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| NTRODUCTI ON

"THE SOUNDS OF THE VO CE . . . . = . . BRI NG LANGUAGE, SETS
THOUGHTS ASTI R, AND KEEPS US IN THE | NTELLECTUAL
COVPANY OF MAN'
- HELAN KELLER

The faculty of |language which fornms the basis of
conmmuni cation by speech is known to be specific to humans.
This biological innovation is however superinposed on the

primtive system of vocal comrunication of sane kind as is

used by various other species. Natural speech signals
inevitably carry some paralinguistic and extra |linguistic
information in addition to their linguistic content.

The acoustic properties of speech depends on physical
properties of speaker's speech organs such as vocal fold nass
and vocal tract |ength. The acoustic reflections of these
variables, which are informative about age and sex of the
speaker cannot be renoved from speech signal. It is not
possible to produce speech wthout any personal quality

(Traunm | ler, 1994).

Voice is the vehicle of speech. It is the sound produced

by the vibrations of the vocal <cords in the larynx by air

from the |ungs. The inportance of voice in speech is very
wel | depicted when one <considers the cases of voice
di sorders. "Voi ce plays the nusical acconpani nent to speech

rendering it tuneful, pl easi ng, audi ble and coherent



essentials insentials to efficient comunication by the

spoken word (Greene, 1964).

Various studies have denonstrated that pitch of voice
carries enotional and attitudal information (Fairbanks, 1940;
U dall, 1960; Lieberman and M chaels, 1962; Scherver, 1979)
and as a part of the nore general feature of voice quality,

serve as a social and regional marker (Trudgill, 1974).

Researchers have shown that fundanental frequency is
dynam c and provides inportant cues regarding the enotional
state, type of speech activity, race, sex and physical
maturity of the speakers. It has been shown that different
enot i onal states produce di stinctive difference in
fundanmental frequencies (WIliam and Stevens, 1972), Mean FO
is higher for reading than speaking (Hollien and Jackson,
1973), Dblack individual have Ilower nean Fo than white
(Hollien and Mal uk, 1962), Fo characteristic which
differentiate the sex of speaker are noticeable during
pi berty when the nmale Fo drops approxi mately one octave, but
,less noticeable changes in females (Duffy, 1970; Hollien,
Shipp, 1972), that the average Fo for nales gradually
decrease until the 70's but begin to increase of that age
(Saxman and Burg, 1967; Duff, 1970), the average Fo for
females begin to decrease during the 30's and continue to

decrease gradually wth age (Saxman & Burk, 1967).



The present student were undertaken to investigate
different variables which may affects speaking fundanental

frequency and to study their influence on habitual frequency.

For this purpose, 30 normal bilinguals in Kannada and
English, 30 normal bilinguals in Hndi and English, 30

dysphonics and 15 snokers (nales) participated in the study.

The variabl es studied were
1) style of speaking
2) | anguage
3) gender
4) laryngeal pathol ogy
5) snoki ng

Fundanental frequency in speech was obtained for all the
subjects in three different style of speaking; Reading,
Narration and Interview. Val ues obtained were subjected to
descriptive statistical analysis and test of significance for
each variable was obtained. The present study tested the

foll owi ng hypot hesi s.

Style of Speaking on a vari abl e:

There was no significant difference between:
1) Reading and Narration in normals
2) Reading and Interview in nornals
3) Narration and interview in normals
4) Reading and Interview in dysphonics

5) Reading and narration in dysphonics



6) Interview and narration in dysphonics
7) Reading and narration in snokers
8) Reading and Interview in snokers

9) Narration and Interview in snokers.

Language as vari abl e:

There is no significant difference in SFF obtained

bet ween

1) Native language in Hndi and Native |anguage in Kannada.

2) Kannada |anguage and English | anguage in native speakers

of Kannada.
3) Hindi |anguage and English |anguage in native speakers in
Hi ndi .

Gender as vari abl e:

There was no significant difference between males and

females in

1) Reading style

2) Narration style

3) Dysphonics

4) Native speakers of Kannada

5) Native speakers of Hindi.
Laryngeal pathology as a variable:

There is no significant difference between nornals and

dysphoni cs



1) In reading style
2) In narration style

3) In Interview style
Smoki ng as variable

There is no significant difference between snokers and

non-snokers in

1) reading style
2) Narration style

3) Interview style

According to Atkinson (1976) the primary acoustic cue Fo
itself interacts in an inseperable way wth the phonetic
features of voicing, carries information conveying speaker's

age, sex and enotion.

Many studies have shown that speaking fundanental
f requency ( SFF) pl ays an | nport ant role in  human
conmuni cati on. G addol and Swann (1983) suggest that there
may be atleast three influences which act on individuals and
affect SFF behavi our. The first, from the individual's
physi cal and anatom cal desposition, the 2nd, from cultural
expectations and third influence has to do wth rapid

fluctuations in SFF connected with intonation

Atkinson (1976) showed that there is great deal of
variability in SFF between different speakers. In addition,

there is eventually as nmuch variability in a single speaker.



As yet it not well docunented how far informality (Style
of 3peaking), redundancy, personal variation, linguistic
variation affect the speaking fundamental frequency. It is
also noted by Abberton (1979) and Lariviern (1975) that
changes in SFF may affect speaker recognition. therefore,
such a study becones necessary to determne significant

vari abl es affecting SFF and to what extent.

Limtations:

1) Age range was limted to 18-25 years in normals.
2) Study was restricted to mal e snokers.

3) Language effect was studied in normals only.

| npl i cations:

1. Study of langauge effect reflects soci ol i ngustic

significance of SFF.

2. Conparative study of nornmals, dysphonics and snokers

accounts for talker's variability in voice identification.

3. Study of effect of style of speaking accounts for

variability in speech recognition.

4. Lastly, Speaking Fundanental Frequency can be used as

power ful diagnostic tool.



REVI EW OF LI TERATURE

Speech is the audible manifestation of [|anguage. It is
a conplex notar act brought about by sophisticated and fine
movenents of the conponents of vocal tract and their conplex
interaction wth vocal cord vibration. The speech results
by the fine organization co-ordination and nodul ations
bet ween t he respiratory, phonat ory, articulatory and

resonatory system

Voice is the first sign of life. The nost primtive use
of voice is for survival. Expressi on of hunger and pain are
often vocal especially by infants. It 1is an indicator of

heal th sickness, enotion and age.

Expression of enotion is highly wvocal, six primry
enotions - fear, anger, joy, sadness, suprise and disgust are

all expressible vocally.

The role of voice in speech is obvious. Voicing (presence

of voice) has been found to be a major distinctive features

in alnmost all |anguage. Voicing provides nore phonenes and
makes the | anguage broader. Majority of phonenes are voiced
including all vowels, semvowels and nasals. I n addition,

voicing carries the rythmand nel ody of speech. These are the
pattern of pitch, |loudness and duration that tie together
into syllables, phrases and sentences. Vowel s are usually
elongated in relation to consonants and becone the vehicle

for artistic expression.



Voice is nore than a nmeans of comunication of verbal
nmessages clearly. Voice constitutes the matrix of verbal
communi cation in fusing all parameters of human speech and
the wunique self one presents the world. Voi ce has both

['inguistics and non-linguistic function.

Perkins (1971) has identified atleast five non-linguistic
informati on of voice. Voice can reveal speaker identity i.e.
voice can give information regarding sex, age, height and
wei ght of the speaker. Lass, Brong, G ccolella and Walters
(1980) reported several studies which have shown that it was
possible to identify the speaker's age, sex, socio-economc

status, racial feature, height and wei ght based on voi ce.

It is a prevailing notion that there is a relationship
between voice and personality i.e. voice reflects the
personality of the individual (Starkweather 1961; Fairbanks,
1966; Hutter, 1967 and Titze, 1994). Mich of the personality
is reflected in the voice, esp. in the context of speech.
| mmges of personality, even the outward appearance, can be

judged solely on basis of what is heard (Titze, 1994).

Voi ce have also considered to be reflecting physiological
state of an individual. It is a "window' to many functions
performed in the body. For eg: a very weak voice may
indicate that the individual may not be keeping good health
or a denasal voice may indicate that speaker has common col d.
Apart from these, it is a well known fact, that voice

basically reflects the anatom cal and physi ol ogi cal



conditions of the respiration, phonation and resonatory
system i.e. any deviation in any of these systemnmay lead to
voi ce disorders. Hoar seness can be an indicator of a viral
infection weakness and trenor can be an early sign of a

neur ol ogi cal di sease (Titze, 1994).

A recently developed aspect in the area of early
identification of disorders is infant cry analysis. It has
been found by many investigators (lllinworth, 1981; Indira,
1982; and Venugopal, 1995) that it is possible to identify

abnormalities in the neonates by analyzing their cry.

Speaker identification by voice, presently is an imense
value in conputer technology (developnent of nmachines that
will respond to speaker commands). In the field of forensic
medi um (i dentification of speakers by voice detection) and in
defence (availability of «classified information), voice

identification is w dely used.

The quality of voice becones inportant for certain
professionals for eg. radio, T.V. announcers, actors and
si ngers. Thus voice, has an inportant role in conmunication

t hrough speech and there is a need for studying voice.

The term voice has been differently defined by
di fferent people. "The Random House dictionary lists 25
primary and secondary definitions of voice, the first of
which is, the sound or sounds uttered through the nouth of

t he human beings in speaking, shouting, singing, etc.
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Sonme definitions of voice restrict the term to the
generation of sound at the level of the larynx, while others
include the influence of the vocal tract upon the generated
tone and still others broaden the definition by including

aspects of speech like articulation and prosody.

Judson and Weaver (1942) define voice as "laryngea
vibration (Phonation) plus resonance". Further they state
that phonation is the production of tone by the |aryngeal

gener at or .

The formula P = S T. has been used by Fant (1960) in
whi ch speech sound P is the product of the source S and the

transfer function of the vocal Tract T.

"Wiile discussing the production of speech, is an
acoustic disturbance, superi nposed upon the flow of
respiratory air and is caused by a quasi peri odic

nodul ation of the airflow due to opening and closing

novenent of vocal folds" (Fant, 1960).

M chael and Wendahl (1971), after reviewing various
definitions of voice define voice as "The |aryngeal
nodul ati on of the pul nmonary airstream which is then further

nodi fied by the configuration of the vocal tract”.

Though there are varied definitions of voice. It is a

difficult task to define normal voice.
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An attenpt has been nmade by Nataraja and Jayarama (1975)
to review the definitions of normal voice critically. They
have concluded that each of the available definitions of
voi ce have used subjective terms, which are neither defined
nor measurable. They have suggested the possibility of
defining good voice operationally as one which has optinmm

frequency as its fundanental (habitual) frequency.

It is apparent that a good voice is a distinct asset and
a poor voice may be a handicap. If a person's voice is
deficient enough in some respect, that it is not a reasonably
adequate vehicle for conmunication, if it is distracting the

| i stener, one can coniser that as a disorder.

In general the followng requirenent can be set to

consider a voice as adequate as stated by Iwata and Von Leden.

(1978).
1. The voice nust be appropriately | oud.

2. Pitch level nust be appropriate. The pitch |evel nust be
considered in terns of age and sex of the individual. Men

and wonen differ in vocal pitch |evel

3. Vocal quality nust be reasonably pleasant. This criterion
inmplies the absence of such wunpleasant qualities like

hoar senesses, br eat hi ness, har shness and excessi ve

nasality.
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4. Flexibility nust be adequate. Flexibility involves the
use of pitch and |oudness inflection. An adequat e voi ce
must have sufficient flexibility to express a range of
differences in stress, enphasis and neaning. A voice which
has good flexibility is expressive. Flexibility of pitch
and flexibility of |loudness are not easily separable,
rather they tend to vary together to a considerably

extent.

Wlson (1962) is of the opinion that good voice shoul d

have the follow ng characters.

a) Pleasing voice quality

b) Proper balance of oral and nasal resonance

c) appropriate |oudness

d) a nodel frequency level suitable for his age and sex

e) an appropriate voice inflections involving pitch and

| oudness.

The production of voice, depends on the synchrony, or
the coordination between the systens viz. the respiratory
phonatory and resonatory. Voi ce production involves a
conpl ex and precise control by the central nervous system of
a series of events in the peripheral phonatory organs. The
crucial event essential for voice production is the vibration
of the vocal folds. It changes DC air stream to AC air

stream converting aerodynam c energy into acoustic energy.
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There are two nmain theories of phonation:
1. Myoelastic - aerodynam c theory and

2. Neurochronaxic theory

These two theories of voice production have dom nated

much of the literature.

"The nyoel astic-aerodynam c theory postulates that the

vocal folds are subjected to well established aerodynamc
princi pl es. The vocal folds are set into vibration by the
air stream from the |ungs. The frequency of vibration of

vocal cords is dependent upon the length, tension and nass of
the vocal cords. These factors are regulated primarily by
the delicate interplay of the intrinsic |aryngeal nuscles"
(Luchsinger and Arnold, 1965). The nyoel asti c-aerodynam ¢
theory was first advanced by Miller in 1843 and later
nodi fi ed by Tondorff (1925) and Smth (1954), but its salient
features have remained unchanged through the years (Zemin,

1981) .

This theory is inadequate in explaining the inportant
feature of self-sustained oscillations. The nechani sm for
continual energy transfer from the aistream to the tissue
involves nore than the Bernoulli's force alone. Fur t her
more, this would apply only to case in which the vocal fold
col | i de. It is known that oscillation can occur wthout

collision. (Stevens, 1977; Titze, 1980; 1983; 1988).
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The neurochronaxi c theory was proposed by Hussan (1950).
This states that each new vibratory cycle is initiated by a
nerve inmpulse transmtted from the brain to the vocal folds
by way of the recurrent branch of the vagus nerve i.e., the
frequency of the vocal fold vibration is dependent upon the
rate of inpulses delivered to the laryngeal muscles. Various
studi es have supported and contradicted both the theories.
According to Fant (1960) and Titze (1980), the nobst commonly

accepted one is the myoelastic theory.

Bot h speaking and singing require an outgoing air stream
capable of activating vocal fold vibration. Vocal fold
vi bration (Phonation) first requires fold approxinmation. The
intrinsic adductors of the larynx approximate the folds in
the neutral position, where the natural si ze/ mass and
elasticity of the folds determine the rate of vibration; the
emtted air flow passes through the approximte opening,
blowing the folds tends to bring them back to their neutral
position; the Bernoulli effect draws the folds even closer
together than when they are in their neutral approximation

state; the vibratory cycle repeats itself. (Boone, 1983).

"The D.C. flow of air is converted into A C  sound
pul ses, as during the production of sound, the vocal cords
are in adducted position. In this position, they vibrate
alternately, opening and closing the glottis for very short
peri ods. Actually it is the air current fromthe |ungs that

separates the vocal cords and open the glottis. But as the
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model s suggest that vocal fold oscilalation is produced as a
result of asymetric forcing functions over closing and
opening portions of the glottal cycle. For nearly wuniform
ti ssue displacenents, as in falsetto voice, the asymmetry in
the driving forces can result from the inertia of the air
movi ng through the glottis. This inertia can in turn be
enhanced or suppressed by supraglottal or subglottal vocal
tract coupling. More obvious and pronounced asymetries in
the driving forces are associated with non uniformvocal fold
tissue displacenents. These are conbinations of norna
tissue nodes and can result in vertical and horizontal phase
differences along the surfaces, as observed in chest voice.
The range of oscillations increase anong various nodels as
nor e freedom in t he si mul at ed tissue nmovement i S
i ncor por at ed. O particular significance in initiating and
mai ntaining oscillations are the vertical notions that
facilitate coupling of aerodynamic energy into the tissues
and allow tissue def ormati ons under condi ti ons of
i nconpressibility. Vertical displacenents also can have a
significant effect on vocal tract excitation. Control of
fundanental frequency of oscillation is basically nyoelastic,
partially as a result of non linear tissue strain over the
vi brational cycle. Titze (1980) has stated that "this places
limts on the control of fundanental frequency by 3ubglottal
pressure and, forces such control to be inseparably connected
wth vibration and anplitude, or less directly, with vocal

intensity".
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AERCDYNAM C CORRELATE:

Not only is it necessary to have an air medium for the
propogati on of sound waves, but also air nust be transported
enmasse through various constrictions along the respiratory
tract for the purpose of generating sound. The subgl ottal
pressure which builds wup when the folds above are
appr oxi mat ed devel ops enough force to blow them apart. This
air flow force is opposed both by the static force of the
nmuscles and |liganent mass itself and by the Bernoulli effect.
The Bernoulli effect is the nedial displacenent of the vocal
folds towards one another due to a vacuum produced in the
glottal chink by the air stream VWiile air flow rate has
been constant wuntil the flow reaches the constricting
glottis, it then increases its velocity, rushing through what
is left of the glottal opening. The resulting vaccum attracts
the folds together, and is thus partially responsible for
conpleting their vibratory <cycle of being blown apart
initially by the outgoing air stream and then returning to

medi al approxi mati on. (Boone, 1977).

The air flow is inportant in bringing about vocal fold
vi brati ons. The subglottal pressure, provides an indication
of cord closure as well as information about frequency of

vi brati on of the vocal cords.

H rano (1980) states, while discussing the aerodynamc
tests, that "the aerodynam c aspects of phonation is can be

studi ed by using four parameters”.
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a) Subglottal pressure,
b) subglottal pressure
c) Gottal inpedence and

d) Volune velocity of the airflow at the glottis.

The mean air flow rate varies with the frequency and
intensity of voice (lsshiki, 1959; Isshiki & Von Leden, 1964;
Yanagi hara & Koi ke, 1967).

| sshi ki (1959) not ed in el ectri cal stinmul ation
experinents on dogs that pitch was acconpanied by increasing
air flow alone and that pitch elevation was acconpani ed by
increasing subglottic pressure when air flow renained
const ant . Ladef oged and MKinney (1963) found "fairly good
correlation between subglottal pressure and the |ogarithm of
the frequency of vibration of the vocal cords". Tincke et al.
(1958), Von Leden 91961) and Van den Berg (1957) have
denonstrated the effect of subglottic pressure on pitch i.e.,

pitch increases with increased in subglottal air pressure.

Rubin (1963). reported a carefully controlled experinent
on thirty eight dogs, in which he found that variations in
air flow, wthin physiological limts, did not alter pitch.
Hs results support the findings of Piquet, Decroix, Libersa
and Dujardin (1956), Dunker and Schlosshaver (1958) and
Fressard and Vallencien 91957), Rubin (1963) did note,
however that the conmplexity of the frequency and the

intensity increased with increases in air flow
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Mul I er (1843), working with human cadaver |[|arynges and
nodel s, noted that an increase in vocal intensity w thout an
increase in pitch had to be acconpanied by a decrease in
tension of the vocal folds. He also suggested that pitch

rose in response to increasing air flow

Kol man, Gordon, Sinpson, and Mdirton (1975) have studied
vocal function by breath flow measurenents usi ng
pneunot achograph respirometry system in both normal and
abnormal groups during quiet respiration, and sustained
phonation of /i/, /el and /al/ at normal, highest and | owest
pitches at confortable sound pressure |evel. The vibratory
pattern of the vocal folds was obtained using a Laryngograph
(Fourcin and Abberton, 1971). Many dysphonic subjects had
shown abnormalities in their breathing patterns even during
quiet respiration, while others were seened to be quite

normal . (Kelman et al. 1975).

The actual relationship between subglottal air pressure
and pitch is confusing because of the diversity in
appr oaches. Al though rises in pitch may be acconpanied by
increase in subglottal pressure, increase in subglotta

pressure need not always produce rise in pitch.

Pressman and Kelman (1955) state that the actua

variation produced in pitch by pressure changes was
relatively small. An increase in subglottic pressure with
| ar yngeal tension held constant, produced a negligible

(relatively small) rise in pitch. In addition, pitch changes
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were nediated primarily through nodifications in glottic

tensi on and nass of the vocal cords.

Li skovius (1846) stated that pitch elevated as the
glottic chink narrowed and subglottic pressure increased, and
with a constant glottal opening, pitch rose in response to

i ncreased air pressure al one.

Aerodynam ¢ and glottographic studies of the |aryngeal
vibratory <cycle by Kitzing, Carlborg and Lofqvist (1982)
i ndi cated that the subglottal pressure was higher at onset of
vibrations for the hard attract conpared with the breathy
att ack. Fundanental frequency at onset of phonation was
alnost identical in the two conditions, whereas the open

guotient was higher for the breathy than the hard attack.

Voi ce serves different functions which are varied and
plays a mjor role in speech and hence in comunication.
Therefore voice needs to be constantly nonitored and in the
event of abnornal functioning of voice, and immediate
assessnment should undertaken. Any deviation in voice interns
of pitch, |oudness, draws attention to the voice itself. The
evaluation wll lead to the diagnosis which not only
identified the voice disorder, but al30 as an indicator for
the treatnment and the managenment to be followed. Subjective
and instrunental assessnent results from the baseline upon

whi ch the progress can be eval uated.



20
The maj or purpose of clinical evaluation of voice are:

1) to diagnose the etiological diseases.

2) to determne the degree and the extend of the disease
3) to evaluate them

4) to determ ne pregnosis

5) to nonitor change

The ultimate aim of studies on normality and abnormality
of voice and assessnent and diagnosis of the voice disorder
is to enforce the procedure which wll eventually bring back

the voice of an individual to normal or optinum | evel.

Wth regard to diagnosis of voice disorder mainly two
met hods have been used by many clinicians and researchers.

The net hods are:

| . Psychoacoustical evaluation (Subjective evaluation)

1. Physioacoustical evaluation (Instrunmental eval uation).
|  Psychoacoustical evaluation (Subjective eval uation)

It is the assessnment of voice sanples through |istening
by the clinician and/or judges. It relies on the
identification and discrimnation capabilities of varying
sound conplexes by the listner. WlIl trained voice clinicians
are able to determ ne the pathologies on the basis of
psychoacoustical inpression of abnormal voices (Takahashi
1974; Hirano, 1975). Though this, nmethod of evaluation is

relatively tinme saving and inexpensive, but, it is
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subj ecti ve. Hence, t he i nter and intra clinician
variabilities are nore, which nmay lead to erroneous
di agnostic fornul ations. It is difficult to measure the

degree of disorder and prognosis using this nethods.
I 1 Physi oacoustical evaluation (Instrunental eval uation)

This nethod of evaluation uses various neasuring
techniques wusing instrunents and procedures which nay be

invasive or non invasive, for the neasurenent of various

paraneters of voice. It gives an accurate, precise and
guantitative account of the voice. In other words,
guantitative account of the voice. In other words,

gquantitative interpretation regarding the node of vibration
of vocal folds can be obtained. It has an added advant age of
uniformty in the diagnostic fornulation with respect to the
different clinicians and clinical settings. But this nethod
of evaluation may be tine consumng and is not an econom ca

met hod.

Hanson, Gerratt and Ward (1983), suggested that majority
of phonatory dysfunctions are associated with abnormal and
irregular vibrations of the vocal folds. These irregul ar
vibrations leads to the generation of random acoustic energy
i.e., noise, fundanental frequency and intensity variations.
This random energy and a periodicity of fundanental

frequency.
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VAR ABLES AFFECTI NG FUNDAMENTAL FREQUENCY AND SPEAKI NG

FUNDAMENTAL FREQUENCY ( SFF) :

Fundanental frequency is the single nobst inportant
correlate of perceived pitch. Many studies indicate that
phonetic characteristic of SFF (speaking fundanent al
frequency) may have social significance. Thus there may be
many influences which act on individuals and affect SFF

behavi our.

Various studies have shown variability in fundanental
frequenci es and speaking fundanental frequencies wth respect
to age, gender, styl e, pat hol ogi cal condi tion. Thei r
systematic nature, however may derive from one of two quite
di fferent causes. The study of socially significant aspects
of voice brings to a famliar debate whether such
characteristics are socially | earned or bi ol ogi cal | 'y

determ ned. (G addol, 1987).

The evidences of various studies suggests that
differences in SFF result from an interaction between
physi cal and natural determ nants. (Lass and Brown, 1978;
Li eberman, 1967; Majenhski et al. , 1972; Quntor and Manni ng,
1982) .

Trudgill (1974) suggests that there nust be atleast 3
i nfluences which act on individuals and affects SFF behavi or.
The first arises from the individual's physical and

anatom cal disposition. The second influence derives from
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the cultural expectations and norns associated wth the
Spenker's position in society. The third influence has to do
with the nore rapid fluctuations in SFF connected wth

i ntonati on.

The sense of a pitch of a person's voice cones fromtwo
separate aspects of this process. The nost inportant is
probably the basic rate of vibration of the vocal fold,
which in turn depends on the length and thickness of the
vocal folds. The inpression of pitch which conmes fromthis
vibration is often fused wth the perception of another
aspect of wvocal tinbre, the series of resonances known as
formants. This reflects the size and length of the vocal
cavities. Hence Lieberman (1972) concluded that pitch of an

i ndi vidual voice would reflect their physical sise.

A speaker is able to control the fundanmental frequency of
his or her voice but, it is argued, only within the limts
dictated by such features as the mass and di nensions of the
vocal folds. The precise frequency used at any given nonent
is affected by further variables such as sub-glottic air
pressure and the tension in the nmusculature that controls the

| ar ynx.

The fact that physiological constraints of some kind do
affect the Fo of the speaking voice has been shown indirectly
by a nunmber of research studies. Hel frich (1979) gives a
review of the effects of age on SFF. Gedda, Fiori-Ratti and

Bruno (1960) have shown that nean pitches of prepubertal
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Sianese twins are nore simlar than those of ordinary

(di zygotic) tw ns.

Few attenpts have also been nmade to establish
rel ati onship between larryngeal dinmension's and SFF directly.
Evidence from studies  of speaker hei ght and wei ght
identification, the claim through out is that |isteners can
identify weight and height for both fermale and nal e speakers
with better than chance accuracy (Lass and Davis, 1976; Lass,

Phillips & Bruchey, 1980; Walter S. and Maxwel |, 1980).

A study done be Gaddol and Swann (1983) investigated
rel ati onship between speaker's height, weight and bodily
built and nedium speaking fundamental frequency. Resul ts.
showed that there was a significant relationship between
speaker hei ght and nedi an speaki ng fundanmental frequency, but

no relationship was found between speaker wei ght and Fo.

There are available evidences which does not seem to
support the <class that speaker's height and weight are
associated with pitch |evel. A careful study was conducted
by Gunter and Manning (1982) who investigated listener's
ability to estimate speaker height and weight unfiltered,
fundanmental frequency filtered, first format filtered and
second format filtered speech. The results showed that
estimates were not nmade wth significant accuracy and
considerably wvariability was found in estinmates between

|i steners and across conditions.
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In view of the evidence that a person's voice is an
inherited characteristic which reflects directly the vocal
anatony of its owner, it mght seem nutually exclusive to
argue that voices are socially |learned. According to authors
like Liebermern (1967), Spendr (1978), Majewski et al (1972)
Social argunent does not attenpt to refute any of this
evidence - they sinply suggested that the physiol ogical

evidence told only part of the story.

There is sone evidence that the fundanental frequency
and SFF is considerably affected by non-physical factors.
Their influences have been observed from very early age.
Li eberman (1967) reported that a 10 nonth old boy would alter
the frequency of his babbling according to which parent was

interacting with him

It has been argued that adult speech shows the effects
of a long term accomodation and that speakers adopt SFF
setting that are appropriate to their social identity than
with physical attributes associated with the sex or built of
t he speaker. A particularly radical position is to suggest
that the differences in SFF between the sexes is itself
primarily a social and acquired one. Sopender (1978) clains
that the break of voice associated with male puberty does not
occur in congenitally deaf people. In practice, nmen seemto
be under sone kind of social or psychological pressure to
make their voices sound as different as possible from wonen

and vice versa. (G eene, 1980).
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O her evidence, that voices are in part socially |earned
cones from studies from different parts of the world which
show that voice quality is culturally variable. Myewski et
al. (1972) found the average SFF of a sanple of 103 adult
polish males was 137.6 in whereas that of a conparable group
of Anmerican subjects was 118.91. Difference in physical size
was elimnated on a contributing factor, since no
relationship between height, weight and SFF was found
anongst the polish nales. There is sone further evidence in
a study by Loveday (1981) who examned SFF |evels used by
Japanese and English Speakers, found considerabl e discrepancy
between them Such differences in average SFF between
speakers from different countries suggest that cultura

di f ferences have sone influence on SFF.

Age effects on fundanental frequency and speaki ng fundanenta

frequency:

The change in voice with age have been the subject of
interest to speech scientist. Various investigators dating
back to 1939 have provided data on various vocal attributes
at successive devel opnental stages from infancy to old age
(Fai rbanks, 1940; Snidecor, 1943; Hanky, 1949; Msak, 1950;
Gopal , 1980; Indira, 1982; Rashm, 1985).

The aging trend for males with respect to the nean Fo is
one of a progressive lowering of a pitch level from infancy
through m ddl e age followed by a progressive raise in the old

age (Mysak, 1966).
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The voice of a newborn has been found to be around 400
Hz. (Gutzman and Plates, 1905, Indira, 1982) upto puberty
there is little difference between the voice of boys and
girls. The voice change is promnent at puberty. In an
exam nation of 60 children between the ages 7 and 8 years,

Fai r banks (1950), could find pitch breaks in both sexes.

A longitudinal study of children's voice at puberty was
done by Loebell and Karger (1976). The result showed a
significant descent of fundanmental frequency for all subjects

during the | apse studied.

Eguchi and Hrsh (1969) states that "It is well known
that the fundanmental frequency of children and adult females
are higher than those of the adult male". They further said
that, children have a fundanental frequency of about 300 Hz

even up to the age of 8 to 10 years.

A sex difference is apparent by the age of 13 years which
mar ks the begi nning of a substantial drop for male voice, the
wel |  known adol escent voice change. The decrenent from
infancy to adult hood anobng females is sonewhat in excess of
an octave, whereas males exhibit on overall decrease

approachi ng octaves (Kent, 1976).

Studies on Indian popul ation have shown that in nales
the lowering in Fo is gradual till the age of 10 years, after
which there is marked lowering in the Fo, which is

attributable to the changes in the vocal apparatus at
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puberty. In case of females, a gradual |lowering of Fo is seen
(Georgy, 1973; Usha, 1979; CGopal, 1980; Kushalraj, 1983; and
Rashm , 1985).

Gopal (1980) reported a gradual lowering of the Fo as a
function of age for /a/ in both males and fenmal es. Fo dropped
slightly during the first three weeks of life after which it

stabal i zed for a period of about 5 nonths.

Beginning with the first year, Fo decreased sharply until
three years of age, when it showed a nore gradual decline,

reaching the onset of puberity at 11 or 12 years of age.

Age effects on Fo of males from seven to twenty years
was studied by Usha (1978). The results reveal ed a gradual
decrease in nmean Fo from age seven to eleven years. After
the age of eleven, a sudden decrease in the nean Fo was
observed. The mean Fo decrease from 260.1 Hz to 158.9 at the
age of 14. After the age of 14, not nuch difference was

seen in the mean Fo upto the age of 20.

Several investigators have studied SFF as a function of
age (Mchel, Hollien and Morre, 1965; Bohim and Hecker,
1970; Hollien and Shipp, 1972; and Kushalraj, 1983). These
studies indicated that nean SFF reduced with age upto the end
of adol escence in both males and females. A marked |owering
took place during adol escence in males. In advanced age, nean
fundanmental frequency becone higher in males, while, nean

fundanental frequency was slightly reduced in fermales in
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ol der age (Bohine and Hecker, 1970;) Sorensen and Horii,

1982; and Stoicheff, 1984).

SFF val ues according to different studies.

Tr oughear Mysak Hori i Schul t z Gopal
& Davi s (1959) (1975) Coul ton (1986)
(1979) (1975)
Mal es
Mean FO 112 113.2 112. 5 117 139.7
(in Hz) (16 to 25
years)
149.7
(56 to 65
years)
Mean age
(in years)
33 48. 2 54 20-55
Feral es
Mean FO 195. 6 196. 6 199. 8 208 224.5
(in Hz) (16 to 25
years)
237.5
(56 to 65
years)
Mean age
(in years) 28 73 Adul t 20- 55

The ol dest study done by Gutzman and Platau (1905) showed
changes in fundamental frequency as function of age. The
voice of new born infants had a pitch around 440 Cps. wth
the continous growh of the larynx the child s voice
gradual ly changed. This voice change was nobst prom nent at

t he pubertal age.
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The nean SFF of males, age ranging from 20 to 89 years,
i ndicated that there was progressive |lowering of the SFF from
age, 20 to 40 years with rise in level from age 60 years

through the eighties (Holliena nd Shipp, 1972).

A study of pitch level 1in speech in two groups of
femal es between 65 years and 75 years and between 80 and 94
years indicated no significant difference in the pitch |evel
between the two groups. Thus concluding that the speaking
pitch pattern of wonen probably varies little throughout

adult life (Bohime and Hecker 1970).

A detailed study shows changes in SFF as function of age

in Indian population as reported by Nataraja and Savitri

(1990) .
Age in Tears II\:/gI (Ieg Egrrialnes
(Hz) (Hz)
4-7 233 248
7-1 255 238
11-13 247 240
14- 15 177 244
16- 25 139 224
36-45 147 243
46- 55 148 258

56- 65 150 255
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Bef ore puberty, there was little difference between the
voi ce of boys and girls. Wth the onset of puberty the change

begin. (Broadnitz; 1959).

Foll owi ng table shows the fundanental frequency reported

by various investigators for nales of different ages.

Mean maturity |evel Fundanent al frequency
Frai nbanks (1942) CPS

Infants (9 non) 556.0 (in Hunger Wil s)
Seven years 294.0
Ei ght years 297.0

Samuel (1973)

Seven years 268.0
Ei ght years 280.0
Ten years 248.0
Fourteen years 208

Hanl ey (1940)

Adult (24.6 years) 118. 6
Mysak (1950)

M ddl e age (47.9 years) 110. 3
El der group - | (73.3 years) 124.9
El der group - Il (85.0 years) 142. 6
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Table 2: Conparison of Fundanental frequencies findings of
various investigators for females at different ages.

Mean maturity |evel Fundanent al frequency (CPS)

Fai r banks (1949)

Seven years 273.2
Ei ght years 286. 5
Duffy (1958)

El even years 258.0
Thirteen years 237.7
Fifteen years 229.5

Li nke (1953)

Yonhry adulty 199. 8
Me. Gone W Hollien (1963)

Goup A : 72.6 years 196. 6
Goup B : 85.0 years 199. 8

Suresh (1991) studied the voice as function of age in
geriatric population. Subjects age ranged from 35 to 85
years. Results showed that in males, Fo in phonation
increases with age while in females, a progressive decreases
in Fo was seen wth age. Variability nmeasure in Fo in
phonation showed an increase with age in both nmales and
femal es. And in males fundanmental frequency in speech
increases with age as in Fo in phonation. Kushal Raj (1983)
studied the SFF as a function of age, in children betwen 4

and 12 years. He reported that Fo both in case of males and
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femal es decrease with age. Mles showing a sudden decrease
around 11 years. No significant difference in Fo was found

until the age of 11 years.

Several studies were done on hearing inpaired individuals
showed that they were unable to control their SFF. Meckfesse
and Thorton (1964) reported SFF values in post pubescent
hearing inpaired individuals which were higher than those
obtained in normal hearing individuals. However, in post
pubescent hearing inpaired males, values obtained by Geen
(1956) were simlar to those of normal hearing males. For
hearing inpaired fermales, he reported higher values conpared

to nornmal fenunles.

Glbert and canpbell (1980) studied the SFF in three
groups of hearing inpaired individuals, (4 to 6 years, 8 to
10 years, 16 to 25 years) and reported the values to be
hi gher in the hearing inpaired groups when conpared to val ues
reported in the literature for normally hearing individual of

sane age and sane sex.

Raj ani kanth (1986) reported that when conpared to
normals the hearing inpaired, in general showed a higher
fundanmental frequency. He also noted that there was a
significant difference between male and fenmale and between
the two age groups studied i.e. 10-15 years and 16-20 years.
Sheela (1988) reported that on the whole, the hearing
inmpaired children exhibited higher average FO than that of

t he normal hearing group.
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Variability in Fo is nmuch greater in hearing inpaired,
than in normal hearing speakers. (Angelocci, et al., 1964).
Shukla  (1987) reported that on average the speaking
fundanmental frequency was higher for deaf adult3, than for
normal hearing adult3. A nmgjority of the deaf adults had
speaki ng FO val ues which fell within the normal range. These
findings have also been supported by the findings of other

studi es done by Ernovick (1965) and G uanewal d (1966).
Gender effects:

Many studi es have shown that characteristics changes in
voice as function of age is different in nmales and fenal es
Studi es have shown that there is little change in fundanmenta
frequency as a function of age in nmales upto 14 years, after
whi ch a sudden decrease in fundanmental frequency was observed
and very little change was observed in females with increase

in age.

Differences in fundanental frequency between nale and
female voice are commonly recognized wth sone authors
reporting female Fo to be as 1.7 tinmes those of male (Kl att
and Klatt, 1990 and Peterson and Barney, 1952). However
others have reported fenmale/nmale differences of as little as

1.45 (Monsen and Engebreston' 74).

The inportance of Fo being a domnant cue for the
speaker's sex identification was shown by Lass (1976). The

results showed that identification scores were better for the
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filtered tape. (FO retained) than for whispered tape. This
finding supported Coleman's conclusion that " all listeners
were basing their judgenments of the degree of naleness or
femaleness in the voice on the frequency of [|aryngeal
f undanent al than the resonance characteristic of t he

speaker".

Study done by Eklund and Traunmuller (1997) found that
nmean val ues obtained for fundamental frequencies for vowels
for men was 109.4 Hz and Wonen was 209.4 Hz. Loveday (1981)
exam ned SFF used by Japanese fenmale and mal e speakers, found
that there was a considerable discrepancy between Japanese

Men and Wonen.

I n anot her study by Bennet (1979) on preadol escent boys
and girls between age of six years one nonth and
seven years 10 months, it was found that Fo was significantly
related to listeners sex identification. Certain nmeasures of
Fo like nmean duration, level inflection, rate of change
associated with upward shift were significantly related to

perceptual neasures of sexual identity.

The fundanental frequency of /a/ for Indian population

as reported by other investigations are as foll ows:
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Fo in Fo in
| nvesti gations Mal es Feral es
(in Hz) (in Hz)
Sheela (1974) 126 217
Jayaram (1975) 123 225
Nat araj a & Jagadi sh (1984) 141 237
Vanaj a (1986) 127 234
Mat araj (1986) 119 223
Ani tha (1994) 129 240

In a study done by Sreedevi (1989), fundanmental frequency
and speaking fundanent al frequency showed significant
difference between nmales and fenuales. It was noted that
fundanental frequency of fenmale subjects were significantly
hi gher than the males. In the sanme study, the findings on
the speaking fundanental frequency showed that the femnales
used much higher frequency. Simlar findings have been
reported by Nataraja and Jagadeesh (1984), Gopal (1980), and
Nataraja (1986).

In a study of the fundanmental frequency of voice and
natural frequency of vocal tract on Indian popul ati on done by
Samuel  (1973) showed followng results. The fundanent al
frequency changes in nmales between 9 and 14 years of ages.
Further findings showed that the relationship between Fo and

natural frequency varied from age to age and between sexes.
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i.e., A difference in relationship was seen between children

and adult, and between nmal es and femal es.

An extensive study was under taken to study Fo of voice
in an Indian popul ation, by Abraham (1978). The follow ng are

the results of the study.

1) Lowering in the Fo with advanci ng age was observed in both

mal es and fennl es.

2) In males, vocal mutation seened to start by the age of 11
and a rapid lowering of fundanental frequency seened to

occur at the age of 14.

3) In fermales, the vocal nmut ati on seened to start earlier
than in males i.e., at least by the age of 9 and is

conpl eted by the age of 12.

4) The voice of adult3 and children are different both in

mal es and fenales in terns of Fo.

5) After 14 years, the voice of males and fenales are

significantly different in ternms of fundamental frequency.

Suresh (1991) studied Fo in phonation in geriatric
popul ation. He found that nmean Fo in phonation between mal es
and fermal es showed that significant difference exists between
subjects of all age groups (35 to 85 years) and in all three
vowels (/a/, /il and /ul). However, in /i/ age group 75-85
years didnot show significant difference between nales and

femal es. The study concluded that males in general show an
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increase in Fo after 45 years while femal e show a decrease in
Fo. Also variability in Fo in phonation in nmales, increases
wth age while in females, does not show much changes wth

age.

Graddol and Swann (1983) studied the physical and social
interpretation of SFF and contrasted the findings obtained in
mal es and females. Their, findings showed sex differences on
vari ous aspects. It was seen that nen were using 'natural’
SFF (i.e., one which reflects the physical size of their
| aryrges), whereas wonen were not. Wnen use nore variable
intonation patterns than nen. They also found that there was
correlation between the nedian SFF and height only in nales
and not in females. Wen conpared the absol ute singing range
of men and wonen with their mean SFF, it was found that nen

were | ess variable than wonen. (Snidecor' 51).

Many studies were done to account the differences between
male and female SFF | mportant norphol ogi cal differences
between nmale and female |arynx have been described by Kahane

(1978) and Hirhno (1983) on human cadavers.

According to Kahane, the anterior - posterior dinension
of male cartilage is approximtely 20% larger than that of
femal e. When larynx is fully devel oped, the fenale vocal
folds has nenbranous Ilength of about 10mm and nale about
16mm Conbining data fromKlatt (1976), and Hirano (1984), an
inverse relationship between nenbranous |length and nean SFF

was derived for nmales and femal es.
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Schener et al (1988) showed the type of difference
observed in EGG waveform of nales and females. It was
resonable to conclude that fenmales in nore triangul ar shaped
with linearly convergent glottis, whreas male vocal fold

have nore bul ging nedial surface.

Even in the evidence of nmany studies showing that Fo is
a domnant use for male - fenale distinction (Lass et al,
1976; G addol and Swann, 1983; Colenman et al. , 1972). There
are studies which have shown the inportant role played by

formants in sex identification.

A conparision of Fo in speaking in nmales and fenal es was
done by Anitha (1994). Comparing phonation of different
vowel s and sentences, it was found that in normal males Fo of
sentence were |ower conpared to vowels and in females, Fo of

sentence was hi gher conpared to the vowels /a/, /il and /ul.

Study done by Copal (1986) was ainmed at exam ning
different acoustic paraneters as a function of age and sex in
adults ranging in age from 16 to 65 years. The conparision of
SFF between males and fenmal es was done and findings showed
that mal es used |ower SFF when conpared to female from 16 to
65 years. There was maxi numdifference of 110.7 Hz. at 46-55
years and mnimum di fference of 84.8 Hz. at 16-25 age group
between mal es and fenal es. Further an average difference of
129.7 Hz is seen between males and fenmales in ternms of SFF.

This difference in frequency of vibrations were attributed to
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difference in vocal systenms and difference in vibratory

patterns of vocal cord in nmales and fenales.

Simlar finding were obtained by Bohenme and Hecker
(1970), where results showed that in advanced age, the nean
SFF becanme higher in nen. Hol lien and Shipp (1971) also
reported that from 60 years to 80 years SFF increased in
mal es. In females, many studies have reported a gradual
change in SFF with increase in age (Bohnme and Hecker, 1970;
Kel ly, 1978).

STYLE EFFECTS:

The Fo contour of an utterance represents the frequency
of Quasi-periodic vibration of the vocal fold during voiced
portion of speech. Perceptually, this frequency information
plays a mgjor role in judgenents of pitch |ike segnent and
pause duration, Fo is an attribute of the speech wave that
can provide useful information about the nature of speaker's
i nt ernal processing schenme (Maeda, 1976; Sorenson and

Cooper' so).

Maeda, 1976, O shaighnessy, 1976, have studied style
effect like oral reading on the SFF. A sailent feature of Fo
contour in single clause declarative sentences consist of a
general decline in Fo throughout the sentence. Although many
local rises in Fo may be superinposed on this falling
contour, the presence of Fo declination occurs wth

considerable regularity in both oral reading and spontaneous
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speech. This decline in Fo is generally attributed to a
decrease in lung pressure or/and intra oral pressure during

the utterance (Maeda, 1976).

The long utterances are generally acconpanied by a high
Fo at the beginning of the utterance than that produced for
short utterances. This was observed in the study done by
Sorenson and Cooper (1980), Where they asked the speakers to
read pairs of sentences that varied in length but contained
the sane word at the beginning of the utterance. The results
showed that the peak Fo of the 1st key word in the utterance
was indeed significantly higher in the long than the short
utterances, by average of 13.5 Hz. They suggested that
al t hough, this experinent indicated the existence of speech
planning for oral reading, there is no assurance that the

effect will also hold good for spontaneous speech.

Fo patterns in Hndi speech utterances were studied by
Raj endran and Yegnanarayana (1996). The reading style and
conversation style were chosen for this study. Fo contour of
H ndi sentences that were seen from the typical declarative
sentences Fo set up of about 115 Hz from the onset of the
periodicity and assunmes the maxi mum Fo |evel about 170 Hz at
the final syllable of the first word. By the end of the
final word of the sentence, Fo tapers off to 110 Hz. Fo
contours of the utterance is characterized by valleys and

peaks which are also called the vocal m nim and vocal maxim
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respectively. This declination in Hndi is simlar to many

ot her | anguages.

According to O hman (1968) and Fujisaki (1991) down trend
of Fo is controlled by the l|aryngeal mnuscles while according

to Collier (1975) it is controlled by subglottic pressure.

Study done by Strik and Boves (1995) showed that in all
natural ly produced utterances |aryngeal nuscles affect Fo in
addition to subglottic pressure. They conclude that down
trend can be explained conpletely by subglottic pressure,
however, it is always possible that other unknown factors

al so may contribute to the down trend of Fo.

Studies done to investigate the different style effects
on the SFF are very few. In one of the studies done by David
Graddol and Swann (1983), they conpared text of 2 stimulus
passage. One dial ogue passage with lighting passage. The
values for the neasure of Fo was obtained for both sexes.
The findings showed that the differences in nmean SFF between
the two passages are significant for both nmen and wonen.
This difference was attributed to a greater variability and
upward inflection in dialogue passage when conpared to

i ghting passage.

In the sane study, authors correlated height and nedi an
SFF for both the passages. It was found that in male
subj ects' "dial ogue" passage, the correlation between nedi an

SFF and speaker's height were not significant. Speaker s
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hei ght however, showed a significant correlation wth median

SFF "lighting" passage, in case of nuales.

LANGUAGE EFFECT:

The contour of speech utterances produced by a nornal
human being is determned by linguistic factors such as
phonol ogy, nmor phol ogy, syntax and semantics. There are
studies which have found differences in average speaking
f undament al frequency between speakers from different
countries, suggesting that cultural differences and |anguage
di fferences have sone influence on SFF Maj ewski et al
(1972) found the average SFF of a sanple of 103 adult polish

males was 137.6 Hz, whereas SFF of Anerican subjects was

118.0 Hz.
Raj endran and Yegnanarayana (1996), in their study of Fo
patterns in H ndi speech utterances, investigated the Fo

contour of a sentence spoken in English by a native speaker
of Hindi. They also conpared the English utterances of native
H ndi speaker to the utterance of native English speakers.
Fi ndi ngs showed different Fo patterns for H ndi speakers had
a valley followed by a peak in first and second syllables for
English speakers, peak followed the wvalley. Aut hor s
concluded that if nornms for correction for English is that of
the native English speaker, then Fo pattern shown by native
H ndi speaker is an "error" and this error is due to the
reflection of the grammatical system of first |anguage nanely

Hi ndi



44

FO AND SI NG NG

"The act of speaking is a very specialised way of using
the vocal nechanism the act of singing is even nore so
speaki ng and signing demand a conbination and interaction of
t he nechani sm of respiration, phonation, resonance and speech

articulation” (Boone, 1977).

Comparison of respiration during quiet breathing and
singing, had shown that nore air is wused in singing as
conpared to queit Dbreathing. Pressure ranges from high
negative pressure during inspiration to relatively high
positive pressure during inspiration while singing. Furt her
Proctor (1980) had stated that phonation either for speech or
singi ng doesnot denmand high degree of pressure but delicacy

of use of breathing nechanisns was required.

In singing the vowels are prolonged since they are
especially switched to carry nelody, it follows that the
rhythm cal, dynamc and nethodic qualities of specially and

singing differ only in regard to quantity and quality.

The attributes of voice are pitch, |oudness and quality.
And know edge of pitch, its control mechanism - nodul ation

and mai ntenance is inportant for a singer.

Zinkin (1968) had stated that fundanental frequency
varied depending upon the shape and volunme of the resonating
tract and is different for different vowels. Alteration of

the shape of the vocal tract shift format frequencies and
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singer's use this technique to inprove resonances and voice

quantity.

Vibrato is an essential characteristic of singing voice.
The artistic quality of 3inging is frequently judjed by the
presence of vibrato in the voice. W nckel (1971) believed
that vibrato is due to fluctuating activity in the vocal
nmuscul at ure, Large (1973) suggested that its conbined
| aryngeal and respiratory nmechanism with |aryngeal factor as

havi ng dom nant role in the production of vibrato.

Range of pitch used for singing by npst singers is two
to two and half octave. Luchsinger (1965) studied the voice
of a female singer and found the range as four and half
octave. Fairbanks (1945) commented that <child' s singing
ranges varied very little in boys and girls over the mddle
octave at the age of 7 years and at 8 years the voice range

in slightly extended.

According to Boone (1971) “"related to production of
voice pitch range of any individual is voice register". It
appears that a particular register characterizes a certain
pattern of vocal cord vibration wth the vocal cords
approximating in a simlar way throughout the pitch range.
Once the pitch range reaches its maximum |limt the folds
adjust to new approximtion contour, which produce an abrupt
change in vocal quality. Van Den Berg (1959) classified and
described registers as chest, mdvoice and falsetto. Fromthe

perceptual view point voice register is confined to the
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simlar sound of the individual voice at various pitches.
Klein (1967) had stated that the |ower tones had been call ed
the chest register and the higher tone had been called as

upper register or head register.

Moses (1954) considers "register, as that refers to
physical acoustic event which results from an energentic
change within the nuscular co-ordination of the vocal cords.
Thus physiologically the rmaxinmum range of pitch was
determned by the length and shape of the singer's voca
folds, shape of the vocal tract and ability to coordinate
nmuscl e for phonation. Sundberg (1979) studied the role of
FI and Fo control in nale and fenmale singing. He found that
Fo control was affected when FI was danped out, nore so anong

mal es than femal es.

Bl oot hooft and Plonp (1986) found that irrespective of
the node of singing the sound level of the singers formants
remai ned constant upto Fo = 392 Hz when Fo val ues crossed 392
Hz, a variation on sound level ranging from 9 to 14 dB was

f ound.

Studi es have been conducted to determine the relation
bet ween vowels and Fo. Bl oot hooft and Plonp (1985) found
that vowel <configuration were simlar for male and fenale
singers upto an Fo = 220 Hz. Beyond this spectral variations
were observed. They also found that relation between the

average sound level of singer formants and Fo to be vowel
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dependent. Benol ken and Swanson (1990) studied the effect of

pitch related change on the perception of sung vowel.

Fugi saki (1981) and Suderburg (1982) found that the Fo
changes in music were best explained when they wused a
logarithmc scale rather than a linear scale was based on
physical laws, so they found to adequately represent the

dynam ¢ characteristic of Fo.

In a study by Ragini (1989) the fundanental frequency was
measured in reading, reciting and singing conditions. The
followng results showed that nmean Fo was found significantly
different in all three conditions. It was found that in
singing a higher Fo (261.95 Hz) had been used than in other
condi ti ons. It was also observed that variability of
fundanental frequency in singing (SD 40.53) had been nore

when conpared to other two conditions.

FUNDAMENTAL FREQUENCY AND SPEECH RECOGNI TI ON

The chain of events from conception of a nessage in the

speaker's brain to arrival of the nessage in the listeners

brain is called speech chain. |In many applications of speech
processing a part of the <chain is inplenmented by a
stimulation device. In automatic speech  of speaker
recognition, an algorithm takes the |listener's role in

deci phering speech waves into either the wunderlying textual

nmessage or a hypothesis concerning the speaker's identify.
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The nost basic problem of speech recognition is how to
reconstruct the discrete |linguistic conponents from the
overlapping and interwoven cues 1in the acoustic signal
There also many variation encountered in the speech I|ike
linguistic variation, personal variation (Bristoro, 1986)

style variation which will affect the acoustic correlate.

In actual fact, the effectiveness of every recognizer is
determ ned by the appropriateness of its response. I nput
utterances may be considered equivalent if they have sane
intended responses or different if they should vyield
different responses. This producers "equival ence classes" of
spoken inputs which changes wth tal ker, speaking rate, the
recordi ng environnment, style of speaking and variabilities in

details of pronunciation.

In the speech production point of view, this input -
out put si gnal processing is well understood by the
comuni cative "source" of the speech signal and also the
I ndi vidual can capture essential aspects of the man in which
speech was produced by the human vocal system (Eg: rate of
vibration of vocal cords, vocal tract resinous, co-

articul atory novenents etc).

Acoustic paraneters of speech recognition can be nmainly

divided into tinme - domain and spectral paraneters.

Time domain paraneters include peak anplitude and peak-

t o- peak neasures. Large wave form peak are produced by the
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periodic excitations of the human vocal tract by puffs of air
fromthe vocal cords and the tinme interval between successive
excitation peaks provide the pitch period the reciprocal of
the pitch period is the fundanental frequency of the voice
which is wused for prosodic analysis. Wthin each pitch
period, there are succession of progressively snaller peaks,
indicating the resonance characteristic of the human vocal
tract as a resonating tube for vowel - |ike sounds, the peak
count in each pitch cycle can be the cue to the frequency of

t he dom nant for mant.

In frequency domain, voice fundanental frequency can be
found from the spacing between the harnonics or from central
analysis vowel detection is also reliabily acconplished,
based on energy region of each syllable nucleus and presence
of voice. The prosodic fractures of vowel energy, duration of
formants and fundanmental frequency provide confirmng cues to

vowel identify.

Many authors tend to agree that duration of utterance
and fundamental frequency as inportant variables anong the

variables in the process of speech recognition.

A study was under taken by Ashok Kumar (1989) to find
out effect of wvariation in fundanental frequency on speech
recognition. In order to find the effect of wvariation,
were nmade to utter the digits at habitual pitch and pitches
hi gher and |ower than habitual pitch of the subjects. Nunber

of currently recognized digit at different pitch levels were
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shown wusing three different recognition nethods i.e., cosh
measur e, m ni mum prediction residual nmethod and |inear
prediction coefficient. Results indicated that, at habitual
pitch both cosh neasure and Ilinear prediction co-efficient
yields good results. The digits are recognised 80%to 90% by
these 2 nmethods out habitual pitch. But as the pitch was
varied, the percentage of recognised digit went down. Thus
showi ng that recognition of digits is affected by varying the
pitch. Same study also showed that at low pitch were very
poorly recogni sed (about 40% . Better results was obtained
at higher pitch level with respect to low pitch |level. (Ashok
Kumar, 1989).

St udi es on speaker recognition (Abberton, 1970;
Lariviere, 1975, Atal, 1972) have suggested fundanental
frequency as an inportant paranmeter in speaker recognition
tests. It was not obvious what neasures of fundanental
frequency were likely to be the nost appropriate. But authors
had clained that it could be <concluded that change in

fundanental frequency may affect speaker recognition.
FUNDAMENTAL FREQUENCY AND SUPRA SEGVENTALS:

Supra segnentals can be described as variations |arger
than individual segnents, overlaid upon a word, phrase or
sent ence. They include intonation, stress, rhythm and
juncture, primary prosodic paraneters and the psychol ogical
attri butes of sound pitch, | oudness and dur ati on; whi ch have

a primary relationship with the physical dinensions of
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f undanent al frequency, anplitude and time respectively

(Crystal, 1969).

Stress is the perception of some linguistic unit as
enphasi zed or promnent in contrast to surrounding units.
Fry (1958) studied the relative role of each acoustic
correlate involving stress. He concluded that fundanental

frequency tended to dom nate duration and duration tended to

dom nate intensity. Stressed segnments are perceived as
| ouder, longer and higher in pitch than the unstressed
segnents, (Fry, 1958). In English stressed norphones have a

characteristic energy curve. The force of articulation rises
sharply at the beginning, culmnates in the stressed syllable

and tapers off towards the end (Kurath, 1964).

One of the primary studies regarding the acoustic
cue/ cues was relevant for the perception of stress in English
was by Scott in 1939 who found that fundanmental frequency as
important in every stress. Bol i nger (1958) al so supported
this view. Study done by Mrton and Jassem (1965) showed that
f undanent al frequency produced a greater ef f ect t han

intensity or duration in the perception of stress.

Westin, Buddenhagen in GObrecht (1966) in their study
showed that frequency specifically the frequency of the first
syllable, overriding opposing cues of pitch quantity and
intensity in the final syllable provides the primary cue for

identification of stress.
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Summarizing the findings on English stress, WIlIliam
(1986) stated that there was a fair degree of consensus as to
the acoustic correlate of stress in English. The primary cue
to stress was a change in fundanental frequency (Fo) within a
syl l abl e and the next nobst inportant cue was a step change in
to between a stressed syllable and a nei ghbouring syll able,
the stressed syllable wusually having higher Fo. For
Li eberman, (1960) the neasure of peak anplitude was nore
reliable than duration, while Fry (1958) also noted that in
the case of changes in Fo wthin a syllable nore than the

actual shape and extent of the Fo change, its occurrence was

nore inportant.

Fry (1958), studied the relative role of pitch, |oudness,
tenpo and change in formant pattern in using stress. H s
findings showed that fundanental frequency tended to dom nate

followed by duration inturn followed by intensity.

Intonation is described as the patterned variation of
pitch over [linguistic wunits of different |ength. The
changing Fo perceived as the intonation contour of a phrase
or sent ence I's particularly effective In  expressing

differences in attitude and neani ng.

Study conducted by Hutten (1968), showed correlation
between the acoustic variables and degree of enotion. Degree
of perceived enotions was found to be highly and positively

correlated with Fo range and Intensity range.
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Physi ol ogi cal correlate of rising intonation was showed
by Liberman (1967). He ~clained that rising intonation
resulted chiefly from increased cricothyrind nmuscle activity,

| engt hening of vocal folds for faster vibrations.

Changes in pitch, according to Wolbert (1977) carried
significant enotional information, for exanple, the w dest

ranges were usually seen in anger and narrowest in grief.

The intonation contours occur in various forns in
different linguistic contexts. At the elenental and
segnmental Ilevels, nanely the phonenes and words, one finds

enough support in the literature which points to the nore or
| ess consistent fractures of Fo (Lehiste and Peterson, 1961;
Silverman, 1986). This however does not remain the sane at
phrase or sentence |evel (O shaughnessy in Allen, 1983). The
decl i nati on phenonmena of Fo in discourse was accepted as a
uni versal phenonenon by many investigators (O shanghnessy,

1979; nneda, 1981) .

Proponents of "rise-fall" dichotony view (Lehiste and
Peterson, 1961; Mohr, 1971, Abranmson and Lisker, 1985)
claimed that the Fo fell after voice in stops but rose after
voi ced stops. They also stated that the direction of post
rel ease Fo was contextually invariant. The "FO rise" view
(Silverman, 1986) on the other hand clained that the onset
frequency of post release Fo was raised after all stops, if
they were phonol ogically voiced. According to this view, Fo

contour was a conbination of segnmental perturbation added on
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to a snooth underlying intonation contour, i.e. the direction
of post release Fo depended not only on segnental phonetic
features but also on the prosodic structure (Silverman

1986) .

Cooper, Scares, Ham and Dorman (1983) determ ned the
i nfluence of speaking rate and enphatic stress on patterns of
Fo. They reported that Fo peaks were higher in fast speakers
and in fast rate of speech enphatic stress, was associ ated
with an increase in Fo on the enphasized word and a |owering

of Fo on the neighbouring word.

Intrinsic Fo difference between vowels was also
extensively studied by various investigators (Peterson and
Barney 195), Mbhr, 1971; Atkinson 1973 and Honda 1981). Al
of them have reported that the fundanental frequency in high
vowel s was higher than that of the |ow vowels, in unchanging
i ntonational contexts. Some investigators had observed that
the magnitude of intrensic Fo (lIFo) difference varied from

| anguage to | anguage (Ladefoged, 1964; Lehiste, 1970).

Ladd and Silverman (1984) tested for I[Fo effects in
paragraph of connected speech as well as in carrier phrases.
They investigated I[Fo in specific context in which they
controlled the sentence position, nuclear stress and high/low
Fo in speakers range. The results indicated that the |ow Fo,
rather than low stress or phrase final position, accounted
for decrenents in intrinsic Fo effect. Shandle (1985) pointed

that there was an interaction between sentence position and
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intrensic Fo differences. The results of his study showed
that the Intrinsic Fo differences were generally snmall in

sentence final, unaccented positions.
Fo in phrases and sentences:

Coment i ng on the patterns of Fo in English
O shangnnessy and Allen (1983), observed that a typical Fo
contour of an English utterance would be viewed as the
conposite result of a set of heirachial patterns (associated
with sentence, phrase, word and phonene). The Fo pattern

descri bed were as foll ows:

1) Uterance |evel: This was considered a prototypica
pattern of a sentential utterance, the highest level of Fo

contours which could be related to breath group effects.

2) Phrase level: A cunulative Fo pattern when the effects at

the clause or phrase |evel were considered.

3) Word level: Depicted the additional efforts of Fo enphasis

at the word | evel

4) Phonene level: Atypical, conplete Fo contour, including
al | levels of Fo efforts, the phonemc effects were
mani fested in the continuity break of the curve,

representing unvoi ced section of speech.

In other words, O shanghnessy and Allen (1983) stated
that the sentence level determned the overall Fo shape.

They pointed that the overall pattern of Fo in a breath
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group. For English utterances other than Yes/no questions,
started on a relatively low level, rose rapidly on the 1st
enphasi zed syllable and then gradually declined to reach a
very low |evel. In Ye3/No question, Fo differed fromthe
typical pattern by falling less after the initial rise and
rising rapidly at the very end to the highest level in the

utterance (O shaughnessy, 1979).

Wth reference to phrase l|level, which was the second
hi erarchial |evel, O shanghressy and Allen (1983) agreed with
Lee (1956), dive (1975), who reported that certain points of
the utterances were often marked by Fo changes at nmgjor
syntactic breaks. They further stated that within the nornal
gradual Fo fall of the breath group, such breaks were
i ndicated by discontinities in the Fo pattern, such as a
sharp Fo fall, followed by a rise on the final voiced phone

before the break.

Delattre et al (1965) had pointed to the fact that this
"Continuation rise" Fo pattern was wused to signal to the
listener that the sentence was not yet conplete because Fo

fall to a low level indicated finality.

The effects of nopdality operators such as sentential
adver bs, nodals, negatives and quantifiers on a Fo pattern.
Recorded sentences and paragraphs were analysed for the Fo
feat ure. It was found that the inportant words in each
sentence were marked intonationally with rises or sharp falls

in Fo conpared to gradually falling Fo unenphasi zed words.



57

These enphasis duration were neasured in ternms of Fo
variations from the norm It was found that the Fo

variations were |arger.

1) In the beginning of the sentences
2) In longer sentences
3) In syllables surrounded by unenphasi zed syllable

4) |In contrastive contents

O her results showed that enbedded clauses tended to
have lower Fo and negative contractions were enphasized on
this first syllables. I ndi vidual speakers differed in
overall Fo |evels. It was al 30 seen that the Fo vowels
changed in paragraphs, wth enphasis going to contextually

new i nformati on (O sharghnessy and Allen, 1983).

Two major differences between Yes/No questions and other
sentences was studied by O shanghnessy and Allen (1983).

These differences were

a) The mddle of the utterance exhibited only a very slightly
falling declination, with Fo remaining above 140 Hz after

the early enphasis rises.

b) Fo increased sharply on the last word to the highest |evel
in the utterance, rather than falling to the |owest |evel

as in other sentences.

A series of experinments were conducted by Cooper and

Sorensen (1977) to determine the extent to which speakers
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syntactic | oading influenced the Fo contours in the region of
syntactic boundari es. The results showed that the fall rise
patterns were nore pronounced at the boundaries between two

nonj oi ned cl auses.

In a study, O shaughnessy (1979) exam ned the pattern of
Fo extracted from natural speech of nmale speakers reading
i sol ated sentences. Fo contour as function of time exhibited
systematic behavior with regard to sentence type, Syntactic
construction and word type. He suggested that the basic Fo
novenents of rise fall can be considered the fundanental
[inguistic paraneter which constituted the Fo feature
pattern. Rises and falls, which were controlled by the
speakers and perceived by the listener were related closely
with the perception of phomenmes wth stress, syntactic
boundaries, certain phrases and sentence type (Chala, 1970
Klatt, 1973). The level Fo (relativeity flat or slightly
falling Fo) , rises and the fall in Fo were described as

linguistically relevant Fo patterns.

Declination refers to the fact that the pitch of the
voice is nost comonly lower at the end of a sentence than it
is at the beginning (Cruttenden, 1981). In long stretches of
conti nuous speech, there is a global tendency for the Fo
never to decline with tine, despite successive local rise and
falls (Vaissiere, 1983). Thi s phenonmenon was observed in a
nunber of |anguages, in English (Magno - Cal dognetto, 1978),
in ltalian (Fujisaki, 1979), in Japanese (Honmbert, 1974).
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Hi ghlighting the general properties of Fo contours in
unmarked sentences in a nunmber of |angauges, Vaissiere

(1983), observed sonme common tendencies. They are

1) A tendency for Fo values to fluctuate between the plateau

and the baseline, which delinmted the speaker's Fo range.

2) A tendency for the Fo range to dimnish a function of

tinme.

3) A tendency to start sentences wth a large sentence

initial rise in Fo, located on one of the first syllables.

4) A tendency to repeat a succession of Fo rises (R and
lowering (1): a pair of opposing novenents indicazing a

prosodi ¢ word.

5) A tendency for the highest value of Fo to be |ocated on

the first prosodic word of the sentence.

Al t hough the declination pehnomenon was reportedly found
in many | anguages, there was |ack of agreenent regarding the
uni versal nature of this phenonenon in speech. Uneda (1982)
tried to verify the statement that the down drift Fo was
an uni versal phenonenon. In a study, the Fo of sentences in
di fferent nodes of speaking i.e., short unrelated sentences,
an essay and free conversation were studied, the results
indicated that the Fo pattern becones conplex as the

complexity of the nontextual information increased.
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It was noted that declination was observed in situation
where the neaning of the sentences was not expressed well by
the talker or was not specified by nontext or a gradua
preparation for sentence term nation was made. He also felt
that "mechanical" or "bored" reading should be avoided if
possi bl e. Thus it is noted from the literature that
i ntonation gestures, namely rise and fall contour novenment in
segnents differs from words to paragraphs and Fo declination

phenomenon is well noted.

Many studies have been reported on the enotive
intonation patterns (Pence, 1964; Chapellez, 1964; Fo' nagy
and Magdics, 1963; Manjula, 1979; Nataraja, 1985). Fo' nagy
and Nagdics (1963) described enotive intonation patterns in

Hungari an. They concl uded that:

1) Joy was denoted by an increase pitch range.

2) Tenderness was expressed by a non fluctuating higher pitch
| evel .

3) Longing was denoted by a narrow pitch range.

4) In case of surprise, the voice suddenly glided up or down
to a high level within the stressed syl |l able.

5) Angui sh was denoted by an extrenely narrow pitch range

6) Sarcasm was devoted by a stressed syllable sliding to a

| ow | evel
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Nataraja (1985) found the followi ng patterns for enotions
i n Kannada.
1) Joy - Hgh - md - high
2) Sarcasor - md - |low
3) Disappointment - High - md - high - md

4) fear - md |ow

Follow ng are the analysis of enotion expressed in H ndi

(Nat araja, 1981)

1) Anger - Md - lowmd

2) Joy - Hgh - md - high - md
3) Jealousy - md - |low

4) Neutral - md - low - |ow

5 Mercy - md - low- md

The sanme study also analyzed the intonation patterns in

other 2 |anguage, the pitch pattern were as follow ng.

Enoti ons Guj ar at hi Tam |

1) Anger M d- | ow hi gh- | ow m d- | ow m d

2) Joy md | ow md-|ow hi gh-m d- hi gh-m d
3) Jeal ousy m d- | ow m d- | ow

4) Neutral m d-| owm d m d- | ow- | ow

5) Mercy m d- | ow m d-| owm d

Thus above studies show that change in pitch have sone
enotional significance and it is also agreed by a nunber of
researchers that Fo contours my play a role in the

perception of intonation of sentences.



62

I n Dysphoni cs:

SFF has been found to be different in dysphnocis than in
normal s (Sawashi ma, 1968; Cooper, 19 75; Murray, 1978; Mirray
and Bonerty, 1980).

Beck and Schnerdor (1926) denonstrated that any part of
the larynx mght be sight of congenital or acquired
mal formati on vocal disturbances and particularly expected
when the vocal cords are affected. Any irregularity in
l ength, breadth, thickness, nuscular devel opnent, asymetry
in physical properties of +the vocal <cords affects the

acoustical quality of the voice.

Languaite and Waldrop (1964) state that, "there is a
general agreenment in the literature that vocal nodules are
produced by using a pitch that is too high and contact volurs
by using a pitch that is too |ow O her types of |aryngal
pat hol ogi es, such as polyps, Pol ypoid degeneration and
chronic laryngitis although not associated especially wth
use of wong pitch, are thought to be primarily the result of

vocal abuse.

Luchsi nger and Arnold (1965) observed that many patients
with nodules used an unnaturally |ow speaking pitch. They
also note that many patients wth nodules had histories
suggesting that prior to dysphonia they habitually used an
unnaturally low speaking pitch which mght have contri buted

to the devel opnent of the |esion.
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Various disorders of larynx interfere with approximtion,
tension and vibration of the vocal cords my lead to
hoar seness. Many authors have discussed hoarseness as a
maj or deviant quality found in patients with voice disorders
(Van Riper and Irwin 1958, Mre, 1971). They also observed
that a growth on the vocal folds Ilowred the pitch and
affected the quality of voice. Hoarseness has been described
in ternms of physiology involved at the level of larynx. Thus
interns of the acoustical correlate of the wvibrating
structure behaviour, there may be variations (Seth and

Guthrie, 1935).

Hanson, Gerratt and Ward (1987) suggested that majority
of phonatory dysfunction are associated wth abnormal and
irregular vibration of vocal folds |eading to generation of
random acoustic energy, ie.., noise, fundanental frequency
and intensity variation. This random energy and aperiodicity
of Fo is perceived by human ears as hoarseness. Hence the
spectral, intensity and Fo paraneters are nore appropriate in

quantifying phonatory dysfunction.

The frequency related paraneters are the nost rugged and
sensitive in anatom cal and physi ol ogi cal changes in

dysphonics larynx (Hanson, Gerratt, and Neard, 1981).

Van Leden et al. (1960) reported that, in pathologica
condition, there is wvariation in the vibratory pattern,
acconpanied by transient pressure charges across glottis

which are reflected acoustically as disturbance in Fo and
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anplitude patterns. Swashima (1968) reported a rise in nean
fundanental frequency in case of sulus vocals and fall in

mean Fo due to disturbances in nmutation in mal es.

M chel (1968) had studied the difference in nean
fundanmental frequency between vocal fry harshness and nornal
vVoi ce. Ten adult males recorded a standard passage in their
normal voice and then in vocal fry. A second group whose
voi ce had been clinically, diagnosed as harsh, recorded the
passage in their usual harsh voice. The results of the study
indicated that vocal fry could be differentiated from
clinical harshness and normal phonation on the basis of nean

fundanmental frequency.

Jayaram (1975) had nade an attenpt to conpare sone of
the paranmeters of voice between normal and dysphonics, In his
study, a significant difference energed in habitual frequency
between normals and dysphonics, showing that study of
fundanmental frequency had inportant <clinical inplication.
Simlar results and conclusions were obtained in the study

done by Cooper (1974).

A study was undertaken by Fritzell et al., (1989), to
determne the Pitch ~changes followng the surgery for
oedemat ous vocal folds. The results showed that in al
patients there was an upward shift in fundanental frequency
as a result of operation. This showed that neasurenent of
the fundanental frequency was a sinple nethod to nonitor post

operative changes in case of voice in vocal fold edena.
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Susheela (1989) undertook study to draw a conclusion
regarding the usefulness of aerodynamc and acoustic
measurenments in case of laryngeal |esions. The results
showed significant differences in fundanental frequency,

phonati on duration between pre and post operative neasures.

D vya (1996) studied fundanmental frequency of dysphonics
before and after therapy. The findings showed that conparison
of Fo before and after therapy anong dysphonics reveated
di fferences. In all ~cases, there was a decrease in Fo
followi ng therapy. The differences were statistically
significant for vowel /u/ and not significant for vowels /i/

and / al.

Cooper (1975) had conpared fundanental frequencies in
dysphonic patients before and after vocal rehabilitation. He
had reported that one fifty out of one fifty five patients
were using low pitch before therapy. After therapy they were
free of hoarsness. From the neasurenents of fundanental
frequencies obtained, it was posited that the use of pitch
below the optimal level is a major factor in initiating or

contributing to nost types of dysphonics.

In a study by Biswajit Das (1995), the phonation of /a/,
/1] and /u/ and spontaneous speech production of normals and
dysphones were anal ysed. The finding showed a higher nean
and SD val ues of fundanental frequency for dysphonics in both
the conditions when conpared to nornals. He al so found that

dysphoni cs had nean val ues of "highest Fo" for the sentence
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was hi ghest when conpared to the nean value of /a/, /i/ and
[ ul. However nean value of "lowest Fo" of sentence was

| owest when conpared to /a/, /il and /u/.

EFFECTS OF SMOKI NG ON SFF:

SFF of human voice is a neasure which has often been used
to asses the condition of larynx. Study done by Lorensen and
Horii (1982) showed significantly low Fo values for snokers
than non-snokers. This result was particularly true for nale
subjects in oral reading and spontaneous speech task. This
study did not show statistically significant difference in
f emal es. They explained this by saying that predom nance of
younger fermale subjects would tend to skew the data towards
non- snokers. Second explanation may be that the length of
the tine and anmount snoked had affected the results. They

al so found that mal es snoked heavily than fenal es.

Glbert and Wisner (1974) investigated effects of
cigarette snmoking on SFF for female snokers. They found that
wonen who snoked had a |ower Fo than wonmen nonsnokers. The
results of their study was significant in readi ng passage but
not in spontaneous speech. The authors also suggested that
low Fo values of female snokers nay have been result of
t hi ckness of vocal folds and connective tissue caused by

cigarette snoking.

Ryan etal (1955) conpared mcroscopic section fromthe

| arynges of snokers and non-snokers. They found that surface
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epi thelium hyperplasia. They also found that snokers showed
greater degree of round. Cel | infiltration, edema and
squanous cell netapl asis. Auer bach etal (1970) should that
epithilial thickening of the true vocal folds was greater in

snokers than ex-snpbkers and non-snokers.

The above studies provided histopathological evidence
for lowering of the SFF that was seen in the snokers conpared

t o non-snokers.

According to the literature, there seenms to be a
definite variation in speaking fundanmental frequency (SFF)
and the source of variation has been studied. Yet data in
sone areas are limted. This present study was ained at
investigating presence of significant relationship between
t he speaking fundanental frequency (SFF) wvariability and

foll ow ng vari abl es.

1) Style of speaking
2) Gender

3) Langauge

4) Laryngeal pathol ogy
5) Snoki ng.
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METHODOL OGY

The objective of the present study was to find
fundamental frequency in speech and to study the effect of

followi ng variables on it.

1) Language effect (Kannada, Hindi, English)

2) Gender effect

3) Style effect (Interview-Narration and Readi ng)
4) Effect of Laryngeal Pathol ogy

5) Effect of Snoking

Subj ect s:

Nunber Age Range Criteria for
Sl . No. Subj ect s M F (Yrs) Sel ection

1) Nor mal s Gener al :

No appar ent
speech and
hearing or ENT
pr obl em

a) Native Speakers 15 15 17-24 Kannada as 1st
of Kannada Language

b) Native Speakers 15 15 17- 24 H ndi as first
of Hi ndi | anguage.

Bot h groups:

M ni num of 5yrs
of experience in
speaki ng
Engl i sh.

2) Dysphoni cs 15 15 25-50 Di agnosed as
case of voice
di sorder after
routine
ot ol ar yngol og-
ical , speech and
audi ol ogi cal
eval uation.



3)

Smoker s

15

69

18-25

No therapeutic
i nterventi on was
under t aken.

Hi story of
snmoki ng

habi tual ly for
one year or
nor e.
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EXPERI MENT 1:

Purpose: To obtain sanples of spontaneous speech through

i nterview node.

Subjects: All subjects who participated in this study

were given this task.

Material: Five questions were designed for this tasks.

They were,

1) What is your place of birth?

2) \Where did you study?

3) Which | anguage do you speak at home?
4) \What are the other |anguages you know?

5) Which of these |anguage you are fluent in?
I nstruction:

Just Dbefore recording, subjects were instructed as

foll ows.

"I would like to record your speech sanple. Now | am

going to ask you some questions, for which you have to answer

in conplete sentences. Questions will be asked in English
and you wi Il have to answer in English |anguage"
Procedur e:

Experinmenter interviewed each subject informally and
responses were recorded, wusing sony deck TCFX 170 with

uni directional mcrophone kept at a distance of 6 inches from
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the speakers' s nouth. All recordings were done in 3ound

treated room

Experinment |1:

Purpose: Aimof this experinent was to elicit spontaneous

speech through narration node.

Subj ect s:
Subj ect s Language
(of narration)
1) Native speakers of - Kannada
Kannada - Engl i sh
2) Native speakers of - Hi ndi
Hi ndi - Engl i sh
3) Dysphonics - Only Kannada
4) Snokers - Only English
Mat eri al :
For English story narration; a well known short story

(See Appendix - 1) was sel ected.

For Kannada story narration: English story which was

sel ected for narration was transl ated.

For Hndi story narration: Hindi translation of English

short story was used.
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| nstruction:

The material were given to the subjects twenty four hours

before recording and were instructed as follows.

"You are provided with short story. You have to read and
retell the story the next day. You will not be allowed to

read fromthe card".

Just before the recording was to take place, subjects

were instructed as foll ows.

"You have to now narrate the stories that were given the
previ ous day. Retell the stories in your own words. The
witten version of the story will be available as a nenory

aid, but you should not read fromthe card".
Procedur e:

Sane procedure as in experinment | was undertaken.
Experinment 111:
Pur pose:

To obtain sanples of formal reading style.
Subj ect s:

Sanpl es of reading style were obtained fromall subjects.
Language in which the reading passage sanple was obtained

were simlar to narration node.
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| nstructi on:

For readi ng passage, subjects were instructed as foll ows:

"You have to read this passage given to you".

Pr ocedur e:

Procedure is simlar to one used in Experinent

Experiment [V

Al'l subjects were asked to phonate /a/ for three tines.

Acoustic anal ysis:

The analysis was carried out using the follow ng steps.

The recorded speech sanple were digitized using speech
interface unit of VSS (16 bit A/D converter) at a sanpling
rate of 16 KHz using the programme, 'record or VSS software.
Before digitizing, each sanple was passed through the anti -
alaising filter at 3.5 KHz with the rate of 48 dB per octave.
Digitized data was stored on the hard disk of the conputer

(HC, LPC - AT 386).

The software package, "VAGAIM " of voice and speech system
(VSS) was used to extract fundanental frequency and intensity
readings of the sanple. The extraction of fundanental
frequency (FO and intensity (10) was done using |NTON

programe of VSS software.
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A wi ndow size of 30 mllisecond in case of speech sanple
of males and 20 milli sce in case of speech sanple of femnales

wer e used.
STATI STI CAL ANALYSI S

Fol | om ng acoustic analysis, the data was subjected to
descriptive statistical analysis and the nean, node, standard
deviation and range were obtained for speaking fundanenat al

frequency.

The values obtained were further subjected to the Mnn
Waitney U test (SPSS programme) to find whether there was any
significant influence of variables undertaken on speaking

fundanmental frequency (SFF).
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RESULTS AND DI SQUSSI ON

The present study is aimed at finding out different
vari abl es affecting speaking fundanental frequency and their

i nfluence on the habitual frequency of the individual.

Vari abl es undertaken were Gender, Language, Laryngeal
Pat hol ogy, Snoking and Style of speaking: Reading, narration

and interview

Descriptive statistics like Mean, Mode, St andard
deviation and range were obtained and their inplications have
been discussed. The test of significance was adm ni stered
to investigate whether there was any significant relationship

bet ween SFF and vari abl es undert aken.

The results obtained were as foll ows.

Style of speaking as a variabl e:

Speaki ng fundamental frequency (SFF) was obtained for 3
speaking style: reading, narration and interview Fundanental
frequency of /a/ was determined in order to conpare with

fundanmental frequency obtained in speech.

The study of the table 1.1 and graph 1.1 clearly show
t hat hi ghest nean SFF was obtained for reading style (161.23
Hz) and |owest for phonation of /a/ (118 Hz) and narration
falling in between with mean SFF value of 130.02 Hz. Thi s
was noticed in both nmales and females. The mean val ues for

reading varied from 140.2 Hz to 179.3 Hz in nmales and 248.6
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Hz to 277.4 Hz in fenales. Waile in narration, it varied
from 145.5 Hz to 161.5 Hz in males and 215.5 Hz to 265.3 Hz
in females. Range and S. D values indicated that variability
was high in narration and least in reading in fenmales whereas
in males variability was found to be higher in reading style

and least in narration style.

Table 1.1 shows the node values obtained in native
speakers of H ndi |angauge. These values in the present study
indicates the frequently wused frequency - the habitua
frequency. The nmale speakers of the present study habitually
used 142.0 Hz, 135.2 Hz and 123.6 Hz for reading, narration
and phonation respectively while in females the node val ues
were found to be 248.6 Hz, 215.0 Hz and 212.1 Hz in reading

narration and phonation respectively.

The test of significance revealed that there was
statistically significant difference between reading style
and narration style in both nmales and fermales at 0.05 |evel
of significance. The conparision of SFF values of reading
and narration to Fo value of /a/ showed that significant
di fference were observed for reading and phonation, whereas,
phonation and narration revealed no significant difference.
The gender effect was investigated and it was found that
there was significant difference between nmales and females in
all three nodes i.e., speaking, narration and phonation, wth
females showng higher SFF values conmpared to nmales as

expected. This is clearly seen in the graph 1-2
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Table 1.2 and graph 1.3 depict the follow ng results.

Mean and node values the found to be highest for reading

and least for phonation with narration falling in between.

Range and st andar d devi ati on val ues i ndi cat ed | ess

variability in reading and narration style for both males and

females. In females, node values for reading narration and

phonation was found to be 249.8, 237.0 and 224.2 Hz

respectively. 1In males, values obtained were 140.2 Hz, 121.2

Hz u4a. 0 Hz for readi ng, narration and phonation

respectively. These values indicated that male and female

speakers used higher habitual frequency in reading when

conpared to narration. The study showed statistically

significant differences between reading and narration style

and reading and phonation while no such differences were

obt ai ned for narration and phonati on.

Graph 1.4 shows nean difference in SFF obtained in males

and females in reading, narration and phonation. The habitua

frequency of females was found to be significantly higher

(249.8 Hz) than males (140.2 Hz) for reading style. For

narration style the habitual frequency was found to be 237.0
Hz and 121.2 Hz in males.

Statistically significant gender di fferences were
obtained in reading and narration style. Gaddol & Swann
(1983) studied gender effect on Reading & Dialogue task and

found statistically significant gender differences.
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LANGUAGE AS VARI ABLE:

One of the ains of the present 3tudy was to investigate
whet her SFF val ues differed with | anguage. SFF val ues across
2 native languages i.e. Hndi and Kannada and first and
second | anguage anong the native speakers (i.e. Kannada and
English/H ndi and English) were conpared and follow ng

results were obtained.

Table 2.1 shows nean, node, S.D. and range of SFF for
reading style in Hi ndi, Kannada and English |anguage read by
the native speakers of Hndi and Kannada. Gaph 21
pictorially depicts the nean SFF values across different

| anguage for mal es and fenal es.

Study of the Table 2.1 and Graph 2.1 shows that in males
SFF nmean val ues are higher in native speakers of Hindi (161.3
Hz) when conpared to native speakers of Kannada (155.6 Hz).
In female subjects, higher SFF values were obtained in
Kannada speakers (277.2 Hz) followed by when Hi ndi speakers
(263.0 Hz) on reading English passage. Lowest SFF val ues was
obtained in native speakers of Kannada on reading Kannada

passage (252.4 Hz).

The range and SD values did not show nuch variability
in SFF values while reading Kannada and Hi ndi passages were
conpar ed. Al so, test of significance did not reveal
statistically significant difference between the reading

Kannada and Hi ndi passages.
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These results may have two inplications:

1) Native speakers of Kannada and Hindi did not vary in their

style of speaking across the |anguages i.e Kannada and

Hi ndi .

2) There may be some convergence taking place in the
phonol ogi cal system of northern |Indo European |anguage ie;

H ndi and sout hern Dravidian | anguage ie; Kannada

Study of node values from table 2.1 suggests that the
Habi tual frequently did not vary significantly across native

| anguage (i.e. Kannada and Hindi) across in both males and

f emal es.

Mean SFF values for reading English passage in both
native speakers of Kannada and H ndi are shown in Table 21
and graph 2.1. The results show that in males, the native
speakers of Hindi obtained higher SFF values (162.3) when
conpared to native speakers of Kannada. (151.1.H2), whereas
in fermales, nean SFF values were found to be higher in
native speaks of Kannada (277.2 Hz) than natives speakers of
Hi ndi (263.0 Hz) But t heses di fferences were not

statistically significant.

In reading English passage male native speakers of
Kannada showed high variability (S D = 11.9, Range 44.1 )
when conpared with mal e native speakers of Hndi (S.D = 8.92,

Range = 33.8). In females, nore deviation was seen in native
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speakers of Hindi (S.D =10.42) Than native speakers of

Kannada (S.D =8.61) in reading English passage.

The habitual frequency as denoted by nobde values in
Table 2-1 was found to be higher in male H ndi, speakers
(159.2) when conpared to male Kannada speakers (140.2) in
readi ng English passage. In femal es, node val ues for reading

English passage did not vary significantly.

Mode values (Table 2.1) obtain in the present study
indicated that nmale hindi speakers wused higher habitua
frequency (159.2Hz) when conpared to mal e Kannada speakers
(140.2Hz) in reading English passage. However, in fenales,
Kannada speakers had hi gher habitual frequency (259.6Hz) than

hi ndi speakers (241.2Hz) in reading English Passage.

It was observed that fenmale Kannada speakers varied
their habi t ual frequency significantly across Kannada
(242.8Hz) and English (259.6Hz) whereas in female H ndi
speakers conparable values for both H ndi reading (161.3) and
English reading (162.3). An interesting finding that was
noticed in the present study was that, a marked variation in
mean and node values for passage reading across English and
Kannada | anguages was found only in fenmal e Kannada speakers.
In females nean value of SFF for Kannada reading was 252.4
Hz, while English passage reading it was found to be 277.2
Hz. Wiereas in males, the nean values for Kannada and
English passage reading were found to be 155.6 Hz and 151.1

Hz respectively. Mode values in fenmales were found to be
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259.6 and 242.8 hz and in males, 143.2 Hz and 140.2 Hz for

Engli sh and Kannada passage readi ng respectively.

No significant difference was obtained between Kannada
and English r eadi ng in mal es, however in females,
statistically significant differences were noticed. Thi s
inplies that there may be an interaction between |anguage and

gender.

By studying the nean values of SFF from Table 2.2 and
Gaph 2.2, it is clearly observed that nean SFF val ues did
not vary significantly wth [|anguage. Test of significance
al so revealed that SFF val ues obtained in native speakers of
Kannada and native speakers of Hndi for narration was not

statistically different.

Mode values (Table 2.2) of SFF obtained in nale, varied
across languages in narration style. In mal es, H ghest
value was obtained in case of English narration (145.7Hz) in
native speakers of Hi ndi. The |east value was obtained in
English narration (111.3Hz) in native speakers of Kannada.
This result indicated that in the present study, male H ndi
speakers used hi gher habitual frequency when conpared to nale

Kannada speakers in narration task.

In fermales, SFF values was found to be highest for
Kannada narration (23 7.0Hz) and least for English narrations
(211.7 Hz) in native speakesr of Kannada. |In native speakers

of Hi ndi,the highest value was obtained for English narration
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(236.2Hz) and least for Hndi narration (215.0Hz). Results
in the present study suggested that fenale Kannada speakers
used higher habitual frequency when comapred to Hi ndi
speakers on narration task in their native |anguage. On
English narration task Hi ndi speakers used higher habitua

frequency when conpared to Kannada speakers.

EFFECT OF LARYNGEAL PATHOLOGY:

Table 3.1. and Gaph 3.1 show the nean val ues of SFF in
nor mal and dysphonic nmales across different style of
speaki ng. Mean SFF val ues obtained in dysphonic3 were higher
than normal in interview and narration style. Fo of /a/ was
observed to be higher in dysphonics when conpared to nornmals.
The mean val ues in dysphonics varied in the follow ng manner,
interview 122.4 Hz to 163.1 Hz Narration 127.0 Hz to 163.4 Hz
and reading 130.1 Hz to 169.3 Hz.

Range and standard deviation values were found to be
hi gher in dysphonics conpared to normals thus indicating a
high variability. However variability across different 3tyle
of speaking was observed to be less in normals as well as in

dysphoni cs.

Mbode values shown in Table 3.1 indicates that nale
dysphonics wuse high habitual frequency across different
styles of speaking when conpared to normals. Simlar node

val ues across different style of speaking in dysphonics show
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that they do not vary their habitual frequency with different

styl e of speaking.

A significant difference was noted between nornmal nales
and dysphonic nmales in interview and narration node. However
no such differences were found between normals and dysphonics
in reading style. On phonation tasks there was significant

di fference between normal and dysphonic mal es.

Table 3.2. shows the nmean, node, S D and range of SFF
in normal s and dysphonics across different styles of speaking
in females. Study of Graph 3.2. and Table 3.2 show that nean
values of SFF was lower than normals in reading, narration,
interview and phonation. Mean values varied from 199.3 to
248.1 in reading style, from 200 to 242.1 in narration and
193.1 to 236.4 in interview style. Variability in SFF val ues

were found to be higher in dysphonics than in nornmals.

The range and S.D. values were observed to be markedly
hi gher in dysphonics when conpared to normals indicating

| arge deviations and variability.

Mode values (table 3.2) showed that dysphonic fenales
used very Ilow habitual frequency for all three styles of
speaki ng. No marked variations in node values were noted
across different styles of speaking indicating that these
subjects did not vary their habitual frequency in different

styl es of speaking.



so luoydsAq s/q
S |au JoN SN

9'€¢c <¢'6¢cc YANA Y € '9¢ T°¢1 T'11 v '8¢¢ 0 '9g¢ /e/ 10
uo 1reuoyd (v
¢ '66T T '8€¢C 0€ ¢v 09 '6¢ 08 1T 69 '8 G960 0G'Ive Mo lnsew| (€
T'00Cc ¢ '0v¢ 00 ‘¢v 0G '8¢ 96 ¢C1 916 9T '6T¢ GT'8cz wuollesseN (¢
¥ '66T € '6S¢ 0T '8y 09 '8¢ €8 €T LEL 9€ 'T1¢ 0¥ '99¢ bu ipeay (T

= N = N = N = N

‘0N
9paN abuey ass uean 91hA1s IS
'so |luoydsAp pue sjaulou @ jaua} Ul 44S Jo abuey pue 'S ‘9paN ‘uegN :Z '€ J1gvl



23 (bp)

Intervieu

mw,m?w%mnmmmmmm,mmmm”
ﬁ;}! WJWWW W{"ﬂ”ﬂimi
BUpEE
g

da ﬁ&!}ﬁ&

15

ggg: Dysphonics

Fied2Comparison of SFF across Normal
and Dysphonic females

388 -



84

Test of significance revealed significant differences
between normals and dysphonics in all three nodes of
speaking. There was no significant difference in normals and
dysphoni cs in phonation. In females significant differences
between normals and dysphonics was noticed in nore than one
style of speaking when conpared to nmales. In males,
difference was nore evident in phonation than in speech, but
in females, difference was marked in speech than in
phonati on. Thus, in males, fundanmental frequency of phonation
had inportant <clinical inplication as reported by studies
done by Jayaram (1974); Cooper, (1975); Nataraja and
Jagadeesh, (1984). According to the present study in
femal es, f undanent al frequency in speech or speaking
fundanental frequency would be potential tool in diagnosis of

dysphoni cs.

EFFECT OF SMXKI NG

Table 4.1, shows nean, node, SD and range of SFF across
snokers and non-snoker in different style of speaking. The
Results showed that nean values of SFF for all snokers were

| oner when conpared non-snokers.

The nmean values in Table 4 and G aph 4 shows that SFF
obtained in snokers were significantly |ower when conpared to
non-snmokers in all three styles of speaking; reading,
narration and phonation. The nmean values in snokers varied
from99.9 Hz to 131.2 Hz for interview, 102.3 Hz to 136.2 Hz

for narration and 103.3 Hz to 147.2 Hz for reading style.
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Mode values in the present study indicated that all
smokers used |ow habitual frequency when conpared to non-

smokers in reading, narration and interview.

Test of significance showed that there was statistically
significant difference between snokers and non-snokers in
three different style of speaking. There was no statistically
significant difference between snokers and non-snokers in
phonation of /al. This result was true for all 3 style of
speaki ng. Simlar results have been obtained by Soresen and
Horri (1982). Thus SFF can help differentiating snokers from

non- snokers or any changes in |aryngeal condition.
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SUMVARY AND CONCLUSI ONS

Fundanent al frequency is the single nost i nport ant
correlate of perceived pitch. According to Lover and
Trudgi | | (1979), pitch and voice Quality are generally
regarded as "informative" rather than "communicative". SFF
i ndicates membership of a group i.e. age, sex (Abercronbie,
1967), to identify i ndi vi dual vVoi ces, it has been
successfully wused in speaker recognition (Steffen-Batog et
al., 1970), as diagnostic tool in speech pathology (Fourcin
and Abberton, 1976, Hirano, 1981) and many ot her prosodic and

paral i nguistic information.

Inter and Intra individual differences in pitches have

been widely noted. The sources of variations as docunented
in literature can be biological or social. (G addol and Swann
1983) .

This present study was undertaken to investigate the
ef f ect of following wvariables on speaking fundanmental

frequency.

1) Style of speaking
2) Language

3) Gender

4) Laryngeal pathol ogy

5) Snoki ng.

Two types of bilingual i.e 30 normal (Kannada speaking

and English speaking and 30 normal Hindi speaking and
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Engli sh speaking, 30 dysphonic3 and 15 snokers (Males), were
given four t asks. I nterview, narration, readi ng and
phonation of /al. The SFF were determ ned for each speech
samples for all subjects using conputer progranmes. Mean,
node, standard devi ation and range was cal cul ated and test of

significance for each variables was obtained.

From the present study follow ng conclusions are drawn.

Effect of Style of Speaking;

In nornal s:

1) SFF values varied across narration, reading and interview,
with reading being highest, interview being [owest and
narration falling in between and this was noticed in both

mal es and femnl es.

2) There was significant difference between readi ng and

narration in all nornmal nmales and fenmmnl es.

3) There was significant difference between reading and

interview in all normal males and fenunl es.

4) There was no significant difference between narration and

interview in normal nales and fenmnl es.

5) There was no significant difference between readi ng and

narration in dysphonics.

7) There was no significant difference between narration and

interview in dysphonics.
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8) There was no significant difference between reading and

interview in dysphonics.

9) There was no significant difference between reading and

narration in snokers.

10) There was no significant difference between narration and

interview in snokers and

11) There was significant difference between readi ng and

interview in smokers.

Language effect:

The results indicated that the nmean and node val ues did
not vary markedly for different styles of speaking across
different | anguages. An exception to this, was seen for
English [ anguage in native speakers of Kannada. The test of

significance revealed the follow ng.

1) There was no significant difference between Kannada
| anguage and Hi ndi |anguage in reading style in nornal

mal es and fenmml es.

2) There was no significant difference between the native
| anguage and English |anguage in native speakers of Hind

for reading style in nornmal males and females.

3) There was no significant difference bet ween the native
| anguage and English |anguage in native speakers of

Kannada for reading style in males.



4)

5)

6)

3)
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There was significant difference between the native
| anguage and English |anguage in native speaker of Kannada

in reading task in females.

No significant differences were obtained between Kannada

and H ndi |anguage in narration node in nales and fenal es.

No significant differences were obtained between the
native | anguages and English |anguage for narration in

mal es and fennl es.

CGCender Effect:

Mean and node val ues for SFF were conpared across mnal es

and females in normals and dysphoni cs.

1)

2)

3)

4)

5)

Test of significance showed the follow ng:

There was significant difference between nales and fenal es

in reading, narration and interview style.

There was significant difference between nales and fenal es

across all |anguages studied in reading style.

There was significant difference between nales and fenal es

across all languages in narration style.

I n dysphonics, there was no significant difference between

mal es and females in reading style.

In dysphonics there was no significant difference between

mal es and females in interview style.
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6) In dysphonics, there was significant difference between

mal es and females in narration style.
Ef fect of Laryngeal Pathol ogy:

Fromthe results of the present 3tudy, it was concluded
t hat dysphonic nmal es use high habitual frequency for speech
and dysphonic females used |ow habitual frequency when
conpared to normal mal es and femal es respectively. No
variations in their SFF was noticed in different style of

speaking. Test of significance showed that,

1) there was no significant difference between normal and

dysphonic males in reading style.

2) there was no significant difference bet ween normal and

dysphonics males in narration style.

3) there was significant difference between normal and

dysphonic males in Interview node.

4) there was significant difference between nornal and
dysphonic females in all three different style of speaking

readi ng, narration and interview.

Ef fect of Snoking:

Al'l snmokers in the presents study showed nmarkedly |ow
SFF values in all 3 styles of speaking when conpared to
normals. Present study concludes that SFF is a potential too

in demarkating snmokers and non-snokers.
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Teat of significances showed,

1) Significance difference between snokers and non-snokers in

readi ng style.

2) Significance difference between snmokers and non-smokers in

in narration style.

3) Significance difference between snokers and non-smokers in

in Interview style

CONCLUSI ON:

In the present study, it was noticed that speaking

fundamental frequency and habitual frequency varied with the

style of speaking. Readi ng, narration and interview in
normal mal es and fenal es. However, no such marked variations
were observed in dysphonics and snokers. When | anguage as a
variable was investigated, it was observed that subjects did

not vary their SFF and habitual frequency across Hindi and
Kannada | anguage. Among Kannada native speakers, there was
significant wvariation in SFF and habitual frequency when
Engli sh and Kannada passage reading was conpared, esp. in
femal es, however no significant variation was seen in males,
implying that there may be some interaction between |anguage
and gender. Study of snokers and dysphonics reveal ed that
SFF was very sensitive to changes in laryngeal condition and
thus can be wused as a potential tool for screening and

di agnosi s.
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| MPLI CATI ON

1) The present study accounts for the variability in speech

recognition and speaker identification

2) Study reflects on social signifiance of 3peaking

fundamental frequency.

3) Speaking Fundanental Frequency can be used as the powerful

tool for screening and diagnosis.
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APPENDI X - |
MATERI AL USED FOR ENGLI SH STORY NARRATI ON
Wio will bell the cat ?

Once upon a tinme, there lived many rats in an old house.
Ohe day, the cat attacked the old house and ate sone rats.
To put an end to this, Wrried rats called upon a neeting.
In the neeting, all rats put forth thier ideas. One clever

rat told that if a bell was tied to the cat's neck, their

woul d be sounds upon its entrance. Havi ng heard the sound,
all rats could run for life. But then, there was a problem
"Who would tie the bell to the cat's neck ?" . Just then,

cat attacked the old house and all rats ran for life.
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APPENDI X - 11
MATERI AL USED FOR KANNADA STCRY NARRATI ON

WER roed BedI3dy OSnab 7

L0 ORD0R) Bavcﬁcn%}‘%u@ oAy, TR0 W0
ooy, FBTAR D) . WO BRI, 0K W e
ﬁégw; 3R L;ﬁugj’ w8 Bod) Qodgdy SR,

v 1
IS ﬂ\mar%]otﬁ, QAL 0 RBR_K -g?'.):grgng?bw %vxﬁ&f

SES T LEpRde Do Qurgr 3B wBed [Bok
KB;’D Hoowsd 3 . foord woRRed (Wdd) uodw
1,537? Rosd Bep HRg  wrd, efansads. fami)
SRe#Y ‘&Qrgéj Rosfocay, VR BoapR Begd  fom
mam#,a'a o, i [db3. 33%2,0:\5:&) X0
WO Qudy 3:\&;, KPRy, cg%ﬁ&xgm TRwRHR)  Dod,

09 g looddy Sedd X e riocsd B S

ooy 7, Sokyddr , 2k Rod, B Bfed FoSed
Dot BogR WD . ST D aedy 24y
M@y SREge Larz,



102

APPENDI X - 111
MATERI AL USED FCR HI NDI  STORY NARRATI ON

T | 04-'106_'??5?’7 s o
¥ o ¥ o dw Ao A
okﬂAQf ey P—d‘&%’ g:n; = aqu

d/‘]Dr [ % @ HTIT Gﬂ% % J
v I 'UFE v 5 oo
& a% ¥ anjqﬂ 7

gl
ax | Huel O @l oA AP
AT .



103

APPENDI X - |V
MATER AL USED FCR H NDI PASSACGE READ NG
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APPENDI X - |V
MATERI AL USED FOR HI NDI PASSACGE READI NG
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