluctuations in fundanental frequency in a

phonati on of one second.

Extent of fluctuation in Intensity in phonation (PlX):
The extent of fluctuation in intensity was defined as

the nmeans of fluctuations in intensity in a phonation of one

second.

Fluctuation in intensity was defined as variations +/-

3 dp and beyond in intensity.
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Speed of fluctuation in Intensity in phonation (PIS):
The speed of fluctuation in intensity was defined as the

nunmber of fluctuations in intensity in a phonation of one

second.

Frequency Range in phonation (PFR) :
The frequency range in phonation was defined as the

difference between the mximum and mninmum fundanenta

frequency in phonati on.

Intensity range in phonation (PIR):
The intensity range in phonation was defined as the

difference between the mxinmum and mnimum intensities in

phonati on.

Frequency range in speech (SFR):
The frequency range in speech was defined as the

difference between the nmaximum and mninum fundament al

frequency in speech.

Intensity range in speech (SIR)

The intensity range in speech was defined as the
difference between the maxinmum and mninmum intensities in
speech.

Rising tinme in phonation (PRT):

The rising tinme in phonation was defined as the tine
required for an increase in intensity from 0dB to the
begi nning of the steady level of the intensity in the initial

portion of the phonation.
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Falling time in phonation (PFT):
the failing tine in phonation was defined as the tine
required for the intensity to decrease fromthe steady |eve

to GdB in the final portion of the phonation.

| npl i cations of the study:

This study provides information regarding the changes in
maxi mrum phonati on, slz ratio, fundanental frequency in
phonati on, speaking fundanental frequency, Speed and extent
of fluctuations in frequency and intensity, frequency range
phonation and speech, intensity range 1in phonation and
speech, rising and falling tinme of phonation as function of

age, in the age range 7-22 yrars.

It also provides information regarding the differences

in the above paraneters between nmales and fenal es.

This information will be hel pful in,
1. In differential diagnosis of voice disorders and
devel opnent al di sorders.
2. In under st andi ng devel opnent al changes in
neur onuscul ar control of voice.

3. In speaker identification.



REVI EW OF LI TERATURE

"Voice is the nusical sound produced by the vibration of
the vocal cords in larynx by air from the | unge. Nor mal | y
voi ce plays the nusical acconmpaninent to speech rendering it
tuneful, pleasing, audible and coherent being essential to

efficient comunication by the spoken word" (G eene 1986).

The spoken utterance is an inpact on the atnosphere,
very short in duration and on a very small scale, in which
the conponent sounds die away at different distances
dependi ng on their inherent energy... But these vibrations are
of utnost conplexity. Acoustic analysis resolves this
tortous oscillation in a three-dinensional framewrk of
frequency, intensity and tinme in which each sound is
characterized by a typical display of energy in various

frequency regions along the unlimted tinme axis (Cortz 1961).

The crucial event essential for voice production is
vibration of the vocal folds. It changes DC air streamto AC
air stream converting aerodynanmic energy to accoustical
ener gy. From this point of view, the paranmeters involved in
the process of phonation can be devided into three mgjor

gr oups.

1) The paraneters which regulate the vibratory pattern

of the vocal folds.
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2) The paraneters which specify the vibratory pattern of

the vocal folds.

3) The paraneters which specifies the nature of sound

gener at ed.

H rano (1981) has further elabrated on this, by stating
that, "the parenmeters which regulate the vibratory pattern of
the vocal folds can be divided into two groups: physiologica
and physical . The physiological factors are succinitly put,
related to the activity of the respiratory. Phonatory and
articulatory nuscles. The physical factors include the
expiratory force, the conditions of the vocal folds, and the
state of the vocal tract. The expiratory force is the energy
source of phonation and the state of the brancho pul nonary
system and thoraeic cage. The condition of the vocal folds
which are the vibrators is described with respect to the
position shape, size, elasticity and viscosity of the voca
f ol ds. It is influenced by the activity of the |xal nuscles
and pathological conditions of the vocal folds and the
adj acent structures. The state of the vocal tract, the
channel between the glottis and the |ips, affects the
vibratory pattern of the vocal folds to a certain extent and

it is regulated chiefly by the articulatory muscles.

The vibratory pattern of the vocal folds can be
described with respect to various paraneters including the

fundanental period or fundanental fregeuncy regularity or
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periodicity in successive vibrations symmetry between two

vocal folds, glottal area, waveformand so on.

The nature of the sound generated is chiefly by the
vi bratory pattern of the vocal folds. It can be specified
both in acoustic terns and in psychoacoustic terns. The
psychoacoustic paraneters are naturally depent on the
acoustic paraneters. The acoustic paraneters are fundanental
frequency intensity, waveform acoustic spectrum and their
tinme-related variations. The psychoacoustic paraneters are

pitch, Jloudness and quality of the voice and their tine

related vari ati ons.

Anal ysis  of such acoustic paraneters have been
considered to be useful in know ng about the devel opnental

disorders and thus in the treatnment of devel opnental

di sorders of speech.

In many inportant respects, the devel opnent of notor
control for speech is on instance of the nore general problem
of the developnental of skilled action. In defining this
general problem of serially ordered acts, the performance of
which is nodified to achieve dimnishing variability
i ncreased anticipationand inproved econony. These attributes
seen highly appropriate to describe the devel opnent of notor
control for speech (Kent 1980).

Over the past two to three decades consi derabl e research

effort has been directed towards obtaining an understanding
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of the organization and control of the process by which
children learn to produce speech. Such research has invol ved
observations of the aerodynam c and acoustic characteristic

of speech (Mou, Zimreran and Smith 1976).

H rano (1981) has pointed out that the acoustic analysis
of the voice signal nmay be one of the npbst attractive nethods
for assessing phonatory function or [|aryngeal ©pathol ogy
because it is non-invensive and provi des objective and
gquantitative data. The technique of acoustic analysis has
prom sing future as a diagnostic tool in the managenent of
voi ce disorders. Many acoustic paraneters, derived by
various nethods, have been reported to be useful in
differentiating between the pathol ogi cal voice and the normnal
Voi ce. H rano (1981) goes on to say that all the previous
reports are prelimnary reports and that further extensive
basic and clinical research is required in order to obtain

sone algorithm for diagnostic purposes.

Further, a clinician will not really know what to except
with a nedical di agnostic having a conplate physica
description of the laryngeal together with sone adjectives
i ke "hoarse" for "rough", wuntil he actually seens the case
(Mchal and Wendahl, 1971). On the other hand, if the
clinician receives report which includes neares of frequency
ranges, respiratory function, jitter volune-velocity of

airflow during sustained phonation, etc., in the form of a
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voice profile the clinician can then conpare these values to
the norns for each one of the parameters and thus have a
relatively good idea as to how to proceed with therapy even
before seening the patient. Moreover, periodic measurenment

of these parameters during the course of therapy may well

provide a useful index as to the success of the treatnent.

Therefore, the present study ainms at investigating sone
aer odynam ¢ (nmaxi mum duration of phonation and §Z ratio) and
acoustic (nean fundanental frequency in phonation and speech,
mean intensiy, frequency and intensity range in phonation and
speech, fluctuations in frequency and intensity, rise and
fall time of phonation, vowel duration, speed and extent of

fluctuation and ratio aspects of voice of the children and

the adul ts.

Further, the review of literature shows the inportance
of these paraneters is understadning the dynam cs of nornmal
speech and voice and thus helps in diagnosis and treatnment of

speech di sorders.

MAXI MUM PHONATI ON DURATI ON

This neasure has been suggested as a clinical tool for
eval uation of vocal function for the past three decades. "A
good criterion for the general quality of voice is
imedi ately avilable by determning the phonation tine"
(Arnold 1955). Gould (1975) has stated that the maxi num

phonation duration measures give an indication of the overal
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status of laryngeal functioning and tension in the larynx and
any neuro nuscular disability. A short phonation duration
wWth a large air escape suggests a neuronuscul ar deficit such
as | aryngeal nerve paralysis. Boone (1977) and Yanagi hara et

al ., (1966) reports simlar view point on MPT.

Several authors have suggested "norns' for maxinmm
phonati on duration. These norns were found to vary from 10
seconds for consonents in children to 30 seconds for vowels
(Arnold 1955), in normal-voiced individuals. According to
Van Riper and Irwin (1958) normal individuals should sustain
a vowel for atleast 15secs wthout difficulty. Fai r banks
(1960) reported a duration of 20 to 35secs as normal. The
nor mal values for MPD have been reported by several
i nvesti gations. The average is greater for the nales (25-35

secs) than for femal es (15-25secs).

Bl ess and Saxman (1970) studied MPD in boys and girls
aged 8 and 9 years and found the MPD for girls was 19secs and
boys it was 1l1l6secs. These results were contrary to nost of
the other studies in that the girls had |onger MPD than the
boys. Further, the results obtained by Coonbs (1976) in her
study of children wth varying degrees of hoarseness
indicated no significant relationship between sex and
phonation duration. The difference my reflex the

conmpoundi ng aspects of hoarseness on the duration.
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Launer (1971) neasured MPD for /a/, /u/ and /i/ in
children aged 9 through 17 years. There was no statistically
significant difference between the three vowels. Phonat i o
duration increased with increasing age and boys and a | onger

sust ai ned phonation tine than girls.

Time (secs)

foe F M

9 8.8 11. 4
10 9.4 10. 4
11 11.5 12. 8
12 12. 2 12. 2
13 11.0 12. 3
14 13.3 17.6
15 12. 4 18.9
16 12.9 17.8
17 13.5 16.9

Tabl e 2.3: Averaged MPT in seconds for /a/, /i/ and /u/
(Launer, 1971)

Lewis casteel and M Mbhan (1982) found no statitically
significant relationship between phonation time and age using
subjects of 8 and 10 years. However Ptacek, Sander, Nal oney
and Jackson (1966) found that MPD decreased a function of

| ncreasi ng age.

Harden and Looney  (1984) have nmeasured nmaxi num
substai ned phonation of /a/, /u/ and /i/ in 160 ki ndergarden

children with nean age of 6.2 years. Subjects were grouped
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based on sex and presence or absence of a voice disorders
Stop watch neasurenents of each subject's MPT were conpared

with graphic level recorder. The results indicated that:

1) The factor of sex had no significant effect on

maxi nrum phonati on tinmes.

2) The effect of normal voice group did result in a
significant group wth the voice disordered group achieving

shorter phonation than the non-voi ce-di sordered groups.

3) The phonation tine obtained from two measurenent
procedures correlated significantly. Results al so suggest
that the vowel effect on nmaxinum phonation tine was
significant for both the groups. The vowel /i/ was phonated
significantly longer than either /a/ or /u/ for males to

femal es in both groups.

Fi negam (1985) studied 286 male and fenmale children
between the ages of 3.6 to 17.11 years and found that there

was on influence of sex, age and repeated trials on MPT.

It has been concluded that males phonated significantly
| onger than females, both before (pre 10th trial) and after
the practice effect (post 10th trial). Mles sustained

phonation on the avarage 2 seconds |onger than the females.

MPT increases as a function of age. This has been

supported by several authers (Lanner 1971; Haris 1971; Platt
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et al 1975; Jait and Mchel 1977). Launer noted a range of
5-6secs between phonation tines for a and 17 years olds.
Jait and Mchal (1977) observed a difference of 9 and 6
seconds in the length of sustained phonation for 5 and 9

year old mal es and fenal es.

This lack of agreenent in the results of different
studies made several investigators to study the variables
whi ch affect MPD variabiles investigated include vital pasity
and air flow rate (Yomagi hava et al 1966; Beke H 1971) voca
pitch and intensity (Ptacek and Sander 1963, Yangihra et a
1966, Yanagi hara and Koi ke 1967) sex (Ptacek and Sander 1963;
Yanagi hara et al 1966; Yanagi hara and Koi ka 1967; Yanagi hara
and Vonl ender 1967; Coonbs 1976) age (Launer 1971; Coonbs
1976) and hi ghest and wei ght (Lanner 1971).

Yanagi hara and Koike (1967) indicated that the air
volunme available for maximally sustained phonation (ie.,
phonation volune) varied in proportion to vital capacity and
this was specific to sex hight age and wei ght of individual
Additionally they suggested that the 1onger phonati on
duration was generally related to the larger phonation
vol une. They concluded tht the maxi num sustai ned phonation

was achieved by three physiological factors. They are;

1) Total air capacity avail able for voice production.
2) The expiratory power and

3) The adjustment of the larynx for eiffcient air usage.
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The results of study by Isshiki et al (1967) indicated
that none of the exprinmental subjects wutilized the total
capacity for phonation. The anount of air volune expired
during the |ongest phonation ranged from 68.7 to 94.5% the
subjects vital capacity. Yanagi hara and Koike (1967)
obtained simlar findings with the percentage ranging from 50
to 80%for nmales from45 to 70% for males; Lusib et al (1982)
found a significant and dom nant relationship betwen vital
capacity and the length of phonation of /al. They al so
suggestes that with twenty trials, the maxinmm phonation
obtained could reflexs utilization of a higher percentage of

the vital capacity.

The anount and kind of training an individual had has
been considered as yet another variable affecting the
duration. Less and Mchel (1969) indicated tha altheletes
generally did better than non-altheletes and also trained
singers than the non-singers. However, the results obtained
by Sheela (1974) showed no significant relationship between
phonation duration trained to unstrained singers. Sawashi ma
(1966) has found no significant difference in the MPD in the

sitting or standing position.

Sanders (1963) found MPD with twele trials and found no
difference between first and 12th trails. Stone (1977)
indicated that adults denonstrates greater maximum duration

of /al/ when fifteen trials were used. However npbst of the
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studi es have been based on three trials (Yanagihara et al
1966; Yanagi hara and Koi ke 1967; yanagi hara and Von Lenden
1967; Lanner 1971; Coonbs 1976).

Ptacek and Bandar (1963) appear to be the first to
suggest that the nmaximum duration of phonation may be
i nfluenced by the frequency ad sound pressure |evel of voice,
then the male subjects could sustain phonation |onger than
the fenmales especially at |ow frequency and sound pressure
| evels. As both frequency and sound pressure |evel increased
the phonation duration between males and females tend to
become nore simlar. However, a considerable degree of
variability anmong subjects was still evident in that
significant difference existed for frequencies and sound
pressure levels for male phonations, but not for female
phonati ons. Conversely, the frequency sound pressure |evel
interaction was significant for the fermales but not for the

mal es.

Yamagi hara et al (1966) and Yanagi hara and Koi ke (1967)
nmeasured the maxi mum phonation duration at three different
pitches, low, nedium and high in normal adults. Phonati on
duration was reduced at high frequency for both males and
f emal es. The MPDs for males were 28.4sec for low pitch,
30.2sec for mnmedium pitch and 23.7sec for high pitch while
those for fenmales were 21.7sec for low pitch 22.5sec for

medi um pitch and 16. 7sec for high pitch.
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Maxi mum duration of phonation has been wused as a
di agnostic tool. A significant reduction bel ow normal Ievels

can be related to inadequate voice production.

Arnold (1959) reports that in the case of paralytic

dysphoni a, the phonation duration was al ways 3-7sec.

According to Hirano (1981) «clinically the naxinum
phonation tinme values were snmaller than ten sec, should be

consi dered abnor mal

Jayaram (1975) reported a significantly lower MPD in a
dysphonic group than in a mached normal group. Further while
a significant difference in MPD was found between nales and
females in the normal group, no such difference was seen in
t he dysphonic group. These results are simlar to those
reported by Coonbs (1976) where no significant difference was

observed with respect to the MPD, betwen males and femnales

wi t h hoar seness.

Ptacek and Sander (1963) appear to be the first to
relate the MPD to he perception fo breathiness. Al t hough
none of the voices of their subjects were considered non-
normal they were due to divide their subjects into two grous
| ong- phonators and short-phonators. When these two groups
were judged as to the degree of breathness fromleast to nobst
on a seven point scale they found that |ong phonators tended

to be judged as having less breathiness than the short
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phonat ors. In addition perceived breathiness decreased as
function of increase in intensity, and high frequency
phonation tended to be rated as nore Dbreathy, t han

correspondi ng | ow frequency phonati ons.

That the short MPD are associated wth |aryngea
pat hol ogy and can be inproved by treatnent, was shown by Von
Lenden, vyanagi hara and Werner (1967). They reported that
increase in phonation duration from 1.33 to 14.79sec in one
case and from 3.91 to 8.66sec in another case (both of whom
had unilateral vocal fold paralysis) after injecting teflon
into the affected folds. M chel, Kirchner, Shelton and
Hol I i nger (1968) also denonstrated an increase in phonation
duration from 4sec to nore than 20sec as a results of teflon

treatment of unilateral vocal folds paralysis.

Shi genor i (1977) reports that MD is valuable for
nmonitoring the effects of surgical treatnment in selected
di sorders of the laryngeal especially in recurrent |aryngea

nerve paralysis, sulus vocalis, nodules and pol yps.

Few studies in <children in Indian population are
avai l able. Rashm (1985) reports an increasing trend in MT
in children in the age range 4-15yrs, in both mles and
femal es. Vanaja (1986) studied MPT in adults ( 16-65yrs) and
reported that the MPT decreased with increase in age and al so
significant differences between nmales and fenales were not

f ound.



25

Jayaram (1975) reported a nean value of 22.23sec in
mal es and 14. 11sec in femal es subjects in age range 16-30yrs.
He found a difference between nmales and females in MPT.
Nataraja (1988) in a recent study in normal adults found
22sec in males and 15.13sec in females. He also reported a

significant difference between nmales and females in terns of

MPT neasure.

The rationale for this neasure has been given by Arnold
(1959) who wites that this sinple test gives information
about the efficiency of pneuophonic sound generation in the
| aryngeal . He further states that "it also denonstrates the
general state of the patients respiratory coordination". This
statenment can be nodified to say that this neasure can
denmonstrate the general status of the patient's respiratory
coordination but nore accurately indicates the relative
effieiency of the penunolaryngeal interactions (Mchel and
Wendhal 1971). The neasurenent of MPD is also useful in
derining the phonation quotient. Thus the neasurenent of MPD
in very useful in diagnosis and treatnent of voice disorders.
The measurenent of this paranmeter was included in the present
study, since not nuch information is available regarding this

wth reference to the Indian popul ation.

MAXI MUM DURATI ON OF SUSTAINED / S/ AND / Z/ OR S/Z RATIC
M chel and Wendhal (1971) have suggested maxi num

phonation duration of sustained blowng as a possible
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aerodynam ¢ neasures which provided an estinmate of the anount
of control of respiratory system and which can hence be used
to evaluate the voice and its disorders. It is defined as
the maximum | ength of tinme an individual can maintain an oral
air flow'. This neasure may indicate the ability of an
individual to maintain the subglottal air pressure required
for voice production. According to Mchel and Wendahl (1971)
"this isolated neasures nmay be of value only to show that the

"power” or supportive functions necessary for speech are

intact".

According to Boone (1971) the clinical evaluation of
vocal fold function should consider not only the maxinmm
phonation time but it should be comrasted with a sustained
expiration with out phonation. He suggests the ratio between
/sl and /z/, | s/ being a voiceless fricative and / z/ being a

voiced fricative to assess the function of respiratory and

phonatory systens.

This neasures thus includes the nmaxi mum sustained
phonation tinme as suggested by Ptacek and Sander (1963) and

the maxi num sustained blowng as recommended by M chel and

Wendhal (1971) but wth little nodification in the
articulatory posture of the vocal tract. Based on clini cal
observati on, Boone (1971) states t hat "The typical

prepubertal child can sustain the vocalless exhalation for

about | Osecs. The dysphonic patient wthout vocal fold
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pathology wll typically be able to extend the voiceless
S...s.S....S and the voiced z... z...z.. for about the sane
length of tinme". VWile a shorter than normal maxi num

phonation duration would indicate difficulty at the |evel of
the laryngeal a shorter maxi mum phonation duration al so be
the result of reduced vital capacity. Thus this neasure of
SZ ratio not only reflects the larynx function but also

gives information regarding the respiratory system

Tait et al (1980) gives normative data on five, seven
and nine year old children for the maxi mum duration of /s/

and / z/ and their ratio for both mal es and femal es.

They report that there was a significant increase in MPD
of both /s/ and /z/ for both the sexes as a function of age.
Wiile the five year old child should sustain /s/ for just
five secs the seven year old child sustain it for |0Osecs

Whereas it was 16secs for nine year old children.

Robert et al (1985) studied 20 hearing inpaired nales
and 20 hearing inpaired females who range of tension or
harshness from severe to nornmal/rel axed. The subjects were
asked to read the rainbow passage. The first two sentences
were used for analysis, SZ ratio and Fo was cal cul ated from
t hese audi o-recordi ngs using conputer program The results
indicated significant correlations between SZ ratios and
degree of perceived tension/harshness, as well as between the

average Fo and perceived tension/harshness.
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Rashm (1985) studied the maxi mum duration of /s/ and
/z/ in 110 males and 110 fenales age ranging from4 years to
15 years. The results indicated that no significant
difference in maxi mum duration between /s/ and /z/, both in
mal es and femal es, throughout the age range studied. In nale
subjects, the maximum duration for /s/ at four years was
10.38secs and it did not show change upto 11 years. After 11
years of age a decrease was noticed upto 15 years. The
maxi num durati on was seven seconds. A simlar trend was been

obtained in the case of fenal es al so.

According to Vanaja (1986) the maxi num duration for /s/
and /z/ both in caseof nales and fenal es decreased wth age
le., froma nean of |l.3secs at 16-25 years age group to a
nean of 7.35secs for the age group 56-65 years for /s/ is
found between nal es. No significant difference was also
found between sexes at any age studied. It was also noticed
that the §Z ratio was approximately 1.00 for all the age

groups, both in nales and fenal es.

Nat araj a and Sargunanoorthy (1988) conpared the relation
bet ween maxi num sustain bl ow ng, phonation duration and SZ
ratio. Their results show that the MD value was not
significantly difference from/s/ and /z/ in case of nales,
but the nmean (S) value was significantly difference than MPD
value in females. The nmean MPD val ues were hi gher than both

mean /s/ and /z/ both is nmales and fenales. After conpared
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they have concluded that neasurenent of any one of these
paraneters would be sufficient to know the condition of the
respiratory and |aryngeal system However they gave nore
i nportance to neasure MPD since MPD is wuseful i deriving

phonation quotient and in earring out further voice analysis.

Wlson (1979) recommends the SZ ratio as a part of

routine clinicial exam nation for voice disorders.

Eckel and Boone (1981) also reconmend that S/Z ratio can
be used as one indicator of voice treatnment effectiveness.
They have denonstrated the ability of SZ ratio wth

reference to one case of vocal nodul es.

Thus "alone or in conjunction with other neasures, the
S/Z ratio appears an excellent indicator of poor |aryngeal

function as a result of glottal margin".

FUNDAMENTAL FREQUENCY | N PHONATI ON

Fo is the |owest frequency that occurs in the spectrum
of a conpl ex tone. In voice al so, the fundanental frequency
is the lowest frequency in the voice spectrum Thi s keeps
varyi ng dependi ng upon several factors.

"The quality and |oundess of voice are mainly dependent
upon the frequency of vibration. Hence it seens apparent
that frequency is an inportant paraneters of voice" (Anderson

1961). There are various objective nmethods to neasure the Fo

of the vocal folds.
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The changes in voice with age and wthin the speech of
an individual have been the subject of interest to speech
scientists. Various investigations dating back to 1939 have
provided data on various vocal attributes at successive
devel opnental stages from infancy to old age. Fai r banks
(1940, 1949), CQurry (1940), Snidecor (1943), Hanky (1949),
Mysak (1950), Sanuel (1973), Usha Abraham (1978), GCopal
(1980) and Kushal Raj (1983), are sone anong those who have

studied the changes in fundanental frequency of voice wth

age.

The aging trend for nmales wth respect to the nean
fundanmental frequency is one of a progressive |owering of;
pitch level from infancy through mddle age followed by a

progressive raise in the old age (Mysak, 1966).

However, anong femal es, the nean fundanental frequency
levels of the 7 and 8 year olds was the highest. A
progressive lowering of fundanental frequency level is then
seen till the age of a young adult female. No significant
change in seen from young adulthood to the aged group which

is in contrast to the mal e popul ation (M/sak, 1966).

The voice of a new born has been found to be around
400Hz (Gutzman and Pl ateau, 1905, |Indira, 1982). Upt o
puberty there is little difference between the voice of boys
and girls. The voice change in prom nent at puberty. I n

majority of the cases this change takes place w thout
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appreciable pitch breaks during speech. But in sone, a
period of pitch breaks are observed, due to the inability of
the individual to control the Iaryngeal nuscles because of
sudden changes in the larynx due to grow h. Pitch breaks,
however, have been observed in the children, |ong before the
onset of puberty. In an exam nation of sixty children
bet ween the ages of seven and ei ght years, Fairbanks (1950),
could find pitch breaks in both sexes. Therefore, the voice
changes in puberty shoul d be interpreted as t he
intensification of a process that begins already at a nuch

earlier period (Broadnitz, 1959).

Unlike males, there is little change from the tinme of
young adulthood to the tinme of advanced age, and little

change between the two groups of differently, aged ol der

f emal es.

A longitudinal study of children's voice at puberty was
earned out by Loebell and Karger (1976). The voice of twenty-

five children were recorded during puberty for two years

every nonth. The results showed a significant descent of
fundanmental frequency, for all subjects during the |apse
st udi ed.

Eguchi and Hirsh (1969) state that "It is well known
that the fundanmental frequencies of <children and adult
females are higher than those of the adult male". They

further add that, "children have a fundanental frequency of
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about 300Hz even upto the age of 8 and 10 years. There is no
significant difference of fundamental frequency of speech
between 7 and 8 years, or between boys and girls of those
ages (Fairbanks, Herbert and Hammond, 1949; Fairbanks, WIey

and Larsman, 1949; Potter and Steinberg, 1950; Peterson and
Barney 1952).

The fundanental frequency values are distinguished by
sex only after the age of 11 vyears, although snall sex

di fference 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 approxinately five nonths. Beginning with the first year,
fundanental frequency decreases shraply until about three
years of age, when it makes a nore gradual decline, reaching
to the onset of puberty at 11 or 12 years of age. A sex
difference is apparent by the age of thirteen years, which
marks the beginning of a substantial drop for nale voices,
the well known adolescent voice change in the case of
femal es. The decrenent in fundanental frequency from i nfancy
to adulthood anong females is somewhat in excess of an

octave, whereas nal es wxhi bit an overall decrease approaching

two octaves' (Kent, 1976).

Various studies have been conducted to investigate the

changes in fundanmental frequency with age. However, nost of
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these studies are cross-sectional. Therefore, Kent (1976)
states that the above findings may be considered as the
representative of the actual developnental course of voice

fundanmental frequency at various age |evels.

Studies on the Indian popul ation have shown that, in
mal es, the lowering in the fundanmental frequency is gradual
till the age of 10 years, after which, there is a sudden
marked lowering in the fundanental frequency, which is
attributable to the <changes in the vocal apparatus at
puberty. In the case of females, a gradual |owering of

fundanmental frequency is seen (George, 1973; Usha, 1979;
Gopal , 1980; Kushal Raj, 1983).

Anong the several types of organic changes recognized
| eading to vocal involution, the vocal changes noticed during

menopause in females and clinmactene in nmales are nost

obvi ous.

Paterson et al (1985) have I nvestigated using
mul tivariable statistical analysis of various paraneters of
voice as related to puberty in choir boys. They selected 48
boys age ranging from 8-19 years. The results of this
statistical analysis depicted that sexual Hornon - Binding
globulin (SHBG is a predictive factor of the change in Fo

from chil dhood to adulthood voice in boys.
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Thus, the lowering of fundamental frequency is seen both
in case of males and fenmales with age, and these variations
are attributed to the anatomcal and physiol ogical changes

wi th age.

The study of FF obviously has clinical inplications.
Cooper (1974) wused spectrographic analysis, as a clinical
tool to determ ne and conpare the FF in dysphonics before and

after vocal rehabilitation.

Shantha (1973) and Jayaram (1975) found a significant
difference in habitual frequency neasures between nornmals and

dysphoni cs.

Ashtema (1977) studied the cleft plate speakers to
findout the effect of FF and intensity variations on the
degree of nasality. The result of the study showed that
cleft plate speakers had significantly less nasality at
hi gher frequency levels than at the habitual frequency. But
the degree of perceived nasality did not change significantly

when the frequency was | owered.

Kene and Wl | en (1985) st udi ed t he acousti cal
measurenent of 10 children with vocal nodules, age ranging
from 6.1 years to 11.6 years which included 6 nales and 4
femal es. Results of this study showed a significant
correlation between clinical judgenens of severity on the
Wlson scale and pitch and anplitude pertubation neasures

from chil dren pathol ogi cal voices was denonstrated. Subjects
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rated as nore severe on the wlson scale had greater pitch

and anplitude pertubations than subjects with |ess severe

ratings.

Thus it is apparent that neasurenent of the FF is
important in the diagnosis and the treatnment of voice
di sorders and also reflects the neuronuscul ar devel opneant in
children (Kent, 1976).

FUNDAMENTAL FREQUENCY | N SPEECH

An evaluation of the FF in phonation, may not represent
the habitualy used FF of an individual many i-vestigators
have studied FF as a function of age and in various
pat hol ogi cal conditions. Difference types of speech sanples,
i.e., phonation reading, sponkeneous speech and singing have
been used in different studies. In literature one oftan
finds conparisons of results of difference studies. But it
is not clear whether the sane type of speech sanple have been
consi dered for such conmparisons. And further it is not clear
whet her all the speech sanples would yield the same results.
However clinical experience has shown that the subjects use
di fference FFs under difference conditions. To varify this
clinical inpression an experinent was conducted by Nataraja
and Jagadeesh (1984). They studied FF in phonation, reading,
speaking and singing and also the optimm frequency in 30
normal nmales and fenales. They observed that the FF
increased from phonation to singing wth speaking and

readi ng in between.
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M chal, Hollien and Moore (1965) studied the speaking
fundanental frequency characteristics of 15, 16- and 17-year
old girls, in order to determne the age at which adult
femal e speaking fundanental frequencies are established.
Their results indicated that females attain adult speaking
fundanmental frequencies by fifteen years of age. It seens
necessary, therefore, to study the girls, fourteen years of
age and younger, in order to determ ne when adult frequencies

are first evidenced (Mchel, Hollien and Mbore, 1965).

Kushal Raj (1983) studied the speaking fundanental
frequency as a function of age, in children between four and
twel ve years. He reported that the fundanental frequency,
both in the case of nales and females, decreases wth age,
mal es showi ng a sudden decrease around eleven years of age.
No significant difference in fundanental frequency was found
until the age of eleven years, between males and fenales.
The fundanental frequencies of the vowels /a/, /i/l, lul, el
and / o/, occuring in speech, indicated that the fundanental
frequency of vowel /a/ was the lowest in both nales and

females, /u/ was the highest for males and /i /, the highest

for femual es.

The age dependent variations  of mean speaki ng
fundanental frequency reported by Bohnme and Hecker (1970)
i ndicate that the nean speaking fundanental frequency

decreases with age up to the end of adol escence. A mar ked
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| owering takes place during adol escence in nen. | n advanced
age, nean speaking fundanental frequency becones higher in

men but is slightly lowered in wonen.

M chael and Basnmen (1985) studied the devel opnental

trends in vocal fundanmental frequency 14 vyoung children

between the age of 11 to 25 nonths, an age period
characterized by changes in physiological and linguistic
devel opnent . Subjects were grouped into 3 nonth age

intervales reflecting a continum of physical devel opnment and

wer e audi ot ape recor ded duri ng spont aneous speech
producti ons. Acoustic analysis of average Fo and Fo
variability was perforned. Fo variability was found to

decrease as subject age increased as did segnent durations.
They also concluded that when viwed with in the overal

devel opnental period and in conparison with data from other
studi es of younger and ol der children, average Fo during this

age is consistent with a decreasing trend throughout early
chi | dhood.

Davi d Boorenson (1989) studied the fundanental frequency
characteristics of 30 children between the ages of 6 and 10
years were investigated in a variety of speech tasks. The
results indicated that average fundanental frequecy across
tasks for the boys is approximately 262Hz and for girls
approxi mately 281Hz. Statistical analysis indicated that

there was no significant difference in the Fo of boys and
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girls in this age range. H gh vowels were found to have
hi gher Fo values than |ow vow es, sustained vowels had higher
fundanental frequency values than either spontaneous speech

or reading for both groups of speakers.

Hunmerberg  (1987) studied the pitch and quality
characteristics of nutational voice disorders before and
after therapy. This study included 13 vyoung nmen wth
mut ati onal voice disorders age ranging from 13 to 18 years.
10 subjects while 3 subjects were between 26 and 29 years.
Results of this study showed that a difference of
approximately 1 octave between the pitch levels of 13 and 18
years old group. The nean val ue speaking Fo pretherapy 221

| owered to a nean value of 119Hz after therapy.

Hudson and Hol brook (1981) investigated the nean nobda
frequency in reading, in two hundred young black adults whose
age ranged from 18 to 29 years and found it to be 110.15Hz in
males and 193.10 in fenales. Conpared to simlar white
popul ation studied by Fitch and Hol brook (1970) the black

popul ati on had a | ower nean nodal frequency.

The nean SFF of males, in the age range of 20 to 89
years indicated a progressive lowering of the SFF from 20
years to 40 years, wth a rise in level from age sixty
t hrough the eighties (Hollien and Shipp 1972).

Many hearing inpaired speakers are unable to control

t heir speaking fundanental frequency. Meckfessel (1964) and
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Thornton (1964) reported speaking fundanental frequency data
for 7- and 8- year old hearing-inpaired speakers that were
hi gher than values for normally hearing speakers. Ennovi ck
(1965) and Gruenewald (1966) reported values that were equa

to or lower than values for normally hearing speakers.

Meckfessel (1964) and Thornton (1964) reported speaking
f undanent al frequency values in post pubescent hearing
inpaired nmales that were higher than those obtained for
normal |y hearing post pubescent males, while val ues obtained
by Geen (1956) were simlar to those for normal hearing
mal es. For hearing inpaired females, Geen (1956) reported
hi gher val ues than those obtained for normal hearing fenales,

while Ernovick (1965) and G uenewald (1966) reported val ues

that were siml ar

G lbert and Canpbell studied the speaking fundanental
frequency in three groups (4 to 6 years, 8 to 10 years and 16
to 25 years) of hearing inpaired individuals, and reported
that the values were higher in the hearing inpaired groups
when conpared to values reported in the Iliterature for

normal Iy hearing individuals of the sanme age and sex.

Duffy (1954) analyzed the speech of cerebral palsied
individuals by nmeans of an instantaneous fundanent al
frequency recorder. He detected pitch characteristics which

were related to different types of cerebral palsy.
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The speaking fundanmental frequency characteristics of
institutionalized nongoloid, girls, between 8- and 11 years
were studied by Hollien and Copeland (1965). Their results
showed that nongoloid girls do not exhibit abnormally |ow
speaki ng fundanmental frequency |levels but rather possess
vocal frequency characteristics generally simlar to those of
their age peers even though they are retarded with respect to

physi cal si ze. These results agree with those of Mchel and

Carney (1964).

However, the above findings do not support the clinica
observations of Mlntire and Dutch (1964), Strazzula (1953)
and Benda (1949) suggesting that the voices of children with
nmongolism are substantially Jlower in voice fundanental

frequency than those of normal children.

Contrary to this, Winberg and Zlatin (1970) reported
that, the nean speaking fundanental frequency level for the
sanple of <children with nongolism studied by them was

significantly higher than the nean speaking fundanental

frequency level for the control group. In 1974, Montague,
Brown and Hollien supported the above findings. Thei r
results indicated that while isolated Down's Syndrone

children and relatively high fundanental frequencies, as a
group no difference was found between Down's Syndronme and
intellectually average children for that paraneter. Furt her

no relationship was found within the Down's Syndrone group

bet ween speaki ng fundanental frequency and IQ
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Wei nberg et al (1975) described selected speech
characteristics of patients with acromegaly. Sone of the
patients wth acronegaly were found to use a |ower
fundanmental frequency than +the normals. This | owering

fundamental frequency was prominent in female acronegalies

than in nmale acronegalies.

Studying the nean speaking fundanmental frequency in
stutterers and non stutterers, Healey (1982) reported no

significant differences.

No significant difference and the nmean and nmedi an of SFF
between laryng-itic and nonlaryngitic voices has been

reported by Shipp and Huntington (1965).

Sawashi ma (1968) reported a rise in nean SFF in cases of
suclus vocalis and a fall in nmean SFF inthe case of polypoid
vocal folds and virilism Very high nean SFF val ues resulted
from di sturbances of nutation in males. According to Hirano

(1981) at present MSF (the SFF) is neasured as a clinical

test val ue (paranthesis m ne).

It is considered that the FF in voice disorders would

act as a diagnostic and prognostic indicator.
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Aut hor ('s) N Sex Aver age Range
Hayashi (1940) 20 M 22
25(1i1)
Suzuki (1944) 21 M 24.8 15- 37
19 F 17. 4 10- 24
N shi kawa (1962) 10 Si nger 19- 38
10 M 16- 29
10 F 12-21
Pat acek and Sander 40 M I 24. 7 13.6-41.7
(1963) Il 25.7 14. 3-48.0
11 24.9 12. 3-59.0
40 F I 16. 8 9.3-34.0
I 16.7 9.2-29.8
[ 17.9 8.4-39.7
Sawashi nra (1966) 70 M 29.7
78 F 20. 3
Yanagi har a 11 30. 2 20. 4-50. 7
et al (1966) 11 F 22.5 16.4-32.7
| sshiki et al 5 M 31 22-51
(1967) 5 F 17 0-36
Hrano et al 25 M 34.6
(1968) 25 F 25.7
Shigenori  (1977) 25 M 30.1 15. 8- 66. 6
25 F 17.0 9.4-28.2
Table 2.1: Nornal values of MPT (in seconds) in adults.
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FLUCTUATI ONS | N FREQUENCY AND | NTENSI TY
Presence of small pertubation or irregularity of glottal

vibration in normal voice have 1long been known though
oscill ographic analysis of acoustic pressure waves and
| aryngoscopi ¢ hi gh spead phot ographic investigations (More &
Von |enden 1958, Von Lenden, Moore and Zinmake 1960).

Relatively few attenpts have been nmde to note the
perturbations in FF and intensity, although such a neasure
may have value in describing the stability of |aryngea

control (Lieberman 1963).

Aperiodic largngeal vibratory patterns have been rel ated
to abnornal voice production by various investigators

(Carhart 1938, Bow er 1964).

Li eberman (1963) found that pitch perturbations in
normal voices nerver exceeded O0.5sec in maghitude in the
steady state portion of |ong sustained vowels. Simlar
variations in fundanental periodicity of acoustic wave form
have been neasured by Fairbanks (1940), Rieberg (1961) and
Baito et al (1958).

The cycle to cycle variation in period that occurs when
an individual is attenpting to sustain phonation at aconstant
frequency has been terned as jitter.

There are nunber of nmethods for obtaining jitter
measurenents and when actual neasurenents are made, a nunber
of alternative nmethods of data reduction are available to the

i nvestigators (Heiberger and Horii 1981).
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Wi | e consi dering the neurophysi ol ogi cal significance of
jitter, Heiberger and Horii (1981) state that "physiologica
interpritations of jitter is sustained phonation should
probably include both physical and structural variations and

myoneur ol ogi cal variations during phonation.

Baer (1980) explains vocal jitter as inherent to the
nmet hod of muscle excitation based on the neuronuscul ar node
of frequency FF and nuscle physiol ogy. He has tested his
nodel wusign EMG from cricothyriod nuscle and voice signals,
and clainms neuronuscular activity as the major contributor

for the occurence of perturbation.

Earning (1980) found a relationship between the physica
condition of the speaker, resting heartrate, resting systolic
bl ood pressure, resting diastolic blood pressure, percentage
of fats presferred hand grip strength and forced vital
capacity and the acoustic variables in speech. The sustained
phonation was consistently greater in the group which was
considered as "poor" in ternms of physical condition when
conpared with the group which was considered as "excellent”
in terms of physical condition. Based on these results
Hei berger and Horii (1987) state that "these findings have

substantial inplications, for understanding the aging process

in the larynx".

Research has shown that the intensity, the FF |evel and

the type of phonatory initiation and term nation are other
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factors which affect the jitter magnitude in sustained

phonation (More and Leden 1958; Jacob 1968; Koike 1973;
Hollien et al 1973).

Frequency nodul ation characteristics of sustained vowel
phonations in vibrato were investigated by Yoshiyuki and
Harii (1989). Ei ght nmale singers produced sustained /a/ in
vibrato at lownddle and high-pitch levels with confortable
| oudness. The recorded voice sanples were digitized and
anal ysed by program yeilding a plot of Fo of individual
fundanmental cycles. Modulation of frequency extent, rates of
Fo increase and decrease, and nodul ation, jitter and shimer
were neasured for individual nodulation cycles. Central
tendency and variability of these nmeasures, intercorrelations
anong there neasures and tenporal patterns of frequency
nmodul ati ons were investigated. Results indicated (1)
significant effects of pitch levels on nodulation of
frequency (2) nore regulatity in nodulaion of frequency than
in extent. (3) predomnantly Ilinear tenporal patterns of
frequency nodulation and (4) faster Fo increase than

decr ease.

Susan et al (1990) have studied acoustic neasures of
| ar yngeal acitivity using adult speech to answer two
guestions i.e., by previous work (1) how each neasures varies
if at all wth phoneic structure and (2) what aspect of

| aryngeal activity each neasures specifies. Speech sanpl es
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of 15 syllables (three vowels in five prevocalic consonenta
contexts were collected fromnmen and wonen at two tins of day
(early norning and | ate afternoon). Ei ght neasurenents were
made mainly on slices extracted from the mddle of the
vocalic portions and infrential and correlational statistics
were applied to these neasures. Results of the inferentia
tests indicated differences between nen and wonen in how
| aryngeal adjustnents are nmade, affecting related anounts of
vocal jitter and spectral tilt of the voicing source. In
addition the voicing and nmanner characteristics of the
prevocalic consonant were found to affect Fo cycle-to-cycle
perturbations and anount of aspiration noise. To a |esser
extend vowel higher and front/back tongue placenent also
affected these acoustic source characteristics. Resul ts of
these correlational tests showed that different |aryngeal
mechani sns contributed differentially to signal-to-noise
ratios for men and wonen, and these nechanisns were nore
affected by fundanental frequency for nen's speech sanples.
Finally wvarious acoustic neasures of laryngeal noise were
found to be related to the sanme underline nechani sm

Jitter and Shimrer have been applied to the early
detection | aryngeal pathology. Lieberman (1961, 1963) states

that the pitch perturbation factor m ght be a useful index in

detecting a nunber of |aryngeal diseases.

Koi ke (1969) showed that a relatively slow period

nmodul ati on of vowel anplitude was observed in patterns with
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| aryngeal neopl asns. He reasoned from this that the
measurement and anal ysis of such nodul ation m ght be usefu

in assessing |laryngeal pathol ogy.

Crystal and Jacson (1970) neasured both the FF and
anplitude perturbation of wvoice in persons wth varying
l aryngeal conditions and concluded that several purely
statistical neasures of the data they extracted mght be

useful as guidelines in detecting |aryngeal dysfunction.

Koi ke (1973) investigated the pitch periods of voice
pr oduced by pat hol ogi c speakers, and f ound t hat
di scrimnation between I|aryngeal tranor and paralysis was
possi bl e. The perturbation factors during sustained vowels
were significant in discrimnating normal talkers fromthose

with | aryngeal cancer (Mirry and Doherty 1980).

Kitajima and Gould (1976) studied the vocal shinmmer
during sustained phonation in normal subjects and patients
wi th |aryngeal polyps and found the value of vocal shimer to
range from 0.04dB to 0.21dB in normals and from 0.08dB to
3.23dB in the case of vocal polyps. Al t hough sone overl ap
between the two groups were observed they noted that the
nmeasured value may be a wuseful index in screening for
| aryngeal disorders or for diagnosis of such disorders and
differentiati on between the two groups.

The fluctuations in frequency and intensity in a given

phonati on sanple may indicate the physiological
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(neur onuscul ar) or pathol ogi cal changes in the vocal

nmachani sm

Kim et al (1982) have analysed the vowel /e/ (as this
was earlier analysed Dby Imaizum et al (1980) wusing the
spect rogr aph, in tw voices of patients wth recurrent

| aryngeal nerve paralysis and normals to obtain the follow ng

acoustic paraneters.

The acoustic parameters obtained from the spectrographs

1) Extent of fundamental frequency fluctuation: The
extent of fluctuation was defined as the percent score of the

ratio of the peak to peak value of fluctuation (Fo) to the
nean FF ( Fo).

2) Speed of FF fluctuation: This has been defined as the

nunber of possitive peaks with in 1lsec.

3) Extent of anplitude fluctuation: This has been

defined as the peak to peak value in decibal measured on

average anplitude display.

4) Speed of anplitude fluctuation: Wich was defined as
the nunber of possitive peaks on an anplitude display with in
1sec. Peaks of 3dB or greater from adjacent throughs have
been count ed.

The results of this study have indicated that anong the

acoustic paraneters studied significant differences were
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found between the control and the di seased groups in terns of

fluctuati on of Fo.

Yoon et al (1984) have studied the voice of patients
with glottic carcinomas, using the range procedure and the
paraneters as described by Kim et al (1982). They have
concluded that significant difference were found between the
OQ and patients with advanced carcinoma in terns of extent of
fluctuation, speed of Fo fluctuation, extent of anplitude
fluctuation and speed of anplitude fluctuations. Rashm

(1985) based on the results of a study of normal subjects

concl uded t hat

1) The flunctuations in frequency of the intitial and final

segnents of phonation of /a/, /i/ and /u/ showed a decreasing

trend with age in males.

2) The 14 to 15 years old group showed an increase in range

of fluctuation for all the vowels.

3) In femles, there was a decrease in the range of
fluctuations in frequency of the initial and final segnments
is upto the age of nine years an increase in the range of
fluctuations in the nine to-eleven years old fenales which

again drops down till the age of 15 years.

4) The nedial segnent of phonation, both males and fenales
was quite st-eady and the range of fluctuations as a function

of age did not show nuch difference.
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5 No difference in the ranges of fluctuations in frequency

between males and fenmales was observed in the younger age

groups.

6) The males consistantly showed greater fluctuations in
frequency in the phonation of /a/, [/i/ and /u/ than the

females of 14 to 15 years old group

7) The fluctuations in the initial and final segnents of

phonation for all the three vowels was greater than the
fluctuations in the nedial segnent, for both nmales and
f emal es.

8) Fluctuations in intensity did not show any systematic
trend for any vowels both in nmales and females. However, the
initial segnment of phonation showed a significantly |arger
fluctuation in intensity in above 12 years groups in the case

of males, for all three vowels.

Vanaja (1986) has reported that as the age increased
there was increase in fluctuations in frequency and intensity

of phonation and this difference was nore marked in females.

The fluctuations in a given phonation sanple nmay
indicate the phisiological (Neuromascular) or pathological
changes in the vocal nmechanism Not rmuch information
regarding these paraneters with age is avail able. Hence it
was considered that this information may be useful in

under standi ng the physiol ogi cal and pathol ogi cal conditions
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of the vocal system It is therefore the aim of this study

to nmeasure these paraneters as a function of age.

FREQUENCY RANGE | N PHONATI ON AND SPEECH

Humans are capable of producing a wde variety of
acoustic signals. Success in decoding acoustic speech
signals assunes that the speaker will produce: (1) acceptable
phonenes, variously sequenced or conbined, (2) changes in the
use of time, (3) changes in fundanental frequency, and (4)
changes in intensity or energy. These four conprise the

basi c el enents of verbal conmmunication (Brackett, 1971).

The patterned variations of pitch over linguistic units
of differing length (syllables, words, phrases, clauses,
paragraphs), vyield the critical prosodic feature, nanely
intonation (Freeman, 1982). In other words, during speech,
t he fundanental frequency of phonation varies. This range is
called the speech range or the speech frequency range
(Hrano, 1981). Variations in fundanmental frequency and the
extent of range use also relate to the intent of the speaker
as discussed by Fairbanks and Pronovast (1939). Mor e
specifically, the spread of frequency change use corresponds
to the nood of the speaker, that is, as skinner (1935)
reports, cheerful animted speech exhibits grater range use
than serious, thoughtful speech. Changes in duration and
fundanmental frequency during syllable elenents of words are

basic to the nelody and rhythm patterns unique to English.
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Stressed syllables are perceived as being higher in pitch

t han unstressed syl |l ables (Freeman, 1982).

Rel atively little is known about devel opmental changes
in the range or variability of fundanental frequency. Mbst
of the literature on the new born infant's cry appears to
have the capability of extending this range appreciably in
either direction. Ringel and Kl uppel (1964) reported a range
of 290-508Hz for ten infants aged 4 to 10 years. Fairbanks
(1942) observed a range of 153-888Hz for an infant in the
first nmonth of life and a range of 63-2631Hz for the first
nine nmonths of life. McGE one's (1966) investigation of
children aged between one and two years revealed a total
range of 16.2 tones, or about two octaves. Van Oordt and
Drost (1963) concluded from a study of 126 children in two
age groups (0 to 5 years and 6 to 16 years) that ".... even
in very young children the physiological range of the voice
has a broad, alnpbst "adult' range...." and that, the change
in the frequency of the speaking voice parallels that of the
| owest reachabl e physiological tone...." Their data indicate
that even young children have a fundanental frequency range
of two-and-one-half to three octaves. If a conclusion is
forced from these rather limted data, it would be that the
range of vocal frequency, does not change appreciably during
maturation (Kent, 1976).

As far as the variability of fundanental frequency is

concerned, the nost extensive study is that of Eguchi and
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Hirsh (1969), who collected data for 84 subjects representing
adul thood and the age levels of 3-13 years, at one year
intervals, for the vowls /i/, /ael, [ul, [sl, [al and /o/,
as produced in the sentence contexts. The variability of
fundanental frequency progressively decreased with age until
a mninmm was reached at about 10 to 12 years. |If this is
taken as an index of the accuracy of the |aryngeal
adjustnents during vowel production, then the accuracy of

control inproves continuously over a period of atleast 7 to 9

years.

The discovery that fundanental frequency variability
dimnishes wth age has inportant inplications for the
quantitative investigation of speech devel opnent. It is not
known at what age, this apparent refinenent of control begins
to occur (Kent, 1976). Sheppard and Lane (1968) in a study
of two infants during the first 141 days of life, reported a
rat her smal | and const ant variability in fundanental

frequency values. However, Prescott (1975) discovered snal

devel opnent al I ncreases in the fundanental frequency
variability within the first nine noths of life. Possi bl y,
at the sane tinme that a child gains control over the accuracy

of his laryngeal adjustnents, he beings to vary fundanental

frequency to achieve intonation-like effects. O course to
sonme degree, accuracy of adj ust nent Is requisite to
controlled variation. Concerning this subject, studies of

infant intonation have reveal ed evidence that definite
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patterns are established during the first year of life (Kent,

1976).

Alan et al (1989) studied the factors influencing Fo
range estimates in children. Fourty normal children each
responded to five audiotaped tone conditions (a) discrete
steps (b) blow steps (c) blow glissando and (e) fast
gl i ssendo. The tonal stimuli were devised to elicit each
child's maximal and m ninmal Fo. They concluded that the
traditional discrete steps condition was associated wth
| ower maxi mal Fo, higher minimal Fo and nore restricted Fo

range than all other conditions.

Hudson and Hol brook (1981) studied the fundanental vocal
frequency range in reading, in a group of young black adults,

age ranging from 18 to 29 years. Their results indicated a

mean range from 81.95 to 158.50Hz in nales and from 139.05 to

266. 10Hz in femal es. Conpared to a simlar white popul ation

studied by Fitch and Hol brook (1970), the black popul ation

has greater nean frequency ranges. Fitch's white subjects
showed a greater range below the nean node than above. This
behavi our was reversed for the black subjects. Hudson (1981)
pointed out that such patterns of vocal behaviour nmay be

inmportant clues which alert the listener to the speaker's

racial identity.

MA@ one and Hollien (1963) studying the vocal pitch

characteristics of aged wonen, 65 to 79 years, reported that
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wonen's speaking pitch variability <changes little wth
advanci ng age. However, Stoicheff (1981) reported an
increase in wvariability of fundanental frequency in post
menopausal adults, which was interpreted as indicating

decreased | aryngeal control over fundanent al frequency

adj ust nent s.

Linville (1987) st udi ed t he maxi mum phonati onal
frequency range capabilities of wonmen's voices wth advanci ng
age of 67 wonmen who were nonsnokers. They were devided into
three groups 24 young (25-35 years) 20 niddle aged (45-55
years) 23 elderly (70-80 vyears). Results of this
i nvestigation suggest that changes occur at both ends of the
MPFR as wonmen age and that change at the two ends of the
range occur during difference stages of adult life. It
appears difference stages of adult life. It appears that
manopause brings about changes at the low end the range with
m ddl e- aged, postmanopuasal wonen denonstrating an ability to

produce | ower frequency than young adult wonen.

El derly wonmen did not maintain the expension at the |ow
end of the MPER observed at the |ow frequency capabilities of
young wonen. It was the loss of ability to produce high
frequency seen in elderly wonen which caused a significant
reduction in total pitch range. Wiile nmddle aged wonen
denonstrated an ability to produce |ower frequency than young

wonen, this increased capacity for the production of [|ow
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frequency was not great enough to significantly expend their

total pitch range.

Ceneral conclusions about the diagnostic value of
fundanental frequency variability are difficult to nake
because such neasurenents are helpful in certain pathol ogica

conditions but not in others (Kent, 1976).

Shipp and Huntington (1965) indicated that laryngitic
voices had significantly smaller ranges than did post-
laryngitic voices. The results of a study by Mirry (1978)
showed a reduced semtone range of speaking fundanental
frequency in patients with vocal fold paralysis, as conpared
w th normals. In a follow ng study, Mirry and Doherty (1980)
reported that the wvariability in speaking fundanental
frequency, along the directional and nagnitudnal perturbation
factors, enhanced the ability to discrimnate between tal kers

with no laryngeal known vocal pathology and talkers wth

cancer of the [arynx.

A nunber of studies have reported pitch variability in
the speech of stutterers. Travis (1927) and Bryngel son
(1932) found that stutterers exhibited less pitch variability
than did nonstutterers, particularly during highly enotional
condi tions. Adans (1955) indicated that stutterers show a
limted pitch range within an utterance when conpared wth
"good" and "trained" speakers, but not when conpared wth

"poor" speakers. Wth spectographic data Schilling and
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Goel er (1961) and Luhsinger and Dubois (1963) showed that

stutterers had | ess anmount of pitch variation in their speech

than did normal fluent speakers. Heal ey (1982) exam ned
certain paraneters of speaki ng f undanent al frequency
associated wth stutterers and nonstutterers fluent

production of a declarative and an interrogative utterance
and reported that the nonstutterers produced a significantly
greater range of frequencies than did the stutterers across
both the wutterances. Lechner (19 ) found that the
stutterers pitch variability increased nore under delayed
auditory feedback than in the normal auditory feedback node.
However, when stutterers spoke in the presence of masking
noise, there were only a few changes in their speaking
fundanmental frequency patterns as conpared with the nornmal
audi tory feedback npde. Ram g and Adanms (1981) discovered
t hat stutterers and non-stutterers used a range of
fundanmental frequencies while reading at a higher than norma
pitch as when conpared with reading in their habitual pitch.
Moreover, reading in a |lower-than-normal pitch produced |ess

fundanental frequency variability than reading at habitual

pitch |evels.

The review indicates that it 1is inportant to have
extensive data on the pitch variations, as a function of age,
before it <can be applied to the «clinical population.
Therefore it is intended to study the pitch variation or

range in different age groups of |ndian population.
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| NTENSI TY RANGE | N PHONATI ON AND SPEECH

The study of phonol ogy al so includes intensity change or
variations in energy. Increasing or decreasing total speech
power, as discussed by Ml and Unhl enbach (1956), is one of
the nmeans of achieving dom nance of syllables, words or
phr ases. Changes of energy signify degrees of enotional
i nvol vement, such as shouting when angry. Use of intensity

changes also reveals speakers perception of physical and

psychol ogi cal di stance.

Danste (1970), Kom yana (1972) and Col eman et al (1977)
proposed a graphic representation of the fundanental
frequency-intensity profile. The graph was nanmed
"phonot ogrant by Danste and "Phonogrant by Kom yana. Rauhut ,
et al (1979) proposed the term "voice Area" for the

representation of maximal or mnimal intensity of voice as a

function of pitch.

Coleman et al (1977) in a study of the fundanental
frequency-sound pressure level profiles of adult nales and

f emal es, noted an increase in SPL with an increase in

frequency up till a certain limt, after which a decrease is
seen with further increase in frequency. General ly, nost
subjects fundamental frequency - SPL profiles manifested a

change in both mninmm and nmaxi num SPL curves at 60 to 80%

fundanmental frequency |evel.
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According to Coleman et al (1977), the average intensity
range of phonation (in SPL re: 0.0002 dynes/cn2) at a single

fundanental frequency is 54.8dB for male and 51dB for female

subj ect s.

Col eman and Mott (1978) found lower SPL ranges for
female children (10 years to 13 years) than those for adult
f emal es. Further, they observed that the nusical range, in
terns of fundanental frequency and SPL, is nore restricted,
that is, it lies wthin the boundaries of the physiol ogica
range. The mean physiological SPL range was found to be

159dB, while the nean nusical SPL range was 58dB.

Rashm (1985) studied the intensity range in phonation
and speech,in children (4-15yrs). she reported the foll ow ng:
1. Intensity range in phonation decreased as a function

of age only in males.

2. significant differences between nales and females is
seen only upto 10yrs.

3. In females, age group 9-1lyrs had higher intensity
range in speech. Intensity range in speech in males showed
hi gher val ues bel ow 6yrs and above 14yrs.

4. Significant differences between nales and fenales

did not show any consistent pattern with age.

Vanaja (1986) reported that intensity range in phonation
in adults (16-65yrs) did not change in both males and femal es

Nataraja (1988) also reported simlar results in the age
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range 16-45yrs. Simlarly Gopal (1986) and Nataraja (1988)
reported that intensity, range in speech did not change wth

age, in adults.

Ehinme (1986) studied the effects of nonitoring vocal

intensity on oral air flow in children and adults.

This study ained at the follow ng:
a) To determ ne whether child and adult oral air flow

data were parallel across two nonitering nethods.

(b) to determ ne whether an instruction to speak at a
confortable effort level" resulted in greater variability of
peak oral air flow (vo) than visual nonitering of vocal
intensity level and (c) to explode possible sources of
variation introduced by visual nonitering. Peak Vo from
children and adults was neasured for stops and fricatives in
connected speech during "confortable effort l|evel" task and
during visually nonitored vocal intensity task. The | ack of
an age by nonitoring effect in the analysis of variance
showed that <child and adult data were parallel. The
nonsi gnificance of F-max scores for testing across subject
variability showed that the natural mai nt ance  of a
confortable intensity level did not produce greater Vo
variance than visual nonitering. Al t hough the Vo of voiced
consonants increased only slightly from confor-level to
visual nmonitoring, the Vo fo voiceless consonants increased

nore sharply. Thus visual nonitering does not increased Vo
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variability and does introduce spurious Vo values for some

consonants.

Empirically, it is well known that disorders of vocal
intensity constitute one of the inportant conponents of voice
di sorders. However, neasurenent of vocal intensity, as a

clinical diagnostic tool has not proved as popul ar as that of

fundanental frequency in voice clinics.

However, Watnebe et al (1977) reported of two patients
with laryngeal polyps and |aryngeal cancer, who showed nor
abnormalities in the routine study, but showed an abnormality
only in the study of vocal intensity. They, therefore,
stressed the inportance of vocal intensity as a paraneter in

showi ng phonetic dysfunction.

Darley et al (1969) in a report on the speech
characteristics of dysarthric patients, reported equal and
excess stress and nonol oudness as one of the characteristics.
In a spectrographic analysis of ataxic dysartria, Nataraja
and Indira (1982), observed equal stress in the pathol ogic
subject, while variations in terns of intensity on each

syllable were seen in the speech of the normal subject.

Little i nformati on IS avai |l abl e regar di ng t he
devel opnental changes in the range of intensity. However, on
simlar lines as fundanmental frequency variability, it may be

hypot hesi sed that the variability in intensity decreases wth
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age. Thus it will be interesting and useful to investigate
the intensity variation leading to determ nation of range in
Speech of <children of different age groups in a Indian
popul ati on. It is intended to use this data to conpare with
the results of <clinical population for the purpose of

differential diagnosis of various developnental disorders in

children. andadul ts.

RI SE AND FALL TI ME OF PHONATI ON

Rising and falling time have been considered wth
reference to intensity rising time has been defined as the
time required for the increase in overall anplitude from a
value of 10% of the steady level to 90% and simlarly the
“falling tinme" has been defined as the tinme required for the
degrease fromB0% to 10% of the steady level (lnmazum et al
1980). Koi ke and Von Leden (1969) define rising or "rise
time" as "the period extending fromthe onset of sound to the
point at which the envel ope anplitude reached the value of
steady phonation". Simlarly fall time has been defined as
"the period extending from the end of the envel ope anplitude
with steady phonation (in terns of intensity) to the
termnation of phonation”. This nmay be because the subglottal
air pressure has to build upto reach a level of pressure to
nove the vocal cords away fromthe mdline and vocal cords or
the laryngeal nuscles have to make the necessary adjustnents

to produce the required voice in terns of intensity and

frequency.
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Thus pat hol ogi cal cases, in whom |aryngeal and/or
respiratory systens are not functioning normally may show

abnormality in ternms of rising and falling tine.

The rising tinme of voiceless affricates and fricatives,
have been neasured by Howell and Rosex (1983). These
measurenents have been nmade when the affricates and
fricatives occured in sentences, in isolated words and in
i sol ated nonsense syl lables. They found that the rising tine

of affricates were significantly shorter than those of

fricatives.

According to Hrano (1981) is many pathol ogi cal
conditions the abnormalities of voice wll be nore apparent
during the transitional phases of phonation, including the
onset and term nation of phonation and hence of speech. And

Hrano (1981) recommends further extensive clinical and

research study in this aspect.

Recently studies have been <carried out on |Indian
popul ations to note these paraneters (Rashm 1985 and Vanaj a
1986, CGopal 1986; Rajanikanth 1986). Along wth other
paraneters Rashm (1985) studied the rising and falling tine
in phonation in 220 male and fermale normal children age
rangi ng from 4-15 years. The/concl uded that:

a) There was a gradual decrease in the rasing tinme of

phonation of vowels with increasing age in both nmales and

f emal es.
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b) A slight increase in the rise time was seen in the
nine to ten years old group of males and the 10-11 years old
group of fenales.

c) There was no significant difference in rising time of
phonati on of vowel between males and fenal es.

Regarding fall tine of phonation, she concluded that:

a) Both in nmales and fenmales, the fall tine of phonation
for all the three vowels increased as a function of age and

b) There was no significant difference in the fall tine
of phonati on between mal es and fenal es.

These results can be considered as reflecting the
changes in the neuronuscular control with age. Vanaja (1986)
studied the rise and fall time in three vowels in /al, /il
and /u/ in 70 nornmal males 70 normal fermales in the age range
16 to 65 years the concluded that, no significant difference
was found (a) between namles and fenmales and difference age
groups and (b) between difference age groups both in males
and fermales either in rising and falling tine. These results
indicate that adults the controls over respiratory as well as
phonatory systens are stabilized.

Raj ani kanth (1986) made an attenpt to note the rising
and falling tinme in three vowels by 31 nales and 22 fenul es
hearing inpaired individual in the age range 10-20 years. He
found that there was a significant difference in rising tine
both in nmales and femal es between the two age groups ie., 10-

15 and 15-20 vyears. He also reported a significant
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di fference between nmales and fermales in both the age groups.
Both males and fenales showed a significant difference in
falling tinme between the two groups.

Yoon et al (1984) report that there was significant
difference between the nornal males and fermales wth
carci noma of | ar ynx in terns of rising tine. Regar di ng
falling time Kim et al (1982) report that it "did not show
any significant differences between nales and ferales or
bet ween control and diseased groups". However, Yoon et al
(1984) found falling tine to be longer in cases of carcinoma
of larynx than in normal nmal es.

Therefore it was considered that the measured that the
nmeasurenment of these two paranmeters would be wuseful in
differentiati ng dysphonics from normals and between different
types of dysphoni cs.

The primary value of this study stands in the
presentation of normati ve dat a whi ch reflects t he
physi ol ogi cal changes wth age and against which the
potentially pathological voice can be neasured. Before a
vari abl e can be used to assess a pathologic condition, it is
necessary to wunderstand the valuable in relation to the
normal voice and it is productive capabilities. Acousti c
anal ysis may provide a significant non-invasive tool for the
detection of I|aryngeal disease and devel opnental disorders.
But before it can be used successfully [larger nornmal
popul ations and populations wth variety of |aryngeal

di sorders and devel opnental disorders nust be studied.



METHCDOLOGY

This study was designed to investigate the devel oprent al

change in the follow ng paraneters as these paraneters have

reported to be of significance in terns of diagnosis of voice

di sorders,
1. The maxi num phonation duration of vowels.
2. The maximum duration of /s/ and /z/ and the §Z
ratio.
3. The fundanental frequency of phonati on.
4. The speaki ng fundanental frequency.
5. Speed of fluctuation in frequency of phonati on.
6. Extent of fluctuation in frequency of phonati on.
7. Frequency range in phonation.
8. Frequency range in speech.
9. Speed of fluctuation in intensity of phonati on.
10. Extent of fluctuation in intensity of phonation.
11. Intensity range in phonation.
12. Intensity range in speech.
13. R se tinme in phonation.
14. Fall tinme in phonation.
Subj ect :

Subj ects, both nmales and fenales age ranging from 7

years to 21 years were randomy selected for the study, from

two Day-Schools and an Institute nanely:
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1. The Denonstration School, Mysore.
2. Governnment Hi gh School s, Manasagangothri .

3. Al India Institute of Speech and Hearing, Msore.

The criteria for the selection of the subjects was the
absence of any speech, hearing or respiratory problem wth
no observable deformties of the nasal, oral or pharyngeal

cavity.

Three hundred subjects were selected, such that 10 nal es
and 10 fermales in each of 15 groups with one year intervals

i.e. 7-8 to 21-22yrs.

Test Material :

Maxi mum duration of sustained phonation of three vowels
lal, I'il, [ul and two fricative / s/ &/ z/ were used in order
to neasure, neanFO, Frequency range, Intensity range, Speed &

Extent of fluctuations, rise & fall tinme s/z ratio and MPT,

i n phonati on.

Three kannada sentences were selected for the analysis
of SFF, frequency range and intensity range in speech.

1. idu papu

2. i1du koti

3. idu kenpu banna

These three sentences were chosen, as they have been
used by earlier investigator (Kushal Raj, 1983; Rashm 1985).

Hence it was considered that it would be possible to conpare
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the results of the present study and further provide nore
details about the acoustic paraneters of speech in children

and adul ts.

| nstrunents used for recording:
- Phillips Deck (F6121)
- M crophone (33-985C)

- Meltrack cassettes

Recor di ng Room

The subjects were taken into sound treated room at the
speech sciences lab at AIISH to avoid the interference of

external noise with the recording.

Data Col | ecti on:

The data was collected in tw steps:

Step-1: In the first step the maxi num phonation duration was

recorded. The subjects were instructed as follows:

Take a deep breath and say /a/ as |ong as you can.
This was denonstrated before the subject phonated. The
subjects were then asked to phonate/i/, /u/ and say /s/ and
[zl in a simlar way. Three trials of each phonation and

consonant production were recorded.

Step-2: In the second step, the speech sanples were recorded.

The subjects were instructed as follows.
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"Now | will say three sentences repeat each sentence
three tinmes'. The sentences "ldu pa:pu”, "ldu ko;ti"™ and
"ldu kempu banna" were spoken by the investigator and the

repetition of these sentence by the subject was recorded.

Anal ysi s:

Measur enment of the maxi mum phonation duration of vowels:

The recorded sanples of the phonation of vowels were
pl ayed back, and the duration of phonation were neasured
using a stop watch. The phonation duration of all the three
trials of all three vowels /a/, /i/ and /u/ was neasured.
The |ongest phonation duration anmong the three trials was
consi dered as the maxi num phonation duration in seconds for
each vowels for each of the subjects. Thus the phonation

duration for each vowel for each subject was obtained.

2) Measurenment of S/Z Ratio:

The recorded sanples of the phonation of two fricatives

/'s/ and /z/ were played and the duration of their phonation

was neasured using stop watch for all the three trials as
done in the previous analysis. The | onger duration of each
consonant was noted down as the nmaxinum duration. The

maxi mum duration of /s/ divided by the maxi mum duration of

[z, provided the SZ ratio. Thus, SZ ratio was obtained

for each subject.
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3. Measurenent of the fundanmental frequency of phonation:

The tape recorded speech sanples were digitized at
8000Hz sampling frequency using 12 bit (ADC). Anal og to
digital converter and having antialaising filter at 3.5KHz
"VSS-DATA ICN' program was used to digits. A PC- AT 386
conputer having Intel 80386 as CPU and Intel 80387 as NDP

with 16 MHz clock speed used in this digistization process.

The digitized speech sanples are subjected to LPC
autocorrelation technique to extract fundanental frequency.
The sanples were analyzed having a window of 30 mllisecond
with a resolution of 10 mlliseconds. "VSS- VAGHM "¢
program was used to extract to and obtained related
measurenments. The extracted Fo values were used to cal cul ate

the follow ng paranmeters using PC-AT conputer

The sanme nethod of analysis was used for the follow ng

par anet ers.
- Measurenent of frequency range in phonation.

- nmeasurenent of speed of fluctuation in frequency of

phonat i on.

- measurenment of extent of fluctuation in frequency of

phonati on.
- nmeasurenment of intensity in phonation
- measurenent of range in intensity of phonation
- nmeasurenent of speed of fluctuation of phonati on.

- nmeasurenent of extent of fluctuation of phonati on.
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4. Measurenent of the Rise tine and Fall tine of phonation

Wth the experinental set up (photograph) the initial
segnment of the selected sanple was fed to the pitch anal yzer,
The rise tine in centiseconds was neasured by noving the
cursor fromthe point where the intensity curve begins to the
poi nt where the curve beconmes steady (b) (above fig). The
di fference between these to points provided (a to b) provided

the rise tine in centi seconds.
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Simlarly the final segnment of the selected sanple of
phonation was fed to the pitch analyzer. The fall tinme was
nmeasured by noving the cursor from end of the steady portion
of the intensity curve (c) to the last point where the curve
(d) visible. The difference between these two (c and d) on,
the time scale, was noted down as the fall tine in

centiseconds (Fig).

This was done for all the three vowels. The rise and

fall time for each subject for each vowel was obtained. The
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average of the three readings provided the RT & F. T in

phonation for each vowel.

5. Measurenent of the speaking Fo:

To determ ne the speaking Fo, the sane experinental set
up as above was used. The display duration was set to 9
seconds so, that all the three stinulus sentences (idu pa;pu;
idu ko;ti, idu kenpu banna) could be displayed together.
After feeding the sentences to pitch analyzer, the nean Fo
for all the three sentences were directly read on the digital
display at the end of the screen. Thus the nean frequency

used for speaking for each subject was obtained.

6. Measurenent of frequency range in speech:

Wth the sane experinmental set up and stinmulus sentences
fed to the pitch analyzer as in analysis of the previous
paraneter. The frequency range used by each subject in speech
was determned, by noving the cursor to the highest and
| owest frequency occurring in the test sentence and the

di fference between the two provided the frequency range used

by each subject, in speaking.

7. Measurenent of Intensity range in speech:

This measurenment was made simlar to the nmeasurenent of
frequency range in speech in analysis and wth the test
sentence noved to the highest and lowest intensity occuring
in the sentence. The difference between these two, provides,

the intensity range in dB, used by each subject.
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Thus the results for all the paranmeters were obtained

for all the 300 subjects. The obtained values were then

tabul ated and subjected to statistical analysis to determne

the nmean, S D and significance of difference. Mann-Witney

'"U test was applied to know the significance of difference.



RESULTS AND DI SCUSSI ON

The study was ainmed at examning the variations in the
below listed parameters, as a function of age and sex in

children and adult with age ranging from?7 to 22 years.

1. The maxi num phonati on duration of vowels.

2. The maxinum duration of /s/ and /z/ and the SZ
ratio.

The fundanental frequency of phonati on.

The speaki ng fundanental frequency.

Speed of fluctuation in frequency of phonation.

Extent of fluctuation in frequency of phonation.
Frequency range in phonati on.

Frequency range in speech.

© ® N o o & W

Speed of fluctuation in intensity of phonation.
10. Extent of fluctuation in intensity of phonation.
11. Intensity range in phonation.

12. Intensity range in speech.

13. Rise time in phonation

14. Fall tine in phonation.

The nean and standard deviation of all the paranmeters in
each age groups have been calculated for both males and
f emal es. The significance of difference between the age

groups and between males and fenales have been detern ned

usi ng the Mann-Whitney 'U test.
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Reliability check: Five males and five fenmales belonging to
different age groups were retested and using Mann-VWhitney 'U
test the diference between the two sets of scores was
determned and there was no significant di fference.
Therefore it was considered that the neasurenents and

porcedures were reliable.

MAXI MUM PHONATI ON DURATI ON

Maxi mum phonati on duration (MPD) was calculated for all
the subjects wusing the recorded sanples of phonation, as
descri bed in methodol ogy. The nean and S.D. of MPD for /al,
/il and /u/ for both males and females are provided in table
la, Ib and 1c. The graph (G) shows age related changes in

MPD for average values of three vowels /a/, /i/ and /u/.

The inspection of nean values (Table la, Ib and 1c)

shows that MPD increases with increase in age, gradually, for

all the three vowels. The age group 21-22 years shows the
hi ghest value ie., for /[/al 25.8sec, /il 25sec and /u/
24. 4sec. The age group 7-8 shows the |owest values of MPT

ie., for /al/ 8.3, /i/ 80 and /u/ 8.5. Interestingly there
is a sudden decrease i MPD at the age of 12-13 years for al

the three vowels. The successive group shows again an
increase in MPD val ues. The nean MPT drops from 12. 5secs at
11-12 years to |l.8secs at 12-13 years for /a/, from 13.9secs
at 11-12 years, to 12.6secs for /i/ and from 13. 1secs at 11-

12 years to 1l2secs at 12-13 years for /u/.
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Mann-VWiitney ‘U t est was applied to know the
significance of difference across the age groups. It shows
that the lower age groups show significant difference wth
bot h adol escent age groups and young adults. But adol escent
age group ie., 13-14 and above do not show significant
difference with higher age groups except with 21-22 years.
The drop at the age group 12-13 years significantly different

for only vowel /u/.

In females also, the MPT is found to increase as a
function of age which is evident fromthe study of table 5, 6
and 7 and graph-1. They show a sudden drop only at 12-13

years for all the three vowels.

The results of Mann-Witney 'U test shown in tables 5,
6 and 7. Interestingly they show nuch gradual increase than
in males. Anmong | ower age groups 7-8 and 8-9 years show
significant difference only with age groups 17-18 years and
above. Were as age groups 9-10 and 10-11 years show
significant differences with 11-12 and 13-14 years and above.
Age groups 12-13 to 15-16 years show significant differences

only with higher age groups.

However age group 14-15 vyears shows significant
difference only with age group 21-22 years. Age groups 17-18

years and above also shows simlar results.

It can also be seen that the age groups 10-11 years and

11-12 years in/a/, 11-12 years in /i/ and 10-11, 11-12 and
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12-13 years in /u/ show significant difference with imediate

hi gher age groups.

Thus the hypothesis stating that there is no significant
difference in maxinmum duration of phonation as a function of
age, is partly accepted and partly rejected with reference to

both mal es and fenal es studi ed.

The significant difference between nmales and fenmales in
seen only with reference to only a few age groups for all the
three vowels for /a/ 89 years, 12-14 years, 15-16 years, 19-
20 years and 21-22 years for /il 7-9 years, 15-16 years and
19-20 years and for the vowel /u/ the age groups 8-9 years,

12-13, 14-16 and 19-20 years.

Thus the hypothesis stating that there is no significant
difference in MD between nmles and females is partly

accepted and partly rejected.

1) The nmean MPT values increase gradually wth
i ncreasi ng age. All three vowels is show a gradual increase

in MPT upto 14-15 years and then stable upto 21-22 years.

2) In females there is gradual increases in MPT val ues
of /a/ from 9-10 years to 16-17 years. There after it
steadies upto 20-21 years and then shows very slight
increase. The vowel /i/ shows a gradual increase upto 15-16

years there after it is stable upto 17-18 years and it
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increase gradually from 18-19 years onwords. The vowel /[ u/

shows simlar trend as in /al.

3) The significant difference between nmales and fenal es
is seen with reference to only few age groups. Age groups

15-16 years, 19-20 years show significant difference is all

the 3 vowel s.

Devel opnental changes in MPT has been studied by Launer
(1971), Cunning ham- Grant (1972) and Shiganori (1977). The
findings in the present study are simlar to the reports nade
by the above nentioned researchers ie., there is an increase
in MPT with age in children. The results found in this study
in case of adults are in agreenment wth the findings of
Yanagi hara et al (1966) and Yanagi hara and Koi ke (1967) who
reported that the MPD values of 28.4secs in case of adult
mal es and 22.5secs in adult females. The increase trend in
MPT values is |ate adol escence and adulthood. Rashm (1985)
reports that gradual increase in MPT values with age can be
atributed to the increase in physical growh due to which
nore air is available for phonation. The present results can
al so be explained on this basis. Present study also shows
that vowel /u/ has |onger MPT val ues than other vowels which
is in agreenent with the earlier reports. The results of the
present study can be used as norns for the purpose of

eval uati on of pathol ogical cases.



Table la: Mean and Standard Deflation of phonation duration of /al (in seconds) in males and fenales

B 8 %10 1011 11-12 1213 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

BALE:

Man 83 87 %0 1203 125 118 B7 151 158 154 165 169 174 201 258
S 14 1%2 L7 303 300 3B 450 361 25 32 38 221 4B 653
FENALES

Man 89 8 & 100 115 9 08 121 127 138 140 147 152 161 16.8
SO 2B 200 L78 133 246 166 21 223 33 402 32 35 21 35 346

Table-Ib: Mean and SO of the phonation duration of /i/ (in seconds) in nales and females

Man 80 82 98 D0 BY 26 U1 B5 B8 U8 U3 TO BL 26 5.0
S 1% 1322% 2@ 3h 28 28 3n 3% 3 3@ 62 248 54 65
FEMALES:

Man 80 83 85 D9 21 DO u8 B2 Ul B9 52 B4 T2 BI BT
SD 29 2532 146 23 25 20 413 33 63 37 3B 28 4B 5
Table-Ic: Mean and SD. of the phonation duration of /u/ (in seconds) in males and females

MALES:

Man 85 86 94 W1 BI 20 B7 b2 52 b5 B8 K3 B9 B3I A4
SO 1y ln24 24 2% 28 2% 33 34 3B 242 2% 19 3G AT
FEMALES:

Man 8306 88 95 U3 92 D8 L2 U2 U1l U3 KO BT B6 155
S 232014 1B 23 13 1® 44 29 38 32 34 2D 4B 49



Table-2 Significance of difference between difference age groups of nalesin NP.T. of /a/
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9-10 A P P
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Table-4 Significance of difference between difference age groups of males in MP.T. of /n/

8 %0 101 112 1213 134 W 1516 1617 118 1819 1920 204 A2

7- 8 A A A P P P P P P P P P P P
8- 9 A P P P P P P P P P P P P
9 -1 A P P A P P P P P P P P
n-1u P A A P P P P P P P P
-2 P A A A P A P P P P
2-8 A A P P P P P P P
13-14 P P P P P P P P
u-5% A A A A A P P
-1 A A A A P P
-0 A A A P A
7-B8 A A P P
B-09 A A P
-2 A P
0 -2 P

Table-5 Significance of difference between difference age groups of females in MP.T. of /al

8 %10 01 w2 2833 134 W15 16 167 1718 1819 1920 2020 A2

-8 A A A P
-9 P A

- 10 A
- 11

U U x> O

o > > > >

P e = R w I i~
U > U Uou

- 3
- U

> X XU U U

> X > U U >
> > > U U U o
U U U U U U

L-1
-0

> > > "U>> U U U U
> > U U U U U U U

> === = >

> > > > >
> X > T U U U U UU U U o

0 -2




Table-S Significance of difference betieen difference age groups of females in MP.T. of /i/

69 910 10-11 11-12 1213 1314 1415 1516 16-17 17-18 18-19 19-20 20-21 21-22

7-8 AAA A A A A A A P P P P P P
8- 9 P A A A A A A P P P P P P
9-10 A P A P P P P P P PP P
10-1 A A A A A P P P P P P
n-1 p A A A A P P P P P
12-13 AP A P P P P P P
13- U A A A A P P P P
14- 15 A A A P A A P
15-16 A P P P P P
16- 17 A A A A P
17-18 A A A A
18- 19 A A A
19 -20 AP
20-2 A

Table-7 Significance of difference between difference age groups of fenales in MP.T. of [ul

89 %10 1011 1112 12213 1314 1415 1516 16-17 17-18 1819 19-20 20-21 21-22

7-8 P A A P A P P P P P P P P P
8- 9 P A A A A A A P P P P P P
9-10 AP A P P P p P P P P P
10-1 P A A A A p P P P P P
1n-12 p A A A A P P A P P
22-13 P P A p P P P P P
13-14 A A p P P P P P
14 - 15 A A A A A A P
15-16 AP P P P P
16 - 17 A A A A P
17- 18 A A AP
18- 19 A A A
19 - 20 A P
20-2 A
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SZ RATIO

The Table 8 presents the nean and standard deviation

values for the ratio of §Z in nmales and fennl es.

The study of table reveals that the ratio of maxinmm
duration of / s/ to that of /z/ nore or less the sane that is
it varied from0.93 to 1.12 in males and from 0.87 to 1.03 in

femal es across the age groups studied. This is clearly shown

in graph 2.

The inspection of S. D values shows that, for males the
| owest value is .12 at 7-8yrs and the highest is .33 at 11-
12yrs. on the whol e the adol escent age groups show hi gher S.D
val ues. In females the lowest is .1 at Il-12yrs and the
highest is .26 at 15-16yrs. Unlike males the S D values do
not change nmuch with age. Only age groups 15-16yrs 19-20yrs

show hi gher values than the rest of the age groups.

The results of the statistical analysis is shown in
tables 9 & 10 which reveal that there is no significant

di fference across age groups in both males and fenul es.

Thus the null hypothesis stating that there is no
significant difference in the ratio of duration of /s/ to /z/

as a function of age in both males and fenmales is accepted.

Comparison between nmales and fenmales as shown in the
table 83 reveal that there is no significant difference

between nales and fermales in ternms of s/z ratio in mpjority
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of age groups. Hence the null hypothesis stating that there
is no significant differnce between nmales and females in

terms of s/z ratio is accepted.

Simlar results has been reported by Rashm (1985) and
Vanaja (1986). These findings also agree with the results
reported by Tait, Mchal and Carpenter (1980). they reported
no difference in maxi mum duration for either /s/ or [/z/ at
any one age level but indicated significant increase in
maxi mum durattion of both /s/ and /z/ for both sexes as a
function of age. They further observed that when the ratio
of /s/ and /[z/ is conputed, there is no significant
difference in these ratio between males and fenmales nor there

a significant difference as a function of age.

In summary, significant differnces are not found across
age groups in both males and females. Geater variability in
s/z values are seen only during adol escence which may be due
pubertl e changes that are taking place in these age groups.
Further the results of the present study can be used as norns

for clinical evaluation of pathol ogical cases.

FUNDAMENTAL FREQUENCY OF PHONATI ON

The nmean and standard deviation fdr the fundanental
frequency of phonation for the vowels /a/, /i/ & /ul across
different age groups are tabulated in Tables Ila, |1b and |1c

respectively, for both nmales and fennl es.



85

lable-8: Mean and S.D. of the ratio of the phonatioa tine of /s/ to/s/ Ratio in males and females

o8 %10 1010 1112 12-13 13-H 1415 1516 16-17 17-18 1819 19-20 20-21 21-22
MLES
Man  L09 L03 0% 09 112 100 Lo4 110 L 09 0% 09 104 09 105
D 02 017 02 01 03 02 02 02 024 012 04 019 028 017 019
FEMALES:
Man 08 09 0% 0% 09 09 0% 0% 103 0% 093 08 09 090 0.8
SD 016 01 017 012 010 015 014 0 02 01 04 011 024 013 0U
)
] GRAPH=-2: SHOWS RATIO OF THE PHONATION
| TIME OF /S/ TO /Z/ IN MALES & FEMALES f
{
i g S/Z RAID (sec) i
| O
| eih
! 1.2 b
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E 0.8 =
| |
e o e o e ]
9.2 r
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Tahle-9: The significance of difference between different age groups of nales onthe SZratio

89 910 10-1111-12 1213 1314 ¥ B 1617 17.18 1819 1920 20-21 2-2

9 AP P A
-9 A A P
0 A A
A

> >

> >

> >
>r>rUuUour >
> >
Trrrrr>r>>>I>> >
>>rUr>Xrr>>>T>X>X U
Trrrrrr>r>rI> > >
>rrr>ruUr>rrr>r > >
Trrrrrrr>rrrrr >

Tabl e-10: The significance of difference between different age groups of females on the SZ ratio

8 910 1011 1112 213 B3Y ¥ 1516 1617 17-18 1819 19-20 20-21 21-22

7-8 A A A A A A A A A AA A A A
8- 9 A A A A A A A A AA A A A
9-10 A A A A A A A AA A A A
10-11 A A A A A A AA A A A
tt-12 A A A A P AA AA A
12-13 A A A A AA A A A
13-14 A A A AA A A A
H- 15 A A A A A A A
15-16 A A A A A A
16-17 A A A A A
17-18 A A A A
18-19 A A A
19- 2 A A
0-2 A
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The study of tables indicate that there is a decrease in nmean
Fo as age progrssess in males, for all the three vowels. The
hi ghest for /a/ being 262.9Hz at |1-12yrs and the |owest is
119. 23Hz at the age group 21-22yrs. The hi ghest value for /i/
being 279.5Hz at the age group 9-10yrs and the lowest is
119.6Hz at the age group 18-19yrs. For the vowel /u/ the
hi ghest is 279.1Hz at the age group Il-12yrs and the | owest
is 122.93Hz at the age group 21-22yrs. It can also be seen
that there is drop in Fo at the age groups 12- 13yrs and

15-16yrs. This is true with all the three vowels. This can

be clearly seen in graph-2.

The S.D. values for the phonation of /a/ do not show any

consi stent change with age. The age groups 10-llyrs and 11-
12yrs show the highest S.D. values. In the phonation of
vowel /il S D values tended to decrease wth the age.

Younger children (7-12yrs) show higher variability except for
the age groups 8-9yrs and 9-10yrs. The ol der children show
| ower values than the younger children. Anmong the adult age
groups (18-22yrs), age group 18-19yrs and 19-20yrs show
hi gher value. Simlar trend is found in the phonation of /u/

al so.

The Mann-Wiitney 'U test was applied to know the
significance of difference. Tables 12, 13 and 14 shows t hat
the changes in nmean Fo from 7-8yrs upto 12-13yrs is not
significant of both 0.01 and 0.05 |evels. There is a

significant decrease in mean Fo at 12-13yrs to 15-16yrs.
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This drop for vowel /a/ is 250Hz at 7-8yrs to 235.25Hz at 12-
13yrs and 135. 1Hz at 15-16yrs. The values for the vowel /i/
decreases from 278.33Hz at 7-8yrs to 248.3Hz at 12-13yrs and
to 143.6Hz at 15-16yrs. For vowel /u/ the decrease is from

278.73Hz at 7-8yrs to 246.13Hz at 12-13yrs and to 141.17Hz
t hat 15-16yrs.

| nspection of tables also reveals that younger children
show significant differences with both older children and
adul ts. O der children show significant differences wth
adult age groups. O der children also show significant
di fferences when conpared with their imediate higher age

groups in all the three vowels.

The mean Fo values for the fermales shows slow decrease
in Fo as a function of age for all three vowels. The highest
nean value for /al is 276.27Hz at 7-8yrs and the lowest is
227.22Hz at 14-15yrs. The highest nean value for /i/ is
274.99Hz at 7-8yrs and lowest is 235.07Hz at 14-15yrs and for
vowel /u/ the highest is 286.47Hz at |1-12yrs and |lowest is
236. 6Hz at 14-15yrs. As shown in the graph there is
drop in nean value of Fo at the age group 14-15yrs, after
which there is gradual increase in nean val ue. This can be

observed in all the three vowel s.

The S.D val ues shows that there is slow increase in
variability as a function of age in all the three vowels.

The lowest S.D. values for /a/ is 10.32 at 7-8yrs and the
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hi ghest value is 25.67 at the age group 19-20yrs. The | owest
S. D value for /i/ is 10.93 at 9-10yrs, the highest value is
27.87 at 19-20yrs. The | owest value for /u/ is 9.05 at 9-
| Oyrs and the highest is 30.73 at 19-20yrs.

Mann- Whi t ney' U t est was appl i ed to know the
significance of difference across the age groups. Tables 15,
16 and 17 reveal the results of the test for the significance
of difference. It can be seen that there is no significance
difference in nean Fo values between the older children and
adults. The young children show significant differences wth
ol der children and adults. Hence there is a gradual decrease
upto the age group of 12yrs after which there is little
change in Fo with age.

Hence the null hypothesis stating that there is no
significant difference in Fo of phonation across age group in
mal es and females is partly rejected and partly accepted.

Conmpari son between males and fenmales in terns of Mo in
phonation as indicated in the table 81 shows that significant
differences are present fromthe age group 14-15 onwards.

Hence the null hypothesis stating that there is no
significant difference in Fo of phonation between males and
females in all age groups is partly rejected and partly
accept ed.

The results of earlier studies by Sanuel (1973), Usha
(1978) and Gopal (1980) on the Indian population have

indicated that in mles the lowering in Fo is gradual till
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t he age of 10 years (Gopal, 1980), 15 years Sanuel (1973), 13
years Usha (1985) after which there is a sudden nmarked
lowering in the Fo. In the present study the marked | owering
of Fo was observed at the age of 15 years. However the
present study also shows that the Fo stabilizes after 16
years upto the age group studied ie., 22 years.

The Graph-3 shows that Fo of /i/ is the highest followed
by /u/ and /a/ which is in contrast wth the results
reported by Rashm (1985) that is /a/ is |owest followed by
[ul. Also the present study do not show any difference
between /i/ and /u/ wvalues in younger age groups. The
hi ghest Fo of /i/ found in this study is in good agreenent
with the study by Vanaja (1986).

The gradual decrease is Fo seen in females is agreenent
with the studies by Gopal (1980) Rashm (1985). The Fo
hi ghest in /u/ followed by /i/ and /a/ is in agreenment with
earlier investigators. The S.D. values for both nmales and

females is less than that is seen quoted by Rashm (1985).

Nataraja (1988), have reported the simlar results as shown
in the present study.

The results of present study is in close agreenent with
t he observation nmade by Kent (1976), that is beginning with
first year Fo decrases sharply untill about 3 years of age
and when it make nore gradual decline reaching to the onset
of Puberty at 11 or 12 years age. A sex defference is

apparent by the age of 13 years, which marks the begi nning of

substantial drop for male voices.



Table-11a; Mean and Standard Del ation of the Fundanental fregaency of phonation of /a/ in nales and fenales

A 89 910 1011 1112 1213 1314 1415 1516 1617 17-18 18-19 19-20 20-21 21-22

MALES

Nean  250.27 219.33 259.60 256. 10 262.90 235.23 239.60 222.90 135. 10 132.53 134.17 125.60 130.78 121.37 119.23
SO 1297 1258 1446 28.28 32.48 10.79 14.19 11.15 16.18 13.29 14.47 10.94 19.22 10.86 13.70

FEMALES:

Mean  276.27 261.70 262.63 259.99 256.13 239.23 232.67 227.22 229.87 238. 37 242.73 230.05 231.49 236.90 229.63
SD 1032 1235 1478 1311 18.05 14.22 2483 12.12 17.11 16.25 12.46 21.11 25.67 21.33 2L71

Tabl e-11b: Mean and Standard Deviation of the Fundamental fregaency of phonation of /i/ in males and fenales

B 89 %10 1011 11-12 1213 13-14 1415 1516 16-17 17-18 18-19 19-20 20-21 21-22

MALES
Nean 278,33 263.67 279.50 276.90 275. C7 248.30 252. 10 226. 10 143.60 141.30 143.13 119.60 135.57 129.27 124.13
SO (0.76 17.21 12.65 30.95 40.21 10.83 14.35 10.66 19.02 15.02 3.3 37,97 20.80 11.62 13.51

FEMALES:

Meams  274.99 274.00 267. 33 269.43 269.43 259.57 243. 40 235.07 243. 37 248.23 249.53 244.73 246. 77 244.70 245.03
SD 1236 1633 10.93 1108 15.52 19.30 27.43 16.01 19.85 16.71 13.39 2471 27.87 25.04 25.11

Table-I1c: Mean and Standard Deviation of the Fundamental freqaency of phonation of /n/ in tales and females

8 89 910 101 1112 1213 1314 1415 1516 16-17 17-18 18-19 19-20 20-21 21-22

MALES:
Mean  278.73 275.63 269.33 277.90 279.10 246.03 230.73 249.00 141.17 137.04 141.24 130.93 132.37 129.11 122.93
SD 4319 26.82 13.18 30.85 4355 13.10 11.83 16.16 16.47 13.65 10.85 12.10 20.64 10.28 13.75

FEMALES
Mean  268.47 271,67 280.70 271.89 286.47 247.27 242.6 238.60 239.40 244,63 254.43 245.62 249. 47 243.50 244.89
SD 1564 10137 9.05 1468 23.35 17.03 28.08 1530 17.80 14.86 14.95 25.79 30.73 23.50 25.89




Table-12: Significant of difference between different age groups of tales on fundatental frequency of phonation of
lal

82 910 1011 2 1213 1314 ¥ 1516 1617 1718 1819 1920 2021 21-2
7-8 A A A A P P P P p P P P P P
8§ -9 P A A P P P P P P P P P P
9-1 AL A P P P P p P P P P P
10-11 A p P P p P P P P P P
11-12 P P P P P P P P P P
12-13 AP P P p P P P P
13- 14 P P P » P P p P
14-15 P p P p P P P
15- 16 A A A A P P
16-17 A A A A A
17-18 A A A p
18- 19 A A A
19-20 A A
20- 21 A

Table-13: Significant of difference between different age groups of males on fundamental frequency of phonation of
[il

89 910 10-1111-12 1213 13-14 1415 15-16 16-17 17-18 1819 19-20 20-21 21-22

7- 8 A A A A P P P P P p p P P P
8 -9 A A A P P A D P p p P P P
9-10 A A P p P p P P P P P P
10-11 A A P P P P P p P P P
11-12 A p A P P p p p P P
12-13 P a P F p P P P P
1314 p P P P P P P P
14-15 P p A P P P P
15-16 A A P A A P
16-17 A p A A P
17- 18 P A P P
18-1? A A A
| ?-20 A A
20- 2! A




Table-14: Significant of difference between different age groups of Males on fundamental frequency of phonation of
Tl

8-9 %10 101 11-12 113 13-14 1415 1516 16-17 17-18 1819 19-20 20-21 21-22

7- 8 A A A A P P P P P P P P P P
8- 9 A A A P P P P P P P P P P
9-10 A A P P P P P P P P P P
10- 11 A P P P P P P P P P P
11-12 P P A P P P P P P P
12-13 P A P P P P P P P
13- 14 P P P P P P P P
14-15 P P P P P P P
15- 16 A A A A A P
16- 17 A A A A A
17-18 A A P P
18-19 A A A
19-20 A A
20- 21 A

Table-15: Sgnificant of difference between different age groups of females on fundamental frequency of phonation of
lal

89 910 10-11 11-12 12-10 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A A A P P P P P P P P P P p
8- 9 A A P P P P P P P P P P P
9-10 A A P P P P P P P P P P
10-11 A P P P P P P P P P P
11-12 p P P P P P P P P P
12-13 A a A A A A A A A
13-14 A A A A A A A A
14-15 A A A A A A A
15-16 A A A A A A
16-17 A A A A A
17-18 A A A A
18-19 A A A
19-20 A A
20-21 A




Table-14: Significant of difference between different age groups of females on fundamental frequency of phonation of
[il

89 910 »n 11-12 12-13 13-14 14-15 1516 1617 1718 1819 1920 2021 21-2

©
b
b
> U
TUTUUTU U
> U UUUTU
>>rT U TUUTU
> U U U T
>r > > U U U U
> U UrXr>>UrX UU>
>rXr>rXr>T I U U U
>3 U U U
>>XrrXr T T3>0V U U U
> U U T U

Table-17: Significant of difference between different age groups of females on fundamental frequency of phonation of
ful

89 910 1011 11-12 1213 1314 1415 1516 16-17 17-13 18-19 19-20 20-21 21-22

7- 8 A P A
8- 9 P A
9-10 P
10-11
11-12
12-13
13- 14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

> 0

U U U UTU

> U U U UTU

I>>IT U U U U U
>0 U U UTU
> U U U T
>UX>Xr>>r U U U
>rXr>T XXX U U U U
>>Xr>r>>r > U U U U
>>Xr>XrXr>rT > 00U UTUU
>r>r XT3 0 U U0




CRAPH=3: SHOWS FUNDAMENTAL FREQUENCY OF
PHONATION IN MALES FOR fa/, /i/ & /u/.
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PHONATION IN FEMALE FOR o/, /fi/ & /u/

PFFHz)

i
A 2 3 4 5 5 7

o =
(]
(o]
<k
ra
L
p——
£

15
AGE GRDUPS

— _/ a // —fe / i f"'. —— b "“U_,;"‘-

v




95

SPEED CF FLUCTUATI ON I N FREQUENCY CF PHONATI ON

This paraneter can be considered as a gross neasure of
jitter. The analysis of speed of fluctuation in frequency of
phonation is found to be helpful in differential diagnosis of
nornmal and dysphonics (Kim 1982; Nataraja, 1988). Hence an
attenpt is made here to know the devel opnental changes of

voi ce using this paraneters.

The mean and S D values of the speed of fluctuation in
frequency is shown in tables 18a, 18b & 18c for vowels /a/,

[i/] and /u/ respectively for both nmales and fenal es.

The nean and S D values of speed of fluctuation in
frequency of phonation shows decreasing trend with age, in
all the three vowels for nales. The decrease is as foll ows;
for /al it is from8.73 at 7-8yrs to 0.76 at 21-22 years, for
[i/] it is 7.6 at 7-8 years to 0.86 at 21-22 years and for /u/
its from10.09 at 7-8 to 0.99 at 21-22 years.

It is evident from the graph (4) that for vowel /al
there is a gradual decrease in nean values from7-8yrs to 16-
17yrs. There is a sudden drop from5.89 at 16-17yrs to 1.96
at 17-18yrs. This decrease continues upto 19yrs. Then a
stable value is seen vowel /i/ shows slight increase from7.6
at 7-8yrs to 10.52 at 8-9yrs. Which remains sane upto |Oyrs
of age. There is a gradual decrease from|Qyrs to 16yrs as
in /a/, after which it follows the sane trend as in /al.

Vowel /u/ shows a simlar trend as /a/ 1e., a sudden decrease
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at the age of 8-9yrs followed by a gradual decrease upto 16-
17yrs and a sudden decrease at 17-18yrs. Al the three

vowel s show sudden increase at the age group 16-17yrs.

S.D. values also show simlar trend as nean values in

all the three vowel s.

The test of significance applied shows that the age
group 17-18yrs and above are significantly different fromthe
age groups below them (tables 19, 20 & 21). The age groups

7-8yrs to 16-17 years do not show significant differences

with each other. Sanme results is observed with age groups
17-18 years and above. This is true with all the three
vowel s.

Thus the null hypothesis stating that there is no

significant difference in speed of fluctuation in phonation

in mle is partly accepted and partly rejected.

The study of graph-4 for females reveals that in /al
there is an increase in nean val ue between 7-8yrs and 8-9yrs.
Later, the nean values decreases gradually upto 15-16yrs
followed by a sudden decrease at 16-17yrs. The val ues
decrease gradually from 17 to 21 years followed by a slight
i ncrease at 21-22 years. Age group 11-12 years shows hi ghest
mean val ue and variability. A simlar trend is also seen in

vowels /i/ and /u/. However nean values do not show any

consi stent pattern.
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The test of significance of difference (Mann-Wiitney 'U
test) was applied, the results which are shown in table 22,
23 and 24. This indicates that changes are gradual
i ncreasi ng age. No significant changes are seen between 8-
9yrs and 13-14yrs. The |ower age groups ie., 7-8yrs to 12-
13yrs show significant differences with age groups 15-16yrs
and above. Anmong the adol escent age groups 15-16yrs and 16-
17yrs show significant differences wth their inmediate
hi gher age groups. These adol escent age groups 13-14yrs to
17-18yrs show significant differences with both younger and
adult age groups. No significant differences are found
bet ween adult groups 18-19yrs to 21-22 years. Vowel /i / also
shows significant differences between younger age groups 8-
9yrs to Il-12yrs and adult age groups. Anobng adol escent age
groups only 12-13yrs and 14-15yrs show significant difference
with adult age groups. But they show significant differences

with i mredi ate hi gher age groups.

For vowel /u/, the significant differences are. found
between 16-17yrs to 19-20yrs and 7-8yrs to 14-15yrs. Age
groups 14-15yrs, 15-16yrs and 16-17yrs show signficant

difference with their i mredi ate age groups.

Thus the null hypothesis stating that there is no
significant difference in speed of fluctuation in phonation

is partly accepted and partly rejected.
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The results can be summarized as foll ows:

1) In all the three vowels, in mles, there is a gradual
decrease in nean and S.D. value upto 17yrs, where there is a
sudden decrease is noted. Further, no changes in nean and
S.D. values are noted above the age 19yrs.

2) In /i/, however a slight increase in mean values upto
| Oyrs is seen.

3) In, females also simlar trend as in nmales is seen.
However S.D. neasure do not show any consistent change with
age.

4) There is significant differences between males and fenales
in terms of speed of fluctuation in frequency in phonation in
the adult age groups.

Nataraja (1986) studied normals and dysphonics on
several paraneters of which speed of fluctuation of Fo was
one. He reported that this paraneter was able to
differentiate normals and disphonics in both males and
f emal es. He reported nmean of 5-63year for normal nmales and
6.18 for nornmal females and a range 0-14 for males and 0-12
for females. The values for the younger age groups in the
present study are higher than the values reported in the
above study, but well with in range given by Nataraja (1988).
This sane indicate a progressive devel opnent of control over

vocal cords vibration from chil dhood to adult.

Results of the present study are supported by Liberman

(1963) R eberg (1961).
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Table-18a: Mean and Standard Deviation of the speed of fluctuation of frequency in phonation of /a/ in males and
females

7-8 8% 9-10 10-11 1-12 12-13 13-14 13415 15-16 16-17 17-18 18-19 19-20 20-21 21-22

MALES:
Hean B.73 4,26 7.B% 5.79 435 §
5.0 &40 2,00 2,50 2,19 3.0 2

0570 491 4.3 5.8y 1.9% 0.7 076 LOA 070
5 160 136 L7 3.4 1,25 029 039 076 0.49

FEMALES:
Hean 6,34 B9 7.02 5,73 b.B% 5.3 530 4,

2.3 L300 .80 L% LBl 173 2.3
5.0 el B2 L LB 33 LT L2 1.18 ! 1,19

0,97 A0 036 0,80 119 .68

Table-18b: Mean and Standard Deviation of the speed of fluctuation of frequency in phonation of /i/ in sales and
fesales

7-8 8-%  9-10 10-11 11-12 12-13 13-14 14-15 15-16 14-17 17-18 18-19 19-20 20-21 21-22

MALES:
Hean 7.60 10,32 {043 7074 .09 7.3 B.Al 10,20 504 A7% 2007 697 0% 070 0.Bh
8.0 2,70 479 579 235 I35 400 2,22 .20 173 487 L4 0.7t 0,88 060 0.1

FEMALES:
Mean b.65 10,148 8,29 5,37 7.9%9 46.1B 548 7%
5.0 t.70 2.5 2343 8 S.02 3% 232 L8

ra :{I
[ |
o = S |
—
- =
£ D
[
—
-
-

Table-18c: Mean and Standard Deviation of the speed of fluctuation of frequency in phonation of /u/ in males and
fesales

748 89 9-10 10-11 11-12 12-13 1314 14-15 15-14 117 17-13 18-19 1920 20-21 20 %

MALES:

Nean - 10,09 7.50 B30 A2 B.2B A9 7482 5.2 45 T.43 LA 0.8 072 L7 099
3.0 7,47 356 4,27 427 7.8 .82 1.7 L8 L0 LES 145 087 L2 087 0.3
FEMALES:

Nean f.B0 10,77 .77 0.95 5.6 7.08 . 9.07 42 LIF 332 LAY O OGLLDB
8.0 .70 4,32 .93 LI 350 2.9 3.3 O30 L2 L LI

[t B = o
- -

[
o s |

Led TR
-




Tabl e-19: The significance of difference between different age groups of males on the speed of fluctuation of
frequency on phonation of /al

89 %10 100 1112 1213 13-1414-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

7- 8 A A A
8- 9 A A
9-10 A
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

> > r >

> > >

> > >
> > > >

> UX>>T U U U
rrr> > > >

U U U UUUUUUTU

> U US UDT U U U U

> U U UUUUUUTUTU
> - U U UUT U UUUTU
> U U U U UUTUUTUDOo

Tabl e-20: The significance of difference betxeen different age groups of males on the speed of fluctuation of
frequency on phonation of /i/

99 %10 1911 1-12 1213 13-14 H15 1516 16-17 17-18 13-19 19-20 20-21 21-22

7- 8 A A A A
8 -9 A A F
g-10 A A
10-11 A
11-12
12-13
13-14
14-15
1516
16-17
17-18
18-19
19-20
20-21

> > > > >

> > >

U > "0 U U T

> UXrXrIT U US U
>>r>>> > > >

U U U U UUUUTUTU

U U U UUUUT UUT

> U U U UUUUTUUUTT

> >0 US UUUTUUTUD O
> > U U US U U UuUUUTo




Tabl e-21: The significance of difference between different age groups of males on the speed of fluctuation of
frequency on phonation of /u/

89 %10 1011 1112 1213 1314 1415 1516 1617 17-18 1819 1920 20-21 21-22

7- 8 A A P A A A P P A P P P P P
8- 9 A A A A A A P A P P P P P
9-10 A A A A P P A P P P P P
0-1 A A A A A A P P P P P
n-12 A A A A A P P P P P
2- 13 A A P A P P P P P
13- 14 P P A P P P P P
14-15 A A P P P P P
15- 16 A P P P P P
16- 17 P P P P P
17 - 18 A P A A
18- 19 A A A
19-2 A A
20 - 2! A

Tabl e-22: The significance of difference between different age groups of females on the speed of fluctuation of
frequency on phonation of /al

8-9 9-10 101 11-12 1213 1314 1415 1516 1617 118 1819 1920 2021 21-2

7-3 A A A A A A P P P P P P P P
8- 9 A P A P P P P P P P P P P
9 - 10 A A A P P P P P P P p P
0-1 A A A A P P P P P P P
n-n A A A P P P P P P P
-8 A A A P P P P P P
B- 1 A P P P P P P P
“-15 A P P P P P P
5-16 P P P P P P
- 17 P A A A A
-8 A A A A
18- 19 A A A
19- 2 A A

A

20-2
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Tabl e-23; The significance of difference between different age groups of females on the speed of fluctuation of
frequency on phonation of /i/

89 910 10-11 11-12 1213 13-14 1415 1516 16-17 17-18 1819 19-20 20-21 21-22

e

—

o
> U >
>>XrXr U
>>X>r U U
> T U >
U > U UUTUTU
U U U UUUUTUTUT
U »UX>X>TUUUUU
> > U UU U U UUT
>Xr > U UUUUUUTU
>>r2>2> U2 U U U U
> XXX 2> 2> U U U U U U

Tabl e-24: The significance of difference between different age groups of females on the speed of fluctuation of
frequency on phonation of /uf

89 910 1011 11-12 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

7-8 P A A A A A A A P P P P A A
8 -9 AP P P A A P P P P P P P
9- 10 A A A A A P P P P P A A
10- 1 A A A A A P P P F A A
n-12 A A P A P P P P A A
22-13 A A A P A A A A A
13- 14 A A P P p P A A
14 15 P P P P P A P
5 - 16 P A A A A A
6- 17 P A P A P
7- 18 A A A A
18 - 19 A A A
19- 2 A A
202 A




GRAPH—4: SHOWS SPEED OF FLUCTUATION IN
FREQUENCY IN MALES FOR /fa/, /i/ & fu/.
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GRAPH=4: SHOWS SPEED OF FLUCTUATION IN
FREQUENCY IN FEMALES FOR /fa/, /i & fu/.
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EXTENT CGF FLUCTUATI ON I N FREQUENCY CF PHONATI ON

The analysis of extent of fluctuation in frequency of
phonation is helpful in differentiating the normals and
dysphonics (Nataraja, 1988, Kim 1982). Here an attenpt is
made to know the devel opnmental changes in voice in children

and adults using this paraneter.

The mean and S.D. values for the extent fluctuation in
frequency in phonation is shown in the tables 25a, 25b & 25c

for /al, /i/ and /ul/ respectively for both nmales and fenual es.

| nvestigation of tables 25a, 25b and 25c reveal that the
values of nean and S.D., are highest at 7-8 years for all the
three vowel s and | owest at 20-21 years for /a/ and /i/ and at

19-20 years for /ul.

It is evident fromthe graph-5 that, for the vowel /a/,
there is a sudden drop from 7-8 years (7.63) to 8-9 years
(4.09). The nean values then decrease gradually upto the age
of 21-22yrs. Vowel /i/ shows a slight increase from 7. 69Hz
at 7-8yrs to 10.52Hz at 8-9yrs, followed by a decrease to
5.81Hz and 9-10yrs. There is gradual decrease in nean val ues
from 9-10yrs to 21-22yrs. But age groups I1-12yrs and 16-
17yrs show a slight increase in nean values. Vowel /u/ shows
a gradual decrease from 8Hz at 7-8yrs to 3.59Hz at 21-22yrs.
Age group 16-17yrs shows a slight increase in nmean val ues and
age group 19-20yrs shows a decrease when conpared to other

age groups.
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Mann- Wi tney U t est was applied to know the
statistical significance of difference (tables 26, 27 and
28), which shows that for /a/ groups 20-21 and 21-22 years
show significant difference with the lower groups and their
is a significant drop by 7-8 and 8-9 years. There is no
significant difference when comapred with other groups. For
vowel /i/ groups 14-15 years and above show a significant
difference with the |ower age groups. But age groups from
14- 15yrs and above do not show any significant change. For
vowel /u/ the pattern is different fromthat of /a/ and /i /.
The groups 7-8 years to 13-14 years are significantly
different from the group 17-18 and above. But age groups 7-8
and 9-10 years show a significant difference with all other
age groups. Also like in /a/ and /i/ groups 14-15 and above

do not show any significant change.

In fenales the values of nean and S.D. for the first
group is 3.81 and 0.44; 4.67 and 1.18; 4.65 and 1.23 for /al
and /i/ and /ul/ respectively and that of last group is 3.87
and 0.92; 4.38 and 1.24; 4.25 and 0.88 for /a/, /il and /ul
respecitvely. Hence it can be seen that there is no
consi stent significant increase or decrease in the nean and

S.D. values across age groups studi ed.

The tables 26, 27 and 28 presenting significance of
di fference shows that for vowel /i/ groups 8-9, 9-10 and 10-

11 years show a significant difference with each other and
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also wth all other age groups. For vowel /u/ age groups 10-
[lyrs and 16-17yrs show a significant difference wth nost of
the other age groups. Wth reference to vowel /al/ age groups
19-20yrs and 12-13yrs show significant difference w th nost

of the other age groups.

Thus the null hypothesis stating that there no
significant difference in extent of fluctuation in frequency
in nmales across age group is partly accepted and partly

rejected. In case of females it is accepted.

Comparison of nean values between males and fenales
shows t hat

- for /al significant difference are present only at 7-
yrs, 20-21yrs and 19-20yrs.

- for /i/ significant difference are present only at 7-
8yrs and 21-22yrs.

- for /ul/ significant difference are found only at 7-
8yrs, 9-10yrs, 10-llyrs, 14-15yrs, 16-17yrs, 18-19yrs and 21-
22yrs age groups.

Therefore there is no significant difference between
males and females in ternms of extent of fluctuation in
frequency across all age groups, except at |ower end and
hi gher end of age groups studied.

Thus the null hypothesis stating that there no
significant difference in extent of fluctuation in frequency

bet ween mal es and femal ess is accepted.
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The results can be sumarized as foll ows:

1) The extent of fluctuation in frequency in phonation is |ow
in higher age groups and high in younger age groups for all
the three vowel s. Vowel /i/ shows no significant difference
upto 11-12 years and a significant drop at 12-13 years, after
which there is very slow decrease upto age group 21-22 years.
Vowels /al and /u/ show a sharp drop at the age group 8-9
years, after which there is slow decrease.

2) In females there is no consistent significant change with

age.

There is no simlar study to conpare the data obtained
her e. However, Rashm (1985) who studied fluctuations is
frequency and intensity across age groups 4-15yrs reported
that, (1) the fluctuation is frequency of the initial to
final segnents of phonation of /a/, [/i/ and /u/ showed a
decreasing trend wth age in males. Simlar finding is
obtained in present study.

(2) 14-15 years old group showed an increase in the range of
fluctuation for all the vowels. This was not found in
present study.

(3) In females there was a decrease in the range of
fluctuation in frequency of the initial and final segnents
upto 9 years and increase upto 11 years and drop till 15
years. However the present study does not show any systematic
change in extent of fluctuation.

(4) No difference in the range of fluctuation in frequency

bet ween mal es and fenal es was observed in younger age group.
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In the present study only age group 7-8ys showed a
significantly higher values for males for all the three
vowel s anong the younger age groups.
(5) Mal es consistently showed greater fluctuations in
frequency in the phonation of /a/, /i/ and /u/ than fenales
of 14-15 years. In the present study males showed a | ower
value than fermales but it was not statistically significant.
The differences between nmales and fenmales is significant only
at 19-20yrs and 20-21ys for /al/, for /i/ 21-22yrs and for /u/
16-17yrs, 18-19yrs and 21-22 years age groups.

Nataraja (1988) has reported that nean of 2.74 and S.D
2.5 in males and a nean 2.41 and S DO of 0.72 in females in
the age range 16-25yrs. The result of present study
correlates with these values as shown by the adult age groups
st udi ed.
SPEED OF FLUCTUATI ON IN I NTENSI TY OF PHONATI ON

The tables 32a, 32b, & 32c shows the nmean and S. D
values of the speed of fluctuation in intensity of phonation
of /al, /il and /u/ respecitvely in both males and fennl es.

The inspection of tables shows that the nean val ue and
S. D val ues decrease slowy and steadily as a function of
age for all three vowels. The decrease in nean value is from
2.14 at 7-8 years to 0.14 at 21-22 years for /al/, and 2.16 at
7-8 to 0.34 at 21-22 years for /i/ and 1.88 at 7-8 years to
0.35 at 21-22 years for /u/. However older children 12-13yrs
to 17-18yrs show inconsistent changes in nean values wth

age. This is clearly shown in graph 6.



Tabi e-25a; Mean and Standard Deviation of the extent of fluctuation in frequency in phonation of /a/ in males and
femal es

M 89 910 10-11 1112 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 29-21 21-22

NALES:
Mean 7.63 409 7.89 421 48 437 425 38 408 388 377 364 348 201 277
SD 472 128 25 219 25 124 100 08 15 08 063 063 129 99 15

FEMALES.
Mean 381 3.9 39 400 48 468 378 443 401 374 363 35 334 35 387
SD 0.44 058 044 064 1.81 1® 047 168 058 042 05 024 05 920 092

TaMe- 25h; Mean and Standard Deviation of the extent of fluctuation in frequency in phonation of /i/ in males and
femal es

M 89 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

MALES
Mean 7.69 10.52 581 562 7.09 464 475 370 376 502 45 38 3-8 325 340
S.D 438 679 129 225 35 08 1.17 044 078 15 159 051 065 137 047

FEMALES
Mean 467 520 576 6.6/ 546 447 410 449 414 377 38 413 387 19 428
118 .16 064 .12 253 106 07 !.07 074 063 064 08 110 973 !.24

Tabl e-25¢: Mean and Standard Deviation of the extent of fluctuation in frequency in phonation of /n/ in males and
femal es

M 8 910 1011 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

MALES:
Mean 800 500 607 521 554 438 472 393 397 45 3% 362 269 333 359
SD 467 160 0.8 218 316 034 107 067 261 127 08 049 1% 139 051

FEMALES
\ean 465 453 452 536 476 417 408 465 411 349 447 421 38 L1L72 45
SD 123 112 048 08 191 05 05 091 067 05 09 068 047 35 088
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Tabl e-24; The significance of difference between different groups of males on the extent of fluctuation of frequency
on phonation of /al

89 910 10-11 11-12 1213 13-14 14-15 1516 16-17 17-18 1819 19-20 20-21 21-22

P
- A
9-10 A

T U
>0

>>X>Xr>r U

>>X>X>X>X>Xr> U

> > U

> > >0
>r>rr>rr>r> U
>>r>r>rr>r>r>2>T0
>>Xrrr>r>rrr2> U0
>rrr>r>rr>r>>T 0

> U U UUUUUTU>TUTUTDO
> U U UUU>TUUTU

Tabl e-27. The significance of difference between different groups of males on the extent of fluctuation of frequency
on phonation of /i/

89 910 1 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A°A A A P P p P P P P P P P
8- 7 A A A A A P P A P P P P P
9-10 A A P A P P A P P P P P
10- 11 A A A P P A A P P P P
11-12 A A P A A A A A P P
12-13 AP P A A P P P P
13- 14 P P A A A P P P
14- 15 AP A A A A A
15-16 A A A A A A
16-17 A A A P p
17-18 A A A A
18- 19 A A A
19-20 A A
20-21 A
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Tabl e-28: The signi ficance of difference between different groups of males onthe extent of fluctuation of frequency
on phonation of [uf

89 910 01 112 1213 13-14 1415 15-16 16-17 17-18 18-19 19-20 20-21 21-22

P A P P

P A

P P
A A A

10 P P P P
A

>>3X"0UX U
> "UX>X U
>3 "UX U
>
> >
>
U U U O
pdnvh b Javiapvisvinvisvinvine]
> =
TU>X>»> U U UU U
> =
U UX>»>" U U U U
s =l = = =
I>>>"U0 U U U U U U

Table-29: The significance of difference between different groups of females on the extent of fluctuation of
frequency on phonation of /a/

89 %10 1011 112 1213 13U 1415 1516 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A A A A A
8- 9 A A A A
9-10 A A

10-11 A
11-12

12-13

13-H

It-15 A
15-16

16-17

17-18

18-19

19-20 A
20-21

> U0
el — s i~ =

> >
> I
> I

>3 "0

>rr>r U >
>0 0> U >
OUrX"U U >

I>>>>T>"U UX>X>"U U U000
== ==
> O >

= 3>




Tahl e-30: 1 he si gni ficance of difference between different groups of Jfemales on the extent of fluctuation of
frequency on phonation of /i/

&9 910 1011 11-12 1213 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7-9 A P P
8- 9 A P
7 -10 P
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

o>

>TUUX>X>

> 0T 0>
>rXr>r U o>
>XrXr U UTUTU>
>TUX>»X>» U UUTo>
>30TV 0>
>r>>X>>>0VUUuU>
>>>»>»>>rX>> U UU U
>rr>>>TrX>> 00U
>r>rrr>>r>> VU

Table-31; The significance of difference between difference groups o females on the extent of fluctuation of
frequency on phonation of /u

8-9 9-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-13 1819 19-20 20-21 21-22

©
>
ur >

9-10
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

>0

>Urr>

> U U>>
>rT>>r>> >

>>X>r>Xr> 0> >

W U0 UTUT TUTUTTO
>rr>>r>> 0> >
>>>>Tr>rr>r 0> >
>r>>r>r>>r>r 0 U
>r>Xrr>rTU> U U UTT
>>r>>>r>r>rr> U > >




GRAPH=5: SHOWS EXTENT OF FLUCTUATION IN
FREQUENCY IN MALES FOR fa/, fi/ & fu/.
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GRAPH=5: SHOWS EXTENT OF FLUCTUATION IN
FREQUENCY IN FEMALES FOR /fa/, /i/ & /u/.
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The result of test for significance of difference is shown in
table 33, 34 & 35. The inspection of these tables reveal
that for vowel /a/ the significant changes are seen across
the age groups 14-15yrs, 15-16yrs & 16-17yrs, which may be
related to the pubertle changes. On the whol e the younger
children do not show significant difference with each other.
Adult age groups also do not show significant difference
with each other. In older children 17-18yrs and 15-16yrs
show significant differences with the |ower age groups. The
younger children and older children also show significant
differences with the adult age groups, except for age
groups 10-Ilyrs, 12-13yrs and 15-16yrs. Si gni fi cant

di fference between younger and ol der children are random

For the vowels /i/ and /u/ also the younger children and
adults do not show significant differences with each other.
Both ol der age groups and younger children show significant
differences with adult age groups. Again no consistent
significant differences are found between younger and ol der

chi |l dren.

Thus the hypothesis stating that there is no significant
difference in speed of fluctuation in intensity of phonation
as a function of age, is partly accepted and partly rejected

with reference to nml es.

Femal es al so show a decreasing trend in nmean and S. D

values as in nales. However, the decrease is |esser conpare
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to males. The decrease is fromO0.77 at 7-8 years to 0.39 at
21-22 vyears for /al/, 0.61 at 7-8 years and 0.21 at 21-22
years for /i/ and 0.75 at 7-8 years to 0.22 at 21-22 years
for /u/. The values are low for the phonation of vowel /i/.

However age groups 8-9yrs, 13-14yrs and 15-16yrs show hi gher

val ue than the rest.

The results of test for significance of difference are
showmn in tables 36, 37 & 38. The results reveal that the
young children show significant difference with adults. But
ol der age groups do not show, significant difference with

either adults or younger age groups. The sane trend is seen

in all the three vowel s.

Thus the hypothesis stating that there is no significant
difference in speed of fluctuation as a function of age, is

accepted with reference to femal es.

Conmparison between males and fenales in ternms of speed
of fluctuation in intensity as shown in table-81 reveal,, that
there is significant difference between nmales and fenmales in

the age group 14-15 years only.

Thus the hypothesis stating that there is no significant
difference in speed of fluctuation in intensity of phonation

as a function of age, between nmales and females is accepted.



114

The results can be summari sed as:

1) The nales show significant decrease in mean and S.D

values with age for all the three vowels.

2) There is increase in nean and S.D. values at the age group
14-15yrs.

3) Females also show a decrease in nean and S.D. values wth

age but nore gradual than that of nmles.

4) The mean values of males are significantly higher than

that of females in the |ower age groups only.

No study with a simlar definition has been carried out
to study the developnmental changes. Nataraja (1988) had
carried out a study, wth simlar definition of the paraneter
in normals and dysphonics. Simlar study also have been
carried out on normal adults by Kim et al (1982) and
Yoon et al (1984)]. This parameter shows change wth age,

probably indicating the neuronuscular nmaturity of the
| aryngeal system

EXTENT OF FLUCTUATION IN INTENSITY OF PHONATI ON

The mean and S.D. of extent of fluctuation in phonation
of /fal, [il and /u/ are shown in tables 39a, 39b & 39c

respectively, for both mles and females in the range
st udi ed.
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Tabl e-32a: Mean aud Standard Deviation of speed of fluctuation in intensity phonation of /a/ intales and fenales

-8 89 910 10-11 1112 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

MALE:
Mean 214 25 116 07 166 130 1.38 227 036 127 040 042 0.4 023 014
S.D 242 300 115 054 08 14 102 113 038 097 028 0.3 038 038 019

FEMALES,
Mean 0.77 08 112 05 08 09 08 05 073 08 030 047 034 067 03?
S.D 0.5%6 045 05 036 05 097 08 05 09% 118 02 039 043 113 037

Table-32b: Mean ad Standard Deviation of speed of fluctuation inintensity phonation of /i/ in nmales and fenales

-8 89 910 10-11 HI12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

MALES:
Mean 216 098 107 063 13 106 09 217 03 166 04?7 08 019 032 03:4
S.D 213 107 0.9 03 07 143 09 125 032 15 045 Q7?77 03 037 025

FEMALES,
Mean 0.61 08 071 066 07 060 08 05 073 109 042 03 01? 067 02
0.42 050 044 044 05 084 09 043 062 127 042 044 024 106 017

Tabl e-32b: Mean ad Standard Deviation of speed of fluctuation inintensity phonation of/u/ intales and females

778 89 910 1011 11-12 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

MALES:
Mean .88 100 110 039 238 069 153 253 043 14 05 05 039 013 035
SD 225 097 098 043 273 106 173 t.3 044 174 067 067 03 015 028

FEMALES:
Mean 0.7 123 0.8 060 08 063 115 054 104 061 030 03 109 034 02
S.D 0.57 14 0.8 05 08 06 110 049 13 08 02/ 037 113 027 030




Tabl e-33: the significance of difference between different age groups of tales onspeedof fluctuation in intensity
of phonation of /al

8-99-10 1011 11-12 12-13 13-14 14-15 15-14 14-17 17-18 1819 19-20 20-21 21-22

7-8 A A A A A A A P A P P P P P
8- 9 A A A A A A P A P P P P P
9- 10 A A A A P A A A P A P P
10-11 P A A P A A A A A P P
11-12 A A A P A P P P P P
12-13 A A A A A A A A P
13-14 AP A P P p P P
14-15 P A P P P P P
15-14 P A A A A A
16-17 P P P P P
17-18 A A A P
18-1? A A A
19-20 A A
20- 21 A

Tabl e-34: The significance of difference between different age groups of tales on speed o fluctuation in intensity
of phonation of /i /

8-99-10 10-1111-12 12-13 13-14 14-15 15-14 14-17 17-18 1819 19-20 20-21 21-22

7- 8 A A P
8- 9 A A
9-10 A
10-11
11-12
12-13
13- 14
14-15
15-14
14-17
17-13
18-19
19-20
20-21

>>> >

>r>> > >

>r>r>> T
TUX>»>»TUVUTU>
UX>X>X>TUX>TUV>T

L T>T>>>>T> >
>>TU>>TUX>>>T
>>>TU>>>>>> >
U>XrU>TUU>TVUUUDU
>>X>>TU>UVUP>UUUTUT
>>>> U9V U>TUVTUUUT




Tabl e-34: The significance of difference between different age groups of males on speed of fluctuation in intensity
of phonation of /u/

&9 910 1011 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7-8 A A P A P A A P A P P P P P
8- 9 A A A A A P A A A A P P A
9- 10 P A A A P A A A A P P P
0- 1 P A P P A P A A A P A
- 1 A A A P A P P P P P
- 13 P P A A A A A A A
B - 1 A A A P A P P P
- 15 P A P P P P P
B - 16 A A A A A A
b- 1 A A P P P
7 - 18 A A A A
18- 19 AP A
19- 20 A A
2 -21 A

Tabl e-35: The significance of difference between different age groups of fenales on speed of fluctuation in
intensity of phonation of /al

8-99-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-25 20-21 21-22

7-8 AP A A A A A A A P A P P A
§- 9 A A A A A A A A P A P P P
9- 10 P A A A P P A P P P P P
0 -1 AL A A A A A A A A A A
11- 12 A A A A A P A P P P
- 13 A A A A P A P A P
B- U A A A A A A A A
1 - 15 A A A A A A A
5 - 16 A A A A A A
1 - 17 A A A A A
T - 18 A A A A
18 - 19 A A A
1 - 2 A A

0-2
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Tabl e-36: The significance of difference between different age groups of fenmales on speed of fluctuationin
intensity of phonation of /i/

8-9910 1011 11-12 1213 1314 1415 1516 16-17 17-18 1819 1920 20-21 21-22

A
-9 A A
A

>> x>

>

> > > >
>rTr>>r> > >
>0

Sl =~ s i i~ =
>r>>TXr2>2> 00T

>>X> U U>> U UUUDU
>>>U>TU>TUTUUUT
>r>r>r>rr>>> 0>
>X>>X>T>U> UV UUTUTTU

Tabl e-37: The si gnificance of difference between different age groups of fenales an speed of fluctuationin
intensity of phonation of /u

89 910 1011 11-12 1213 13-14 1415 1516 16-17 17-18 1819 19-20 20-21 21-22

A
A
A

> > >

>>>>>

>>rr> >
Tr>>> > >
>

> 010>
>TUX>XrTUVU>TUVI>T U
>0V UX>TUX>>T0V VT
>rXr>rTU>TU>T>>TUTU
>»>»>Xr>»Ur>rUX>UI>TUTU>
>rr>XrrIU> U UU>>TU U
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The investigation of these tables 40, 41 and 42 reveal s that
the nean values for /al/ shows a slow decreasing trend as a
function of age. The highest nean value for /a/ is 3.32dB at
7-8 years age group and the lowest value is 1.16dB at 21-22
years. There is gradual decrease in nmean values from 7-8
years to 16-17 years. But age groups 12-13 years and 15-16
years show a sudden drop in nmean value (ie., 2.55dB and
2.07dB resceptively)., There is a significant difference at
17-18 years (2.54dB) and then remains stable upto 19-20
years. The age ranges 20-21 years to 21-22 years agai n show
| oner values than the rest of the age groups. This stepw se

decrease is evident in the graph-7.

The S D values increase with age from0.64 at 89 years
to 1.53 at 21-22 years, but age group 10-11 years shows
hi gher variability wit the S D values being 2.54.

The nean values for /i/ shows a sudden drop at 8-9 years
and after that consistent trend in seen. The hi ghest nean
value for /i/ is 3,82dB at 16-17 years and lowest is 1.24dB
at 18-19 years. The nmean values of /i/ do not show any

consistent pattern like that of /a/.

The S D values in the lowest, at the age group 7-8
years (0.49) and the highest at 15-16 years (1.55). But age

groups 16-17 years and 18-19 years show a |ower value than

others as shown in table 39b.
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The nean values for /u/ are lower towards the higher
end. The nmean values for /u/ decrease from 3.53dB at 7-8
years to 2.94dB at 21-22 years. The inspection of table 39c
shows that age groups 17-18 years and above show | ower val ues
than the |ower age groups. Among these |ower age groups,

however age groups 10-11, 12-13 years and 15--16 years show

| ow val ues.

The S.D. values show a increasing trend with age from

0.41 at 7-8 years to 1.37 at 21-22 years. However age group

14-15 years |owest value is 0.23.

The significance of difference were found between the
age groups 20-21yrs, 21-22yrs and 14-15yrs and bel ow for
vowel /al. Age groups 9-10yrs, |[|1-12yrs and 14-15yrs show
significant difference with age groups 17-18yrs to 19-20yrs.
The age group 19-20 show significant difference wth age
groups 18-19, 16-17, 14-15 and 11-12 years and bel ow when
vowel /i/ is considered. Age groups 16-17yrs also show
significant difference with the age groups 9-10yrs, 10-Ilyrs,
12-13yrs, 13-14yrs and 15-16yrs and also with age groups 17-
18yrs and above. No other age group shows consistent,

signficant difference with other age groups.

When vowel /u/ is considered the age groups 19-20yrs to
21-22yrs show significant difference with 7-8yrs and 8-9yrs
age groups. Age group |I1-12yrs show significant difference

with nost of other age groups except 13-14yrs and 16-17yrs.
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Thus the null hypot hesis stating that there no
significant difference in extensive of fluctuation in males

across age group partly accepted and partly rejected.

In case of females no consistent pattern is observed for
nmean values in all the three vowels. The |owest values are,
for /al 2.26dB at 16-17 years and the highest value is 3.45dB
at 13-14yrs age group. The lowest value for /i/, is 1.7dB at
18-19 years and the highest values is 3.52dB at 11-12 years.
And the |owest nean value for /u/ is 1.47dB at 21-22 years,

and hi ghest value is 3.73dB at 8-9 years.

The S.D. values increases as age increases, the values
are 0.48 at 7-8 years and 1.5 at 21-22 for /a/; 0.56 at 7-8
and 1.44 at 21-22 years for /i/; and 0.87 at 7-8 years and
1.58 at 21-22 years for /u/.

The test for significance of difference (tables 43, 44 &
45) do not reveal any consistent pattern except for that in
/al and /u/ the age groups 13-14 is significantly different,
fromall other higher age groups, and for /i/ age group 21-22

years is significantly different from nost of the |ower age

gr oups.
Thus the null hypot hesis stating that there no
significant difference in extensive of fluctuation in

intensity across age group in females is accepted.
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The conparison of males and females shows that there is
no significant difference between sexes in the vowel /a/ and
lul. However for the vowel /i/ significant difference found

at the age groups 7-8yrs and 14-14yrs, were the nale shows

hi gher nean val ues than fenal es.

Thus the null hypot hesis stating that there no
significant difference in extensive of fluctuation in tensity

between nmal es and fenmales is accepted.

The results can be summari zed as foll ows:
1) In males the nean values of age groups 17-18 and above

show a significanlty lower value than the other age groups

for all the three vowels.
2) Femal es do not show any consistent pattern.

3) Male and female do not show significant difference at any

of the age groups.

This paraneter with a simlar definition has not been
studied in children and adult. Nataraja (1988) has
carriedout a study on normal and dysphonics. The val ues
reported in the present study are with in the range quoted by
Nat araja (1988) (0-4dB). He also reported that there is no
difference between males and females with respect to this
par anet er. The present study also showed no significant

difference between nmales and females in majority of the age

groups.
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Table-39a; Mean and Standard Deviation of the extent of fluctuation in intensity in the phonation of/a/ in males

ad females
7-8 89 910 1011 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22
NALES:
Hean 332 332 328 316 354 25 301 347 207 307 254 252 225 141 116
SD 079 064 075 200 05 17 09% 03 178 123 13% 137 15 15 153
FEM.ES:
Mean 299 316 330 234 33 29 34 283 261 22 25 257 239 251 24
SB 0.4 Q12 031 08 079 111 034 14 113 15 13% 13 129 120 1%
Tab! e-3?h: Mean and!Sandard Beviation of the extent of fluctuation in intensity in the phonation of /i/ in males
ad fetales
7-6 89 9-lo 1011 11-12 1213 1314 1415 1516 16-17 17-18 18198 19-20 20-21 21-22
MALES:
Mean 353 299 287 278 353 237 271 331 223 3.8 233 292 124 203 274
SD 04 1.06 192 102 104 166 100 031 15 070 14 08 160 15 106
FENALES,;
Mean 275 331 320 322 35 230 328 269 307 269 292 230 170 306 204
0.56 0.64 058 12 030 24 065 122 124 14 106 15 160 236 14
Tabl e-39c: Mean and Standard Deviation of the extent of fluctuation in intensity in the phonation nf/u/ in nales
ad feMes
7-8 89 910 1011 11-12 12-13 13-14 14-15 1516 16-17 17-18 1819 19-20 20-21 21-22
MALES:
Mean 3.48 306 300 261 367 19 339 324 2271 317 168 274 251 141 247
SD 041 1019 107 140 064 209 124 023 15 131 158 12 13 15 13
FEMALES.
Mean 299 373 340 243 311 308 337 264 275 273 222 25 250 226 14
SD 0.87 106 065 15 071 119 060 127 14 15 1% 136 12 139 158




Tabl e-40: The significance of difference between different age groups of tales on extent of fluctuation of intensity
in phonation of /al

8-9 9-10 10-H M12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

-8 A A A
9 A A
P

o>>>
> > > >

>>>>>>

>>>T0T>>>
>>>>>>>>
>>>>>>>>>
>>TU>PT >TU>>
>>>T>>T0V>T>>
>>>>TVT>>TU>TV>>
>>>2>UX> UV U>TUVTUUTUTU
>rT>T> VP>V U TUTUUTUTTUTU

Tabl e-41: The significance of difference between different age groups of <ales on extent of fluctuationof of
intensity in phonation of /i/

8-9 9-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7.8 A A P A A P A P A P A p P A

8- 9 A A A A P A A A A A P A A

9-10 A A A A A A p A A P A A
10-11 A A A A A P A A P A A
11-12 AP A A 3 P A P P A
12-13 A A A p A A A A A
13-14 P A p A A A A A
14-15 AL A P A P A A
15-16 b A A A A A
16-17 P P P P P
17-18 A A A A
18- 19 P A A
19-20 A P
20-21 A
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Tabl e-42: The significance of difference between different age groups of tales on extent of fluctuationof of
intensity in phonation of /u

g9 910 1011 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A A P
8- 9 A F
A

o> >

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

Tr>r>>

> >> >

>>XrUX>>r >
>>Xr>TUX>I>T0TU
>rrr>rr>r>r >
U>rTUVUU>TU>TVTUTTU
>rr>rr o> >
>>rTUX>X>>2>TVI>>TTVTTU
>>> U TVU>U>UTTUT
>>rX>r>rUuU>r>rr>rUuUr>rr>rTUT

Tabl e-45: The significance of difference between different age groups of nales on extent of fluctuationof of
intensity,in phonation of /d

8-9 9-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

A
-9 A A
9-10 A
10-11
11-12
12-13
13- 14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

T>>>
>>>>>

>>>>TT

>>>T>>>
>>>>>>>>
>>>>>>>>>
>>UV>>TU>U>>
>>>TV>>TV>T>>
>>>>rTU>>TV>T>>
>>>TTUVXrr U UX>TUUUTUTU
>>TU>UP> U UTUTUTUTUTUTTU




Tabl e-44: The significance of difference between different age groups of femaleson extent of fluctuationof of
intensity in phonation of / i/

89 910 10-11 11-12 12-13 13-14 14-15 15-14 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A A P A A P A P A P A P P A
§- 9 A A A A P A A A A A P A A
9-10 A A A A A A P A A P A P
10-11 A A A A A A A A P A A
11-12 A A A A A A A P A P
12-13 A A A A A A A A A
13-14 A A A A A A A P
14-15 A A A A A A P
15-16 A A A A A P
16-17 A A A A P
17-18 A A A P
18-19 A A A
19-20 A A
20-21 A

Tabl e-45: The significance of difference between different age groups of feMes on extent of fluctuationof of
intensity in phonation of /U

89 910 10-11 11-12 1213 13-14 14-15 1516 14-17 17-18 1819 19-20 20-21 21-22

7- 8 A A A
A A
9-10 A
10-11
11-12
12-13
13-14
14-15
15-14
16-17
17-18
18-19
19-20
20-21

> > > >

> > > >

> > > > >

> U0

> r> T > >
>>>>T > > > >
>>>Xr U U U

> U 0>
x> U U U U
rrr>r>r>rr>r U U0
>X>Xr>r>>r U U U U U




GRAPH=7: SHOWS EXTENT OF FLUCTUATION IN
INTENSITY IN MALES FOR fa/, /i/ & Jfu/
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GRAPH—=7: SHOWS EXTENT OF FLUCTUATION IN
INTENSITY IN FEMALES FOR fa/, /i/ & /u/
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FREQUENCY RANGE | N PHONATI ON

The mean and Standard Deviation for the frequency range
of phonation /a/, /i/ and /u/ are given in the Tables 46a
46b & 46c¢ respectively for both males and fenal es.

The frequency range of the phonation decreases across
the age groups studied. For vowel /a/ it;, decreases from
21.53Hz at 7-8 years to 6.67Hz at 21-22 years for vowel /i/
it is from21.07Hz at 7-8 years to 6.87Hz at 21-22 years and
for /u/ it decreases from 21.57Hz at 7-8 groups to 6.77Hz at
21-22 years. Also for the vowel /a/ and /i/ age group 20-
21yrs shows |owest values and for /u/ age group 19-20yrs
shows the |owest value as depicted in tables 46a, 46b and
46,c. This is clearly evident fromgraph-8. It is also found
that anong older children age groups 13-14yrs and 16-17yrs
show hi gher values in phonation for all the three vowels.

The Mann-Wiitney 'U test was applied to know the
significance of difference for all the age groups. Wen a
group is conpared with its imedi ate higher group significant
di fference was not found. This indicates a gradual decrease
in frequency range phonation. Younger children as a group
show significant difference with adult age groups and ol der
age groups except for 13-14yrs and 16-17yrs. This could be
due to slightly higher values found in those age groups.
A der children show significant difference with the adult
group except for age group 17-18yrs. Further it also

indicates that there is a sudden decrease at 8-9yrs, 12-13yrs
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and 14-15yrs for /a/, at 14-15yrs for /i/ and at 15-16yrs and
17-18yrs for the vowel /u/.

Thus the null hypothesis stating that there is no
significant difference in Frequency range in phonation
in males across age group is partly accepted and partly
rej ect ed.

In case fenales also nmean val ues decrease as a function
of age. The highest nean value for /a/ is 20.03Hz at 8-9yrs
and | owest value is 7.8H at 19-20 years; for /i/ the highest
values is 19.43Hz at 8-9yrs and |owest value 8.03Hz at 21-
22yrs and for /u/ the highest nean values is 18.37Hz at 8-
9yrs and lowest is 7.97Hz at 21-22yrs.

The S.D. values also show the sane trend as mean val ues
for all the three vowels. Further age group 10-11 years
shows high vairability in all the three vowels.

The Mann-VWiitney 'U test was applied to know the
statistical significance of difference for all the age
gr oups. For the phonation of /a/ younger children age group
show significant differences with older children and adult
age groups. A der children show sigificant difference with

the adult age group except for age groups 16-17yrs and 17-

18yrs. This shows that adult values are reached by the age
of 16-17yrs.
For the phonation of /i/, younger age groups show

significant difference with the adult age groups. Anong the

ol der children age groups 12-13yrs, 14-15yrs and 15-16yrs
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show significant difference with adult age groups. Ther e
al so adult values are reached by 16-17yrs.

For the phonation of /u/ younger age groups show
significant difference with old children and adults except

for the age group 15-16 years. Anmong the ol der age groups

only age group 12-13yrs, 13-14yrs and 15-16yrs show
significant differences with adult age groups.

Thus the null hypot hesis stating that there's no
significant difference in Frequency range in phonation in
females across age group is partly accepted and partly
rej ect ed.

The conparison of frequency range in phonation between
males and females show that significant difference are
present in the age group 7-8yrs in both the vowels /a/ and
lil. Again in /al significant difference are present at age
groups 16-17yrs, 20-21yrs and 21-22yrs. For /i/ at the age
groups 20-21yrs, 15-16yrs and 16-17yrs and for /u/ 15-16yrs,
16-17yrs, 19-20yrs and 20-21yrs.

Thus the null hypot hesis stating that there's no
significant difference in Frequency range in phonation
between nmales and fenmales is accepted.

The results can be summarized as follow ng:

1) In males the frequency range in phonation decreases
gradually with age reaching the adult value by the age 20-21.

2) Females the decrease in frequency range in phonation
is nore gradual than in nore gradual than in males, reaching

the adult value by 16-17yrs of age.
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3) Si gni fi cant difference in frequency range in
phonati on between males and fenales are present at adult age
groups and also in 15-16yrs, 16-17yrs and 17-18yrs. At 7-
8yrs males show higher value than female. Fermal es show
hi gher value in adult age ranges.

The decrease in the frequency range in phonation as a
function of age in males and fermales is possibly an index of
accuracy of the |I|aryngeal adj ustment during phonation
Therefore this reflects that the neuronuscular contro
i nproves with increasing age. The hi gher frequency ranges
found in the group 13-14yrs of males and in femal es age group
8-9 may reflect disturbances in the neuronuscul ar control of
the laryngeal system due to pubertal changes. These results

arein agreenment with the study by Rashm (1985), Nataraja
(1988) reported nmean value of 3Hz for males and 7.6Hz for
females in the age range 16-25yrs. The present study shows a
higher value in both males and females in the adult age
gr oups. Nataraja (1988) also reported significantly higher

values for females which agrees with present study.

Very limted research data is avialable regarding the
frequency range in the phonation (Rashm 1985). Mst of the
studi es have ained at finding out the range of frequency that
an individual is capable of producing. However Equchi and
Hirsh (1969) studied the variability of Fo in vowels in

sentence context and found that the variability progressively

decreased with age.
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Table-46a: Mean and Standard Deviation of the frequency range in the phonation of

fal in tales and females

8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22
MALES:
Mean  21.53 16.57 17.57 17.99 14.47 10.87 1590 10.66 9.17 12.8 837 7.17 6.83 6.30 6.67
S. 5,73 453 521 477 548 38 597 309 333 515 320 297 18 334 225
FEMALES;
Man  16.20 20.03 18.07 1560 16.68 14.97 11.33 13.89 13.47 813 7.97 857 7.80 800 9.97
S.D 3.67 698 3.8 39 540 59 29% 1287 652 240 174 265 275 171 4.2

Table-46b! Mean and Standard Deviation of the frequency range in the

phonation d /i/in tales and fetales

16-17 17-18 18-19 19-20 20-21 21-22

7-8 89 910 10-11 11-12 12-13 13-14 14-15 15-16
MALES:
Man 21.07 20.73 17.20 18.13 16.36 11.20 1550 10.21 8.80
SD 497 90 813 99% 603 349 55 22 32
FEMALES,
Man 16,1 19.43 18.30 19.57 16.27 13.34 11.73 12.03 13.42
S.D 3.50 493 249 900 593 69 615 365 535

13.23
6.68

8.97
3.06

8. 34
3.34

9.03
2.15

9.37
2.96

8.23
3.14

6.10
147

6.87
13

9.43
3

7.97
2.18

8.50
2.98

8.03
1%

Tabl e-46¢: Mean and Standard Deviation of the frequency range in the

phonation o /ulin tales and fetales

8 89 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22
MALES:
Hean  21.57 16.83 15.33 14.27 18.23 10.83 13.30 13.23 8.66 1250 7.88 847 510 6.17 6.27
SD 573 7.72 460 299 10.02 297 57 665 279 500 290 247 14 L84 14
FEMALES:;
Man 15,51 18.37 16.63 16.96 14.80 12.47 11.43 10.40 15.56 887 853 9.37 850 880 7.97
S.D 48 498 350 671 7.08 468 431 358 721 L4 224 258 221 359 LA




Tabl e-47; The significance of difference between different age groups of tales onthe range of fo of phonation

89 910 1011 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

- 8 P A
A

© o
©
> > >

-10
-11
[1-12

=
>>> >
U U 00U O
>>>>2 T
UX> U U UUT

13-14
14-15
15-16
14-17
17-18
18-19
19-20
20-21

>XrX) UUUTUTDU
>r>>>T0V>>2 0
>>XrXrUXr U U UUTT
>>TUX>>UUUUTUTUTUTDT
>>XTUX>XrTU U UTUTUUTUTU
X UX>>UUUUUTUUDU
>rXr>2>TUV>UUUTVTUTUTUTU

Tabl e-48: The significance of difference between different age groups of tales onthe range of Foof phonation/!I/

8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

7-8 A P A A P A P P P P P P P P
8- 9 A A A P A P P P P P P P P
9-10 A A P A P P A P P p P P
10-11 A P A P P A P P P P P
11-12 A A P P A P P P P P
12-11 A A A A A A P P P
13-14 P P A P P P P P
14-15 A A A A P P P
15-16 A A A A A A
16- 17 P A P P P
17-18 A A A A
18-19 A P P
19-20 A A
20-21 A
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Tabl e-49: The significance of difference between different age groups of tales on the range of Foof phonation /u/

8-9 910 10-H 11-12 12-13 13-14 14-15 1516 14-17 17-18 1819 19-20 20-21 21-22

7-8 A P P A P P P P P P P P P P

8-9 A A A A A P A P P P P P P

9-10 A A P A A P A P P P P P
10- 11 A P A A P A P P P P P
11-12 A A A P A P- P P P P
12-13 A A A A A A P P P
13-14 A P A P P P P P
14-15 P A P A P P P
15-16 A A A P P A
14-17 P A P P P
17-18 a P A A
18-19 P P A
19-20 A A
20-21

Tabl e-50: |he significance of difference between different age groups of females on the range of Fo of phonation /a/

89 910 10-11 11-12 12-13 13-14 14-15 15-16 14-17 17-18 1819 19-20 20-21 21-22

>>>2> >
>>TUUUTUTU
> U U U UDT
> U 0T
WU UUUTUTUTUTU
> U U U UUTUUUTDT

16-17

> U U U UTUTUTUTT
> U U U UTUTUTUTUTU

18-19
19-20
20-21

>XrXrr> U UUD UTUTU U
> U U UUTUT
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Tabl e-51: The significance of difference hetween different age groups of females onthe range of Fo of phonation/i/

89 910 1011 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A A A A A P P P P P P P P P
8- 9 A A A P P P P P P P P P P
9-10 A A P P P P P P P P P P
10-11 A A P P P P P P P P P
11-12 A P A A P P P P P P
12-13 A A A A A A P A A
13-14 A A A A A A A P
14-15 AP P A P P P
15-16 P P P P A P
16-17 A A A A A
17-18 A A A A
18-19 A A A
19-20 A

20-21 A

Tabl e-52: The significance of difference between different age groups of females onthe range of Fo of phonation /uf

8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

>V U>

> U U UT

>>rr U0 U
XX r> > >

U U U UTIS U
>TUX>XrX>r U TUS UTUTU
>>XrTUX>XT X U UUUTU
>r>r UXr > U U U UUDT
>Xr»r U U>TUP>TUTUUTUT
>rXr>r> U U UTUUUUDT
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| NTENSI TY RANGE | N PHONATI ON
The tables 53a, 53b & 53c show the nean and S. D val ues
of intensity range in phonation of vowels /a/, /i/ and /ul

respectively for both males and fenales.

The investigation of tables 53a, 53b and 53c show that
the mean values of 20-21yrs is lower than the nean val ues of
7-8yrs age groups for all the three vowels. The highest nean
value for /a/ is 8.93dB at 7-8yrs and |lowest is 3.93dB at 21-
22yrs. There is a sudden drop in nmean value from 8.93dB at
7-8yrs to 6.0dB at 8-9yrs. The highest nean value for /i/ is
8.6dB at 7-8yrs and lowest 4.9dB at 20-21lyrs. The hi ghest

value for /u/ is 8.23dB at 7-8yrs and lowest is 4.7dB at 20-
21yrs.

Both the vowels /i/ and /u/ shows significant decrease
in mean value of intensity range in phonation from 7-8yrs to

8-9yrs age groups.

The S. D val ues show a decreasing trend, in males with
the |l ower values at 21-22yrs age groups. The S.D. values for
lal 2.77 at 7-8yrs and the lowest S D value is 0.93 at 21-
22yrs.  The highest value for /i/ 2.73 at 7-8yrs, the |owest
is 1.06 at 21-22yrs and the highest value for /u/ is 3 at 11-
12yrs and lowest is 1 at 21-22yrs.

The test for significance of difference reveals (table
54, 55 and 56) that for vowel /a/ the nean values of 21-22

years age group is significantly different from age group 14-
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15 and above. The age group 7-8 years is significantly
different from 8-9 and above. The values of significant

difference of /i/ and /u/ do not show any such a consi stent

trend.

Thus the null hypot hesis stating that there's no
significant difference 1in intensity range in phonation

in males across age group is partly accepted and partly

rej ect ed.

In case of females the nean values are |owest towards
the higher end as in males. The highest nmean values for /a/
is 9.11dB at 8-9yrs and lowest is 4.63dB at 21-22yrs. There
is a significant difference from 7-8yrs. The nmean val ues drop
again at 10-1lyrs with changes little upto 16-17yrs. Again
the nean val ues show that decrease with age upto 21-22yrs age
gr oups. This changes are graphically presented in graph-9.
The sanme trend is seen in both the vowels /i/ and /u/. But

the S.D. values in fermale do not show any consistent pattern

for the three vowel s.

The test for significance of difference (tables 57, 58 &
59) reveals that the age group 17-18 and above are
consistently significantly difference from |ower age groups
for all the three vowels with exception of 10-11 years, 12-13
years & 14-15 years in /u/ and 12-13yrs and 14-15yrs in case
of /i/ which do not show any significant difference when

conpared with other groups.
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Thus the null hypothesis stating that there is no
significant difference in intensity range in phonation

in females across age group is partly accepted and partly

rej ected.

Conpari son between nmales and females shown that for /a/
significant difference were found only age groups 9-10yrs and
15-16yrs. In case of /i/ significant difference were found
only age groups 7-8yrs, 8-9yrs and 14-15yrs and /u/
significant difference were found only for age groups 8-9yrs
and 14-15yrs. Where ever significant difference were found
female show higher values at |ower age groups, but [ower

val ues at hi gher age groups.

Thus the null hypothesis stating that there no
significant difference in intensity range in phonation

between mal es and fenales is accepted.

The results regarding intensity range in phonation can

be summari zed as:

1) Both males and females show a gradual decrease in

intensity range with the age.

2) Male show higher intensity range at 13-14 and femal es show

in the age group 8-9 and 9-10yrs wth corresponds to the
onset of adol escent.
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Rashm (1985) reported simlar results in case of male
but in case of females reported no significant changes wth

age. This could be due to the difference in age range

st udi ed.

Nataraja (1988) reported nean values 3.8dB for adult
mal es and 4.19dB for adult females in the phonation of /al.
The nean values range from1l to 8dB in males and 1 to |IldB in
f emal es. The mean values found in present study is slightly
higher in males and females, in the ranges 18-19 years when

conpare to others that are reported.

So, it could be concluded that changes intensity range
in phonation decreases wth age and reaches adult values by
21-22 years in both males and femal es. And also it can be
concluded that changes in intensity range wth age wll

refl ect neuronuscul ar changes.

FUNDAMENTAL FREQUENCY | N SPEECH

The mean S F.F was determned for the three utterences
i.e "idu papu", "idu koti"™ & "idu kenpu banna" using the.
nmet hod described in chapter 11l. The nean and S.D. val ues of
speaking Fo for both males and fenales at each age group is
presented in the Tables 60a. The nmean values are also

graphically presented in graph 4.
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Tabl e-53a: Mean and Standard Deviation of the range in intensity in the phonation of /a/ in tales and fetales

B 8? 910 10-11 H12 12-13 13-14 14-15 15-16 16-17 17-18 18-1?7 §9-20 20-21 21-22
MALES:
Mean 8723 A00 533 A9% 7.9 613 813 657 493 68 543 6.00 517 460 3.93
S.D 277 219 12 191 .98 278 244 165 159 237 206 225 212 215 Q93
FEMALES:
Mean 6.93 917 937 740 767 630 68 526 816 587 440 513 466 470 4.83
S.D 204 253 253 204 217 t.8 303 201 269 308 15 171 093 172 117

Tabl e-53b: Mean and Standard Deviation of

the range in intensity. in the phonation of /i/ in tales and fenles

8 87 910 10-11 H12 12-13 13-14 14-15 15-16 16-17 17-18 1B-19 19-20 20-21 21-22
MALES:
Mean 8.60 560 540 55 7.2 497 7.44 6.8 510 7.5 497 533 493 490 523
SD 273 212 164 189 205 228 277 05 1% 205 171 140 146 209 106
FEMALES:
Hean 6.35 810 A73 723 6.9 540 7.00 510 775 560 433 473 413 454 440
15 264 204 294 15 273 15 168 36/ 25 130 173 098 2% 13

Tabl e-53c; Mean and Standard Deviation of

the range in intensity in the phonation of /u/in tales and females

M 89 9-10 10-11 1112 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22
MALES:
Mean 8.23  5.3618.56 549 887 503 697 68 500 664 480 527 553 477 480
S.D 23% 165 173 200 300 =28 323 133 171 242 19 162 193 14 100
FEMALES:
Mean 6.72 880 7.30 541 747 55 660 460 7.65 6.03 45 453 480 45 4.2
SD 183 249 17 190 142 233 210 251 272 270 191 253 128 173 134
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Tabl e-54: The significance of difference between different age groups of tales on intensity in phonation of /a/

89 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

- A
8 -9 A A
P

>U>>r

x> >

>>Xrrur>r
>>X>TUX>2>2 U
>TUX> U U T
>
>>>UX>TUX>>X>2> U
> U
>>>>2>UVU>TU>>>>TU
>>r>U> UV U UVTUT>TT
>»>>»>r>r»TUVU>HrUVU>TUVUUTUDT

Tabl e-55: The significance of difference between different age groups of males on intensity in phonation of /i/

8-9 9-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 P P P
8 -9 A A
A

>TU>>

10-11

11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

TUX>>> T

eiB s i~

>U>r>rTUr>r2>

U U U
>r>»X>rTUuUX>XrUUur>rTr

U U U>UX>>T2> T
>UX>»T >>» U0
>>X>TUX>> U U>TUT>I>>ITT
>r>X>TUX> UV U>TU>>ITU
>>Xrr> U U U>TUTT>I>I>T
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Tabl e-5& The significance of difference between different age groups of maleson intensity in phonation of / u/

89 910 1011 11-12 12-13 13-14 14-15 15-14 14-17 17-18 18-19 19-20 20-21 21-22

>>X>X>>r U

>r>>>> T

>UX>rr 0>
UrXr>UVU>>2> T
>
>>X>TU>> U0

> UV TU
>>rrrr2>> U0
>>X>>>r>rTU>>>>TUVUI>TUVI>T
>>rrr>rr2>rTU>X>>U>TUT> T

Tabl e-57: The significance of difference between different age groups of fetales on intensity in phonation of /al

8-9 9-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7-8 P P
8- 9 A

> >
>

10-11
11-12
12-15
13-14
14-15
15-14
14-17
17-18
18-19
19-20
20-21

>V U0X>

>0

>>"TU U0 UTT
O >r>r > >
>rr2>2r2>"T0 0>
>>TUX>» U U U UTUTUT
>>XrTUVUX>rrrT UUTUVTU

> U2 U UTUUTUTU
>>Xr2>Xr2>UX>I U UTUTUTUTU
>>>>2>TUVUrI U U UTUTUTU




Tabl e-58: The significance of difference between different age groups of females on intensity i nphonation of /i/

8-9 910 101 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7-8 A A A A A A A A A P A P A P
8-9 A A A P A P A A P P P P P
9-10 A A A A A A A P A P A P
10-11 A A A A A A P P P A A
11-12 A A P A A P P P P P
12-13 P A A A A A A A A
13-14 P A A P P P P P
14-15 A A A A A A A
15-16 A P P P A P
16-17 A A A A A
17-18 A A A A
18-19 A A A
19-20 A A
20-21 A

Tabl e-59: The significance of difference between different age groups of females an intensity in phonation of /ulf

89 910 101 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7-8 A A A
8-9 A P
9-10 P
10-11

11-12

12-13

13- 14

14-15

15-16

14-17

17-18

18-19

19-20

20-21

>
U>X>> 710>

I>>>2>> 0>
TUX>TU>TUVUT
VXU
rTr>>r>r>r>rX>> 0>

> UXrU>TU>TUTTUTU
>>>UX>TU>X>TU>UVTUTTU
>>Xr>TUX>TUVX>TUVX>TUVTUT
>>X»2>r2>TUVUX>TUX>TUI>UVUT
I>>r>>r2>r U TU>TUIX>UVTUTU
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The inspection of nmean values for nales shows that the nean
S.F.F decreases with age gradually. The highiest value being
263.5Hz at 7-8yrs, the lowest is 130.7Hz at 21- 22yrs. The
nmean S.F.F decreases gradually from 7-8yrs to 14- 15yrs with
an average decrease of only 28Hz. Then thereis a sudden drop
at the age group 15-16yrs i.e from 238Hz at 14- 15yrs to
150. 3Hz at 15-16yrs. Again there is a small decrease at the
age group 19-20yrs (from 152Hz at 18-19yrs to 135.3Hz at

19-20yrs) then reaching a pl at eau.

The S.D value also show a decrease with age. The highest
value is 32.48 at |1-12yrs and the lowest is 6.76 at 16-

17yrs.

The data on females also shows a decrease in SFF wth
age. However the change ig less as conpared to that of
mal es. The highiest is 273.9Hz at 7-8yrs and the | owest
235.6Hz at 18-19yrs. There is sudden drop at the age group
8-9yrs, after which the value do not change nmuch upto 17-
18yrs age group. Again there is small decrease at 18-19yrs
of age. The S.D value do not show consistent change with
age. The lowest is 14.06 at 21-2yrs and the highest is 22.42
at 18- 19yrs.

The results of Mann-whitney 'U test of significance of
difference is reported in the tables 61 and 62. The
i nspection of these shows that the younger age group 7-8yrs

to 13-14yrs shows significant difference when conpared wth
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hi gher age groups 14-15yrs to 21-22yrs. The suddern drop in
S F.F. at 15-16yrs is significant at 0.0001 |level. The drop
at age group 19-20yrs is also significant at 0.0001 [evel
when conpared with the |ower age groups. In females the
S.F.F.value remains stable for nobst of the age groups.
There is a drop in S F.F. at 8-9yrs after which there is a
gradual decrease. Significant differences are also found

between 18-19yrs, 19-20yrs and 7-8yrs to 9-10yrs and 15-16yrs
to 17-18yrs.

Hence the null hypothesis stating that there is no
significant difference in S FF across age group wth

refference to both males and females partly accepted and

partly rejected.

Conpari son between nmales and fenmales, in terns of SFF
as shown in table 81 reveals that significant differences are
found after the age group 14-15yrs, i.e after the onset of
puberty in boys. Hence the null hypothesis stating that
there is no significant differences between males and fenal es

in all age groups is partly accepted and partly rejected.

The results can be summari zed as foll ows:

1. Both males and fenales decreasing trend with age but

the decrease in SFF is nmarked in nmal es.

2. In males the significant drop in SFF is found at the

age group 15-16yrs.
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3. Age group 14-15yrs and above shows significant

di fference between mal es and fenal es.

4. The changes are parellel to the changes in Fo of

phonati on.

The wvalues of SFF found in the present in slightly
hi gher than the values quoted by Rashm (1985). The present
study shows a drop in SFF for males at 15 to 16 years where
as Kushal Raj (1983) reports drop at 11 years and Rashm at
14 years. These variations may be due to the variations in
the population studied. The results also shows no
significant changes in lower age groups which is in close
agreenent with other investigators. (Kushal Raj,1983; Rashm,

1985)

Hudson and Hal brook (1981) reported nean Fo in reading
in black adults with age range of 18-29yrs. They reported Fo
of 110.15Hz in males and 193.1Hz in femals. Conpare to this
the present study shows higher Fo in adults. This may be

again due to difference in population studied.

A conparision with Fo- of the phonation also shows a

simlar trend for males and fenunl es.



146

Table-60a: Mean and 5.D. of Fundasental frequency in speech (Hz) in males and females

7-8

8-  9-10

10-11 11-12 12-13 13-4

NALES:
Hean

5.0 27,83

FEMALES:
Hean

14.63

263.50 248.20 249.10 250,90 261.30 237.00 257.30 23B.00 150.30 144,10 157.40 152.00 135.30 143.06 130.70
13.66

12,30 28.43 32.48 13.96 22,16 13.03 15.00 6.76 16.27 16.00 10.15

273.90 254,30 255.70 241.50 264.60 245.30 253.00 251.00 260.00 252,20 253.20 235.60 237.10 241.50 241.00
16.37 18.70

16,28 11,35 18.42 17.76 20.74 15.56 15.00 12.98 12,43 22.42 12,19

300

250

200

150

100

50

GRAPH-10: SHOWS FUNDAMENTAL FREQUENCY
IN SPEECH IN MALES & FEMALES
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Tabl e-61: Significance of difference between different age groups of meles in Fundamental frequency of speech

8-9 9-10 1011 11-12 12-13 13-14 14-15 15-16 16-i7 17-18 18-19 19-20 20-21 21-22

7-8 AA P A P A P P P P P P P P
8- 9 A~ A A A A P P P P P P P P
2. 10 A A A A P P P P P P P P
0-1u A A A P P P P P P p P
11- 12 A A P P P P P P P P
2 - 13 AP P P P P P P P
B - 14 P P p P P P P P
“- 15 P P P P P P P
15- 16 A A A P A P
b- 1 P A P P A
17 -18 AP P P
8- 19 P A P
9 - 2 A A
-2 A

Table-62: Significance of difference between different age groups of females in Fundamental frequency of speech

89 910 1011 11-12 12-13 1314 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

- 8 P P P
9 A A
P

BB RBEREBERE B ©om —
o é; Vo

T > >

UX>>Xr> T

UX>>>> T

>rXrX>Xr>rX> >0

>>Xrr>r>r U >

>>r>X>2X> UV U

>r>r>2>TTUXx>X>>r U

TUUXr>X>TU>T U

> U UUX>>I>UX>TUTUTU

>>Xrrro>T>PTO U0

>>r>>rU>>2> U0V
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FREQUENCY RANCE | N SPEECH

The frequency range in speech was analysed using the
sane three utterances "idu papu”, "idu koti" and "idu kenpu
banna". The nean frequency range in speech and S D of
frequency range in speech obtained for each age group in both
mal es and females are provided in the table 60b. This is

al so graphically represented in graph 11.

The nean value of range for nmales show a decreasing
trend with increasing age, whereas S.D. value do not show any
consi stent trend. The highest nean value is 100.6Hz at 8-

9yrs and the lowest is 63.7Hz at 14-15yrs.

The test for significance of difference was aplied
results of which are shown in table 63. Exam nation of this
table shows that Ilower group(7-8yrs to 11-12yr) shows
significant differences with the age groups 14-15 and above.
Again age group 13-14yrs shows significant differncess with
age groups 14-15yrs to 18-19yrs. Thus there is a decreases

in mean frequency range of speech upto 14-15yrs after which

it reaches a pl ateau.

Thus the null hypothesis statins that there is no
significant difference in terns of frequency range in speech

across age groups is partly accepted and partly rejected with

reference to nual es.

Females do not exihibit any consistent trend in nean

values with age, but S. D values of the |ower groups are
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hi gher than the rest. The test of significance (table 64) do

not show any significance changes wth the age.

Conmparisons between nmales and females show that,
significant differences between males and females, in SFR is

present in the adolescent age groups 14 to 17 years and in

age groups 10-11 and 11-12 vyears. This again indicates
inability to control |laryngeal phonatory mechanism due to
perbertal changes. Femal es show higher nean values than

mal es, in these age groups.

Thus  nul | hypot hesi s stating that there is no
significant difference in terms of frequency range in speech
between males and females is partly accepted and partly
rej ected.

The results can be summarized as foll ows:

1) Mal es show significant decrease with increase in age.
Where as in females only age groups 7-8 and 9-10 years show a
| ower val ues than other age groups.

2) Significant difference between males and females are
present in the age range 14 to 17 years.

The result in the present study is in agreement with the
earlier studies Rashm (1985), Kushal Raj (1983). In present
study age group 7-8 and 8-9 shows significantly higher val ues
than other groups. VWhereas Rashm (1985) reported higher
values in age groups 4-5 and 7-8 years. In femal es the age

range 8-9, 11-12 shows a significantly higher values in the
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present study. Rashm (1985) also has reported higher
values in 89 and 5-6 years.

Eguchi and Hrsh (1969) in a study of fundanental
frequency variability, for the vowels /i/, [ael, [ul, [|el,
[al and / o/ in the sentence context for the age range 8 to 13
years, found that the variability of fundanmental frequency
progressively decreased with age, until a mninmmwas reached
at about 10-12 years. This is taken as an index of accuracy
of laryngeal adjustnents during vowel production, then the
control inproves continuously over a period of atleast 7 to 9
years.

Hudson and Hol brook (1981) studied the fundanental voca
frequency range is reading for subjects ranging in age from
18-29 years, and found a range from 81-95Hz to 158.50Hz in
males and from 139.05Hz to 266.10Hz in females. The
frequency range used by the subjects of this study are very

simlar, although it involved a younger age group.

| NTENSI TY RANCGE | N SPEECH

The nean and S.D. for the intensity range in speech for

all the age groups as neasured using the atterances "ldu
Papu", "lIdu Koti" and Idu Kenpu banna" is presented in table
60c.

The nean values for range of intensities used by the
mal es shows the increasing trend in nmean values of intensity
range in speech and decreasing trend in S D values. The

| onest nmean value of 17.8dB at 7-8 vyears and highest of

29. 1dB at 21-22 years are seen
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Table-40b: Mean and 5.D. of Freguency Range in Speech (Hz) in males and females

7-8 87 9-10 10-11 1i-12 12-13 13-4 14-15 13-16 16-17 17-18 18-19 19-20 20-21 21-22
MALES:
Mean  94.30 100.40 B7.30 74,30 B85.00 71.50 B4.B0 63.70 73.10 £4.20 64.10 67.30 79.70 B2.70 73.00
5.0 13.98 24,50 18.92 (4.79 1h.69 13,35 16.74 4.58 13.00 8,07 9.87 11.34 2.27 17.02 14.19

FEMALES: '
Mean  B3.40 104,10 89,90 100.30 105.60 95.60 93.50 95.60 100.80 97.40 10Z.00 92.40 92.70 92.70 97.60
5.0 23,13 23,54 15.10 22,04 11.08 14.24 13.25 12,11 11,37 11,17 12.62 14.65 8.00 15.14 15.28

GRAPH-11: SHOWS FREQUENCY RANGE
IN SPEECH IN MALES & FEMALES

5 F.R.S. (Hz)
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Tabl e-63: Significance difference between different age groups in Frequency Range in speech in males

8-9 9-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-1818-19 19-20 20-21 21-22

7-8 A P A
8- 9 A P
9-10 A
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

>>>T

>rr o>

>rXrr>>> U
TX>»T>»TUTUTTU
>>Xrr>r2>2 VT
>XrXrTU>TU>TUUDU
> U U U U
>rXr>r>rTU>>TU>TVTUT
>TUVTU>»TUTU>>TUU>TTO
>TUVU>»>TU>>TUP>TVUTU
>r>TrU>>>> U UT

Tabl e-64: Sgnificance difference between different age groups in Frequency Range in speech in fenales

89 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7-8 P A A
8-9 A A
9-10 a
10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

>0

o> >

>0
x>
>r>r>>> T
>>>r2> >0
>rr>r>r>r2>>> >0
>>>r>r>>U0U>>X> >
Tr>>rr>>r 0>
>>>U>>>>>>>> >

>rrrr>rrr>>>r> >
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The test for significance of difference (table 65) shows that
age groups 7-8, 10-11 and 11-12 years shows statistically
different with its higher age groups. Again age groups 13-14
and 17-18 years shows significant difference with age groups
19-20 to 21-22 years. This could be because they show a

slightly |ower values than the other age groups.

Hence the null hypothesis stating that there is no
significant difference across age groups in males is partly

accepted and partly rejected.

Mean and S.D. values of intensity range in fenal es does
not show any consistent pattern, and does not show any
statistically significant difference between any of age
groups as for the Mann-Wiitney test which was applied to know

the significance difference (table 66).

Hence the null hypothesis stating that there is no

significant difference across age groups in females is

accept ed.

The conparison of males and fenmal es shows no significant

difference in mpgjority of the age groups. However mal es show

a lower value than femal es.

Hence the null hypothesis stating that there is no

significant difference between age groups in mnal esandfenal es

i saccept ed.
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Rashm (1985) reported gradual insignificant decrease in
the range of intensity in males. And in fenales inconsistent
results were found wth only few age groups show ng
difference with reference to higher age ranges than others.

The present study has simlar results in case of nales,
but in females no significant difference was found between
t he age groups studi ed.

The results can be summarized as follows:

1) The nales show increasing trend in nean values and
decreasing trend in S D. values wwth age. But fenmales do not
show any consi stent changes.

2) Male show a |ower values than fermales. However these
difference are no significant in mpjority of age groups.

RISE TI ME I N PHONATI ON

The nmean and S.D. of rise tine in the phonation of /al,

/il and /u/ are represented in tables 67a, 67b & 67c

respectively for both males and femal es.

The tables 67a, 67b and 67c reveal that the nean and
S. D value for males do not show any consistent patterns of
change. This is clearly show in graph-13. The value at 7-8
years for /al is |IQOlcsec and 2.47, for /i/ it is 10.6csec
and 2.58, for /u/ it is 9.5csec and 2.45. The values at 21-
22 years for /al is 11.2csec and 2.86, for /i/ 12.9csec and
4.08 and for /u/ 12.9csec and 2.02. The table also show that
in /al/ and /i/ both younger children and adults show | ower
values then the rest. In /u/ age groups 7-8yrs, 13-14yrs and

20-21yrs show | ower values then the rest.
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Table-b0c: Mean and 5.D. of Intensity Range in Speech (dB) in males and females

7-8  8-9  9-10  10-11 11-12 12-13 13-14 14-13 15-16 16-17 17-18 18-19 19-20 20-21 21-22

MALES:
Wean 17,80 22.00 24.30 20.70 20,50 27.60 23.90 28.30 25.B0 25.40 24.90 26.00 27.30 27.80 29.10
5.0 5.49 469 474 2,75 420 3.0 330 2,99 2.7 3,10 2,28 374 2,67 2,82 2.8

FEMALES: -
Mean  2B.00 26.30 28.90 27.20 2B.20 25.90 27.50 28.60 27.00 25.80 27.80 27.70 28.00 29.20 29.30
S.D 2.67 4,03 2,38 319 2.97 495 3127 2.99 2,49 .49 2.82 2.8 330 2,20 2,87

GRAPH=-12: SHOWS INTENSITY RANGE
IN SPEECH IN MALES & FEMALES

ILR.S. (Hz)
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Tabl e-65: Significance of difference between different age groups intales in intensity range in speech

89 9-10 1011 H-12 12-13 13-14 14-15 15-1& 16-17 17-18 18-19 19-20 20-21 21-22

7-8 A F A A
8-9 A A A
9-10 a P
10-11 A
11-12
12-13
15-14
14-13
15-16
16- 17
17-18
18-19
19-20
20-21

U U UTU T

>>TUX>2>TU

TUX>TUVTUX>TUTU
UX>X>»> UV UX>TUVTT
>UX>>>TUVU>>T
>>TUX>>TUVU>ITT
>>r>r>TUV U1

> UX>>T> U UV U TUTTU
>>UVUUX>>TUVUI>UTUI>TUVUTU
>>Xr>r»UX>TU>TUI>TU UTUUDU

Tabl e-66: S gnificance of difference between different age groups in females in intensity range in speech

&9 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

A A A
A A
A

© oo

-11
11-12
12-13
13- 14
14-15
15-16
16-17
17-18
18-19
19-20
20-21

S @

5
> >
x>
>r>>r>r>r>2>
>r>rr>> >
>rTr>rr>r>r>r >
>>>>r>>> >
>r>>>>>> > >
>>>>>T>>>r>>> >
>rr>rr>r>r>> >
>>rr>>>r2T>>>> > >
>r>rrr>>rrrr>>r> >
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The highest S. D value for /al/ is 4.28 at 18-19yrs and | owest
is 2.4 at 10-Ilyears. For /i/ the highest is 4.08 at
21-22yrs and lowest is 1.81 at 9-10yrs. For /u/ the highest
values is 4.71 at 19-20yrs and |lowest values is 1.58 at
[1-12yrs. The S.D. values do not show any consi stent change

W th age.

The test of significance show (tables 68, 69 & 70) no
consi stent significant changes for /al. For /i/ the group
14-15 years is significantly different wwth | ower age groups,
but not with the higher age groups. The group 9-10yrs shows
significant difference with age group 14-15yrs and above.

The values of /u/ show a simler picture to that of /al.

Thus the null hypothesis stating that there is no
significant difference in Rise tinme of phonation in nales

across age group is partly accepted and partly rejected.

The nmean values for fenmales also show a variable picture
in all the three vowels. The age group 8-9yrs show hi gher
values in both /a/ and /i/, both in terms of nmean and S. D
val ues. The |lower values are found in age group 20-21yrs for

all the three vowel s.

The test of significance of difference for rise tine in
phonati on shows scattered findings across age groups studied

for all the three vowel s.
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Thus the null hypothesis stating that there is no
significant difference in Rise time in phonation as function

age in females is partly accepted and partly rejected.

| nspection of table-81 shows that there is no
significant difference between nmales and fenmales for vowel
/[ al at any of the age groups except the age group 16-17yrs.
For vowel /i/ significant difference between nmales and
femal es were found only in the age groups 10-1lyrs, 16-17yrs
and 17-18yrs. For vowel /u/ again significant difference only

in age groups 16-17yrs, 17-18yrs and 21-22yrs.

Thus the null hypothesis stating that there is no
significant difference between males and fenmales with respect

to the rise time in phonation of vowel is accepted.

The results can be summarized as fol |l ows:
1) a) There is no significant difference change in rise tine

i n phonation of /a/ and /u/ in males.

b) In vowel /i/ age group 14-15yrs show significantly
difference higher values than the |ower age group.
Simlarly age group 9-10yrs shows significantly |ower

val ue than the rest.

2) In females the rise time in phonation decreases gradually

wi th age.

3) Significant difference in male are present in age group

16-17yrs for /al/, 10-1lyrs, 16-17yrs and 17-18yrs for /i/
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and 17-18yrs, and 21-22yrs for /u/. In all these age

groups femal es show | ower val ue.

The low values of rise time found in younger age groups
and found in nmales may indicate increase |laryngeal control as
well as respiratory system adjustnments nade nore devel opnent
neur onmuscul ar system thus building up subglottal pressure
required for phonation. The higher values in rise time across
the age group 13-14yrs to 17-18yrs may indicate that
disruption in laryngeal control and coordination between
respiratory and phonatory system seen in adol escence.
Simlarly higher rise tine found in age range of 9-10yrs, 10-

[lyrs and I1-12yrs. In females may be due to onset of

puberty.

FALL TIME | N PHONATI ON
The nean and S.D. values of fall time in phonation for
lal, i/ and /ul/ are presented in tables 74a, 74b & 74c

respectively, for both nmales and fenules.

The inspection of tables 74a, 74b and 74c indicates that
the fall tine shows an increasing trend as a function of age
which is clearly evident in graph (14). The S. D val ues

also shows increasing trend. These value are in contrast

with rise tine.
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Tabl e-67a: Mean and Standard Beviation of therise tine in phonation of /a/ in tales and females

M 89 %-10 .01 11-12 12-13 13-14 1415 1516 16-17 17-18 1819 19-20 20-21 21-22
MALES:
Man iQi0O ?2.00 897 10.20 13.23 10.00 11.10 12.00 13.14 12.10 11.20 14.50 9.60 9.80 11.20
SB 247 258 260 294 240 302 412 394 337 269 270 428 546 336 286
FEMALES:
Mean 98 14.30 10.90 11.80 12.30 9.90 11.60 9.60 10.50 8.30 9.50 11.77 11.00 8.10 10.30
SB 278 419 179 253 359 401 35 267 314 327 121 433 275 129 3.4
Tabl e-67b; Mean and Standard Beviation of the rise tine in phonation of /i/ inntalesand femles

8 89 910 1011 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22
MLES:
Man  10.60 10.50 897 10.33 11.00 9.90 11.00 14.00 13.10 12.2') 13.40 12.00 9.80 8.80 12.90
SB 258 324 taa 300 271 277 359 29 404 38 378 343 377 346 408
FEMALES,
Mean 8.10 12.40 11.60 13.00 11.80 10.60 11.50 11.20 11.20 9.10 9.90 1520 10.70 9.50 10.60

250 310 310 240 18 366 33 343 262 229 202 55 164 268 430
Tabl e-67c; Mean and Standard Deviation of the rise tine in phonation of /u/ in tales and fetales

78 89 910 10-1111-12 1213 13-14 1415 1516 16-17 17-18 18-19 19-20 20-21 21-22
MALES:
Mean 250 10.50 10.10 11.73 12.60 10.10 9.50 12.80 13.90 12.90 14.60 12.00 12.20 9.60 12.90
SD 245 303 233 368 i.58 28 206 365 296 38 280 298 471 43H 262
FEMALES,
Mean 970 12.10 10.30 12.50 11.70 10.90 10.70 10.40 11.80 9.40 9.70 12.39 10.80 9.10 10.30
S.D 1.89 303 306 25 293 251 350 34 278 331 149 462 215 311 340
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Tabl e-68: Significance of difference between different age groups in risetime in phonation for /a/ in tales

8-9 9-10 1011 11-12 12-13 13-14 14-15 1516 16-17 17-18 1819 19-20 20-21 21-22

A A A
A A
A

=
RBEBERBEREBREB vw
U UTUTU
o>
>>r>> X > >
>X>XrXr>X> U 0>
S >TU XU U UTU
>X>XrX>TX>TT > U U0
>rTr>rXr>>>>> >
>X>Xr>r>T U "UTUTUTU
UX>>U>>>T U >> T
> U>X>>r U>>>2T 0>
DO T T T> 0>

Tabl e-69: Significance of difference between different age groups in rise time in phonation for/i/ in tales

8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A A A A A A P A A P A A A A
8- 9 A A A A A P A A A A A A A
9-1 A A A A P P P P P A A P
0-1 A - A A P A A P A A A A
11- 2 A A P A A A A A A A
2-n A P P A A A A A A
B- 1 P A A A A A A A
“-5 A A A A P P A
5-5 A A A A P A
6- 1 A A A A A
7- 8 A P P A
B-D9 A A A
9-2 A A
20-2 P




Tabie-70: Sgnificance of difference between different age groups in rise time in phonation for . in Milees

g9 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

7- 8 A A AP A A P P P P A A AP
8- 9 AN A A A A A P AP A A A A
9-10 A P A A A P p p A A A P
0-1 AN A A A A A A A A A A
1-10 P P A A A P A A P A
- 13 A A P P P A A A p
B3- P P P P A A A P
-1 A A A A A A A
5- 16 AL A A A P A
B - 17 A A A A P
17 - 18 P A p A
B - 19 A A A
? -2 A P
0 -2

Tabl e-71: The significance of difference between different age groups in rise tine in phonation of /a/ of females

8-9 9-10 10-11 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-2121-22

AP A
p A
A

B oo~
BES wvo
> > >
> > > T0>

11- 12
12-13
B-14
“-15
5-16
6 -17
Ir-18

>rr>r >
>>r>r>rrT >
>rXr>>rr > o>
>>TUX>"TUS UT >
>rXrX>>r2> U U U
>rrrrr>r>>> >
>rXrU>>>>r2>22 0>
'U)>)>)>)>)>)>)>)>>> >

19- 29

>rrr>rrX>r>>T > 0>




Tabte-72: The significance of difference betMen different age groups in rise tiaein phonation of /i/ of feaaies

8-9 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17. 17-18 18-19 19-20 20-21 21-22

10-11
11-12
12-13
13-14
14-15
15-16
16-17
17-18
18-19
19-20
20- 21

>r > >

>r>r>> >
>>>>>> >
>rr>>>r>> >
>>>>U>T U
>r>rr> U U U
TUUU>TU>>TT >
TrXrrTrrrr>>U>>>
UrXrU>»X>2>2T U U> U
> UrXr>rr>r>>T>>>

Tabte-73: The significance of difference between different age groups in rise time in phonation of /u/ of females

89 910 1011 11-12 1213 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

7- 8 A A P A A A A A A A A A A A
8- 9 A A A ALA A A A A A A A A
9-10 A A A A A A A A A A A A
10 -11 A A A A A P P A A P P
11-12 A3 A A A A A A A A
12-13 A A A A A A A A A
13- 14 A A A A A A A A
14- 15 A A A A A A A
15-16 1 R A A A A
16-17 A A A p A
17-18 A A A A
13-19 A A A
19- 20 A A
20%21 A
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The highest nmean value for /a/ is 12.9 at 19-20yrs and the
lowest is 7.5 at 9-10yrs. The highest S.D. value is 4.15 at
19-20yrs and the lowest is 2 at 7-8yrs. It can al so be seen
that age group 12-13yrs, 13-14yrs and 16-17yrs show slight
decrease in nean val ues. For vowel /i / the highest value is
11. 7csec at 17-18yrs and lowest is 6.3 at 9-10yrs. The
hi ghest S.D. value is 4.77 at 21-22yrs and the lowest in 1.93
at |l-12yrs. There are also groups 12-13yrs and 13- 14yrs
show a | ower val ue. For vowel /u/ the highest nean value is
13.6 at 21-22 years and the lowest 7.4 at 8-9yrs. The

highest S.D. values is 4.43 at 21-22yrs and the lowest in
1.59 at 7-8yrs.

As seen in graph-14 the vowel /u/ shows a consistent and

gradual increase in fall tinme of phonation wth age.

The test for significance of difference was applied and
the result of it are shown in table 75, 76 and 77. In vowel
[/ al younger children and older children upto 13-14yrs show
significant difference with adult age groups 19-20 and above.
Al so age group 15-16yrs shows significant difference with the
age groups 12-13yrs and bel ow except 8-9yrs age groups 14-
15yrs to 17-18yrs. The adult age groups do not show any
significant difference. Simlar trend is also seen in vowel

[il. In vowel /i/ age group 10-1lyrs do not show significant

difference with only other age groups.
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In vowel /u/ also younger children and older children

upot 13-14yrs show significant differences with adult age

groups.

Age groups 14-15yrs, 15-16yrs and 17-18yrs show
significant difference with young children age groups but not

with adult age groups.

Thus null hypothesis stating that there is no
significant difference in fall time across the age groups for

male is partly accepted and partly rejected.

In females the nmean and S.D. values show an increasing

trend with age for all the three vowels as observed in nales

evident in the graph-14.

The test for significance however show that age groups
17-18yrs and above show a significant difference with the age
groups 13-14 and below for /a/, the age group 9-10 shows a
significant difference with the age group 15-16 and above.
In case of /i/ age groups 7-8yrs, 9-10yrs, 12-13yrs and 13-
1l4yrs shows significant difference with the age groups 14-
15yrs and above. For /ul/ age groups 14-15yrs, 15-16 years

and 17-18yrs and above show a significant difference with the

| oner age groups.

Conpari son between mal es and fenales shows that there is
no significant difference in majority of age groups in terns

of fall time of phonation. Hence the null hypothesis stating
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that there is no significant difference in fall tine between

mal es and fenmales is accepted.

In summary it can be stated that both nmales and fenal es
show increase in fall time with the age in all the three
vowel s. Males show a sudden increase in fall time at the age
range 14-15yrs (for /a/ & /i/) and fenales at the age range
8-9yrs which corresponds to the onset of puberty. No
significant difference is found in fall time of phonation
bet ween nales and fenales. This study is with an agreenent
with reports nade Rashm  (1985). This result can be
considered as reflecting the increased neuromruscul ar control
with age. This paranmeter apears to be useful in diagnosis of

respiratory or l|aryngeal system or the neuronuscul ar control

over these systens.



Tabl e-74a; Mean ad Standard Deviation of the fall time in phonation of /a/ in males and females

-8 89 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 1819 19-20 20-21 21-22

MALES:
Mean 800 900 710 95 88 7.70 7.80 10.30 11.90 9.30 10.30 1D-20 12.90 11.10 12.40
S.D 200 258 348 425 264 336 209 29 412 279 271 336 415 367 350

FEMALES,
Mean 8.00 11.30 89 980 900 8.8 1040 9.60 7.60 10.60 1240 12.40 13.20 13.10 15.90
SD 262 416 292 225 39 391 284 267 284 33 297 462 199 451 638

Table-74b: Mean ad Standard deviation of the fall time in phonation of /i/ in males and fenales

78 89 910 1011 11-12 12-13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

HALES:
Mean 721 820 630 910 98 68 7.30 10.80 9.9 960 11.70 1150 9.70 10.80 11.40
SD 289 379 267 35 193 199 134 35 25 38 38 280 231 262 4T

FEMLES:
Mean A 80 12.00 860 1000 9.40 860 11.10 860 930 1170 1210 15.50 13.00 16.10 14.67
162 646 302 17 159 324 15 317 44 313 129 492 20 300 330

Tabl e-74c: Mean ad Standard deviation of the fall time in phonation of /u/ in males and females

7S 89 910 1011 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

MALES:
Mean 757  7.40 750 800 9.00 829 900 11.40 11.30 9.80 11.20 11.60 10.70 11.30 13.60
S.D 1,59 527 237 123 1.15 301 254 347 287 38 35 13k 313 13 448

FEMALES:
Mean 810 11.40 800 11.10 940 7.20 10.00 870 9.30 10.50 il.?0 14.10 12.80 14.70 12.50
SD 250 398 211 218 22 244 346 374 336 200 235 55 140 38 23




Tabl e-75: The significance of difference between different age groups in Fall tinein phonation d /a/ in Mles

8-9 9-10 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7-8 AA A A A A A P A P A P p
8- 9 A A A A A A A A A A P A P
9-10 AP A A A P P P F P p P
10-11 A A A A A A A A A A P
11-12 AL A A p A A A p A P
12-13 A A P A P A P P
13- 14 P A A P A p P P
14-15 A A A A A A A
15- 16 A A A A A A
16-17 A A P P A
17-18 A A A A
18-19 A A A
19- 20 A A
20- 21 A

Tabl e-76: The significance of difference between different age groups in Fall tiae in phonaticn d /i/ in males

8-9 910 10-11 11-12 12-13 13-14 14-15 15-16 16-17 17-18 18-19 19-20 20-21 21-22

7-8 A A A P 6 A P P A P P P P P
8-9 A A A A A A A A P p A A P
9-10 A A A A p p P P P P P P
10-11 A A A A A A A A A A A
11-12 P P A A A A A A A A
12-13 A P P A P P A p P
13-14 P F A p P P P P
14 -15 A A A A A A A
15-16 A A A A A A
16-17 A A A A A
17-18 A A A A
18-19 A A A
19-20 A A
20-21 A




Tabl e-77: The significance of difference between different age groups in fall timein phonation o /ul in aaies

87 910 10-11 11-12 12-13 13-14 1415 1516 16-17 17-18 18-19 19-20 20-21 21-22

7-8 A A A P A A p P A P P P P P
8-9 A A A A A P P A P P P p P
9-10 A P A A P P A P P P P P
10 -11 3 A A P P p P p P P P
11-12 A A A p A A P A P A
12-13 A p 4 A A P A P P
12- 14 A A A A P A P p
14-15 A A A A A A A
15-16 A A A A A A
16- 17 A A A A P
17-18 A A A A
18-19 A A A
19-20 A A
20- 21 A

Tabl e-78: The significance of difference between different age groups in Fall time in phonation d /a/ in females

89 9-10 1011 11-12 13 13-14 14-15 1516 16-17 17-18 18-19 19-20 20-21 21-22

-8 A A, A P
8- 9 A A
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Table-79: The significance of difference between different age groups in Fall time in phonation of /i/ in females

B-3 9-10 $0-11 11-12 12-13 13-14 14-19 15-16 16-17 17-1B 18-19 19-20 20-21 21-22

1= 8 P A F P A A A A P P P P P P
8- 39 A A A ] a A A A A a A A
9 - 10 A A A A A A A P P P P! P
10 -1 A A A A A A ¥ P P P P
1= 12 A P A A P P P P P P
12-13 P A A P A P R P P
13-4 A A A A P P F P
14 - 15 A P P P 7 P P
13- 16 A A P P P P
16 - 17 A P A A P
17 - 1B A A P P
1§ - 19 A A A
19 - 20 A 4
20 - 21 A

Table-80: The significance of difference between different age groups in Fall tise in phonation of /u/ in feeales
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GRAPH-14: SHOWS FALL TIME IN PHONATION
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SUMVARY AND GONCLUSI ONS

Speech is comex activity involving various nuscles of
respiration, phonation, articulation and resonation. The end
product of this neuronmuscular activity is an ascoustic signal
i.e. speech. Speech and voice is known to change with age
and maxi num co-ordination between different subsystens of
speech is achieved by adulthood. The inportants of acoustic
anal ysi s in st udyi ng this devel opnent al changes in
neuronuscul ar activity in speech is highlighted in follow ng
statement by Kent (1976) "The past twe decades have been
witness to an increasing application of acoustic analysis to
the study of speech developnent in children = = These
acoustic features on various aspects of speech production
i ndi cates that the acuracy of notor control inproves with age
until | adul t like performance is achieved at about
Il1-12years, sonewhat after the age at which speech sound

acquisition is usually judged to be conplete.

Avai l ability of sophasiticated nethods of neasurenent
like digitization and conputer have enabled speech scientist

to study developnental changes in voice in large nunber of

chi |l dren.

The acoustic analysis to study the speech devel opnent in
children has been found to be useful in early indentification

diagnosis and treatnent of wvarious speech and |anguage

di sorders.
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Hence the present investigation included sone of the
parameters which were earlier reconended by earlier
investigators. They are,

1. The maxi num phonati on duration of vowels.

2. The maximum duration of /s/ and /z/ and the §Z
ratio.

The fundanental frequency of phonation.

The speaking fundanmental frequency.

Speed of fluctuation in frequency of phonati on.
Extent of fluctuation in frequency of phonation.
Frequency range in phonati on.

Frequency range in speech.

© ® N o o »

Speed of fluctuation in intensity of phonation.
10. Extent of fluctuation in intensity of phonation.
11. Intensity range in phonation.

12. Intensity range in speech.

13. Rise tinme in phonation.

14. Fall time in phonation.

These paraneters were studied in sanple of three hundred
subjects (children and adults) age ranging from 7-22 years

who were normal interms of their speech, |anguage and

heari ng.

Data on the maxi mumduration /a/, /i/, lul and /s/, [z/
along with the repetition of three Kannada sentences 'idu

pa:pu', 'idu ko:ti' and 'idu kenpu banna' were recorded.

Each subject was given three trials.
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The duration of vowels and the fricatives were neasured

using a stop watch, the |ongest of which was considerd as the

maxi mum phonati on durati on.

These sanples were digitized by using ADC and fed to
conputer (PC-AT) to obtain the fundanental frequency of
phonation, Frequency range, Intensity range, Speed & Extent

of fluctuations in frequency and intensity in phonation.

The sanme sanples were fed to the pitch analyzer (PM 100)
to neasure the rise and fall tinme in phonation. Thr ee
kannada sentences were fed into pitch analyzer for the

analysis of SFF, frequency range and intensity range in

speech.

Thus the results for all the paraneters were
obtained for all the 300 subjects. The obtai ned val ues were
then tabulated and subjected to statistical analysis to
determne the nmean, S.D and significance of difference. Mnn-

Wiitney 'U test was applied to know the significance of

di fference.

After the statistical anal ysi s, the follow ng

concl usi ons were drown.

1) Maxi mum phonati on durati on:

1) The MPT of vowels increases as a function of age in

both mal es and femal es.
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2) There is no significance difference in MPT of vowel s,

bet ween mal es and fenmal es, across the age range studied

3) The MPT of /i/ is greatest followed by /a/ and /u/.
1) SZ Rati o:

1) S/Z ratio remains constent throught the age range

st udi ed.

2) There is no significant difference in the SZ ration

bet ween mal es and fennl es.

111) Fundanental frequency of phonati on:
1) In males, there is a towering of Fo wth advancing
age upto the age of 15 years, after which there is a marked

decrease in the fundanental frequency.

2) In females there is a gradual decrease upto the age
of 12 years after which there is little change in Fo with
age.

3) A significance difference in fundamental frequency of

voi ce between nmales and females is observed after the age of

15 years only.

4) The fundanental frequency of /i/ is the highest
followed by /u/ and finally /a/ has the |owest fundanental

frequency of the three vowel s studied.

V) Speed of fluctuation in frequency of phonation:
1) Males and fenmal es show a significant decreases in the

mean and S.D. values with age.
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2) No significant difference speed of fluctuation in
frequency between nmales and females observed in younger age

group, upto age group 14-15 after which the significant

di fferences were found.

V) Extent of fluctuation in frequency of phonation:

1) The extent of fluctuation in phonation in males

decreases wi th age.

2) In females there is no consistent significant change

in extent of fluctuation in frequency of phonation wth age.

3) There is no significant difference between males and
females with reference to extent of fluctuation in frequency

of phonati on.

VI) Speed of fluctuation in intensity:

1) Males show significant decrease in speed of

fluctuation in intensity with age.

2) Females also show a decrease wth age but nore

gradual than that of nales.

3) Males show significantly highest speed of fluctuation

inintensity than that of fermales in |ower age groups only.

VII) Extent of fluctuation in intensity of phonation

1) Age groups 17-18 years and above show a significantly

| oner age val ues than other age groups.
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2) Femal es do not show any consi stent change with age.

3) No significant difference is found between males and

females in the age range studi ed.

VI11) Frequency range in phonation:

1) In males the frequency range in phonation decrease

gradually with age.

2) In females the decrease in frequency range in

phonation is nore gradual than in mal es.

3) The significant difference in frequency range between

mal es and fenales are present in adult age groups only.

| X) Intensity range in phonation:

1) Both males and fenales show a gradual decrease in

intensity range with the age.

2) Males show higher intensity ranges at 13-1l4years age

groups and fenmales show in the age group 8-9 and 9-10yrs.

X) Speech in fundamental frequency:

1) In case of nales gradual change in SFF as a function

of age upto age of 15 years, at which age 3 sudden decrease

in the speaking Fo is observed.

2) Incase of females there is a gradual change in the

SFF in females with increase in age.
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3) The SFF of males and fermales is not significantly
different upto 15yrs. A significantly |lower speaking FF is

present in the males after 15yrs when conpared to fenales.

Xl') Frequency range in speech:

1) Mal es show significant decrease in frequency range in

speech with increasing age.
2) In females no significant change is observed.

3) Siginificant, difference between males and fenales

are not present.

XIl) Intensity range in speech:

1) Males show increase in intensity range in speech.
2) Femal e do not show any consistent changes.

3) There is no significant difference in intensity range

of speech between nales and fenal es.

XIll) Risetinme:

1) There is no significant change rise tinme for both

mal es and femal es.

2) There is no significant difference in rise time

bet ween mal es and fenal es.

XIV) Fall tinme:

1) Both males and females show increase in fall tinme

wth age.
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2) Ml es show a sudden increase in fall tine at the age
range 14-15yrs (for /a/ and /u/) and fenmales at the age range

8-9yrs.

3) No significant difference is found in fall tiem of

phonati on between nales and femal es.
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