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1.1
CHAPTER- |
| NTRCDUCTI ON

"The past two decades have been wi ttnessed to an increasing
application of acoustic analysis to the study of speech devel op-
nment children" (Kent, 1976). Sone tines the physiologic and
phonetic interpretation of acoustic data are uncertain, but
acoustic analysis i.e. appropriate to test certain hypothesis
about changes in anatony, notor control and phonol ogi cal func-

tion as a function of age.

In rehabilitating the various commnication disordered

I ndi vi dual s, di agnosis of plays an inportant role. Know edge
of "normal" condition is prerequisite for diagnosis. It has
becone a tradition to conpare a disordered individual with a
conparabl e nornmal individual. This helps in recognizing the
di fferences between the two and | ater to understand the dis-
order according to the type of differences. This would also
help in deciding the direction and strategi es for therapy.
This tradition calls for studies which deal with changes with
the age, in various acoustic aspects of speech in t he nornma

popul ati on.

The existing data on the acoustic properties of adults
speech are all too sketchy in nature, but they hold the promse
of sensitive nethods for study of changes of speech as a function

of age and di sorders.
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Statenment of the problem The problemwas to know how t he

acoustic paranmeters vary with the age and sex.

The present study therefore ains at anal yzi ng sone of the
acoustic aspects of the speech of adults. Hrano (1981) has
| isted a nunber of paraneters of voice. Sone of these have been
considered in this study, nanely, speaking fundanmental frequency,
frequency range in speech, intensity range in speech, rise and
fall time of speech. In additionthe intensity |evels of harnonic

and vowel duration have al so been studi ed.

One hundred adults, both nal es and fenal es, age rangi ng
fromsixteen to sixty five years, were considered for the study.
Al the subjects were normal interns of speech, |anguage and
hearing and subjects did not had any respiratory, |aryngeal,

pharyngeal or oral cavity abnornalities.

Recordings of three repetitions of sentences "ldu pa: pu"
“ldu ko:ti" and "idu kenpu banna" were made for all the subjects.
These wer e anal yzed to obtain the follow ng paraneters i.e.
The speaki ng fundanental frequency
The frequency range of speech

The intensity range of speech

The fall time of speech

1

2

3

4. The rise tine of speech

5

6. Duration of the vowel /i/ and "idu".
.

. The intensity | evel s of harnonics.
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The neasurenents were nmade usi ng an high resol uti on signa

anal yzer (B&K 2033) and a pitch anal yzer (PM 100 .

The obtai ned data were than subjected to statistica
analysis to verify the follow ng hypothesis i.e. "There is no
significant difference in acoustic paraneters with increase in

age and between nmal es and fenal es.

Auxi | | ary hypot heses:

| (a) There is no significant difference i n speaki ng fundanent al

frequency between nal es and fenal es of the sane age group.

| (b) There is no significant change i n speaki ng fundanent al
frequency with increase in age in nal es.
I (c) There is no significant change i n speaki ng fundanenta

frequency with increase in age in fenal es.

II1(a) There is no significant difference in the frequency range
| a speech betweaa mal es and fenal es of sane age group.
I (b) Thereis no significant difference in the frequency range
i n speech with increase in age in nal es.
1 (c) There is no significant difference in the frequency range
| a speech wth increase in age in fenal es.
II11(a) There is no significant difference in the intensity range
I n speech between nal es and fenal es of the same age group.
I11(b) There is no significant difference inthe intensity range
in speech wth increase in age, in nale.
I11(c) There iano significant difference in theintensity range

I a speech wth increase ia age, in fenales.
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IV.(a) There is no significant difference inthe ratio of the
(n paraneter)intensities at which the harnoni cs occur
above 1 000Hz to that bel ow | 000Hz between nales and

femal es of the sanme age group.

| V(b) There is no significant difference in ratio of the inten-
Sities at which harnonics occur above | 000Hz t o that
bel owl 000 Hz. (u- paranmet ers)w t hi ncreasi ngage, i nnal es.
I'V(c) There is no significant difference in ratio of the inten-
sities at which harnoni ca occur above | 000Hz to that
bel ow| 000 Hz ( (- paraneters) withincreasing age, i nfenal es.
V(a) There is no significant difference in therise tinmeof
speech between nmal es and fenal es of the sanme age group.
V(b) Thereis no significant difference in the rise of speech
with increase in age in nales.
V(c) There is no significant difference in the rise of speech
with increase in age, in fenal es.
VI(a) There is no significant difference in thefall tinme of
speech between nmal es and fenal es of the same age group.
VI(b) There is no significant difference in the fall tine of
speech with increase in age* in nales.
VI(c) Thereis nosignificant differenceinthe fall tinme of
speech with increase in age,in fenal es.
Vil (a) These is no significant difference in the vowel duration

bet ween nal es and fenal es of the sane age group.
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VI1(b) These is no significant difference in the vowel dura-
tion with increase in age, in nales.
VI1(c) There is no significant difference in the vowel dura-

tionwithincreaseinage, infenals.

Definition of terns:

1. Speaking fundanental frequency:

The man frequency of the speech stinmulus displayed.

2. frequency range i n speech

The di fference between t he hi ghest and the | owest frequency
for the speech stinuli

3. Intensity range in saaech:

The di fference between the highst and the | owest intensities

In the speech stimuli.

4. u - Par anet ers:

The ratio of the intensity | evels of the harnonics between
| -2KHz to the intensity | evels bel ow | 000Hz, as shown by the

hi gh resol uti opn sign anal yzer.

5. Risetinme of Speech:

The difference in centiseconds between the initiation of
speech and the tine at whi ch speech becones steady, interns
of theintensity.

6. Fall tinme of speech:

The differ ace in centiseconds between thetine at which
the intensity curve began to decreases and the termnation of

speech.
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7. Vowel duration:
The duration fromt he begi nning of the vowel to the
begi nning of the follow ng stop as shown by the H gh Resol ution

Si gnal Anal yzer.
Limtations of the study:

1. The nunber of subjects in each age group ia 10 nmal es and
10 femal es only.

2. Only repeat after ne "Speech sanples'* are uaed for the study.

| nplications of the study:

This study provides information regarding the changes in
speeki ng fundanental frequency, frequency range in apeech,
intensity range in speech, risetime and fall time of speeeh,
intensity at harnonica and vowel duration, as a function of age,

inthe age range of 16-65 years both in case of males and fenales.

It also provides information regarding the difference in

above paraneters between nmal es and fenal es.

Thi s study further provides information in theabove nenti oned
paraneters in normal adults inthe age range of 16-65 years.,

agai nst Which the variation in these paraneters on a clinica
popul ati on may be useful in differential diagnosis of voice
di sorders. The information obtained fromthis study may be
useful in speaker identification.
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CHAPTER- I |

REVI EW OF LI TERATURE

"The one form of communi cati on which people use most effect-
ively in interpersonal relationships is speech. Wth it, they
give formto their innernmost thoughts. MWthout it, they are
reduced to animal noises and unintelligible gestures. In a rea

sense, speech is the key to human existence* (Fisher, 1975).

Speech is produced without observable effort by the human-
bei ngs. The range of speech variation is immense, and yet con-

si der ed nor mal .

Only a small part of the information is conveyed by speech
less than | %0of this is used for linguistic purposes, as such
the rest gives other kinds of information, about the specific
character of the vasal tract of the speaker, which enables one
to recogni ze speaker's voice, physical well being and enotiona
stated attitude towards the entire context in which the speech
event occurs. It can also carry other information about speaker
with reference to the conventions of social class occupation and

styl e.

The spoken utterance is an inpact on the atmosphere, very
short duration and on a very small scale, in which the component
sounds die away at different distances depending on their inhe-

rent eneragy. But these vibrations are of at most conplexity.
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Acoustic analysis resolves this tortuous oscillation in a three
di mentional frame work of frequency, intensity and time in
whi ch each sound is characterized by a typical display of energy
in various frequency regions along the unlimted time axis

(Cotz, 1961).

The crucial event essential for voice production is vibra-
tion of vocal cords. It changes DC air streamto AC air stream
Converting aerodynam c energy to acoustical energy. From this
poi nt of view the parameters involved in the process of phonation

can be divided into 3 maj or groups.

(1) The paraneters which regulate the vibratory pattern of
vocal folds;
(2) The parameters which specify the vibratory pattern of
t he vocal folds;
(3) The paraneters which specify the nature of sound gene-

rat ed.

Hi raha (1981) has further elaborated on this, by stating
that, "the parameter Which regulate the vibratory pattern of the
vocal folds can be divided into two groupst Physiological and
Physical. The physiological factors are succinftty put, related
to activity of the respiratory, phonatory and articul atory
muscl es. The physical factors include the expiratory force, the
conditions of vocal folds and the state of the vocal tract. The

expiratory force is the energy source of phonation and is regul ated
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chiefly by the respiratory nmuscles and the stake of the brancho
pul nonary system and thoracic cage. The condition of the voca
folds which are the vibrators is described with respect to the
position shape, size, elasticity and viscosity of the voca
folds. It is influenced by the activity of |aryngeal nuscles
and pat hol ogi cal conditions of the voca folds and the adjacent
structures. The state of the vocal tract, the channel between
the glottis and |lips affects the vibratory pattern of the vocal
folds to a certain extent and it is regulated chiefly by the

articulatory muscl es.

These primary physical factors inturn determ ne certain
secondary features, which include the pressure drop across the
glottis, volune velocity or nmean air flowrate, and glottal

i npedance. These secondary features are referred to as the

aer odynam ¢ paraneters.

Vibratory pattern of the vocal folds can be described

Wi th respect to various paraneters including the fundanental
frequency, regulatory of periodicity in successive vibrations,
synmetry between the two vocal folds, uniformty or honopgenity
in the movenent of different points within each vocal fold,
glottal closure during vibration, anplitude of vibration, speed
of excursion, wave which travels on the nucosa, contact area

bet ween the two vocal folds, glottal area wave formand so on.
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The nature of sound generated is chiefly by the vibratory

pattern of the vocal folds. It can be specified both in acoustic
ternms and in psychoacoustic ternms. The psychoacoustic para-
meters are naturally depend upon the acoustic paraneters. The
acoustic paraneters are, fundanental frequency, intensity,

wave formor acoustic spectrum and their tine-related vari a-

tions".

Hirano (1981) has pointed out that the acoustic analysis

of the voice signal may be one of the nost attractive net hods
for assessing phonatory function or |aryngeal pathol ogy because
it is non-invasive and provi des objective and quantitative
data. The techni que of acoustic analysis has prom sing future
as a diagnostic tool in the managenent of voice disorders. Mny
acoustic paraneters, derived by various nethods, have been
reported to be useful in differentiating between pathol ogi ca
voi ce and normal voice. Hirano (1981) goes on to say that al

t he previous reports are prelimnary reports and that further
extensive basic and clinical research is require in order to

obtain sone algorithmfor diagnostic purpose.

Further, clinician will not really know what to expect
with a nmedical diagnosis having a conpl ete physical description
of the larynx together with sone objectives |ike "hoarse" or

"rough", until he actually sees the case (M chel and Wendhl, 1971),
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on the other hand, if the clinician receives a report which

i ncl udes neasures of frequency ranges, respiratory function,
fitter, volune-velosity of air flow during phonation, etc.

in the formof a voice profile, the clinician can then conpare
these valuta to the nornms for each one of the paraneters and

t hus have relatively good ideas to how to proceed with therapy
even before seeing the patient. Moreover, periodic nmeasurenent
of these paraneters during the course of therapy may wel |

provi de a useful index as to the success of the treatnent.

Therefore, the present study ains at investigating sone

acoustic (nmean fundanental frequency, in speech, nean intensity,

frequency and intensity range i n speech, fluctuationsinintensity

and frequency, rise, fall tinme of speech, harnonics, vowel dura-

tion) aspects of speech of Indian adults.
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Speaki ng Fundanental Frequency;

In daily life, man comuni cates through speech. An
eval uation of the fundanmental frequency in phonation, may
not represent the true fundamental frequency, used by an
i ndi vidual in speech. Hence, it becones inmportant to eval uate

t he speaki ng fundamental frequency.

The speaki ng fundanental frequency is estimted subjec-
tively by matching or it is determ ned objectively with a
pitch meter or Digipitch. For more preci se measurement, funda-
ment al frequency histograns are obtained with the aid of a

comput er .

Many investigators have studi ed the speaki ng fundanent al
frequency as a function of age and in various pathol ogical con-

ditions.

M chel, Hollien and Moore (1965) studied the speaking
fundamental frequency characteristics of 15, 16 and 17 years
old girls, in order to determ ne the age at which adult female
speaki ng fundamental frequencies are established. Their results

i ndicated that female attain adult speaking fundanental fre-

guencies by fifteen years of age. It seems necessary, therefore,

to study speaking fundamental frequency in girls of fourteen
years of age and younger, in order to determ ne when adult

frequencies are first evidenced (M chel, Hollien and Moore,

1965) .
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Kushal Raj (1983) studied the speaking fundamenta
frequency as a function of age, in children between 4 to 12
years. He reported that the fundamental frequency, both in

case of males and femal es, decreases with age, males show ng

a sudden decrease around el even years of age. No significant
difference in fundamental frequency was found until the age
of eleven years between mal es and femal es. The fundanment a

frequenci es of the vowels /a/, /i/, /ul [ el and/ o/, occur-
ing in speech indicated that the fundanental frequency of
vowel [/ a/ was the lowest in both males, and femal es / u/ was

t he highest for males and /i /, the highest for females,

The age dependent variations of nmean fundanental fre-

gquency reported by Bohine and Hecker (1970) indicate that the
mean speaking fundamental frequency decreases with age upto the
end of adol escence. A marked | owering takes place during

adol escence in men. I n advanced age, nean fundanmental frequency

becomes higher in men but slightly [owered in women.

Hudson and Hol brook (1981) investigated the nean noda

fundamental frequency, in reading, in two hundred young bl ack
adults whose age ranged from 18 to 29 years, and found it to
be 110.15Hz in mal es and 193.10 hz in femal es. Conpared to

a simlar white population studied by Fitch and Hol brook(1970)
and found that the black popul ati on had | ower mean nodal fre-

guenci es.
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The nmean speaking fundanental frequency of nmal es age range
from20 to 89 years, indicated that progressive |owering of
speaki ng fundanental frequency fromage 20 to 40, with a rise
in the level fromage 60 through the eighties (Hollien and
Shi pp, 1972).

A study of the speaking pitch level in two groups of
femal es, between 65 and 75 years and between 80 and94 years,
indicated no significant difference in pitch |evel between the
two groups. Therefore, the speaking pitch |evel of wonen

probably varies little throughout adult l|ife.

Many hearing inpaired speakers are unable to contro
t heir speaki ng fundanental frequency. Meckfessel (1964) and
Thornton (1964) reported speaking fundanmental frequency data
for 7- and 8- year old hearing inpaired speakers that were higher
t han val ues for normal hearing speakers. Ernovick (1965) and
Gruenewal d (1966) reported val ues that were equal to or |ower

t han val ues for normal hearing speakers.

Meckf essel (1964), Thomton(1964) reported speaking funda
mental frequency val ues in postpubescent hearing inpaired males
t hat were higher than those obtained for normal hearing fenales,
whi |l e Ernovi ck (1965) and G uenewal d (1966) reported val ues

that were sim|l ar.
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G | bert and Canpbel |l studied the fundamental frequency in
t hree age groups (4 to 6 years, 8 to 10 years and 16 to 25 years)
of yearing inpaired individuals, and reported that the val ues
wer e hi gher in hearing inpaired groups when conpeted to val ues

reported in the literature for normal hearing individual of

sanme age and sex.

Duffy (1954) analyzed the speech of cerebral palsied indi-
vi dual s by neans of an instantaneous fundanental frequency

recorder. He detected pitch characteristics which were rel ated

to different types of cerebral palsy.

The speaki ng fundanental frequency characteristics of insti-
tutionalized nongoloid girls, between 8 and 11 years were studied
by Hollien and Copel and (1965). Their results showed that nongo-
loid girls do not exhibit abnormally | ow speaki ng fundamenta
frequency | evel but rather possess vocal frequency characteristics
generally simlar to those of their age peers even though they
are retarded with respect to physical size. These results agree

with those of Mchel and Carney (1964).

However, the above findings do not support the clinical
observations of Mcintire and Dutch(1964), Strazzula (1953) and
Benda (1949) suggesting that the voices of children with nongo-
lismare substantially lower in voice fundanental frequency than

t hose of normal chil dren.
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Contrary to this, Winberg and Zl atin (1970) reported that,
t he nean fundamental frequency level for the sanple of children
wi th nongolism studied by them was significantly higher than
t he mean fundanmental frequency level for the control group. In
1974, Montague, Brown and Hol i en supported the above findings.
Their results indicated that while isolated Down's syndrone
children had relatively higher fundanental frequencies, as a
group no difference was found between Down's syndrone and inte-
Il ectually average children for that paranmeter. Further no
relationship was found within the down' s syndrome group between

speaki ng fundanental frequency and |.Q

Wei nberg et.al (1975) described sel ected speech characte-
ristics of patients with acronegaly. Sone of the patients with
acronegaly were found to use a |ower fundanental frequency than
the normals. This |ower fundanental frequency was prom nent

in femal e acronegalies than in nmal e acronegaal i es.

Studyi ng t he nean speaki ng fundanmental frequency in Stutterer
and nonstutterers, Healey (1982) reported no significant diffe-

rence.

| nvestigation of the effects of snoking on the fundanental
frequency of adult wonen was carried out by Gl bert and Wei sman
(1974). The results indicated that in the reading condition
fundanmental frequency for the snokers was significantly | ower

than the fundanental frequency of the non-snokers.
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Foll ow ng this study, stoicheff (1981) controlled the
snmoki ng vari abl e and found the speaking fundanmental frequency
to be higher relative to previous studies. He concluded that
t he speaki ng fundanental frequency of adult female is rela-
tively stable until conpletion of the nenopause, when it |owers.
This | owered speaking fundamental frequency is nmaintained in

aged wonen.

Burk and Saxman (1968) reported hi gher nmean speaking funda-
mental frequency val ues anong femal e Schi zophrenics than that

of the controls, but the difference was not significant.

Shi pp and Hontl ngton (1965) found no significant difference
in the nean and nedi an speaki ng fundanental frequency between

laryngitic and postlaryngitic voi ces.

Murry (1978) studying the speaking fundanental frequency
characteristics of four groups of subjects, nanmely vocal cord
paral ysi s, benign mass | esion, cancer of |arynx and normal s.

He noted that the paraneters of nean speaking fundanental frequency

failed to separate the normals fromthe three groups of patho-

| ogi ¢ subjects.

In parall el study, Murry and Doherty (1980) reported al ong
wi th other voice production neasures such as directional and
magni t udi nal pertubation, the speaking fundanental frequency

i mproved the discrimnant function between normal voices and

mal i gnancy of the | arynx.
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Sawashima (1968) reported a rise in mean speaking funda-
ment al frequency in cases of sulcus vocalis and a fall in mean
speaking fundamental frequency in cases of polypoid vocal cords
and virillsm Very high mean speaking fundamental frequency

values result from di sturbances mutation in males.

At present, mean speaking fundamental frequency is neasured

as a clinical test value (Hirano, 1981).

Rashm 's (1985) study on acoustic anal ysis of speech in
children show that, there is little change in speaking funda-
ment al frequency as a function of age in males upto 14 years,
at Which age a sudden decrease in the speaking fundament al
frequency was observed and very little change in speaking funda-

ment al frequency was observed in females with increase age.

Thus review of literature shows that the neasurenment of
fundament al frequency both in phonation and speaking is i mportant
in assessing the neuromuscul ar devel opment and di agnosis and
treatment of voice disorders. Few studies have been carried
out to note the changes in fundament al frequency in Indian
popul ation with reference to age (Samuel, 1973) Usha, 1978;
Gopal, H.S., 1980; Kushal raj, 1983; Rashmi, 1985). However
the present study is also considering the measurement of funda-
ment al frequency as it would be helpful in assessing the earlier
findings and also to find out relationship between fundamental fre-
guency and other parameters that are considered in the present

study as all the parameters are measured on the same popul ation



2.13

Frequency range in speech: Humans are capabl e of producing a
wi de variety of acoustic signals. Success in decoding acoustic
speech signals assumed that the speaker will produce; (1) accep-

t abl e phonemes, variously sequenced or combined, (2) changes in
the use of time, (3) change in fundamental frequency, and (4)
changes in intensity or energy. These four comprise the basic

el ements of verbal communication (Brackett, 1971).

The patterned variations of speech over linguistic units of
differing Il ength (syllables, words, phrases, clauses, paragraphs),

yield the critical prosodic feature, namely intonation (Freeman,

1982). I n otherwords, during speech, the fundamental frequency
of phonation varies. This range is called speech range or the
speech frequency range (Hirano, 1981). Variations in fundament al
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 use corresponds to the
mood of t he speaker, that is, as Skinner (1935) reports, cheerful
ani mat ed speech exhibits greater range use than serious, thoughtfu
speech. Changes in duration and fundamental frequency during
syll able elements of words are basic to the melody and rhythm
patterns unique to English. Steps syll ables are perceived as

bei ng higher in pitch than unstressed syll able (Freeman, 1982).

Rel atively little is known about devel opmental changes in
the range or variability of fundamental frequency. Most of the
literature on the new born infants cry appears to have the capabi -
lity of extending this range appreciably in either direction.

Ri ngl e and Kluppe (1964) reported a range of 290-508Hz for ten
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i nfants aged 4 to 10 hours. Fai rbanks (1942) observed a range
of 153-888 Hz for an infant in the first month of life and a rang
of 63-2631 Hz for first 9 months of Ilife. MoGl one' s (1966) inve-
stigation of children aged between 1 and 2 years revealed a total
range of 16.2 tones, or about two octaves. Van Oor dt and Drost
(1963) concluded from a study of 126 children in two age groups
(0O to 5 years and 6 to 16 years) that ". .. even in very young
children the physiological range of voice parallels that of the
| owest reachabl e physi ol ogical tone ....". Their data indicate
t hat even young children have a fundamental frequency range of
t wo- and-one-half to three octaves. If a conclusion is forced
fromthese rather limted data, it would be that therange of
vocal frequency, does not change appreciably during maturation

(Kent, 1976).

As far as the variability of the fundamental frequency is
concerned, the most extensive study is that of Eguchi and Hirsh
(1969), who collected data for 84 subjects representing adult
hood and the age levels of 3-13 years, at one year intervals, for

vowels/i/, lael, lul, e/, [al, and / O/, as produced in the

sentence contexts. The variability of fundamental frequency pro-
gressively decreases with age until a minimumwas reached at about
10 -12 years. This is taken as the index of accuracy of the

| aryngeal adjustments during vowel production, then the accuracy

of control improves continuously over a period of at least 7 to

9 years.
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The discovery that the fundamental frequency variability
di m ni shes with age has i mportant implications for the quanti -
tative investigation of speech development. It is not known at

what age, this operant refinement of control begins to appear

(Kent, 1976). Sheppard and Lane (1968) in a study of two infants
during the first 141 days of life, reported a rather small and
constant variability in fundamental frequency val ues. However,
Prescott (1975) discovered small devel opmental increases in the
fundamental frequency variability within the first nine months

of life. Possibly, at the same time that a child gains contro

over the accuracy of his laryngeal adjustments, he begins to vary
fundamental frequency to achieve intonation |ike effects. Of
course to some degree, accuracy of adjustment is requisite for
controlled variation. Concerning this subject, studies of infants
intonation have revealed evidence that definite pattern are

established during first year of life (Kent, 1976).

Hudson and Hol brook (1981) studied the fundanmental voca

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 158.50 Hz in males and from 139.05 to 266. 10Hz
in femal es. Compared to sim | ar white popul ation studied by Fitch
and Hol brook (1970), the black popul ati on had greater mean fre-
guency ranges. Fitch's white subjects showed a greater range

bel ow t he mean mode than above. This behaviour was reversed for

t he black subjects. Hudson (1981) pointed out that such patterns
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of vocal behaviour may be i mportant clues Wiich alert the listenen

to the speakers racial identify.

Mcd one and Hollien (1963) studying the vocal pitch charac-
teristics of aged women, 65 to 79 years, reported that women's
speaking pitch variability changes little with advancing age. How
ever, Stoicheff (1981) reported an increase in variability of funda-
ment al frequency in post menopausal adult females, which was inter
preted as indicating decreased | aryngeal control over fundamenta

frequency adjustments.

General concl usions about the diagnostic val ue of fundanental
frequency variability are difficult to make because such measure-
ments are hel pful in certain pathological conditions but not in

others (Kent, 1976).

Shi pp and Hontington (1965) indicated that laryngitic voices
had significantly smaller ranges than did post laryngitic voices.
The results of a study by Murry (1978) showed a reduced semi tone
range of speaking fundamental frequency in patients with voca
fold paralysis, as compared with normal s. After a study, Murry
Doherty (1980) reported that the variability in speaking fundament
frequency, along the directional and magnitudi nal perturbation
factors enhanced the ability to discrim nate between talker with

no |aryngeal pathology and talkers with the cancer of |[|arynx.

A number of studies have reported pitch variability in the

speech of stutterers. Travis (1927) and Bryngelson (1932) found
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that stutterers exhibited |less pitch variability than did non-
stutterers, particularly during hi ghly emotional conditions.
Adams (1965) indicated that stutterers show a |limted pitch range

with an utterance when compared with "good" and "trained" speaker;
but not when compared with poor speakers. W th spectrographic
data schilling and Goel er (1961) and Luhsinger and DuBois (1963)
showed t hat stutterers had | ess amount of pitch variation in their
speech than did normal fluent speakers. Heal ey (1982) exam ned
certain parameters of speaking fundamental frequency associated w
stutterers and non-stutterers fluent production of a declarative
and an interragative utterance, and reported that man stutterers

produced a significantly greater range of frequencies than did the

stutterers across both the utterances. Lechner (1982)found that
the stutterers pitch variability increased more under DAP than
in normal auditory feedback mode. However, when stutterers spoke

in the presence of masking noise, there were only a few changes
in their speaking fundamental frequency patterns as compared with
auditory feedback mode. Ram g and Adams (1981) discovered that
the stutterers and nonstutterers used a greater range of funda-
ment al frequencies while reading at a higher than normal pitch as
when compared with reading in their habitual pitch. Mor e over
reading in a |lower-than-normal pitch produced |ess fundamenta

frequency variability than reading at habitual pitch levels.

Study by Rashm (1985), in children, has indicated reduction

in fundamental frequency range both in males and femal es as
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a function of increasing age and no significant difference
bet ween mal es and females. Thus the review indicates that itis
i mportant to have extensive data on pitch variation, as a fundtic
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 Indian popul ation.

Intensity range in speech: Loudness is in general, the psychol o-

The di

gical correlate of intensity; the termrefers to the "strength

of the sensation received through the ear According to Murphy
(1964) "It is an aspect of sensation and is measurable through
the discrimnatory responses of thelistener to the strength of

the tones. Al t hough it is basically the psychol ogical correlate

of intensity, it varies as a function of frequencies".

fferences in constructing and validating a reliable
scale for |loudness have been discussed by Gamer, who concl uded
that "whatever the ultimate solution to the |oudness scaling probl

may be it is clear that the problemis not a simple one".

"There are unfortunately no psychol ogical data relating to
the |l oudness of speech sounds to their intensity except for some
general observations published by Flecher (1929), who found that
sounds with a | arge number of frequency components increase more
rapidly in loudness with a raise in intensity than do sounds with
fewer components, or the sounds with most of their energy in | ow
frequency region also increase more rapidly in loudness than those

with most energy in the high frequencies (Fry, 1970).
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From the experiments using pure tones as stimuli, it is
clear that the | oudness of any complex sound will be dependent

upon its frequency components or spectrum

"The | oudness of a sound al so depends upon it duration at

| east within certain ranges. It has been found that for values
upt o about 0.5 sec. increasing duration produces an increase in

| oudness for sounds of the same intensity (Bekesy, 1933, Lifshitz,
1936) ". "These were results obtained with pure tones and it is

al most certain that the effect in the case of complex sounds
woul d be | ess pronounced, but even some influences of duration

as |l oudness is to be expected in speech, particularly. For short
lives sounds such as the fricative portions of plosives and affri-
catives and unstressed vowel s" (Fry, 1970). variation in | oudness
results fromthree factors, viz. (l) theforce of the subglottic
breath (2) elasticity of vocal cords; and (3) the resonance effect

of the vocal tract.

Surprisingly little attension has been devoted to the necha-
nismresponsi ble for changes in vocal intensities. I ntensity
changes are i mportant in every day verbal behaviour, and it ought
to come as no surprise to learn that the extremes in intensity

of vocal tones occupy a considerable range, even during conversa-

ti onal speech.
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The study of phonol ogy also includes intensity change in
energy. I ncreasing or decreasing total speech power, as dis-
cussed by Mol and Uhl enbach (1956), is one of the means of
achieving dom nance of syllables, words or phrases. Changes
in energy signify degree of emotional involvement such as shouting
when angry. Use of intensity changes also reveal the speakers

perception of physical and psychol ogical distance.

Danste (1970), Kom jama (1972), and Col eman et al (1977)
proposed a graphic representation of the fundamental frequency
intensity profile. The graph was named as "phonetogram' by
Dabste and "Phonogram' by Komi yama. Rauhut, et al (1979) proposed
the term voice area for the representation of maxi mal or m ni mal

intensity of voice as a function of pitch.

According to Coleman et al (1977), the average intensity
range of phonation (in SPL re: 0.0002 dynes/cm?) at a single
fundamental frequency is 34.8 dB for male and 51 dB for female

subj ects.

Col eman and Mott (1978) found | ower SPL ranges for female
children (10 to 13 years) than those of adult femal es. Further,
t hey observed that the musical range, in terms of fundamenta
frequency and SPL is more restricted, that is, it lies within the
boondari es of physiol ogical range, The mean physiological SPL
range was found to be 159 dB, while the mean musical SPL range

was 58dB.
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Empirically, it is wellknown that the disorders of voca
intensity constitute one of the i mportant components of voice
di sorder. However, measurement of vocal intensity, as a clinica
di agnostic tool has not proved as popular as that of fundament al

frequency in voice clinics.

However, Watanebe et al (1977) reported of two patients

with |l aryngeal polyps and | aryngeal cancer, who showed no abnor-
malities in the routine study, but showed an abnormality only
in the study of vocal intensity. They, therefore, stressed the
i mportance of vocal intensity as a parameter in showi ng voca

dysfunction.

Darley et al (1969) in a report on speech characteristics

of dysarthric patients, reported equal and excess stress and
monol oudness as one of the characteristics. In a spectrographic
anal ysis of ataxic dysarthria. Nat araja and Indira (1982)
observed equal stress in the pathologic subject, while variations
in terms of intensity on each syll able were seen in the speech

of the normal subject.

Little information is available regarding the devel opment al

changes in the range of intensity. However, on similar lines as
fundamental frequency variability, it may be hypothesized that
the variability in intensity decrease with age. Thus it will be

interesting and useful to investigate the intensity variation |ead-
ing to determi nation of range in speech of adults of different age

groups in an Indian popul ation. It is intended to use this data
to compare with the results of clinical population for the purpose

of differential diagnosis of various disorders in adult.
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Ri sing and Falling Ti me of Speech:

I mai zum et al (1980) while investigating the possibilit

sound spectrography for multldi mentional analysis of pathol og

voi ces, measured the rising time and falling time of sustaine
vowel s as two pf the parameters, among the nine acoustic para
st udi ed. These parameters were measured on amplitude display,
rising time was defined as time required for the increase of c
all amplitude froma value of 10%of the steady level to 90%

falling time was defined as the time span required for decreas

from90%to 10%of steady |level.

Howel | and Rosen (1983) neasured the risetines of voicele

affricates and fricatives, when the test material occured in
sentences, in isolated words and in isolated nonsense syll abl es
The risetimes of affricates were significantly shorter than the
of fricatives. Ri se times varied with the type of test materia
and for all types material were significantly |longer than those
reported by Gerstman (1957). They al so reported that, because
rise time varies with the type of test material, no auditory se
tivity at a single rise time value can be responsible for the

perceptual distinction between voiceless affricates and fricate

Many pat hol ogi cal conditions are nore apparent during the

transitional phase of phonation, including the onset and the tea
nati on of phonation and hence of speech. In this connection,
further extensive clinical andbasic research is required (Hirano

1981) . Further studies have reported that the initiation and
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term nation of voice in stutterers are delayed (M ller, 1977,

Base, 1979).

Recent study in acoustic analysis of speech in children

showed that there is gradual decrease in rise time of phonatic
of all vowels with increase in age in both males and femal es.

A slight increase in the rise time is seemin the9 to 10 year
old group of males and 10 to 11 years old group females

(Rashmi, 1985).

Inspite of the fact that these neasurenents are very sinp

and i mportant, it is surprising to note that there are no atte
to note changes in these parameters with age and different pat
| ogi cal conditions. It was therefore decided to investigatet
aspects in the present study in different age groups of the

I ndi an popul ati on.
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Har moni cs: - The speech spectrum is concerned with the frequen

and intensity of each overtone (hormonic) of speech wave. Eve
19th century speech scientists were aware of the important cor
buti ons these overtones make to intelligibility. Over the yes
therefore, many investigations of the speech spectrumhave bee
made. Results from average speech spectrum analysis reveal th
"speech energy is generated roughly from50 to 10, 000Hz. Thi s
energy is greatest in the 100 to 600Hz region, which includes
t he fundamental component of speech wave and the first formant

(Denes and Pinson, 1963).

Most sound sources, unlike the tuning fork, produce vibra
tions which are compl ex. Rat her than vibrating in a simple ho
motion, they move in a complex manner which consists of more
one frequency. There are two kinds of complex sounds - those
which the pattern of vibration, however compl ex, repeats itse
(periodic) and those in which the vibration is random and has

repeat abl e pattern (aperiodic).

The periodic complex vibration produce signals in which
component frequencies are integral multiplies of the |owest f
guency of pattern repetition, or fundamental frequency. I npl
t he fundamental frequency is considered to be the first hormo
where as in music the first multiple (2 times the Fo) is call

the first hormonic.

In an aperiodic complex wave, the frequencies are not ho

cally related as they are in periodic sounds.
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The human voice is a low frequency sound compared to most
of the sounds of the world, including the other sounds Which
humans make above the larynx. Since it contains many hormonic
the voice is also a complex sound. The | owest frequency in th
voi ce spectrum (Fo), sets up a hormonic (2Fo), a second hormon
(3Fo) and so forth. It is characteristic of the human voice t
the higher hormonics have less intensity than the |ower hormon
so that although the voice contains many high frequency compo-
nents, the frequency emphasis on the |low frequenci es. The i nt

sity falls at 12 dB per octave.

A major difference between the sound of a | ow frequency a

hi gh frequency voice is due to the differences in the spacing

hor moni cs. A child with a fundamental frequency of 350Hz, wou
have a second hormonic at 700Hz, a third hormonic at 1050Hz an
a fourth at 1400Hz. In contrast, an adult male with fundament
frequency at 150Hz, would have a second hormonic at 300Hz, and
the ninth hormonic would correspond closely with the child's f
hor moni c. In the same way, a single person adjusting the freq
of his voice also changes the hormonic spacing. The figure sh

that the shape and the slope of the spectrumremain simlar fo

and child. In speech some of these hormonics are emphasi zed,
because of resonant characteristics of vocal tract. The high
energy over tones are called formants. These give voice a cer

guality which is an important clue in speech perception.
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Adult male Child

Figure-1: Schematic spectra of sounds resulting fromvocal fol
vi bration. The spectrum represent two different frequencies

phonation, thus the hormonlc spacing is altered.

The hornoni es produced in phonation or speech have been

measured using narrow band spectrograms.

I mai zum et al (1980) while investigating possibility of

utilizing a sound spectrograph for a multidi mentional analyst
of pathological voices, measured the richness of high frequen
hormoni cs of sustained vowels, as one of the acoustic paramet
They adapted a ratio of the mean level of the frequency range
bet ween 3.5 and 4.5 KHz to that below 1KHz, using a section d
pl ay. Schultz-coulan et al (1979) considered W nckel's sugge
(1953) to use the relative amplitude of the 3KHz formant of t
vocal spectrum as an objective criterion for vocal efficiency

eval uation and studied the dependency of the 3KHz formant an
on vocal pitch and intensity in normals by fitter analysis.

results showed that the relative amplitude of this formant gr
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with increase of vocal intensity and decreases with pitch elev
tion. This was more pronounced in males than in females. |In
subsequent study using trained singers, the authors observed
that the trained voice have more acoustic energy in the spectr
area around 3 KHz than the untrained voices. Among the traine
singers also, themale voices differed more than female for th
relative amplitude of the 3KHz formant. The amplitude of the

| ower formant area (800-1300Hz) appeared to be a much better

reference quantity than the total intensity level of the voice
sampl e. Their results, therefore, supported W nckel's (1953)
t heory.

Fronkj aer-Jenson and Prytz (1976) obtained the (alpha) pa
meter, defined as the distribution of amplitude above 1000Hz
relative to the amplitude below 1KHz in a patient with unilate
recurrent |aryngeal nerve paralysis, before and after therapy.

They found significant reduction in p (alpha) parameter after th

Yanagi hara (1967) has categorized four degrees of hoarsen

ranging from slight hoarseness to severe hoarseness, based on

spectrographic analysis. In the case of slight hoarseness the
regul ar hormonic components are mixed with the noise component
chiefly in the formant region of the vowels. Further, he obse
a loss of hormonic components as the severity of hoarseness

i ncreased.

Emanuel and Whitehead (1979) found that the level of firs

three hormonics of each test vowels (/u/, /i/, [el, [al, [ael
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decreased with an increase in roughness, but the higher hormon
of /u/ and /i/ showed some reversals. A moderately | arge nega
tive correlation was shown between |ower hormonic |evel and

medi an vowel rushness.

Di ckson (1959) has reported a reduction of the intensity
hi gh frequency hormonics, including the region of the third

formant, as one of the acoustic characteristics commonly relate

to nasality.
Many research workers (lllingworth, 1955; Sedlackova, 1964
Mokoi et al., 1972; Tonkova-Yampol skaya, 1973) have analyzed t he

hormonic structures in infant cries.

Rashm (1985) in her study of acoustic analysis of speech
in children, reported that the energy |level above | 000Hz, isle
than the energy |level below 1KHz. The U -(al pha) parameter decr
between 9 to 14 years in females and 9 to 15 years in male. Th
is no significant difference in the|[-(Alpha) parameter between

mal es and females in the age range of 4 years to 15 years.

Hi rano (1981) has pointed out that the amount of or riches
in spectral hormonics (the mean of a given phonation and the f
tuation in a given phonation) are relevant parameters in the

assessment of vocal function.

Revi ew of literature thus indicates the possibilities of

using the measurement of intensities at various hormonics for t
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purpose of judging the quality of voice and also in the diagnosis
of voice disorders. Further it may be also useful in assessing
effectiveness of voice therapy in specific cases of voice disorde
Therefore, it was considered that it would be interesting and
useful to study this aspect of voice in different age groups of
the I ndian popul ation. Hence t he present study includes measure-

ment of intensity levels at various hormonics.
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Vowel duration: Temporal aspects of speech production have

received scant attention in developmental studies. Thi s negl e
is unfortunate because timng may be most critical factor in
skill ed motor performance. The literature contains very littl
about such gross aspects of speech timng as the duration of

vowel s and contonants (Kent, 1978).

Acoustic studies along this line in children, were recent

reported by Disimoni (1974), who made oscill oscopic measuremen
of vowel and consonant durations in CVC, VCV, Utterances, of
aged 3-, 6-, and 9- years. One conclusion in these studies w
that the variability of the duration tended to decrease witha
a result which parallels the age - related variances the study
Eguchi andHirch (1969). In addition, the vowel duration in
voi cel ess consonant environments remained relatively consonant
all ages tested, while the duration of vowels invoiced conson

environments were found to increase with the age
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Vowel duration values compared for both voiced and voicel ess
consonant environments were found to be significantly differen
in six - and nine year old subjects, but not in three year old
subj ects. Durational differences already begin to appear by
age three, although the differences do not reach statistica
significance until age six. Di Simoni (1974) interpreted his
data as evidence of a developmental pattern in which the contr

of duration changes rapidly in the period between 3 and 6 year

Smith (1978) reported that the durations of nonsence utte
were 15% |l onger for 4 year olds than for adults and 31% | onger

for 2 year olds than for adults.

Because few data have been reported on the durations of

segments in children's connected, meaningful speech, it is not
clear at this time if the lengthening of segment is a uniform
property of children's speech. This issue is of interest for

atl east two reasons. First, reduction of segment duration wit
age may be a consequence of neiromuscular maturation: therefor
durational measurements may be one way of characterizing a chi
devel opmental progress in attaining adult |like speech motor co
A second reason is that developmental patterns in control of d

tion are necessary for research on phonol ogical process (Kent,

Anot her developmental pattern emerging from studi es of

children's speech is an age dependent decline in variability
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performance (Egnchi and Hirsh, 1969; Di Simoni, 1974). I f vari
bility is taken as an index of maturation of motor control, th
it appears that a child's speech production continues to impro
in precision until atleast 11 to 12 years of age. This gradua
decline in performance variability as a function of age, accor

wi th part of Bruner (1973) definitionof skilled act of develop

Recent specul ation on the role of the cerebellumin notor

control often emphasizes the need for the cerebellum to gain e
rience in motor accomplishment and to Iearn" from that experi
to predict and modify as required the motor consequences of ef
rent out flow. By this reasoning the cerebellummust be an act
participant in the motor |earning of speech production too.

is atleast a superficial resemblance in so far as both normal

i ndividual with dysarthria of cerebellar origin tend to have
segments that are longer and more variable in duration, than
of normal adults (Kent, Netshell and Abbs, 1979). In this wa
systematic studies of temporal regulation in devel oping and
ordered speech should be hel pful in testing hypotheses about
structure of motor programs in speech productions and the way

whi ch these programs are acquired or maintained.

Variability of timng control is inportant in characteri

bot h devel oping and di sordered motor control, whether for spe
or motor behaviour. When variability of timng is used to de
devel opi ng or disordered speech, it is important to recognize

possibility that increased variability may be related simply
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rate and not necessarily to neuromuscul ar immaturity or neuro-
| ogic damage. Same reports showi ng hei ghtened variability for
young children or persons with speech disorders may really be

evidence of general rule that show speakers are more vari able

intimng control than fast speakers.

Vowel duration has been neasured in various |anguages
- English (Klatt, 1980, Raphel, et al 1975; Wal sh and Parker
1981); Kannada (Raj purohit, 1982); Mal ayal am( Vel ayudhan); Tami
(Bal asubramanyan, 1981); Japanese (Homma) 1981); French (O Shaug
1981) Mack, 1982); Swedish (Lyberg, 1981), Hungarian (Fonagy,

Fonagy and Duphy, 1980) and in Dutch (Nootboom 1972).

The average duration of English vowels froma study by

Peterson and Lehiste (1960) are as shown here:
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Average duration of syllablenuclei, measured from m nimal pairs
differing in the voicing of the final consonant. The solid

curve is for a large set of CVC words spolem by one speaker, whi
dotted curve represents value of 30 m nimal pairs uttered by 5
speakers (Peterson and Lehiste, 1960).
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Duration of individual segments differ widely fromthese
averages due to systematic influence of phonetic and syntactic
environments. There are a host of variables Which affect the
duration summarized in table given bel ow.
Factors that influence the durational structure of a sentence

(Klatt, 1976)

Extralinguistic:

Psychol ogi cal and physical state
(W1lliams and Stevens, 1972)

Speaking rate (Huggeins, 1964,
Gol dman-Eisler, 1968).

Di scourse | evel

Position within a paragraph
(Lehi ste, 1975).

Semanti c:
Emphasis and semantic novelty
(Coker et al 1973)
Syntacti c:
Phrase structure | engthening
(Martin, 1970; Klatt, 1975)
Word |evel:

Word final |engthening
(Lehiste, Oiler, 1973).

Phonol ogi cal / phonetic:

I nherent phonol ogical duration for a segment

(Peterson and Lehiste, 1960).
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Ef fect of linguistic stress (Parmanter and

Trevino, 1936)

Ef fect of post vocalic consonant

(Hoose and Fairbanks, 1953).

Segmental interactions, for example,

consonant clusters (Klatt, 1973; Haggard, 1973)
Physi ol ogi cal :

In compressibility (Klatt, 1973).

In addition to these factors, Lyberg (1981), reported a

strong relationship between duration and the fundamental frequ
change. However, he further goes on to say that the fundament
frequency contour can never be a secondary effect of the segne
ddrations and that it seems quite impossible to generate the

fundamental frequency contour from duration val ues.

Lee (1978) has reported that the difference in duration
bet ween tone classes is primary by the shape of the fundamenta
frequency contour. The intrinsic duration of a vowel in a tone

| anguage is conditioned by the tone that the vowel carries.

On ot her hand, Nooteboom (1972), Cooper (1976), LI ndbl om
et al (1976) and Lehiste (1976) have observed the duration to b
i ndependent of the fundamental frequency contour. Nat araj a and
Jagadeesh (1984) have shown relationship between fundamenta
frequency of voice and vowel duration. They found that any char

in fundamental frequency leads to increase in vowel duration.



2.36
Rashmi (1985) has studied vowel duration in childrened.
She has reported that decrease in vowel duration as a function
of age in both males and femal es, and females have a |longer vowe

durati on when compared to the mal es.

Measurements of vowel duration have been made using.
Oscill ograms, spectrograms, electrohymographi tracings and

computors.

A review of literature indicates that although vowel dura-
tion differences are very reliably produced, their role in perce
tion is not as predictable. The duration of the preceding
vowel is often cited as an important cue to voicing feature of
final stop consonants in English; preceding vowel duration has
been call ed under certain conditions as primary (Klatt, 1976)
and even necessary (Ramphael, 1972) cue to voicing distinction.
However Ward rip-Fron (1982) has suggested that in neutral speech
vowel duration differences are probably neither necessary nor
adequate cues to this distinction and that voicing during closu

may be required to disambiguate voiced stops.

For American English, the finding of shorter vowel duratio

before voiceless as opposed to voiced stop is consistent over a
| arge number of adult speakers, studies and phonetic environmen
(House, 1961; House and Fairbanks, 1953; Klatt, 1973). For pre
pausal syllables, the vowel before the voiceless cognate avera

about 60% of vowel before the voiced cognate.
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It appears that a refinement of vowel duration with an
increase in age is demonstrated for both speech perception and
production (Krause, 1982) perceptual research an infant subjec
in Wich vowel duration cued the voicing contrast has reveal ed
noncategorical |ike discrimnation for post vocalic consonant
voicing (Eilers, 1977; Eilers et al, 1977). This may indicate
that a voicing contrast that depend on the vowel duration cue
more "difficult" to learn than other acoustic cues for post

vocalic voicing contrasts (Krause, 1982).

Studies applied to normal and clinical populations wll

Vowel

define process for normal perception production devel opment and
may have potential for direct diagnostic and therapeutic applic

tion with speech and | anguage i mpaired individuals.

duration has been studied in sone speech inpaired
adul ts. Di Si moni (1974) in a prelimnary study of a certain
timng relationship in the speech of stutterers indicated that

di fferences exist in the duration and in certain aspects of

timng of fluent sequences of phonemes in stutterers. Stutterer
al so showed greater variability than non-stutterers in duration
control.

Christensen and Wei nberg (1976) observed that the overal
vowel durations of esophageal speakers were consistently |longer
than those of normal speakers, indicating that esophageal speaker
do not compensate for their striking dimunition in air supply for

speech by decreasing the vowel duration.
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Collins, Rosenbeck and Wertz (1983) pointed out that most
nor mal speakers of English reduce the duration of the vowel, as
the words increase in |ength. However, in a spectrographic ana-
lysis of vowel duration in apraxia of speech, they found the
vowel duration to be significantly |longer than those of normal
speakers. The results suggest that the vowel reduction is a
robust phenomena which resists impairment in apraxia of speech,

despite often significant disturbances in motor programm ng

Review of literature on vowel duration indicates that slight

use has been made of the temporal properties of speech production

in the evaluation of developmental abnormalities. Investigation

of adult speech have revealed that the tim ng of speech movements

is under fine control such that successive movement in the produc

tion of a phonetic sequence may be separated by as little as 10ns

(Kent, 1976).

—

is likely that timing variable could provide a sensitive

metrics for the evaluation of the neuromuscul ar maturati on of the

speech mechani sm. As Tingley and Allen (1975) noted, studies

of timng in various motor tasks have revealed a progressive ref

ment of control "from earliest tested, through puberty". Thus
mot orti m ngforspeechandnon-speechactiviti esmaydevel opal o

a continuum that span atleast 12 years of life.

Anal ysis of duration of vowels has been considered only with

reference to semantics. However, in recent study Nataraja and
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Jagadeesh (1984) have shown relationship between fundamenta
frequency of voice and vowel duration. No reports are availa
to show whether there is only relationship between vowel dura-
tion and age. But fromthe above mentioned study it can be
hypot hesi zed that the vowel duration would vary with age. Hen
it was considered that it is necessary to obtain this informa-
tion both theoretical and clinical point of view and it was
decided to determ ne the vowel duration in speech in different

age groups of Indian popul ation using Kannada | anguage.
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Primary value of this study lies in presentation of norma-
tive data which reflects the physiol ogical changes with age
and against Which the potentially pathol ogical voice and or
speech can be measured. Before a variable can be used to assess
a pathologic condition, it is necessary to understand the variab

in relation to the normal voice/speech and its productive capa-

bilities. Acoustic analysis may provide a significant non-invas
tool for the detection of |aryngeal diseases. But before it
can be used successfully, larger normal popul ations and popul a-

tion with a varieties of disorders must be studied.



1. Speaking fundamenta

CHAPTER I 11
METHCDOLOGY

The study waS aimed at iavestigating the changes in

foll owing parameters as a function of age in adults;

frequency
2. Frequency range in speech
3. Intensity range in Speech
4. Rise ti meof speech
5. Fall time of speech
6. Har moni cs

7. Vowel duration

Subj ects:- Adults both mal es and fenal es age ranging from

16 to 65 years were randomy selected for the study Thein
criteria for the selection of the subjects is the absence of any
speech and/or hearing, and/or respiratory problems with no

observable deformties of the nasal, oral or pharyngeal cavities

one hundred adults were sel ected, such that, ten mal es and

ten females were included in each of five groups with 10 years

I nterval .



Age range in yrs Mal es Femal es
10
16- 25 10
26- 35 10 10
36- 45 10 10
36-55 10 10
56- 65 10 10
Table 3.1 : Distribution of subjects in each age group.
Test Material:- Three kannada sentences were selected for the

analysis of their speech.

1. idu pa: pu
]

( md B This is baby)
2. idu ko:ti

{ e é‘mg This is monkey)
3. idu kempu banna

=
( & &ols wey Thi's

is red colour)

These three sentences were chosen, as they have been usedin
earlier studies of acoustic analysis of speech in children (Kushal
raj, 1983; Rashm 1985). Further it consists of three vowel s and

two consonants required for anal ysi s.



Data coll ection:

The data was collected in the foll owi ng manner:

Speech sampl es of subjects were recorded. The subjects

were instructed as foll ows:

"Nowl will saythree sentences. Repeat each sentence
three times". The sentences "idu pa: pa", "idu ko: ti", and
"idukempubanna", wer e spoken by the investigator and the

repitition of these sentences by the subject was recorded.

The recording were made using a philips tape recorder

with built in microphone and coney cassettes.

Recordi ng Room The responses were recorded in a quiet,
i sol ated room where noise is mnimum and doesnot interfere

with the recording.

Anal ysi s

1. Measurement of mean speaking fundamental frequency: The

following instruments were used for the measurement of mean

speaking fundamental frequency.

1. Tape recorder (Philips F 6112 stereo casette deck)
2. Pitch analyzer PM 100

3. Speaker (Sois 2211, Ampli speaker)



Phote: | . PITCH ANAly=eR CP.Mm-l80)



Fig. 3.1: Experimental set up used for the measurement of

speaking fundamental frequency.

Signal was fed fromtape recorder to pitch analyzer PM 100
through line jack. Out put fromtape recorder was also fed to
the speaker which provided an auditory feed beek of signal being
fed,totheinvestigator. Theinstrumentswerecalibratedbefore
and while carrying out analysis. The display duration was set to
the one second so that each stimulus sentence could be displayed
more clearly and enl arged. The stimulus sentences "idu pa: pu",
"idu ko : ti" and "idu kempu baana" were fed to the pitch analyzer
The mean speaking fundamental frequency for each sentence was

directly read on the digital display at the and of the screen. The

meanfrequency used f or speaking by each subj ect was obt ai ned.

2. Measurenent of the frequency range in speech
Wth the sanme experinrntal set up and stinulus sentence

fed to the pitch analyzer as in anal ysis 1. The frequency

-t 1 - (



range used by each subject in speech was determi ned by moving
the cursor to the highest and | owest frequency in the test
sentence, and finding difference between two. This was found fo
each of the test sentence, namely "ldu pa: pa", *idu ko: ti" and
“"Idu kempu banna". This provided the frequency range used by

each subject in speaking

3. Measurenent of intensity range in speech

These measurements were made similar to the measurements
of frequency range in speech as in analysis 2. MWth each test
sentence fed to the pitch analyzer, the cursor was moved to the
hi ghest and the |owest intensity occuring in the sentence. The
difference between these two, provided the intensity range in

dB, usedin each of the sentence, for each subject.

4. Measurenent of the Rise tine and the Fall tinme of speech

The sample selected for analysis 1, was used for the measure-
ment of rise and fall time of speech also with the experi mental
set up and stimulus sentence fed to pitch analyzer asin
analysis 1. The rise time in centiseconds was measured by
movi ng the cursor from the point where the intensity curve
begins to the point where the curve becomes steady. The
difference between these two points provided the rise time in

centiseconds.

Simlarly, the fall time was measured by moving the cursor

fromthe end of the steady portion of the intensity curve to the



| ast point where the curve is visible. The difference between

these two points on the time scale, was noted down as the fal

time in centiseconds.

This waa done for all the three sentences.

5. Measurenent of vowel duration

The followi ng instrunents were used for the nmeasurenent

of the vowel duration:

1. High Resolution signal analyzer (B&K 2033)

2. Tape recorder (Philips F6 112 stereo cassette deck)

3. Speaker (Sois 2211, Amplispeaker)

L
-
iy
o
(T
13 ]
—

Fig. 3.2 Experimental set Up for the measurement of vowel

dur ation.
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The signal was fed fromthe out put of the tape recorder

to the high resolution signal analyzer through the line in

j ack. The out put from the tape recorder was also fed to the
speaker which provided an auditory feed back of the signal being
fed, to the investigator. Instruments were calibrated before

and while carrying out analysis.

Wth this experinental set up, the word "idu" from one of
the stimulus sentences, which was considered as "Good" by the
experimenter, was fed to the high resolution signal analyzer

(B & K 2033) in the time mode, with the foll owing setting.

Input : "Direct" - connects the direct in put to the input

amplifier*

Full Scale
Level : 2.82 volts, this indicates the full scale level display

on the HBSA di splay screen in volts peak, assumi ng that
the i nput gain, etc. are adjusted, such that the HRSA's

internal reference reads 100 dB or 100 mV.

Frequency: 200 Hz

| nput
function: "Time" - causes the display selector to the time

function.

The signal was fed to the HRSA. As soon as the word "idu"

appeared on the display screen, the "stop" key was applied. The
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cursor was moved to the point where the vertical striations
began, that is, to the beginning of the envelope and then to
the end of the envelope. The difference in milliseconds

bet ween two points was recorded as the duration of the vowel
/il in "idu". Thus, the duration of the vowel /i/ in "idu"

as uttered by each subject was obtained.

Wth the above experinental set up end the same stinul us

word fed into the HRSA as in analysis 5, the cursor was moved
to the m ddle of the envelope of the vowel /i/ of "idu", and
the input function, showing "lInst. Spectrum' was switched on.
This caused the input function to the display selector to be
the instantaneous specturm The frequency scale selected was

2000 Hz.

Peaks were amen on the display screen at different frequency
| evels. The cursor was then moved to the peak in each envelope. 1
first peak corresponded to the fundamental frequency and the
followi ng peaks to the harmonies. The intensity (harmonic) was
read directly on the digital display. This value was added to
the reference intensity |level of 20dB, This provided the inten-

sity of the harmonics up to 2000 Hz.



Reliability:

To find out realibillty 15 samples, which are randomnly
sel ected were reanalysed for all the parameters. No significant

difference were found on any of the parameters.

Thus the followi ng parameters were obtained for all one

hundred subject.

- Speaki ng fundamental frequency

Frequency range in speech

I ntensity range in speech

Rise time and fall time of speech
- Har moni cs

- Vowel duration

The obtai ned val ues were then tabul ated and subjected to

statistical analysis.
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CHAPTER -IN
RESULTS AND DI SCUSSI ON

The study was ainmed at examining the variation in the

below |isted parameters, as a function of age and sex in

adults ranging in age from 16 to 65 years.

1. Speaki ng fundanmental frequency
2. Frequency range in speech
3. Intensity range in speech
4. Rise time of speech

Fall time of speech

(6]

6. Vowel durations, and

7. Harmonics.

The mean and standard deviation of all the parameters
in each age group have been cal cul ated, for both males and
femal es. The significance of difference between the age

groups and between males and females have also been deter-

mi ned using t-test.



Speaki ng fundanmental frequency:
The speaki ng fundanental frequency for all the 3 test
sentences were found by the method described in chapter-111.

The mean and standard deviation for both males and femal es

are presented in table-4.1 and graph 4.1.

Mal es: The inspection of the table 4.1 and graph 4.1 showed

that for the stimulus sentences speaking fundamental frequency
increased gradually with age in males. Table 4.1 and graph 4.1
al so shows that the age group 16-25 years had the | owest
speaking fundamental frequency (mean S.F.F. of 139.7Hz) and,
the age group 56-65 years showed the highest speaking funda-

ment al frequency (Mean S.F.F. of 149.76Hz) for males.

By inspection of table 4.2 it was cleat that, there was

no significant increase in S.F.F. When two consecutive age
groups are compared. For example, there is no significant

di fference in speaking fundamental frequency when the age group
16-25 years and the age group 26-35 years were compared where
as when the age group 16-25 years and the age group 36-45 years

were compared there was a significant increase in S.F.F.

The mean S.F.F. has changed from 139. 7Hz at the age group

16-25 to 149.76 Hz in 56-65 age group.

These findings are simlar to the findings of Bohme and

Hecker (1970). They found that in advanced age, the mean S.F.F.
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becomes higher in men. Hol Il Il en and Shipp (1972) also reported

that from 60 years to 80 years S.F.F. increases in male.

Research has shown that changes in level and pitch range

accompany growth and the age process. The results obtained by
Fairbanks (1942), Fairbanks Wl ey and Lassman (1949), Maysak
(1959) suggest vocal pitch | owers at the rate roughly corres-
ponding to | aryngeal growth and, at mi ddle age the pitch |eve
begins to rise slightly with increase in age ossification and
calcification of |aryngeal cartilages begin to take pl ace. At
t he age of 65 years entire |laryngeal frame except arytenoid

cartilage will be ossified.

Hence the hypothesis stating that there is no significant
difference in S.F.F. as a function of age in males was partly

rejected and partly accepted.

Fermal es: The exami nation of the table 4.1, shows that, in
females the S.F.F. increased with the age upto the age of 55
years. From the age 55 year onwards the S.F.F. decreased signi-
ficantly. Table.4.1 also showed that thehighest S.F.F. is shown
by the age group 56-65 years (mean, S.F.F. of 258.3Hz) and the
| owest S.F.F. is shown by the age group 16.25 years (mean S.F.F.

of 224.5 Hz) .

| nspection of table.4.1 also showed that the age groups
36-45 years (S.D.24.2) and 56-65 years (3D of 21.9) are more

vari abl e groups than other age groups.



16- 25 26- 35 36-45 46- 55 56-65

Mean 139.7 142. 38 147.1 147.6 149.76
Mal es
S. D 7.2 12. 66 16. 14 16. 14 14. 22
Mean
224.5 230. 04 243. 36 258.3 234.73
Femal es
S.D 8.19 14. 4 24.2 11.3 21.9

Tabl e-4.1: Speaking Fundamental Frequency.
Mean and Standard Devi ation of speaking fundamental frequency (in Hz)

in males and femal es.



16- 25 26- 35 36-45 46- 55 56-65

16- 25 px p* b
26- 35 p* p*
36- 45 p
46- 55 -
56-65

Table-4.2 : The significance of difference between different age group of

mal es on the speaking fundamental frequency.

* - Key is provided in Appendix-I]I



16- 25 25- 35 35-45 46-55 56-65
- P*
16- 25 A* p*
26- 35 - A* P
36-45 A* P
46- 55 P
56-65

Tabl e-4.3: The significance of difference

femal es on speaking fundament al

* - key is provided in Appendix. |

between different age groups of

frequency.

9%
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Table 4.3 showed that there is no significant difference
bet ween two consecutive age groups, but when compared to next
group, there is significant difference between two age groups.
This shows the S.F.F. changed gradually with increase in age

incase of females.

Simlar findings are reported by Bohne and Hecker (1970).

Their findings showed that in advanced age the mean speaking
fundamental frequency decreased. Kelly (1977) and Stoicheff
(1978)al so reported simlar findings. Hence t he hypot hesi s
stating there is no significant difference in S.F.F. as a func-

tion of age in females is partly rejected and partly accepted.

Sex difference: The conparison of S . F.F. between nal es and

femal es is presented in table 4. 4. I nspection of table 4.4
showed that there is a significant difference between mal es and
femal es with respect to S.F.F. Table 4.1 shows that males use
| ower S.F.F. when compared to females from 16-65 years. There
is a maxi mum di fference of 110.7Hz at 46-55 years age group

and a m nimum di fference of 84.8GHz at 16-25 age group between
mal es and females. These results are in line with the wel
known fact about the difference in fundamental frequency of

vi bration of vocal cords in case of wales and femal es. Thi s

di fference in frequency of vibration are attributed to thediffe-
rences in the vocal systems in males and femal es. Hence t he
hypot hesis stating that there is no significant difference bet-

ween mal es andfemales with respect to S.F.F. is rejected



16 - 25 P

26 - 35 P

36 - 45 P

46 - 55 P

56 - 65 A*
£
o

Tabl e - Significant difference between males and femal es

on speaking fundamental frequency.

* - Key is provided in Appendix-11
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The results on speaking fundamental frequency can be

summari zed as:

1. These is a gradual increase in S.F.F. with increase in age

in mal es. The changes in S.F.F. are more at old ages i.e.

above 55 years.

2. There is a gradual increase in S.F.F. with increase in age

till 55 years in femal es. From56 years, the S.F.F. |oweres

in case of femal es.

3. There is significant difference between nales and fenal es
as far as S.F.F. is concern. Mal es use |l ower S.F.F. than

femal es throughout the age range studi ed.

The S.F.F. has varied from 139. 7Hz to 149. 76Hz from 16-25

years of age to 58-65 years of age in case of males and femal es
in case of females and 224.5Hz to 234. 73Hz from 16-25 years of
age to 56-45 years of age. Further on the average a difference

of 129.7Hz is seen between males and females, in terms of S.F.F.
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Frequency range: The frequency range utilized in 3 test

sentences were determ ned by the method described in

Chapter-111. The mean and standard deviation for each age

group in both males and females are provided in the table 4.5.
Graph-4.2

Mal es: Exami nation of table 4.5 and graph 4.2 show that the
frequency range in males increases significantly as a function
of age upto the age of 45 years. From 46-65 years the fre-
guency range decreases as age increases. The table 4.5 also
shows that, the age group 16-25 years has the | owest frequency
range (mean frequency range of 134. 7Hz) and the age group
36-45 shows the highest frequency range (mean frequency range
of 181. 49Hz). I nspection of table 4.5 shows that the age
groups 46-55 years (SD of 22.6) and 56-65 years (SD of 24.53)

have greater variability than other groups.

The inspection of table 4.6 reveals that there is signi-

ficant difference in frequency range in males When different
age groups are compar ed. There is gradual increase in the
frequency range upto the age of 45 years and from 46-65 years,

frequency range decreases as a function of again males.

Fitch and Hol dbrook (1970) reported that black popul ation
showed greater mean frequency range then White popul ation.
Hudson (1981) indicated that the frequency range varies accord-
ing to race. Kent (1976) found similar findings. He found

t hat as age increases, the frequency range also increases as indi-

vi dual express more intonatlonal and stress information in speech.



16- 25 26- 35 36-45 46-55 56-65

Mean 134.7 153- 36 181. 49 172. 17 163.5
Males

SD 18.7 19. 22 19. 15 22.6 24 53

Mean 155.73 171. 26 165. 86 192. 25 232.7
Females

SD 24.79 27.82 16. 04 23 91 25. 47
Table 4.5: Mean and standard deviation of fregquecy range(in Hz)

in males

and femal es.

IT%p



16- 25 25-35 36-45 46-55 56-65

16 25
26 35
36 45
46 55
56 65
Tabl e- 4. 6:

*

p* p* p* p*
p* p* p*

A* A*

A*

The significance of difference between different

age group of males on the frequency range.

Key is provided in Appendix-1I1
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The decrease in frequency range from 46 to 65 years can
be attributable to | oss of laryngeal control due to aging

process.

Hence the hypothesis stating that there is no significant
difference in frequency range as a function of age in males

ispartly rejected and partly accepted.

Femal es: The inspection of table 4.5 and graph 4.2 indicate

the frequency range changes as a function of age in females are
i nconsi stent. Table 4.5 shows that the age groups 16-25 years
has the | owest frequency range (mean frequency range of 155.73)
and the age group 56-65 years has thehighest frequency range
(mean frequency range of 231.7Hz). Al'l age groups have shown

hi gh variability in their scores (Table 4.5).

Table 4.7 shows that there la significant difference
bet ween age groups with respect to the frequency range. But

there is no consistent pattern in variation.

St oi cheff (1981) reported an increase in variability of
fundamental frequency in post menopausel adult females, which
was interpreted as indicating decreasing |aryngeal control over
fundamental frequency. The present atudy also found simlar
findings. However McGl one and Hollien (1963) studying pitch
characteristics of aged women, from 65 to 79 years reported that

the women speaking pitch variability changes little with



16-25 26- 35 36-45 46-55 56-65

16 25
26 35
36 45
46 55
56 65
Table-4.7:

A* P* P* P*
P P* A*

P p

P*

The significance of difference between
di fferent age group of females on the

frequency range.

| 2%
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advanci ng age. Hence the hypothesis stating that thereis
no significant change in frequency range as a function of

age in females is partly rejected and partly accepted.

Sex difference:- The exam nation of Tabl e-4.8 shows that

significance difference between males and females with

respect of frequency range. Tabl e-4.5 shows that females
useagreater/l arger frequency rangethanmalesinall age

groups except the age group 36-45 years, where males have

used greater frequency range in speech than femal es. Table-4.5

al so indicates that the female groups are more variable than

mal es.

Hudson and Hol brook (1981)reported simlar findings.

Their investigation has shown that females use greater fre-

guency range in speech than mal es.

Hence the hypothesis stating that there is no signifi-
cant difference between males and females with respect to

frequency range in speech is partially accepted and partially

rejected.

The findings on the frequency range in speech are sunme-

rized bel ow:

1. Males show an increasing trend in the range of the fundament al

frequency with the increase in age upto age of 45 years. From
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46- 65 years males show decreasing trend in the frequency range

of speech with increase in age.

2. Females also exhibited increasing trend in the range of

fundament al frequencies used in speech as a function of age.

3. Femal es use greater range of fundamental frequency in speech

than mal e.
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Intensity range in speech: Intensity range was computed for

all 3 teat sentences by using the method aa atated in Chapter-|
The mean and the atandard deviation for each group and for both

mal ea and femal es, are preaented in the table 4.9 and graph 4.3

Mal es: Exami nation of Table 4.0 and graph 4.3 show that inten-
sity range is speech decrease as a function of age in males.
Table-4.9 shows that the age group 16-25 years has the highest
intensity range (mean intensity range in speech of 23.18dB)

and the age group 56-65 years show | owest intenaity range (mean
intensity range in speech of 16.82dB). Results of further
statistical analysis given in Table—4.10 shows that there is

no significant difference between different age groups, except
when the age group 16-25 years ia compared with the age groups
46-55 years. When the age group 16-25 years is compared with
the age groups 46-55 years and 56-65 years, there is decrease
in intensity range as a function of age and when the age group
26-35 years is compared with the age group 56-65 years, the age
group 26-35 years has shown higher intenaity range than the
age group 56-65 years. Table 4.9 also points out that the ape
group 56-65 years has significantly | ower intensity range in

speech when compared to all other age groups in males.

Rashmi (1985) has found simlar findings with the children.
She reports that the intensity range in speech decreases as a

function of age in males.
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4.21
Hence the hypothesis stating that there is no significant
difference in intensity range in speech as a function of age

in males, is partially accepted and partially rejected.

Femal es: The inspection of table 4.9 and graph 4.3 show i ncon-

sistency in females with respect to intensity range. Table 4.9
shows t hat the age group 46-55 years has the highest intensity
range (mean intensity range in speech of 19.14 dB) and the

age group 56-65 years has the | owest intensity range (mean

intensity range in speech of 17.05 dB).

The inspection of table-4.11 indicates that there is signi-

ficant difference in intensity range when the age groups 16-25
years and 56-65 years are compared. The age group 16-25 years
has higher intensity range (i.e. 18.39 dB) than the age group
56-65 years (i.e.17.05 dB). The exami nation of table 4.11 also
indicates that there is significant difference in intensity
range when the age group 25-36 years is compared with the age
groups 46-55 years and 56-65 years. The age groups 46-55 years
and 56-65 years have higher intensity range than the age group

25-36 years.

The intensity range maxi mum seen in the 46-55 years age
group is 19.14dB and mi ni mum seen in the age group 26-35 is
16.65 dB in case of females.

Hence t he hypothesis stating there is no significant diffe-
rence in intensity range in speech in females is partially accepte

and partially rejected.
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4.23
Sex difference: The inspection of table 4.12 shows the signi-
ficant difference between males and females with respect to
intensity range in speech. Table.4.12 points out that there
isno significant difference among majority of groups with
respect to Intensity range, but the age groups 16-25 years,
26-35 years have shown sex difference with respect to intensity
range. Mal es show significantly higher intensity range than

females in these age groups.

Maxi mum of 4.69dB and m ni mum of 2.05Hz difference in

intensity range has been observed between mal es and femal es.

Hence the null hypothesis stating that there is no signi-
ficant difference in the range of intensity in speech is partly

accepted and partly rejected.

The study of the range of intensities utilized in speech

reveal the following:-

1) There is gradual but in significant decrease in range of
intensities in speech in males: The younger age group show

hi gher intensity range than ol der age group.

2) In females the results are inconsistent. Few groups have

shown higher ranges than others.
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4.25
3) Difference in the range of intensities between two
sexes is not significant. In few age groups mal es

use higher range than females.

This indicate that intensity range of speech does not

very much with the age in males and femal es.



4.26

Rise ti me of speech: The rise time of speech was found by

subtracting the point at which intensity has stated to the
point at which, it has become steady on the time scale in

centiseconds. The rise time of speech was found for 3 test
sentences. The mean values with the standard deviation for
each age group, for both males and females is presentedin

table-4.13 and graph 4. 4.

Mal es: The study of table 4.14 reveals that there is no

significant difference among different age groups in terms

of rise time in males. However when the age group 16-25

years group is compared with the age group 56-65 vyears, the

ol der age group shows |onger rise time than the younger age
group and when the age group 26-35 years is compared with

the age group 56-65 years, the ol der age group has shown | onger

rise time than younger age group.

The exam nation of table 4.13 shows that the age group
16-25 has obtained the |lowest rise time (mean raise time of

6.3 centiseconds) and the age group 56-65 years has shown

hi ghest rise time (mean rise time of 9.74 centiseconds). The
table 4.13 also points out that there is gradual, but not
significant, increase in rise time as a function of age in males.

Longer rise time in the age group 56-65 years, wham compared
to other groups may be due to changes in neuro muscul ar control

with aging process.
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4.29
The age groups 46-55 years (SD.3.1) and 56-65 years
(SD of 2.69) have shown greater variabilities than other age

groups.

Hence the null hypothesis stating that there is no
significant difference in rise time as a function of agein

mal es is partially rejected and partially accepted.

Femal es: The inspection of the table 4.13 and graph 4.4 show

that the rise time decreases gradually as a function age upto
45 years of age and then increases from 46 years of age rise
time in females. Further 4.13 table reveals that the age
group, 16-25 years obtained |longest rise time (mean rise time
of 10.7 centiseconds) and the age group 36-45 years has shown
shortest rise time (mean rise timeof 7.59 centiseconds) when

compared to other groups.

Table 4.15 reveals that there is no significant difference
in rise time among different age groups. But whent he age groups
16-25 years and 26-35 years compared with the age group 56-65
years. There is significant difference. The age group 56-65
years shows shorter rise time (8.7 centiseconds) when compared

with younger age groups.

Age groups 26-35 years (SD of 3.4) end 46.55 years (SD.2.64)

have shown greater variability than other age groups.
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4.31
Hence null hypothesis stating that there is no signlfl-
cant difference in females as function of age with reapest

torime time in speech ia partially accepted and partially

rejected.

Sex difference:- Males and fenal es are conmpared with respect

to rise ti me. The significant difference between mal es and

females with respect to rise time is represented in Table 4.16

The inspection of table 4.16 reveals that there is no

significant difference males and females with respect to rise
time. However the age group 16-25 years shows significant dlffe-
rence at 0.05 level. In this group females have |longer rise time

t han mal es.

Hence the null hypothesis stating that there is no sex
difference with respect to rise time is partially accepted and

partially rejected.

The results on the rise time of speech in both males and

femal es indicate the following:

1. There is increase in rise tine as a function of age in nales
But this increase rise time is gradual and not significant.

2. In case of females, rise time decrease as age increase, til
36-45 years then again increases upto 65 years. This change in

rise timeis not significant.

3. There is no significant difference between males and females

with respect to rise time.
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4. 33

Fall time of speech: - The fall time of speech in centiseconds

between the drop in intensity of the steady state to the stimulus

to the end of stimulus.

The nean and standard deviation for the fall tinme of
speech for all 3 test sentences, across the age range from
16-65 years for both males and females is given in table -4.17

and in the graph 4.5.

Mal es: - The inspection of table 4.17 and graph 4.5 reveal s that

there is gradual increase in fall timewith the age in males.
Table 4.18 dhows that there is no significant difference among

di fferent age groups in males Whan compared. But when tne age
group 16-25 years is compared with the age groups 46-55 years
and 56-65 years, there is significant difference. The age group
16-25 years shows shorter fall time. (9.2 centiseconds) than the

age groups 46-55 years and 56-65 years.

Table 4.17 reveals that the age group 16-25 years shows
| owest fall time (mean fall time of 9.2 centiseconds) and the

age group 56-65 years has shown | ongest time (12.41 centiseconds).

Age groups 36-45 years (SD of 3.36) and 46-55 years(SD of 3.6)

have shown greater variability than other age groups in males.

Increase in the fall time as function of age may be due

to changes in the neuromuscul ar control due to aging process.
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4.36

Hence the null hypothesis stating there is no significant
di fference in fall time as a function of ape in males is partly

accepted and partly rejected.

femal es: Table 4.17 and graph 4.5 reveal that the fall tine
decreases as a function of age till the age of 55 years, then

the fall time increases fromthe age 56 years to 65 years.

The inspection of table 4.19 shows that there is no signi-

ficant difference in fall time as function of age in females,
but when the age group 16-26 years iscomparedwith the agegroup
56-65 years, the age group 16-26 years has shown | onger fal

time (14.5 centiseconds) than the age group 56-65 years (11.3

centiseconds).

The age group 16-25 years with SD of 8.6 has shown greater
variability than any other age groups in female. A simlar trend

as in males is not seen in these groups of females.

Hence the null hypothesis stating that there is no signi-
ficant difference in fall time in females as a function of age

is partly rejected and partly accepted.

Sex difference: Significant difference between nmal es and fenal es

with respect to fall timeis represented in the table 4.20 reveals
that there is no significant difference between males and femal es
with respect to fall time upto the age of 45 years. From 46- 65

years of age males show |longer fall time than femal es.
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4.29
Hence the null hypothesis stating that there is no diffe-
rence between males and females with respect to fall timeis

partly rejected and partly accepted.

The results on the fall tine of speech show that:

1. In males fall time increases gradually as a function of age.
2. In ease females fall fall time decreases till the age of
55 years. After 56 years fall time starts increasing with
the age.
3. There is no sex difference with respect to fall time til
45 years of age. From 46- 65 years, males show | onger fal

time than femal es.



4. 40

Vowel duration: - The duration of vowel /i / occurring in the
word "idu" in mlliseconds was determi ned using high resolution
signal analyzer. Mean and standard deviation is presented in

Table 4.21 and graph 4.6.

Mal es: - Table 4.21 and graph 4.6 reveal that mal es show incon-

sistent variability with respect to vowel duration, with increase
in age. The inspection of table 4.21 also reveals that the

age group 26-35 years has obtained | ongest vowel duration (mean
vowel duration of 103.7 m. sec) and this group shows the highest
variability(i.e. SDof 23.2). The age group 36-45 years shows

| owest vowel duration (mean vowel duration of 93.54 msec). Tabl e
4.22 reveals that there is a significant difference in vowe
duration of different age groups of males. But the changes in

vowel duration with age has not shown any specific pattern.

Hence the null hypothesis stating that there is no signifi-
cant difference in vowel duration as a function of age in males

is partly rejected.

Femal es: - The inspection of table 4.21 and graph 4.6 show t hat
there is a gradual increase in vowel duration through out from
16 - 65 years. Table 4.21 also shows that the age group, 56-65

shows the highest vowel duration (mean vowel duration of 110.14

msec) as well as highest variability (SD of 28.9) when compared
to other groups. Tabl e 4.23 reveals that there is significant
difference in vowel duration as a function of age in females. Whe

two age groups are compared.
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4. 44
Gradual increase in vowel duration in female as a function
of age may be due to physiological changes which are rel ated

to aging process.

However Disimoni (1974) reports that the variability of
duration tend to decrease with the age, a result which parallels
the age related variation as in the study reported by Ejuchi and

Hirch (1969).

Hence the null hypothesis stating that there is no signi-
ficant difference in vowel duration as a function of age is

rejected.

Sex difference:- The inspection of tables 4.21 and 4.24 revea

t hat when mal es and females are compared with respect to vowe

duration, females show significantly |onger vowel duration than

mal es. This caa be attributable to fundamental frequency used
by mal es and femal es. Lyberg (1981) reported a strong relation
ship between vowel durations and fundamental frequency. Nat ar a

and Jagadi ah (1984) have found a simlar relationship between
fundamental frequency and vowel duration. Rashmi (1985) has
shown similar findings in children. She has reported | onger

vowel duration in females than in mal es.

Hence the null hypothesis stating there is no significant
di fference males and females with respect to vowel duration is

partly accepted and partly rejected.
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The results on the vowel duration show that:
1. Mal es show inconsistent variability with respect to vowel
duration with increase in age.
2. Incase of females there is a gradual increase in vowe
duration from 16 years to 65 years of age.

3. Femal es show |l onger duration of vowel than mal es.
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Har moni cs: - The harmonics of the vowel /i / in the word "idu"
wer e found by feeding the word "idu" to the High Resolution
signal analyzer, using the time scale. The cursor was moved

to the centre of the envelope / i/ and the input function showi ng

"l nst. Spectrum" was pressed. The display that appeared on the
screen had a peak in each envel ope. The spectrum of /i / was
di spl ay. The intensity level of each harmonic was determ ned by

movi ng t he cursor to each harmonic peak. The p - parameter defined
as ratio of the amplitude |l evel above |1 000Hz and that bel ow

| 0O00Hz (Frkjaer-Jensen and Prytz, 1976) was determi ned, by adding
the intensity level at which each harmonic that occured above

| 000Hz and dividing it by thetotal intensity |level of the
harmoni cs below | 000Hz for each subject. The mean and standard
devi ati on of p —parameter for each age group for males and femal es
is presented in table 4.25. The mean values for both males and
femal es are |l ess than one indicating that the energy distribution
bel ow 1000Hz is more than the energy distribution above | 000Hz.
The inspection of table 4.25 and graph 4.7 shows that among mal es
the age group 16-25 years has the highest ratio (mean p - parameter
of 0.76) and the age group 36-45 has the |lowest ratio (mean

M- parameter of 0.72). Table 4.26 indicates that the p - paramete
is significantly different between a few age groups. The age
group 16-25 years has significantly higher ratio than the age
group 56-65 (.78)and the age group 26-35 has higher ratio (0.75)

thanthe age group 56-65 years significantly (0.73).
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Most of other age groups show no significant difference
in P -parameter between themsel ves. Hence t he null-hypot hesis
stating that there is no significant difference in - parameter
as a function of age in males is partly rejected and partly

accept ed.

Femal es: Table 4.25 reveals that in case of fermales the 26.35

age group has the highest u -parameters (mean p -parameter of
0.76) while the age group 56-65 years has the | owest p -para-
meter (mean P -parameter of 0.7). The significance of difference
in the pu -parameter is presented in 4.27. The age group 16-25
years has significantly higher ratio than the age group 56-65
years. However there is no consistent significant difference

in the p -parameter as afunctionof age in the females al so.

Hence null hypothesis stating that there is ao significant
difference in the pn -parameter as a function of age of partly

accepted and partly rejected.

Further table 4.28 shows that there is no significant diffe-
rence between males and females in younger age group upto 55 year
from 56-65 years there is significant difference in p -parameter
bet ween males and females. Males show slightly higher ratio than
femal es. Hence the null hypothesis stating that there is no
significant difference between males and femal es at any age in th

M-parameter is partially accepted and partially rejected.
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4.53
The study of the p -parameter reveal the following

1. The energy above |1 000Hz is less than the energy |evel bel ow
1000Hz.

2. The p -parameter shows no significant difference till the
age of 55 years in both males and females. The 56-65
year age group has shown some difference when compared
to 16-25 yearsgroup. The age group 56-65 years has shown
| ower p -parameter than the age group 16-25 years in both
mal es and f emal es.

3. There is no significant difference in the p -parameter
bet ween mal es and females in the age range of 16-55 years.
But from 56-65 years, mal es have show hi gher p -parameter

than femal es.

The p - paraneter was recomended by Frokjaer-Jenson and
Prytz (1970) as an indicator of voice quality. The results
i ndicate that above 55 years show a significant difference in
a comparison of the |lower and higher parts of the speech spectrum
which indicate that there is change in the voice quality at this
age in both males and femal es. The results therefore indicate
t hat voice quality change after 55 years of age which can be
attributable to changes in the supraglottal resonator and voca
system due to aging process. This mi ght Iead te an increase

in noise components in the higher parts of the speech spectrum
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t here by suppressing harmonics. As Frokjaer-Jenson and Pryts
have pointed out, the com ng years may show if registrations
of theo p -parameter will turn out to be a useful aidin

phoniatric and | ogopedic routine diagnosis during speech therapy.

Results of present study sumarized in table 4.29 and

graphs 4.8 and 4.9. Any physiological, psychological or patho-

| ogi cal changes in the body are raflected in voice. Acoustic
analysis as Hirano (1981) has pointed out seems to be the key

for unlocking many Myt hs about voice and voice disorders. Before
applying acoustic analysis for the investigation of causes and
physi ol ogy of abnormal voice, it is essential to know the opera-
tion of acoustic parameters is normal voice. Currant research
suggests that acoustic analysis of voice may present the first
accurate information about pathol ogical changes in |arynx

(Von Leden and Koi ke, 1970; Murry and Doherty, 1980). The si mplic
of the acoustic analysis may suggest that it may be an ideal
screening device for the detection of |aryngeal disease. Therefore
it isessential to investigate the effects of age and sex. On the
acoustic parameters before they can be applied to the clinica
situations. The present study ia one such attempt to determine
the age and sex related differences in acoustic aspects of the

speech in adult I ndian popul ation.

The S.F.F. gradually increases with the age it increase till

the 55 years in case of females than |ater shows decrease. This
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Table 4.29: Sunmary of the paraneters with respect to age

and sex.

Par amet er

Trend with increasing
age.

Sex difference with-
in same age group

. Speaking
Fundanent al
frequency.

2. Frequency
range.

3.lntensity

range

4. Ri se

ti me

Mal es: Gradual | y
Femal es: I nsreaaeg till

55 years, from 56 years

S.F.F. lower with i ncrease

in age.

Mal e: Increases till the
age of 45 years then
from 46 years it decrea-

ses with age.

Famal es: | ncreases with

the age.

i ncreases

Mal es: Decreases with
t he age.

Femal e: Il nconsi stent.

Mal e: Gradual increase

with the age.

Femal es: Decreases with

the age.

Significantly

hi gher in females.

Femal es use greater

frequency range.

Significant only at

16-25 years, 26-35
years age group,
ot herwi se no signi-
ficant difference.
No significant

di fference
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5.Fall time Mal es: Decr eases wi t h There is no signifi-
the age. cant difference til
45 years. From 46- 65

Femal es: Decreases
years, males show

with age till 55 years
and from 56 years fall llonger fall time the
time increases with females.
the age.
6. Vowel Mal es: I nconsi st ent Significantly Il onger
duration Femal es: Decreases in fenal es.
with the age.
7.0 -Parameter Mal es: Lowers at 56 No difference.

years of age.

Fenul e: Decr ease in
ratio from 56-65

years.
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may attributed to the endocranial Changes and other changes

in the tissues of the phonatory and resonatory systems.

It is surprising to note that the frequency range in

femal es increase with the age where as mal es show such increase
only till the age of 45 years, after which they show decrease.

It is also interesting to note that females use greater frequency
range than mal es throughout age range studied. Factors respon-
sible for these changes in males and females are not known.

These findings warrant further investigations on frequency range
in adult population and also the factors related to frequency

range.

The intensity range has decreased with age in case of

mal es and femal es have shown inconsistent results. The factor
operating in determning the intensity range in speech particu-
larly in uttering neutral sentences as used in present study.
Therefore it is recommended tnat | arger speech sample with greater
adult popul ation be used to note the actual course of intensity
range with age and also to identify the factors operating in

determ ning intensity range.

Rashm (1985) has reported that the rise time decreases
and Fall time increases as a function of age upto the age of
14 years. She attributes this to the increase in the contro

of the laryngeal and respiratory muscles. The present study
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has indicated that the males show a gradual increase in
risetime and gradual decrease in fall time with age. Wher e

as the female subjects have shown decrease in both rise and

falltl me. In the above explanation offered by Rashm (1985)
does not find an application with adults in the |ight of the
results presented by the present investigation. Therefore
it will be intensity to investigate these two aspects namely
rise and fall time in speech in adults and also in children
and to find an explanation which will be applicable to both

adults and chil dren.

Vowel duration which has strong relationship with
frequency and intensity, other factors being constant has
been found to vary inconsistently with age in males where as
the same has shown consi stent decrease with the age in case

of females. This again warrants further investigation

Rati o remains al most constant between consecutive age
groups, but shows a gradual decrease with the age. Thus, it
has shown a significant difference between youngest group and
ol dest group studied in this study. The p -parameter consider
to be reflecting the quality of voice which depends on the
vocal cord vibration and resonatory system. Thus the Changes
inthe phonatory system and resonatory system with the age
may be responsible for the changes seen in p -parameters.

Wth increasing age.
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Thus, these parameters may be one way of cheracteri zing
age related changes in voice. This information will be usef ul
in identification, diagnosis and treatment of voice disorders.
Thus the results of present study not only provide information
regardi ng age related changes in voice interns of acoustic
parameters but also give rise to few questions. The study also
indicates the possibilities of using these methods for diagnosis
and differential diagnosis of various voice disorders and thus

opens up new avenue for the study of age related changes in

voi ce di sorders.
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CHAPTER- 5

SUMMARY AND CONCLUSI ONS

Speech is a neuronuscul ar activity. In other words, the

out put of this activity is the acoustic signals, which are

used for communication - as speech. The acoustic characteristic
of speech have been found to vary with age. These acoustic
characteristics on various aspects of speech production indicate

t he accuracy of control changes with the age (Kent, 1976)

"Today we are able to nmeasure the acoustic or audible

aspects of voice with sophisticated equi pment. The voice print
analyzer,sonograph, airflowmeter, pressure recorder, and com
perized model of the vocal tract enable investigators to confirm
earlier empirical findings and unearth new aspects of vowel sound
Characterization. The physi ol ogi cal aspects of sound production
such as breathing patterns, vocal attack, vocal fold vibration,
and some resonance qualities can be revealed by acoustic means”

Bonch, 1982.)

The acoustic analysis to study the changes in speech as a
function of age in adults has been found to be useful as such

studies reflect.

1. The adjustment of phonatory appratus.

2. The shaping of the vocal tract, and
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3. The tim ng and coordination of articulation and neuromuscul ar

changes of speech mechanism This information, is of

in identification, diagnosis and treatment

voi ce di sorders.

The acoustic anal ysis has been considered to be useful in

Knowi ng mor e about disorders in adults and thus

of disorders.

The present investigation was therefore undertaken to study

i mportance

of vari ous speech and

in the treat ment

certain acoustic parameters of speech, recommended by Hirano

(1981), namei y:

1. Fundamental frequency

2. Frequency range

3. Intensity range

4. Rise time

5. Fall time

6. Intensities at Harmonics.

7. VOwel dur ati on.

These paraneters were studied in a sanple of one hundred

adults both males and femal es, ranging in age from sixteen

years to sixtyfive years, who were normals

speech, | anguage and heari ng.

in terms of

their
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Data on the repetition of three Kannada sentences "idu
pa.pu","idu ko:ti" and "idu kempu banna" were recorded. Each
adult was given three trials. Aver age of these samples of the

nine trials was used for analysis.

The speech samples were fed to the pitch analyzer (PM 100)

to obtain speaking fundamental frequency, frequency range, in
speech,intensity range in speech, rise time and fall time of
speech.

To measure the vowel duration and the harmonics, the word

"idu" was fed to the high resolution signal analyzer. The dura-
tion of the vowel /i/ and the harmonic occurring in it were
measured, for all one hundred adults.

The data thus obtained was subjected to statistical analysis,
in order to determi nethe mean, standard deviation and significance

of difference between the sexes and different age groups.

After statistical treatment, the followi ng conclusions

have been drawn.

1. Speaking fundamental frequency:

a. There is a gradual increase in S.F.F. with increase in age in
mal es. The changes in S.F.F. are more at old ages i.e. above
55 years. It increases from | 39.7Hz at 16-25 years to 149. 76Hz

at 56-65 years.
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b) There is a gradual increase in S.F.F. with increase in age
till 55 years in females. From 56 years, the S.F.F. |owers
in females. It increases from 224.5 Hz at 16-25 years to

258.7 Hz, at 46-55 years and decrease to 234.73Hz at 56-65

years.

c) There is a significant difference between nales and femnal es

in S.F.F. Mal es use | ower S.F.F. than femal es.

2. Frequency range in speech

a) Mal es show an increasing trend in the range of fundanenta
frequency with the increase in age upto age of 45 years. From
46- 55 mal es show decreasing trend in the frequency range of

speech with increase in age.

b) Fermal es al so exhibited an increasing trend in the range of

fundamental frequency used in speech as a function of age.

c) Fenml es use greater range of fundamental frequency in speech

t han mal es.

3. Intensity range:

a) There is a gradual but insignificant decrease in range of

intensities in speech in males.

b) Femal e subjects show inconsistent intensity range in speech.
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c) Difference in the range of intensities between two sexes

is not significant.

4.Rise tinme of speech

a) There is a gradual increase inrise tinme as a function of

age in males is seen.

b) In ease of females, rise tinme decreases as age increases

till 36-45 years, then increases upto 65 years.

c) There is no significant difference between nales and fenal es

in rise time.

5. Fall tinme of speech

a) In males fall tinme increases gradually as a function of age.
b) In case of females fall time decreases till the age of 55 years

After Which in starts increasing.

c) There is no difference between nales and fenales with respect
to fall time till 45 years of age. From 46- 65 years, males show

| onger fall time than females.

6. Vowel duration:

a) Mal es show inconsistent variability with respect to vowel
duration with increase in age.

b) In case of females there is a gradual increase in vowe
duration from 16-65 years of age.

c) Females show |longer duration of vowel than mal es.



7. Harmonies:

a) The energy |level above | 000Hz is less than energy |evel below
1000Hz in both males and femal es.

b) Thep-Parameter shows no significant difference till the age
of 55 years in both males and females. The age groups 56-65
years show significant difference when compared to 16-25 years.
The age group 56-65 years show |lower p -parameter than the age
group 16-25 years in both males and femal es.

c) There is no significant difference in the [ -parameter between
mal es and females in the age range of 16-55 years. But from

56-65 years, mal e show higher M -parameter than males.

Recomendat i ons:

1. Study may be carried with Iarger sample in each age group.
2. The analysis could be extended other acoustic parameter.
3. The same parameters can be studied with clinical adult popul a-

tion to explore clinical utility of this information.
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Pitch Analyzer PM -100

The Pitch Analyzer is a m croprocessor controlled device
whi ch has been designed for use in a wide range of speech and

| anguage applications.

Various pitch and intensity traces, as well as, the digital
data are displayed onalV monitor. The frequency and or
intensity curves may be transferred to output printing devices
n an analog or digital form either on a M ngograph or an

X-Y plotter.
The operating range of the instrument is from70-1000Hz.

In this unit a level of 47 dB is equal to the audiotele-
phony standard of 0 dB. This, in turn, is approximately an

audi omet er | evel of 130

The sampl e duration ranges from1l to 9 seconds.

Al lows entry of data into the upper or | ower half of
the screen, and is provided with two cursors - an upper and a

| ower cursor, which may be moved i ndependently.

Hi gh Resol ution Signal Analyzer (B & K 2033)

The HRSA (B 6 K 2033) consists of a combined transient
recorder and Fourier analyzer. The transient recorder has a
10 K sample memory (1K = 1024) and is equi pped with an extremely
flexible trigger allowing the 2033 to analyze both continuous

and transient data. The transient recorder combines with the

dB.



Fourier Analyzer to give the 2033 two modes of operation- Base

band mode and Hi gh Besolutlon mode.

It has a large 11" screen for display of time function,
i nstantameous or averaged spectrum, ratio of spectra, or

spectrum comparison.

Frequency Range : 11 base band full scale frequencies from 10 Hz

to 20 KHZ la 1-2-5 sequence.

Dynam ¢ Range: Full displaced spectrum dynam c range greater

than 20 dB.

Triggering: Internal and external triggered operation with

flexible pre- and post trigger time delay (from 0.0

to 64 K samples).

Aver aging: Linear, exponential or store max. averaging over
1-2048 spectra with automatic elimi nation of over-

| oaded input dat a.

ScamAnal ysi s and Scan Aver age: Uni que scan anal ysi s for
speed up/slow down of events. Scan average producing
a 400 line averaged spectrum of hole of | 0OKti me
function. I nval uable to analyse |ong transient and

non-stationary signals.

W de angle Zoom: Built-in non-destructive zoom with possibility
of measuring a 4000 line spectrum (wide angle zoom)

The zoom transformation takes only about a second.



Storage: Protected menory for storage of displayed spectra

or spectra entered digitally.

Spectrum comparison: Slow and fast alternate diaplay of input

and stored spectra

Cursor: Versatile cursor function for indication of time or

frequency and |l evel af selected line.
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Key to the Significance Tables as a function of age:

- No significant difference at 0.05 |evel of significance

A Ol der age group showing a significantly | ower value than

the younger age group at the 0.05 level of significance.

*A Ol der age group showing a significantly higher value than

the younger age group at the 0.05 level of significance.

P Ol der age group showing a significantly | ower value than

the younger age group at the 0.01 level of significance.

val ue
*P Ol der agegroup showingasignificantlyhigher value thanthe

younger age group at the 0.01 |evel of significanve.

Key to the signifcance tables showing sex differences

- No significant difference between nmal es and fanal es at

the 0.05 |level of significance.

A Males show significantly |lower values than femal es at

the 0.05 level of significance

*A  Males show significantly higher values than the femal es

at the 0.05 level of significance.

P Mal es show significantly |lower values than the femal es

at the 0.01 Ilevel of significance.

* P Mal es show significantly higher values than femal es at

the 0.01 level of significance





