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1.1
| NTRCDUCTI ON

"Voi ce i s one conponent of speech. Human voi ce provides
an all inportant vehicle for communication and intrinsic
| i nguistic and grammati cal features of stress and intonation
I n speech, voice and speech are exclusively human attri butes".

(G eene, 1964).

Voi ce i s the product of nost finely coordinated, delicately
bal anced and har noni ous novenents of which t he body is capabl e
A though it may be conceded that voi ce production is of secondary
| nportance both devel opnental Iy and functionally conpared with
the protectiverole of larynx, it is nevertheless true that it
has acqui red uni que possession in nman as a nai n notor organ of

communi cation through speech (G eene, 1964).

The production of voi ce depends upon t he synchrony or coor -
di nati on between respiratory, phonatory or resonatory systens.
Deviations in any of these systens may |ead to voi ce probl ens/

di sorders.

There are several nethods currently used in | aryngeal
research and di agnosis. However for routine eval uati on of
| aryngeal function acoustic anal ysis appears to have advant age
over the other nethods because of its nonintrusive nature and
its potential for providing quantitative data with reasonabl e

expenditure of analysis tinme (Davis, 1979).



TABLE G- CONTENTS

CHAPTER

| NTRCDUCTI ON

REMI EW CF LI TERATURE
METHODALOGY

RESULTS AND DI SQUSSI ON

SUMVARY AND CONSLUSI ONS

Bl BLI OGRAPHY
APPENDI X- |

APPENDI X- 1|

PAGE NO.
1.1 - 15
2.1 - 2.42
31 . 3.6

41- 4.84
55 - 55



1.1
| NTRCDUCTI ON

"Voi ce i s one conponent of speech. Human voi ce provi des
an all inportant vehicle for comunication and intrinsic
| inguistic and grammatical features of stress and intonation
I n speech. Voice and speech are exclusively human attri butes”.

(G aene, 1964).

Voi ce is the product of nost finely coordinated, delicately
bal anced and har noni ous novenents of which the body is capabl e
Al though it may be conceded that voice production is of secondary
| mportance both devel opnental ly and functionally conpared with
the protectiverole of larynx, it is nevertheless true that it
has acqui red uni que possession in nman as a nmain notor organ of

communi cati on through speech (G eene, 1964).

The production of voi ce depends upon t he synchrony or coor -
di nation between respiratory, phonatory or resonatory systens.
Deviations in any of these systens nay |ead to voi ce probl ens/

di sor ders.

There are several nethods currently used in | aryngeal
research and di agnosis. However for routine eval uati on of
| aryngeal function acoustic anal ysis appears to have advant age
over the other nethods because of its nonintrusive nature and
Its potential for providing quantitative data with reasonabl e

expendi ture of analysis tinme (Davis, 1979).
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"The test of scientific understanding of vocal functioning
is ability to predict and control vocal behaviour. This requires
exact know edge. Exact know edge requires nmeasurenent. Measure-
ment requires dinmensions that permt quantification. D mensions
require that a conpl ex phenonenon such as vocal behavi our be
anal ysed into its conponent parts, each of which can be measured
along a single scale" (Perkins, 1957). Thus neasurenent of
different paraneters of voice mght help oneto get the exact
know edge of vocal behaviour. Hence the purpose of present
study was to study sone of the acoustic paraneters of voice of

normal adults; The paraneters studied were: —

1. Fundanmental frequency.
2. Fluctuations in frequency of phonation.
3. Fluctuationsinintensity of phonation.
4. R se and fall tinme of phonation.
5. Maxi mum phonati on durati on.

6. Maxi mumduration of sustained/s/ and/ z/ and s/z rati o.

It has been reported in literaturethat the neasurenent
of above nentioned paraneters helps to differenti ate between
normal and pat hol ogi ¢ voice and also in differential diagnosis
of voice disorders. But before such applications are dealt
wi th successfully, study on normal population is essential. No
attenpt has been done to neasure these parameters in nornmal |ndian
adults. Hence the present investigation was designed to study

t hese parameters in normal Indian adults.



Subj ects were normal adults ranging in age from 16 years
to 65 years, subjects were asked to phonate vowels/al/, /i/
and /u/ and produce thetwo fricative continuants /a/ and/ z/.
This was recorded using a taperecorder in a quiet roomof the
bui I di ng.  Maxi mumphonation duration and maxi numduration of
sustained / a/ and /z/ were found using a stop watch. The vowel
Signers (/s/, /[1/and/u/) werefed to pitch anal yzer PM 100
to measure t he other paraneters i.e. fundanental frequency, fluc-
tuations in frequency and intensity and rise and fall time of
phonation. The results were anal yzed using suitable statistical

met hods.
Fol | owi ng hypot heses were verifi ed:

|. a) There is so significant difference between males and f emal es,
when conpared for fundanmental frequency.
b) There is no significant difference between different age
groups of nmales for fundanental frequency.
c) There is no significant difference between different age

groups of fenales for fundanmental frequency

1. a) There is no significant difference between nal es and fenal es
when conpared for fluctuation in intensity,
b) There is no significant difference between different age
groups of males for fluctuations in intensity,
c) There is no significant difference between different age

groups of females for fluctuations in intensity.
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I1l. a) There is no significant difference between mal es and
femal es, when conpared for fluctuations in frequency.
b) There is no significant difference between different
age groups of nmales for fluctuations in frequency.
c) There is no significant difference between different

age groups of females for fluctuations in frequency.

|V. a) There is no significant difference between mal es and
femal es of same age group, when conpared for rise and
fall tinme of phonation.
b) There is no significance difference in rise and fall
time of phonation between different age groups of males
c) Thereis no significant difference in rise and fal

time of phonation between different age groups of fenales.

V. a) There is no significant difference between mal es and
femal es, when conpared for nmaxi numphonation duration
b) There is no significant change in maxi mum phonation
duration as a function of age in nales.
c) There is no significant change in maxi mumphonation

duration as a function age in femal es.

VI. a) There is no significant difference between nal es and

femal es of sanme age group, when conpared for nmaxi mum

duration of /s/.

b) There is no significant difference between nal es and

f emal es, when conpared for maxi numduration/ z/ .
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c) There is no significant change in nmaxi mumduration of
/sl or [zl as a function of age.
d) There is no significant difference in s/z ratio between
mal es and femal es of sane age group.
e) There is no significant change in s/z ratiowth

I ncrease in age.

Limtations of the study:

1. The present study was restricted to only few of the
acoustic paraneters.

2. The study has considered only |imted nunber of subjects.

3. No attenpt has been made to find out the inportance of
different paraneters in voice.

4. Age range of the subjects was |imted.



2.1
REVI EW CF LI TERATURE

"Voice is the nusical sound produced by the vibration of
t he vocal cords in larynx by air fromthe lungs. Nornally voice
pl ays t he nusi cal acconpani ment to speech tendering it tuneful,
pl easi ng, audi bl e and coherent being essential to efficient comu-

ni cati on by the spoken word" (G eene, 1980).

The power supply for voice is expired air fromthe |ungs
and t he action of upper airways convert this air supply into
audi bl e vi brations, for speech. The human bei ngs use two et hods
of transformng the air into sounds for speech. The first method
I nvol ves using the air pressure to set the elastic vocal folds
Which lie inthe larynx into vibration, producing a periodic sound
wave (wWth repeated pattern). The second nethod invol ves all ow ng
air to pass through the larynx into the vocal tract (the passage
bet ween t he vocal fold and the outside air), where various nodifi -
cations of airstreamresults in noises, bursts, hisses or conbi na-
tions of these aperiodic sound waves (with no repeated vibratory

pattern). The first one i s known as voi ci ng.

Voi ce hel ps in comunication. It has both |inguistic and
nonl i ngui stic functions. It is the carrier of sounds. Basically
I n any | anguage, of the vocal properties, quality functions pre-
domnantly in the differentiation of one segnental phonetic el enent
fromthe other. It plays an inportant role in differentiating con-
sonants. Information carried by voicing feature is the hi ghest

anong di stinctive features.
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For conprehensi on of speech, not only discrimnation of
consonants but also cues |ike stress, inflectional patterns,
t he nel ody of the | anguage are necessary (Ratna et al 1981).
Speech prosody, the intonation, tne stress, the rhythm of
| anguage are the functions of vocal pitch and | oudness as wel |
as of phonetic durations. Fry (1966) reported that the wei ght
given to various perceptual factors in intonation wll vary
froml anguage to | anguage. For exanple, users of a tone |anguage
attach greater relative weight to pitch variations than users

of non-tone | anguages.

Brackett (1971) states that at |east five nonlinguistic
functions of voice can be delineated. Voice can reveal speaker
Identity, it can reveal personality, it can reveal enotion, it
can reveal at |east sone aspects of somatic condition and it

can serve an aesthetic function al so.

Every mature voi ce has unquestionably a uni que character
dependent upon the structure of the head, neck and face just as
no two faces are sane, neither are two voices (G eene, 1980).
Traditionally voice is described in terns of pitch, |oudness
and quality pitch of vocal sound is directly related to the fre-
gquency of vibration of vocal cords which is determned by the
mass, elasticity, length and conpliance of the folds. The | oud-
ness of vocal sound is determned by the pressures that are

generated in the rel eased pul sati on by the conbi nation of vol unme
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and velocity of air flow ng through the glottis at any instant.
The quality of voice is determned by both vocal fold vibration

and resonance.

Thus for the production of voice synchrony or coordination
of respiratory, phonatory and resonatory systens are necessary.
Di sturbance of any one of these three systens will bring about
a change in voice. Hstorically voice clinicians and | aryngol o-
gi sts have relied on two basic techniques in the diagnosis of
pat hol ogi cal conditions of |arynx:

(1) listening to the voice and

(2) viewng the larynx with mrror or |aryngoscopy.

Since laryngeal diseases are often acconpani ed by voice
qual ity change, sinple listening tests sometimes give useful
information. However the listening tests have been criticized
for their subjectivity and rel ated probl emof the |ack of quanti -
tative standards. Efforts to develop clinically feasible, objec-
tive and quantifiable nethods for eval uation of voice disorder
have focussed upon acoustic analysis. Acoustic analysis of the
voice is nmore objective than auditory methods for screening or
voi ce therapy assessnment (Kent, 1976). The validity of acoustic
approach, however, rests on the conplex relationship between the
physi ol ogi cal source function and the concom tant speech signal.
The assunptions underlying the acoustic analysis are:
(1) Laryngeal pathology alters the nornmal vibratory pattern of

vocal cord and
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(2) There is a relationship between vibratory pattern of the
Vocal card and certain paraneters of acoustic wavef ormgenerated
by this vibration. A laryngeal pathol ogy such as tunour or
paral ysis, generally produces assymetrical changes in nass,
elasticity and tension of the vocal folds, |eading to deviant
vibration. In addition weakness or paralysis of respiratory
nmuscl es may cause insufficient subglottal pressure, thus changing
the aerodynamc forces acting on the vocal folds and hence their
vibratory pattern. The subglottal airstreamis nodulated by this
unbal anced Vocal fold novenent. Irregular air pul ses energe from
the |l arynx, propagate through pharynx and oral and nasal cavities
and radiate fromthe nouth and nose. The resultant acoustic signa
Is thus affected by a physiol ogic disturbance in the larynx and

acoustic signal may be used to neasure the disturbance.

"Assumng that the two major ains of science are neasurenent
and prediction, thefirst step in the study of voice nust be the
determnation of pertinent, neasurable paraneters pertinent in
that changes in these variables wll have a perceptive effect and
neasurable in order to quantify and correlate the changes wth
effects. What is indicated therefore is a thorough careful study

of the nechanismand howit functions” (Mchel and Wendahl, 1971).

They further suggest that at first gl ance the production of
voi ce appears to be dependent upon the three prinmary factors:

(1) pulnonic pressure (2) laryngeal vibration and (3) the transfer
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function of vocal tract with each of these factors havi ng neasur-
abl e paraneters. They al so suggest that interactions occur bet -
ween the paraneter associated with these factors and that to
i solate and study a single paraneter is introducing considerable
error into results. They indicate that the follow ng twel ve

par anet ers shoul d be assessed.

1. Vital capacity

2. Maxi mumduration of sustained bl ow ng

3. Modal frequency | evel

4. Maxi mum frequency range

5. Maxi mumduration of phonation

6. Vol une-velocity airflow

7. Gottal waveform

8. Sound pressure |evel range

9. Jilter
10. Shi nmmer

11. Effort | evel

12. Transfer function of vocal tract.

H rano (1981) suggests that the paraneters involved in the
process of phonation can be divided into three najor groups:
1. The paraneters which regulate the vibratory pattern of the
vocal fol ds.
2. The paraneters which specify the vibratory pattern of the

vocal folds.
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3. The paraneters which specify the nature of the sound generat ed.

He further elaborates on this, by stating that, "the para-
nmeters which regulate the vibratory pattern of thevocal folds
can be divided into two groups: physiological and physical. The
physi ol ogi cal factors are suecintly put, related to the activity
of the respiratory, phonatory and articulatory nuscles. The
physi cal factors include the expiratory force, the conditions of
the vocal folds, and the state of vocal tract. The expiratory
force is the energy Source of phonation and is regulated chiefly
by the respiratory nuscles and the state of the broncho pul manory
system and thoraci c cage. The condition of the vocal folds Wiich
are the vibrators is described with respect to the position, shape,
size, elasticity andviscosity of the vocal folds. It is influenced
by the activity of the laryngeal nuscles, and pathol ogi cal condi -
tions of the vocal folds and the adjacent structures. The state
of vocal tract, the channel between the glottis and the |i ps,
affects the vibratory pattern of the vocal folds to a certain

extent and it is regulated chiefly by the articul atory nuscl es.

These primary physical factors in turn determ ne certain
secondary features, which include the pressure drop across the
glottis, volune-velocity or nean airflowrate, and glottal inpe-
dance or nean glottal resistance. These secondary features are

referred to as the aerodynam c paraneters.
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The vibratory patterns of the vocal folds can be descri bed
wi th respect to various paraneters including the fundamental
period or fundamental frequency, regulatory or periodicity in
successi ve vi brations, symretry between the two vocal folds, uni-
formty or honogenity in the novenent of different points within
each vocal fold, glottal closure during vibration, anplitude of
vi bration, speed of excursion wave which travels on the nucosa,
contact area between the two vocal folds, glottal area waveform

and so on.

The nature of the sound generated is specified chiefly by
the vibratory pattern of the vocal folds. It can be specified
both in acoustic terns and i n psychoacoustic terns. The psycho-
acoustic paraneters are naturally dependent on the acoustic para-
neters. The acoustic paraneters are fundanental frequency, inten-
sity, waveformor acoustic spectrumand their tine-related vari a-
tions. The psychoacoustic paraneters are pitch, |oudness and

quality of the voice and their tine related variations”.

The following table summari zes the paraneters in the periphera

process of the production and perception of voi ce.



2.8

‘aouepadu |

‘pa e Jauab punos
A1198ds yo iyn s s jaue Jed

Aloreuq In A} 10ads
Yo IYyw S I3 Jaue Jed

JO sulailled Aloeuq Ia
91e |nbal yoiyw s .o 1aue Jed

-lel1lop
A1100 [9A
aun |oA
s1110 |6
eso 1oe do.up
9 Inssa id
w o Janewm (A repuodas)
eale |e11o 10B 11 [BO0A Sa |osnu
Uo IS INJXa JO pad Jo 81e1Ss Aloe|ndilN
‘K11S09S IA S J91au
"SUO 11en19n |4 "SuUo 11 A119118e 3 -e Jed
-en1on |4 azIs
A11ernd wn 11%0ads aABW  [eSOOMN\ pue adeys
2 11Sn0JyY apn 11 |duy ‘uo 11 1sod S9 |osnu
W 10 Jonew 2INSO |0 [B110P PO} [Eed0A [eabuk se7
(K11sua 1) 1W o J 1un So |[osnu
seaupnoT apn 11 |duy K110 1po 1 Jad 9210} Alolelidsay
Aouanba 1} AnawAs  Alorelidxg [0 11U
yolid e luauepun4  po 11ad [euauepund (Arau1ld) Je nasnuo inay
"J 11Shooe
-0yoAsd 2 11SN0JyY eo 1sAyd leo 1sAyd [eo 160 |0 1SAud [9A87
u.Jo1ed Sp |0} [eJ0A

(Ppo 14 1PON !GL6T ‘Oouel H T -9 |gel



2.9

The neasurenent of such paraneters have been reported to
be useful in differentiating between the pathol ogi cal and nor nal
voice. "D fferent pathologies differentially affect |aryngea
physi ol ogy and therefore are probably differently susceptible
to different paraneters. Thus the nmeasurenent of different para-
nmeters of voice mght be a useful diagnostic tool in differential

di agnosi s of voice disorders”, (zyski et al., 1984).

Before a variabl e can be used to assess a pat hol ogi ¢ condi -
tion one nust understand that variable in relation to the nornal
voi ce and its productive capabilities. Acoustic analysis nay
provide a significant noninvasive clinical tool for the detection
of laryngeal diseases but before it can be used successfully,
| arger nornmal popul ati ons and popul ations with a variety of laryn-
geal disorder nust be studied. Hence the present study ains at
I nvestigating sonme of the parameters of normal voice. The para-
nmeters studi ed are;

Fundanent al frequency

Fl uctuations in frequency

Fl uctuations in intensity

Rise and fall tine of phonation

Maxi mum phonat i on duration

o 0 > w N R

Maxi mumduration of / s/ and/ z/ and s/z rati o.
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Fundanent al Frequency:

The perception of the pitch of a signal is coommon. The
termpitch refers to the human psychophysi cal response to the
acoustic signal and is difficult to quantify. On the other
hand, the physical basis of pitch i.e. the fundanental frequency
(Fo) ofaa periodic toneis relatively easy to quantify and

neasure. Hollien, 1981).

The human i's a conplex tone in the sense that
it is conposed of many frequencies. The human |istener perceives
the | owest frequency in the spectra, the fundamental frequency,
as the speakers pitch. Pl onp (1967) states that even in a com
pl ex tone, where the fundanental frequency is absent or weak,
the ear is capabl e of perceiving the fundanental frequency based
on periodicity of pitch, Erickson (1959) is of the opinion that
the vocal cords are the ultinmate determners of thepitch and
that the same general structure of the cords seemto determ ne,

t he range of frequencies that one can produce. The perception
of pitch and neasurenent of fundanental frequency are based on

t he systematic openi ng and cl osing of the vocal folds during the
production of voiced speech signals. Hence when fundanent al
frequency i s measured acoustically, the process is actually to

count these openi ngs and cl osi ngs by some net hod.

various objective nethods can be used to neasure the funda-

nmental frequency of vocal cords. Few exanples are strotoscopic
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procedures, perdue, pitchneter, high speed ci nenat ography, electro-
gl att ography, ultrasonic recordi ngs, stratoscopic |am nography
(STROL), spectrumpitch detection, the 3Mpl astiformnagnetic tape
vi ewer spectrography, digipitch, pitch computer, high resolution

si gnal anal yser, visipitch.

The fundanental frequency of a voiced sound is a function
of the mass, elasticity, conpliance and | ength of the vocal fol ds.
Davis (1981) states that fundanmental frequency depends to somne
extent on subglottal pressure and configuration of vocal and con-
figuration of vocal tract. "Mre nassive folds (longer and
thicker) vibrate at naturally | ower frequencies than shorter and
thinner folds. More elastic folds vibrate at hi gh frequencies
because they bounce back faster. Vocal folds vibrate faster when
they are tense than when they are slack, The prinmary way to nake
a given set of vocal folds nore tense is to stretch them Thus
| onger folds contribute to increased nass and | ower Fo in one
condition and to increased tension and higher Fo in another conditi
This is because a | onger pair of vocal folds (conpared to other
speakers) w ll be nore nmassive and produce a | ow frequency voi ce,
nen's voices are lower than children's voices. Yet the |engthen-
ing of vocal folds (within the sane (speaker) wll stretch out and
thin the effective vibrating portion of the vocal folds, adding
tension and t hereby produci ng a hi gher fundanental frequency"

(Borden and Harris, 1980).
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St udi es have been carried out by various investigators to
provi de data about changes fundanental frequency of voice as a
function of age (Fairbanks, 1940, 1949? Curry, 1940; Snidecor,
1943; Hanky, 1949; Msak, 1950; Samuel, 1973; Usha Abraham 1978;
Gopal , 1980; Kushal Raj, 1983 and Rashm , 1985).

The voi ce of a new born has been found to be around 400Hz
Qutzman and Pl ateau 1905; Indira, 1982). Upto puberty there is
very littledifference between the voice of boys and girls. The

voi ce change is prom nent at puberty.

Broadnitz (1959) states that the voice changes in puberty
shoul d be enterpreted as the intensification of a process that
has begun already at a nmuch earlier period. There is gradual
decrease in fundanmental frequency sine infancy but this change

I's marked at puberty.

The fundanental frequency drops slightly during the first
t hree weeks or so, but then increases until about thefourth
nonth of life, after which it stabilizes for a period of approxi-
mately five nonths. Beginningwth the first year, fundanental
frequency decreases sharply until about three years of age, Wen
it makes a nore gradual decline, reaching to the onset of puberty
at 11 or 12 years of age. A sex difference is apparent by the
age of thirteen years, which nmarks the beginning of a substantia
drop in nmal e voi ces, the well known adol escent voi ce change in

case of males. The decrenent in fundanental frequency frominfancy
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to adul thood anong femal es i s sonewhat in excess of an octave,
whereas nal es exhibit an overall decrease approaching two

octaves (Kent, 1976).

Eguchi and Hrsh (1969) report that children have a funda-
nental frequency of about 300Hz even upto the age of 8 and 10
years. They have also stated that the fundanental frequencies
of children and adult fenales are higher than those of the adult

mal e.

There is no significant difference in fundanental frequency
between 7-8 year old boys and girls (Fairbanks, Herbert and
Hamrmond, 1949; Fairbanks, Wl ey and Larsnman, 1949; Potter and
Stei nberg, 1950; Peterson and Barney, 1952). Kent (1976) has
reported that the fundanental frequency val ues are distingui shed

by sex, only after the age of 11 years.

St udi es on | ndi an popul ati on haveshownthat, in males, the
lowering in the fundanental frequency is gradual till the age
of 10-12 years, after which, there is a sudden narked | owering
in the fundanental frequency, which is attributable to the
changes in the vocal apparatus at puberty. In the case of fenales,
a gradual |owering of fundanmental frequency is seen (CGeorge, 1973;

Usha, 1979; Gopal, 1980; Kushal Raj, 1983; Rashm, 1985).

Kent (1976) has cauti oned agai nst considering the findings

fromthese cross-sectional studies as the representative of the
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actual devel opnental course of voice fundanmental frequency at
various age levels. Further then he has stated that the | ongi -
tudinal studies are required. One such study was carried out
by Loebell and Karger (1976). The voice of twenty-five children
wer e recorded during puberty for two years, every nonth. The
results showed a significant descent of fundanental frequency,

for all subjects during the | apse studied.

The aging trend for males with respect to the nmean funda-
mental frequency is one of a progressive |owering of pitch |evel
frominfancy through mddl e age foll owed by a progressive raise
intheold age (Msak, 1966). However, anong fenal es, the nean
fundanmental frequency |levels of the 7 and 8 year ol ds were the
hi ghest. A progressive |lowering of fundanental frequency |evel
is seentill the age of a young adult fenmale. No significant
change is seen fromyoung adul thood to the aged group which is in

contrast to the nal e popul ati on (M/sak, 1966).

"It is generally believed that the voi ce beconmes weak and
tremul ous and high-pitched in old age, and it is obvious that
the singing voice deteriorates nmuch earlier than t he speaking
voi ce. There are great individual variations in age of onset
and degree of vocal deterioration in old age. Mich depends upon
the quality of phonation earlier. A fine voice and especially
a trained voi ce need not deteriorate at all in speech (G eene,
1972). The factors that m ght be responsible for voi ce changes

in old age include calcification of laryngeal cartilages, |oss of
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elasticity, and atrophy of laryngeal nuscles. In sone, auditory

changes m ght be responsi ble for characteristic voi ce changes.

The study of fundanmental frequency has inportant clinical

I npl i cations.

Jayaram (1975) has found a significant difference in habitual

frequency neasures between nornal s and dysphoni cs.

Cooper (1974) has used spectrographic analysis, as a clinical
tool to describe and conpare t he fundanental frequency and hoar se-

ness i n dysphonic patients before and after vocal rehabilitation.

Study carried out by Asthana (1977) has shown that the cleft
pal ate speakers had significantly |l ess nasality at higher pitch
| evel s than habitual pitch. But degree of perceived nasality did

not change. significantly when habitual pitch was | owered.

Most of thetherapies aimto alter the habitual pitch |evel
of the patients or nake the patient to use his opti numpitch
(Cowan, 1936; strother, 1946; West et al, 1957; Thurman, 1958;
Anderson, 1961; G eene, 1964; Mirphy, 1964; Van R per and |Irw n,
1966). Nataraja and Jayaram (1982) have reported that nost of the
t herapi es of voice disorders are based on the assunption that
each individual has an optimumpitch at which the voice wll be
of a good quality and will have maxi numintensity with | east expenses
of energy and goal of therapy is to alter the habitual pitch |evel

so that the patient uses opti mumpitch.
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Thus neasurenent of fundanmental frequency is useful both
i n diagnosis and therapy. However before using it as a diag-
nostic tool, study on nornmals is needed. Since in Indiano
I nvesti gator has neasured fundanental frequency of nornmal adults*

present study has been undert aken.
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Fluctuations in frequency and intensity:

Presence of small perturbation or irregularity of glottal
vibration in nornmal voi ce has | ong been known through oscill o-
graphi c anal ysis of acoustic pressure waves and through | aryngo-
scopi ¢ hi gh speed phot ographi ¢ investigations (More and VonLeden,
Moore and Tintke, 1960). Variations of fundanmental frequency
(period) and anplitude of successive glottal pul ses, in particular,
are often referred to as "fitter" and "shimrer", respectively.
Because of their mnute nature, their neasurenents were tine-con-
sumng and difficult, and nornative data on jitter and shi nmer
have been slowto accunulate. 1In addition, the limted anmount
of jitter-shimrer data | acks sone conparibility anong different
studi es because of their different choice of paraneters or stati-
stics derived fromthe neasurenents. The neurophysi ol ogi cal and
perceptual significance of jitter and shimer, even with the recent
acceleration of research in this area is not well understood
(Hei berger and Horii, 1982). However, these neasures have been
useful in describing the voice characteristics of both nornal
and pat hol ogi cal speakers (Koi ke, 1973; Hottien, Mchel and
Doherty, 1973; Koi ke, 1969; Mirry and Doherty, 1977; Smth and
Wi nberg, Feth and Horii, 1978; Horii, 1979, 1980; Sorenson and
Horri, 1984). This irregularity in vibration has been inplicated
as a physical correlate of rough or hoarse voice (More and

Thonspn, 1965; M chel, 1966; Col eman, and Wendahl, 1967). In
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addition, jitter and shi mrer neasures have been applied to the
early detection of |aryngeal pathology (Lieberman, 1963, Cystal,
Mont gonery, Jackson and Johnson, 1970).

Jitter is defined as variations of fundanental frequency in
successi ve glottal pul ses and shimrer is defined as variations
of peak anplitude in successive glottal pul ses (Heiberger, and
Horii, 1982). The jitter val ue expressed in mlliseconds can be
positive, zero, or negative. The average jitter in mlliseconds
Is systenatically affected by the general |evel of voice funda-
nmental frequency (Fo) i.e. average jitter tends to be |arge for

| ow frequency phonation and snall for high frequency phonation.
Thus several investigators have enployed "perant jitter", which

I s defined as average Jitter X 100. The val ues of the percent-

aver age period
age of jitter in normal sustained phonations are typically very
small, that is, less than 1% Thus, Jacob (1968) and Smth et a
(1978) have used the so-called "jitter ratio", tihich is sinply
t he percentage of jitter tines 10. Hollien et al (1973), ontn$
ot her hand, have cal cul ated the percentage of average difference
of fundanental frequencies anong successive glottal pul ses rel a-
tive to the average fundanental frequency of phonation* They have
called this neasure as "jitter factor".

Average shimrer is expressed nore frequently in decibels

rat her than percentage.
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There are other specific neasures of jitter and shi nmer
by various investigators which include Lieberman's (1961,
1963) "pitch perturbation factor”, "directional jitter and
shi mrer factors" used by Mecker and Kruel (1971), Koike's
(1973) "rel ative average perturbation" and Davis (1976) "pitch
perturbation quotient”, and "anplitude perturbation quotient".
These nmeasures as defined by these investigators is discussed

later in relation to the data fromnornal and pathol ogi c | arynges.

Jitter and shi mrer nmeasures can be obtained either from
connect ed speech or sustained phonation. Jitter measures derived
from connect ed speech need to be interpreted with caation since
both systematic perturbation due to phonetic context, stress and
I ntention and random perturbati on associated w th physiol ogic
limtation of the glottal sound source co-exist in such voice
signals (sorensen and Horii, 1984). Hollien, Mchel and Doherty
(1973) al so have suggested that when vocali zation other than
sust ai ned phonation is used, perturbations may possibly be dueto
I nvol untary and/ or | earned phonat ory behavi our associated with
meani ngf ul speech patterns produced by t he speakers. Sustai ned
vowel production seens to be nore appropriate as it reduces vari a-
bility due to | earned speech patterns and elimnates differentia
| oading on the glottis related to changes in vocal tract configura-
tion. However, Hammarberg et al (1908) have anal yzed t he anpli -
tude and period variations that occur in connected speech and

obtained a representative sanple of voice qualities.
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Research hag shown that intensity, fundanental frequency |eve
and type of phonatory initiation and termnation are sone factors
which affect jitter magnitude in sustained phonation (More and
VonLeden, 1958y Jacob, 1968; Koi ke, 1973; Hollien et al., 1973).
Koi ke (1973) has observed the differences in the perturbation
values for the initiations of the vowel (soft vs breathy) and
suggested that different nechani sns aye responsible for thetwo

onsets.

Shimer, in any given voice is dependent at |east upon the
nodal frequency |evel, the total frequency range, andthe sound
pressure |level relative to each individual voice (Mchel and
Wendahl, 1971) Ram g (1980) has postul ated that shimmer and jitter
val ues shoul d i ncrease when subjects are asked to phonate at a
specific intensity, and/or as |long as possi ble. Witehead and
Emanuel (1974) have found that vocal frequency productions were
perceived to be relatively rough conpared to t he nodal register
phonati ons and nmani fested el evated spectral noi se | evels, conpa-
rabl e to those associated with simulated abnornal |y rough phona-
tions. This has been expl ai ned by Wendahl (1963; 1966) and
col eman (1969) who have indicated that when two audi bl e conpl ex
waves mani fest equal anmounts of wave aperiodicity, the wave with
t he hi gher fundanmental frequency will tend to be heard as | east

rough.

During normal voice production the vocal folds vibrate in

a synchronous, quasi periodic manner in which small cycle-to-cycle
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variation in frequency and anplitude of vibration occur. Non-
pat hol ogi ¢ speakers appear to have an average jitter of approxi-
mately 1%or less during the mddle portion of the sustained
phonations (Jacob, 1968; HIlien, Mchel and Doherty, 1973;

Koi ke, 1973; Horli, 1979) Likew se overall average shi nmer have
been found to be 0.39dBSPL for the three vowels /a/, /i/ and /u/.
However | ater studies by Wl cox and Horii (1980) and Horii (1980)
have shown that jitter and/or shimrer values are different for
different vowels. WIcox and Horii (1980) found that /u/ was
associated with significantly smaller jitter (0.55% than /a/ and
[1/] (0.68%and 0. 69%respectively). Horii (1980) has found both
jitter and shinmrer to be smallest for /u/, internediate for /i/
and greatest for /a/, On the other hand a trend toward greater
jitter for high vowels than | ow vowel s was reported by Johnson
and M chel (1969) who examned 12 English vowels. Zenmin (1962)
has reported a significantly greater jitter for /a/ than/i/.
Horii (1982) has examned 8 English vowel s and has found no signi-
ficant difference in either shimrer or jitter val ues and obtai ned
an average jitter value of 0.75%and an average shi mer val ue of

0.17 dB.

However recently, Soreneen and Horii (1983) have found that
the jitter and shimrer values differ for the three vowels /a/, /il
and /u/. The nean directional jitter factor was 49. 3%w th a

range of 34,6%(men/u/) to 62. 7%(wonen/i/), Wil e the average
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directional shimrer factor was 59. 7%w th a range of 43. 5%
(ren/i/) to 72. 6% (Wnen/ u/ ). For both groups (nen and
wonmen), /u/ had the highest directional jitter factors, / a/
was the lowest and /i / was internmedi ate. The vowel /i / had
t he hi ghest shimrer factor for nmen and / a/ was internedi ate.
For the wonen, /a/ had the highest value and /i / was inter-
medi ate. Their study al so showed that the magnitude factors
and the directional factors do not necessarily have the sane

pat tern.

Studyi ng nornmal children ranging in age from4 to 15 years,
Rashm (1985) found no difference in the range of fluctuations
in frequency and intensity between mats and fenales in the
younger age groups. Ml es consistently showed greater fl uctua-
tions in frequency i n phonatiop6f /a/, /i/ and /u/ than fenal es
inthe 14 to 15 year old group. The range of fluctuations in
frequency and intensity in the nedial segnent of phonation did
not show nmuch difference as a function of age. She defi ned
fluctuations in frequency as the change in fundanental frequency
of phonation fromcentisecond to centisecond and fluctuations in
intensity as the change in intensity of phonation fromcenti second

to centisecond, as displayed on the pitch anal yzer.

Von Leden et al (1960) has reported that the nost frequent
observation in pathol ogical conditions is that there is a strong
tendency for frequent and rapid changes in the regularity of the

vibratory pattern. The variations in the vibratory pattern are
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accnpani ed by transi ent pressure changes across the glottis
which are reflected acoustically in disturbances of the
fundanental frequency and anplitude patterns. Hence jitter

and shimrer val ues are greater in pathol ogical conditions.

Horii (1980) has studied the vocal shinmrer and jitter
in normal s and has reported that the average shimrer was 0.39dB
and the average jitter was 0. 72% They obtained a critical
value of 0.98 dB for shimmer. That is shimrer value which is
than 0.98dB can be considered as too |arge for md segnents of
sust ai ned vowel s produced by normal young adult nales and com

fortabl e fundanmental frequency and intensity.

Kitajima and Goal d (1976) have found that critical region
of shimrer in nornal adults was 0.12 dB (range of 0.04 dBto
0.21dB). Mjority of the subjects with vocal polyp had shi mer
val ue greater than this critical val ue and hence concl uded t hat
vocal shimer may be a useful paraneter for the differentiation
of two groups. However they report that a small polyp |ocated
off the free margin of vocal cord has little effect upon the

regularity of thevibration of vocal cords.

Li eberman (1961, 1963) has shown that pathol ogi c voi ces
generally have |large perturbation factors than nornal voices
wi th conparabl e fundanmental frequency and that this factor is
sensitive to size and location of growhs in larynx. Pitch
perturbation factor was defined as the relative frequency of

occurence of perturbations |arger than 0.5nsec.
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Meeker and Kreul (1971) have examned the perturbations
I n the speaking fundanmental frequency of 5 normal speakers and
5 speakers with |aryngeal cancer. They cal cul ated nmagnit ude
perturbation factor (MPF, described by Li eberman, 1961, 1963)
and directional perturbation factor (DPF). DPF was defined as
percentage of total nunber of differences in waveformperiod
for which there is an algebriac sign. They have found that MPF
did not differentiate nornmal frompathol ogi c group whereas DPF

coul d separate the two groups.

Hurry and Doherty (1980) have studied nornmal subjects and
subjects with |aryngeal cancer. They have found that both DPF
and MPF coul d separate the two groups but DPF nmay be nore sensi -

tive to characteristics of a |aryngeal nass.

Koi ke (1973) has reported that the patients with tunour
denonstrated significantly greater nean nagnitude perturbation
val ues than subjects with vocal fold paral ysis and for nornal
voice it was significantly |l ess than both of the pathol ogic

gr oups.

Takahashi and Koi ke (1975) have found that MPF is rel ated
to the perceptual judgenent of roughness. They have devel oped
the anplitude perturbation quotient (APQ and the frequency
perturbation quotient (FPQ to detect |aryngeal pathol ogy.

Koi ke (1969) has conputed serial correlation coefficients

for the tine series of anplitude values at each pitch period peak.
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The correl ograns have been used by Hi ki, |maizum, H rano,
Mat suhita and Kakita (1976) al so to distinguish normal from

pat hol ogi ¢ voi ces.

Crystal and Jackson (1970) have concl uded that purely
statistical measures of anplitude perturbation m ght be useful

as guidelines in detecting | aryngeal dysfunction.

sorenson, Horii and Leonard (1980) have poi nted out that
the average jitter was significantly greater under anethesia than
under normal conditions and that the jitter differences were
nore promnent at high frequency phonationsy indicating that high
frequency phonati ons wer e nor e dependent on | aryngeal nucosal

f eedback.

Smth et al (1978) have indicated that nmagnitude of voca
jitter present in the vowel s was substantially |larger than that

i n nornmal speakers and speakers with |aryngeal /vocal disturbance.

In sumary, it can be stated that the research on vocal
jitter and shimer has been fruitful in delineating periodicity
characteristics of normal and pathol ogi ¢ voices. Sufficient
caution nust be taken while conparing the Results of various
studi es due to differences in neasures cal cul ated, and differences
i n nmet hodol ogy used. Al so before using this for diagnostic
pur pose normati ve data shoul d he obtained. No study has been

conducted on Indian adult population and it is therefore ai mof
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this study to neasure fluctuations in intensity and frequency
in normal adults. Fluctuation in intensity and frequency (per
centi second) also reflect changes in vibratory pattern of

vocal card. However, this is a nore gross neasure when conpared

to shimrer and jitter.
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Rise and fall tine of phonation:

H rano (1981) has suggested that many pat hol ogi cal conditions
are nore apparent during the transitional phases of phonation,
I ncl uding the onset and the termnati on of phonation and hence
of speech. Ilmaizum et al (1980), Yoon, Kakita and H rano (1984)
have neasured the rising tine and falling tine of sustained
vowel as 2 paraneters in their spectrographic anal ysis of patho-
| ogi c voices. The rising tinme was defined as thetine required
for the increase in overall anplitude froma value of 10%of the
steady level to 90% The falling time was defined as the tine

span required for the decrease from90%to 10%of the steady | evel.

Hawel | and Rosen (1983) have reported that the rise tines
of affricates were significantly shorter than those of fricatives.
They have studiee the rise tinmes of voiceless affricates and
fricatives, when the test material eccured in sentences, iniso-
| ated words and in isol ated nonsense syllables. Risetines varied
wth the type of test material and for all types of material were

significantly | onger than those reported by Gerstman (1957).

There are al so studi es which have indicated that the initia-

tion and termnation of voice of stutterers are del ayed.

Rashm (1985) has reported that there is a gradual increase
inrisetine and fall time of phonation with increasing age in

both mal es and fermal es. She has studied nornmal chil dren rangi ng
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in age from4 years to 15 years. She was al so reported that

there is no significant difference betwen nal es and fenal es.

Further extensive research is needed to neasure this para-
nmeter in normal and different pathol ogical conditions. Hence

this study was designed to investigate these nmeasures in nornal

adul ts.
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Maxi mum phonation ti nme:

The ability to naximal ly sustain a vowel provides sone
obj ective nmeasure of the efficiency with which a speaker utilizes
the respiratory nechani sm (N eman and Edeson, 1981). A conmmon
clinical practice in speech pathology is the elicitation of maxi-
mumphonation tinme in speakers suspected of having a voice dis-
order and/or |aryngeal pathology. The assunption made is that
t he speakers w th |laryngeal pathology will have clinically
reduced maxi numphonation tinme. Arnold (1955) has stated "...
a good criterion for the general quality of voice is immediately

avai |l abl e by determ ning the phonation tine".

Thi s measure gives a good indication of the presence or
absence of abnornal tension in thelarynx, of the presence or
absence of neuronuscul ar disability and conparitive overal
status in vocal apparatus (Coald, 1975). Coald has reported that
increments in flowrate and vol une, in the presence of short
phonation time suggest a neuronuscul ar deficit, such as |aryngea

nerve paral ysi s.

Arnold (1959) has given the rationale for using this as a
clinical test. He has stated that this sinple test gives infor-
mat i on about efficiency of pneunophonic sound generation in |arynx
It al so denonstrates the general state of the patient's respiratory
coordination. Mdifying this statenent M chel and Wendahl (1971)

have witten that this nmeasure can denonstrate the general status
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of Lass and M chael (1969) do not support the findi ngs of
Pt acek and Sander (1963). They have reported that there is a
t endency for phonation time to increase as a function of sound
pressure |level for |owfrequency phonations in both nal es and
femal es and for noderate frequency phonations in nmales. However,
there is a tendency for phonation tinme to decrease as the sound
pressure level is increased for high frequency phonati on of both

mal es and f enal es.

Yanagi hara et al (1966) and Yanagi hara and Koi ke (1967)
have reported that phonation tinme was reduced at hi gh pitches
for both men and wonen. They have neasured naxi mum phonati on

tine at three different vocal pitches - |ow, medi umand high.

Shashi kal a (1979) who has neasured t he naxi mum phonati on
time at opti numfrequency, + 50Hz, + 100 Hz and + 200Hz reported
t hat maxi mrum phonation tine at opti num frequency was |onger than

that at other frequenci es.

Kom yama and Buna (1973) have measured t he naxi num phonati on

time taking account of the intensity of thevoice. Masurenents

were made in fortissino, nesoforte and pi ani ssinmo by varying pitches

The results have indicated that phonation timein fortissino
shows t he m ni num val ue when conpared with t he val ue of nesoforte
or pi ani ssi no phonation various pitches. They have al so observed
t he "phonati on capacity” by integration of voice intensity with

phonati on ti ne and have reported that "the phonation capacity"

di m ni shed and showed a renarkabl e deccrease in fortissino phonati on

during the register transition.
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Maxi mum phonation tinme al so depends on the anmount and t he
kind of training an individual had and nunber of trials usedto

obt ai n maxi num duration of phonati on.

Lass and M chel (1969) have reported that the athlets gene-
rally do better than nonathlets and trained singers do better
t han nonsingers. Sheela (1974) has reported different findings
She has found no significant relationshi p between phonation tine
and training. The phonation tinme range was 15-24 sec. in trained

singers and 10-29 sec in untrained singers.

Nei man and Edeson (1981) have found that the subjects

provided with a nodel perforned better than those who were not.

In the majority of the studies three trails are given to the
subj ects (Yanagi hara et al ., 1966; Yanagi hara and Koi ke, 19677
Yanagi hara and VonLeden, 1967; Launer, 1971; Coonbs, 1976).
Sanders (1963) has neasured MPT with twelve trials and reported
no difference between the first and the twelth trial. stone(1970)
has observed that adults denonstrated greater maxi mum duration
of /al when fifteen trials were used. Lew s, Casteel and McMhan
(1982) have reported that it was not until the fourteenth trial
that fifty percent of their subjects produced the naxi num phona-
tion and not until the twentieth trial, did all their subjects
produce nmaxi num phonation tinme. They believe this finding to be

both statistically and clinically significant. Therefore they
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have suggested that the practice of utilizing three trials to
determne MPT is inadequate, and it does not represent a "true"

neasur e of maxi mum dur ati on.

Sawashi ma (1966) has found no significant difference in

the MPT in the standing and sitting positions.

Many researchers have suggested that mnaxi mum phonati on
ti me depends on hei ght and wei ght of the individual (Arnold and
Luchsi nger, 1965; M chel and Wendahl, 1971). However Lew s,
Cast eel and McMhan (1982) have found no significant relationship
bet ween | engt hof phonation tine and hei ght or weight of the indi-

vi dual .

Yanagi hara and Koi ke (1967) have indicated that the phonation
volunme (i.e. air volune available for maxi mal |y sustai ned phona-
tion) varied in proportion tothe vital capacity, and air available
and this was specific to the sex, height, age and wei ght of the
I ndi vidual s. They have al so reported that |onger phonation time
Is generally related to | arger phonation volune. They have concl ude
t hat maxi mum sust ai ned phonati on depends on the total air capacity
avai | abl e for voice production, the expiratory power, and the
adjustnent of the larynx for efficient air usage, that is, the

glottal resistance.

| sshiki et al (1967) have reported that anount of air vol une

expi red during the | ongest phonation ranged from68. 7%to 94. 5%
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of the subject's vital capacity. Their finding was supported by
the results of Yanagi hara and Koi ke (1967) who have reported

that the percentages range from50 to 80%for males and 45 t070%
for females. Lewi s, casteel and McMohan (1982) have observed a
significant and domnant rel ati onship between vital capacity and

t he l ength of sustained phonation of /a/.

As there are several raviabl es whichaffect MPT, as discussed
above, norns for MPT vary from 10 seconds for consonant in children
(Boone, 1977) to 30 seconds for vowels (Arnold 1955) in nornal
voi ced individuals. The average duration is greater for nal es
(25 - 35 secs) than for fenmales (15-25 secs). Van R per (1963)
has opi ned that nornal voiced individuals should be abl e to sustain
/al, /1] and /u/ for at |least 15 second w thout difficulty.

Fai rbanks (1960) has reported a normal duration of 20 to 25 seconds.
MPT reported by different investigators are presented in the

followi ng tabl e.
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val ues of MPT (in secs) in adults.

Aut hor (s) N Aver age Range
Hayashi (1940) M 20 22
il 25
Suzuki (1944) M 21 24. 8 15 - 37
F. 19 17.4 10 - 24
N shi kawa(1962) Si nger: 10 19 - 38
MI10 16 - 29
F 10 12 - 21
Ptacek and M 40 1.24.7 13.6- 41.7
Sander (1960) 11.25.7 14.3 - 48.0
[11.24.69 12.3- 59.0
F. 40 |.16.8 9.3- 34.0
[1.16.7 9.2 - 29.8
[11.17.9 8.4 - 39.7
Sawashi na( 1966) M 70 29.7
F. 78 20. 3
Yanagi hara et al M 11 30.2 20.4 - 50.7
(1966) F: 11 22.5 16.4 - 32.7
| sshi ki et al (1967) M5 31 22 - 51
F5 17 9 - 36
Hrano et al(1968) M 22 34.6
F.: 25 25.7
Shi genori M 25 30.1 15.8 - 66.6
(1977) F: 25 17.0 9.4 - 26.2
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West | ake and Rutherford (1961) have concluded that a child
with a normal voice should easily sustain a tonefor 20 seconds
or longer after a fewtrails. Many investigators have reported
that MPT increases with age in children (shegenori, 1977,
Launer, 1971; Qunningham Gant, 1972). Lew s, Casteel and
McMohan (1982) have found no statistically significant rel ation-
ship between the | ength of phonation tinme and age. However, it
has been found by ptaceket al (1966) that MPT decreased as a

function of increasing age.

Rashm (1985) has reported that the MPT of vowel s increased
as a function of age in both mal es and fermal es. She has studi ed
children ranging in age from4 years to 15 years. She has al so
reported that MPT of /i / was greatest followed by /u/, and finally
lal.

MPT has been found to be | ow in many pat hol ogi cal states of
the larynx, especially in cases with inconpetent glottal closure.
H rano (1981) has suggested that the maxi mnumphonation tine snaller
than ten seconds shoul d be consi dered as abnormal. Sawashi ma
(1966) has consi dered t he phonation | engths bel ow 15 sec. in

adult mal es and bel owl1l0Osec in adult fenal es as pat hol ogi cal .

Arnol d (1955, 1958) has enpl oyed neasurenent of phonation
timeroutinely during phoniatric examnation and has observed
that MPT is frequently reduced to few seconds (3-7 seconds) in

paral ytic dysphonia. Arnold has also indicated that the MPT
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usual |y corresponds to the degree of dysphonia. Simlar findings
were made in 1942 by R eben (5 secs.) in 1973 by Luchsinger (3 to
15 secs) and in 1952 by Brahm (3 to 12 secs).

According to Shigenori (1977) in pathol ogi cal cases, abnornal
test findings were nost evident in terns of the naxi numphonation
time, than in thenean airflowrate or phonati on quotient.
Shigenori (1977) has found an abnornal |y short phonation tinme
in the caaes of recurrent |aryngeal nerve paral ysis and nmaxi num
phonation ti ne varied depending on the cord position. D fferent
val ues of nmaxi numphonation tine different in pathol ogi cal cases
as reported by Shigenori (1977) are as foll ows:

Recurrent |aryngeal nerve paralysis - uni.- 1.9 - 42.0 sec.
Recurrent | aryngeal nerve paralysis-bilat.- 2.4 - 20.0 sec.
Sulus vocalis - 3.8 - 42.0 sec

Laryngitis - 4.0 - 38.0 sec.

Pol ypoi d vocal folds - 4.0 - 38.8 sec

Renign tunmour - 7.0 - 39.6 sec

Epithelial hyperplasia - 10.2 - 49.2 sec

carcinoma - 5.4 - 41.8 sec.

Vocal fold polyp - 1.7 - 48.8 sec.

Shigenore (1971) has opi ned that naxi numphoaation tineis
val uable for nonitoring the effects of surgical treatnment in
sel ected disorders of larynx, especially in recurrent |aryngea
nerve paralysis and to a certain extent, in cases of sulcus vocalis,

nodul es, pol yps and pol ypoi d vocal fol ds.
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The findings that t he short phonation tines are associ at ed
wi th | aryngeal pathol ogy and can be inproved by treatnent, has
al so been shown by Von Leden (1967), who has reported an increase
i n phonation tinme from1.33 to 14.79 seconds in one case and
from3.91 to 8.66 seconds in another case (both had unil ateral
vocal fold paralysis) after injecting teflon paste into the
affected folds. An increase in phonation length from4 seconds
to nore than 20 seconds as a result of teflon treatnent of
uni |l ateral vocal fold paralysis has been denonstrated by M chel

et al (1968)

Asen et al (1969) have found a nmean of 10.1 seconds in

children with vocal nodul es.

Racek and Sanders (1963) appear to be the first to relate
t he maxi mumduration of phonation to the perception of "breathi-
ness". A though none of thevoices of their subjects were considers
to be non-normal, they were able to divide their subjects into
two groups- |ong phonators and short phonators. They have found
t hat when judged as to the degree of breathiness, |ong phonators
tended to be judged as |l ess breathy, than the short phonators. In
addi tion, perceived breathi ness decreased as a function of increased
intensity and hi gh frequency phonations tended to be rated as nore

breat hy, than correspondi ng | ow frequency phonati ons.

Jayaram (197S) has observed significantly tower naxi mum

phonation duration in dysphonic group than in normal group. He
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hag reported a significant difference betwen nal es and fenal es
in normal group but not in dysphonic group. These results are
simlar to those that have been reported by Coonbs (1976), where-
in no significant differences was observed with respect to

maxi mumdurati on of phonati on, between nmales and fermales with

hoar seness.

Thus the review of literature indicates that the neasure-
ment of nmaxi numduration of phonation is useful in diagnosis and
treatnent of voice disorders. Very fewinvestigators have
studied this paranmeter on Indian popul ati on (Jarayam 1975;

Rashm , 1985). Hence it was decided to measure this paraneter

in nornmal adults,
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Maxi mumduration of sustained /s/ and/ z/ and /s/z rati o:

Al t hough neasurenent of mnaxi numphonati on duration is a
useful diagnostic tool in patients with voice disorder, it does
not indi cate whether the abnornality is due to phonatory
probl emor due to respiratory problem Boone (1971) has suggested
that the speech clinician mght use a voi cel ess-voi ced sustai ned
phonation ratio to sort out how nuch of the phonation problemis
related to poor respiration control. He has stated that when
the patient is asked to take a deep breath and sustain a hissiny,
nonvocal i zed 's-s-s' as long as he can, child can sustain the
voi cel ess exhal ation forabout 10 sees and t he average adult can do
so for about 20 sees. Such a neasure gives sone clue as to how
wel | the patient can sustain his exhal ati on i ndependent of phona-
tioa. The dysphonic patient without vocal fold pathol ogy wll
typically be able to extend the voicel ess s-s-s and t he voi ced
z-z-z for about sane length of tinme, sowll the normal subject.
Patients with vocal fold pathology, such as thickening or polyp
or nodules, will generally performnornally on voi cel ess task,
but give evidence of real difficulty in prolonging the exhal ation
when they add voice. Their relativetineratiowl| often be
around two to one, in favour of unvoi ced production. The probl em
It woul d appear is |l ess oneof respiration control than of diffi-

culty in produci ng phonati on.

Tait, Mchel and Carpenter (1980) have determned theratio

of /s/ to/z/l inb-, 7-, and 9- year old children. Their results
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have indicated that there was no significant difference in sustaine
/sl | z/ between nmal es and fenal es at any one age | evel. There was
a significant increase in sustained duration of both /s/ and/ z/ as
a function of age for both males and fenmal es. This mght be due
to increase in height and lung capacity as a function of age as
reported by Nel son et al (1975). Tait, Mchel and Carpenter (1980)
reported that there was no significant difference in s/z ratio
bet ween nmal es and feral es, nor was there a significant difference
as a function of age. The ratios obtained were cl ose to a val ue
of 1.00 (nean 0.87). However, thedurationof /z/ typically
exceeded that of / s/, which nmay refl ect conservationinairflow

because of |aryngeal valviny.

These findings are supported by theresults of Rashm (1985)

who has studed children ranging in age from4 to 15 years.

Furt her extensive research is needed both on normal s and
dinical popul ation before this nmeasure can be used as a diagnostic
tool. Thereforein this present study, this paraneter is nmeasured

in normal Indian adults.
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Thus the review of literature shows the diagnostic val ue
of each of these paraneters and | ack of nornative data on
I ndi an popul ation. Thus the results of present studyfnight
serve as norns agai nst which that of clinical populations can

be conpar ed.
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METHODOLOGY

This study was designed to investigate the follow ng para-
nmeters, in normal adults, during phonation.
Fundanent al frequency
Fl uctuations in intensity
Fl uctuations in frequency

1
2
3
4. Rse and fall tine
5. The maxi mumdurati on of phonation of vowel s
6

. The nmaxi numduration of / s/ and/ z/, andthes/z ratio.
Subj ect s:

Subj ects were normal adults, both nmal es and fenal es rangi ng
in age from16 years to 65 years. The criteria for the selectic
of the subjects was -

—absence of any speech, hearing or respiratory probl em
- No observable deformties of the nasal, oral or pharyngeal

cavities.

Based on these criteria one hundred and forty adults (70
mal es and 70 femal es) were randonty sel ected fromgeneral popul e
tion for the study. The follow ng table shows the distribution

of subjects in different age groups (of 10 years intervals).

Age range Mal es Fenal es
16 - 25 15 15
26 - 35 15 15
36 - 45 15 15
46 - 55 15 15
56 - 65 10 10

Table:-.1: Distribution of subjects in each age group.
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Test Material :

Subj ect s wer e asked to phonate three vowels i.e. /al, [il,

and / u/, and sustain two fricative consonants / s/ and/ z/ .

Data col |l ecti on:

Subj ects' phonation of thethree vowel s and t he producti on
two fricative consonants were recorded using a philips taperecorder

with built in mcrophone and coney cassettes.

The subjects were instructed to take a deep breath and then
say / al as long as possible, This was al so denonstrated before
t he subj ect phonated. Then the subjects were asked to phonate
[il, lul andsay /s/ and/a/ ina simlar way. Three trials of
each phonati on and consonant productions were recorded. After
each phonati on t he subjects were encouraged to prol ong t he phona-

tion/ consonant further.

The recording was done in a quiet, isolated roomin the buil d-
ing, where the noise level was mninumand did not interfere with

t he recordi ng.
Anal ysi s:

The followi ng instruments were used for the nmeasurenent of
fundanental frequency fluctuations in frequency and intensity, and
rise and fall tine of phonation -

- Tape recorder.
- Anplifier.
- Pitch anal yzer (PM 100)



3.3

Amplifier [~ r—

S S S

1 Panel [— Display

Tape J sCreen
recorder
1
R
Pitch anal yzer (PM 100)
Fig. 1: Show ng experinental set up used for neasurenent of

f undanent a frequency, fluctuations in frequency and
intensity, rise and fall tine.

The signal was fed fromthe tape recorder to the pitch
anal yzer PM 100 through an anplifier. Instrunents were cali -

brated before starting the experinent.

Measur enent of fundanental frequency:

A satisfactory sanple, out of 3 sanples, which was clear
and had maxi mumduration was selected for analysis. This sanple
was fed to the pitch anal yzer as shown in the figure. The nean
fundanmental frequency was directly read fromthe digital display

on the screen of pitch anal yzer.

This was carried but for all the three vowls /a/, /i/ and

[ul.
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2. Measurenent of fluctuations in intensity of phonation:

A clear sanple was fed to the pitch analyzer. First, the
initial segment of the sanple was fed. The intensity of the
five consecutive points occuring at the beginning of intensity
curve wer e noted down, by noving the cursor frompoint to
point i.e. points at an interval of one centisecond. Then the
m ddl e portion of the sane sanple was fed and intensities were
noted at five consecutive points. Simlarly, the last five
consecutive points of thefinal segment were recorded. Thus
fluctuations inintensity for theinitial, nedial and final

segments of phonation were obtained. This procedure was repeated

for all the three vowel s.

N
il (1L I

l
A Al |
un i I
i . 1
N ! i

time

Intensity

W

Fluctuations in intensity of phonation.

T
i

E 1l [

0 h”f fuﬁ hN

% thy it il

- il pda fliy

P i iyl My o
Time I

Fl uctuations in frequency of phonation.
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3. Measurenent of the fluctuations in frequency of phonati on:

This was simlar to the neasurenent of fluctuations in
intensity of phonation except that five consecutive points each
at the beginning, the mddle and t he end of phonati on were not ed
down al ong the frequency curve. This was done for all the three

vowels/al, i/l and/ u/.

4. Measurenent of rise and fall tinme of phonation:

For t he measurenent of this paraneter, the initial segnent
was fed to the top scale of display screen and final segnent was

fed to the bottom scal e of the display screen.

The rise tinme was neasured by noving the cursor fromthe
poi nt where intensity curve begins to t he point where the curve
becones steady. The difference between these two poi nts provided

risetine in centiseconds.

Smlarly, the fall tinme was neasured by noving the cursor
fromthe end of the steady portion of intensity curve to the

| ast poi nt where curve was vi si bl e.

Thi s was done for each of t he vowel s.
M

3 /Wf“*""*

|
\

i'

|

|

|
L._l_.,__l S — - . S
A4/l Time i _[

Fimne 1’::'-_:,

The rise and fall tine of phonation.

|
|
|
I
i
I|
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5. Measurenent of naxi num phonati on durati on:

The recorded sanpl es of the phonation of vowel s were pl ayed
back. The stop watch was started at the initiation of each phona-
tion and stopped at the termnation of each phonation. This was
repeated for all threetrials of vowels/a/, /i/ and/u/. The
| ongest phonation duration among the three trials was consi dered

as t he maxi numphonation duration in seconds for each vowel,

6. Measurenent of maxi numduration of / s/ and/ z/ and a/z rati o:

As in the previous anal ysis, maxi numduration of / s/ and/z/
wer e obt ai ned by pl ayi ng back t he recorded sanpl es of the phona-

tionof thetwo fricatives/ s/ and/ z/ .

The maxi numduration of / s/ divided by the maxi numduration

of / z/, provided thes/zratio.

Thus the foll ow ng paraneters of voice were neasured for

all the subjects.

Fundanent al frequency

Fl uctuations inintensity

Fl uctuations in frequency

R se and fall tine

The maxi numdurati on of phonation

The maxi mumduration of / s/ and/ z/ and s/z rati o.

ouhwhE

To findout thereliabilityof nmeasurenent all the paraneters
of 15 randomy sel ected sanpl es were neasured again. No signifi-

cant difference in the first and second neasurenent were found.

Suitabl e statistical nethod was applied and theresults

obt ai ned wer e di scussed.
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5. Measurenent of naxi num phonati on durati on:

The recorded sanpl es of the phonation of vowel s were pl ayed
back. The stop watch was started at the initiation of each phona-
tion and stopped at the termnation of each phonation. This was
repeated for all threetrials of vowels/a/, /i/ and /u/. The
| ongest phonation duration anong the three trials was considered

as the maxi numphonation duration in seconds for each vowel.

6. Measurement of maxi mumduration of / s/ and/ z/ and a/z rati o:

As in theprevious anal ysis, maxi mumduration of /s/ and/ z/
wer e obt ai ned by pl ayi ng back t he recorded sanpl es of the phona-

tionof thetwo fricatives/ s/ and/ z/ .

The maxi numduration of / s/ divided by the nmaxi nrumduration

of /z/, provided the s/z ratio.

Thus the foll ow ng paraneters of voice were neasured for

all the subjects.

Fundanent al frequency

Fl uctuations inintensity

Fl uctuations in frequency

Rise and fall tine

The maxi rumdurati on of phonation

The maxi numduration of /s/ and/ z/ and s/z rati o.

ok whE

To find out thereliability of measurenent all the paraneters
of 15 randomy sel ected sanpl es were neasured again. No signifi-

cant difference in the first and second neasurenent were found.

Suitabl e statistical nmethod was applied and the results

obt ai ned wer e di scussed.
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RESULTS AND DI SQUSSI ON

This study was ai med at investigating sone of the para-
neters of voice in nornmal adults. The paraneters considered

were -
1. Fundanental frequency.
2. Fluctuations in intensity of phonation
3. Huctuations in frequency of phonation
4. Rise and fall tine of phonation
5. Maxi mnum phonati on duration

6. Maxi rumduration of sustained/ s/, [/ z/

and s/z rati o.

Mean and standard deviation of all the paraneters were
calculated in each age group. Significance of difference
between different age groups and al so between nal es and fenal es

wer e cal cul at ed usi ng Mann- Wii t ney U Test .
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Fundanent al frequency:

The nean and standard devi ati on of fundanental frequency
of sales and females for the vowels /a/, /i/ and/ u/ are shown

in Table-1 and 2 respectively.

The study of Table-1 showed that the |owest fundament al
frequency had been used by nal es of all the age groups, in the
production of vowel /a/ and the highest fundanental frequency
had been used for the production of vowel /u/ by all the age
groups of nal es except in the age group 35 - 55 years, where
slightly higher fundanental frequency wag observed in the produc-
tion of vowel /i / than in the production of vowel /u/. However
in general it can be stated that the | owest fundanental frequency
was used for the production of vowel /a/ and t he hi ghest for
vowel /i/ and for vowel /u/, in between. This is also evident

fromG aph- 1.

The standard devi ations depicted: in Table-1, for the vowel s
indicated that thevariability was very | ess. Thus the age

groups consi dered wer e honogenes.

Further statistical analysis regarding the nean fundamnent al
frequency used for the production of different vowel s showed t hat
there was no significant difference i n nean fundanmental frequency
used for the production of different vowelsi.e. /a/, /i/, and/u/.
Thus event hough, there was a difference in mean fundanental fre-
guency, as per Table-1, between t he vowel s, the difference was

not significant statistically.
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The exam nation of Tabl e-2, show ng t he nean fundanent al
frequency and Standard Devi ation of fundanmental frequency for
t he production of vowels/a/, /i/ and /u/, by fenales of diffe-
rent age groups, revealed that the nmean fundamental frequency
in the production of /a/ was the | owest and the nmean fundanent al
frequency used for the production of vowel /u/ was the hi ghest
and t he nean fundanental frequency used for the productionoof
vowel /i / comng in between nmean fundanmental frequency of /a/
and /u/ in all theage groups except for 45-56 years which had
shown slightly | ower mean fundanental frequency than in the

production of vowel /i/. This can be seen in G aph-1 al so.

However, further statistical analysis using Mann Wit ney
U Test to findout the significance of difference in nmean funda-
nmental frequency between the vowel s indicated no significant

di f f erence between t he vowel s.

The Standard Deviations for different age groups and vowel s
showed t hat the age groups used were honogenus. Thus it can be
concl uded that both nmal es and fermal es used a | ower fundanent al
frequency in the production of /a/ and had used hi gher fundament al
frequencies in the production of other two vowels, /i/ and/u/.
However, no significance difference was found bet ween nean funda-

nmental frequency used in theproduction of different vowels.

These results were in confirmty of the statenent that the
generator changes with resonators, i.e. the fundanmental frequency

varies with the changes in resonator.
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The inspection of the Table-1 indicated that 16-25 year
ol d nmal es had the highest fundanental frequency for all the
vowels /a/, /1/ and /u/. 26-35 year old nmal es had t he | ownest
fundanental frequency for all vowels. Further, wth increase
In age, slight increase in fundanental frequency was noted in
ol der age groups. This was true for all the vowels. Gaph-1
al so reveal s these changes. However further statistical analysis
usi ng Mann Wi tney U Test showed that these changes in fundanenta
frequency were not significant at 0.05 |evel of significance.
This is shown in Table-3. Thus it can be concluded that there
was no significant changes in fundanental frequency wth increase
In age in case of males. Hence the null hypothesis stating that

there is no significant changes wth increase in age is accept ed.

However, Msak (1966) has reported a progressive raise in

fundanental frequency of voice with age in case of nal es.

It can be seen fromTable-2 that 26-35 year old fenal es had
t he hi ghest fundanmental frequency. This group showed a slight
I ncrease in fundanental frequency when conpared with 16-25 year
old group. After 35 years a progressive |lowering of fundanental
frequency was noticed. These findings were consistent for al
the three vowels. This is also depicted in G aph-1. These changes
were found to be statistically significant in the ol der age
groups (46 - 55 year and 56 - 65 year old group). Table-4 shows
t he significance of difference between different age groups of

females. Therefore the null hypothesis , stating that thereis
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4.9
no significant change in fundanmental frequency with age in case
of females was rejected and it is concluded that there is a
significant change in fundanental frequency with increase in age
in females. These results are in contrast to that of M/sak(1966)
who reported no significant change in fundanental frequency of

femal es fromyoung adul thood to ol d age.

As shown in Table-5, a significant difference between nal es
and femal es was observed at 0.001 |evel of significance. Males
showed significantly | ower fundanental frequency. This was seen
I n each age group for all the vowels. The null hypothesis stating
that there is no significant difference between malts and fenal es
for fundanmental frequency is rejected. This result supports the
wel | established finding that the fundanmental frequency in nales
is significantly lower than that of fenmales. This difference
between nal es and fenal es are attributed to the differences in the
vocal systemof the nales and femal es (M/sak, 1959; Peterson

and Barney, 1952; Mcd one and Hol lien, 1963).

Thus, this study of fundanental frequency in nornal adults
i ndi cates that:
1. Fundanental frequency in nales was significantly | ower than
that of fenales.
2. Infermales, a significant decrease in fundanental frequency
was found with increase in age. No such change was observed in
fundanental frequency of nal es.
3. There was no significant difference between the vowels / a/,

/1], and/ u/ for fundanental frequency.
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Fl uctuations in intensity of phonati on!

Fl uctuations in intensity was neasured during the initial,

medi al and final segnents for all the vowels/a/, /i/ and/ u/.

Fl uctuations in intensity of phonation of /a/:

The nean and standard devi ati ons of fluctuations in inten-
sity of vowel /a/ for males and fenal es have been shown in

Tabl e-6 and 7 respectively.

The study of Table-6 indicated that in the initial segnent
16-25 year old nmal es and 26-35 year old nal es had t he | ownest
mean val ue of 2.27dB. A highest nean of 3.07dB was observed
I n 46-55 year old group. The nedial segnent of phonation was
quite steady wth a highest nean of 1.33dB observed in 36-45
year old nmales and a | owest nean of |dB shown by 56-65 year ol d
mal es. Fluctuations in final segnent was greater than that
observed in initial and nedial segnent except in 36-45 year old
group where greater fluctuations were observed in initial seg-
nment. Here the 26-35 year old nal es showed t he | owest nean of
2.06dB and t he hi ghest nean of 3.53dB was observed in 46-55
year old mal es. Further statistical analysis indicated that
initial and final segnents had significantly greater fl uctua-
tions than nedial segnent. No significant difference was found

between initial and final segnents.

Tabl e-6 al so reveals that changes in fluctuations with
I ncrease in age were not consistent. This can al so be seen

fromG aph—2.
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4.16
However, 56-65 year old nal es showed significantly greater
fluctuations in initial and final segnments when conpared with
younger age groups. This is presented in Table-8. Hence the
nul | hypothesis stating that there is no significant change in
fluctuations in intensity with increase in age is partially

rej ect ed.

Tabl e-7 showi ng the nean and standard devi ation of the
fluctuations in intensity of /a/ fir females indicated that in
the initial segnent 3.7dB was the hi ghest nean and was observed
In 56-65 year old females. The |l owest nean of 2.73dB was
observed in 36-45 year old fenal es. Again, the nedial segment
was quite steady with the | owest nean of 1.07 dB, shown by 26-35
year old fenal es, andthe highest nmean of 1.47 dB, shown by
46-55 year old fenmal es. Final segnment showed fluctuations greater
than nedi al segnent. 16-25 year ol d fenal es showed a nean of
2.2dB whi ch was the | owest and 46-55 year old fenal es showed a
mean of 3.33dB whi ch was t he hi ghest nean. G aph-2 shows the

fluctuations in intensity of vowel /a/.

When further statistical anal ysis was done usi ng Mann Wit ney
U Test revealed no significant difference between initial and
final segnents. However nedi al segnment had significantly | ower

value than initial and final segnents.

By studying Table-7 and graph-2, it cana so be inferred
that there was no consi stent i ncrease or decrease in fluctuations

Iinintensity as a function of age. However, table-9 indicates



4,17
t hat 56-65 year old fenal es showed significantly greater fl uctua-
tions than younger age groups, when conpared for fluctuations in
initial, final and nedial segnments. Thus null hypothesis stating
that there is significant difference between different age groups

of fenmales for fluctuations inintensity is partially rejected.

A conparison of fluctuations in intensity between nal es and
femal es for vowel /a/ indicated no significant difference even

at 0.05 level of significance (Tabl e-18).

Fl uctuations in intensify of phonation of /i/:

Tabl e- 10 presents the nean and standard devi ati on of fl uc-
tuations in intensity of phonation of /i/ inmales. |1t can be
seen that 26-35 year old nmales had the | owest nean of 1.93dB
and 46-55 year ol d mal es had a hi ghest nmean of 3.07dB in the
initial segnment. Fluctuations in nedial segnent was very | ess.
Her e t he hi ghest nean observed was 1.33 dB. Fl uctuations observed
in final segnent was greater than that observed in nedial and
initial segnents. Lowest nean of 2.53dB was seen in 16-25 year
ol d mal es and hi ghest nmean of 3.13 was observed in 46-55 year
old nmal es. Further statistical analysis using Mann Wi tney U Test
showed significant difference between the initial and nedial
segnents and al so between the final and nedial segnents. No

such difference was found between initial and final segments.

No consi stent change in fluctuations with increase in age

was noticed. This is depicted in Tabl e-10 and G aph- 3.
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4. 22
Tabl e-12 indicates that when further statistical analysis
was done, ol der males had significantly greater fluctuations

t han younger nal es.

The nul |l hypothesis that there is no significant difference
between different age groups of males in terns of fluctuations

inintensity is partially rejected.

The examnation of Table-11 indicated that nedial segnent
of phonation in fenales had | east fluctuation with a hi ghest
nmean of 3.4dB (56-65 year) and a | owest nean of 2.6dB (26-35 years)
Even in the final segnent a | owest nean of 2.6dB was observed in
26- 35, and 36-45 year old fermal es. A highest nean of 3.27dB was
seen in 46-55 year old group. Further statistical analysis showed
that the initial and final segnents had significantly greater

fluctuations than nedi al segnent.

Tabl e-11 al so reveal ed that changes in fluctuations with
Increase in age was not only in onedirection i.e. there was both
Increase in fluctuation and decrease in fluctuation with age.

This is also evident in graph-3. However, 56-65 year ol d group
were found to have significantly greater fluctuations inthe initia
segnent at 0.05 level of significance. This was found when

Mann Wii t ney U-Test was used. These results are presented in

Tabl e-13. Therefore the null hypothesis that there is no signi-
ficant difference between di fferent age groups of femal es for fl uctua-

tions inintensity is partially rejected.
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Fluctuations inintensity of phonationof /u/:

The nean and standard deviations of the fluctuations in
intensity of phonation of /u/ for males is indicated i n Tabl e-14.
A study of the table indicated that in theinitial segment of
phonation there was increase in fluctuations with increase in
age. 16-25 year ol d group had m ni numfl uctuations and 56- 65
year ol d group had maxi numfl uctuations. The nedial segment
was steady with a |owest nean of 1dB and a hi ghest nean of
1.27dB. The final segment had greater fluctuations than initial
and nedi al segnents except in 26-35 years where the initial
segnent had greater fluctuations. |In the final segnent 26-35
year old nal es had a lowest fluctiation of |.8dB and a hi ghest
fluctuation of 3.27 dB. These results are al so shown in graph-4.
Wth further statistical analysis, it was found that,initial
and final segnents had significantly greater fluctuations than
t he nedial segnent. There was no difference between the initial

and the final segnents.

Though no consi stent change in fluctuations as a function
of ape was noticed, further statistical analysis reveal ed that
56- 65 year old mal es had significantly greater fluctuations than
16-25 year and 26-35 year old males . This was true for initial

and final segnents also. This can be seen in Tabl e-16.

Therefore the null hypothesis stating that there is no
significant difference between different age groups of nales for

fluctuations in intensity is partially rejected.
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4. 28

The inspection of Table-15 presenting the fluctuations
inintensity of phonation of /u/ indicatsd that in the initial
segnent, 56-65 year ol d fenal es had the hi ghest nean (3.16B)
and 16-25 year ol d fenal es had the | onest nean (2.26dB). Even
in the final segnent 16-25 year old femal es had t he | owest
wean (2.53dB) and 56-65 year ol d group had the hi ghest nean
of 3.6dB. Fluctuations in the nedial segnent were very | ess.

This is al so shown i n G aph- 4,

Further statistical analysis indicated that there was
significant difference in fluctuati ons between the initial and
t he nedi al segnment and al so between final and nedial segnents.
No such difference was found between the initial and the final

segment s.

As can be seen fromTabl e-15 and Graph-4, changes in
fluctuations as a function of age were not consistent. However
Tabl e-17 indicated that the ol der age group had significantly
greater fluctuations than the younger age groups. This was
found when further statistical analysis was dene using

Mann Whi t ney U Test.

Thus the null hypothesis stating that there is no signi-
ficant difference between different age groups of fenales for

fluctuations in intensity is partially rejected.

Tabl e—38 presents the significance of difference between

mats and fermal es for fluctuations in intensity of phonation of



‘?oued 1] IUB IS JO [9A8 | paledlpul ayl e an|eA Jawo| Ajueo 1) 1ubi1s pawoys sa jau - d
‘9ouURd 1JIUB IS JO |9A8| GO0 e doudJa)Ip wedljubiIs ou -y

“/nyj 1y e o uotreuoyd syl Jo Arisusiu |

& Ul SuoIyen)on |} o) SO [RUD } PUE SO [AU USaw}aq 9duala})Ip Jo aoued 1 ubis : gT -9 |gel

L
by

\ v \ 4 4 moa.o 4 4 \ G9 - 9§
\ \ \ \ \ \ \ \ \ GG - 9¥
\ \ v \ \ \ \ \ v Gy - 9
v \ \ v \ % v v \ G - 9
\ \ \ \ \ v \"/ \ \ Gz - 97

leUIH [elpaN [elllu| [eUld [elpaN [ellu| [euld [eIpaN (e 111U
my /1] re |




4. 30
all thethreevowls/a/, /i/ and/u/. Wen statistical analysis
was done using Mann Wiitney U-Test it was Bound that there was
no significant difference between nmal es and fenmal es. This was

true for all the three vowel s.

Hence the null hypothesis stating that there is no signifi-
cant difference between nmal es and femal es, when conpared for

fluctuations in intensity is accepted.

Thus theresults of the present study suggests that —
1. The fluctuations in intensity of initial and final segnents
of phonation was significantly greater than that of the nedial
segnent. However, there was no significant difference between

theinitial and the final segnents.

2. The ol der peopl e had significantly greater fluctuations ia
the initial and the final segnents of phonation. There was no
significant difference between different age groups for fl uctua-

tions in the nedial segnent.

3. There was no significant difference between nal es and fenal es

i n any age group for fluctuations in intensity of phonati on.

Rashm (1985) has reported that in children (4-15 years),
fluctuations has greater in the initial and the final segnent
and the nedi al segnent was quite steady. She suggested that this
may indicate that it nay take sonetinme for phonation to achi eve

steady, state which nmay be possibly dueto the fact that the
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subglottal air takes sometine to build up or reach a steady
level. Simlarly at the end of phonation, the greater fluc-
tuations may be due to decrease in subglottal air belowthe
|l evel required for achieving study state phonation. The
present study suggests that this may be true with adults al so.
The greater fluctuations in intensity in the ol der age group
m ght suggest |ack of laryngeal control in that age group.
Physi ol ogi cal changes in larynx observed with increase in age
coul d be responsible for this.

Since fluctuations in intensity can indicate the physio-
| ogi cal changes in larynx, this measure can be used in the
di agnosi s of voice disorders also. In such a case, theresults
of present study would serve as norns in evaluating voice dis-
orders.
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Fl uctuations in frequency of phonation:

Fl uctuations in frequency was nmeasured during the initial,

the nmedial and the final segnents.

Fl uctuations in frequency of phonation of/a/:

Tabl e-19 shows the mean and standard devi ation in frequency
of phonation for males. Geater fluctuations were found during
initial segnment of phonation except in case of 56-65 year old
group who showed greater fluctuations in final segnent. 1In the
initial segnent, 46-55 year old nmal es showed nmean fl uctuation of
5.33 Hz which was greatest for mal es. 26-35 year ol d mal es had
t he | onest nean of 4.07Hz. F uctuations in the nedial segnent
were negligible. 1In the final segnent a hi ghest mean of 5.2Hz
was observed in 56-65 year old rmal es and a | owest mean of 3.53
was observed in 16-25 year old nmal es. A gradual increase in
fluctuations with increase in age was noticed in the final segnent
of phonation. These changes were not consistent in the nedial

and initial segnents. This is evident in Gaph-5 al so.

Further statistical analysis showed that there was signifi-
cant changes between the younger age group and the ol der age group

only in final segnent (Table-21).

The null hypothesis stating that there is no significant
di fference between different age groups of males for fluctuations

in frequency was partially accepted.
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Further statistical analysis also indicated that fl uctua-
tions inthe initial and the final segnents were significantly

greater than that observed in the nedial segnent.

The inspection of Table-20 revealed that in the initial
segnent 56-65 year ol 3d fenal es had greatest fluctuations with
a nean of 6.4Hz. 26-35 year old group had the | owest nean of
4.2Hz. Again the nedial segnent showed negligible fluctuations
with a highest nean of 1.8Hz (56-65 years). F uctuations observed
in the final segnent was greater than that observed in the
nmedi al segnent but | ess than that observed in the initial segment
except i n case of 56-65 year where fluctuations were greater than
that observed in initial segnment. These results are al so depicted
in the Gaph-5. Wen further statistical analysis was done using
Mann Whitney U-Test, it was found that initial and final segnents
showed significantly greater fluctuations than in the nedial seg-
ment. No such difference was found between the initial and the

nmedi al segnent.

Tabl e-20 and G aph-5 also indicated that changes in fluctua-
tions wth increase in age was not consistent. As can be seen
fromTabl e-22, further statistical analysis revealed that there
was significant difference between different age groups in the
final segnent. nly older age group i.e. 56-65 year had signifi-
cantly greater fluctuations in the initial segnment. No difference

was found for nedial segnent of phonati on.
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Therefore the null hypothesis stating that there is
no difference between different age groups of fenales is

partially rejected.

Fl uctuations in frequency of phonation of /i/;

The study of the Table-23 indicated that inthe initial segnent,

a hi ghest nean 6.5Hz was observed in 56-65 year old mal es 26-35
year old group showed the | owest nean of 4.27Hz. In the fina
segnent 56-65 year ol d nal es had hi ghest nean of 6Hz and 16-25

year old had the | owest nean 4.27Hz. |In the nedial segnent, the

| onest nmean was 1.33 Hz and t he hi ghest nean was 1.53Hz. A signi-
ficant difference between the initial and the nedial segment and
the nedial and the final segnment was observed when further stati -

stical anal ysis was done.

Tabl e- 23 and G aph-6 showed that changes in fluctuations as
a function of age was not in one direction. Further statistical
anal ysis showed that, a significant difference was found only when
56- 65 year old group was conpared with 16-25 year old group. This

was observed only for the final segnent of phonation.

Thus the null hypothesis that thereis no significant diffe-
rence between different age groups of nmales for fluctuations in

frequency is partially accepted.

The exam nation of the Table-24 and G aph-6 showed t hat

medi al segnent of phonation was quite steady show ng a hi ghest
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mean of 1.94Hz (36-45 year) and a | owest nean of 1.27 Hz.
Fl uctuati ons observed in the initial and the final segments
were greater than that observed in the nmedial segnment. 56-65
year old femal es showed a hi ghest nmean of 6.5 Hz in the initial
segnment and 6Hz in the final segment. 16-25 year old fenal es
had the | owest nean of 4.27Hz in the initial and 3.67Hz in the

final segnment of phonation.

The statistical analysis using Mann Wi tney U Test reveal ed
that fluctuations were significantly greater in theinitial and
final segnments when conpared with the nedial segnent. Between

theinitial and the final segments, no difference was found.

G aph-6 and Tabl e-24 al so revealed that with increase in
age, therewas an increase in the fluctuations in frequency in
theinitial, thenmedial and the final segments except in 46-55
year where the initial segnent showed a decrease in fluctuations
inthe initial segnent of phonation. As shown in Tabl e-26, further
statistical analysis revealed a significant increase in fluctua-
tionsinthe final segnent in ol der age group. nly 56-65 year
old fermal es had significantly greater fluctuations than the younger
age group. Medial segrment showed no significant change. Hence
the null hypothesis stating that there is no significant difference
between different age groups was partially rejected and partially

accept ed.

Fl uctuations in frequency of nhonation of /u/:

The mean and the standard deviation of fluctuations in frequenc

of phonation of /u/ in males is presented in Table-27. 1In the
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initial segnment a | owest nean of 4Hz was observed in 26-35
year old group and a hi ghest nean of 5.13Hz was seen in 46-55
year old group. |In the nedial segnent highest nmean was 1. 7Hz
(56-65 year) and the | owest nean was 1.33Hz (16-25 year). In
t hefinal segnment, 46-55 year old nales had a nean 5.13 Hz
whi ch was t he highest value and a | owest nean of 4.14Hz was
observed in 16-25 year and 26-35 year old nales. Statistica
anal ysi s using Mann Whitney U-test indicated that there was
significant difference between initial and nedial segnent and

finals nmedi al segnment of phonati on.

The study of Tabl e-27 and G aph—, also indicated that there
was no consi stency in changes in fluctuations as a function of

age.

Tabl e-29 presenting the results of further statistical analysis
usi ng Mann Wai t ney U Test showed that 46-55 year old group had
significantly greater fluctuations than the younger age groups
16-25 years and 25-35 year ol d group where as no such difference
was found when 56-65 year old nal es were conpared with younger age
groups. Therefore the null hypothesis stating that there is no
significant difference between different age groups of nales is

partially accepted.

The study of Table-28 indicated that inthe initial segnent
and in the final segnent 56-65 year ol d fenal es showed t he hi ghest
nean and 16-25 year old fermal es had t he | owest nean val ues. The

initial segnment showed greater fluctuations than the final and
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4. 49
nmedi al segnent except in 36-45 year where final segment had
greater fluctuations. The nedial segnent showed the | east
fluctuations. These results are also evident in G aph-7.
Again, further statistical analysis showed that fluctuations
intheinitial and the final segnment were greater than that
found in the nedial segnent. No significant difference was

present between the initial and the final segnent.

As can be seen fromtabl e-28 and G aph-7 there was no
consi stent increase or decrease in fluctuations w th increase
In age. Further statistical analysis indicated that all the
groups had significantly greater fluctuations than the 16-25
year old group in the final segnent of phonation. Only 46-55
year old group and 56-65 year old group showed significantly
greater fluctuations in the initial segnent. In the nedial
segnent there was no change as a function of age. Therefore
t he null hypothesis stating that there is no significant diffe-
rence between different age groups of females for fluctuations
i n frequency of phonation is partially accepted and partially

rejected. Theze results are presented in Tabl e-29.

When mal es and fenales in each age group were conpared for
fluctuations in frequency of phonation using Mann Wit ney UTest,
no significant difference was found at 0.01 |evel of significance
This was true for all the vowels. At 0.05 |evel of significance,
significant difference was found only in sone age groups. These

results are presented in Table-31. Thus the hypothesis stating
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4.51
that there is no significant difference between nal es and
fenal es of sane age group, when conpared for fluctuations

i n frequency of phonation is accepted.

Fol lowi ng results were obtained fromthe study of fluctua-
tions in frequency of phonation.
1. Theinitial and the final segnments of phonation had signifi-
cantly greater fluctuations than the nedial segnment. No diffe-
rence was found between the initial and the final segments

of phonati on.

2. Wth increase in age, there was a tendency for increase in
fluctuations in frequency of the initial and thefinal segnent
of phonation. This change was nore narked in fenales. There
waa no change in fluctuations in frequency in nedial segnent

as a function of age.

3. There was no di fference between nal es and fenal es for fluc-

tuations in frequency of phonati on.

Research has shown that the type of initiation and term na-
tion are sone factors which affect the jitter magnitude in sus-
tai ned phonation (More and Von Leden, 1958; Jacob, 1968;

Koi ke, 1973; Hollien, et al., 1973). The present study indirectly
supports these findings since greater fluctuati ons were observed
intheinitial and the final segnments. Geater fluctuations in

the initial and the final segnent also indicates that sonmeti me
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was needed for the vocal cords to action steady regul ar

vi brati on.

Hol lien, Mchel and Doherty (1973) and Horii (1979) found
that jitter factor and jitter ratio increase slightly as a
function of fundanental frequency during the nodal register.
Jacob (1968) has reported that the nean jitter decreased with
correspondi ng i ncrease in fundanental frequency. Thus increase
in fluctuations with increase in age which was nore marked in
femal es could be attributed to decrease in fundamental frequency
i n ol der age groups. Both decrease in fundanental frequency and
increase in fluctuations was nore significant in 56-65 year ol d

subj ect s.

Since this neasure is nore simlar to jitter,which is found
to be useful in differential diagnosis of voice disorders, it
woul d be interesting to study this paraneter in pathol ogical

cases.



4. 53

Rise and fall tinme of phonati on:

Rise and fall tine of phonati on was neasured for all the

three vowel s for all the subjects.

Rise tine of phonati on:

Scrutiny of Table-32 preventing nean and standard devi a-
tion of risetinme of phonation indicated that all the scores
I .e. nean val ue cluster around the sane point. This is also
evident in G aph-8. H ghest val ue was 14 centi seconds (for
/[ al in 46-55 year old group) and the | owest nean was 10. 53
centiseconds (for /a/ in 26-35 year old group). No consistent
change as a function of age was observed. Further statistical
anal ysi's, using Mann Witney U Test reveal ed that there was
significant difference only between sone age groups. For exanple,
36-45 year old fermal es had significantly | ower val ue than 16-25
year old group, 46-55 year old group had significantly higher
val ue whereas no significant difference was found when 56-65 year
old group was cinpared with 16-25 year old group (Table-34). The
standard devi ati on val ues, indicated that the scores in each group

was vari abl e.

The null hypothesis was that there is no difference between
different age groups of fenales for rise tinme of phonation and

this is accepted.

Al so there was no significant difference between therise

time for three vowel s.
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4. 58

A cl ose | ook at the Tabl e-33 and Graph-8 reveal ed t hat nean
val ues of different age groups ranged from 11 centi seconds to 14
centiseconds. In each age group scores were varying and thi s can
be inferred fromthe standard devi ati on val ue obtai ned i n each
age group. The changes inrisetine as a function of age were
not consistent. Al so as can be seen fromTabl e-35, no signifi-
cant difference between different age groups were found when

further statistical analysis was done.

Therefore the null hypothesis stating that there is no
significant difference between different age groups of nal es was

accept ed.

Further, there was no difference between t hethree vowel s

lal, /il and/u/ for risetinmeof phonation.

Fall tinme of phonati on:

The study of Tabl e-36 and Graph-9 indicated that even the
fall tinme of phonation varies from9.9 centiseconds (for / 1/
in 56-65 year) to 13.93 centiseconds (/W in 16-25 year). The
examnation of the graph reveal ed a decreasing trend till 45 years
of age. 46-55 year oldgroup showed a slight increase in falltine
of phonation whereas 56-65 year old group again showed a decrease
in fail tinme. This trend was observed for all thethree vowels.
However, further statistical analysis showed that these differences
bet ween different age groups were not significant at 0.01 |evel

of significance. At 0.05 |evel of significance these differences
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4. 63

were significant for sone age groups. These results are shown
i n Tabl e- 38.

Hence the null hypothesis stating that there was no signi-
ficant difference between different age groups of nales for fal

time of phonation is accepted.

Further statistical analysis al so showed that there was no
significant difference between different vowels for fall tine

of phonati on.

Tabl e-37 presents the mean and the standard deviation for
fall tinme of phonation in case of fenales. As depicted in the
graph-9 and Tabl e-37, there was slight decrease in fall tinme of
phonati on with age except in 36-45 year where a slight increase
infall time was noticed. This was true for all the three vowel s.
Further statistical analysis showed that these changes were not
significant at 0.0l level of significance and at 0.05 |evel of
significance only sone group showed significant difference
(Tabl e-39). Thus the null hypothesis stating that there is
significant difference between different age groups of femnal es

for fall tinme of phonation is accepted.

As can be seen fromTabl e-40, when nales and fenmales in
each group were conpared for difference in rise and fall tine
of phonation, no significant difference was found. However

at 16-25 years of age a significant difference was found for
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4. 65
for fall time of /u/ and at 56-65 years of age, a significant
difference was found for rise tine of /a/. Therefore the nul
hypot hesis stating that there is no difference between nal es
and fenal es, when conpared for rise and fall tinme of phonation

i s accept ed.

Further statistical analysis also reveal ed that there was

no significant difference between rise and fall tine of phonation

Thus the results of the present study suggest that:
1. There was no significant difference between mal es and fenal es

for rise and fall time of phonati on.

2. There was no significant difference between different age

groups of males and fermales for rise and fall tinme of phonation

3. There was no significant difference between rise tine and fall

ti me of phonation.

Rashm (1985) has reported that in children there was decrease
intherise tim of phonation as a function of age and there was
an increase in the fall time of phonation as a function of age.
She further suggested that this reflects the increase in |aryngeal
and respiratory control and increased coordination of respiratory
and | aryngeal nuscles. Hence the results of present study i.e. no
change in therise and fall tinme of phonation as a function of age

mght indicate that these controls are well stabilized in adults.
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It would be interesting to study this paraneter

I n pat hol ogi cal cases.
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Maxi mum phonati on durati on:

The nean and the standard deviation of maxi mum phonati on
duration of vowels /a/, /i/ and/ u/ for males and femal es are

reported in t he Tabl e-41 and 42 respectively.

The examnation of Table-41 indicated that 16-25 year old
mal es had sustai ned phonation for longer duration that femal es
with increase in age, there was a slight decrease in nmaxi num
phonati on duration except in case of 56-65 year ol d group who
showed a slight increase in maxi mumphonation tinme of /a/. These

results are al so depicted i n G aph-10.

As shown in Table-43 further statistical analysis showed
that these differences were statistically significant at 0.05 |eve
of significance, when 46-55 years and 56-65 year ol d group was

conpared with 16-25 year old group.

There fore the null hypothesis stating that there is no
significant difference between different age groups of nal es,

for maxi mum phonation tinme was partially rejected.

The scrutiny of Table-42 reveal ed that even in case of
femal es, 16-25 year old group had the hi ghest val ue for naxi num
phonati on duration. A close |ook at the Table-42 and G aph-10
also indicated that there was slight decrease in nmaxi mumphonati on
duration with increase in age except in case of 46-55 year where

a slight increase in maxi numphonation duration was noticed.
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Further statistical analysis indicated that these changes

were significant at 0.05 | evel of significance.

Therefore the null hypothesis stating that there is no
significant difference between different age groups of fenales

I S rej ect ed.

Wen the mal es and the fenal es in each age group were com
pared for maxi numphonation duration, it was observed that nal es
had phonati on longer tinme than fenales in all age groups
except in 56-65 year where fenal es had a hi gher val ue. However
further statistical analysis showed that these changes were not
significant except in case of 16-25 year old group who showed a
significant difference for MPT of /a/ and 56-65 year old group
who showed significant difference for MPT of /u/, both at 0.05

| evel of significance.

Therefore the null hypothesis stating that there is no signi-
ficant difference between nal es and f emal es, when conpared for MPT

I s accept ed.

Al so there was no significant difference between different

vowel s, for MPT.

The concl usi ons that can be drawn fromthis study are -
1. Maxi mumphonation duration decrease with increase in age and
this was nore significant in fenal es.
2. There was no statistically significant difference between nal es

and femal es for maxi mumphonation duration.
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H rano (1981) states that research has shown that average
duration is greater for males (25 - 35 seconds) than for fenal es
(15-25 seconds). According to the present study average duration
for Indian adults is less than that obtained in other studies
(Ptacek and Sander, (1960); Yanagi hara et al (1966); H rano et al
(1968); Shigenmori (1977).

St udyi ng I ndi an adul ts Jayaram (1975) reported a nean val ue
of 22.23 seconds in nmales and 14.11 seconds in fenal es subjects
ranged in age from6 years to 30 years. He found a difference

bet ween nal es and femnal es i n maxi num phonati on durati on.

In thepresent study the nean MPD shown by rmal es was 16. 39
seconds in 16-25 year old group and 13.45 seconds in 56-65 year
ol d group and by feral es was 13.7 seconds in | 6-25 year ol d group
and 11.07 seconds in 56-65 year old group. These discripancies
call for further studies in area. As pointed out by nmany inve-
stigators MPD can be used for clinical evaluation of voice. The

results of the present study may serve as norns for such purposes.
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Maxi mumduration of /a/, /z/ and s/z rati o:

Tabl e-46 and 47 present the nean and the standard devi ation

of maxi numphonati on duration for mal es and fenal es respectively

The exam nation of Tabl e-46 showed that 16-25 year old nal es
had sustained the fricative consonants / s/ and / z/ for |onger
duration than fenmales. Wth increase in age, slight decrease in
maxi numduration of sustained /s/ and/ z/ was observed except
for 46-55 year old group who showed a slight decrease in nmaxi num
duration of sustained/s/ and/z/. This can al so be seen from
the G aph-11. However, when further statistical analysis was done
using Mann Whi tney U-Test, no significant difference between
different age groups was noticed at 0.01 level of significance.
This was true for both the consonants / s/ and / z/ as shown in

Tabl e- 48.

Therefore the null hypothesis stating that there is no diffe-
rence between different age groups for maxi numdurati on of sustained

/sl and/ z/ in case of nales i s accept ed.

Tabl e-46 al so reveal s that rati o of maxi mumduration
of /s/ tothat / z/ was approxi mately equal to one in all the age

gr oups.

Therefore the null hypothesis stating that there is no
di fference between different age groups of males for s/z ratio

I s accept ed.
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Tabl e-47 indicated that 16-25 year old fenal es had t he
hi ghest nean for nmaxi numduration of sustained/ s/ and/ z/.
There was slight decrease in naxi mumduration of /s/ and/ z/
with increase in age and 56-65 year ol d had the | owest nean.
Thi s can be seen fromG aph-11, al so. Further statistical
anal ysis reveal ed that the difference was significant only
when 16-25 year old fenales and 26-35 year old fenal es were
conpared with 56-65 year old females. The significance of
di fference between different age groups of fenmal es are shown

i n Tabl e-49.

Thus the null hypothesis stating that there is no signi-
ficant difference between different age groups of fenales for
maxi numduration of sustained /s/ and/ z/ in partially accepted

and partially rejected.

The i nspection of Table-47 also revealed that theratio
of maxi numduration of / s/ to that of /z/ was approxi nately
equal to one even in case of females. There was no signifi-

cant difference between different age groups.

Therefore the null hypothesis that there is no significant
di fference between different age groups of females fors/z ratio

I s accept ed.

Tabl e—45 indicates that there was no significant difference
bet ween nal es and fenal es for maxi numduration of /s/, /z/ and s/z

ratio and the null hypothesis VI a, b, and d is accept ed.
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Thus the present study suggested that -

1. Innormal adults, s/z ratio was approxi mately equal to one
inall the age groups, both for nmal es and fenal es.

2. There was no significant difference between different age
groups for maxi mumduration of /s/, /z/ and @z ratio, both
in mal es and fenal es.

3. Therewas no significant difference between nal es and fenal es

for maxi mumduration of sustained/ s/, /z/ and s/z rati o.

Thus the results of the present study support concl usion
drawn by Boone (1971) that a normal subject can sustain the
voi cel ess consonant / a/ and voi ced consonant / z/ for about sane

| ength of tine.

Tait, Mchel and Carpenter (1980) and Rashm (1985) have
reported that there was no significant difference in s/z ratio
bet ween nmal es and fenal es, nor was there a significant change
as a function of age. These observations were made on nor nal
children. The present investigation suggested that the sane was

truewith adults al so.
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Acoustic analysis of the voice may present accurate inforna-
tion about pathol ogi c changes in Larynx or fautty vocal habits.
However before this can be successfully used for differenti al
di agnosi s of voice disorders, analysis of normal voice is required.
The present study was an attenpt to study some of the paraneters
of voice of normal adults. The results of this study woul d serve

as norns agai nst whi ch pat hol ogi ¢ voi ces can be conpar ed.

The present study al so investigated changes in these para-
neters with respect to age and sex in adults. Table-50 summari zes
the results. Fundamental frequency of adults decreased as a
function of age in fermales. No such difference was observed in
mal es. As age increases, therewas increase in fluctuations in
frequency and intensity of phonation and this difference was
nore marked in females. Thus these were related to physiol ogi ca

changes that occur with age, as reported by nmany investigators.

SZratio is approximately one in all the groups and there

was no change with increase in age.

Maxi mum phonat i on duration decreased as a function of age
but this change was not statistieally significant. This factor

al so seens t 0 be dependi ng t he physi ol ogi cal changes wi t h age.

Rise and fall time of phonation did not vary as a function
of age in both nales and fenmal es. These paraneters did not show
any relationship with age and sex and hence further studies to

investigate thefactors related to these are required.
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Par anet er Trend with increa- Sex difference wth-
sing age I n the same age group
1. Fundanent al M- no significant Significantly | ower
f requency di fference I n mal es.
F - Decrease at 56-65
years, otherw se
no significant
di fference.
2.F uctuations in
Intensity
a) Initial and M- I ncreases No difference
final segnent F - Increases
b) Medi al segment No difference No difference
3. Fluctuations in
frequency
a.lnitial and M- Increases No difference
Fi nal segmnent E - |ncreases
b. Medi al segnent No difference No difference
4. Rse tine M- No difference :
F - No difference No ditfference
Fall tinme M- No difference No difference
F - No difference
5. Maxi num phona- M- decreases No Sianifi i
. . gni ficant difference
tion duration E - decreases
6. a) Maxi num dura- M - decre?ses but not
tion of sus- signi ficant No difference
tahnfdil s/ F - decreases but is
and / z/. significant at
56- 65 years.
b)s/z ratio M- No difference No difference
F - No difference

Tabl e-50: Summary of paraneters with respect to age and sex.
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Further research with different types of voice disorders
are needed in this are. \Various other paranmeters should al so
be considered. By studying different paraneters of voice in
different voice disorders, a voice profile can be obtained for
different disorder. Thus acoustic analysis mght help in diffe-
rential diagnosis of voice disorders, and in better understand-
I ng of the voi ce physiology and the effect of age rel ated changes

on voi ce.
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SUMVARY AND CONCLUSI ONS

"Wthin recent years, speech science has focussed on changes
in patients' speech that acconpany | aryngeal pathol ogy" (Sorensen

and Horii, 1984).

Resear ches have tried to show that voice of patients carry
sufficient information for differentiating various |aryngeal patho-
| ogies. Efforts to develop clinically feasible, objective and
guantifiabl e met hods for eval uation of voice disorder have focussed
on acoustic analysis. The production of voiceinthelarynx is
di sturbed by organic or functional changes in the |larynx and al so

by changes in the respiratory system to certain extent.

D fferent paraneters of voice reflect different aspects of
physi ol ogi cal nechani sns. Hence different pathol ogies differentiall
affecting the physiol ogical nechanisns will bring about different
changes in different paraneters. Therefore study of different
paraneters of voice may aid in differential diagnosis of voice
di sorders. However before any paraneter can be used in differen-

tial diagnosis, study on normal population is required.

Therefore t he present investigation was undertaken to study
certain acoustic paraneters of normal voice of Indian adults. The
par anet ers consi dered wer e:

1. Fundanental frequency.

2. Fluctuationsinintensity

3. Fluctuations in frequency.

4. Rise andfall tinme of phonation
5

Maxi mum phonat i on dur ati on.
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6. Maxi mumduration of sustained/ s/, /z/ and s/z ratio

Subj ects were one hundred and forty nornmal adults, both nal es
and females, ranging in age from 16 year to 65 years. They did

not had any speech, hearing or respiratory probl ens.

Subj ects were instructed to phonate three vowels /a/, /i/
and/ u/ as long as possible and sustain two fricative continuants
/'s/ and/ z/ as long as possible. Threetrials of each phonation

were recorded in a quiet roomof the building.

By feeding therecorded signals to pitch anal yzer PM 100,
fundanental frequency of phonation, fluctuations in intensity
and frequency in initial, nedial and final segnents of phonati on,

rise andfall tinme of phonation were neasured.

The maxi numduration of phonati on and nmaxi mum duration of

/sl and / z/ were obtained using a stop wat ch.

By applying suitable statistical nethods to t he results obtaine
nmean, standard deviation and signifieance of difference were

cal cul at ed.

The fol | owi ng concl usions were drawn fromthe results
obt ai ned:

| . Fundanent al Frequency:

1. Fundanental frequency of nales was significantly | ower than

that of femal es.

2. Fundanental frequency in fenal es decreased with increase in
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age. No such change was observed i n fundanental frequency
of mal es.
3. Though t he fundanental frequency of /a/ was |ower than that
of /i/ and /u/, there was no significant difference between
thethree vowels/a/, /i/ and/u/, interns of fundanental

frequency.

Il. Fluctuations in intensity of phonation:

1. The fluctuations in intensity of the initial and the final
segrments were significantly greater than that observed in the

medi al segnent .

2. fluctuations in the initial and the final segnents of phona-
tion increased in ol der age group. Fluctuations in t he nedi al

segnent did not change as a function of age.

3. There was no significant difference between nmal es and fenal es,

when conpared for fluctuations in intensity.

I1'l. Fluctuations in frequency of phonati on:

1. Theinitial and the final segnents of phonation had aignificantly
greater fluctuations than that in the nmedial segnent. No diffe-
rence was found between theinitial and the final segments of

phonati on.

2. As age increased fluctuations in frequency of the initial and
the final segnent increased. This change was nore significant
in femal es. There was no change in fluctuations in frequency of

t he nedi al segnent as a function of age.
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3. There was no significant difference between nal es and fenal es

interns of fluctuations in frequency.

V. Rse and fall tinme of phonati on:

1. There was no significant difference between nal es and f enal es,

when conpared for rise and fall tine of phonation.

2. There was no change in rise and fall tinme of phonation as a

function of age.

V. Maxi numphonati on durati on :

1. Maxi mumphonation duration decreased as a function of age and

t hi s Change was nore significant in femal es.

2. There was no significant difference between nal es and fenal es,

When conpared for maxi num phonation durati on.

VI. Maxi mumduration of /s/, /z/ and s/z ratio:

1. Innormal adults, s/z ratio was approximately equal to one.

2. There was no difference between mal es and femal es for naxi num

durationof /s/, /z/ and s/z rati o.

3. There was no change i n nmaxi numduration of /a/, /z/ and s/z

ratio as a function of age.

| mpl i cations of thestudy:

1. The results of the study can be used as norns for the purpose

of conparison of clinical population.
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2. The net hodol ogy used in t he present study can be used for

future studies.

3. The study of paraneters, as done in this study can be used

to study normal and best voi ce.

Recommendat i ons:

1. The sane paraneters can be studied in a clinical population

to investigate t he diagnostic val ue of those paraneters.

2. simlar study can be carried out using a | arger popul ations

I n each age group and al so by extending t he age beyond 65 years.
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APPENDI X-1

Definitions of Terns:

1. Fundanental Frequency of Phonati on:

The nmean frequency of the steady portion of phonation as

di spl ayed on the Pitch Anal yzer.

2. Fluctuations in Frequency:

The change in the fundanental frequency of phonation from

centi second to centisecond, as displayed on the pitch anal yzer.

3. Fluctuations in Intensity:

The change in intensity of phonation fromcentisecond to

centi second, as displayed on the pitch anal yzer.

4. Rse time of Phonat i on:

The difference in centiseconds between the initiation of
phonation and the tinme at which phonation becones steady, in

terns of the intensity.

5. Pall tine of phonation:

The difference in centiseconds between the time at which
the intensity curve began to decrease and the termnation of

phonat i on.



APPENDI X- 1|

Pitch Anal yzer PM- 100:

The Pitch anal yzer is a mcroprocessor controlled device
whi ch has teen designed for use in a w de range of speech and

| anguage appl i cati ons.

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

X-Y Plotter.

The operating range of the instrunment is from70-1000Hz.

Inthisunit alevel of 47 dBis equal to t he audi otel e-
phony standard of 0 dB. This, inturn, is approxinately an

audi oneter | evel of 130 dB.
The sanple duration ranges froml to 9 second.

Allows entry of data into the upper or lower half of the
screen, and is provided with two cursors —an upper and a

| ower cursor, which may be noved i ndependently.



6. Maxi mum phonation ti ne:

The | ongest duration, out of threetrials, for which an
I ndi vi dual can sustain phonation, after taking a deep inhal a-

tion.

7. Maxi mumduration of sustained/ s/ and/ z/ :

The | ongest duration, out of threetrials, for which an
I ndi vidual can sustain a fricative, followi ng a deep inspira-

tion.





