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| NTRODUCTI ON

"Speech is a form of communi cation in which the
transm ssion of information takes place by neans of speech
waves which are in the formof acoustic energy. The speech
waveforns are the result of interaction of one or nore source

with the vocal tract filter systenf (Fant, 1960).

To understand the speech sounds of a language it is
necessary to learn about the articulatory and acoustic nature
of the speech sounds. Earlier phoneticians have descri bed
the articulatory nature of speech sounds thoroughly. However,
the speech sounds are perceived by the human being as an
acoustic event. These acoustic events are the conseguence of

articulatory novenents. The study of acoustic character-
istics of speech sounds wll give information about the
articulatory nature of the sound and al so how these sounds

are perceived (Picket, 1980).

Acoustic analysis of speech sounds provides information
about the source characteristics |ike fundanental freguency,
intensity .... etc., the filter characteristics |ike formnt
freguencies, formant bandwidths, ... etc., and the tenporal
characteristics |like vowel duration, consonant duration,

etc., apart fromspectral characteristics. )
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Duration may have different linguistic functions in
different | anguages. In certain |anguages, a meaningfu
difference nmay be associated with a change in the duration of
a consonant or vowel. In sone |anguages, however, changes in
the duration of a sound nmay be determned by the |inguistic
envi ronnment and nmay be associated wth preceding or follow ng
segnental sounds, initial or final position in an utterance,
or type and degree of stress. Such durational changes in
turn may becone cues for the identification of the asscciated

phonenes (Peterson & Lehiste, 1967).

The nmajor ains of the work on duration is to provide
distributions tenporal features that nmay be helpful in the
| npl enentati on of acoustic speech recognition procedures that
nmake use of probabilistic information on segnental tining to
provi de understandi ng regardi ng the speech production and for
text- to-speech synthesis. Experinents with synthetic speech
have shown that vowel duration is an inportant cue for the
voi cing distinction of the follow ng consonant in word final
posi tion. he of the reguirenents for natural speech
synthesis rule is an adeguate durational nodel of hunan
speech. An inconpl ete understanding of how durations vary in
natural speech is one of the major failures of current
efforts to mnake conputer-generated speech nore acceptable.

Mich of what is often ternmed as "machi ne accent" in synthetic
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speech is due to a faulty allocation of the tine on each
phonene in an utterance. Wen duration is not a factor, as
in sinple /CV & /VC sequences, synthesizers are capabl e of
producing very good quality speech (Peterson and Lehiste,

1967) .

Describing and quantifying the effects of vari ous
factors of vowel duration leads to predictive rules that
could be effectively used in speech recognition and in speech
synt hesi s. For eg., if there are consistent and systematic
tenporal relationships anong the various constituents of
speech, these relationships could be used in speech
recognition in addition to spectral clues. Further, the
description of durational regularities of speech segnents in
the form of rules would be useful when the purpose of
synthesis is to nodel the process of speech production and
secondly, in order to generate high quality synthetic speech.
Systenmatic and controlled studies of tenporal factors of
speech segnments would add to the wunderstanding of the

processes of speech production (Copal, 1987).

The speech sounds of a language are classified into
vowel s and consonants. Vowels are the result of interaction
of mnimally obstructed vocal -tract and vocal fold vibration.
The laryngeal acoustic energy is nodulated by various

configurations of the wvocal tract producing different
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vowel s. The vowels are described basically in terns of:
a) the relative position of the constriction of the tongue in
the oral cavity (front, central and back),
b) the relative height of the tongue (high, md and | ow),
c) the relative shape of |ips (spread, rounded and
unr ounded),
d) the position of soft palate (nasal and non-nasal) and

e) the phonemc length of the vowel (short and | ong).

The subtle differences between the vowel s of different
| anguages can be studied by subjecting themto acoustic
anal ysi s (Ladefoged, 1975). Therefore, the study of acoustic
characteristics of the vowl sounds of a |anguage becane

| mportant.

The description of a sound segnent for the purpose of
identification and understanding may be based on the
fol |l owi ng paraneters:
a) duration of the sound,
b) intensity of the sound,
Cc) energy (area under the intensity - tinme curve),
d) fundanental frequency of the sound,
e) formant pattern (Fy, Fo, F3, F4, etc...,),

f) formant structure (frequency - intensity distribution) and
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g the fine structure; referring to speech production, the

source (voiced, unvoiced, mxed or silence) (Fant, 1973).

The actual duration of any particular vowel wll depend
on its height, its tonal or accentual properties, its
position in the word, the nature of the adjoi ning segnents,
word length, grammatical conplexity, speaking rate and the
psychol ogi cal and physi cal state of the individual. The
theoretical notivation guiding studies of tenporal aspects
of speech is to quantify the effects of each of these factors
acting in isolation and in interaction wth other factors and
to postul ate hypothesis concerning the tenporal organization
of speech which explain the variability of speech segnents

(Maddi eson, 1993).

Ureda (1975) suggests that these durational rules are a
reflection of the performance of the speaker's control of
tenporal factors in speech. Mechani sns that underlie the
tenporal organization of speech are very conplex and not

fully understood (Copal, 1987).

(vowel duration is one of the powerful factors to
determne both the phonetic and phonemc quality of the
vowel s. The intrinsic duration of vowel refers to the

duration of a segnent (vowel) as determned by its phonetic
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quality (Lehiste, 1970). Gopal (1987) defines vowel duration
as the duration fromthe onset of the vowel to the offset of
the vowel. The onset and the offset of a vowel are
determned by the presence and absence of clearly visible

first two formants on the spectrogram respectively.

(In  English and other Wstern |anguages severa
researchers have studied the acoustic characteristics of the
vowel s of their respective |anguages. There are very few
studies regarding the acoustic characteristics of the vowel
system of Indian |anguages. In Malayalamthere is only one
study which have nade an attenpt to neasure the vowel
duration in isolation as well as in a variety of phonemc

contexts (Vel ayudhan, 1975).

Vel ayudhan (1975) studied the vowel duration of
Mal ayal am vowels based on the wutterances of only two
subj ect s. He did not control the dialectal variations and
the influence of another |anguage on Mal ayalam (Hence the
present study was taken up for extensive acoustic analysis of
the vowels of Ml ayal am | anguage,) The |anguage investigated
in the present study is Malayalam the official |anguage of
Kerala state, on the South - Wst coast of India. Malayal am

Is an inportant nenber of Dravidian famly of |anguages, the
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other equally inportant nenbers being Kannada, Tanil and

Tel ugu.

The dialect of a language is broadly divided into
regional and social. Wth respect to the three hundred
dialectal maps of Kerala, the regional dialects are divided
into twelve nmajor divisions and thirty two subdivisions.
This was based upon a study carried out on the dialect of
Ezhavas. There is no assurance that other religions and
castes wll have the sanme nunber and boundary for the
dialects (Somashekharan Nair, 1973). The present study is
carried out on the Peak dialect of Mlayalam |anguage
(Northern part of Cannanore district - this nane is given

because it is the top nost part of Keral a).

Mal ayal am has el even vowel phonenes; /i, i:, e, e:, a,
a, o, 0, wu, wu/ and/U. The short vowels /i, e, a, O,
and /U in the word find position are a little longer than in
ot her environnents. They have half long duration in those
environnents which is non-phonemc. In nonosyllabic words,
finally all vowels are long. The short vowel /o/ does not
occur in the word final position. The front vowels /i/, /el
and back vowels /0/ and /u/ have an on glide of /y/ and /W
respectively in the word initial position. The |ow back

vowel /a/ has an allophone /a/, a central vowel in the nedial
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position excepting the first syllable. This /a/ does not
occur wwth length. /U occurs in the nedial position in free
variation with /u/. Qherwise it occurs only word finally.
In addition to the above six vowels, there is a low front
vowel &/ which occurs with length in certain |oan words from
English. Its distribution is limted only to nedial position

(Shyamal a Kumari, 1972.).

"It has becone the present need to study and anal yze
acoustic characteristics of speech sounds of |ndian |anguages
to understand the production and perception of the speech
sounds in their culture" (Savithri, 1989). Hence, the
present research is planned for studying the vowel duration,
syllable duration, word duration and sentence duration in

Mal ayal am | anguage. )

Aimof the study:
a) To study the tenporal paraneters (duration of sentence,
word, syllable and vowel ) in Ml ayal am| anguage.
b) To study the interaction of tenporal paraneters between:
1) high, md and | ow vowel s,
i) front, central and back vowel s and
1ii) long and short vowel s.
c) To conpare the tenporal paraneters between nales and

f emal es.
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The objectives of the present study was to determne
sone tenporal characteristics of the vowels of Ml ayal am
| anguage (Peak dialect). Ten nornmal adults (five nmales and
five females) having Peak dialect of Malayalamas their
nother tongue were chosen for the study. The subjects
uttered three groups of randomsed lists of two hundred and
fifty sentences in a sound treated room These words had one
of the ten Milayalam vowels in initial, nedial or fina
position as the test vowel. These sentences had a neani ngfu
disyllabic test word (MCV or CVCV). The followng tenpora
paraneters were neasured upon acoustical analysis of the
spoken sentences using DSP Sonograph i.e., duration of the
vowel, duration of the syllable having the test vowel,
duration of the word having the test vowel and sentence
durati on. The tenporal features were extracted fromthe
utterances of all the ten subjects. The data was subjected
to statistical anal yses using descriptive statistics, ANOVA,

paired 't' tests and discrimnant analysis.
| nplications of the study:

Acoustic analysis of the tenporal paraneters of the
vowels of the Milayalam I|anguage provided information
regardi ng the acoustic description of the vowels. This data
can be wused to construct a guantitative perceptual nodel of

the representation of vowels based on auditory nodels. This
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data is wuseful in synthesizing intelligible and natura
soundi ng speech and recognition of the sane. This can also
be wused in evaluating the speech deviations of hearing

| mpai red, spastics and other patients with speech disorders.
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Revi ew of Literature

"he form of communication which people use nost
effectively in inter-personal relationship is speech.
Through it, hunman beings give out their innernost thoughts,

their dreans, anbitions, sorrows and joys. Wthout speech,

they are reduced to animal noises and unintelligible
gestures. In real sense, speech is the key to hunman
exi st ence. |t bridges the differences and helps to

give neaning and purpose to their lives". (Fischer, 1975).

Y Human being is a social animal wth higher cognitive
and synbolic processing capabilities. These  uni que
capabilities of human being were possible because of his
ability to communicate effectively and efficiently."” (Dance

& Larson, 1972).

Travis (1971) defines comunication as the process by
which the individual interacts with his or her environnent
and with hinself or herself. In the process of comunication
the individual relates and exchanges experiences, ideas,
knowl edge and feelings with others through synbols and
transmts those synbols either through acoustical or through
visual nodes. For communi cation, hunman bei ngs use severa

synbolic systens, eg., speech, sign |[|anguage, writing,
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singing, norse code ....etc. Speech is one of the nost

commonly used and efficient nodes of commrunication.

Skinner & Shelton (1978) define speech as the process of

encoding a linguistic nessage by producing coded vocal
patterns which carry the neaning. It is well known that no
one definition can enconpass all aspects of "speech"

conpl etel y. According to Fant (1960) "Speech is a form of
communi cation in which the transmssion of information takes
place by neans of speech waves which are in the form of
acoustic energy. The speech waveformis the result of the

interaction of source and filter."

P = S*T
wher e P = Speech, S = Source, mainly glottal pulses
T = Transfer function of the vocal tract.

Thus the speech is a coded conpl ex acoustic signal which is
produced by the action of vocal tract and has an encoded

| i ngui stic nmessage.

Speech is a uni gue conpl ex comuni cation system observed
only in human beings. According to Hockett, (1958) and Dance
& Larson (1972), it has the follow ng features:

Vocal -audi tory channel (i.e., acoustic)
Broadcast transm ssion and directional reception
Rapid fading (Transitiveness)

| nt erchangeabi lity

Conpl et e feedback

Speci al i zati on

oukhwhE
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7. Semanticity

8. Arbitrariness

9. D screteness

10. D spl acenent

11. Productivity

12. Qultural transm ssion
13. Duality of patterning
14. Learnability

15. Reflexivity and

16. Prevarication

Mbst of the features nentioned earlier are due to the

acoustic nature of speech. The acoustic synbols which are

used in a language for speech communication are known as
"speech sounds or phonenes". More than one sound conbines to
form a syllable. Simlarly one syllable or conbination of

nore than one wll forma word, which is considered as the

mninmal unit of |anguage (Dance & Larson 1972).

To understand the nature and function of speech sounds,
it iIs necessory to know the nechanisminvolved in their
producti on. Speech production is a process where the
concepts, ideas and feelings are converted into |inguistic
code; linguistic code into neural code; neural code into
nmuscul ar (articulatory) novenent and finally nmuscul ar
novenent | eads to acoustic signal (A nsworth, 1975). Hence,
speech is just a particular type of acoustic signal and its
production can be explained in terras of resonances of the
vocal tract, and it can be analysed into its conponent

frequenci es by conventional nethods.
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The wvocal tract is evolved prinarily as part of the
respiratory and digestive systens. The apparatus used for
speech  production, the vocal tract evolved prinmarily as a
part of the respiratory and digestive systens. Himan bei ngs
have learnt to use these systens to produce speech. The
di agram of the vocal apparatus is given in figure 2.1. \Vocal
apparatus consists of the lungs, trachea, |arynx, pharyngeal,
oral and nasal cavities. |In the process of breathing, air is
drawn into the lungs by expanding the rib cage and | owering
t he di aphragm This reduces the pressure in the lungs and
air flows in, usually via. nostrils, nasal tract, |arynx and
trachea. The air is nornally expelled by the sane route. By
contracting the rib cage and rel axing the di aphragm Thi s
Increases the air pressure in the lungs and the air flows out
Human beings have learnt to use these systens to produce

speech.

Wil e speaking , the lungs are filled with air and the
pressure inside the lungs is increased by the contraction of
rib cage and diaphragm This increase in pressure forces the
air fromthe lungs to the environnent. At the superior end
of the trachea, there is a structure known as larynx. The
larynx is a valvular systemconsisting of three val ves. The

| oner nost valve is formed by vocal folds and is nade up of
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| i gaments and nuscles. The orifice between the vocal folds,
the glottis, 1s opened, by the pressure of expiratory air.
Onhce the vocal folds are opened the pressure bel ow the vocal
folds reduces due to the escape of air. As the air flows
through the glottis, the subglottal pressure is reduced. The
air flow from subglottal cavity to supraglottal cavity
through a narrow opening, leads to a negative pressure at the
glottis, and draws the vocal folds together which can
expl ai ned using the Bernouli principle. The elasticity of
the vocal folds also helps in drawing the vocal folds to the
mdline. As the vocal folds close, the pressure again builds
up, forcing the folds apart and the cycle is repeated, thus
the vocal folds setting into vibration. Thi s process
produces a weak quasi-triangular acoustic signal and is known
as phonati on. The quasi-triangular air pulses so produced
excite the resonance cavities in the oral and nasal tracts.
The sound will radiate from lips or from the nostrils
dependi ng upon the cl osing and opening of the vel opharyngeal

port respectively. The rate at which the vocal folds vibrate
depends upon its tension, mass, length and the sub glotta

air pressure. The sounds generated by the vibration of vocal

folds are known as voi ced sounds. The voicel ess sounds, are
produced by a turbulent flow of air caused by a constriction
at sone point in the vocal tract. This constriction may be

formed by the Iips, the tongue or the velum Anot her source
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Fig 2.1 : The vocal apparatus.
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of excitation can be created by closing the vocal tract
conpletely or partially at some point, allowing the pressure
to build up, and then suddenly releasing it or creating the
friction of air. This formof excitation is enployed in the
production of plosive or fricative consonants. Wi sper ed
speech is produced by partially closing the glottis so that
the turbulent air flow replaces the periodic excitation

during voi ci ng.

The nodul ated or unnodul eted airflow through the glottis
Is further nodified by the vocal tract to form speech sounds,
which are mainly divided into vowels and consonants. The

production of these sounds are explained below briefly.

Producti on of Vowel s:

The vowel s are produced by voiced excitation of the voca
tract. For the production of a vowel the vocal tract
normally maintains a relatively stable shape and offers
mni mal obstruction to the air flow This facilitates the
lamnar flow of glottal pulses through the vocal tract.
During the production of vowels in English and Kannada
(an Indian | anguage), the velum is nornmally elevated to
prevent the excitation of the nasal tract. In sone |anguages

such as French, the vowel nasalization is phonemc in nature.
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The vocal tract may be considered to be a tube of about
17 cmlong, closed at the source end (the glottis) and open
at the radiatory end (the |ips). The cross sectional area
of the vocal tract is small conpared to its length, so
acoustic waves propagate longitudinally in the tract. These
waves nmay be described by the sound pressure (p), and the
vol unme velocity (u), as functions of distance along the tract

fromthe glottis.

The effect of the open end on the sound in the tube can
be represented by the radiation inpedance. At | ow
frequencies this consists of a resistance pc/A in parallel
with an acoustic nass, m = 0.4 p al/? , Wwhere Ais the
cross-sectional area, p the density of the air and c the

vel ocity of sound (Stevens & House, 1961).

If Pr is the pressure at the distance r fromthe nouth
and up is the volunme velocity at the nouth opening, then the
radiation of the sound fromthe nmouth is given by:

Roywy = Py (3w) / u,(3w)
where w = 27f 1is the radian frequency of the sound. For a
poi nt source, it has been shown by Morse, (1948) that

R(jw) = jwp/4amr
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The transfer function of the vocal tract is given by

T(Jw) = u_ (Jjw) / u_(Jjw)
where u (jw) is the volume velocity of the source. Hence
the sound pressure at a distance r fromthe lips during the
production of vowel can be considered as the product of the
volunme velocity of the source, transfer function of the vocal

tract and the radiation of the sound from nouth.

p,(3W) = u_(jw) * T(jw) * R(jw).

The different vowels are produced by changing the
articulatory configuration which change the transfer function
of vocal tract T(jw). The vocal tract during the production

of vowel is simlar to the one end closed rigid tube that can

e
[ T T

Fig. 2.2: Electrical eguivalent of a | ossless resonator
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be considered as a loss - less resonator represented by a
capacitance, C and inductance, L, in parallel as shown in
Fig 2.2. This will have a resonance at a frequency H, & F1

IS F1 = & 7w JLC.

Fl anagan (1965) has shown that for a uniformtube of
length 1 and cross-sectional area A

C = Al/pc? and L = pl/A.

In a real physical systemthere wll be losses through

the walls of the vocal tract. The transfer function is then

gi ven by:
5 4%
T (jw)} = ; _
(30 -5 (Gu-41)
wher e s, = 0, + jw, s =0, - vy, Wy o= ZﬁFl’ and g, Is a
constant which depends on the anmount of dissipation. The

conplex nunbers s; & S; are the poles of the transfer

functi on.

Vocal tract is not a sinple resonator. It is nore like
a transmssion |ine. The wave 1is reflected back fromthe
opening at the nouth, interfering with the wave fromthe
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source. Such a systemhas an infinite nunber of resonances

wth the transfer function given by:

(. LX
. 5,58 5 43 Sn 54
/P[”J\] — - ; 7 : ) = . :
[, (H-5) Q=51 (JW-52) @u-58)  (d=5a) (ul-52)
where s, = o, + jw,, etc., are the poles of the function

(Fant 1960) .

For a uniformtube, open at one end and closed at the
other, the nodes of vibration are shown in Fi g 2. 3. The
wavel ength (A} of each node is given by

. A = al/(2n+1).

Now A = c/f, so £ = (2n+l)c/4l.

- L >
< S
/!
= '{risl__

Sa——

Fig 2.3: Resonances in a uniform tube, open at one end and
cl osed at the other.

Ly
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The vocal tract in the production of neutral vowel /a/
has configuration simlar to a uniformtube. Therefore, its
resonances are about 500, 1500, 2500 and 3500 Hz. The energy
spectrum of the source falls wth increasing frequency by
about 12 dB/octave, so only the first few resonances can be

observed in the waveform

Tosi (1979) defines vowel "as a continuant sound (it can
be produced in isolation wthout changing the position of
articulators), voiced (using the glottis as the prinmary
source of sound), with no friction (noise) of air against the
vocal tract." In other words, vowel "is a speech sound
resulting fromthe wunrestricted passage of the laryngeally
nodul ated air stream radiated through the nouth or nasa
cavity wthout audible friction or stoppage" (N col osi
Harryman, & Kreshech, 1978) . Vowels are described in terns
of :

(a) the relative position of the constriction of tongue in
the oral cavity (front, central and back),
(b) the relative height of the tongue in the oral cavity

(high, md, and | ow),

(c) the relative shape of the lips (spread, rounded and
unr ounded),
(d) the position of the soft palate (nasal and oral),

(e) the phonemc length of the vowel (short and |ong) and
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(f) the tenseness of the articulators (lax and tense).

Consonants are defined as the speech sounds produced
with or without vocal fold vibration, by certain successive
contractions of the articulatory nuscles which nodify,
interrupt, or obstruct the expired air streamso that its
pressure is raised and facilitates the production of burst or
frication, etc., (Ncolosi, Harryman, & Kreshech, 1978).
Consonants are described based on:

(a) the manner of articulation (stop, fricative, affricate,
glide, trill,... etc.).

(b) the place of articulation (bilabial, dental, alveolar,
retroflex, velar....etc.).

(c) role of vocal folds (voiced and voi cel ess)

(d) the position of the soft palate (nasal and oral),

The function of the vowels can be divided into
| i ngui stic and nonlinguistic.

1) Vowels are the segnental sounds of speech. They carry
I nformation.

2) As the vowels are longer in duration and hi gher in energy,
they carry the speech for a longer distance, i.e., in
speech transmssion the vowels acts like carriers.

3) Even though the consonants carry nore information, due to

their nonlinearity, shorter duration and |ow energy they

2.13



dimm sh very fast. Hence it is difficult for the
|istener to perceive them Vowels like a string binds the
consonants together and helps even in the perception of
consonants and thus speech.

4) As the vowels are voiced and of longer duration, the
speech prosody (intonation, stress and rhythm S
determ ned by the vowel s.

5) The voicing feature of the vowels can reveal:

(a) the speaker identity,
(b) enoti ons,
(c) sonme aspects of semantic condition and

(d) serve aesthetic function.

Cardi nal Vowel s:

Jones (1849) proposed a series of eight cardinal
vowel s, evenly spaced around the possible vowel area and
designed to act as fixed reference points. The quality of a
cardinal vowel is not commonly the sane as that of an English
vowel . There may be a few [|anguages whi ch have vowel s,
Identical to the cardinal vowels. For exanple, French vowels
are simlar to cardinal vowels. But by definition the

cardinal vowels are arbitrary references.
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Fig. 2.4: Primary and secondary cardi nal vowels.

There are two sets of cardinal vowels nanmed primary and

secondary cardinal vowels. The vowel chart of primry and

secondary cardinal vowels are shown in the figure 2.4.

The vowels of English and Kannada |anguages are expl ained

briefly.

Vowel

t he

System of Anmerican English

MacKay (1987) and Ladefoged (1975) listed and described

followng 14 vowels in Anerican English. They are:
Vowel Descri ption
[i] hi gh, front, tense (spread)
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2. [1] hi gh, front, lax (unrounded)

3. [e] (upper) md, front, tense (unrounded)
4. [e] (lower) md, front, lax (unrounded)
5. (x] | ow, front (unrounded)

6. [u] hi gh, back, tense (rounded)

7. [U] hi gh, back, lax (slightly rounded)

8. [O] upper md, back (rounded)

9. Al |l oner md, back (or central) unrounded
10. (2] | oner m d, back, rounded

11. [a] | ow, back (unrounded)

1z. [3] md central

13. (¥ central, rhotic (unstressed)

14, [ central, rhotic (stressed).

Vowel System of Mal ayal am Language:
Mal ayalam is one anong the four inportant Dravidi an

| anguages, which is spoken predomnantly in South India.

It has el even vowel phonenes; /i, ii, e, ee, a, aa, 0, 00, U,
uu/ and /U. The short vowels /i, e, a, o/ and /U in the
word final position are a little |onger than in other
envi ronnents. They have half Jlong duration in those
envi ronnents whi ch i s non-phonem c. In nonosyl | abi ¢ words,

finally all vowels are long. The short vowel /o/ does not
occur in the word final position. The front vowels /i/ and

/ e/ and back vowels /o/ and /u/ have an onglide of /y/ and
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/W respectively in the word initial position. The | ew back
vowel /al/ has an allophone /37, a central vowel in the nedia

position excepting the first syllable. This /[al dees not
occur with length. /U occurs in the nmedial position in free
varaiation with /u/. Qherwise it occurs only word finally.
In addition to the above six vowels, there is a low front
vowel /2¢ / which occurs with length in certain |oan words
fromEnglish. |Its distribution is limted only to nedia

position (Shyamal a Kumari, |1982) .

The detailed description of the vowels present in the

Peak di al ect of Mal ayal am are gi ven bel ow.

[a] is a short lowcentral vowel.

[a:] is a long |ow central vowel.

[i] 1s a short high front unrounded vowel .
[i:] is a long high front unrounded vowel .
[ul is a short high back rounded vowel .
[u:] is a long high back rounded vowel .

[e] is a short md-front unrounded vowel .
[e:] is a long md-front unrounded vowel .
[0] is a short md-back rounded vowel .
[0:] is a long md-back rounded vowel .
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To understand the speech sounds of a language it is
necessary to learn about the articulatory and acoustic nature
of the speech sounds. Earlier, phoneticians have described
the articulatory nature of speech sounds thoroughly. However
t he speech sounds are perceived by the hunan being as an
acoustic event. These acoustic events are the consequence of
articulatory novenents. Hence the study of acoustic
charateristics of speech sounds wll give infornmation about
articulatory nature of the sound and also how these sounds
are perceived (Picket, 1980). Fant (1973) stated that the
description of a sound segnment for the purpose of
identification and understanding may be based on the
foll owi ng paraneters:

(a) duration of the sound,

(b) intensity of the sound,

(c) energy (area under the intensity - tine curve),

(d) fundanental frequency of the sound,

(e) formant pattern (H, F2, F3, F4, etc.,),

(f) formant Structure (Frequency - intensity distribution) &
(g) the fine structure; referring to speech production, the

source (voiced, unvoiced, m xed, or silence).
Hence, the present study was ained at studying the

intrinsic duration of the vowels of Mlayal am | anguage and

ot her segnental durations.
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VONEL DURATI ON

"Duration is an inmportant aspect of the nmessage
conprehended. Several studies on the durational structure of
speech sounds have conducted which reveal narked variations
as well as snail wvariations in the segnental duration”

(Carlson & Gar.strom 1975).

"Variations in segnental duration are inportant causes
of acoustic variability in the realization of |linguistically
identical wunits. Study of the systematic variations in
vowel duration nmay possibily reveal sone aspects of the
organization in the nmental structures of |anguage, parti-
cularly those that are not studied by the conventional
methods of |inguistics. Physi cal measurenent of acoustic
aspects of speech production indicate the regularities in the
timng of speech. These regularities are found to be
| anguage specific and thus reflect |earned aspect of verbal
behavi or. A study of such regularities may lead to the
formulation cf rules which form the nodel part of the
know edge, the speaker has about his | anguage. The physi cal
nmeasurenent would be the best way to gain insight into the

structure of |anguage" (Nooteboom 1973).

Further, data on duration can be used to understand the

nature and organization of speech production, speech
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per ception and phonol ogi cal t heory (Khozhevni kov &
Chi stovich, 1965). The durational patterns reflect the
speakers nood, speaking rate and the |locations of the
enphasi zed material. The phonetic identity of different
types of segnents is cued by their duration (Klatt, 1976).
Perceptual studies of natural and synthetic speech that have
been altered with regard to tenporal aspects indicates t hat
the listener can perceive very small changes 1in segnenta

duration as deviant (Huggins, 1972 and Nooteboom 1971).
Duration also plays an inportant role in speech perception
al so. The speech sounds heard, are determned by the
duration of gradually changi ng speech acoustic events such as
formant transitions (Liberman, Delattre, Gerstman & Cooper,
1956 and Suzuki, 1970). It has been shown that duration can
effectively disanbiguate, syntactical ly anmbi guous sentences
even in the absence of <clues provided by f undanent al

frequency and pauses (Lehiste, Oive & Streeter, 1976).

Anong segnental durations "vowel duration" is an
i nportant paraneter which provides information on t he
prosodic as well as [linguistic aspect of speech. Vowel
duration can be wused to signal the stressed syllable (Fry,
1955); mark the word boundaries (Lehiste, 1959); identify the

syntactic units (Gaitenberg, 1965) and to distinguish between
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simlar phonetic segnents (Denes, 1955 and Lisker & Abranson,

1964) .

In addition, durational data is of imense use in
applied research, viz; automatic generation of speech for a
readi ng machine for the blind and the automatic recognition
of speech fromthe acoustic waveform Thus it is essentia
to study vowel duration to understand the speech production,

perception and the | anguage structure.

The term intrinsic duration of vowel refers to the
duration of a segnent (vowel) as determned by it's phonetic
quality (Lehiste, 1970). Gopal (1987) defines the vowel
duration as the duration from the onset of vowel to the
of fset of the vowel. The onset and the offset of a vowel are
determned by the presence and absence of clearly visible

first two formants on the spectrogram respectively.

Many have investigated the duration of these vowels and
guantified the relationship between different subclasses of
vowels in mny |anguages. It was found that there was an
invariant relationship between tense and |lax vowels across
several contexts that influence the vowel duration, while
others did not find such a relation. In English - Heffner

(1937); House & Fairbanks (1953); Peterson & Lehiste (1960);
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House (1961); and Uneda (1975); in German - Maack (1949); in

Dani sh - Fischer Jorgensen (1955); Nooteboom (1972); in

Swedish - Elert (1964); in Thai - Abranson (1962); in Spanish
Navarro Tomas (1916) and in French -O Shaughnessy (1981)

have studied the vowel duration. There are only few studies

in Indian |anguages. The studies carried out in |Indian

| anguages are: in Telugu by Majunder, Datta & Ganguli (1978)

and Naganma Reddy (1988); in Tam | by Bal asubramani an (1981);

in Ml ayalam by Velayudhan (1975); in Hndi by Agrawal

(1988); and in Kannada by Rajapurohit (1982); and Savithri

(1986, 1989). These studies had varied purposes; i.e., to

know.

(1) the durational organization of speech segnents,

(2) physiologic vs linguistic nature,

(3) factors that influence the duration and

(4) to incorporate the durational rules of vowels in speech

synthesis to inprove its quality.

Peterson & Lehiste (1960) investigated the intrinsic
duration of vowels in Anerican English. They also studied
the influence of postvocalic voicing on vowel duration and
conpared the differences in the intrinsic nucleus duration
for various vowels. They defined intrinsic nucleus duration
as " the average duration of respective mniml pairs

(of follow ng voiced and voi cel ess consonants)" ( Peterson &
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Lehiste, 1960). They found that the nuclei could be divided
into two mai n subcl asses, long or tense vowels (synbolized as
V. fromhere on) and short or Ilax vowels (synbolized as V
from here on), although the relationship between the two
subcl asses was not guantified. They also found that there
was an overlap in the duration between the tense and |ax
vowel types when the durations of the two were conpared

across the several consonantal contexts.

(House (1961) studied the duration of twelve Anerican
English vowels occurring in fourteen symmetrical consonantal
cont exts. The vowels and consonants forned the second
syl l able of a bisyllabic nonsense word of the form/he CVC.
The vowel duration nmeasured fromthree speakers showed that
sone vowels could be classified in contrastive |ong-short
pairs or tense-lax pairs, for eqg., /i/ vs/I1/; [ul vs/IU;
lal vs /a/; and /23 / VS /Jo/. He found that the |long vowel s
were, on an average, 100 ns longer than the short vowels.
Hs data al so showed that the difference between tense and
| ax vowel s varied as a function of voicing and the nmanner of
articulation of followng consonants. For instance, the
di fference between tense and |ax vowel s am dst voicel ess stop
consonants was about 30 nms, amdst voiced stop was about 80

ns and am dst voiced fricatives was about 120 ns. Not only
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did the duration difference vary across consonantal contexts,

but so did the ratio of V/V:

Sharf (1964) observed that tense vowel s were |onger than
lax vowels in both normal and whispered speech. I n nornal
speech, the tense vowels were 258 ns. and the |ax vowel s were
185 ms., a difference of 73 nms., and in whispered speech
they were 321 ns and 238 ns. respectively, a difference of 83

ms. Using Stetson's (1951) theory to explain the durationa

difference between tense and lax vowel s as being
physi ol ogi cal, Sharf (1964) argued that ".... it is possible
that linguistic structure is a precipitating factor in

producing differences in vowel duration between tense and | ax
vowel s and that dynamc properties of the speech system have

acted as a perseverant factor".

In a series of studi es, Nooteboom (1972a, 1972b)
Investigated various intrasyllabic factors that influenced
vowel duration in Danish | anguage, particularly the influence
of phonol ogical length and the influence of vowel height. He
found that long vowels /o0:, e:, o:, a/ were consi stently
| onger than the short vowels. However, Nooteboom (1972) also
reported that the absolute difference in duration as well as
the durational ratio between the short and long vowels (V/V:)

vari ed depending on the position in the word and the presence
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or absence of lexical stress. |In trisyllabic nonsense words
of the type /pVpVpV/ with stress on second syllable, he found
that the absolute difference between the short and |ong
vowels was 15 ns, 40 ns and 50 ns for the three positions
respectively. Further nore, the ratio of V/V. was 0.85, 0.65
and 0.70 for the three positions respectively. Thus, neither
the absolute durational difference nor the WV V ratio

remai ned constant in Danish |anguage.)

St al hammar, Karl sson & Fant (1973) and Fant, Stal hammar
& Karlsson (1974) studied the duration of short and |ong
vowels in stressed and unstressed conditions, occurring in
isolation, in a/h V1l and in connected speech of Swedi sh
| anguage. They found that the durations of Ilong vowels did
not change nmuch between isolated condition (350 ns) and nono-
syl l abi ¢ cont ext (315 ms), but changed narkedly from
nonosyl | abi ¢ to connected speech (120 ns). The average V/V.
(stressed) ratio was 0.60 in nonosyllabic context and 0.75 in
connected speech. Unstressed vowel durations could be best
represented by the follow ng equation:
V(short) =30 + 0.5 * V(long); for values of long vowels not
|l ess than 60 ns, averaged across all the contexts. At val ues
of 60 ns, there was no difference between stressed |ong and

short vowels. These researchers suggested that there existed
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an invariant linear relation between |long and short vowel

dur ati ons.

Li ndbl om (1964, 1968, 1970, 1973) and Lindbl om & Rapp
(1972, 1973) studied sone of the intra and inter-syllabic
variables to determne segnental durations in Swedish and
postul ated a theory of segment duration. The material used
consisted of both nonsense and neaningful words, W th
increasing word Ilength, which were enbedded in a carrier
phr ase. There was no control of speech tenpo although the
i nvestigators observed that ". . . . subj ects pronounced test
phrases at fairly regular interval of 3-4 seconds" (Lindblom

& Rapp, 1972).

Phonol ogi cal length was reported to be a maj or
determ nant of vowel duration. Initially using single
subject, Lindblom & Rapp (1972, 1973) reported that the
relationship between the short and Ilong vowels could be
represented by a sinple constant, V/V. = 0.75. However,
using data from other speakers they found that this
rel ationship was better represented by the follow ng
eguati on:

V (short) = K* V (long) + L
where K 1is the relationship factor (or slope) and L is the

i ntercept. The durations calculated were for lexically
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stressed vowels. The slope and intercept varied for
different contexts. For exanple, the slope for the context
/'s/ was 0.48, with an intercept of 52 ns; and for the context
Inl was 0.71 with an intercept of 5 nms. Thus the slopes and
the intercepts were not invariant across contexts. The form
of the relationship stayed the same but not the relationship
itself. They also noted that the ratio of V/V. was not a
sinple constant across all conditions but tend to increase as

absol ute durations becane snall er.

Al though the findings for the Swedi sh vowels seemto be
in conflict with one another, they are not. Wile the
studies of Stalhammer et. al., ( 1973) and Fant et. al.,
(1974) reported an invariant relationship between the two
vowel types, they were not referring to consonantal contexts.
Their major goal was, "... to quantify general trends
wthout going into details, such as the influence of the
| mredi ate consonantal frane...." (Stalhamrer et. al., 1973).
Thus their findings were based on an equation that best fit
to the observed vowel durations which were averaged across
various contexts and speakers. On the other hand, the series
of studies by Lindblom (1973) and Lindblom & Rapp (1972,
1973) reported on the specific consonantal contexts and found
that this relationship was not constant but varied depending

on the contextual factors.
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Games (1974a) has studied vowel quality in Icelandic
| anguage and she has also examned the dur ati onal
relationship between long and short vowels in nonosyllabic
and disyllabic conditions, wth the varied voicing and
manners of articulation of the follow ng consonant. She
found that the duration of short allophones in both
nonosyl | abic and bisyllabic situations constituted one half
of the duration of 1long allophones, mnaintaining a ratio of
1:2 regardl ess of absolute durations, segnental environnent
and the syllable structure. However, this observation was
based on a small nunber of tokens (i.e., 5) of each vowel and
this relationship was an average across all of the |ong
vowel s and averaged across different consonants. CGopa
(1987) with reference to the study by Games (1974) conment ed
that the relationship for each long - short vowel pair
specifically for each of the consonantal contexts separately,
had not been considered. I ndividual long - short pair
relationships for specific contexts may be quite different
from averaged ones. Thus this notion of invariance nay well
be questioned. Mre inportantly, these findings were based
on the data collected fromone speaker. Thus its generaliza-

tion is highly questionable (Gopal, 1987).

It is wdely accepted that the tense vowels are

relatively longer than |ax vowels. Since the approxi mate
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configuration for tense vowels is said to require a |onger

period than that for lax vowels (Mtleb, 1984).

Maddi eson (1993) carried out a study on vowel duration
in LuGanda | anguage. He found a significant difference
bet ween the short vowel, conpensatorily |engthened vowels and
long vowel s. However, the conpensatorily |engthened vowels
were much closer to the duration of the long vowels than to
that of the short vowels. Both | engthened and | ong vowel s
were twice in their length when conpared to the short vowel s,
whereas a | engthened vowel is only 40 ns shorter than a |ong
vowel and has 80% of its duration. The nean duration of the
conpensatorily lengthened vowel in words was 191 nms, whereas
that in short vowel words was 73 ns and that in |ong vowel

wor ds was 237 ns.

Maddi eson (1993) also carried out a study on vowel
duration in Sukuma | anguage. The results were al nost
simlar to LuGanda except for that "the surface durationa
patterns were different. The conpensatorily |engthened
vowels fell alnost halfway between the duration of the |ong
and short vowels, in fact, the nmean for |engthened vowel s was
slightly closer to the duration of short vowels. The nean
duration of the conpensatorily |engthened vowel in words was

200 ms, whereas that in short vowel words was 129 ns and
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that in long vowel words was 280 ns. Tne long vowels were
over twice the Ilength of short vowels in this data, but
| engt hened vowels were only about one and half tines the

l ength of short ones.

Mc Donough, Ladefoged & George (1993) carried out a
study on Navajo vowels and the results revealed that Navajo
speakers made very clear distinctions between long and short
vowel s, at |east when producing citation fornms. Short vowels
were less than half (114 nms in females and males) the Ilength

of long vowels. (266 ns in females and 264 ns in mal es).

Shal ev, Ladefoged, & Bhaskararao, (1993) carried out a
study on the phonetic properties of Toda, which is spoken by
about 1,000 people in the Nilgiri HIls in Southern India.
They found that the mean duration of short vowels was 68 ns
and that of long vowels, 139 ms. The short-long ratio was
therefore 1:2.04, or slightly nore than 1:2. Engstrand &
Krull (1994) conducted a study on the duration of vowels in
Swedi sh, Fi nnish and Estoni an | anguages and found short and

long vowel contrasts, simlar to the earlier studies.

The relationship between short and |long vowel s may be

| anguage dependent. In sone | anguages, it may be invariant

across contextual influences, whereas in other |anguages it
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may vary as a function of various other factors. The
findings of Games (1974) for Icelandic vowels could be
considered as a support to an invariant relationship. She
found this relationship to be a constant across segnenta
environnents and the structure of the syllable. It would be
interesting to see whether this ratio truly remins a
constant when individual |ong-short vowel pairs are conpared
for each consonantal context and across other determ nants of
vowel duration such as speaking rate, word |length, sentence
| ength and prosody. Thus the inferences of invariance by

Games (1974) has to be treated with caution

On the other hand the findings of Nooteboom (1972a,
1972b) for Dutch vowels which showed differences in absolute
durations and also in ratio between the two vowel types
remai ned variant across stress and position within the word.
Thi s observati on by Noot eboom (1972) argues agai nst
i nvariance of vowel duration, at least in Dutch. Simlar
observations can be nade about Swedi sh vowels (Lindblom 1973
and Lindblom & Rapp 1973, 1974) as well as the American
English vowels (House, 1961). VWhile conparing specific
tense-lax vowel pairs in the studies by Lindblom (1973); and
Li ndbl om & Rapp (1973, 1974), the vowel durations were based
on averages of all tense verses all lax vowels. Unless

specific long-short vowel pairs are conpared between specific
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consonantal contexts while controlling the influence of other
factors, generalization based on the above studies ought to

be treated with care

FACTORS | NFLUENCI NG DURATI ON OF VONELS | N SPEECH PRODUCTI ON
Durations of different segnent vary w dely depending
upon several factors. Klatt (1976) classified these factors
as:
1. Extralinguistic factors
Di scourse |evel factors
Semantic factors
Syntactic factors

Phonetic factors and

o o A 00N

Physi ol ogi cal factors.

1. Extralinguistic Factors

Under the extralinguistic factors, Klatt (1976) i ncludes
speakers nmood, their physical condition and speaking rate.
Further age and sex seenms to influence the duration of

vowel s.

a. Speakers npod and physical condition: Speakers nood and
physical conditions affect the durational patterns |argely.
Wllianms & Stevens (1972) have shown that actors, attenpting

to sinulate various enotional states, speak differently under
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different enotional conditions. They speak very slowy when

angry and slower than normal when expressing fear or sorrow.

b. Speaking rate: Researchers have studied the influence of
speaking rate on long and short vowel types. Sone of them
have reported, that the two vowel types behaved differently
with changes in the rate where as others found no difference

bet ween t he two.

Change in speaking rate tend to change the durational
patterns. For exanple it has been shown that a good fraction
of the extra duration goes into pauses when speakers sl ow
down (CGoldman-Eisler 1968). Huggi ns (1964) showed that an
increase in speaking rate shortened the vowels and conso-
nants. Increase in speaking rate was al so acconpani ed by

phonol ogi cal and phonetic sinplifications.

Peterson & Lehiste (1960) observed that the changes
in speaking tenpo had little effect on the duration of
stressed syllable nuclei. In a sub-experinment they found
that syllable nuclei that were inherently longer in duration
conpresses |less than the nuclei that were shorter in duration
when the speaking rate increases. "...However, the notion
that |onger duration segnents (stressed nuclei) conpress |ess

than the shorter duration segnments is in direct contradiction
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to Klatt (1973), who just found the reverse" (CGopal, 1987).
The min difference between Klatt's (1973) and Peterson &
Lehiste's (1975) study was that Klatt did not investigate
conpression brought about by changes in speaking rate. He
used increasing nunber of syllables to bring about a

reduction in vowel duration.

Gay (1974) stated that the consonantal gestures were
strengt hened when the speaking rate was increased because of
the conplex reorganization of the notor commands to the
articul ators. However, the notor conmands for vowels were
not enhanced.

Gay (1978) investigated the effects of speaking rate

on changes in the duration of nine vowels in four native

Anmerican English speakers. He used utterances of the type
[PVP/ in a carrier phrase, "It's a again". He found
that as the speaking rate increased, durations of all vowels
decreased for all speakers. Usi ng percent change in vowel

duration fromone rate to other, Gay (1978) studied whet her
there were any systematic differences between long (/i:/, [ae
/, lall [lul) and short (/%I/, /a/: /2/., /8/) vowels. He found
that the percent change was sane for both vowel types
(approximately 0.20 to 0.25), and concluded that there were
no systematic differences in the amunt of conpression

between the long and short vowels across rates.
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Table 2.1: Conparison of nean vowel durations fromdifferent
rates for different studies.
Pet erson and Lehiste (1960); n=5 (averaged across voiced and
voi cel ess contexts)
sl ow Fast (f/s) Sl ow Fast (f/s)
[il 207 [ 161
| ae/ 284 | E/ 204
as 235 Jul 163

lul
Gy (1978); n=4 (Voi cel ess cont ext)

Sl ow Fast (f/s) Sl ow Fast (f/s)
lil 120 90 (0.75) N/ 105 85 (0. 81)
| ael 155 125 (0.81) | E/ 130 105 (0.81)
/ al 145 155 (0.79) /A 115 85 (0.74)
lul 120 90 (0.75) /'y 110 90 (0. 82)
Crystal and House (1982); n=7

sl ow Fast (f/s) sl ow Fast (f/s)
Long 141 115 (0.82) Short 79 61 (0. 85)
Port (1981); n=5 (voi ced context)

Sl ow Fast (f/s) Sl ow Fast (f/s)
lil 122 83 (0.68) /1] 80 61 (0.77)

(voi ced context)

Sl ow Fast (f/s) Sl ow Fast (f/s)
[il 105 69 (0.74) /1] 78 61 (0. 89)
Gopal and Syrdal (1984); n=10 Voi ced cont ext)

Sl ow Fast (f/s) Sl ow Fast (f/s)
lil 230 99 (0. 43) [/ 176 78 (0. 44)
| ael 263 120 (0.46) | E/ 179 87 (0.49)
[ al 260 119 (0. 46) | A 182 87 (0. 48)
/ul 249 108 (0.43) | u/ 178 86 (0. 48)
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Crystal & House (1982) investigated segnental duration
and their distribution in connected speech, in an attenpt to
establish probabilistic rules that could be applied in the
identification of speech segnents and classification of
phonetic categories. They studied the durational pattern of
vari ous segnments between two speaking rates using only a
subset of sentences. In describing the durational behaviour
of the segnments, they did not control for effects of stress,
intonation, position... etc. They found that there were no

differential effects of rate on various categories of speech.

Port (1981) investigated the interaction of postvocalic
consonant voicing and vowel | engt h, across varying word
| ength and changes in tenpo. She found that with 28% change
in speaking tenmpo from slow to fast, as neasured by the
conpression in the sentence duration, the long and short
vowel s behaved differently with changes in speaking rate for
both voi ced and voi cel ess situations. In general |ong vowels
were conpressed nore than the short vowels and the effect
seenmed to be nore pronounced in voiced context. Her findings
favoured the hypothesis that "there was differential behavior
of long and short vowels across the changes 1in tenpo".
However, this was contrary to the findings of Gay (1978) who
did not find a difference in the anmpunt of conpression

bet ween two vowel types.
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Gopal & Syrdal (1984) found that the vowel durations of
fast and sl ow speakers changed from 40% to 50% Gopal (1990)

investigated the effects of speaking rate on the durations of

four pairs of Anmerican English tense and |ax vowel s
(-1, A -8&) , u-U) in four different consonantal contexts
(t, d, s, z) using seven subjects. Results showed that the

dur ational behaviour of tense and |lax vowels as a function of
rate was context dependent. It followed one of the two broad
patterns (i) in certain contexts nost of the tense-lax vowel
pairs maintained a constant absolute durational difference
across different rates and (ii) in other contexts the change
in the tense vowel durations as a function of rate was
significantly different fromtheir lax vowel counter-parts,
so that the vowels nmaintained neither an absolute duration
di fference nor a consonant proportional relationship. Gopa
& Syrdal (1984) stated that his results could support
partially additive and inconpressibility nodels. He al so
stated that none of the nodels were able to capture the
dur ati onal behavi our of these vowels as a function of rate
and this suggests a speech timng systemthat is nore conplex
than the present nodels proposed (Gopal, 1990). There are no
studies which have investigated the influence of rate of

speech in Indian Languages.
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c. Age: According to D Snoni (1974), the nean duration of
vowels in the voiceless consonant environnment remai ns
constant, whereas that in the voiced consonant environnent
Increased with the age of the speaker. He also found that
the variation (i.e., standard deviations) in vowel duration
tends to becone snaller as a function of age, indicating |ess
speaker variability. The results of this study indicate that
the observed vowel durational variations due to consonant
envi ronnment devel op over a long period of tine. Dur at i onal
differences already begin to enmerge by age three years,
although the differences do not reach statistical signi-
ficance until the age of six years. The devel opnental period
In which the nost rapid rates of change occur was identified
as three to six years of age. Sweetings (1980) found that

the vowel duration increased wth the age of the speaker

d. Sex: Zue & Lafferiere (1979) observed that |onger vowel
durations characterized femal e speech. This phenonenon was
also observed by Savithri (1983,1986), in Sanskrit and
Kannada | anguages. M Donough, Ladefoged & CGeorge (1993)
carried out a study on the vowels of Navaj o |anguage and
found that there was no significant difference between nales

and fermales with respect to vowel duration.
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2. Discourse Level Factors

The duration of the final sentence of a read passage
will be Ilonger than the non-final sentence of the passage.
(Klatt, 1976). It has been observed by Klatt (1976) that the
vowel duration has primary inportance only in phrase fina
envi ronments. The final syllable of the sentence was
| engt hened when conpared to the non-final syllable. It was
as if the speakers tend to slow down at the ends of the

conceptual unit.

3. Semantic Factors

Semantic factors also play a promnent role in altering
the duration of the vowels. Enphasi s and semantic novelty
are listed as semantic factors affecting the duration of

speech sounds.

a. Enphasis: The first semantic factor to be considered was
enphasis or contrastive stress. The acoustic correlate of
enphasis is an increase in the duration of the word. Studies
have indicated that the vowel duration was nore for stressed

vowel s (Klatt, 1976 and Savithri, 1986).

b. Semantic novelty: An wunusual word would be |ongest, the

first tinme it appeared in a connected discourse infering that
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semantic novelty had an influence on segnental durations

(Klatt, 1976).

4. Syntactic Factors

a. Phrase structure |engthening: Gaitenby (1965) found that
the syllable or syllables at the end of a sentence were
longer than they would be wthin an utterance. Simlar

results were observed by Klatt (1976).

b. Prepausal |engthening: The syllables before the pause are
| engt hened when conpared to syllables in other positions
(Klatt, 1976). Martin (1970) showed that the segnents tend
to be lengthened in spontaneous speech just prior to major
grammati cal constituent boundari es. Lengt heni ng was observed

at the end of noun phrases and conjoined or enbedded cl auses.

It may be a natural tendency to slow down at the end of
all notor sequences or the speaker may learn to |lengthen the
prepausal syllables to enable the |istener decode the nessage
better or it is probably related to the general deceleration

of notor activity at the end of speaking acts (Klatt, 1976).

c. Position of the vowel: Noot eboom (1972) studied t he
i nfluence of position of vowel in the word on vowel duration.

He reported that the absolute difference in duration,as well



as in the duration ratio between the short and long vowels
(VM/V:) varied depending on its position in the word and the
presence or absence of lexical stress. In trisyllabic non-
sense words of the type /pVpVpVp/ with stress on the second
syl lable, he found that the absolute difference between two
vowel types was 15 ms, 40 ms, and 50 ms, for three positions
respectively, and the ratio V/V: was 0.85, 0.65, and 0.7 for
the three positions respectively. Thus neither the absolute
duration nor the V/V: ratio remained constant in Dutch. The
word final syllables are somewhat |onger in duration than the

nonfinal syllables (QOler, 1973 and Klatt, 1975).

5. Phonetic Factors
a. Inherent phonol ogi cal duration: Each phonetic segnent has
its own intrinsic phonological duration. Sone vowels are

short and sone vowels long and sonme are overlong (Savithri,

1984). The duration of the vowels appears to be related to
tongue hei ght. O her factors being equal, a low vowel is
|l onger than a high vowel. Experinmental evidence for this

energes from studies in English, German, Danish, Swedish
Thai, Lappish, Spanish (Lehiste, 1970 and Klatt, 1976) and
Kannada (Savithri, 1986) . According to Klatt (1976) the
reason for this mght be found in the physical processes. | t
is a known fact that velar height and the degree of «closure

of the vel opharyngeal port varies systematically with vowel
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articul ation. In general, the velumis characteristically
| ower and the port is nore open for |low vowels than for high
vowel s. This takes nore time thus explaining the |onger

duration for |ow vowel s.

Tenporal analysis of vowels in Taml| carried out by
Bal asubramani an (1981), revealed that the phonol ogically |ong
vowel s are alnost twice as long as the phonologically short
ones. Oher things being equal, open vowels are |onger than

cl ose vowel s.

0' Shaughnessy (1981) reported a weak tendency for
vowel duration to vary inversely with vowel height in French
vowel s. This study showed that high vowels, on average, were
shorter than other vowels, but this relation did not occur

when md (long) vowels were conpared to low (long) vowels.

Mtleb (1984) studied the vowel durations usi ng
spect ogr ans, in English and Arabic | anguages and found t hat
the vowel duration of |low vowels were nore than high vowels
in both | anguages. The fact that |ow vowels tend to be
| onger than high vowels was attributed to the degree of jaw
| owering needed in the production of |ow vowels. He opined

that the tenporal structures were |anguage specific variables
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which nust be taken into consideration in the acoustic

anal ysi s of |anguages.

Li ndau- Webb (1985) <carried out a study on Hausa vowels
and diphthongs and the results revealed that in open
syllables the durational differences between |Iong and short
vowels were quite large. The long vowels were about 40-45%

| onger than the short vowels.

Choi (1992) studied the vowel duration wth respect to
the vowel height of Kabardian, a Circassian |anguage spoken
in the northwest Caucasus. The results showed that vowel

duration was inversely proportional to the vowel height.

Shal ev, Ladefoged and Bhaskararao (1993) carried out a
study on the phonetic properties of Toda, a Dravidian

| anguage which is spoken by about 1,000 people in the N lgiri

HIlls in Southern India. Toda vowels showed an apparent
variation from the expected results; high vowels were
shortest, (60 ms), followed by md and |ow vowels (76 ns)

whi ch appeared to have the sanme nean duration. Since md and
| ow vowel s were virtually identical in duration, the contrast
in intrinsic length in Toda appeared to be between high and

non- hi gh vowel s.
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b. Effect of linguistic stress: Stress pattern of ar.
utterance nodifies the segnental duration. Stressed vowel s
were generally longer than unstressed vowels (Fararaenter &
Trevino, 1936; QO ler, 1973 and Lehiste, 1975). |In Dutch, the
duration of the stressed vowel decreased with increasing
nunber of syllables in the word. The effect was nore
pronounced in stressed long vowels than in stressed short
vowels and stronger for isolated words than for enbedded

wor ds ( Noot eboom 1972).

c. Effect of post-vocalic consonants on the vowel duration:
Peterson & Lehiste (1960) studied the duration of syllable
nuclei in English and found that vowels had shorter duration
when followed by a voiceless consonant and had |onger
duration when followed by a voiced consonant. Many investi-
gators have agreed wth t hese findings; in English,
(Delattre, 1962; House & Fairbanks, 1967; Unmeda, 1975;
Wi t ehead & Jones, 1976; Fox & Terbeek, 1977; Crystal & House
1988; Davis & Summers, 1989 and Jong, 1991) in German,
(Fourakis & lverson , 1984); in Japanese, (Homma, 1981); in
French (O Shaughnessy, 1981); in Swedish, (Lyberg, 1981); in
Tam |, (Bal asubramanian, 1981); in Malayalam (Velayudhan
1975); in Toda, (Shalev, Ladefoged & Bhaskararao, 1993); and
in Kannada, (Savithri, 1986).
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The reasons for this as hypothesized by Halle & Stevens
(1967) was that the vocal folds are widely open for the
voi cel ess consonants, whereas for the production of voiced
sounds fine adjustnents are required. These fine adjustnents
consune nore tinme than that of w de separation for the voice-
| ess consonants. Further, the vel opharyngeal wdth will be
nmore for voiced stops when conpared to the voicel ess stops.
This w dening of the velopharynx for voiced stops requires
nore time which |engthens the vowels preceding voiced stops.
In the production of voiced stops, the larynx is depressed to
maintain a pressure difference above and below the glottis.
However, when conpared to the novenent of the other arti-
culators, the novenment of larynx is sluggish. Thus the nore
rapidly reacting articulators are delayed to coordinate wth
t he sluggish larynx (Hudgins & Stetson, 1935). Hence vowels

are | engthened preceding voi ced consonants.

Bal asubramani an (1981) studied the duration of vowels in
Tam | in various phonetic environnments. Wrd initial and
word nedial vowels followed by voiceless and voiced conso-
nants are examned in terns of their duration. The study
reveal ed that in syllables of the structure V and CV, vowels
were |onger when followed by voiced consonants than when
followed by voiceless consonants. In syllables of the

structure, VC and CVC, however, vowels were |onger when
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followed by a voiceless consonant group than a voiced one.
However, Mtleb (1984) studied the vowels in Arabic |anguage
and the results revealed that Arabic vowels did not exhibit a
difference in vowel duration as a function of the segnment a

voi cing feature.

d. Segmental interactions: In German, it has been observed
that the front vowels were |onger before labials and velars
than before dentals and back vowels were |ongest before
vel ars (Maack, 1953). House and Fairbanks (1953) found that
English vowels were generally |onger before Ilabials or

vel ars.

Peterson & Lehiste (1960) carried out a study to
determine the duration of syllable nuclei in English. The
durations of all syllable rules in English were significantly
affected by the nature of the consonants that followed the
syl l abl e nuclei. The influence of the initial consonants
upon the duration of the syllable nuclei appeared to be
negl i gi bl e. They found a tendency for vowels preceded by
fricatives to have somewhat shorter durations than vowels
preceded by other consonants. Kenneth (1976) found that
vowel duration in fricative environnment was longer than in
the pl osive environnments. Whereas, Witehead & Jones (1976)

found that the duration of vowels were significantly |onger
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when it was followed by a fricative than when it was foll owed

by a pl osive.

Anot her secondary influence of consonantal environnent
on vocalic duration was a p lace of articulation effect
di scussed by Fischer Jorgensen (1964). His findings were
(i) before labials and dentals, the duration of back vowels
were nore than that of front vowels and (ii) before velars,
the duration of Dback vowels were less than that of front
vowel s. He also observed that the duration of the vowels
after voiced stops were |onger than those after voiceless
stops. In a study carried out by House & Fairbanks (1967), on
the influence of consonant environnment upon the secondary
acoustical characteristics of vowels, it was found that
the variations were systematically related to the attributes
of the ~consonants, the nost powerful attribute Dbeing the
presence or absence of wvocal fold vibration, followed by
manner of articulation & place of articulation. Chen (1970)
reported that the lengthening of the vowel was nore when it
was followed by a dental sound than when it was followed by

| abi al or vel ar sounds.

Umeda, N. (1975) carried out an extensive study on the
tenporal behaviour of vowels wth respect to consonant

position. The investigator found that duration of the vowels
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were |east when followed by voiceless stops, and increased
when followed by voiceless fricative, nasal, voiced stop and
voiced fricative, respectively. Lehiste (1975), states that
"vowel duration tends to increase as the point of arti-
culation of the post vocalic consonant shifts farther back in

t he nmout h".

A study was conducted by Fox & Terbeek (1977) which
investigated dental flaps and their effect upon preceding
vowel duration in Anerican English. The nean duration of
vowel s preceding /d/ flaps were significantly [longer than
those preceding their /t/ flap. This woul d argue that vowel
| engthening was ordered before voiced fl appi ng. Thi s
ordering would claimthat vowel |engthening was sensitive to
the voicing characteristic of the underlying segnent /t/ or

/d/, and not to the voicing of the flap itself.

Bal asubramani an (1981) studied the duration of vowels in
Tam | in various phonetic environnents. He found that vowels
were |ongest when followed by retroflex consonants & shortest
when followed by bilabial consonants, in words havi ng
identical syllable structures. There was no appreciable
difference between the durations of vowels followed by

dental, pal ato-alveolar and vel ar consonants.
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From a study of French vowels, O Shaughnessy (1981)
reported that there were two "strong" preconsonantal effects
on vowel duration. He reported (i) |engthening of vowel s
before voiced fricative and (ii) shortening before voiceless
obstruents. He also reported a weak tendency for vowels to

be longer after stops than after other consonants.

A study carried out on the tenporal analysis of the
vowel s and consonants in Japanese by Homma (1981) reveal ed
that as the place of articulation of the adjacent stops noved
toward the back, both voice onset tinme and vowel duration
becane longer in the first syllable. In the second syllable,
on the contrary, vowel durations becane shorter in this
direction. Acoustic neasurenents conducted by Luce & Luce
(1985) revealed that durations of vowels produced before
bilabials (nmean duration is 155 ns) were |onger than those
produced before alveolars (nmean duration is 147 ns) and
velars (nean duration is 146 nms). Savithri (1986) reported
that in Kannada |anguage vowels preceding retroflex sounds
were longer than vowels preceding velars. Because velars
I nvol ved |least coordination of articulators and that the
retrofl ex involved nore precise control of the articulators
as the tongue has to curl back and touch the palate. GCystal
& House (1988) studied the effects of voicing characteristic

and found that the place of articulation of the post vocalic
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consonant did not had reliable interaction effects on vowel
durati on. Santen (1992) studied the effects of severa
contextual factors on vowel duration. The results reveal ed
that vowel duration varied depending upon the voicing and
manner of articulation of postvocalic consonants. The vowel
duration increased with respect to the post vocalic consonant
as follows; voiceless stops, voiceless affricate, |iquids,
voi cel ess fricatives, nasals, voiced stops, voiced affricate
and voiced fricatives. The effects of prevocalic stops on
vowel duration, were smaller than those of the post vocalic
stops and were not anplified by utterance position. The
vowel duration was found to be shorter when preceded by a
stop liquid cluster than when preceded by just the voiceless
stop or the |liquid. Vowels in word initial syllables were
| engt hened by about 20 nms when not preceded by a consonant in
the same word and vowels in word final syllables were
| engt hened by a smaller anount when not followed by a conso-

nant in the same word (Santen, 1992).

According to Klatt (1976) "the durational recording in
clusters may have its origin in physical constraints on the
speed of various articulators, their ability to act indepen-
dently so that consonantal gestures partially overlap in tine
and on the articulatory distances to be traversed. It is

hard to believe that constant word duration is a very
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important constraint in English since duration has already
been inplicated as a factor to differentiate inherently tense
(long) from lax (short) vowels, voiced from voiceless

fricatives etc.," (Klatt, 1976).

e. Polysyllabic environnent: Noot eboom (1972 a, 1972 b)
reported that under the influence of an increasing nunber of
follow ng syllables, Dutch vowels decreased in their duration
and however, the vowels wth shortest duration were |east
af f ect ed. This suggests that there nmay be differentia
effects of simlar factors on the two vowel types. It could
also nean that when a certain mninmumvowel duration is
reached the conpression effect disappears. Noot eboom (1972)
found that the influence of nunber of syllables on both

duration of long and short vowels could be predicted by the

f or mul a:
=D (m* a) wher e
V = predicted vowel duration
D = Duration of the vowel in nonosyllabic conditions,
m = No. of syllables, and
a = a constant less than 1.

Even though the same formula was used for both |ong
and short vowels inplying that the effect is simlar for the

two vowel types, the exponent 'a' could vary for the tense

2.51



and lax vowels. This study showed that the duration range
for the tw vowel types differed. In case of tense vowel s,
the nonosyllabic vowel duration was around 170 ns and in
trisyllabic context it was 100 ns. In case of |lax vowels,
the nmonosyl |l abic duration was around 90 ns and trisyllabic
condition it was around 70 ms. Thus, although |lax vowels
exhibited a resistance to conpression when the nunber of
syl l ables were increased, the tense vowels nmay also exhibit

inconpressibility at simlarly short durations.

Lehiste (1972) neasured the durational data fromthe
polysyllabic words fornmed by conbining base words wth
suffixes such as -y, -er, -ing, -ily, -iness. The durations
of both the base conponent and of the syllable nucleus tend
to decrease in such series. "The major effect was the
conditioning of the durational structure by the nunber of
syllables rather than either by the nunber of segnments or by

the presence of norphene or word boundari es" (Lehiste, 1972).

Lehiste (1975), investigated the tenporal differences in
intrinsically long and intrinsically short vowels as a
function of nunmber of syllables in the word. She found that
the addition of an unstressed syllable had different effects
on the long vowels and on the short vowels, specifically in

the voicel ess condition, where the tense vowel underwent nore
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conpression than the Jlax vowel. These findings have been
conpared with the findings of other investigator in Table
2.2. Additionally, the influence of the position in the word
showed that the effects of |lengthening in final syllable
position was nore for the short vowels than for [long vowel.
Lehiste (1975) inferred that the behaviour of the two vowel
types, long and short, are different under the influence of
addition of another syllable. This was true not only in
terms of absolute duration but also in terns of percent
change.

Tabl e 2.2: Conparison of tense and |lax vowel durations with
i ncreasi ng nunber of syllables in a word.

Lehi ste (1975) Port (1981)
No. of syll ables
1 2 (2/1) 1 2 (2/1) 3 (3/2)
Voi ced cont ext
Tense 248 172 (69. 4% 149 115 (77% 110 (95%
Lax 153 104 (68% 113 84 (74% 79 (94%
Voi cel ess cont ext
Tense 198 146 (73.6% 113 101 (89% 96 (95%
Lax 103 84 (81% 82 71  (85% 71 (101%

Port (1981), on the other hand, found that the tw vowel
types behaved simlarly wth an i ncreasi ng nunber of
syllables, i.e., reduction of vowel duration, for both the
voi ced and voiceless contexts. This is also shown in Table

2. 2. This finding is contradictory to Lehiste's (1975)
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finding. This nmay be due to lack of control over the rate of
speech. These conflicting findings may be due to the effect
of "inconpressibility" (Katt, 1973), when the mninmm

duration i s reached.

Li ndbl om (1975) states that vowel duration decreased as
the nunber of syllables in the word increased. Wen studying
connected speech materials, Umeda (1972) failed to find
evidence for this phenonenon and subsequently Harris & Ureda
(1974) asserted that the polysyllabic effect was negligible,

or non existent, in connected speech.

Study carried out by Ureda (1975) regarding the
t enpor al behavi our of vowels wunder many phonol ogi cal
conditions revealed that average duration of vowels can be
arranged in a descending way as follows: pr epausal ,
nonosyl l abic words, polysyllabic words and function words.
He cane to the conclusion that "these durational rules are a
reflection of performance of the speaker's subconscious
control of tenporal factors". "In English polysyllabic words,
phonene durations shrink as the nunber of syl | abl es
increase. This has been cited as evidence for English being
stress-tinmed, with relatively equal spacing between stressed
syl | abl es. French is considered syllable-tined, due to its

relatively equal - duration syllables. Sone  evidence

2.54



supporting that viewwas found in the study regarding the
effects of polysyllabic words on vowel and consonant duration
in French. The shortening of duration was not so nuch due
to the increased nunber of syllables as to the fact that the
reduced phonenes becane word - internal. The  greatest
reductions occurred in syllables in non-word-final position,
because pre-pausal lengthening is elimnated. Adding further
syllables to the word did not have the shortening effect that

Is usually found in English words" (O Shaughnessy, 1981).

Tenporal analysis of vowels in Taml| carried out by
Bal asubramanian (1981) revealed that vowel durations were
longer in nonosyllables than in words having nore than one
syl | abl e. He also established the fact that vowels were
| onger, in syllables with sinple structures than in syllables
of conplicated structures. Bhaskar Rao (1988) carried out a
study to determne the extent of conpressibility of test
vowel when the word was nade progressively |onger by the
addition of inflectional suffixes to the root word in
Mal ayal am Kannada (Dravidian famly), Sindhi and Marath
(I'ndo-Aryan famly) |anguages. In Kannada and Mal ayal am
whi ch have phonemc vowel |ength, the reduction of root word
was nore than the reduction of test vowel. In Malayalam the
test vowel was slightly nore reduced than in the case of

Kannada. The overall reduction of the root word was being
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done at the expense of the rootword excluding the test vowel.
In Sindhi and Marathi, though both the root word and the test
vowel got shortened considerably, the reduction was nore in
the case of test vowel than in the rest of the root word.
The reduction in Sindhi was of a larger magnitude than in
Mar at hi . They concl uded that increase in nunber of

syl | abl es, decreased the vowel duration.

6. Physi ol ogi cal Factors

Finally the physiological efforts (to mnimze the
articulatory efforts) have been used to explain the
difference in inherent phonol ogical.durations of vowels. For
exanpl e the longer duration of |ow vowels has been attributed
to the extra effort to open the jaw in the context of a
consonant (Lindblom 1968). Sone of the physiol ogica
efforts have already been nentioned wth relevance to the

ot her factors.

2. 56



DURATI ONAL MCDELS:

Several nodel s have been proposed to explain the way in
which control over duration was achieved. Qurrently two
nodel s are recogni zed. They are the Conb nodel and the Chain

nodel .

The "Conb nodel " (Kozhevni kov & Chi stovich, 1965) hol ds
that the wunits of speech are executed according to sone
under |l ying preprogramred time schedule; i.e, the duration of
speech sounds to be uttered are determned before they are
pr oduced. For exanple, if the speech sound /a/ is to be
produced, the duration for which it is to be produced is

determ ned before its production.

According to the "Chain Model", there is no underlying
time programor a given speech gesture is executed after the
precedi ng gestures have been conpleted successfully (Chala,
1973), i.e. the duration of the speech sound to be produced
IS not pre-determ ned. Chala (1973) suggests the "Chain
Model" for long term timng and the "Conb nodel" for the
short-termtimng. Kozhevni kov & Chi stovich (1965) presented
evidence for the "Conb nodel". They stated that t he
durational structure of a sentence was preplanned and that

the open syllable was an inportant unit in this process.
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Prepl anned sequenti al commands change t he articul atory
processes, which results 1in conpensatory effect in speech
producti on. This further gives rise to |engthening of the
precedi ng segnent when the follow ng segnent was shortened or

Vi ce versa.

Onhala (1975) questions these findings and clains that a
chain nmodel s as relevant as a conb nodel. If the conb
nodel is the nost basic nodel, conpensatory effects in speech
perception to mnimze the influence of |ocal disturbances
while decoding the nessage is needed. If chain nodel is
true, there is no imediate need for such a conpensatory

behavi our.

Sonme nodel s describe the way in which timng information
takes place in brain. (Creelman, 1962; Triesman, 1963;
M chon, 1967 and Allen, 1972). This timng information has
been explained by Allen (1972) in two ways. Allen (1972)
using the vowel duration, states that the commands to produce
a vowel articulation could include the information;
"sinmultaneous wth the start of the conmands for the vowel,
send out a neural inpulse along a nerve |oop type known to
the notor control program specific to vowels or this
particular duration, continues to issue with conmands for

this vowel production wuntil inmpulses arrive back on the
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return branch of this loop" (Alen, 1972). According to
Alen (1972) the neural |oop would act |like a delay I|ine,
wth each class of articulatory durations having its own
fixed delay between initiation and cessation of neuronotor
command. The second nodel involves a "Aock and a Gount down
nunber". The vowel comrand would include the instruction

"simul taneous with the start of the commands for this vowel,

begi n counting down cycles of the speech tine clock; when 'n
cycles are conplete, the vowel is conplete. The nunber woul d
be conputed by the brain for each articulatory duration"
(Allen, 1972). Qher nodels involving tinme quarter have been
developed by Ceelnman (1962), Triesman (1963) and M chon
(1967). Oeelnman (1962) suggests a poi sson's source and says
that no constantly running "internal clock” wll account for
the data of his experinents. Triesman (1963) suggests a
"Pace naker" or "dock l|ike generator" whose rate nmay be
subject to small errors. Mchon (1967) assunmes a "Pacenaker
source" whose rate of pulsation is highly task dependent, to

account for a variety of periodicities in his data.

"Another nodel <called the "Condenser nodel" suggests
that the duration may be stored in terns of the interval of
tine in a given condenser with a given charge, which needs to
discharge to a certain threshold I evel. Therefore each wunit

which is to be assigned a duration is assigned a charge for a
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condenser. Thus duration rules would be operations on the

charge of condensers” (Carlson & Granstrom 1975).

At present none of the nodels on timng information in
speech behavi our could be accepted or rejected fcr lack of
enpirical evidence. It could be hypothesized that a node
for the storage of timng information nust have t he
possibility of storing in a duration with an accuracy of a
fewmlliseconds and nust have a hi gher absolute accuracy for
shorter intervals than for |onger intervals. However, the
question of the accuracy of the descriptive nodel still

remains (Savithri, 1984).

CONTRI BUTI ON CF SANSKRI T LI TERATURE TO THE DURATI ONAL MODELS:

It is interesting to know that the ancient Sanskrit
schol ars had know edge regarding the durational aspects and
their inportance. This is evident fromthe definition of
phonetics as well as from the classification of speech
sounds (Savithri, 1984).

In the treatise Taittiriya Upanishat phonetics IS
defined as the study of speech sounds, their pitch, quality,
intonation and conjunction (Taittiriya Upani shat 11-29-32).
Pani niya Siksa classified the speech sounds on the basis of

various factors like the quantity, place of articulation,
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manner, aspiration, nasality etc., anong which quantity is
gi ven the second place (Panini:ya Siksa 6-7). According to
guantity, speech sounds were divided into 'hrasva', 'dhirgha
and ‘'plutha' (Panini:ya Sksa - 8) (Short, long and
prolated), which are one, tw & three '"matra' (unit of
quantity / duration) respectively. They had set the units of
gquantity, the lowest unit was terned a 'paramanu’ which is
considered to be equivalent to two "anus' (V.RP.S  23).
Next was a 'matra', the nore commonly used unit, equivalent
to two ' paramanus'. It was conpared to the tine taken for
the snap of a finger, eye blink or a flash of lightening (V.S
27-3; N. S 2-2-3; Y.S-8). The vowel s were classified as
short, Jlong and prolated. (B.$8) and consonants are
considered to be half a'mtra' long. (V.RP.S -22; T.P. |-
38; S Y.P.Y.S |I. 57). It was noticed that the final
syllable was prolated in calling soneone at a distance, in
reply to a greeting and in case of a doubt. (Ashtadhyayi 8-
2-83, 84, 97) . .

I n Natyasastra, one of the oldest treatise in dramatics,
the durational differences in different intonation patterns
and the duration of pause are nentioned. It states that
there exists a direct relationship between the duration of a
pause and the length of the syllable. Wen the pause is of

greater duration, the syllable produced wll always be
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| onger. However, the duration of the pause should not exceed

six 'kalas' (a neasure of time). (NS - Chap. 15).

It has been advocated that slow rate of speech should be
used while teaching, noderate rate while speaking and fast
rate while reciting. The inportance of duration was observed
in considering the normal cy of speech which could be noticed
by the fact that the durational deviations are included under

articulation disorders (R g Veda Prati sakhya Chap. 15).

Finally, the physical processes underlying the speech
behavi our was also explored. Kai yyata connects t he
perception of different rates of speech to a psychophysi cal
process affecting the nervous system The ratio of slowto
normal to fast rate of speech was considered to be 9:12:16
According to him the ratio inplied that 9, 12 and 16 drops
of nervous fluid flow from the 'sushuma'(?) nerve of the
listener, when he hears a sound in slow, normal and fast

rate (Kaiyyata pradipa 1-1-70).

ROLE OF DURATION I N SPEECH PERCEPTI ON
"The theory of segnental duration has sone interesting
inplications for the way in which sentences are perceived by

the |I|istener. The segnental duration contributes to the
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perception of constituent structure, phrasal and | exica
patterns. It serves as a cue to word boundaries (Klatt,

1974) .

It has been proved that the listeners are particularly
sensitive to the rhythmcal aspects of sentence timng
(Huggins, 1972). It appears that they are aware of an
average speaking rate and adjust their durational criteria
accordingly. Systematic changes in J ust noti ceabl e
di fferences of about 20% or nore nay serve as perceptual cues
(Klatt, 1976). Because of the listener's internal represen-
tation of duration, the durational differences between the
short and long vowels are perceived (Nooteboom 1972). It
has been shown that duration 1is a sufficient cue to change
the identity of a fricative fromvoiceless to voiced (Cole &

Cooper, 1975).

Klatt (1976) suggests that "the marking of phrase-
boundaries by increasing the duration of the phrase-final
syllable can serve as a prinmary perceptual cue to the
decodi ng of surface structure in spoken sentence". Enphasi s
is signalled by an increase in the segnental duration and

change in the fundanental frequency (Klatt, 1976).
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Durational cues are capable of carrying considerable
Information in connected speech. The listerners may be aware
of the durational rules. However, research 1is necessary on
the type of rules used by the |isteners as cues in perception

(Savithri, 1984).

( VONEL DURATI ON I N | NDI AN LANGUAGES:

Savithri  (1989) has studied the duration of vowels in
ten Sanskrit speakers and the durational data is presented in
the Table 2. 3. She found that the duration of |ong vowels
was approxi mately twice than that of the short vowels, their
duration being approxinmately 180 ns and 80 ns. She found
that fenmale subjects had longer vowel durations than nale
subj ect s. She reported that the vowels preceding strongly
aspirated stops were longer than the slightly aspirated stops
and the vowels were |longer before voiced stops than the
voi cel ess stops. She also found that the vowel s were |onger
precedi ng retroflex stops and shorter preceding velar stops.
Vowel s preceding retroflex /r/ were |engthened when conpared
to other semvowels. The duration of diphthongs were simlar

to the duration of |ong vowel s.
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Table 2.3: Mean duration of vowels in Sanskrit (Savithri
1989)

Mean duration of vowels in Sanskrit

Vowel Shor t Long (in m secs.)

a 81 178
[ 88 190
u 87 180
r 121 -

e - 196
0 - 197
ai - 198
au — 197

Ganesan, Agarwal, Ansari and Pavate (1985) studied the
vowel s of Hindi |anguage in eleven speakers. The Table 2.4

shows the values of the vowel duration in Hindi.

Table 2.4: Mean duration of vowels in Hindi
(Ganesan et.al ., 1985)

Vowel s Duration (in m secs.)
Shor t Long
i 151. 8 286. 2
e 263.5 268. 2
a 156. 5 248. 6
0 159. 2 276. 1
u 159. 2 257. 7

Nagamma Reddy (1988) studied the vowel duration in
Telugu [|anguage taking one subject. She used sound
spectrograph and electro - kynograph for the dur ati ona

measurenment. The duration of Telugu vowels in isolation and
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in connected speech is presented in Table 2.5 (as reported by

Nagamma Reddy) .

Table 2.5: Mean duration of vowels in Telugu
(Nagamma Reddy, 1988)

Vowel s Duration in centi seconds
a [ u e o] a: i u: e: o:

\l

| sol ation 9 7.5 10 10 28 25 26 26.5 27

Connection 5 6 4.5 6.5 55 13 11 11 11 11
speech

Vowel s Duration (in m secs.)

Shor t Long

i 75 148

e - 152

a 84 160

o] 82 151

u 77 151

E 80 -

d 78 154

[ 86 154
Bal asubramani an  (1981) I nvestigated the duration of
vowels in Tam|l, using four native speakers and the vowels

occurring in various positions. He exam ned about 3000(?)
spectrograns and el ectrokynographic tracings to obt ain
intrinsic vowel durations. The vowel duration in Tam|!l is

given in the Table 2.6 as reported by Bal asubramanian (1981)
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(a)

(b)

(c)

Bal asubramani an (1981) concl uded that:
the phonemcally long vowels (v:) were alnost tw ce as
the corresponding short (v) vowel s in identica
envi ronnment s.

i n general when other factors are controlled, open vowels
were |onger than cl ose vowel s
Vowels in sinple syllables were longer than vowels in
nore conplicated, cluster syllable structures. As the
nunber of segnents in syllables increased the duration of
vowel s in that syllable decreased.

(d) Vowels were |longest when followed by a retroflex
consonant and  shortest when followed by bilabial
consonant in word having identical syllable structures.
There was no appreciable difference between the durations
of vowels followed by dental, palato-alveoar and vel ar

consonants.

Savithri  (1986) studied the vowel duration in Kannada

| anguage and also ainmed at identifying sonme of the variables

influencing the duration of Kannada vowels. She used siXx

subjects and 82 trisyllabic neani ngful Kannada words for the

purpose of durational analysis. She studied the influence of

VoI Ci ng, aspi ration, nasality, cl ustering, pl ace of

2. 67



articulation of post vocalic consonant on only three short
vowel s of Kannada. They were /a/ /i/ & /ul/. The average

vowel durations in males and fenales are given in Table 2.7

Table 2.7: Man duration of vowel s in Kannada
(Savithri, 1986)

Vowel duration

Vowel s Mal es Femal es Aver age
lal 77 86 81.5
lil 69 97 80.5
[ul 81 79 80.0

Savithri (1986) observed that:

(a) high vowels were shorter in duration than |ow vowels.

(b) the voicing, aspiration and retroflexion of the post
vocal i ¢ consonant, |engthened the vowel duration.

(c) nasality of the post vocalic consonant reduced the vowel
durati on.

(d) the vowel duration of the test vowel in sinple syllable
structure was longer than the vowel in a clustered
syl I abl e. She also observed that the vowel produced by
female speakers had longer duration than the nale
speakers.

Raj apurohit (1982) studied the vowel duration in Kannada
| anguage using a single utterance in a single subject using

405 words. These words were not controlled for word |ength,

post vocal i c consonants, post vocalic voicing etc. The vowel
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durations were nmeasured wusing oscillograph. The obt ai ned

vowel duration of Kannada vowels 1is given in Table 2.8.

Tabl e 2.8: Mean duration of vowels in Kannada
(Raj apurohit, 1982)

Duration (in m sees.)

Vowel Initial Medi al Fi nal
i 75. 00 60. 77 80. 81
i: 132. 00 136. 41 138. 16
e 114. 00 83.16 118. 85
e: - 151. 16 -
a 67.13 71. 84 68. 54
a. 169. 05 157. 80 138. 06
o] 98.0 84. 00 -
o: 196. 66 146. 22 -
u 64.73 58. 05 84. 98
u: 150. 00 168. 00 -
a 75. 14 64.08 -
a 194. 00 — -

Savithri (1989) further investigated the vowel duration
i n Kannada using ten subjects, in 100 words and the obtained
durational data are presented in Tables 2.9, 2.10 and 2.11.
She used B & K High Resolution Signal Analyzer (Gscillo-
graphic method) for the nmeasurenent purpose. She made the
foll om ng observati ons:
(a) the ratio between the duration of short and |ong vowels
i n Kannada | anguage was 1:1.6, their duration being 76 &
120 m secs respectively
(b) in the word or sentence end, the vowels were | engthened.

The short vowels were |engthened by 62 msec and the |ong
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(c)

(d)

(e)

(f)

vowels were lengthened by 370 msecs. The ratios of
their durations 1in non-word-end and word-end were 1:1.8
for short vowels and 1:1.4 for long vowel s respectively.
vowel s preceding voiced stops were |onger than those
precedi ng the voicel ess. The nean duration of short and
| ong vowel s precedi ng voi ced stops were 75 and 132 m secs
and those preceding voiceless stops were 66 and 123
m secs respectively. However, the vowels /a/ and /u/
were exceptions for these.

the short vowel s preceding nasal continuants were shorter
t han those preceding voiced stops but were |onger than
those preceding the voiceless stops. Among the | ong
vowel s, those preceding the voi ced stops were the |ongest
folloned by those preceding voiceless stops and nasa
conti nuants.

vowel s preceding the semvowels /r/,/i/ and /v/ were the
| ongest followed by those preceding fricative and stops.
vowel s preceding the palatal stops were the |ongest.
These were followed by the vowels preceding dentals,
bilabials, velars and retroflexes. However, there were

no significant differences in the duration of vowels.
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Table 2.9: Duration of vowels preceding stop consonants and
nasal continuants (in msecs) (values in
parent hesis represent the duration of vowels in
words and sentences occurring at the end)
(Savithri, 1989).
Fol | owi ng stops
Vowel s Voi cel ess Voi ced Nasal s
a 57 72 65
a 190 155 107
[ 65 72 64
(132) - ]
[ 99 112 -
u 64 61 66
s (120) (132) (142)
u 117 128 -
e 64 94 73
(143) (85) (11)
e 86 131 106
0 81 - -
0 124 — 100
Mean short vowel s 66 75 67
(132) (109) (127)
Mean | ong vowel s 123 132 107
(131)

Table 2.10: Vowel

duration as a function of

t he manner of

articulation of the post-vocalic consonant in

m secs. (Savithri, 1989)

St ops Fricatives
Precedi ng
Vowel s Voi ce- Voiced Nasal Sem - Voi ce- Voi ced

| ess vowel s | ess

Short 66 75 67 100 72 77
Long 123 132 107 131 113 140
Mean 95 115.5 100
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Table 2.11: Vowel duration as a function of the place of
articulation of the post-vocalic stop consonant
in msecs. (Savithri, 1989)

Pl ace of Vel ars Pal atal s Retro- Dentals Bilabials
articul ation fl exes
VL VD VL VD VL VD VL VD VL VD

Vowel 64 67 75 76 54 62 69 76 62 67
dur ati on
Mean 65.5 75.5 60. 5 72.5 64.5

Vel ayudhan (1975) carried out a study in Ml ayal am
of ficial |anguage of Kerala State, on the South-Wst coast of
India, to study the durational aspects of Ml ayalamvowels in
isolation as well as in a variety of phonetic contexts. H s

wor k was based on the citation forns of the vowel s, m ni mal /

Tabl e 2.12: Mean duration of vowels in Ml ayal am
(Vel ayudhan, 1975)

Vowel s Vowel duration (in m secs.)
Shor t Long
[ 135 300
e 150 270
a 145 320
0 145 265
u 100 205

subm nimal pairs of words set in a carries sentence and to
a less extent on connected speech. The main objectives of
his study were to ascertain the nature of the duration of

short and long vowels and the influence of a follow ng
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short/long consonant on the duration of a preceding vowel.
The results which are presented in Table 2.12 revealed that
the short and Ilong vowels tend to keep their ratio in the
range of 1:2. In all cases, whether the vowels neasured were
from the speech sanples of citation fornms or those in words
produced in a carrier sentence or in running speech, the |ong
vowel s were found to be invariably |onger than the short ones
by nore than 100% The result also showed that the duration
of a preceding vowel was significantly affected by the nature
of the follow ng consonant. The duration of a vowel (whether
short or long) was found to be shorter when followed by an
occlusive rather than by a non-occl usive. The duration of
the vowel preceding a voiceless |long consonant was reduced
considerably (as nuch as 50 percent) as conpared to that of
the sanme vowel preceding a short lenis stop which was often
fricativized with mld voicing. The ratio of the short

versus long opposition was found to be in the range of 1:2.

The study carried out by Vel ayudhan (1975) suffered from
the following I|imtations. The sanple size was small (two
subj ects). It is not possible to generalize the findings
based on only tw sanples to the popul ati on under concern.
He did not control the dialectal influence on the subjects.
One of the subjects hailed from Northern Kerala, and the
other subject belonged to South Kerala. Mor eover , t he

influence of the foreign |anguage (English) upon t he
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durational data collected from subjects is also not taken
into account. Hence, the present study was taken up for an
extensive tenporal analysis of the vowels in Ml ayal am The
tenporal paraneters studied were sentence duration, word

duration, syllable duration and vowel duration.

From the reviewof literature it is evident that vowel
duration is one of the powerful factors to determne both the
phonetic and phonemc quality of the vowels. Phonemcally
vowels are divided into short and long vowels. Several
I nvestigators have studied the durations of vowels in many
| anguages and these durational data are presented in a
consolidated Table 2.13. The several factors which influence
the vowel duration has been discussed in length in the

previ ous pages.

In Indian Languages also there are several studies,
which describes the vowel duration of different |anguages.
The present study ains at studying the intrinsic durations of
vowel s of Ml ayal am | anguage. It plans to study the
I nfl uence of vowel height, vowel place and vowel |ength on
the intrinsic duration of vowels. It is also ained at
establishing the relationship between short and |ong vowel s
and the relationship between word, syllable and vowel

dur at i ons.
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METHODOLOGY

The main objective of the study was to determ ne the
tenporal characteristics of vowels in Ml ayal am | anguage used
by normal adults (Peak dialect of Mlayalam. For this
pur pose the acoustic analysis of vowels of Ml ayal am | anguage
in /vtVv/, [PVtV/ and /KVtV/ environnment with test vowel in
the initial, nedial and final positions respectively, were

carried out.

Based on the review of literature, Mack, 1949; House &
Fai r banks, 1953; Fischer-Jorgensen, 1955; Peterson & Lehiste,
1960; House, 1961; Elert, 1964; Lehiste, 1970; Umeda, 1975;
O Shaughnessy, 1981; Bal asubramani an, 1981; Rajapurohit,
1982; Shadle, 1985; Steel, 1986; Savithri, 1986; GCopal 1987,
Agrawal , 1988; Nagammma Reddy, 1988 and Zawadzki & G| bert,
1989; four tenporal paraneters were considered essential to
descri be the vowel sounds. The t enpor al par aneters
considered for the study were:

a) duration of the vowel (VD),
b) duration of the syllable having test vowel (SD),
c) duration of the word having test vowel (WD) and

d) duration of the sentence having the test vowel (STD).
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Subj ect s:
Ten (five mles and five females) normal adults were

sel ected as subjects on the criterion that they;

a) had normal speech, |anguage and hearing functions and did
not had any history of hearing |oss or speech problens.

b) were within the age range of eighteen to thirty years of
age.

c) were natives and residents of Cannanore district for at
| east past fifteen years.

d) had Peak dial ect of Malayal am as their nother tongue.

e) were well versed in reading and witing Ml ayal am and
primary and high school education was in Ml ayal am nedi um

f) had Mal ayal am as their dom nant |anguage and a reasonable
fluency in Indian English. (This was because it is very
difficult to find a true nonolingual in an urban literate
popul ati on. Most of the urban popul ation are exposed to
some anount of English and have at |east partial fluency
in English).

g) were not exposed to any other |anguage other than English
as second |anguage during their childhood (up to twelve

years).
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Test Material:

According to Shyamala Kumari (198 ), there are only
eleven vowels in this dialect of Milayalarn. They are, /a,
as, i, i:, u, u:, e e, o, o/ and /U . In addition to

these vowels, there is a low front vowel /&/ which occurs

with length in certain loan words from English. Its
distribution is Ilimted only to medial position. In this
st udy, it was intended to analyze ten basic vowels in the

Peak di al ect of Mlayalarn. They were:

Fr ont Centr al Back
H gh (I u u:
Md e e: o o:
Low a a:

As the vowel (its spectral and tenporal paraneters) gets
affected by the preceding or followng sounds it was decided
to use /VCV/ and /CVCV/ words where only the test vowel
varied. After extensive search using Mlayalarn - Mlayal arn,
English, Hindi Dictionary (Balakrishnan & Leel adevi, 1960),
the words wth test vowel in the initial, nedial and final

positions were selected.
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The test material consisted of a list of twenty five
meani ngful, non-enotional, Disyllabic words. Each word
consisted of one of the ten test vowels in the initial,
medial or final positions. Only the short vowels were
studied in the word final position, because in Mlayalam the
words does not end wwth vowels in their final position. The
vowel /U was not taken up for the study because it occurs

rarely and hence it was not possible to extract enough

meani ngful words containing the vowel /U . Thus twenty five
words wth one test vowel in each, were selected for the
study. The twenty five bisyllabic words with test vowel I n
the initial, nmedial and final positions were given in
Appendi x A The phonetic environment of these test vowels
(i.e., the followwng and preceding speech sounds) were

constant. Thus the effect of followi ng and preceding sounds
were kept constant. These test words were enbedded in the

medial position of tw and three word carrier sentences.

They wer e:
1. /i: va:ku a:nu/ (this word is ) and
2. /itu enna: nu/ (this is ) .

Thus a set of fifty sentences (twenty sentences wth
test vowel in the word initial position, twenty sentences
with test vowel in the word nedial position and ten sentences

wth test vowel in the word final position) were prepared.
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After this each sentence was repeated five tines and random
sanpling was carried out in order to group them They were
made into five groups of twenty sentences in case of test
vowel in the word initial and nedial positions and five
groups of ten sentences in case of test vowels in the word
final postion. Each of these sentences were witten on

cards and were used as test materi al .

PROCEDURE:
I nstrunentation: Recording and anal ysis
The followng instrunments were used for the recording
and anal ysis of speech sanpl es:
a) Sony Stereo Cassette Deck (TC - FX 170) with cardioid
dynam ¢ m crophone and
b) DSP Sona- Graph, Mddel 5500 (used to generate spectrograns

and speech wave forns and to neasure the duration).

Test environnent:

The recordings were done in a sound treated room The
overall noise |level was neasured using B & K Sound Pressure
Level Meter at the beginning of the recording of each
sessi on. The average noise |evel nmeasured on 20 different

occasi ons was 32 dB A
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Fig.3.1 : Block diagram showing the arrangenent of the
instrunments for recording and acoustic anal ysis.
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Fig 3.2 : Photograph show ng the arrangenent of the
instruments for recording and acoustic anal ysi s.
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Recor di ngs of speech sanpl e:

The subjects were seated confortably in the sound
treated room The cardioid dynam c m crophone (AKG D 222)
were Kkept in front of the subject at a distance of about 15
cns from the nmouth. The output from one m crophone was fed
to a Sony Stereo Cassette Deck (TC - FX 170) with H-F COG
cassette for recording the speech sanples. The speech
sanples were recorded at a recording speed of 1 7/8 ips.
The recorded sanples were played back to the input of the DSP

Sona- Graph, Model 5500 for spectrographic anal ysis.

The recording was done for individual subjects by
presenting one flash card at a tinme. The random zed list of
two hundred and fifty Ml ayal am sentences, with test vowel in
the word initial, medial and final positions were presented

using flash cards and the recording was carried out.

The subjects were instructed in Ml ayal am as foll ows:

"
kazzc_liﬂ egu’_ciya c“.?q va:l(mcﬂap mgage iPPO-’9

l{aihii(i{um . O.Ic}u’a.w-; V\\qu Qtu AUy G @y ¢
Vq:y[\u{uaq- &'L'ugu ge‘. 50“’"’" ‘5:.41(“01{&3\0\ - O YA

L1
§abc_latJ sa;dbaiyana yntw’fﬂ ava Va:ying uaa
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("Now you are going to see a sentence witten on the flash
cards. As the flash cards are presented, read the sentence
silently and later say themat confortable |oudness and as

natural |y as possible").

The flash cards were presented to the subjects,
wth an interval of approximately ten seconds between each
present ati ons. O presentation of the flash cards, the
subjects wuttered the sentences as naturally as possible at
confortabl e |oudness. The wuttered sentences were recorded
using a cassette tape recorder. The recording |evel of tape
recorder was kept <constant during the recording of each
subj ect . The recorded sanples were played back to the input
of the DSP Sona-QGaph, Model 5500 for spect r ogr aphi c

anal ysi s.

The waveform and the spectrographic display of the
digitized acoustic signal of the sentences uttered by the
subjects were displayed on the conputer screen of the DSP
Sona- G aph. The DSP Sona-QGaph had facilities to nmark the
desired portion of the waveform and listen to the narked

portion.
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Acoustic Anal ysis:
The following tenporal paraneters were extracted using
the DSP Sona- G aph:
a) vowel duration:
b) syllable duration:
c) word duration and

d) sentence duration

a) Vowel duration is the duration of the waveform fromthe
onset of voicing to the offset of voicing of the test vowel.
The vowel onset and offset were identified wusing t he
following criteria. Onset of voicing was defined as the
beginning of the periodic portion of the wave form and the
of fset was defined as the point in the waveform where there
was di scernabl e cessation of the acoustic energy of the test
vowel and onset of the aperiodic energy of the follow ng
consonant. The onset and offset of vowel was determ ned by

taking the first two formants into consideration.

b) Syllable duration is the duration of the syllable waveform
having test vowel fromthe region of its onset to its offset.
In the case of test vowels in the word initial position /VtV/
the syllable duration was sanme as duration of the first
vowel . In the case of test vowels in the word nedia

position /PVtV/, the duration of the syllable was considered

from the onset of burst /[/P/ to the offset of the intia
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vowel . Wiereas, in the case of test vowel in the word fina

position /KVtV/, the duration of the syllable was considered
from the onset of the burst /t/ to the offset of the fina

vowel .

c) Wrd duration of the test word is the duration of the
waveformfromthe region of its onset to its offset. In the
case of test vowel in the word initial position tV/, the
duration of the word was taken fromthe onset of the first
vowel to the offset of second vowel. |In the case of test
vowel in the word nedial position /PvtV/, the word duration
was considered fromthe onset of burst /P/ to the offset of
the second vowel. Wereas, in case of test vowel in the word
final position /KVtV/, the word duration was considered from
the onset of burst /K to the offset of the second vowel.

d) Sentence duration of the test sentence is the duration of

the waveform from the region of its onset to its offset.

The boundary regions for the begi nning and ending of the
vowel s, syllables, words and sentences were aided by | ooking
at the spectrogramand by listening to the speech waveform
Thus the speech sanples of all the ten subjects were anal yzed
and the above nentioned tenporal data were obtained. Further
the data was subjected to statistical analysis using
descriptive statistics, ANOVA and discrimnant analysis. The

results are presented in the follow ng chapter.
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To know the reliability of the tenporal neasurenents,
one set of sentences (twenty words) fromeach subject were
sel ected randomy. The tenporal paraneters were extracted
from the test vowels present in these words, using the
procedures explained earlier. The values were tabulated and
there was no statistically significant nean difference
between the first neasured values and the repeated
measur enent s. There was also a high degree of correlation
between them Hence the neasured val ues nay be considered as

reliable.
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RESULTS AND DI SCUSSI ON

The purpose of the study was to analyze the intrinsic
duration of the vowels of Malayal am | anguage with the test
vowel inthe initial, nmedial and final positions of the word
and to investigate its relation with syllable duration, word
duration and sentence duration. An attenpt has al so been
nmade to analyze the vowel duration, syllable duration, word
duration and sentence duration with reference to:

a) tongue height (high, md and | ow),
b) tongue position (front, central and back) and

c) length of the vowel (long and short).

The vowel duration, syllable duration, word duration and
sentence duration with the test vowel in the initial, mnedia
and final positions of the word were obtained fromthe
utterance of five fenale and five nale subjects. These
subj ects produced ten nal ayal am vowel s that were enbedded in
[ QVCQVI or [VCVI environnments which in turn were enbedded in
two carrier phrases, thus resulting in a total of 2500
utterances, which were recorded. From t hese utterances the
vowel duration, syllable duration, word duration and sentence

duration were neasured as described earlier.

The vowel duration was defined as the duration of the

waveform fromthe onset of vowel to the offset of voicing of
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the test vowel. The onset and offset of vowels wer e
determned by the <clear onset and offset of first two
formants, stronger periodic energy and clarity of the vowel
perceived (Copal 1987) . The syllable duration was defined as
the duration of the test syllable waveform having test vowel
from the region of its onset to its offset. The word
duration of the test word was defined as the duration of the
waveform fromthe region of its onset to its offset. The
sentence duration was defined as the duration of the waveform

fromthe region of its onset to its offset.

1) Duration of segnents across carrier phrases:

Studi es have shown that the sentence length affects the
vowel duration (Lehiste, 1972, 1975; Nooteboom 1972; Lindblom
1975; Uneda, 1975; Bal asubramaniam 1981; 0' Shaughnessy,
1098; Port, 1981 and Bhaskara Rao, 1988). Therefore, an
attenpt was made to know the effect of carrier phrases on
vowel duration vowel duration, syllable duration, wor d
duration and sentence duration one way ANOVA was carried out
using NCSS statistical software package (H ntze, 1992).
In both males and females, there was significant difference
between two carrier phrases wth respect to the sentence
duration having the test vowel in the word initial, nedial
and final positions (F ratio = 45.62, P =0.0; F ratio =

43.05, P = 0.0 and Fratio = 34.85, P = 0.0 respectively).

4.2



There was no significant difference between word durations
measured fromtwo different carrier phrases in both males and
femal es having the test vowel in the word initial, nedial and
final position (F ratio = 204, P = 0.1568; F ratio =1.17 ,
P =0.2815 and F ratio = 1.88, P = 0.1730 respectively). No
significant difference in syllable duration with respect to

the carrier phrases in both males and females was noticed

with the test vowel in the word initial, nmedi al and fina
position (F ratio = 0.43, P = 0.5132; F ratio = 0.65,
P = 0.4213 and F ratio = 3.88, P = 0.0516 respectively)

There was no significant difference in vowel duration with

respect to the carrier phrases in both nales and females with

the test vowel in the word initial, medial and fina
posi tions (F ratio = 0.64, P = 0.4253; F ratio = 0.67,
P = 0.4143 and F ratio = 4.29, P = 0.0409 respectively).

Significant difference found only in sentence duration
wWth respect to the two carrier phrases in spite of sane
nunber of syllables (seven syllables). This m ght be due to
the difference in the nunber of words in the respective
sent ences. No significant difference was found in word
durati on, syllable duration and vowel duration probably
because the observed difference in duration between the
sentences was not sufficient enough to cause a shift in their

durations. Thus it may be concluded that the carrier phrases
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used in the study had not changed the word duration, syllable
duration and vowel duration. Therefore the data collected
from the two different <carrier phrases were considered

t oget her.

2) Duration of segnents in nmales and fenal es:

Studies (Zue & Lafferiere 1979; Savithri, 1983, 1986)
have shown that the vowel duration differed between nal es and
f emal es. Table 4.1 shows the nean and SD of sentence
duration, word duration |, syllable duration and vowel
duration in nmales and fenmales with the test vowel in the word
initial, nedial and final positions. QGaph 4.1 shows the
sentence duration in nales and fermales with the test vowel in
the word initial, nedial and final positions. Qaphs 4.2,
4.3 and 4.4 al so shows the word duration, syllable duration
and vowel duration in males and fenmales with the test vowel
in the word initial, nedial and final positions. An attenpt
was nmade to know the influence of sex on segnental durations,
before conbining the durational data obtained from two
different graphs of subjects. The examnation of table 4.1
and graphs 4.1, 4.2, 4.3 and 4.4 indicates that all the four
durations were longer in case of females than in nales with
the test vowel in the word initial, nedial and final
positions. The sentence duration was found to be shortest

when the test vowel was in the word final position in nales
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and females (1321.31 msecs. & 1397.87 m secs, respectively)
and was |ongest when the test vowel was in the word nedi al
position in mles (1397.92 m secs.) and word initia

position in females (1502.69 m secs.). The word duration
was found to be shortest when the test vowel was in the word
final position in males and females (345.11 m secs. & 372.42
m secs, respectively) and | ongest when the test vowel was in
the word initial position (394.72 m secs. & 422.82 m secs,
respectively). The syllable duration was found to be
shortest when the test vowel was in the word nedial position
in mles and females (155.58 msecs. & 160.24 m secs,
respectively) and | ongest when the test vowel was in the word
initial position in mles (163.43 m secs.) and word fina

position in females (178.76 m secs.). The vowel duration
was found to be shortest when the test vowel was in the word
medial position in mles and females (135.67 m sees. &
145.07 m secs, respectively) and | ongest when the test vowel
was in the word initial position (163.43 m secs. & 173.64 m

secs, respectively).

One way ANOVA was carried out using NCSS statistica
sof tware package (H ntze, 1992) to note the significance of
difference in segnmental durations wth respect to sex. The
results revealed that the sentence duration, word duration

syllabl e duration and vowel duration with the test vowel in
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the word initial and final positions showed significant
di fference between males and females. (F = 15.13, P = 0.0002;
F = 13.21, P = 0.0004; F = 11.51, P = 0.001 and F = 10. 37,
P = 0.0017 respectively for the test vowel in the word
initial position and F = 8.11, P = 0.0054; F = 20.35, P =
0.0; F=27.14, P=0.0 and F = 40.75, P = 0.0 respectively
for the test vowel in the word final position). \Whereas,
when the test vowel was in the word nedial position only the
wor d duration and vowel duration showed significant
difference with respect to sex (F = 26.58, P=20.0, F=
15.55, P = 0.0002 respectively) and no significant difference
was found in sentence duration and syllable duration with
respect to sex ((F = 2.98, P =0.0872; F = 2.92, P = 0.0904

respectively).

Zue & Lafferiere (1979) and Savithri (1983, 1986) have
studied the vowel duration in mles and females and found
that females had |onger vowel durations when conpared with
mal es. The results of the present study agrees with their
fi ndi ngs. However, this view has been contradicted by
Mc  Donough, Ladef oged and George (1993). They found that
there was no significant difference in vowel duration with
respect to males and femles. The results of the present
study revealed that there was significant difference in

segnental durations between males and femal es.

4.7



Fembemes duralion [’;rr. 5(&\-.)

1600
it i 3.
1100 P TRRTRItIE
: R e
A
1200 Y
AN
A \‘\\\. \
1000 PR
h \\ ‘.\_\ A \.‘ \ \.\' b
800 - ) \:\,I\_\,‘-\'\‘_\."\
_\.\ \:'\\\‘,\\\\\:
609 AN
AN
400 — -\‘.\'-.\"-'
DMNN
200 - 2 AL
= LA
o s :': A ‘\ LEAN -
-“ :r{'r.'» ;;:“'Ri[c.‘\c

S

B guital BN dledial [ ] Fonal

Graph 4.1: Mean of sentence duration in males and fenal es
with the test vowel in the word initial, nedial
and final positions.

Duralian {'ﬂt. aecs., )

500 +

v A
400 - EANRN

3007 | B AR

SEEEHNNN
200 4 | EEEEE \&\?\i ——

3 MY A |
NN | s
sl \N\im  \\
3 WA \‘j\.‘_f \\\ \
Z : Q\\\\ Z g0 &\\\L 4 o ANAANRRN 6

imalinn Jyl{ﬂ{'&a duralian el duralinn
.fa-g mental duraliona (.?nf’i& ol }‘|Mifim-n-)

E::.\.g Alals EQSCI Fermalen

Gaph 4.2: Mean of word duration, syllable duration and vowel
duration in mles and femal es for the test vowel
in the word initial position.

4.8



Furalisn ("'l- 'L(r,}-.)

———— —— = —_

0G0

200 -|

100 -
| = W\
0 - s BT N W — T T T = 5
Word duralion -T‘y!«.’ﬂ/»{f. o ivafan UVorined tuvalinm

.'J"cgvm,o-nl'qi duralions (.-“od‘:'nl‘ /:r-»u'(‘f'on_)

4 Malea F-\T:ﬂ Femalen

Graph 4.3: Mean of word duration, syllable duration and vowel
duration in males and females for the test vowel
in the word nedi al position.

Duration ( TR ACES )

400 N ../ -
300 4
200 A
100 + R
DN
L VL b
0 J Bty S x\‘\\\\\}. -/ _.3\}4 - A /
fomed dumafisn b"ygm.'-&, duraben el du—aliom

.brc?rrm‘nfut duraliona (‘(Ff'naf. f:miffos-n)
B Mot Femmales

Graph 4.4: Mean of word duration, syllable duration and vowel
duration in nmales and females for the test vowel
in the word final position.

4.9



3) Segnental durations and test position of vowel :

Table 4.2 shows the nean and S D. of sentence duration,
word duration, syllable duration and vowel duration for the
short and long vowels in the word initial, nedial and fina
positions. Statistical analysis was carried out to determ ne

the effect of test vowel position on segnmental durations.

a) Sentence duration:

Study of Table 4.2 and Gaph 4.5 show ng sentence
duration with respect to the test vowel in the word initial,
medial and final positions revealed the follow ng:

1) anong short vowels the sentence duration was shortest for
the test vowel in the word final position (1359.59 m secs.)
and longest in the word initial position (1418.98 m secs).
i) anmong long vowel s the sentence duration was shortest for
the test vowel in the word nedial position (1461.15 m secs.)

and longest in the word initial position (1475.25 m secs).

To study the significance of difference in sentence
duration with respect to the test vowel position, repeated
measures of ANOVA was conduct ed. The results revealed
significant difference in case of short vowels (F = 4. 21,
P = 0.0158) and no significant difference in case of |ong
vowels (F = 0.42, P = 0.5167). Duncan's test was carried out

to determne the individual differences in case of short
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vowel s. The results showed that there was a significant
difference in sentence duration between the initial and fina
test vowel position. All  other conbinations showed no

significant difference in sentence duration.

b) Word duration:

Study of Table 4.2 and G aphs 4.6 & 4.7 show ng word
duration revealed the follow ng:
i) anong short vowels the word duration was shortest for the

test vowel in the word nedial position (346.89 msecs) and
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| ongest in the word initial position (370.12 m secs).
i) anmong long vowels the word duration was shortest for the
test vowel in the word nedial position (424.37 msecs.) and

| ongest in the word initial position (447.42 m secs).

To study the significance of difference in word duration
with respect to the test vowel position, repeated neasures of
ANOVA was conduct ed. The results revealed significant
difference in case of short and long vowels. (F = 1033,
P =0.0 and F = 14.27, P = 0.0002 respectively). Duncan' s
test was carried out to determne the individual differences
In case of short vowels and the results revealed that there
was significant difference in word duration across all the

test vowel positions.

c) Syllable duration:

Fromthe study of Table 4.2 and G aphs 4.6 & 4.7 show ng
syllable duration, the following conclusions were nade,
1) anong short vowels the syllable duration was shortest for
the test vowel in the word nedial position (112.64 m secs.)
and longest in the word final position (168.75 m secs.).
i) among long vowel s the syllable duration was shortest for
the test vowel in the word nedial position (203.18 m secs.)

and longest in the word initial position (216.36 m secs).
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Repeat ed neasures of ANOVA was carried out to study the
significance of difference in syllable duration with respect
to the test vowel position. The results showed significant
difference in case of short and long vowels (F = 307.95,
P=20.0 and F = 28.52, P = 0.0 respectively). Duncan's test
carried out to determne the individual difference revealed
that in case of short vowels there was a significant
difference in syllable duration across all the test vowel

posi tions.

d) Vowel duration:

From the study of Table 4.2 and Graphs 4.6 & 4.7 show ng
vowel duration it is clear that:
i) anong short vowels the vowel duration was shortest for the
test vowel in the word nedial position (96.70m secs) and
| ongest in the word final position (153.08 m secs).
ii) among short vowels the vowel duration was shortest for
the test vowel in the word nedial position (184.83 m secs.)

and longest in the word initial position (216.83 m secs.).

To study the significance of difference in vowel
duration wth respect to the test vowel position, repeated
measures of ANOVA was conducted. The results showed
significant difference in <cast of short and long vowels

(F =326.85 P =0.0, and F = 187.83, P = 0.0 respectively).
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Duncan's test carried out to determne the i ndi vi dual
differences reveal ed that in case of short vowels there was a
significant difference in vowel duration across all the test

vowel positions.

The findings can be concluded stating that there is a
significant difference in sentence duration, word duration,
syllable duration and vowel duration with respect to the test
position of the vowel in case of short vowels. |In case of
long vowels there is a significant difference in word
duration, syllable duration and vowel duration with respect
to the test position of the vowel, whereas no significant
di fference was observed in sentence duration with respect to

the test position of vowel.

4) Segnental durations and vowel s
A) Test vowel in word initial position

Table 4.3 shows the nean and S.D. of sentence duration,
word duration, syllable duration and vowel duration for the
ten Mal ayalamvowels in the word initial position. Gaph 4.8
shows the nean of sentence duration, word duration, syllable
duration and vowel duration for the ten Ml ayalamvowels in
the word initial position. Statistical analysis were carried
out by considering the short and |ong vowel s individually and

by conbining nal e and femal e groups.
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a) Sentence duration:

Study of Table 4.3 and G aph 4.8 presenting sentence
duration revealed the foll ow ng:
i) anmong short vowels, the sentence duration was shortest
(1401.10 msecs.) in case of test vowel /a/ and it was
| ongest (1449.54 msecs.) in case of test vowel /e/.
ii) among long vowels, the sentence duration was shortest
(1443.53 m secs.) in case of test vowel /o:/ and it was

| ongest (1498.71 m sees) in case of test vowel /i:/.

To study the significance of difference in sentence
duration having different vowels, repeated neasures of ANOVA
was conducted. The results reveled significant difference in
case of short vowels (F = 7.97 and P = 0.0) and Ilong vowels
(F =6.98 and P = 0.0). Duncan's test was carried out to
determ ne the individual differences. The results revealed
that in case of short vowels the vowel /e/ was significantly
different from other vowels. In case of long vowels,
significant difference was observed for the vowel /o:/ wth
all other vowels and also for vowel /u:/ with vowel /i:/.
All the other vowel conbinations did not show any significant

difference in sentence duration.
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b) Word duration:

Study of Table 4.3 and Gaph 4.8 presenting word
duration reveal ed that:
i) anmong short vowels the word duration of the test word
having /a/ was shortest (359.65 m secs) and the word
duration of the test word having /i/ was |ongest (383.27 m
secs.).
ii) among long vowels, the word duration of the test word
having /o:/ was shortest (437.41 m secs.) and the word
duration of the test word having /a:/ was |ongest (459.68 m

secs.).

Repeat ed nmeasures of ANOVA was carried out to study the
significance of difference in word duration having different
vowels. The results revealed significant difference in case
of test words with short and long vowels (F = 16.15, P = 0.0
and F = 10.97, P = 0.0 respectively). Duncan's test was
carried out to study the individual differences. The results
showed that in case of test words with short vowels there was
no significant difference between /o/ & /e/ and /al & /ul.
In case of test words wth long vowels there was no
significant difference between /o:/ & /u:/, [fu:/l &/i:/ and
li:l & le:l. Al the other vowel conbinations showed

significant difference in word duration.
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Table 4.3: Mean and S.D. of sentence duration, word duration
syl l abl e durati on and vowel duration across all the
vowel s in the word initial positions (in msecs.).

Vowel s Sent ence Wor d Syl |l abl e Vowel

duration duration duration dur ation
a Mean 1401. 10 361. 85 125. 32 125. 32
S. D. 167. 27 48. 33 22.70 22.70
a: Mean 1479. 90 459. 68 224.96 224. 96
S. D. 160. 59 47. 14 24.82 24. 82
i Mean 1409. 62 388. 27 104. 26 104. 26
S. D. 168. 48 41. 49 20.01 20.01
i Mean 1498. 71 446. 81 211.12 211.12
S. D. 168. 24 53. 46 25.62 25. 62
u Mean 1414. 40 359. 65 115. 11 115. 11
S. D. 162. 84 41. 85 20. 74 20. 74
u: Mean 1473. 05 441. 86 207. 00 207. 00
S. D. 163. 10 50. 46 24.08 24.08
e Mean 1449. 54 376. 02 137. 26 137. 26
S. D. 162. 31 48. 14 24.21 24.21
e: Mean 1481. 06 451. 32 228.53 228.53
S. D. 170. 92 54.97 23.69 23. 69
0 Mean 1420. 25 369. 80 121.57 121.57
S. D. 169. 12 43. 15 21.15 21.15
o: Mean 1443.53 437. 41 210. 21 210.21
S. D. 175. 81 47.07 22.78 22.78
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Graph 4.8: Mean of sentence duration, word duration, syllable
duration and vowel duration for the ten Ml ayal am
vowels in the word initial position.

c) Syllable duration:

From the study of Table 4.3 and Gaph 4.8 show ng
syl | abl e duration, it can be stated that:
i) anong short vowels the duration of syllable having /i/
(104.26 m secs.) was shortest and the duration of the
syl | abl e having / e/ (137.26 m sees.) was |ongest,
ii) among long vowels the duration of syllable having /u:/
(207 m secs) was shortest and the duration of the syllable

having /e:/ was |longest (228.53 m secs.).
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To know the significance of difference in the syllable
duration having different vowels, repeated neasures of ANOVA
was carried out and found that the syllable duration was
significantly different in case of both short and |ong vowel s
(F =56.69, P =00 and F = 32.50, P = 0.0 respectively).
Further to check the individual differences, Duncan's test
was admnistered and the results revealed no significant
difference between /o/ & /al in case of short vowels.
Whereas, in case of long vowels no significant difference was
observed between /i:/ &/u:/, [a:l &le:/, [i:] &/lo:/ and
lu:/ & [o:/. Al the other vowel conbination showed

significant difference in syllable duration.

d) Vowel duration:

From the study of Table 4.3 and G aph 4.8 showi ng vowel
duration across short and long vowels, the followng
concl usi ons were made:

1) anmong the short vowels the vowel /u/ showed shortest
duration (104.26 m secs.) and the vowel /e/ showed | ongest
duration (137.26 m secs.)

i) anmong the long vowels /u:/ showed that the shortest
duration (207.00 m secs.) and /e:/ showed the |ongest vowel

duration (228.53 m secs.)
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Repeat ed neasures of ANOVA was carried out to know the
significance of nean difference across different vowels. The
test revealed that vowel duration was significant in case of
both short and long vowel groups (F = 60.74, P = 0.0 and F =
38.54, P = 0.0 respectively).

Further Duncan's test was conducted and the result
reveal ed no significant difference between /o/ & /al in case
of short vowel groups and no significant difference between
lu:/ &lo:/, lo:/ &/i:/] and/a:/ &/e:/ in case of |ong
vowel  groups. Al the other vowel conbinations showed

significant difference in vowel duration.

B) Test vowel in word nedial position:

Table 4.4 shows the nean and S.D. of sentence duration,
word duration, syllable duration and vowel duration for the
ten Mal ayal amvowels in the word nedial position. QGaph 4.9
shows the nmean of sentence duration, word duration, syllable
duration and vowel duration for the ten Malayalam vowels in
the word nedial position. Statistical analysis was carried
out by considering the short and long vowels separately and

by conbi ning nale and fenal e data.
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a) Sentence duration:

Study of Table 4.4 and Graph 4.9 presenting sentence
duration revealed the follow ng:
i) among short vowels, the sentence duration was shortest
(1365.62 m secs.) in case of test vowel /a/ and was | ongest
(1397.8 m secs.) in case of test vowel /e/.
ii) among long vowels, the sentence duration was shortest
(1448.58 m secs) in case of test vowel /u:/ and was |ongest

(1469.19 m secs.) in case of test vowel /e:/.

To study the significance of difference in sentence
duration having different vowels, repeated neasures of ANOVA
was carrried out. The results reveal ed significant
difference in case of short vowels (F = 3.61, P = 0.0067).
and no significant difference in case of long vowels (F =
1. 39, P = 0.2377). Duncan's test was carried out to
determ ne the individual differences in case of short vowels.
The results revealed no significant difference between /a/ &
lil, lal & [/ul and /al & /el. Al the other vowel
conbi nations showed significant difference in sent ence

dur ati on.
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b) Word duration:

Study of Table 4.4 and Gaph 4.9 presenting word
duration reveal ed that:
i) anmong short vowels the word duration of the test word
having /i/ was shortest (338.79 m secs.) and the word
duration of the test word having /o/ was |ongest (352.76 m
secs.).
ii) among long vowels, the word duration of the test word
having /u:/ was shortest (413.97 m secs.) and the word dura-

tion of the test word having /a:/ was |ongest (438.11 m secs)

Repeat ed neasures of ANOVA was carried out to study the
significance of difference in word duration having different
vowels. The results revealed significant difference in case
of test words with short and long vowels (F = 11.95, P= 0.0
respectively). Duncan's test was carried out to study the
i ndividual differences. The results showed that in case of
test words wth short vowels there was no significant
difference between /i/ & /al, /ul &/lel, lul &/ol/ and /el &
/ol. In case of test words with long vowels there was no
significant difference between /u:/ & /i:/ and /e:/ & /o0:/.
Al the other vowel s conbinations showed significant

differences in word duration.
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Table 4.4: Mean and S.D. of sentence duration, word duration,
syl |l abl e duration and vowel duration across all the
vowel s in the word nedial positions (in msecs.).

Vowel s Sentence Wor d Syl I abl e Vowel

duration duration duration durati on
a Mean 1365. 62 343. 05 118. 10 103. 98
S. D. 155. 03 37.76 16. 53 13.61
a: Mean 1463. 76 438. 11 218.72 202. 40
S. D. 160. 21 46. 52 24.11 17.93
i Mean 1385.93 338. 79 96. 05 85. 59
S. D. 157. 36 40. 56 15. 67 11. 67
i Mean 1462. 30 415. 97 184. 69 170. 05
S. D. 172.13 45. 56 21.81 19.91
u Mean 1394. 46 347.91 110. 21 86. 75
S. D. 148. 85 41.23 15. 59 14.72
u: Mean 1448. 58 413.97 196. 73 167. 47
S. D. 162. 98 43.75 22.12 15. 35
e Mean 1397. 80 351.95 116. 76 104. 69
S. D. 145. 81 39. 98 16. 67 14. 30
e: Mean 1469. 19 426.61 204. 89 191. 59
S. D. 155. 61 51. 88 24.53 21.92
0 Mean 1378. 48 352. 76 122.09 102. 50
S. D. 160. 44 36. 60 15. 87 15. 30
o: Mean 1461. 92 427. 17 210. 87 188. 68
S. D. 162.73 46. 86 17.97 19. 09
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Graph 4.9: Mean of sentence duration, word duration, syllable
duration and vowel duration for the ten Ml ayal am
vowel s in the word nedial position.

c) Syllable duration:

From the study of Table 4.4 and Gaph 4.9 show ng
syl lable duration, it can be stated that:
i) ampbng short vowels the duration of syllable having /i/
(96.05 m secs.) was shortest and the duration of the
syllable having /o/ (122.09 m secs.) was |ongest,
ii) anong long vowels the duration of syllable having /i :/
(184.69 sees) was shortest and the duration of the syllable

having /a:/ was |ongest (218.72 m secs.).
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To know the significance of difference mthe syllable
duration having different vowels, repeated neasures of ANOVA
was carried out and found that the syllable duration was
significantly different in case of both short and |ong
vowels (F = 96.19, P = 0.0 and F = 60.04, P =100
respectively). Further to check the individual differences,
Duncan's test was admnistered and the results revealed no
significant difference between /e/ & /al. Al'l ot her vowel
conbi nati ons showed significant difference 1in the syllable

dur ati on.

d) Vowel duration:

From the study of Table 4.4 and Graph 4.9 showi ng vowel
duration across short and long vowels, it is evident that:
i) among the short vowels the vowel /i/ showed shortest
duration (85.59 m secs.) and the vowel /e/ showed | ongest
duration (104.69 m secs.).

ii) among the long vowels /u:/ showed the shortest duration
(167 47 m secs.) and /a:/ showed the |ongest vowel duration

(202.40 m secs.).

Repeat ed neasures of ANOVA was carried out to know the
significance of mean difference across different vowels. The
test revealed that vowel duration was significant in case of
both short and |ong vowel groups (F = 117.00, P = 0.0 and F =
145.91, P = 0.0 respectively).
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Duncan's test was conducted to know the individual
di fferences and the results revealed no si gni fi cant
difference between /i/ &/ul/, /ol &/al and /al & /el in case
of short vowel groups. In case of long vowel groups no
significant difference was noticed between /u:/ & /i:/ and
lo:]l & le:l. Al the other vowel conbinations showed

significant difference in vowel duration.

C Test words in word final position

Table 4.5 shows the nean and S D. of sentence duration,
word duration, syllable duration and vowel duration for the
the short vowels in the word final position. Qaph 4.10
shows the nmean of sentence duration, word duration, syllable
duration and vowel duration for the short Ml ayal amvowels in
the word final position. Statistical analysis was carried

out by conbining male and fenal e groups.

a) Sentence duration:

Study of Table 4.5 and G aph 4.10, presenting sentence
duration reveal ed that anmong the short vowels, the sentence
duration was shortest (1335.07 m secs.) in case of test
vowel /u/ and was |ongest (1375.58 m secs.) in case of vowel

/al.
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To study the significance of difference in sentence
duration having different short vowels, repeated neasures of
ANOVA was conduct ed. The results revealed significant
difference in sentence duration (F = 4.54, P = 0.0014).
Duncan's test was carried out to determne the individual
di ff erences. The results revealed that the short vowel /u/
was significantly different fromall other vowels. Al other
conbi nations showed no significant difference in sentence

dur ati on.

b) Wrd duration:

Study of Table 4.5 and QGaph 4.10, presenting word
duration revealed that the word duration of the test word
having /e/ was shortest (352.77 m secs.) and the word
duration of the test word having /a/ was |ongest (366.29 m

secs.).

Repeat ed neasures of ANOVA was carried out to study the
significance of difference in word duration having different
short vowels. The results revealed significant difference in
word duration (F = 6.66, P = 0.0). Further Duncan's test was
carried out to study the individual differences. The results
showed that there was no significant differences in word
duration for the follow ng conbinations; /e/ & /ul/, lul &
lo/, /ol &/i/l and /i/ &/al. Al other vowel conbinations

showed significant differences.
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c) Syllable duration:

From the study of Table 4.5 and G aph 4.10, show ng
syl l abl e duration, across short vowels it can be stated that,
the duration of syllable having /u/ was shortest (153.95 m
secs.) and the duration of the syllable having /e/ was

| ongest (177.32 m secs.)

To know the significance of difference in the syllable
duration having different vowels, repeated neasures of ANOVA
was carried out and found that the syllable duration was
significantly different anong the short vowels (F = 32.63,
P=0.0). Further to check the individual di fferences,
Duncan's test was admnistered and the results reveal ed no
significant difference in syllable duration between /al &
lo/, lal &/el and /el &/o/. Al other conbinations showed

significant difference in the syllable duration.
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Tabl e 4.5:

Mean and S.D.

of sentence duration,

word duration,

syl |l abl e duration and vowel duration across all the
vowels in the word final positions (in m secs.).
Vowel s Sentence Wor d Syl | abl e Vowel
duration duration duration duration
a Mean 1375.58 366. 29 174. 63 155. 90
S. D. 144. 66 38.18 28.57 24. 15
I Mean 1358. 87 361. 04 161. 33 144.72
S. D. 161. 27 35. 25 29. 93 23.81
u Mean 1335. 07 354. 64 153. 95 143. 97
S. D. 161. 91 39.08 25. 11 20.94
e Mean 1356. 18 352. 77 177. 32 159. 61
S. D. 163. 85 37.79 27. 24 23.18
o] Mean 1372. 25 359. 09 176. 53 161. 20
S. D. 141. 29 39. 26 24.93 20. 47
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Graph 4.10: Mean of sentence duration, word duration,
syl |l abl e duration and vowel duration for the ten

Mal ayal am vowel s
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d) Vowel duration:
From the study of Table 4.5 and G aph 4.10, show ng

vowel duration across short vowels, it is evident that, the
vowel /u/ showed shortest duration (143.97 m secs.) and

the vowel /o/ showed Ilongest duration (161.20 in secs.).

Repeat ed neasures of ANOVA was carried out to know the
significance of nean difference across different vowels. The
test revealed that vowel duration was significant across the
vowels (F = 33.98, P = 0.0). However to study the
i ndividual difference Duncan's test was carried out and the
results reveal ed no significant difference between /u/ & /i/,
/ol &/el and /e/ &/0o/. Al the other vowel conbinations

showed significant difference in their duration.

To conclude it can be stated that there is a significant
difference in sentence duration, word duration, syllable
duration and vowel duration with respect to the test vowels

inthe word initial, nmedial and final position.

5) Segnental duration and tongue height:

Further the sentence duration, word duration, syllable
duration and vowel duration were g rouped according to the
tongue height (low, md and high) of the test vowel. Tabl e

46 shows the nean and standard deviation of sentence
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duration, word duration, syllable duration and vowel duration

for low, md and high vowels.

a) Sentence duration and tongue hei ght:

Table 4.6 shows the nean and S.D. of sentence duration
for low, md and high vowels, and Graph 4.11 shows the nean
of sentence duration for low, md and high vowels, in case of
both short and long vowel s. Foll owi ng were the observations

made from the table and graph:
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Graph 4.11: Mean of sentence duration with respect to
tongue height for short and long vowels (in
m secs. ).
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) anobng the sentences having short (lax) test vowel ,
sentence having md vowels had |ongest duration (1395.75
m secs.) and sentences having |ow vowels had the shortest
duration (1380.76 m secs.).

ii) among the sentence having long (tense) test vowel,
sentence duration was found to be shortest (1463.92 m secs.)
in case of md vowels and Ilongest in case of |ow vowels

(1472.83 m secs.).

To know the significance of difference in sentence
duration between Iow, md and high vowels, repeated neasures
of ANOVA was carried out. The results showed that there was
no significant difference in sentence duration between | ow,
md and high vowels wth reference to sentence duration
having short or long vowels. (F=1.29, P = 0.2746 and F =
0.23 P = 0.7975 respectively).

b) Word duration and tongue height:

Table 4.6 shows the nean and S.D. of word duration for
low, md and high vowels with respect to both short and | ong
vowels. Graph 4.12 also shows the nean of word duration for
low, md and high vowels. Follow ng were the observations
made fromthe table and graph:

i) anong the words having short (lax) vowels, words having

md vowels had I|ongest duration (360.40 m secs.) whereas
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words having low vowels had the shortest duration (357.06
m secs. ).

ii) anong the words having long (tense) vowels, the word
duration was found to be longest (448.89 m secs.) in case of
| ow vowel s and shortest (429.65 m secs.) in <case of high

vowel s.

To know the significance of difference in word duration
between low, md and high vowels, repeated neasures of ANOVA
was conduct ed. The results showed that there was no
significant difference between low, md and high vowels wth
reference to word duration having short vowels (F = 0.93, P =
0.3943), \Whereas significant difference was noticed in case
of long vowels (F =9.78, P = 0.0001). Duncan's test was
carried out to study the individual differences in case of
long vowels and the results revealed that there is a
significant difference in word duration between low, md and
| ow and hi gh vowel s. No significant difference was noticed

between md and high vowels with respect to word duration.
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Graph 4.12: Mean of word duration with respect to tongue
hei ght for short and long vowels (in m secs.).
c) Syllable duration and vowel height:

Table 4.6 shows the mean and S.D. of syllable duration
for low, md and high vowels. Gaph 4.13 shows the nean of
syllable duration for low, md and high vowels in case of
both short and |ong vowel s. Fol l owi ng were the observations
made from the table and graph:

i) anong the syllables having short (lax) vowels, syllables
having md vowels had | ongest duration (141.992 m secs) and
syl | abl es having high vowels had shortest duration (123.49 m

secs.)
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b) anong the syllables having long (tense) vowels, the
syl l abl es having Iow vowel s had the |ongest duration (221.84
m secs.) and the syllables having high vowels had the

shortest duration (199.89 m secs.).

To know the significance of difference in syllable
duration between high, md and | ow vowel s, repeated neasures
of ANOVA was carried out separately for short and |long vowel
gr oups. The results showed significant difference in
syllable duration anmong both short and |ong vowel s groups.
(F=50.03, P=00and F =60.58 P = 0.0 respectively). To
study the individual differences in syllable duration with
respect to low, md and high vowels Duncan's test was carried
out . The results revealed that anong the short vowels
significant difference was observed between the |ow & high
vowels and md & high vowels; whereas, no significant
di fference was observed between low & md vowel s. Anmong t he
long vowel groups significant difference in syl | abl e

duration duration was observed between all the vowel groups.

4.38



3;.('{‘:&14‘ durafion l’m :cm..)

250 -
-
\\ \\\ e e e i e e
200 ] \ \\ \ \\\\\\\
\\\\\\
150 ' ‘\‘\‘\\
=
100 - AR \\ AN
%%«“é«@\ N
."‘(" gty Boah
2NN
50 - FEETANN
AN
w*::@\ N
0 A TR N \\\
Mid
gm?m lm?.u.

5 ot T Fang

Graph 4.13: Mean of syllable duration with respect to tongue
hei ght for short and long vowels (in m secs.).

d) Vowel duration and tongue height:

Table 4.6 shows nean and S.D. of vowel duration for | ow,
md and high vowels and Graph 4.14 shows the nean of vowel
duration for low, md and high vowels. Cbservations of the
table and graph revealed the follow ng;
i) among the short (lax) vowels, md vowels had the | ongest
duration (131.14 m secs.) and the high vowels had the
shortest duration (113.40 m secs.).

b) anong the long (tense) vowels, |owvowels had the highest
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duration (214.35 m secs) and high vowels had the shortest

duration (189.16 m secs.).

ANOVA test was admi nistered to neasure the significance
of difference in vowel duration wth respect to tongue
height. ANOVA test results showed a significant difference
in vowel duration for the short and 1long vowel groups
(F = 55.31, P =0.0. and F = 64.79, P = 0.0 respectively).
Further to study about the individual differences Duncan's
test was admnistered and the test results revealed that in
case of short vowels there was a significant difference

between low & high vowels and md & high vowels. Whereas, no
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G aph 4.14: Mean of vowel duration with respect to tongue
hei ght for short and long vowels (in m secs.).

4. 40



significant difference was noticed between the low & and md
vowels in terns of vowel duration. In case of long vowels
significant difference in vowel duration was found between

all the vowel groups.

It can be concluded from the above that the tongue
hei ght had an effect on the intrinsic duration of the vowel.
As the tongue height increased the duration of the vowel
decreased and the change was gradual. The | ow vowels had
| onger duration, whereas the high vowels had shorter
duration, except that anong the short vowel groups the md
vowel s showed | ongest duration. The shorter duration in case
of high vowels may be due to the requirenment of higher effort
to produce them This finding was in agreenment with the
studi es conduct ed by Lehiste (1970); Kl at t (1976);
Bal asubramani an (1981); O Shaughnessy (1981); Mtleb (1984);
Savithri (1984, 1986); Choi (1992); Shalev, Ladefoged &
Bhaskara Rao (1993) and Venkatesh (1995). The syl |l abl e
duration and vowel duration (in case of short vowel groups)
and the word duration, syllable duration and vowel duration
(in case of long vowel groups) were found to be significantly
different with respect to vowel height. VWher eas, no
significant difference was found between Iow, md and high

vowels with respect to sentence duration and word duration in
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case of short vowels and sentence duration in case of |ong

vowel s.

6) Segnental duration and tongue position:

Further the sentence duration, word duration, syllable
duration and vowel duration were grouped according to the
tongue position (front, central and back) of the test vowel.
The segnental duration were discussed separately for the
short and long vowels. Table 4.7 shows the nean and standard
deviation of sentence duration, word duration, syllable
duration and vowel duration for front, central and back

vowel s.

a) Sentence duration and tongue position:

Table 4.7 shows the nean and S.D. of sentence duration
for front, central and back vowels and Gaph 4.15 shows the
mean of sentence duration for shorthand long vowels wth
respect to tongue position. Follow ng observations were nade
fromthe table and graph:

1) anong the duration of sentence wwth short (lax ) vowel,
the sentence having front vowel had |ongest duration (1392.99
msecs.) and duration was shortest (1380.77 msecs) in

the case of sentence with central vowel s.

4.42



¢ H

QL9 et E6T 05" &L O " 908 5 e 1 4 OT ot EOUYRY LLVOGPT fuom
A G TET QLT TE A AT S T lmi TP 6T I8"S8ET GA0HES 42¥4

£6 " Ed CETRTL Ty bd PETTEL Go6 LY 688y QZTO9T  EB 1LV Buo=
8B 6 278IT O SE"HLET 8L°E DO LGE T 7291 LL70857T 3404 (rA3US])

8Z" Tz £LE70Q02 96 8% T L08 ) e 81 sty 08997 I8 LLPY Buo
Q6" LK 67T S8 AR AY T34 82 x¥y . pOTO9E B IPT L& EHET 3404g Juod

ar s Lea) e U & a°s uwal N AR ueal yilbus uUOTITSO

LOTREAND [EMOA  UDTIeLrip 2142 11AG UOTLEATID PdOM UQTIRATIP SIUSBT)UEs

*(*=285 W UT)) S19IMOA H29q pue [RJAJUBI ‘Juou) 404 uoTjednp
13MOA PpUR UOTIEUNP DTQETTIAS ‘UODTIBANP PJAOM ‘UOTIVANE 3DUATUSEE JO (Q°S puUe uws)y s+ atgel



Jenbonee durabian fm Mr.h)

re00 | '____’_____“ - S
1400 4 | FreremrNN e
< ?&Nﬁﬁi
1200 1 | K AN
A A \\\ '\\\\
1000 %Lv_:ﬁ\ﬁ
w&&-h&$\g
800 - \§N\&
AN
400 A
2222 AN
297 LE WN%X§\ NN
—F NN ARARRREY g -
0 - Pl 55 Q‘\\\\&\\\ i ettt _';".‘\'s\.'LQ:J_._/

Jon gue /waifi o

2223 BNV NN\

Graph 4.15: Mean of sentence duration with respect to
tongue position for short and |ong vowels
(in msecs.).
ii) anpbng the duration of sentence with Jlong (tense) vowel,
sentence having the front vowels had the |ongest duration

(1477.82 m secs.) and the duration was shortest (1456.77

m secs.) in case of sentence with back vowel s.

Repeated neasures of ANOVA was conducted to know the
significance of nean difference in sentence duration anong
the front, central and back vowels. The results reveal ed
that there was no significant difference anong the three

vowel s groups in terns of sentence duration for the short and
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long vowels (F = 0.65 P =0.5224 and F = 1.68 P = 0.1864

respectively).

b) Word duration and tongue position:

Table 4.7 shows the nmean and S D of word duration for
front central and back vowels and G aph 4.16 al so shows the
nean of word duration with respect to front, central and back
vowel s. Fol  owi ng observations were nmade fromthe table and
gr aph.

) anmong duration of the words with short (lax) vowels, the
words having front vowel s had the |ongest duration (360.64 m
secs.) and the words having central vowels had the shortest
duration (357.06 m secs.).

i) anong the duration the words with long (tense) vowels,
the words having central vowels had the |ongest duration
(448.89 m sees) and the words having back vowel s had the

shortest duration (430.10 m secs).

To know the significance of nean difference anong front,
central and back vowels in terns of word duration repeated
measures of ANOVA was conduct ed. The results reveal ed no
significant difference in the case of short vowels (F = 1.18,

P = 0.3064). Wiereas, in the case of Ilong vowels
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G aph 4.16: Mean of word duration with respect to tongue
position for short and long vowels (in m secs.).

significant difference anong front, central and back vowels
interns of word duration was noticed (F = 9.38, P = 0.0001).
To study the individual difference in case of long vowels,
Duncan's test was admnistered and the results showed
significant difference between the front & central and
central & back vowels, whereas there was no significant
di fference between the front and back vowels in terns of word

dur ati on.



c) Syllable duration and tongue position:

The mean and S D of syllable duration for front, centra
and back vowels are presented in Table 4.7 and G aph 4.17
shows the nean of syllable duration for front, central and
back vowel s. The foll ow ng observations were nade fromthe
tabl e and graph:
1) anong the syllables with short (lax) vowels, syllables
having central vowels had the |l|ongest duration (139.35
msecs.) and syllables having front vowels had the shortest
duration (132.16 m secs.).
i) anmong the syllables having long (tense) vowels, syllables
having central vowels had the |ongest duration (221.84 m
secs.) and syllables having back vowels had the shortest

duration (206.20 m secs.).

Repeated neasures of ANOVA was conducted to know the
significance of nmean difference anong front, central and back
vowels in terns of syllable duration. The results showed
significant difference anong front, central and back vowels
in terns of syllable duration for both short and |ong vowel s
(F=4.59 P=0.0103 and F = 28.22, P = 0.0 respectively).
Further to verify the individual differences anong short and
long vowels Duncan's test was carried out and the results

revealed that in case of both long and short vowels there
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G aph 4.17: Mean of syllable duration with respect to tongue
position for short and long vowels (in m secs.).

was significant difference between central & front vowels and

central & back vowels in terns of syllable duration, whereas

there was no significant difference between front and back

vowel s.

d) Vowel duration and tongue position:

From the study of Table 4.7 showing nmean and S D of
vowel duration for front, central and back vowel s and G aph
4.18 showing vowel duration for front, central and back
vowels, it can be stated that in case of both short and |ong

vowel s, the central vowels had the |ongest vowel duration
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Graph 4.18: Mean of vowel duration with respect to tongue
position for short and long vowels (in m secs.).
(128.37 m secs. and 214.35 m secs respectively) and the back

vowels had the shortest vowel duration (121.85 m secs and

193. 34 m secs. respectively).

To neasure the significance of difference in vowel
duration wth respect to tongue position, repeated neasures
of ANOVA was conduct ed. ANOVA test results showed a
significant difference between the front, central and back
vowels in ternms of vowel duration for short and |ong vowels
(F = 4.58, P = 0.0104 and F = 37.41, P = 0.0 respectively).

Duncan's test was <carried out to know the i ndi vi dua
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differences and the results revealed that in case of short
vowel s significant difference was observed between central &
back and central & front vowels in terns of vowel duration
and no significant difference was noticed between the front
and back vowels. Wereas, in case of |long vowel s significant
difference in vowel duration was noticed between all the

vowel positions.

Fromthe above results it can be concluded that, in case
of short vowels there is no significant difference between
front, central and back vowels in terns of sentence and word
dur ati on. Wiereas there is significant difference in terns
of syllable and vowel duration. In case of |long vowels,
there is no significant difference between front, central and
back vowels in terns of sentence duration, whereas there is
significant difference in terns of word duration, syllable

duration and vowel duration.

7) Segnental durations and vowel | ength:

The sentence duration, word duration, syllable duration
and vowel duration were grouped according to the vowel |ength
(short and long) of the test vowel. Table 4.8 shows the nean
and S.D of sentence duration, word duration, syllable

duration and vowel duration for the short and |ong vowels.
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a) Sentence duration and vowel | ength:

Table 4.8 shows the nmean and S.D. of sentence duration
for short and long vowels. The study of the above table
revealed that the duration of sentences having long vowel s
were longer by approximately 80 msecs., than sentences
having short vowels. Statistical analysis was carried out
using paired test and the results showed that the difference
between the durations of sentences having short and |ong

vowel s was significant ( t =- 21.95, P =0.0).

Table 4.8: Mean and S.D. of sentence duration, word duration,
syl | abl e duration and vowel duration for short and
| ong vowel s (in m secs.).

Segment al Vowel | ength Mean S.D
dur ation

Sent ence Short 1387.67 160. 04
duration Long 1468. 20 165. 30
Wor d Shor t 358. 50 42.16
duration Long 435. 89 50. 69
Syl | abl e Short 134. 03 34.62
duration Long 209. 77 26.18
Vowel Short 123. 49 31. 65
duration Long 200. 44 29. 06
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b) Wrd duration and vowel |ength

Table 4.8 shows the nmean and S D of word duration for
short and long vowels. The study of the above table reveal ed
that the duration of words having |ong vowel s were |onger by

approximately 80 msecs., than words having short vowels.

Statistical analysis was «carried out using paired 't'
test to determne whether there is any significant word
duration between the short and |ong vowel group. The results
reveal ed that they were significantly different ( t = - 69.01

P=0.0).

c) Syllable duration and vowel | ength:

Table 4.8 shows the nean and S.D. of syllable duration
for short and |ong vowels. It was observed from the above
table that the duration of syllables having |long vowels were
| onger by approximately 80 m secs, than the syllables having
short vowel s. Statistical analysis was carried out using
paired 't' test and the results revealed a significant
difference in syllable duration with respect to vowel Ilength

(t = - 126.60 P = 0.0).

4.52



d) Vowel duration and vowel | ength:

Table 4.8 shows the nean and S.D. of vowel duration for
short and Ilong vowel. Fromthe study of the table it was
observed that the 1long (tense) vowels had |onger duration
than the short (lax) vowels. Statistical analysis was
carried out using paired 't' test and the results revealed a
significant difference in vowel duration wth respect to

vowel length (t = 133.42, P =0.0).

Based on the results it can be concluded that the |ong
vowels were longer by approximately 80 m secs., than the
short vowels. This result was in agreenent with the results
obtained by House (1961); Sharf (1964); Nooteboom (1972);
Li ndblom (1973); Velayudhan (1975); Bal asubranmani an (1981)
Raj apurohit (1982); Ganesan, et. al., (1985); Lindau - Wbb
(1985); Nagamm Reddy (1988); Savithri (1989); Maddieson
(1993); M Donough, Ladefoged & George (1993); Shalev,
Ladef oged & Bhaskara Rao (1993); Engstrand & Krull (1994) and
Venkatesh (1995), wth reference to vowels in various
| anguages. It can be concluded that the sentence duration
word duration, syllable duration and vowel duration showed

significant difference between short and |[ong vowels.
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8) Ratio of vowel |ength:

The short and long vowel ratio in terns of duration was
found to be 1 : 1.89. The ratio of duration of the short and
long vowels in the initial and nedial position of the word
were 1 : 1.8 and 1 : 1.93 respectively. The durati onal
ratios of short and long vowels, for different vowels are

given in Table 4.9.

Tabl e 4. 9: Theshort andl ongvowel rati osfor different vowel s.

Vowel Short and I ong
vowel ratios
al a: 1 : 1.905
i/ 1 : 2.058
u/ u: 1 : 1.905
el e: 1 : 1.776
o/ o: 1 : 1.817

The ratio of the short and long vowels ( i.e., 1: 1.89)
Is simlar to the observations of Vel ayudhan (1975), Savithri
(1986) and Venkatesh (1995). It is also in agreenent with
the report nade by ancient Kannada Gammarian Keshiraja
(Twentieth century) who stated that the duration of |ong

vowel is twice the duration of the short vowel .
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9) Rel ationship between short and |ong vowel s:

Linear regression analysis was carried out and the
followng relation was established between short and | ong
vowel s. The equation to relate the short and long vowel in
ternms of duration was:

VD (short) = 0.555.4 VD (long) - 2.64
10) Rel ati onship between vowel duration and sentence

dur ati on:

Linear regression analysis was carried out and the
followng relation was established between the vowel duration
and sentence duration. The equation to relate the duration

of short and long vowels and sentence duration was

VD (short) 0.3613 STD + 73.35

0.0553 STD + 119.766

VO (| ong)

11) Rel ationship between vowel duration and word duration:

To find the rel ationship between word duration and vowel
duration linear regression analysis was carried out for al
the subjects. The relationship between the duration of the
word and duration of the short and |ong vowel s are:

VD (short) = 0.3364 WD + 2.847

VD (1 ong) 0.3502 WD + 47.7674
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12) Rel ationship between vowel duration and syllable
durati on:

To find the relationship between vowel duration and
syllable duration, linear regression analysis was carried out
for all the subjects. The relationship between duration of
syllable and duration of the short and |ong vowel s were;

VWD (short) = 0.8514 SD + 9. 3684

VWD (long) = 0.9656 SD + 2.124

In Ml ayal am each vowel had it's ow intrinsic
dur ati on. The vowel duration varied with the height of the
tongue. H gh vowels had shortest duration and |ow vowel s had
| ongest duration. pennes  and cl oseness of vowels also
affected the duration of the vowel. The long (tense) vowels
had approximately tw ce the duration of short (lax) vowels.
The duration of the vowel had different relationships wth

sentence duration, word duration and syllable duration.
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SUMARY AND CONCULSI ONS

" Speech S a form of comunication in which the
transmssion of information takes place by neans of speech
waves which are in the formof acoustic energy. The speech
waveforns are the result of interaction of one or nore source

with the vocal tract filter system (Fant, 1960).

To understand the speech sounds of a language it is
necessary to |learn about the articulatory and acoustic nature
of the speech sounds. The study of acoustic characteristics
of speech sounds will give information about the articul atroy
nature of the sound and al so how these sounds are perceived
(Picket, 1980). Acoustic analysis of speech sounds provides
I nformation about the tenporal characteristics |ike, sentence
durati on, word duration, syllable duration and vowel

duration, apart fromspectral characteristics.

The speech sounds are nmainly classified into vowels and
consonant s. Vowels are the result of interaction of
mninally obstructed vocal-tract and vocal fold vibration.
Dfferent vowels are produced by the nodul ation of |[|aryngea
acoustic energy by various configurations of the vocal tract.
The vowels are classified basically in terns of:

a) the relative position of the constriction of the tongue in

the oral cavity (front, central and back),
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b) the relative height of the tongue (high, md and | ow),
c) the relative shape of lips (spread, rounded and unrounded)
d) posiiton of soft palate (nasal and non-nasal) and

e) the phonemc length of the vowel (short and | ong).

Ladefoged (1975) states that even though the vowel s of
different |anguages are perceived as sane, there are subtle
differences between them These differences can be studi ed
by the acoustic analysis of speech sounds. Hence, the study
of acoustic characteristics of vowel sounds nay provide an
insight into the structure of |anguage, mainly the phonetic

and prosodi ¢ system

The objectives of the present study were to determ ne
the tenporal characteristics of vowels of Ml ayal am | anguage
used by normal adults (Peak dialect of Ml ayalam. The
tenporal paraneters considered for the study were:

a) duration of the vowel (VD),
b) duration of the syllable having the test vowel (SD),
C) duration of the word having the test vowel (W) and

d) duration of the sentence having the test vowel (STD).

Ten normal adults (five nales and five femal es) having
Peak di al ect of Mal ayalam as their nother tongue were chosen
for the study. The subjects uttered a randomsed |list of two

hundred and fifty sentences (e hundred sentences with the
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test vowel in the word initial position, one hundred
sentences with the test vowel in the word nedial position and
fifty sentences with the test vowel in the word final
position) in a sound treated room These sentences had a
meani ngful , non-enotional Disyllabic test word (/MV/, PWV/
and /KMV/. These words had one of the ten kannada vowels in
the initial, nedial or final position as the test vowel. The
sentences were recorded using a Bony Stereo Cassette Deck (TC
-FX 170) and were played, back to the input of the DSP
Sonagraph, Mdel 5500 for spectrographic anal ysis.

The tenporal paraneters \were extracted from the
utterances of all the ten subjects. The obtained data was
subjected to statistical anal ysi s using descriptive
statistics, ANOVA, paired 't' tests and discrimnant analysis

and the follow ng concl usi ons have been drawn.

a) Segnental durations and sex:
1) Segnent al durations in females were found to be
significantly greater than that in nales wth the test vowel

inthe word initial, medial or final positions.
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b) Segnental durations and test positions of vowel:

1) In case of long vowel s the segnental durations were found
to be greater, when the test vowel was in the word initial
posi t on.

i) In case of short vowels with respect to syllable and
vowel durations, the duration was found to be Iongest when
the test vowel was in the word final positions and shortest
when the test vowel was in the word nedial position.

1i1) Sentence duration in case of short vowels was found to
be Ilongest, when the test vowel was in the word initial
position and shortest, when the test vowel was in the word
final position.

iv) Wrd duration in case of short vowels was found to be
| ongest, when the test vowel was in the word initial position
and shortest, when the test vowel was in the word nedi a

posi tion.

c) Segnental duration and vowel s:

1) Significant difference in segnental durations were
observed across the vowels with respect to the test vowel in
the word initial, nedial and final positions, except that the
sentence duration in case of long vowels with the test vowel
in the word nedial position did not show any significant

di ff er ence.
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d) Segnental durations and tongue height:

1) In the case of |ong vowel segnental durations were |ongest
anong the | ow vowel s and shortest in the case of high and md
vowel s.

i) In the case of short vowels segnental durations were
| ongest anong the md vowels. Bot h sentence duration and
word duration showed shortest durations anong the |ow vowel s,
whereas duration was found to be shortest anong the high
vowel s with respect to syllable and vowel duration. Qpenness
and closeness of vowels also affected the duration of the

vowel .

e) Segnental duration and tongue position anmong short vowel s:
1) The sentence duration and word duration was found to be
greatest for the front vowels and shortest in case of centra
vowel s.

1) The syllable duration was found to be |ongest in case of
central vowels and shortest in case of front vowels.

1ii) The vowel duration was found to be longest in case of
central vowels and shortest in case of back vowels i.e., the
rounded vowels had shorter vowel duration conpared to the

unr ounded vowel s.
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f)Segnental durations and tongue positions anong the |ong
vowel s:

1) The sentence duration was found to be greatest in case of
front vowel s and shortest in case of back vowel s.

i) The word duration, syllable duration and vowel duration
was found to be longest in case of central vowels and
shortest in case of back vowels ie., the rounded vowel s had

shorter vowel duration when conpared to the unrounded vowel s.

g) Segnental durations and vowel |ength:

1) The segnental durations in case of long vowels were
significantly greater than that in the case of short vowels,
1i) The duration of long (tense) vowels were approxinately
twi ce the duration of short (lax) vowels.

1ii) These short and long vowels had different relationship
wth their respective sentence duration, word duration and

syl | abl e durati on.

Limtations:

a) Only sone static acoustic paraneters have been studied.

b) Only adult nales and fenal es have been used as subjects.

c) Only the vowels present in Peak dialect of Milayal am have
been studied and

d) The acoustic characteristics of the vowels have been
studied only in neutral contexts (/MV, /PWV/ and
I KVt VI).
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APPENDI X A

a) List of words with test vowels in the word initial, nedial
and final positions (Voiceless context).

. ——————— T ——————————————————

NS:

Word initial Word medial Word final
atu | pata Kata
NN oL S o
ati pa:ta koti
(E‘(Brvﬂ PN YN G\aﬁc‘ug
ita pita kotu
© o NIEATS NIy
i:tu piita kute
LaaYe ey e
utu puta kito (NS)
u:ti pu:ti -
etu peta (NS) -
0—61(‘3: e Ny
e:tu pe:ta (NS) -
“—*GB(‘B“:’ [P .
ota poti -

‘?.)Qﬁ Tyt Cony
o:til po:tu -
> arl) s o

. ———————————————— — T S A e i e e S e ————— —— o i ———

nonsense wor ds



b) List of sentences with test vowels in the word initial
posi tion (Voicel ess context).

e S T T T — S . o ol Ty . g L M S g S " — o ——

Carrier Phrase 1 Carrier Phrase Il
i: wvaikku atu a:nu itu atu ennanu
DY OOFw  wrwa BQees B VN L P, YUY
is wva:kku a:ti a:nu itu a:ti ennanu
i: wvaskku ita a:nu itu ita: ennanu
MM AW S ('S\Si“f;: O 800 AN eI
i: warkku i:tu a:nu itu i:tu ennanu
D OIS Broan (B 2 ENIOER e FeA
i: wa:kku utu a:nu itu utu  ennanu
om0 B fE\Bﬁ': Q_‘-,{' D 3 ﬁ,@rru-.)s\e:.
i: wvaikku wu:ti a:nu itu u:ti ennanu
D O ge jEOmQ fvan% &y 5u00§\ ~GLrm SA
i+ wvatkku etu a:nu itu etu ennanu
oD WeE et e DS ~goR  AGres e
i: wvai:kku e:tu a:nu itu e:tu ennanu
m OFe oGiad rwrsm?\' Y Py iy ﬂ—e‘mxwﬂv
i: va:kku ota a:nu itu ota ennanu
Y A yem f@"S(v: T e W TR
on Oa 3w anq (B oot o mq n_@mrw:

1: wva:kku o:ti a:nu itu o:ti ennanu

——————————————— T ———— . ———— o —— W S — A W P e e e —————



&) List of sentences with test vowels in the word nedi al
posi tion (Voicel ess context).

———————— - ol e T T —————— ———————————

Carrier Phrase I Carrier Phrase II

it wva:kku pata a:inu itu pata  ennanu
&M gth Y- P g N (TSYSW‘\ Qpﬁ — 0 ﬁ_@wv-\‘xm:
i+ wva:kku paita a:inu itu pa:ta ennanu
‘:).I‘D mba‘!:: ey T mr\n‘: % PR LY~ oY r\..G\HV\QM:
i: wva:kku pita a:nu itu pita ennanu

D lap) U .-\Qm (‘ng"\' m‘ AT r\..@\wvnn—-.-:
i: wvaikku pi:ta a:nu itu pi:ta ennanu

[5: T B R ERY: Y P e o A A e
i: wva:kku puta a:nu itu puta ennanu
oo STEY oy n.:bnr; f'etgtw': Q_fﬁ n—Sbﬂn n.@\m-qrw:
i: wva:kku pu:iti a:inu itu pu:ti ennanu
©m  UdFw ~HN Earel 0 ra n-Jb('l‘\ Ao
i: wva:kku peta a:nu itu peta ennanu
0Om cIEw Tined O ﬂsgw-r:: D A AV O
i: wvatkku pe:ta a:inu itu pe:ta ennanu
oM oud Fa [ LYy o f"B*dBﬁ-v:: % Grasoe CBVYTY) Ty
i: waikku poti a:nu itu poti ennanu

e = = nar

£00  AUPR sanian| e 20 Odanl ABineo el
B OS23n ganal  aee Bn gadm Afiredem

1: va:kku po:tu ainu itu po:tu ennanu



d) List of sentences with test vowels in the word final
posi tion (Voicel ess context).

———————— i ————— e —— T ———————— ——— T ———

Carrier Phrase I Carrier Phrase II
i: wa:kku kata a:nu itu kata ennanu
g g o ) E]
g UIEm P WA DN I G ey
i: wva:kku koti a:nu itu koti ennanu
F2ro Oz 6‘\8-\1(‘?(1--\ L TR O %MQ\ G
i: wva:kku kotu a:nu itu kotu ennanu
£ I S9van) Wie D O3y, B e .
i: wva:kku kute a:nu itu kute ennanu
o WIS Slnes oo Dy BINE Ao
S O v 395'(:-\: e > Yaiat ag\mo ~ Sy A

i: wva:kku kito a:nu itu kito ennanu

A —— A — Tl Y ————— ———— " ——— i ———— A ——— T ————— Y ——



