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CHAPTER - |

| HTRCDUCTI OH

"Language nost showeth a man; speak that | may see thee".

Ben Jonson (1942).

Speech is an integral part of the total personality
revealing the speakers environnent, social contrasts, and
educat i on. There are nmany indications that |anguage is a
vehicle of personality as well as of thought, for when a
person speaks, he tells us not only about the world, but
al so, through both form and content about hinself (Fillnore,
1942) We to the hearing inpaired speaker who is thus judged,
for qualities reflected in his speech would provide at best a
distorted view of his real self, for the speech of the
hearing inmpaired, (if it exists at all) is a far cry from

that of normal hearing individuals.

Hearing validates the speaker's accuracy of expression
t hrough speech, for speech is acquired through hearing and
normal Iy controlled through hearing. Hearing is the nmeans by
which sounds are |learned, articulation is directed and

inflection is controll ed.

The basic units of speech are terned segnental features.
Segnental features are thu3 called, because they are discrete
in nature. However, 1in a conmunication situation, the true
nmeani ng of the nmessage, is transmtted not only by what is

said, but also by howit is said, by how words are



enphasi zed, and also by the speaker's npod and attitude

toward what is said.

The influence of features which involve the way in which
segnental 3 are said, extends |onger than one sound. Hence,
they are also ternmed suprasegnental features (Cruttenden,
1986) . Prosody, is an unbrella termand is used to refer to
the use and perception of variations in vocal paraneters to
communi cate and understand suprasegnental information. Unlike
the segnental elenents which can be represented in graphic
form through witing, prosody is a feature of spoken
comuni cation only. The clearest and nost consistent factors
in signalling the speakers enotional state were found to be
the nmean value of the Fo, it's range and the rate of its
changes. Duration of production and changes in voice
intensity were also described as inportant paraneters.

(Scherer 1982, 1986; Siegman 1987).

Acoustic analysis of prosody involves quantifying changes
in the three acoustic paraneters nanely, frequency, intensity
and duration, over the tinme span of the target vocalisation
Interestingly, it is the nodul ation of only these 3 acoustic
paraneters that results in sinultaneous comrunication of
several suprasegnmental nessages during discourse, in the form

of intonation, stress and duration.

"Intonation' is the rise and fall in fundanental frequency

not only as a grammtical signal of conpleteness and



i nconpl eteness, but also as enotional gauges of tension and

rel axation. Bolinger, 1972).

Stress expresses itself in the first place by an increase of
pressure in the speech nechani sm and approxi mately coincides

with the point of greater pressure. (C asse, 1963)

"Duration' of utterance increases for the nore inportant
wor ds such as nouns, verbs and nodifiers, while those of |ess
importance such as the functor words (prepositions,
conjunctions) are passed over lightly. The natural rhythm of
speech, depends on these devices and the art of speaking
clearly and neaningfully, requires judicious use of each if
the prosodic elenents to avoid a dull, nonotonous type of

t al ki ng.

Wth the advent of sophisticated diagnostic procedures,
nore efficient anplification devices and professionally
qualified speech clinicians ai di ng in conmuni cati on
rehabilitation, hearing inpaired individuals are able to
attain speech to a large extent. However, while the concrete
el ements-the various sounds conprising the |anguage, words,
the way they should be conbined to form sentences
(Syntax/grammar), etc. are learnt, a nore elusive quality,
especially difficult for hearing inpaired speakers to attain,
is the prosody or suprasegnental aspects of speech, also
known as the 'melody of speech’ - a sensitive indicator of
feelings, neaning, depth, the total enotional, personal,

natural or human tinge of speech. This is because, the vocal



characteristics of enotional states are nanifested by changes
in fundanental frequency tine and intensity. These are the
typical features of hearing inpaired speech that differ from
those of normal hearing i.e. insufficient and/or excessive
variability of pitch, i nappropriate (absolute and relative)
intensity and inappropriate (absolute and relative) duration.
(MGrr and GOsberger, 1978); Nickerson, 1975; Stevens,
Ni ckerson and Rollins, 1983). Hence, hearing inpaired
i ndividuals experience greater difficulty in producing the

verbal content of social nessages.

Direct mapping of various prosodic contours and their
comuni cative functioning onto the respective control
processes, has proven to a difficult task to date. Rapid
devel opnents in software designed for acoustic analysis as
well as our understanding of the physiology and control of
the phonatory system have resulted in changes in the
nmet hodol ogies involved in addressing this issue. In fact,
al t hough prosodi c features are used constantly and
automatically in comrunication with others, there have been
relatively few studies in this area, particularly in Indian
| anguages and nore specifically in Milyalam It is due to

this reason, that the present study was undertaken.

AlM OF THE STUDY:

To study the prosodic features of hearing inpaired

mal ayal am speakers who have relatively good speech and to



find the prosodic aspects affected in them despite having had

speech therapeutic intervention.

NEED FOR THE STUDY:

1. Although described as the first linguistic feature to
which the child responds research on prosodic aspects and
scanty and can be said to have been neglected in research
studies when conpared to the attention received by
segnmental aspects of speech. Hence, a study of prosodic
aspects is required to fill in these |acunae.

2) Prosody is inevitably found to be deviant in the hearing
inpaired even after speech has been acquired. Hence, a
need was felt for a study on prosodic devi ances.

3) Even anong studies on prosody, conpared to studies on
syllables or words, intonation and stress phenonena in
natural discourse 3uch as narration, has been |[east
expl or ed. Hence, a need was felt for a study on prosody
during narrative speech anong the hearing inpaired (The
present study used a story narration task).

HYPOTHESI S:

Prosody of the speech of the hearing inpaired doesnot

differ significantly fromthat of normal hearing speakers, in

terms of

1) Fundanental frequency of speech.

2)

Intensity of speech



3) Stress Pattern/Locus

4) Intonation Pattern

5) Rate of speech

6) Anmpunt of pauses - Intra word and Inter word

7) Tim ng/ Rhyt hm
METHODOLOGY:

10 normals (5 male and 5 fenale) hearing and 10 hearing
inpaired (5 male and 5 female) children aged 3 /2 to 5 12
yrs. were made to narrate the story of the Hare and the
Tortoise three times each and the sanple which was considered
nost intelligible was chosen for the analysis. Al the

subj ects were native speakers of Ml ayal am

Anal ysi s:

Analysis of the recorded sanples was carriedout as

foll ows;

1) Accoustic analysis was done to obtain the speech wave
form fundamental frequency curve and relative intensity
curve of each sentence on a time 3cale using a speech
interface unit with PC/ AT conputer having 12 bit. ADC and
DAC and speech analysis software (Vaghm - | NTON).

2) Subjective analysis was carried out to find out the
mean frequency, intensity and duration of the syll ables and

al so the pauses (inter and intra word) and loci of stress in



each sentence and then it was subjected to statistica

anal ysi s.

3) perceptual analysis was also carried out to identify

the stress wthin each sentence.

4) The rate of speech of the hearing inpaired and nornal

hearing speakers was al so conpared.

| MPLI CATI ONS OF THE STUWDY

(1)

(2)

A conparison of nornal hearing and hearing inpaired
prosody, wll enable a better understanding of prosodic
cues such as intonation contours, stress and timng
pattern, and how they are deviant in the hearing inpaired
speakers in general and native speakers of Mlayal am

| anguage in particular.

A fundanental question in special education of the deaf
Is how training efforts should be directed to different
segnent al and  suprasegnent al aspects in order to
ultinately achieve optimal intelligible speech. The
present study, wll help to highlight aspects which can
help in therapeutic renmediation of prosodic features in

the speech of the hearing inpaired.

LI M TATI ONS:

1)
2)

3)

Only a limted nunber of subjects have been studi ed.
Speech sanple of only children in the age group of 3 1/2 -

5 12 years was studied

The story narration task was structured.



CHAPTER - ||
REM EW OF LI TERATURE

The devel opnment of human civilization is nmade possible
to a great extent, by man's ability to share experience,
exchange ideas, and to transmt know edge from one generation
to anot her. In other words, his ability to communicate with
ot her nen.

We use | anguage to conmunicate with others. Language in
the general sense, is any synbolic code-vocal or gestural or
any other simlar code that 1is wused to express or to
understand thoughts, ideas and feeling. As per the chanbers
20th century dictionary (1976, Ed.). "Language is an
artificial system of signs and synmbols, wth rules for

formng intelligible communications".

Verbal conmmunication (speech),is the fastest and nost
common form of | anguage used by man. Speech is an integrated
function involving the reception of words by the ear or the
eye, their interpretation and synthesis as |anguage wthin
the brain and the expression of this |anguage response in
further spoken or witten words. It includes the whole of
this receptive formative and expressive activity. Speech is
a system of comunication by which thoughts are expressed and
understood with acoustic synbols in a given |anguage. For
actual speech process, there should be a flow of air from
lungs through the larynx and vocal-cords (respiration) the
vocal cords should vibrate (Phonation) producing voice and

the final product is a result of novenent of articulators



such as tongue, lips, plate, jaw (articul ation) and resonance
in the oral cavity. For |anguage processing the child shoul d
pass through varying stages to acquire phonology, syntax,
semantics of the |anguage he is exposed to. The pattern of
vocal expresion in the normally hearing child progresses
through a fairly predictable pattern. The first is the stage
of reflexive and differential vocalization, seen between the
age of (1 to 4 weeks). As soon as the child is born, it
cries. It is sign that child has learnt to comunicate her
presence, although it is at first a reflex action. Fromthen
onwards, she starts to express her needs to the parent.
Gradually, the nother notices that there are different types
of cries within the end of the first or in the early second
nont h. The sensation of hunger, disconfort, pain, etc, are
conveyed differentially to the nother. The newborn nmakes
differentiated cries, gutteral "gooing" sounds at about two
nont hs of age, single syllable "cooing" at about three nonths
consisting of predom nantly vowel sounds, and begins
“babbling” or nmaking repetitive strings of sounds (Owens,

1992) .

Between 2-6 is the babbling stage. During this stage the

child utters many varieties of sounds that are not found in

the native |anguage. Sone sounds may be repeated and sone
may not Dbe. At first, only vowels appear but Ilater
consonants like /pa/ /bal also appear. These sounds random

and there is no set pattern for the utterance of these

sounds.
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At about 6 nonths the children are found to repeat sounds
or sound conbinations i.e. lalling is a sign that he/she
enj oyi ng hearing his/her own speech and others as well. The
child is imtating hinmself, and because it is appreciated, it
is repeated nore and nore. A deaf child does not pass through
this stage because he has no hearing ability to appreciate

hi s own vocal patterns.

At about 9-10 nonths of age is the stage of echololia.
The child starts imtating the speech of other around him
He enjoys imtating the parent, and when the nother or the

father repeats it, it is imtated again.

The speech of 3onme handi capped children such as autistics
seens to consist of echoalia where they repeat even very
difficult sound conbinations but w thout nmeaning anything.
Some children pass through a next stage of producing
sentences, which consists of nonsense syllables and words,
call ed vocal play. This vocal play and uttered with nornal
intonation patterns, but the utterances are not neaningful.
In short then, six to seven nonths of age there is a brief
phase where babbling consists of reduplicated syllables, and
the infants also focuses on sounds heard in the adult
repertoire. At about 9 nonths variegated babble occurs, that
is, patterns of repetition where adjacent and successive
syllables are not i denti cal (Onens, 1992). Bef ore
recogni zable words are uttered the infant produces babbling

that reflects the tenporal structure of the adult speech
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pattern. Babbling is thought to provide the essential
practice required to develop the |inks between conpl ex notor

commands and plans and auditory representations.

During the period of babbling, infants appear to restrict
their practice to only those sound conbinations that occur in
the |anguage nodels provided by their main carers. The
skills acquired in this phase then form the basis of notor
engrains required for rapid speech production as well as the
ability to decode speech and later the sound synbol
associ ations needed for reading and witing (Creaghead,

Newman and Secord, 1989).

There is sonme evidence to suggest that cooing is also an
i mportant phase in the acquisition of verbal conmunication
skills. Lynch (1995) has shown that cooing patterns in
infants as young as two nonths reflect vocal patterns that
are typical of adult speech. Thi s evidence provides support
for the notion that infants have the ability to organise

their vocal patterns at this early stage.

During the babbling phase infants produce the conplete
repertoire of physiologically possible sounds. Over a period
of weeks they refine their babbling productions to include
only those phonem c conbinations that are typical of their
native |anguage nodel. An infant living in a bilingual
environment will wmintain and practice all of the phonemc
conmbi nations that are typical of each |anguage they hear.

Thr oughout the babbling phase infants learn to store codes
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involving auditory perceptual, visual perceptual and notor
information for the relationships between speech sounds
nodel | ed for them (Repp, 1986). They learn, for exanple, the
conmplex relationships between the spectral and tenpora
changes that occur when sounds are uttered as blends and
cl usters. That is, it is during the babbling phase that
children learn about the dynam c nature of speech perception
and production as well as patterns of coarticul ati on (Repp,

1986) .

The babbling stage is conmon even to hard of hearing
children. However, because of |ack of feedback, of their own
speech because of hearing |oss they donot progress fromthis

stage very much.

By 12-18 nonths, the <child goes on to wutter an
appropriate and neaningful first word. Generally, the child
uses a bilabial word such as papa or baba. Fromthis age on
wards, there is a continuous rapid increase in the child's
speech. By this tine, the «child wll have started

under st andi ng speech and will quiet when scol ded.

At 18 Months the child typically |eaves of the beginning
and the end of phrases. He makes hinself understood
through the use of a proper vowel, a medium consonant, and

proper vocal infection.

The child's voice is not well controlled and tends to

becone high-pitched and strained. "He experinments a great
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deal with voice and pitch, and there is a variety of vocal
overflow with little or no phonetic value, such as |augh,
sigh, or whisper". The child repeats syllables or words in an

easy, unconsci ous nmanner.

At 24 nonths, the child telescopes phrases in his
pronunci ations; there 1is wusually a beginning consonant,
t hough not necessarily an appropriate one; a final consonant
is often present, while nedial consonants tend to be

sl i ghted.

The voice shows better pitch control than at 18 nonths.
In general, the pitch is lower. There is still sone

straining, and squeaking is comon.

At the age of 30 nonths, pronunciations of words continue
to show telescoping, wth the medium consonant frequently
sl i ght ed. Specific word pronunciations are unstable so that
the sane word may be pronounced with different vowels and

consonants within a few m nutes.

At 36 nonths, pronunciation continues to be characterized
by a shattering of word and phrases; nedial consonants may be
omtted or substituted. Final consonants appear nore
regularly than 1st 30 nonths. Substitutions for the sound

"th" are frequently made.

The voice is usually well controlled and is in genera

"of an even, normal | oudness".
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Thus, the devel opnent of speech is a |learning process.
The child starts with meani ngl ess, haphazard and
uni ntentional vocal utterances, but as he gains experience
and maturity with age, his vocalization becone neani ngful,
specific and purposeful. H's utterances get established into
regular patterns by the positive reaction of his inmmediate
famly. The <child gradually learns to initiate and echo
other persons and thus reasons to produce sounds of the
| anguage he and exposed to. As the child begins to gain new
experience and fornms new ideas, his Ilanguage ability also
increases in ternms of gaining the mastery of |anguage and
i ncreasing vocabulary and the use of |anguage. A deaf child
m sses such |inguistic experiences, and hence his speech and
| anguage are affected. The anopunt or degree to which it is
affected, depends on the age of onset of hearing |oss, the
degree of hearing |oss, whether anplification and training

has been provided or not, etc.

Li ngui sts have found, that the code of a spoken |anguage

consists of units that are arranged in a lierarchy from snall

units to large units. The smallest units are the individual
sounds, i.e. the vowels and consonants. Speech sounds that
differentiate words, are called phonenes, and are, in one

sense, the basic sequential segnents of speech and thus the
features of phonenes are called segnent al features.
Li nguistically, the phonenme is the snallest interchangeable
element in a |anguage. Phonenmes conbine to form syll ables

and syllables to formwords, phrases, sentences.
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Intelligible speech is nore than a sequence of discrete
sounds |inked together. The individual sounds nust be
carefully organised through timng, juncture, stress, and

i ntonati on.

These features are ternmed the suprasegnental features
because their domain extends over nore than one segnent
the segnental parameters of verbal conmunication are referred

to as prosody. (Collier 1990).

Prosody has been viewed in the past as decorative
ornanmentation, functioning to nake speech nore aesthetically
pl easi ng. Far from bei ng anal ogous to superficial decoration
or ornanentation, prosody functions as the foundation or
structural support for t he or gani sation of speech

communi cation (Freeman, 1982).

According to Jusezyk et al (1992) the acoustic stream
consists of both segnental and suprasegnental markers that

can facilitate interpretation of verbal speech.

The prosodi c packages, they suggest, may serve to help
the language Ilearner to categorize roughly the acoustic
i nput . In this fashion the range of alternatives that nmap
onto the grammatical target wunits of a |anguage can be

trail ed.

Prosody is intrinsic and critical in both perception and
production of speech. It enbraces all variations of

pitch, tinme and | oudness introduced by the speaker in order
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to enphasize words and syllables and make his/her speech
i nteresting. Al though much of the nessage in speech is
conveyed by the 3egnental phonenes, additional information is
carried by the prosodic features; stress, rhyt hm and
| nt onati on (Ani sworth, 1976) . The primary prosodic
paraneters, along which systens of linguistically contrastive
features can be plotted, are the psychol ogical attributes of
sound descri bed as pitch, |oudness and duration, which have a
primary (but not an identifying) relationship with the
physi cal di nensi ons of fundanental frequency, anplitude, and

tinme respectively.

In the historical developnent of |anguage prosodic

features tend to be dom nant and to survive changes in the

segnental, phonetic constituents. As Pisoni and Sawesch
(1975) suggest, "Prosody may serve as the interface between
low |evel segnent al information and higher | evel s of
grammatical structure in speech". "Prosody carries direct

phonetic cues to certain semantic and grammatical classes. It
therefore serves to restrict the search processes whereby
contact is nmade between cognitive representation and acoustic
representation. This restrictive role of prosody may take
either of two fornms, or both. Prosodic information could be
addi tive, t hat IS, it may sinply add together wth
information present at various |levels to make the processing,

rewar di ng, and decision nmaking nore rapid and nore accurate.
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In general, current i nvestigations suggest t wo
interrelated ways in which Prosody may function: (i) as a
"chunki ng" or "parsing" device for dividing the incomng flow
of speech into coherent auditory structures suitable for

further processing and (ii) as a predictive device allow ng

the Ilistener to anticipate the arrival of ©potentially
i nportant speech material. In either or both of these ways,
prosodic information would be potentially valuable in

all ocating processing capacity and circumenting previously

di scussed capacity limtations.

| nvestigations have provided evidence that prosodic
information cut across nost, if not all, levels of perceptua
anal ysi s i nfluencing segnental analysis and Syntactic
anal ysis (Lieberman, 1967; Bolinger, 1972; Oher research
supports the cue or prosodic information in grammtical
anal ysi s (Cooper and Soren 1977) in identifying and
delimting elenents of |longer discourse level, and speech
sequences, such as paragraphs (Lehiste, 1975); in selective
attending to one voice anong nmany and interpreting a
speaker's comuni cative intent (Haddingkock and Studdard
Kennedy, 1974). Still other investigators have enphasized
research findings which suggest that the production of
prosodic features is rooted in, and nay provide information
about neur ophysi ol ogi cal organi sation and physi ol ogi cal

anatom cal constraints Li eberman, 1977; Allen, 1975).
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There is evidence that early comrunication is extrenely
supra3egnental in nature. Gerken (1994) reports that infants
as young as eight nonths of age exhibit in their babbling the
rules of prosodic patterns of their native [|anguage. In
addition, infants as young as six nonths of age are able to
di stinguish between English and Norwegian word lists that
have been |owpass filtered. Gerken also reports findings
that infants at six nonths are sensitive to clause boundaries
and at nine nonths can distinguish phrase boundaries. At
nine nonths, they prefer to listen to stress patterns that
reflect their native |anguage (Cerken, 1994). The infant
varies intonation patterns to express physiological and
enoti onal needs. (Lewis, 1951, Lenneberg, 1967). GCysta
(1973) suggests that infants respond to suprasegnentals at an
early age, possibly at +the expense of other linguistic
f eat ures. He said that 6-7 nmonths is the nost |ikely period
for emergence of nonsegnental aspects of |anguage. From 9-12
nont hs, a wi de range of non segnmental contrasts is devel oped
(Crystal, 1975) and with increasing age, prosodic patterns
become nore readily influenced by factors such as vocabul ary

and phonem c structure.

In the absence of hearing the child is deprived of the
requi red feedback information both of hinmself and of others,
so essential for the developnment of prosody. Hearing-
impairment has a marked effect on a child's ability to
acquire  speech. The orderly and seemingly natura

devel opment of speech | anguage and corunication is
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interfered wth by presence of hearing 1oss. The nornal
hearing child is exposed to sounds from the very begi nning
itself. By continual auditory stinulation by the constant
feeding of speech into his ears, by unceasing encouragenent
from his nother, by hours and hours of practice a nornal
child attains speech. The task is nore difficult for the
child born deaf and yet often enough the deaf child is
deprived of these very neans which alone make speech
possi bl e. Thus hearing controls speech and w thout hearing

speech fails.

The normally hearing child obtains skills in parsing
connected speech signal exaggerated and synchroni zed prosodic
cues from caregivers (Jusezyk et al., 1992), so the hearing
inpaired child my require assistance in acquiring this
information. Differences between the normally hearing and the
hearing inpaired infant's prelinguistic vocalisation patterns
are detectable as early as six weeks of age (Maskarinec,
Cairns, Butterfield and Waner, 1981). Normal | y heari ng
children have been reported as maki ng "speech-like" sounds at
this early stage whereas hearing inpaired infants do not.
The nost noticeable difference occurs at the early babbling
phase around six nmonths of age, when the productions of the
hearing inpaired infant are noticeably reduced in conparison
to the normally hearing infant. The range of sounds included
in the babbling phase is also reduced for the hearing
inpaired child, especially after eight nonths of age (Stoel-

Gammon and Gtono, 1986). The consequence of reduced auditory
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feedback is therefore, a reduction in the anount of practice
that the infant engages in. In addition, the hearing inpaired
child' s spontaneous sound productions do not reach the stage
where they beconme focused on the sound conbinations that are
typical of the native |anguage nodel provided in their

environnment (Stoel-Gmon and Gt onp, 1986).

The acoustic <cues for prosodic features which have
received the nost extensive attention are Fundanental
frequency and it's variations (intonation), intensity, and

t enporal spacing of acoustic events.
1. FUNDAMENTAL FREQUENCY PATTERNS.

The difficulties that the deaf speaker has with frequency

pattern are of 2 general types:

a) In appropriate average fundanental frequency (pitch)

b) I nproper intonation.
2. FUNDAMENTAL FREQUENCY/ PI TCH

The Fundanental frequency is often loosely called the
pi t ch. The fundanental frequency of voiced speech sounds,
varies considerably in the speech of a given speakers and the

average or characteristic Fundanental frequency varies over

speakers. Average Fundamental frequency decreases wth
increasing age until adulthood for both males and females
(Fai rbanks, 1940; Usha, 1979). The fundanental frequency

varies in the speech of an average speaker over a range of
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One to one and a half octaves (Fairbanks, 1940). Thi s
variation is used to indicate stressed and unstressed vowel s,
to add enphasis to what s being® said and to carry
informati on about the structure and neaning of a sentence.
Linguistic and semantic information is carried by pitch in
several ways. A falling pitch is used, to signal the end of
the final stressed vowel in a declarative sentence. At a
maj or syntactic break within a sentence, such a fall is
followed by a rise in pitch to indicate that the sentence is
to continue. For certain types of questions, a pitch rise
occurs in the final stressed syllable. Sentences that are
anbi guous when printed can be spoken in an unanbi guous way,
partly because of the intonation pattern that is inposed on
the words. Also, nessages beyond the words, sonetinme subtle
soneti mes poignant can be conveyed by the way the utterance

is inflected (N ckerson, 1975).

FUNDAMENTAL FREQUENCY ABBERATI ONS I N THE HEARI NG- | MPAl RED

Anmong the nost noticeabl e speech disorders of the hearing
i mpai red are t hose i nvol vi ng f undament al frequency
(Fundamental frequency). Voel kar (1963), Geen (1956), and
Hood (1966) found that the voices of children who nmade little
or no use of their residual audition, had intonation spanning

| ess than half the normal range of 8-12 semnitones.

Pitch has been described by Boothroyd, 1969 as a
particular by difficult property of speech for deaf children

to learn to control. One possible reason for the difficulty
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is that deaf children may lack a conceptual appreciation of
what pitch is. (Anderson, 1960; Martony, 1968). If there is a
problem with a hearing-imapired speaker's average fundamental
frequency, nore often the voice pitch is characterized as too
high rather than too low (Angelocci et al. , 1964; Boone,
1966; Mar t ony, 1968) . Sone differences in average
Fundanmental frequency have been found as a function of the

age or sex of the hearing-inpaired speakers.

Monsen (1979) found that the types of contours appeared
to be an inportant characteristic separating the better from
poorer hearing inpaired speaker. While studying the manner in
whi ch fundanental frequency changes over tinme, using a
spectrographic technique, Mnsen (1979) observed four types
of fundanental frequency countour in the speech of the

hearing inpaired children of 3-6 years age. They are:

a) A falling contour, characterised by a snooth decline in

Fo at an average rate greater than 10 Hz per 100 nsec.

b) A short falling contour, occuring on words of short
duration. The Fo change nay be nore than 10 Hz per 100
Msec. but the total change nay be snmall.

c) A falling flat contour, characterised by a rapid change
in frequency at the beginning of a word, followed by a
relatively unchanging flat portion.

d) A changing contour, characteri sed by a change in
frequency, the duration of which appears uncontroll ed,

and extends over relatively |arge segnents.
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Boone (1966) found a higher average Fundanmental frequency
for 17-18 year old males than females. Gold (1980) found
that nean Fundanmental frequency of deaf people's voices is
hi gher than that of hearing speakers of simlar years.
Osberger (1981) found that the difference in Fundanmenta
frequency between hearing and hearing-inpaired speakers in
the 13-15 year age range was greater for females than for
males. (Fig. 1). Bush (1981) observed excessive segnental
variations in Fundanental frequency as those in the Gsberger
(1981) study. Age-rel ated factors sucha s laryngeal growth
acconpani ed by adolescent voice change or simlarities in
spech training were suggested by Bush as reasons for the

problems of the females in controlling Fundanmental frequency.

Thus the fundanmental frequency of the hearing inpaired
and found to be higher, nore 30 in the female. A so there are

excessive segnental variation in fundamental frequency.

B. | NTONATI ON:

“Intonation is the salt of an utterance. Wth out it, a
statenent can be often understood, but the nessge is
tastel ess, colourless. Incorrect uses of it can lead to
enbarrasing anbiguities”. (Delattre, 1972). W rds have basic
intrinsic meanings; these |exical neanings are the ones found
in the dictionary. The intonation neaning is quite the
opposite. Rather than contributing to the intrinsic nmeaning
of a word, it is nerely a shade of nmeaning added to or

superinposed upon that intrinsic |exical neaning, according
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Figure 3. Fundanental frequency values in Hz, neasured at the center of the
vowel in each syllable in the sentence "I |ike happy novies better"
for groups of nornal-hearing and profoundly hearing-inpaired nales

and fenal es.
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to the attitude of the speaker. In actual speech, the speaker
is often nore interested in the speaker's attitude, than in
his words - ie; whether a sentence is spoken with a smle or

with a sneer according to Pi ke, (1945).

Some researchers |ike Bolinger(1972) consider intonation
as only a peripheral part of oral communication. According to
Bol i nger (1972), "l ntonation 'S not as central to
communi cation as sone of the other traits of |anguage. If it
were so, we could not understand sonmeone who speaks in a
monotone”. "This is like saying that voicing is not crucial
to communi cati on because we can understand whi spered speech".

(Ling, 1971).

Among the suprasegnentals, intonation is an inclusive
term that refers to variations in pitch as a function of
time. Fai rbanks (1940) wused the termintonation to include
both inflection and pitch shift. He wused inflection to
identify the pitch change within a single phonation and pitch
shift to identify change in pitch from the end of one

phonation to the beginning of the next phonation.

Lehiste (1970) used the termintonation as linguistically
significant functioning of fundanental frequency at the
sentence |evel. Contrastive function of f undanent al
frequency is called 'tone' at the word |evel. She
di sti ngui shed between Ilexical tone, grammatical tone and
nor phem ¢ tone. Lexical tone is found in |anguages in which

contrastive tone is associated with differences in the
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meani ngs of roots and steins (independent of stem formatives).
Among such | anguages are Chinese and Slovene. The term
‘grammatical tone' is applied to instances in which a
difference in tone signals a difference in grammatica

function wthout changing the |exical meani ng or overt
nmor phol ogi cal structure. The term 'norphemc tone' is used
in instances in which the tone on a root is predictable from
the presence of a suffix norphenme, which need not carry the

tone overtly.

Most traditional perceptually based phonetic theories
(Arnmstrong and Ward (1926), Pike (1945), Trager & Smth
(1951) and nmany instrunental studies (Lieberman (1967),
Haddi ng- Koch  (1961), Vanderslice and Ladefoged (1972),
At ki nson (1973), Tseng (1981), Landahl (1982) agree in so far
as a falling of fundanental frequency and anplitude contour
forms the termnal part of the breath group, that signals the
end of a declarative sentence/phrase in nost human | anguages
(Li eberman (1967). The falling of the frequency and
anplitude contour reflects the biological and vegetative

constraints of respiration.

Bol i nger (1975) states that there are three features of
intonation which have simlar uses in all |anguages. They

ar e:

1. Range: The range conveys enotions. Wen we are excited
our voice extends its pitch upwar ds. Wen we are

depressed, we speak al nost in a nonotone.
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2. Direction: It is usually connected with pause
3. Relative height: It is associated with the inportance
given to particul ar wor d or words in a sentence.

Intonation also plays a useful role in the deternination
of voice quality, (Brown, strong, and Rencker, 1973) and

in recall of verbal materials (Leonard 1973),)

It has 1long been realized that within the prosodic
contrasts of English, sone features are nore noticeable and
seem to carry nmore semantic weight than others. Thi s
awareness is reflected very wearly in the developnent of
prosodi ¢ though its fornulation has been relatively recent.
Butler in the 17th century noticed the inportance of making a

mai n di stinction between rising and falling intonations.

Sweet (1878) distinguished eight tones in all, some being
nmor e fundanmental than others. They are: level, high rising,
low rising, high falling, low falling, conpound ri sing,

conmpound falling and nmore enphatic.

Pal mer (1922) distinguished four basic types of tones
falling, high rising, falling rising and low rising which are
al nost invariably intensified and hence are considered
normal. He also described intensified falling tone and two

ki nds of tonal sequence.

1) Co-ordinating (\ //'yﬁf ) where the tone groups are
i dentical .
2) Subordination (v, ,~ ‘., pJ ) where the tone groups

are dissimlar.
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Armstrong and Ward (1926) based their dichotony of
falling and rising tones referring to the general shape of
intonation contours centered on a special nuclear type.

Hef fner (1949) distinguished between Ilevel, high rising,
high falling, conmpound rising and conpound falling as being

tonal contrasts. Njland (1951) put forth five different

intonation curves - Mnotone - horizontal (—), Convexe -
descendant ( ©) ), Concave - descenc (L-),dncave
ascendant ( _/ ), and Convex - ascendant ( / ). Lee (1953)

di stingui shed between different types of tone sequences.

1. On pairs of Questions (\ /).
2. On longer sequence of Questions ( /// -~ Js7 ) and
3. On two co-ordinated sentences varying inonly one predicate

word ( /\ ).

’

McCarthy (1956) distinguished between the foll ow ng types
of tones - Rise-fall, Fall-rise, Rise-fall-rise, fall-rise-
fall wth high and low varieties of each. Hul t zen (1957,
1964) divided nuclei into two groups on whether they have a
low (closed) ending or an open ending. Mtchell (1957)
specified level, high rising, high falling and conpound
rising types of tones. Ki ngdon (1958a) mmde a distinction
between high and low, normal and enphatic tones and then
lists rising, falling, falling rising (divided and undivided
types), rising falling (1, 2 and 3 syllable types), rising
falling rising (divided and undivided types) and |level tone

(though the latter is not nuclear). Schubi ger  (1958)
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identified exocentric (subordinate) and endocentric types of

tone sequences. The specific sequences she nentions are -
rising+falling ( ~+*~ ), conpound rising+falling (v +\ ),
falling+falling ( ~f~ ), rising+risimgcompound
rising+triaing (N + /), and falling+rising (). She al so

di stingui shes between different types of tone sequences
occurring on enunerations: (/N ), the nore colloquial (\\\),
sequences which are susceptible on continuation (7,

patterns which lays enphasis cm the penult (:~\.~ ), and on

alternatives (/\ and 7).

Trim (1959) nmade a nmgjor distinction between formally
i ndependent maj or tone groups and minor tone groups which are
characterized as dependant and non-final. He placed
i nportance towards phonol ogi cal criteria rather than a
grammati cal approach to define major tone groups. O Connor
and Arnold (1961) recognize low and high falls and rises,
rise-fall, fall-rise and a conpound 'fall+rise" though the
latter is considered a conflation of two sinple tones. In
total they distinguish six tone types and ten types of tone
gr oups. Intonation was analysed by Halliday (1966) as a

conpl ex of three system c vari ables:

1. Tonality (the division of an utterance into tone groups
and the placenent of tone group boundari es)

2. Tonicity (the placenent of the tonic syllable and foot
within the t one group and the consequent
division of the group into tonic and pre-tonic

el ements of structure).
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3. Tone (which is divided into primary and secondary-
tone) .
He recogni zed fall, rise, 'sharp' fall-rise, fall-rise,
lowrise, rise-fall, fall+lowrise, and rise-fall-lowrise as
primary tones. He distinguishes between even (level

falling, rising), uneven (low spiky) and suspended (listing),
high (level, falling, rising) and low (level, rising), md
(level) and low (level) sub types of secondary tone. he
believed that tonality, the division of an utterance into

tone groups not fusion of tones, is at present the first kind

of choice inportant for intonation. He, however believed
that further research will denonstrate the existence of tone
group sequences, which  would require at | east one

i nternmedi ate stage between an utterance and a tone group.

In a study by Quirk and Crystal (1966), a mmjor division

of nuclear tones into two types was done -

1. Falling : Conprising sinple, conplex and conpound tones,
the final direction of the pitch novenent being
downwar d.

2. Rising : Conprising sinply, conplex and conpound tones,
the final direction of the pitch novenent being

upwar d.

Aquisition O Intonation In Children has been studied by
many. There is 3one evidence that early conmunication is

essentially suprasegnental in nature (Lew s, 1951; Lenneberg,
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1967) . I ntonation patterns are aquired by children even
before the actual acquisition of speech sound.In the very
first few nonths of life, during the babbling stage and
indeed during the very first mnutes of life, children enploy
" meani ngf ul ' I nt onati onal si gnal s. The infant varies
intonation patterns to express physiological and enotional

needs. At the age of 6 -7 nonths, the child begins to
imtate the intonation of the adults talking to him
(Nakazima, 1962). At about the 3ane age, nost babbles of
children, are produced with a falling declarative intonation

but then the child begins producing both rising and falling,

guestioning intonation patterns (Tonkova Yonpol staya 1969).

Lewis (1936) noted three stages in the devel opnent of

intonation in |anguage.

1. At an early age, the child shows discrimnation in a broad
way, between di fferent patterns of expression in
i ntonati on.

2. Then, the total pattern- the phonetic form together wth
the intonational i.e domnates the child' s response.

3. Later The phonetic pattern becones the dom nant feature in
evoki ng the specific response. But while the function of
the intonation pattern nay be considerably subordi nated,

it certainly does not vanish.

Li eberman (1967) showed that the basic pitch of the
babbling of two children at ten and thirteen nonths of age

shifted towards the pitch of the adult speaking to them
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When the father was speaking with the child, the pitch of the
babbling was |owered to nearer that of the father; when the
not her spoke to the «child, the babbling occured at a
somewhat higher pitch, in keeping with the higher voice of

t he not her.

Speech perception studies have indicated clearly that
both prosodic and segnental aspects develp as early as six
weeks in children (Mrse (1972), Mhler et al (1978),
Noot eboom (1978), Kessen, Levine & Wendrich (1979).

I nfants have been found to discrimnate between rising
and falling patterns of intonation between 1.5 & 2 nonths
(Morse (1972). By the age of eight nonths children could
discrimnate between a syllable pronounced wth a rising
intonation and the same syllable said wth a falling
intonation (Mrse (1972). Dore (1973), has reported that
children learn and produce intonation patterns of the input
| anguage during the first year of Ilife. Crystal (1973)
suggested that infants respond to suprasegnentals at an early
age, possibly at the expense of other linguistic features.
He noted that 6-7 nmonths is the nost likely period for the

enmergence of non-segnental aspects of |anguage.

Wth increasing age, prosodic patterns becone nore
i nfluenced by factors as phonene structure and vocabul ary.
By 18 nonth nost normal children use intonation patterns
typically produced by adult speakers in their |anguage

envi ronment (Menyuk (1972) and by 2 years of age have |ess
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than 3% error in imtating sinple rising and falling
inflections (Kressin, Marquardt and Asp (1976), Koike (1977),
Koike & Asp (1977) found that 5 year olds perforned
significantly better than 3 year olds on a nore conplex supra

segnental task

Sandner (1981) denonstrated a three nonth old infant
imtating his German speaking nother during a five mnute
conversati on. The infant in sandner's study appeared to
regul ate subglottic pressure and imtate intonation patterns
as soon as his anatony devel oped to the point where he could
regul ate subglottic pressure. A nore recent investigation on
early imtation was done Rabson et al (1982). Acoustic
anal ysis of a conversation between a Japanese speaki ng not her
and her six week old son, showed the infant imtating the
absol ute fundamental frequency and the shape of the nother's

i ntonation contour, the duration being |esser, however.

Landahl (1982) reported that the fundanental frequency
contours of one word utterances in children and quite simlar
to those seen in adults. Based on Menn' s (1976 a) and
Hal I iday's (1975) work on tonal contrasts a tentative
analysis of tonal contrast development was put forth by

Crystal (1986).

1. Initially the child uses only falling patterns.
2. The first contrast that is developed is between falling

and | evel tones.
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3. The Second contrast is between falling and high rising
t ones.

4. The next contrast is between falling and high falling
tones (as in contexts of surprise, recognition, insistence
etc.,).

5. A contrast between rising and high rising tones follows.

6. The next contrast is between falling and high rising-
falling tones; the latter being used in enphatic contexts.

7. Next appears a contrast between rising and falling-rising
tones, the latter especially seen in warning contexts,
presumably the 'be careful' pattern in adults.

8. Anpng later contrasts to appear is that between high and

lowrising - falling tones, especially in play contexts.

However Fernald (1978), Stern (1983) believed that
not her's nake adjustnents to the prosody of their speech as
soon as their babies are born. Stern (1983) studied prosodic
pattern in nothers interaction with their children at birth
and aged four, twelve and twenty four nonths exam ning the
variations in pitch (termnal contour change, transitional
change between utterances, over al | utterance range and
hi ghest utterance level timng and rhythm They found that
| engt hened pauses were nost noticeable at birth, exaggerated
pitch contours and higher levels at four nonths and | onger
utterance durations at two years. They suggested the need to
consider adult prosody to children in terns of a series of

phases of devel opnment, arguing that during a particul ar phase
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of interaction, a npother increases the use of a subset of

features and decreases use of others.

A sentence with a specific enotion can be expresed with
nmore that one type intonation pattern, and a ingle
intonation pattern my be wused express sentence wth

differen enoti on.

Nat araja (1982) comapared the intonation contour in four
| ndi an | anguages (Kannada, Tam |, Gujarathi and Hindi) under
five enotional conditions a) Anger, b) Joy c) Jealousy d)

Neutral e) Mercy.

He concluded that "sane intonation contour may be used
to express different enotional conditions and further, the
sane patterns/contours are seen across the |anguages used".
There seens to be common or 'universal' intonation contours

across the |anguages studied.

Rat hna, Nataraja and CGeorge Sanuel (1976), conducted an

experinment to study the identification of intonation with

reference to context. They have concluded that the |isteners
were not able to identify the <correct pair of intonation
sentence and context sentence. It was also concluded that it

is possible to use a simlar kind of intonation pattern in
different contexts in the Kannada |anguage. Thus, the
reference contexts may becone inportant in identifying the

i nt onati on.
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Manjula (1979) studied intonation in Kannada under 9
enotional conditions using 36 sentences. She has concl uded
that "The sentence in Kannada with enotion are expressed with

a final in the intonation pattern”.

Nat araj a, (1981) studied the intonation patterns in four
| ndi an | anguages (Kannada,, Hindi, Taml| and Gujarati) under
five enotional conditions i.e joy, jealousy, neutral, anger
and nmercy. There was no difference between instrunental and
subj ective analysis. VWhen the conparison of intonation
contours on different enotions wi thin each | anguage was nade,

the follow ng conclusions were drawn.

1. A conparison of analysis of intonation contours of Kannada
| anguage showed that five different contours have been use
by the subject. However 3 of te sentences with anger,
jealousy and neutral showed Ilowering of fundanental
frequency at the end whereas other conditions, nercy and
joy showed an increase in fundanental frequency at the end
of the sentence. These results are in agreement with

concl usi ons drawn by Manjula (1979).

2. Intonation contours of sentence spoken in Qujarathi
showed a general Ilowering of fudanental frequency by the
end of the sentences. The subject had used al nost sane
i ntonation pattern/contour different enotional conditions.
It may be possible to express different enotions using the
sane intonation contours as in Kannada, as reported by

Manjula (1979).
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3. In Tam | sentences, the same intonation contours has been
used to express Anger and Mercy, whereas different
contours have been in other three sentences. However,
there was a general Ilowering of fundanmental frequency

towards the end of the sentences.

4. To express anger, neutral, and nmercy in Hindi, the sane
intonation pattern has been used. To express jeal ousy and
neutral, tw different patterns have been used. It was
found that there was an increase in fundanental frequency

towards the end of the sentences.

When the conparison of intonation contours across the
| anguages under different enotional conditions were nmade, it
showed |owering of fundanental frequeny at the end of the
sentence under anger in all the |anguages except in H ndi
where there was a rise from lowto md. Under joy condition
all the subjets showed a lowering of fundanmental frequency
except for the subject speaking Kannada, who showed an
increase from md to high. In all the four |anguages there
was a lowering of fundamental frequency at the end of the
sentence under the conditions of |ealousy. Under neutral
condition there was a lowering of fundanmental frequency in

Kannada and H ndi whereas there was a rise in tw other

| anguages.
Rathna et al. , (1982) did a study to find the influence
of i ntonation patterns of part sent ences on t he

identification of the contexts in their part sentences are
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spoken. The results showed that it was not possible for the
subjects to identify the correct contexts sentences when
either only part sentence was spoken on part sentence and

context sentence was given together.

Nandi ni (1985) studied prosodic aspects in Kannada and
found that in Kannada, different intonation patterns aare
used in expressing different types of sentences. Term nal
contours are inportant in determning the type of sentences
of the termnal contours can be used to identify different
types of sentences. Percepeption of pith variations depend
of Fo variation and pitch is inportant for the perception of
i ntonati on. Intensiyty variations do not show difference
between different types of sentences. Inton permts the
identification of enmotion type of sent even when the context

sentences aren't present.

Chandra Shekar (1985) studied prosodic aspects in Hindi
and found that H ndi speakers use different inton patterns to
express different enotions. The intensity variation doesn't
seem to be related to the enotions expressed. Per cepti on of

pitch variation depends on the Fo variation.

2. Intonation Patterns in the Hearing I|npaired:

Reference is nade, even in the very easily literature, to
the difficulties that hearing-inpaired speakers experience in
controlling this aspect of speech. Haycock (1933), Raw i ngs
(1935), Russell (1929), Scripture (1913), and Story (1917)
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have described the speech of cogenitally deaf persons as
"nmonot onous” and "devoid of nelody". Later investigations
showed that hearing-inpaired speakers did produce pitch
vari ations, but the average range was nore reduced than those
of speakers with normal hearing (G een, 1956; Hood, 1966;
Voel ker, 1935) and hence it sounded nobnotonous. Mnotonous
speech may al so be due to abnornmalities in the shape of pitch
contours. Each syllable may carry a simlar pitch contour.
A subjective sense of nonotony may therefore arise froma

repetitive use of a single contour. (Nickerson, 1975).

Sone hearing-inpaired speakers may denbnstrate an
intonation problemin the form of excessive and inappropriate
changes in fundamental frequency. These speakers may raise
or lower fundanmental frequency by 100 Hz or nore within the
sane utterance. Oten, after a sharp rise in fundanenta
frequency, the hearing-inpaired speaker |oses all phonatory
control and there is a conplete cessation of phonation
(Monsen, 1979; Smith, 1975; Stevens et al., 1978). A
termnal pitch rise - such as that occuring at the end of
sone questions may be even nore difficult for a deaf child to
produce than a termmnal fall (Phillips, Remllard, Bass and

Pronovost, 1968).

There have been few attenpts to arrive at a quantitative
classification of intonation contours produced by hearing-
inmpaired children. Mnsen (1979) has described the follow ng

four types of ~contours that he found to occur in the
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production of CV syllables by 3- to 6-year-old hearing-
i npaired children:

(1) Afalling contour, characterized by a snoboth decline in
Fundanental frequency at an average rate greater than 10
Hz per 100 nsec; (2) a short falling contour, occuring on
words of short duration the Fundanmental frequency fall may
be nmore than 10 H z per 100 nsec but the total change may
be small; (3) a falling-flat contour, characterized by a
rapid change in frequency at the beginning of a word,
followed by a relatively unchanging, flat portion; (4) a
changi ng contour, characterised by a change in frequency,
the duration of which appear uncontrolled, and extends
over relatively | ar ge segnments. Monsen' s (1979)
classification schenme represents a substantial step
forward in describing the intonation patterns of the
hering i npaired. It remains to be determned if such a
classification schenme can be used to describe objectively
the intonation patterns of entire sentences as well as
isolated syllables. One factor that strongly inflences
fundanmental frequency changes in the degree of stress
pl aced on syllable in a breath group. Typically,s tressed
syl l ables are spoken with a higher Fundanental frequency
than unstressed syllable (Fry, 1955). Thus, the contour
consists of Peaks (rises) and valleys (falls) in
fundanmental frequency that correspond and to the stressed

and unstressed syllable pattern of the sentence. Thi s
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pattern is distorted in the speech of the hearing

i mpai red.

Frank, Bergman and  Tobin (1987) described the
difficulties encountered by children with hearing inpairnent
in producing orally read sentences with correct intonation
cont our. According to their findings, during attenpts to
form sentences, some of the children read each of the words
seperataly as if the words conprised a list of unrelated
vocabul ary. The children failed to enploy a |ook ahead
strategy that include planing the production of the whole
sentence while considering the intonation as well. Q her
children with simlar hearing |osses succeeded in producing

the sentences with the appropriate intonation contours.

Rubin - Spitz and Me Garr (1990) Showed that hearing
inpaired children in their study were able to produce
decl arative sentences correctly with a falling contour.
However, they did not produce non-declarative sentences wth
a rising contour. Al  sentences were produced wth a

termnal fall.

The study by Mst and Frank (1991), Indicating that
severely and profoundly hearing inpaired children are able to
perceive and produce intonation contours. These results
corroborate the findings of studies by Engen et al. 1983 &
Most 1985.
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STRESS

Anpl i tude nodul ation is manifested in |anguage by what is
nost comonly termed, stress (Allen 1975). According to
Sweet (1878) "stress is the conparative force with which the
separate syllables of a sound group are pronounced". C asse
(1936) opines that "stress is an inpulse (primarily of a
psychol ogi cal nature) which expresses itself in the first
place by an increase of pressure in the speech mechani sm and

approximately coincides with the point of greatest pressure”.

Witers on phonetics and |linguistics generally use
‘stress! to denote either 'The degree of force' with which a
syllable is uttered (Jones 1949), or 'degree of |oudnes3
(Block and Trager, 1942), but it is often inplied or
explicitly stated that these tw things are conpletely
correl ated; Bloonfield (1933), for ex. says that the stress?®
consists in speaking one of these syllables |ouder than the

ot her or other?.

Stress may be defined as the perception of sone
l[inguistic units as enphasized or promnent in contrast to
surrounding units (Freeman 1982). Unit3 of phonol ogical,
syl l able, word, phrase, clause sentences or paragraph |ength
may be stressed in contrast to surrounding speech. Bolinger
(1958) has said that "stress is the perceived prom nence
imposed wthin wutterances". Thus, stress involves the
rendering of one elenent nore prom nent than other elenents

within a unit and is achieved primarily by alterations of
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duration, |loudness and or pitch (Allen and Hawkins, 1978,
1980; Fry, 1955; Lieberman, 1967; Lieberman, Harris and
Sawashiraa, 1970)

In traditional phonetics, stress has been frequently
divided into dynamic or expiratory stress and nusical or
nmel odi ¢ stress. This assunption seens to have been based on

a belief that stress and pitch are independent of each other.

Jones (1950, 1962) listed |evel stress, crescendo stress,
di m nuendo stress and crescendo-di m neundo stress. Al these
four stress have been clained to exist in serbo-croatian (Fry

and Kostic, 1939; Trager, 1940).

Stress may function linguistically at word |evel and
sentence |evel. Wrd level stress or phonemc stress
presupposes that the domain of stress is a word, and that the
definition of a word does not depend on a criterion involving
stress (Lehiste, 1970). The mnimm size of the unit of
stress placenent is the syllable, howver stressed and
unstressed nonosyllabic words can be distinguished only
within a larger utterance. Thus, the mnimal unit of

contrastive stress placenent is a sequence of two syllables.

If the placenent of stress on one of the syllables of the
utterance is not predictable by norphological, lexical or
syntactic criteria, it is 3aid that stress occupies an
i ndependent position within the phonology of the |anguage.

This kind of linguistically significant stress is ternmed as
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phonemc or free stress. (Lehiste, 1970). Languages in
which stress functions to distinguish between otherw se
identical words include Russian and English. In English
there are very few pairs of words that are distinguished by
not hi ng except the place of stress. Here, stress is used
contrastively. For free stress shifting the stress changes
the word into another word and not into a non word. On the
ot her hand, in a nunber of |anguages the place of stress on a

certain syllable is fixed and is determned with reference to

the word. The position of stress identifies the word as a
phonol ogi cal unit (Jakobson, 1931). Placing the stress on a
different syllable changes the word into a non word. In

| anguages with such bound stress, there is no opposition
between stressed and unstressed syllables w thin word-|evel

phonol ogy.

Bound stress may occur on the first syllable of a word,
as in Czech or Hungarian; on the last syllable as in French
or Turkish, or on the penultimte syllable as in polish. The
pl acenment of bound stress may also follow nore conplicated
rules as in Latin where stress is placed on the penultinmate
syllable, if long and on the third syllable fromthe end, if
the penultimte syllable is short (Jakobson, 1931).

Shifting the bound stress results in mspronounciation.

An internediate type between phonem c stress and bound
stress i s norphol ogi cal stress (Jakobson, 1931). In |anguages

wi th norphol ogical stress, the position of stress is fixed
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with regard to a given norphene but not with regard to word
boundari es. Mor phol ogi cal stress may differentiate between
conmpound words but not between individual norphenmes. This
kind of stress distinguishes between the two German verbs
Ubersetzen, "to tranlate" and ubersetzen "to take across".

Weinrich (1954) <calls this type of stress constructive

stress.

In  Tam |, the placenent of stress 1is not fixed
(Raghavendra, and Leonard, 1989). When stress functions at
the sentence level, it does not change the neaning of any

lexical item but it increases the relative prom nence of one
of the lexical itens. There are three types of stress
(Bierw sch, 1966). Primary stress (non-enphatic stress),
contrastive stress and enphatic stress. Each sentence has
automatically a primry stress. Here, in a segnment of the
sentence what the speaker wants the hearer to attend to is
stressed. Contrastive stress occurs in sequences of
sentences with parallel constituents that are filled with
di fferent norphenes. In other words, contrastive stress is
used to distinguish a particular norphene from other norphene

that may occur in the sanme position.

Enmphatic stress is used to distinguish a sentence from
its negation. Cccasional |y, it may be phonetically
i ndi stinguishable from contrastive stress; but thera are

i nstances and | anguages in which the two are different.
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Bi erwi sch (1966) explains that in Gernman enphasis is
acconpanied by a greater degree of reduction of other
stresses in the sentence than is found in the case of

contrastive stress.

Prosodic features including intonation, rhythm and stress
ful fil i mport ant functions in speech perception and
producti on. Perceptual ly, prosodic information assists the
listener in segnenting the flow of speech by contouring
wor ds. Syntactically, prosodic features help differentiate
anong different sentence types through different patterns.
Lexi cal ly, prosodi c features aid in differentiating
grammat i cal cat egories, such as verbs and nouns. In addition
prosodic features also relate to specific pragmatic
functions. For eg. contrastive stress is used to distinguish
bet ween topic and conmment (Chafe, 1970). Li ngui stic stress
is a feature of speech perceived by the |listener which
involves conplex interactions of suprasegnental elenents.
Bol i nger (1972) has stated that the distribution of stressed
elements in speech functions for semantic and enotiona
highlighting by drawing the listener's attention to them

Bates (1976) added that it is used to distinguish new and old

information in discourse. The new information is generally
stressed while the old information is not. Bal t axe (1984)
expl ained that linguistic stress functions to set off

el ements which carry a heavier information |oad and which the
speaker wi shes to place into focus. Thus, stress can be used

sinply to give special enphasis to a word or to contrast one
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word w th another. In production, thi3 would allow the
speaker to speak rapidly and carelessly slur on unstressed
el ements concentrating on careful articulation on only
critical elenents. Anot her major function of stress is to
indicate the syntactic relationships between words or parts
of word. There are many noun-verb oppositions in English

For eg. "an overflow', "to overflow' -in this pair the noun
has the stress on the first syllable, the verb has it on the

| ast.

The placenent of stress indicates the syntactic function
of the word. Simlar oppositions occur in cases where two
word phrases form conpounds such as "a walk out", "to walk
out", "a put-on", "to put on". In these cases, there is a
stress only on the first element of the conpound for the
nouns but on both elenents for the verbs. |If a sufficiently
conplex set of rules are fornulated, it is possible to

predict the location of 3tre3s in the majority of words for

i nstance in English.

Anpl i tude nodul ation is manifested in |anguage by what is
nost commonly termed as stress. It has, however been observed
that what is interpreted by the speaker or hearer as stress
has no sinple correlation with |oudness. Stress is marked by
alternations of pitch, |oudness, tenpo and perceived segnent

dur ati on.
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Trager and Smth (1951) consider "stress as |oudness".
For them |oudness is the major factor in the perception of
stress. According to Fant (1957) |engthening of syllables is
the nost obvious physical correlate of stress. He proposed
to neasure the area under syllable peak conmbining intensity
and duration in a single neasure. Bolinger (1958) considers
"stress as accent". Thus, for Bolinger the primary cue of
what is wusually termed stress in the utterance is pitch
prom nence. Li eberman (1960) considerd "stress as rhythni.
According to himit is the rhythmof the sentence that is
seen as underlying the perception of stress. Savithri (1987)

studied intensity and duration are the inportant cues.

Fry (1955) has investigated sonme of the physical
correlates of word stress. He neasured the duration and
intensity of the vowels in a nunber of words, such as
"permt' and 'object’ which may be used either as a verb or
as a noun. He found that the syllable which had the | ongest
duration and the greatest intensity was the syllable which
listeners judged to be stressed. So in |anguage like English

length has been found to play a major role, and |oudness a

subsidiary part, in German, |oudness seens to carry nore
wei ght than the length. It seens in French, loudness is nore
i nportant.

Pitch is one of the nost inportant of several auditory
cues for he perception of stress in standard Cophennagen

Dani sh (Thorsen, 1978). There are in addition sone |anguage
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in which stress differences appear to have to linguistic
function. Jones (1962) nentions as being in this class,

Japanese, Hi ndustani and Marati .

Studies on stress in India |anguages has been conducted
Firth (1950) in Hindi; Balasubramanain (1981) and Jaya (1992)
in Tam |, Rathna et al (1981), Savithri (1987) and Raju
Pratap (1991) in Kannada,

| nvestigations of Rathna, Nataraja and Subranmanyai ah,
(1981) showed that a relative increase in intensity,
steepness of the intensity rise, a pause before the word and
a large duration of the word are the features observed

contributing to stress in Kannada | anguage.

According to Savithri (1987) intensity and duration are

the inportant cues.

Raju Pratap (1991) and Jaya (1992) Studied stress
devel opnent in normals and found that 90% stress devel opnent

achieved by 4 years and 5 to 6 years age respectively.

It appears therefore that the inportant cues for stress
may differ from |anguage to | anguage. Though difference of
opinions exist, all of them agree that increnents in F,,
duration, intensity and alternations in the vowel quality are

the primary acoustic cues of stress.

Many met hods have been proposed in the past to |ocate

stress. Li eberman (1960) gave a flow chart to represent his
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method of |ocating stressed syllables in pairs of syllables,
from acoustic cues alone. (Fig. 2). The F, criterion at the
top of the flow chart corresponds to the traditional notion
of "pitch-prom nence". Lieberman's flow chart represents a
program for nmechanically recognizing the stressed syllables

in stress pairs.

The first step of this program is to note the syllable

that has the higher fundanental frequency. This is indicated

on the diagram by the positive arrow [f the anplitude of
this syllable is also higher, then it is +the stressed
syl | abl e. If however, the peak anplitude is Ilower as

indicated by the negative arrow, the integral of the
anplitude with respect to tinme over the pitch difference and
anplitude ratio between the stressed and unstressed syll ables
fall into the permssible area, then the syllable is
stressed. Many other paths can be followed that all arrive at
either a stressed or unstressed judgenent. In Lieberman's
study the judgenents nmade on the basis of this schene on his
data were in agreenment with the perceptual stress judgenents

99. 2% of the tine.

Devel opment in children has been studied extensively.
Two hypot heses have enmerged from the literature regarding
children's initial state in stress. The first, which one can
term as the neural start hypothesis according to the holds
that children begin the Ilearning process with no stress

pr ef erences. The child begins presumably with level stress



50

or within difference to the distribution of stress both in
babblings and at the outset of speaking. Then the stress
habits of comunity assert thenselves quickly and decisively
(Leopol d, 1947). In contrast, Allen and Hawkins (1977, 1979,
1980) have hypothesised that children have a natural bias
towards producing words wth Trochaic rhythm (an accented

syllable followed by an unaccented syl |l abl e.

Children's ability to understand and use stress devel op
as they grow. Also, it is generally agreed that infants
perception of stress precedes production. Even very young
infants show sone sensitivity to prosodic aspects of speech
of adults (Mrse, 1972; Mehler and Bertoncini, 1979). It has
rat her been ar gued t hat I nfants respond first to
suprasegnental patterns in the speech around them (Lew s,
1951; Crystal, 1970). Spring and Dale (1977) discovered that
1-4 nmonths old infants correctly discrimnated disyllables
with differing only in the placenent of stress as signalled
by F, duration and intensity differences. Infact, infants
were able to discrimnate syllables differing only in

dur ati on.

Spring and Dale's (1977) study was directed towards two
goals. First, was to explore the ability of young infants to
discrimnate syllabic stress i.e., the contrast which
differentiates the neaning of two word3 eg. Black bird vs.
Bl ack bird. Second, was to evaluate the ability of young

infants to discrimnate stinulus differences on the basis of
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duration cues al one. It was found that young infants were
able to discrimnate the acoustic correlates of stress
| ocation (Fo, intensity and duration) and also could
di scrimnate durational difference along, wthout concomtant
variations in the naturally correlated paraneters of F, and
intensity. Spring and Dale (1977) concluded that, infants
have atleast sone stress related information avail able which
may serve as the foundation for |lexical and syntactical

| ear ni ng.

Hornby (1971) found that first and third graders
performed essentially chance in interpreting stress cues to
t opi c-comment structure. Mackhinney, Pleh and Bates (1985) in
a study of sentence understanding in Hungarian found that 6
year olds <could use stress as a cue to thematic role
assignnment alnost as efficiently as adults could; 3 and 4
years, however failed to nake use of the stress cue. Solan
(1980) studied 33 children with the age range of 5-7 years.
The intent of the study was to trace the children's
devel opnent of rul es interpreting contrastive stress.
Children were presented with sentences such as "John hit Bill
and then he hit Sant. An act out procedure with toys was
used as a response. It was found that when pronoun was
stressed, the children perfornmed better (80% than when it

was unstressed (609 . This gap was closed at higher age

group.
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Studies concerned wth contrastive stress generally
showed that children both use and wunderstand contrastive
stress as a make of focus at a young age. Hor nby (1973)
conpared children's understanding of sentences, whose focus
was marked by a syntactic device (clefting), wth their
understandi ng of sinple sentences whose focus was marked by
means of contrastive stress. Results showed that the
stressed sentences were significantly easier for t he
children's identification of focus than were the clefted
sentences indicating that for <children talking loudly is

easi er than |earning syntax.

Myers and Myers (1983) exam ned normal children (k-6) in
their ability to judge the appropriateness of the stress
patterns of sentence pairs. They discovered a steady
progression in this capacity but with nmarked variation, even
among their older children. The study indicated that skill
in judging the correctness of stress cues which distinguish
enphasis in nmeaning seem to be one that matured even into

adol escence.

Cross linguistic studies have been conducted on the
devel opment of stress. deitman and Wanner (1982) have
argued persuasively that cross linguistic asymetries in the
acquisition of certain norphosyntactic features can be

explained as the wuniversal application of a strategy "pay
attention to stressed syllables". Thus, |anguage specific

interrelations of stress patterns and norphology underlie
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| anguage specific acquisition patterns. The prosodic
perception of young children is in sonme cases better than
m ght be predicted. Allen (1983) showed that 4 year old
French children correctly perceived stress contrast not found
in their language (but typical of English and other stress
| anguages), whereas the sanme children at the age 5 nore fully
in command of the prosodic structures of their own |anguage,

no |onger reliably distinguished the non native contrasts.

b) Production of stress: Children's use of stress also
begins in young age. Brown (1973) noted that one of his
subj ects used the contrastive stress technique to introduce
new information prior to the age of 2 years. His subject
eve, aged 10 nonths contrasted sentences "that papa nose" and
"that eva nose"” by application of contrastive stress.
Evi dence of early use of contrastive stress was al so provided
by Weir (1962) who noted extra heavy stress for the envotive
function of Ilanguage, in her 2 1/2 years old son's speech.
Slobin and Wlsh (1967) found contrastive stress generally

imtated by the 2 year old child they studied.

Klein's (1984) study of a 2 year old s lexical stress
patterns found that although this <child had considerable
difficulty imtating |lexical stress patterns, his spontaneous
productions of words famliar to him used consistent and
correct stress placenent. At the utterance stress |evel,
Machwi nney and Bates (1978) showed that children used stress

to distinguish newy given information by age 3. In a
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simlar context, Wimn (1976) also showed, that children
whose nean length of utterance neasured 1.3 - 2.3 norphenes
al ready showed an established stress pattern and that stress
assignnment highly <correlated wth semantic content, in
particular with the introduction of new information. Raj u
Pratap (1991) studied the development of word stress in the
range of 3-4 years old normal children who were native
Kannada speakers. Results indicated that the production of
word stress increased from 3-4 years in both nales and
femal es for clauses and sentences. However, even at 4 years
children did not achieve 100% score except for fenmale
children in the age range of 3.10 - 4 years. Al'l en and
Hawki ns (1980) anal ysed the acoustic properties of 3 types of
syl l abl es, nanely nuclear accented (stressed), non-nuclear
accented and heavy unaccented syllables in the speech of 3
children age and 36+4 nonths. In nost respects, the acoustic
patterning associated with stress accent and position of a
syllable in the phrase in 3 year olds speech closely
resenbled the pattern found in adult speech and indicated
that children have internalised the basic rules of stress or
accent in English i.e. they have nastered the production of
stress at the age of 3 years. Hochberg (1987 b) studied the
acquisition of stress in Spanish |anguage and he opines that
by 3 years of age children learn the rules of stress.
Progressing to sonewhat older population, Hornby and Hass
(1970) found that the normal 4 year old children were able to

mark comment in an utterance by use of contrastive stress.
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Chonmsky (1971) examined the effect of contrastive stress on
person references. She found that contrastive stress was
successfully established by the age of 6 vyears for the

subj ects she studi ed.

At ki nson-King (1973) showed that by the age of 12, her
subjects were perceiving and producing stress in a fully
adult manner. The results of these studies indicate that
stress develops from infant 3tage and continues upto 12-13

years and is |anguage dependent.

PRODUCTI ON OF STRESS | N HEARI NG | MPAI RED CHI LDREN

Several investigators (Stark et al 1974, Gold 1975,
McGarr 1976) have shown that the hard-of-hearing children
have difficulty in producing such features as 3tress, pausa
juncture and intonation. The studies on stress, indicate
that the hearing inpaired children are very poor in the
production of stress. It has been found that the hearing-
inmpaired children do not sufficiently vary the differences in
durations of wunstressed and stressed syllables (Angelocci
1962, Nickerson 1974). Boone (1966) opines that it |ooks as
if the hard-of-hearing produce only stressed syllables.
Levitt et al (1974) comment that the hard-or-hearing speakers

produce the tenporal feature of pause better than stress.

The nobst common error type, in the prosodic feature
production task, is the production of the sentence with equa

stress followed by equal pause for each syllable i.e.
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staccato (MGarr et al, 1978). When acoustic analysis of
stress contrasts produced by hearing-inpaired children was
perfornmed, it was found that the syllables that the subjects
intended to stress were perceived by the Ilisteners as
stressed (Murphy et al, 1990). This is a very rare finding.
Al so, research indicates that the hearing-inpaired speakers
are less accurate in lexical and nmetrical distressing

(Graddol, 1991).

The studies on the reception of stress shows that they
perform poorly on such tasks as they find nuch difficulty in
perceiving the differences in frequency and intensity. (Smth
1973, Stark et al, 1974). Al these studies indicate that
though there are variations within the group on the type of
error noted, overall as a group, the hard-of-hearing perform

poorly on tasks involving production or reception of stress.

Lexical stress, seens to be an inportant cue to word
identification (Gaitenby et al. 1977). St udi es of hearing
speakers have established the inportance of three acoustic
cues (vowel duration, anplitude and fundanental frequency) in

conveying |exical stress.

Speech produced by persons wth severe to profound
hearing | oss, has been described as "Staccato I|ike'
suggesting a failure to differentiate stressed and unstressed
syl | abl es.  Anot her common description is "Flat and devoid of
nmel ody" suggesting a failure to vary Fo. As duration

intensity and fundanental frequency are the mmjor cues for
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stress, when these are not varied appropriately, the
production of stress is also affected. It has been found
that, the hearing inpaired children do not make sufficient
difference between the stressed and unstressed syllable.
They prolong the durations of both stressed and unstressed
syllables, the increase trends to be proportionally greater
for the unstressed sounds (Angelocci, 1962). The hearing
inpaired speakers fail to nake the difference between the
durations of stressed and unstressed syllable sufficiently

| arge (N ckerson et al, 1974).

It has been found that the ratio between the stressed
syllable and a preceding unstressed syllable is typically
less, in the hearing-inpaired population. Speakers with
normal hearing |engthen stressed syllables and syllables in
wod final and sentence final positions (Parnenter & Trevino,
1936; Fry, 1958, Klatt, 1974; Lindblom and Rapp, 1973). A
stressed syllable in final position is likely to be 3-5
times, as long as a preceding unstressed syllable, for the
hearing inpaired speakers, the ratio is typically nuch

smaller than this (John & Howarth, 1965).

It is alnmpst as though the deaf speakers produces only
stressed syllables and in fact investigators have suggested
that this problem is, in part a result of training that put3
greater enphasis on the articulation of individual speech
sounds in isolation or in isolated consonant vowel syllables

(Boone, 1966) . The hearing inpaired speakers tend to
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increase the duration of the unstressed syllables. They
produce unstressed syllables twice longer than the normals

(Boothroyd et al 1974).

The hearing inpaired children produced the tenpora
feature of pause better than stress. The deaf children were
asked to produce, six sentences using two fornms of stress
(early and | ate), pause (early and |ate) and question. These
sentence types were presented to the children in witten
form The children's attenpts to produce the sentences were
tape-recorded. Atleast two independent |isteners then judged
whether or not the child had produced the required sentence
form correctly. The <children were found to be able to
produce the tenporal feature of pause best. Stress was |ess
easy for them although they were better able to produce this
feature at the end of a sentence than at the beginning. The
j udgenent of staccato was nmade 27 percent of the time (Levitt

and Stark, 1974).

Though, there are equivocal studies, regarding clues for
stress, it has been found that the stressed syllables
pr oduced by heari ng i mpai red speakers wer e usual I'y
acconpanied by an Fo change (N ckerson, 1975) . When
contrasting stress, intonation, and juncture or pause were
tested, the hearing inpaired tended to performpoorly in the

production of stress.

Mcgarr and Osberger (1978) found that the children did

| ess well on production of stress. The children seened to be
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slightly better in producing a stressed form that occurred
near the end of a sentence than one that occurred near the
begi nni ng. The nost common error type was production of the
sentence with equal stress followed by equal pause for each

syllable (i.e. Staccato).

When acoustic analysis of stress contrasts produced by
the hearing inpaired children was performed, it was found
that the syllables, the subjects intended to stress were
perceived by the listeners as stressed. In this study, there
were two groups, speakers and |isteners. The speakers were
seven females and six nmales ranging in age from9 to 19 years
(mean age of 13.9 years) wth congenital profound hearing
| oss. Each subject produced three nomnally spondi ac words: -
cupcake, bath tub and hot dog:- 10 tinmes each, systematically
alternating primary lexical stress between the first and the
second syl |l abl e. Perceptual test and acoustic analysis
(vowel duration, peak Fo and peak anplitude) was carried out.
It was found that when these subjects correctly) produced
stressed syllables, they did so with increased anplitude,
duration and fundanental frequency. Wen they did not, no
acoustic feature (on conbination on features) accounted for
their errors. The data also suggested that there were
I mpor t ant bet ween  speaker di fferences in the overal
hi erarchy of cues adopted to convey |exical stress (Mrphy et
al, 1990). It has been found that |exical distressing and
nmetri cal distressing are less accurate 1in the hearing

inpaired children. Gaddol (1991) has stated that deaf
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speakers tend to produce too nmany stressed syllables is borne
out by an analysis of his subject, an eight year old hearing

i mpai red boy.

Sarumat hi  (1993) studied production of stress in hearing
inmpaired children and found that the production of stress

increased from 2 years to 8 years. Males perforned better

than fenmales alnost in all the age group, although the
difference was at significant. Even at the of 8 years
hearing inpaired children did not achieve even 60% score. In

general, when the noun was stressed, the hearing inpaired
children did better in the adjective than on the adverb. She
also said that acquisition of stress was delayed in the
hearing inmpaired children. A common error was production of
stress in an inappropriate word. Al so production of word
(phrase/with equal strees followed by equal pause for each
syl | abl e (staccato). She said this could be attributed to
poor control over the laryngeal and articulatory systemwth

are required for production of stress pattern.

Another error was lack of stress on the key syllable on
word. In view of these findings, she had recommended paying
attention to prosodic aspects to incorporate it both in

evaluation and rehabilitation.

Al of these studies indicate that the production of
stress anmong the hearing inpaired children is severely
affected and it has been indicated that anong them the
suprasegnental features like intonation, pause, juncture and

stress, are not accurately produced.
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Tenporal aspects include Rhythm  Pause/Juncture and
duration. Everyone feels his |anguage to be rhythm c and can
give their feelings substance by citing songs or |lines of
poetry or by sinply gesturing '"in tine' to his speech, Rythm
invol ves a rule based variation of the fundanmental frequency,
spectral unformation, anplitude and the relative duration of
sound and sil ence. (speer, Gowder and Thomas (193). These
syatanmetic variations map on to the perception of 3ptress,
rythem and intonation in the spoken |anguage. Fairbank (1945)
defines rhythm in speech as a pattern of vocal change, which
is inherent in speech which draws attention to the need for
regular ventilation or breathing pattern which underlies

pause, stress, rate pitch and intensity.

Rhythm is the perception of the tine programapplied to
the phonetic events by the speaker. It is frequently used to
refer to any kind of repetition or periodicity in the
physical world, also for any kind of correspondence in

aesthetic experience (Alen, 1973).

In definition of the nodern term ' 'rhythmi, both generally
and in its specific reference to |anguage, the notor factor
has been repeatedly enphasized, eg. (Goodell, Fry, 1958,
Abercronbie, 1965. Al rhythm it seens likely, is ultimtely
rhythm of bodily movenent). But patterned novenents in many
non-linguistic contexts 1is associated with nore or |less
strict tenporal regularity eg. in the rhythnms of inanimte

and animate nature, in human physiological rhythns such as



those of the pulse, respiration, of walking, and in the arts
of nmusic and dance. As a result the termrhythm cones to be
applied to the pattern of intervals between novenents, rather
than the qualitative patterns of novenents thenselves (Allen,

1973) .

Prosodic rhythm (lsochrony) may be defined as the
perception of a patterned time program underlying sequences
of speech. Absolutely no authority would question the
uni versal perception of speech as rhythmc. The ability of
untrai ned speakers to engage in choral reading and inter and

intra subject reliability in tapping speech rhythm of any

gi ven speech sequence is part of the |anguage conpetence. In
fact, the perception of speech rhythns may be 'innate' in
human i nfants. Condon and Sanders (1974) played tapes of

adults speech to new born infants while filmng their body
novenent s. Frame-by-frame analysis of the filns reveal ed
that as wearly as the first day of life +the neonates
novenents were in synchrony with the rhythm of speech they

wer e heari ng.

Bal asubramani an (1980) conducted a series of experinents
to study rhythemin Tam | |anguage. H's results showed that
taml| |anguage can be called neither stress tined nor

syl l abl e tinmed.
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Pause/ Junct ur e:

During continuous speech, it is physiologically necessary
for all speakers to insert a certain nunber of pauses. The
occurrence of these pauses depend on the ampunt of residual
air in the lungs (Vaissiere, 1983) Because of physi ol ogical
constraint, basic simlarities in pausing was found between
different |anguages. Studies have also indicated that the
ratio of articulated sequences to total speaking tine didn't
differ significantly from one |anguage to another (G osjean &
Collias, 1979). The basic function of pause was that of
providing tinme for intake of air. Speakers pause dependi ng
on the constituent structure of the utterance, specifically
at the end of large conceptual units such as sentences and
cl auses (Fodor, Bever, and Ganett, 1974; Vaissiere, 1983)
pauses between sentences were reported to be Ilower than
pauses within sentences (CGoldman - Eisler, 1972; Duez 1982).
Pauses were also used to demarcate the intonation groups.

(Cruttenden, 1986).

Two varieties of pause have been described by various
investigators i.e., unfilled or silent pause and filled pause
(CGut t enden, 1986) ; Pauses at granmmatical junctures and
hesitations pause (Vassiere 1983); tentative pause and final

pause (Pike, 1945).

Describing the <characteristic of pause in Anerican
English, Pike (1945) has stated that tentative pauses were

shorter than final pauses, and the syllable preceeding the
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tentative pauses were shorter than the final pauses and the
syl l abl e preceeding the tentative pause was often |onger than
usual, sustained on a level pitch. The tentative pause
hel ped in sustaining the height of the pitch contour of the
sentence. It tends to occur in all places where the attitude
of the speaker included uncertainty or non finality. Thus,
it could be found in hesitations, and after alnost al

guestions, except for questions asked not wanting an answer
or when the answer was known (Pike, 1945). Pi ke (1945)
printed out also stated that the final pause was usually
| onger than the tentative pause and it nodified the preceding
consonant or consonants by lowering the height the pitch of
the end of the consonant. The final pause occurred where the
speakers attitude was one of finality, and for this reason

occurred nost often at the end of statenents.

Wlls (1986), while describing the attributes of 'focus
in English sentences using a perceptual task, categorized
pauses as the attributes of tenporal features of the

sentences as foll ows:

a. Preceding pause - pause immediately before the focus
constituent.

b. Follow ng pause - pause after the focus constituent.

Cruttenden (1986) hypothesized that pauses generally

occurred at three places in speech.
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a. At mgjor constituent boundaries - or sentence boundaries
(i.e., between clauses and between subject and predicate).
Longer pauses were observed in nmajor boundaries, and
constituent boundaries involving a new topic. These

pauses of the indicated the intonation group boundaries.

b. Before words of high lexical content: This pause generally
occurred before a mnor constituent verb phrase or

adver bi al phrase.

c. After the first word in an i ntonati on group. Whi ch was
often the position seen with errors of performance such as

false starts and repetitions.

Types (b) and (c) were hesitation pauses, and were often
seen in all types of wunscripted speech than in reading or

prepared speech (Crutenden, 1986).

Howel | and Kadi-Hanifi (1991), reported major differences
in terms of marking the boundaries between tone units,
position of stress markings and nunber and |ocation of pauses

in reading and spontaneous speech.

Attributes of pause:

The use of pauses as mmjor boundary markers between and
within sentences were simlar accross sone | anguages
(Vai ssiere, 1983). Bl ack, Tosi, Singh and Takefuta (1966)
found no significant differences in the use of l|ocation of

pauses by speakers of English, Hindi, Japanese and Spani sh.
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However, the length of pauses and their distribution per
nunber of syllables differed slightly from one |anguage to
anot her. Gosjean and Collins (1979) found that native
speakers of French tended to pause less often but for a

| onger time than native speakers of English.

The duration and frequency of pauses also depended on
factors which were independent of |anguage. At fast rate of
speech, pauses within sentences tended to be suppressed, and
pauses were nore frequent in descriptions than in interviews
(G osjean and Collins, 1979). Pause distribution tended to
be in agreement wth grammtical structure in political
speech than in interviews (Duez, 1982). In the sixth
repetition of a spontaneous description, subjects nade only
hal f as many pauses were used when readi ng unusual stories as

conpared to ordinary ones (O Connell and Kowal, 1972).

Commenting on the segnental durations in Japanese,
Takeda, Sagisaka and Kuwabara (1989), found that the pre-
pausal | engthening was greater than sinple word final
| engthening and sentence final position had shorter
durations. Crutteden (1986), commented that the criterion of
pause as a nmaker of intonation group boundaries could not be
used on its own. Despite its explicit or inplicit use as
such in many studies and text book on intonation, pauses did
not always mark intonation boundaries, nor were intonation

boundari es always marked by pauses. Pauses could only be
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used as a criterion for intonation boundaries if considered

together with other external and internal criteria.

Strangert and ZzZhi (1989) |ooked at the occurrence of
perceived pauses Wwth respect to syntactic and textua
structure. The syntactic boundaries in the text were
identified between paragraph, sentence, clause and phrase
boundary Five potential correlates of pauses at these
boundari es were neasured. They wer e: (a) Presence of
inhalation (b) Silent interval (c) prepausal |engthening (d)
Fo before and after a pause and (e) voice quality
irregularities. Results indicated that: (a) inhalation
occurred at alnost every pause except for pauses at phrase
boundaries (b) the longest intervals occurred at paragraph
boundari es, the inter nmediate intervals at sent ence
boundaries, and the shortest intervals at clause and phrase
boundari es and at non-boundary positions. (c) The pre-pausa
| engt hening was greatest before phrase boundaries and
noderate at paragraph boundaries (d) The Fo before a pause
tended to be inversely proportionate to the order of the
boundary at that pause. Fo after a pause, on the other hand
varied little between different boundaries. Thus, the extent
of resetting was greater as the order of the boundary
increased, (e) The mmjority of pauses w th irregular voice
qual ity occurred at paragraph and sentence boundaries. Thus,
it was concluded that the different boundary categories had

different manifestations. 1In general, the higher the rank of
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the boundary, the stronger and nore varied were the

correl ates of a pause.

From an experinent, Shriberg and Lickley (1993), observed
that there was a drop in the Fo of clause - internal filled
pauses which did not seem to be absolute or randomrel ative
to prior prosodic context in Anmerican and British English
speakers. The drop in Fo value of the clause -internal
filled pauses was predicted to be an invariant proportionate
to the distance from the preceding peak Fo value to the
observed basel i ne. It was al so observed that the intonation

of filled pauses could be independent of tenporal variables.

Fromthe review, it is evident that duration of segnents
and also the pauses are significant, related to stress and

i ntonati on phenonenon.

Tenporal Abberrants in the Hearing |npaired:

Wth few exceptions, the speech of the severely and
profoundly hearing inpaired is perceived as being too slow
and sounding very | abored. Physi cal neasures of speaking
rate have shown that profoundly hearing-inpaired speakers, on
the average, take 1.5 to 2.0 tinmes longer to produce the sane
utterance as do normal hearing speakers (Boone, 1966;
Hei di nger, 1972; Hood, 1966). The reduced speaking rate is
due to the excessive prolongation of speech segnents and the
insertion of pauses. According to Gold (1978) reduced rate

of speech the deaf speaker is due to (a) Increased duration
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of phonenmes (b) Inproper and often prolonged pause wthin

utterances.

Prol ongati on of speech segnments nmay be present in the
production of phonenes, syllables, and words. Calvert (1961)
was anmong the first to obtain objective measurenents of
phonem c duration in the speech of the hearing inpaired by
spectrographic analysis of bisyllabic words. The results of
this study showed that hearing-inpaired speakers extended the
duration of vowels, fricatives, and the closure period of
plosives up to five times the average duration for nornal
speakers. In a later study, Osberger and Levitt (1979)
observed that syllable prolongation in the speech of the

hearing inpaired was due primarily to prol ongation of vowels.

Figure 3 shows data obtained by Osberger (1978) on nean
syllable duration in a sentence produced by six nornmally
hearing and six profoundly hearing-inpaired children. The
data show a distinctive pattern of syllable durations for the
two groups of speakers. The line connecting the data points
of the hearing inpaired speakers |lies above and is
approximately parallel to that of the hearing children. The
exception to this is the sixth syllable where the nean
syllable duration is shorter for the hearing-inpaired than
the normal speakers. This was due to the om ssion of sone of
the phonemes in the syllable by the hearing-inpaired
speakers, making the duration of the syllable shorter than

woul d be expected if all of the intended segnents had been
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produced. The size of the standard devi ations, shown by the
vertical bars, indicates that there is greater variability in
syllable by the  hearing-inpaired speakers, maki ng the
duration of the syllable shorter than would be expected if
all of the intended segments had been produced. The size of
the standard deviations, showmm by the vertical Dbars,
indicated that there is greater variability in syllable
duration anong the hearing-inpaired than anong the nornal

speakers.

Profoundly hearing-inpaired speakers typically insert
nore pauses, and pauses of |longer duration, than do speakers
with normal hearing (Boone, 1966; Boothroyd, N ckerson, &
St evens, 1974; Stevens, N ckerson, & Rollins, 1978). Pauses
may be inserted at syntactically inappropriate boundaries
such as between two syllables in a bisyllabic word or within
phrases. The greatest difference between nornmal and heari ng-
i npai red speakers has been observed in the durations of inter
and intraphra3e pauses (Stevens et al. , 1978). The results
of Hudgins (1934, 1937, 1946) suggested that the frequent
pauses observed in the speech of the hearing inpaired my be
the result of poor respiratory control. Specifically,
Hudgi ns (1946) found that deaf children used short, irregular
breath groups often with only one or two words, and breath
pauses that interrupted the flow of speech at inappropriate
pl aces. In addition, there was excessive expenditure of
breath on single syllables, false groupings of syllables, and

m spl acenents of accents.
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Segnental Timng Effects:

Acoustic analysis of normal speech have shown that the
duration of vowels is systematically influenced by effects
operating at the level of phonetic segnents. Since vowels
form the nuclei of | arger segnments of speech, these
differences in vowel duration exert substantial effects on
both the production and perception of +the tenporal and
segnental aspects of speech. Vowel s have been described as
having an intrinsic duration (Peterson & Lehiste, 1960) and,
in conparable contexts, sone vowels are consistently shorter
than other vowels (House, 1961). Hering-inpaired speakers
with severe and profound |osses have been found to distort
this relationship between the vowels. For exanpl e, Mnsen
(1974) observed that /i/ was relatively longer than /1/ in
nonosyl l abic words in the speech of normal hearing subjects,
but in the speech of profoundly hearing-inpaired children,
there was a tendency for these vowels to occupy nutualy
exclusive duration ranges. MGarr and Harris (1980), on the
other hand, found that the profoundly hearing inpaired
speaker in their study did not show consistent differences in

intrinsic vowel duration.

There is substantial literature showi ng that the average
duration of vowels also varied nmarkedly as a function of
phonetic context in normal speech. When different phonetic
contexts are considered, the voicing characteristic of the

follow ng consonant has been shown to have a consistent
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effect on preceding vowel duration. For normal speakers, the
duration of a vowel preceding a voiceless consonant is |ess
than the vowel duration preceding a voiced consonant in
stressed syllables (Denes, 1955; House, 1961; House &
Fai rbanks, 1953; Peterson & Lehiste, 1960). This systematic
change in vowel duration has been found to be a significant
perceptual cue to the voicing characteristic of the follow ng
consonant or consonant cluster (Raphael, 1972). Resul ts
obt ai ned by Calvert (1961) and Monsen (1974) have shown that
the hearing inmpaired fail to produce the appropriate
nodi fications in vowel duration as a function of the voicing
characteristics of the following consonant. Thus, the
frequent voiced-voicel ess confusions observed in the speech
of the deaf may actually be due to vowel duration errors

(Cal vert, 1961).

Suprasegmental Timng Effects:

The duration of segnents is also influenced by effects
operating at the level of syllables, words, and phrases. In
English, <changes in contrastive stress have been found to
produce systematic changes in vowel duration. VWhen vowel s
are stressed, they are longer in duration than when the same
vowel s are unstressed (Parnmenter & Trevino, 1936). Thi s
durational variation has also been found to be an inportant

cue for the perception of stress (Fry, 1955, 1958).
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Deaf speakers produce fewer words per mnute than normals
both because they prolong words and syllables and because

t hey pause for abnormal periods between words.

Several investigations have shown that while hearing-
i mpai red speakers make the duration of unstressed syllables
shorter than that of the stressed syllables, the proportional
shortening is smaller on the average, in the speech of the
hearing inpaired than in the speech of normal subjects
equalising the duration of stressed and unstressed syllable
in sentence production. (GCsberger & Levitt, 1979; Stevens et
al., 1978). In contrast to thi3, Reilly (1979) found |arger
than normal duration differences between vowels in primary
and weak-stress syllable produced by a group of profoundly

hearing inpaired children.

Exactly a hearing-inpaired speaker uses tenporal
mani pul ations to convey differences in syllabic stress
pattern is not clear. In a recent study, MGarr and Harris
(1980) found that even though intended stressed vowels were
always longer than unstressed vowels in the speech of one
profoundly hearing-inpaired speaker, the intended stress
pattern was not always perceived correctly by a |Ilistener.
Thus, the hearing-inpaired speaker was using sone other
supr asegmnent al feature to convey contrastive stress.
Variation in fundanental frequency would be a likely
alternative, but MGarr and Harris (1980) also found that

while the hearing-inpaired speaker produced the systematic



74

changes in fundanental frequency associated with syllable
stress, perceptual confusions involving stress pattern were

still observed.

Anot her  suprasegnental tenporal effect occurring in
normal speech is prepausal |engthening. VWhen a syllable
occurs before a pause that marks a major syntactic boundary,
it is longer 1in duration than when it occurs in other
positions in a phrase (Kl att, 1975). It has been observed
that hearing-inpaired speakers do not always |engthen the
duration of phrase-final syllables relative to the duration
of the other syllables in the phrase. Stevens et al. (1978)
observed that when there was evi dence of prepausa
lengthening in the speech of profoundly hearing-inpaired
talkers, the increase in the duration of the final syllable
was much smaller, on the average, for the hearing inpaired
than for the nornmal-hearing speakers. In contrast to this,
Reilly (1979) found that the profoundly hearing-inpaired
speakers in her study used duration to differentiate
prepausal and non-prepausal syllables. As was the case for
primary and weak-stress syllables, Reilly (1979) observed a
larger than nornmal difference between the duration of
syllables in the prepausal and non-prepausal position in the

sanpl es produced by the hearing-inpaired children.

The information presented above <clearly shows that
profoundly hearing-inpaired speakers distort many tenporal

aspects of speech. These distortions, such as excessively
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prol onged speech segnents, and the insertion of both frequent
and lengthy pauses, are perceptually prom nent and disrupt
the rhythmc aspects of speech. In spite of these
deviancies, there is evidence suggesting that hearing-
i npaired tal kers mani pul ate sonme aspects of duration, such as
those involving relative duration, in a manner simlar to
that of speakers with normal hearing. In fact Levitt et al
(1980) reported that deaf use durational ones in place of
i ntonation. Levitt et al (1980) reported that the deaf use
durational <cues in place of intonation. Thi rumal ai and
Gayathri (1988) in a nonograph on Deaf Speech published by
Cl.l.L., Msore, suggest that in many Indian |anguages
including Kannada, durational cues get nerged wth the

i ntonati on cues.

The effect of with lengthening on intelligibility wll
depend in part on whether length is phonemcally distinctive

in the | anguage being used.

The above review of literature, provides wth a
conprehensi ve view on prosodic aspects of speech, and their
effect in the speech of the deaf individual. This, it is
hoped, w Il serve as a basis for both conparison and a better
under standi ng of suprasegnentals in the speech of mal ayal am
speaking hearing inpaired children, wth whom the present

study is concerned.
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CHAPTER - 111

METHODCOLOGY

The study ained at investigating the prosodic or
suprasegnental aspects of the speech of Ml ayal am speaking
hearing inpaired children, by conparison with the prosody

exhi bited by an age matched normal hearing control group.

SUBJECTS:

Experi nental group:

10 hearing inpaired subjects (5 mle and 5 female), in
the age range of 3 1/2 - 5 1/2 yrs, whose pure tone hearing
threshold levels (HTL's) exceeded 70dB as per ANSI 1969

st andar ds.

Al the subjects were undergoing speech and |anguage
therapy at the Al India Institute of Speech and hearing,
Mysor e. Only those children having good expressive |anguage
of at |least sentence level and could narrate a story when

pictures were presented were selected for the study.

Control group:

10 normal hearing subjects (5 males and 5 fermales) in the
age range of 3 12 to 5 1/2 yrs, with no known history of
speech or hearing problems as evaluated by qualified speech

pat hol ogi sts were considered under this group.
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All the subjects had nornmal intelligence, and were all
native speakers of Malayal am The experinental group and

control group were matched for age and sex.
TEST MATERI AL:

Sequential picture card depicting the story of the hare
and the tortoise with a sinple sentence in witten form
describing the picture, corresponding to each picture card,
served as the test material. The sentences were sinple enough

so that the hearing inpaired could also read them

SPEECH SAMPLES FCR ANALYSI S:

Each subject was required to narrate the story of the
hare and the tortoise. The story was first explained to
them wth actions so that each child understood it and the
enotions involved - joy when w nning, sorrow when | osing
etc. The story was then presented to them in a structured
manner i.e. the words to be used in describing the story was
given to them in the form of 8 sinple sentences. This was
done, for the purpose of maintaining uniformty between the
hearing inpaired and normal hearing group, in the words used,
and to elimnate norphological wvariability, which would

facilitate conparison of prosody between the 2 groups.

The subjects were seated confortably. The mc was pl aced
at a distance of 6 inches from the subjects nouth. Al the
hearing inpaired subjects wore their hearing aids. They were

then asked to narrate the story. The speech sanple thus
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elicited, was recorded using the Sony deck TC FX170 tape

recor der.

Each subject narrated the story 3 tinmes, and the best of

3 sanples was used in the study for analysis.

| NSTRUVENTATI ON:

1. H Legend D-80 m crophone
2. Tape recorder - Sony deck - TC FX170
3. Philips pre anplifier
4. Sharp AH 307 stereo head phone.
5. Pentium HCL conputer with 200 MHz processor.
6. Printer Epson Fx 105.
7. A-DD A converter (12 bit.)
The instrunents were arranged as shown in the block
di agram
e 1 Speech [ j | ‘
>~ signal | = ’ Recorder —>—— SI Unit >
I ' |'
h §
‘ i I |
Waveform display 'L_M_______Tuf_nf&ﬂ"_] Computer | _ |
‘ Fo + Intensity ' l
] Analysis |

Fig: Block di agram show ng the arrangenment of instruments for

t he purpose of recording and anal ysis of speech.



79

Anal ysi s Procedure

The recorded sanple that is, each sentence at a tine was
fed through speech interface unit, (12 bit A/D Converter) and
digitised at a sanpling rate of 16000 Hz and stored in the
harddi sc of the conputer. Before digitising, each sanple was
passed through the anti-aliasing filter at 3.5 KHz with a
role off of 48dB per octave. The level indicators of the
Speech Interface unit was used to nonitor the intensity |evel

to avoid any distortion while digitising the signal.

Each sentence was analyzed using the software packages
SSL and Vagnhi, developed by Voice and Speech Systens,
Bangal ore and the fundanental frequency and intensity
readi ngs of the sanples were extracted. The digitised signal
was displayed on the conputer screen using the programe,
Display, On execution of this programe, a specified portion
of the speech signal will be displayed on the nonitor of the
computer. A vertical cursor, which can be noved horizontally,
was used to mark a specific portion on the waveform
highlight, and listen to the signal present in that marked
part of the waveform and to note the tinme at any given point
or points on the waveform Using this, one can segnent, edit
or neasure the duration of any desired portion of the
wavef orm Al the sentences spoken by the subjects of both
the groups were analysed and tenporal paraneters obtained.
The speech waveform was visually inspected for 3ilent

intervals and the duration of silence was then cal cul ated by
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placing the cursors at the points of pause onset and
term nation. Pause onset was defined as the point where the
waveform stopped crossing the zero axis on the display
screen, and the pause termnation was defined as the point
where the waveform next crossed the zero axis. The portion
was highlighted every time and Ilistened to through
headphones, for better validity. Wen pauses were identified,
their location and duration was noted (both interword and
intraword pauses). Locations were confirmed by an acoustic
play back of the portion of the signal surrounding the pause.
The duration of the syllables were also noted by the sane
pr ocedure. The syllable duration, word duration, and also
the intra word and inter word pauses were conputed using this

progr ame.

The speaking rate, was calculated by dividing by the tota
nunber of syllables in the story by the tine taken to narrate
the story. The story consisted of 8 sentences. However, as
the fifth and sixth sentences had somre words which were
difficult for the hearing inpaired subjects, they were not
said properly by 80% of the hearing inpaired subjects. Hence
only the remmining six sentences were analysed to obtain the

results.

Programme I nton, of VSS software was then used to extract the
Fundanental frequency and intensity curves for each sentence
uttered by the subjects. This programre enabl ed sinultaneous

visualization of the fundanental frequency pattern for a
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given portion of speech signal, the intonation contours and
also the waveform A vertical cursor, which could be noved
horizontally, enabled marking of a particular point on the
wave form The fundanental frequency and Intensity measures
corresponding to this point could be noted at the point where
the cursor was placed on the waveform Averaged fundanental
frequency and intensity variations for each syllable
were extracted, and the follow ng fundamental frequency (Fo)

and intensity statistics were al so obtained.

1) Mean fundanental frequency (in Hz)
2) Range of fundanental frequency (in Hz)
3) Mean intensity (in dB)

4) Range of intensity (in dB)

A table consisting of Fo and Intensity values at every

10 nms duration were obtained for each sentence of every

speaker. (PT.Q

Analysis was carried out considering syllable as the
basic wunit (House et al. 1989). The locus of stress as
evidenced by higher fundanental frequency intensity and
| onger duration were determ ned using the data given in the
table with Fo Intensity and duration for each 10 ns of each
sent ence. Syl lable boundaries were identified fromthe
speech wave form display and also fundanental frequency
wavef orm The subjective analysis was also done by the

experimenter and one nore judge who had experience in the
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anal ysis of the intonation contours of the normal and hearing

i npai red subjects.

VAGHM - | NTON

Case Nane : KP

Case No : 1

Dat e : 12-09-1997

Ti me :15:15:43

Dur at i on FO I ntensity VUS

250 130. 0813 34. 18079 X
260 128 34. 06842 X
270 137.931 34. 28432 X
280 181. 8182 33. 68968 X
290 100 32. 06229 X
300 0 30. 78095 S
310 0 31.56817 S
320 347. 8261 32.57186 X
330 94. 11765 32. 64074 X
340 94. 67455 34. 73016 X
350 144. 1441 34. 84388 X
360 380. 9524 34. 68477 X
370 326. 5306 34. 36615 X
380 306. 8327 35. 71373 V
390 81.21828 34. 77524 X
400 347. 8261 35. 0507 X

A printout of the fo and intensity curves and waveforns
were obtained using the printer (Epson Fx105) and the Fo and
I ntensity values corresponding to the stressed syll abl es, was
noted on it. They were then conpared to see whether both the
groups had stressed on the sanme syllables or not, and also to
determ ne whether there was a set pattern of deviance in the
hearing inpaired speech. The intonation contours were
conpared, to find the pattern of intonation in the hearing

i mpai red and normal s.
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STATI STI CAL ANALYSI S:

Fol | om ng acoustical analysis the data was subjected to
descriptive statistical analysis and the nean, standard
deviation, and range were obtained for all the paraneters

st udi ed.

The values obtained were further subjected to the Mnn
Whitney U test (SPSS Programme) to find out whether there is
any significant difference between the normal and hearing

i mpai red groups and al so between the nmale and fenmal e groups.
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CHAPTER - |V
RESULTS & DI SCUSSI ON
This study aimed at finding out whether there were any
significant differences in the prosody of normal hearing and
hearing inpaired subjects (5 nmale and 5 fenale, aged 3 12 -
5 1/2 years) with malayalam as nother tongue, in a story

narrati on task.

Each sentence was analyzed to find out the intonation
pattern of the sentence, the loci of stress in the sentence
and the duration of pauses, both intra word & inter word
pauses. The values obtained were then conpiled to obtain
the neasures for the entire story and also he rate of speech
during narration. The values were conpared between normal &
hearing inpaired, and also between nales and females for
gender differences. The results thus obtained, were as

fol |l ows.

1. Fundanental Frequency or Pitch Pattern
The nean fundanental frequency (Fo) and range of
fundanental frequency (Fo range) in the speech of the nornal

hearing and hearing inpaired subjects, ware neasured as

fol |l ows.
Key to Abbreviations in tables
| WP = Intra Wrd Pause S = Significant
| WP = Inter Wrd Pause NS = Not significant
T.P = Total Pauses Fo = Fundanental Frequency
% = Percentage of Pauses FR = Frequency Range
HM = Hearing inpaired male | = Intensity
HF = Hearing inpaired female IR = Intensity Range
NM = Norrmal nmal e SD = Standard Devi ation

Nornmal femal e
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a) Normal males Vs Normal fenales.

Fo FR
NV NF NV NF
VEAN 286. 53 287. 64 116. 51 179.61
RANGE 14. 75 21.12 90. 65 134. 78
SD 6. 22 7.57 31. 16 49. 08
NS S

Table 1: Show ng Mean, Range & Standard Deviation of Fo and
Frequency Range in the speech of normal and hearing

i npaired mal es and fenal es.

As shown in Table 1, the nmean Fundanental frequency of
the normal fermales was slightly higher than that of the
normal hearing males, a nean of 286.53Hz and 287.64 Hz
respectively, but the difference between them was not
statistically significant. This is probably because the
subj ects were children, aged between 3 1/2 - 5 1/2 years, and
hence gender difference in Fo was not that pronounced.
Kushal raj (1983) and Hasek et al (1981) also reported no
significant difference in Fo between males and fermales till
the age of 11 years. However, the range of Fo exhibited by
the normal fermales was significantly higher than that of the
normal hearing nmal es. Hence, the hypothesis that there was
no significant difference between the Fo of normal males and

females (in the age group 3 1/2 to 5 1/2 years) was accepted.
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b. Hearing Inpaired Males vs. Hearing |npaired Femal es.

Fo FR
HV H- HVI HF
VEAN 283.9 302.6 137 197.8
RANGE 22. 59 24.15 40. 1 246. 6
SD 10.1 9.7 14. 8 86. 28
NS NS

Table 2: Showng the Fo of hearing inpaired males & hearing
inpaired females in terns of mean, standard

devi ation & range.

The nmean Fo for hearing inpaired females was 302.6 Hz
which is higher than that of the hearing inpaired males, who
had a nmean Fo of 283.9 Hz. However the difference between
them was not statistically significant. The range of
frequencies exhibited was also higher for the fermales than
for the males, but again the difference was not significant.
Hence, the hypothesis stating that there is no significant
difference between nean Fo of hearing inpaired nales and
femal es was not accepted.

C. Normal females Vs Hearing Inpaired fenales.

Fo F
NF H- NF HF
MVEAN 286. 53 302. 62 179.6 197. 77
RANGE 21.12 24.15 134.78 246. 62
SD 7.56 9.7 49. 07 86. 3
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Table 3: Shows the nean, range and standard deviation of
fundanental frequency and fundanental frequency
range (F, range) of normal hearing females and

hearing inpaired fenales.

The mean speaking fundanmental frequency of the hearing
inpaired females who had a nean Fo of 302.62 Hz. was
significantly higher than that of normal hearing fenales
whose nmean Fo was 286.53Hz. This finding is in line with the
results of studies by Angelcocci et al (1964); Boone (1966)
and Martony (1968), which also showed a higher F, in the

speech of the hearing inpaired, than in the normal hearing.

The range of F, of hearing inpaired fenales was al so
hi gher than that of the normal hearing females, but the
difference between them was not statistically significant.
Hence, the hypothesis stating that there is no significant
difference in mean F, & frequency range of nornmal fenmales &

hearing inpaired fermal es, was not accepted.

d) Normal nmale Vs Hearing Inpaired male.

Fo FR
NV HV NV HVI
VEAN 287. 64 283.6 116.5 137
RANGE 14. 75 22.9 90. 65 40. 1
SD 6. 22 10. 11 3.1 14. 8
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Table 4: Showing values of Fo in hearing inpaired males and
normal hearing males in terms of nmean, range and

st andard devi ati on.

Study of Table 4 shows that the F, of normal nmales was
287.64 Hz and that of hearing inpaired nales was 283.6Hz.
Unlike earlier studies which had reported of a significant
di fference between the Fo values of normal hearing nales and
hearing inpaired males and also unlike the results of the
conpari son of normal hearing and hearing inpaired fermales in
the present study, no significant difference was found
between either the mean F, or the range of Fo of the norna
hearing nmales and hearing inpaired nales. Hence, the
hypothesis that there is no significant difference between
the Fo & frequency range of hearing inpaired males & norna
hearing mal es was accept ed. This finding is simlar to that
of Geen (1956) who found simlar Fo values in normal &
hearing inpaired nmales. However, Meckfessel (1964) and
Thonston (1964) reported higher F, values in hearing inpaired

mal es than in normal hearing mal es.
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2. Intenstity val ues

Nornmal Mal es Vs Normals Fenmal es

Fo FR
NV NF NV NF
MEAN 43. 33 41.14 23. 27 26. 68
RANGE 6.79 4.08 11. 07 19. 57
SD 2.38 1.51 3.87 7.88
NS NS

Table 5: Showi ng values of Fo for normal hearing males and
normal hearing females on intensity & intensity
range in terns of nmean, standard deviation, and

range.

The nmean intensity of speech of normal hearing nal es was
43.33 dB, slightly higher than that of normal hearing females
who had a nean intensity of 41.14dB. There was no
statistically si gni fi cant difference between the nean
intensity and intensity range in the speech of normal hearing
mal es and fenal es. Hence, the hypothesis that there no
significant difference in the nmean and range of intensity of

normal mal es and nornmal fenales, was accepted.
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b) Hearing inpaired males vs hearing inpaired fenales.

Fo FR
HVI HF HV HF
MEAN 33.93 29. 27 43. 3 45. 2
RANGE 5.71 4.71 7.8 8.22
S.D 2.46 1.95 2.56 3.4
S NS

Tabl e 6: Showi ng val ues of mean standard deviation of
intensity and intensity range of hearing inpaired

mal es and hearing inpaired fenales.

The nean intensity exhibited by hearing inpaired nales
was 33.93 dB. This was found to be significantly higher than
that of the speech of hearing inpaired fermal es who had a nean
intensity of 29.27 dB. However, the intensity values were
lower than the mean intensity range values in the speech of
both normal hearing males and fermales of the present study
(shown in table 5). The range of intensity was marginally,
but not significantly higher in the females than in nmales.
Hence, t he hypot hesi s t hat t he intensity was not
significantly different between the hearing inpaired males &

femal es, was accept ed.
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c) Normal females and hearing inpaired fenales.

Fo FR
HF NF HF NF
MEAN 29. 27 41. 14 45. 22 26. 68
RANGE 4.71 4.08 8.22 19. 57
SD 1.95 1.51 3.44 7.88
S NS
Table 7: Showing nmean intensity, st andar d devi ation and

intensity range of normal hearing females and

hearing inpaired fenales.

Conmparison of nmean intensity and range of intensity
values of nornal hearing and hearing inpaired fenales
revealed a statistically significant difference in both of
these paraneters between the two groups. The normal fenales
had a nean intensity of 45.22dB while the hearing inpaired
female had a nmean intensity of 29.27dB. The nean intensity
in speech was significantly higher in the normal fenale
group, and they maintained it wthout excess intensity
fluctuations. However the hearing inpaired females had
significantly greater range of intensity variations than
normal hearing fermales (26.68 dB nean range). Thus, the
hypothesis that there is no significant difference in nean
intensity & intensity range between normal females and

hearing inpaired fenales was not accepted.
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d) Normal nales Vs hearing inpaired nal es.

Fo FR
NV HV NV HM
MEAN 33. 93 43. 33 43. 33 23. 28
RANGE 5.71 6.79 7.8 11. 07
S D 2.46 2.38 2.56 3.87
S S

Tabl e 8. Showing nean, Range and standard devi ati on of nean
intensity & intensity range in the speech of norma

hearing mal es and hearing inpaired mal es.

The normal hearing nales had a nmean intensity of 33.93
dB and a range of 43.3 dB while that of the hearing inpaired
mal es was 43.33 dB with a range of 23.28. Conparison of nean
intensity and intensity range of normal mnmales and hearing
impaired nmales revealed a significant difference in terns of
both these paraneters between the two groups. Thus the
hypothesis stating that there is no significant difference
between the speech of normal and hearing inpaired nales
interms of the nean intensity and intensity range was not

accept ed.

Taken together, the results of the conparisons of
f undament al frequency and intensity, show significant
di fferences between the hearing inpaired group and the nornma
hearing group, wth no significant difference between the

mal es and fenmales of these two groups.
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3. Stress

The syl lable has been considered as the fundanmental unit
for analysis stress as in nost of the studies on prosodic
f eat ures. Hence, in the present study also the syllable was
considered as the basic wunit. Stressed syllables were
identified on the basis of higher fundanental frequency,
and/or longer duration and /or higher intensity. (Fry 1955
Li eberman 1960, Thorsen, 1980). Anong the hearing inpaired
the locus of stress was on any syllable of the word. i.e.
there no set pattern was observed. However, in the norma
hearing subjects, stress was laid nostly on the final
syllable in 90% of the words. Only when the word had greater
semantic value, did the initial syllable had greater stress
inthe normals. eg:- on /Qu/ in the word /Qudanunnu/ meani ng
‘starting', where the intention of the speaker was to convey
the fact that the hare and the tortoise were 'starting' ' the
race, and not 'ending it. Such semantic pattering of stress

was not seen in the hearing inpaired.

None of the polysyllabic words uttered by the nornals had
stress in nedially Ilocated syllables. However, in the
hearing inpaired subjects, the placenent of stress was often

found to be on the mddle syllable of the word.

The hearing inpaired uttered nost syllables with greater
force than required, especially if the consonant contained in
the syllable was nore difficult for the hearing inpaired

child to utter. The syllable was then produced with greater
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effort, resulting in greater force, and hence greater
frequency, intensity & duration, making the syllable
stressed, inappropriately. Hence, the locus of stress was

often found to be inappropriate in the hearing inpaired.

It was also noted that in the normal hearing subjects,
the syllable after a pause or phrase was nostly stressed.
Simlar findings were reported by Manjula (1997) in Kannada
| anguage. Due to this the syllable in post pause position
and post phrase boundary position had |onger duration
(because it was stressed), rather than increased duration of
pre pausal and pre boundary sounds as reported by Delattre

(1966) and Canpbell and Isard (1991) in English |Ianguage.

In the hearing inpaired, there was a pause after al npost

every syl lable, and hence this effect was |ess pronounced.

4. |ntonation:

Conparison of the F, and intensity graphs of the nornal
and hearing inpaired speakers, showed that the contours of
normal speakers were continuous and snoothly varying, whereas
the intonation contours of the hearing inpaired speaker was
di sconti nuous, wth nunerous breaks in between due to the

hi gh incidence of pauses in their utterances.

* A difference of 20 Hz or nore between two |evels was
consi dered adequate for the production of 'rise or fall",

and any change of less than 20 Hz was considered as 'flat’
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* O the 6 sentences analyzed, the first four were uttered
nostly like a declarative utterance by all the subjects.
The patterns nost commonly seen in the normals was rise-
fall-rise-fall-flat-fall; rise-fall-rise-fall, and flat-

rise-flat-fall .

In the hearing inpaired, although the curves were
di sconti nuous, when the peaks were joined together, and the
frequency & intensity values of the syllables were conpared,

the pattern nost commonly seen was rise-fall-rise-fall.

The F, showed a gradual | owering throughout the
utterance (declination tendency). Such constant rate of
declination of Fo was observed in mjority of speakers in
uttering sentences. (Cruttenden (1986); Vaissiere, (1983),
clained that F, of all spoken utterances had a downdrift
contour and even if the contour of a sentence does not | ook
declining, it is still governed by the underlying declination

rul e.

Intensity patterns of malayalam speakers producing a

statenent, was described by Mni (1997) as

(1) Flat-gradually falling pattern.

(2) Rise-fall-rise-flat-fall-rise-fall pattern.

The typical F, and Intensity contour for the fifth
sentence spoken by the normal and hearing inpaired speakers
is given in fig. The sentence was /a:ma dzaitsu/ (the

tortoi se won) .
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nore abruptly by the hearing inpaired. The pattern nost
commonly exhibited by the normals was a gradual rise-gradual
fall. The hearing inpaired showed fall-rise-fall-rise-fall

pat t ern.

In general, a declination pattern was seen. Nataraja
(1985) found that nmalayalam speakers wused md-lowmd
frequency patterns to express disappointment. Mni (1997)
concluded from her study that majority of malayal am speakers
used flat-rise-fall-flat & fall-flat-rise-flat-rise patterns
of frequency & a rise-fall pattern of intensity to express

di sappoi nt nent .

5. Tenporal Aspects

a) Rate of Speech- The rate of speech was expressed in terns

of syllables/second in the present study.

The nean rate of speech of the normal children for story
narration was 3.03 syll/sec. whereas the rate of speech of
the hearing inpaired subjects was 1.1 syll/sec. i.e.:- 3
times slower than the nornmals. The difference between the
rate of speech of the tw groups was found to be
significantly different as per the results of Mann Witney U
test. studies by Boone (1966); Heidinger (1972), Hood
(1966), have also shown that the speech of severely
profoundly hearing inpaired was perceived as being too slow
or very | aboured. Physi cal neasures of speaking rats by the

i nvestigators, showed, that on the average, hearing inpaired
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speakers take 1.5 to 2 times longer to produce the same

utterance as do normal hearing speakers.

The decrease in rate of speech in the hearing inpaired
may be attributable to the insertion of excessive nunber of
pauses in their speech, and pauses of |longer duration than
speakers wth normal hearing. (Boone 1966; Boot hroyd,
Ni ckerson and Stevens, 1974). According to Gold (1980),
reduced rate of speech in the deaf speaker was due to
increased duration of phonene and also inproper and after

prol onged pauses within utterances.

b) Pause Duration

The duration of intraword pause inter word pause and the
total duration of pauses were neasured for each sentence by
nmoving the cursor on the speech waveform highlighting the
points where the waveform ended crossing the zero axis and
then playing the highlighted portion to check whether it was
a pause or not. The nean, standard deviation and range of
intraword pauses, interword pauses, total pause duration and
percentage of pauses for hearing inpaired and nornmals are

presented in the follow ng tabl es.
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| aWP | r WP T.P % P

NM NF NM NF NM NF NM  NF

VEAN 60.5 127.0 78.8 141.6 139.3 268.6 8.3 14.0
RANGE 131.2 240.6 146.7 268.5 278.0 508.0 15.24 11.8
SD 56. 3 85.5 56.4 169.4 98.8 202.8 5.4 4.1

NS NS NS NS

Table 9: Showi ng the nmean, standard devi ati on and range of
pauses nade by normal hearing males and nornal

hearing fermales during story narration.

The normal hearing males had an intra word pause of
60.55, and an interword pause of 78.8, nmking their tota
pause 193.3 (8.3%. The normal hearing females had an
intraword pause of 127 and an interword pause of 141.58,
making their total pause 268.6 (14% . The val ues showed that
femal es have greater amount of pauses -both intra word and
inter word pause, conpared to nmales. However, the difference
between them was not found to be statistically significant.
The hypothesis that there is no significant difference
between normal males & fenmales in the duration of pauses, was

t heref ore accept ed.
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| aWP | r WP T.P % P

HM HF HM HF HV HF M HF

MEAN 304.6 561.2 1022.8 1284.6 1327.5 1845.9 37.4 41.66
RANGE 491.6 975.0 1113.8 2533.1 1605.4 3467.4 24.3 18.73
SD 197.2 363.5 487.7 921.0 609.6 1282.4 8.7 6.5

NS NS NS NS

Table 10: Showng the nean, standard deviation & range of

pauses nmade by hearing inpaired nales and fenal es.

The hearing inpaired males had an intraword pause of
304.65, an interword pause of 1022.8 and total pause of
1327.5(37.4% while the normal hearing males had an intraword
pause of 561.25, an interword pause of 1284.66 and total
pause of 1845.9 (41.669%. Even anong the hearing inpaired
subjects, the females were found to have nore pauses than the
mal es, although the differences between themwas not found to
be significant statistically. Hence, the hypothesis that
there is no significant difference between hearing inpaired

males & females in terns of duration of pauses was accepted.

| awp | r WP T.P % P

NF HF NF HF NF HF NF HF

MEAN 127.0 561.2 141.6 1284.7 268.6 1845.9 14.0 41.7
RANGE 240.6 975.0 268.5 2533.1 508.0 3467.4 11.8 18.7
SD 85.5 363.5 169.4 921.0 202.8 1282.4 4.1 6.5

S S S S
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Table 11: Showing the nmean, standard deviation & range of
Pauses shown by hearing inpaired females & norma

heari ng femal es.

The hearing inpaired fermales had significantly greater
amount of pauses wth 561.25 intrawrd pause, 1284. 66
interword pause, 1845.9 total pause (41.66% . than nornal
hearing females with 125. intraword pause, 141.58 interword
pause, 268.6 total pause (149%. Thus, the hypothesis that
there is no significant difference between normal & inpaired

femal es in anmount of pauses, was rejected.

| awWP I r WP T.P % P

NM HM NV HM NM HMV NM HM

MEAN 60.5 304.6 78.8 1022.8 139.3 1327.5 8.3 37.4
RANGE 131.2 491.6 146.7 1113.8 278.0 1605.4 15.2 24.3
S D 56.3 197.2 56.3 487.7 98.8 609.6 5.4 8.7

S S S S

Table 12: Showing the nean, range & standard deviation of
Pauses shown by hearing inpaired males & norma

heari ng mal es.

The normal males had an intraword pause of 60.55, an
interword pause of 78.8, and total pause of 139.3(8.3% while
the hearing inpaired males had a nean intraword pause of
304.65, interword pause of 1022.85 and total pause of 1327.5
(34.27% . The difference in the anpbunt of pauses made by the

normal nmales & hearing inpaired males was found to be
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significant. Hence the hypothesis that there is no
significant difference between normal nmales and hearing

inmpaired males in anmount of pauses, was rejected.

The results of significant difference in terns of
duration of pauses produced by hearing inpaired nmales and
femal es, as against normal nmales & females, was supported by
studies of stevens, N ckerson & Rollins, (1978); Boone
(1966) . Hudgi ns (1946), suggested that the frequent pauses
observed in the speech of the hearing inpaired, nay be the

result of poor respiratory control
c) Timng Effects

| t was observed on perceptual analysis by the
experinmenter, that there was a remarkable consistency in the

manner in which the hearing inpaired subjects perturbed

normal speech timng relationships. They didn't vary the
durati on of stressed syllables in accordance wth the
durational recoding observed in normal speech. This is
suggestive of a linguistic organization that differs from

t hat of normal hearing speakers. (Metz, 1980).

The hearing inpaired speakers linguistic units that serve
as domains for the application of specific timng rules
appears to be considerably different from the linguistic
units reportedly used by normal hearing speakers. (Cooper et

al, 1977).
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The hearing inpaired subjects in the present study, also
showed less snmooth transition from one syllable to another
(poor coarticul ation). This finding is consistent with the
research findings of Witehead & Jones (1978) who reported
that nor mal coarticulatory activity is disturbed in the
speech of profoundly hearing inpaired persons. From the
speech perception point of view, the hearing inpaired
speaker's failure to appropriately vary duration could have
serious consequences on the overall intelligibility of his

utterances.

Evi dence from research on speech physiol ogy suggests that
synchronous articulatory novenents are the result of a
t enpor al groupi ng  of not or instructions sent to the
periphery. (Kent et al 1974). Metz (1980) suggested that the
hearing inpaired speakers tenporal groupings of notor
instructions differ considerably from those of normal hearing
speakers. He proposed that the loss in speech intelligibility
associated wth retraining rhythmc elenments of speech
produced by hearing inpaired speakers 1is the result of
inmposing timng patterns which interfere wth the speaker's

uni que tenporal organization of articulatory features.

The list of findings of the present study are as foll ows,

1) Significantly higher nmean speaking fundanmental frequency
in the hearing inpaired femal es conpared to normal hearing

f emal es.
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Overall Higher speaking fundanental frequency in the

hearing inpaired than the normals.

Significantly |ower mean intensity in the hearing inpaired

mal e than in the normal mal e.

Significantly lower mean intensity in the hearing inpaired

female than in the normal female.

Significantly |ower mean intensity in the hearing inpaired

female than in the hearing inpaired male.

Locus of stress was varied in the hearing inpaired, while

it was mainly on the final syllable in the normals.

The hearing inpaired stressed when on the nedial syllable

in polysyllabic words, which was not seen in normals.

Post - pausal or post-phrasal syllables were nore stressed

in the normals. This was not seen in the hearing inpaired.

The intonation patterns of the hearing inpaired had an
overal | simlar pattern, However, It was nor e
di scontinuous, wth poor coarticulation, and greater

nunmber of pauses.

The frequency showed a gradual | owering throughout the

utterance (declination tendency).

The rate of speech of the normals was three times faster

than that of the hearing inpaired.
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Femal es in general had greater amount of pauses, though

the difference wasn't significant.

The hearing inpaired had significantly greater anount of

pauses than their normal hearing peers.

Speech timng relationships (rhythm were aberrant in the

hearing inpaired, when conpared with the nornmals.

Normal coarticul atory activity is di sturbed in the
hearing inpaired, is their transition from one syllable

to the next is |ess snooth.
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CHAPTER - V
SUMVARY AND CONCLUSI ONS

Speech is a form of comunication that enploys a
[inguistic code (language) which nmay be thought of as a
systemati zed code of arbitrary synbols, basically vocal, but
reinforced by visible bodily activity. (Gay and Wse, 1946).
Conti nuous speech is the snmooth functioning of respiration,
phonati on, articul ati on, resonation and prosody or

suprasegnentals in an interactive manner.

Suprasegnental s or prosody, which are variations |arger
than individual segments of speech, include intonation

stress and timng aspects like juncture, duration, rhythm

Hearing plays an inportant role in nonitoring the
producti on of 3egnental as well as suprasegnental aspects of
speech. Inpairment in hearing, particularly in childhood,
would make it wvery difficult to acquire and to nonitor

speech.

The present study was carried out with the aim of
investigating the prosodic aspects of the speech of mal ayal am

speaki ng deaf children.

20 subjects, 5 normal hearing males 5 normal hearing
females, 5 hearing inpaired males and 5 hearing inpaired
femal es, aged between 3 1/2 - 5 1/2 years, were nade to

narrate the story of +the hare and the tortoise, in 8
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prefornmed sentences. Al the subjects were native speakers
of mal ayal am | anguage. The sanples were recorded, fed into
the conputer for analysis. As only 6 of the sentences were

uttered properly by the hearing inpaired, only these six
sentences were considered for analysis and conparison. The
durational, timng & pausal aspects were neasured fromthe
di splay of the speech waveform The intonation pattern, and
stress, were determined wth the help of frequency &
intensity curves of each sentence uttered by the subjects.

The syllable was considered as the basic unit for analysis.

The list of findings of the present study are as follows,

1) Significantly higher nmean speaking fundanental frequency
in the hearing inpaired femal es conpared to normal hearing

f emal es.

2) Overall Hi gher speaking fundanental frequency in the
hearing inpaired than the nornals.

3) Significantly lower mean intensity in the hearing inpaired
mal e than in the normal mal e.

4) Significantly lower nmean intensity in the hearing inpaired
female than in the normal female.

5) Significantly lower mean intensity in the hearing inpaired
female than in the hearing inpaired male.

6) Locus of stress was varied in the hearing inpaired, while
it was mainly on the final syllable in the nornmals.

7) The hearing inpaired stressed when on the nedial syllable

in polysyllabic words, which was not seen in nornmals.
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8) Post-pausal or post-phrasal syllables were nore stressed

in the normals. This was not seen in the hearing inpaired.

9) The intonation patterns of the hearing i mpai red had
an overall simlar pattern. However, it was nore
di sconti nuous, wth poor coarticulation, and greater

nunmber of pauses.

10) The frequency showed a gradual |owering throughout the

utterance (declination tendency).

11) The rate of speech of the normals was three tinmes faster
than that of the hearing inpaired.

12) Females in general had greater amount of pauses, though
the difference wasn't significant.

13) The hearing inpaired had significantly greater anount of
pauses than their normal hearing peers.

14) Speech timng relationships (rhythm were aberrant in the
hearing inpaired, when conpared with the nornmals.

15) Normal coarticulatory activity is disturbed in the
hearing inpaired, is their transition from one syllable

to the next is |ess snmooth.

| MPLI CATI ONS:

The normally hearing child obtains skills in parsing
connected speech signal via exaggerated & synchronised
prosodic cues from caregivers (Jusceyk et al, 1992). The
heari ng I npai red child needs assistance to acquire

this information. Early intervention should therefore focus
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on providing methods of nodelling rhythm & timng in
accordance with the suprasegnental features of connected
speech. As Hrd (1995) pointed out, this doesn't preclude
nodel I i ng of phonenes or syllable, word or phrase boundari es,
but rather, the first goals of treatnment could be to
encourage the infant spontaneously to produce sequences of
babbling, with the duration & characteristic rhythm patterns
of the native |anguage nodel. Focussing on 'accurate'
production of speech sounds too soon, may 3erve to inpede the
acquisition of natural sounding speech. Since the overal

timng pattern of speech has the potential to provide
necessary redundant perceptual cues for any one speech sound,
i nprovenents in speech intelligibility could be realized by
correcting aberrant durational, aspects of speech produced by

hearing inpaired speakers.



110
Bl BLI OCGRAPHY
Abercronbic, D.(1965). Language and | anguage |earning. Oxford
Uni versity Press: London.
Al'l en, G D. (1975). Speech Rhythm - I1t3 relation to
performance universals and articulating timng. J. of

Phonetics, 3, 219-237.

Allen. (1973) S W Accent and Rhythm Canbridge University

Press.

Allen, Gd. (1983). Li ngui stic experience nodifies |exical
stress and perception. Journal of Child Language, 10,
535-549.

Allen, GD., and Hawkins, S. (1977). Cted in First steps in
the acquisition of Spanish stress by Hochberg, J.,
Journal of Child Language, 15, 273-292, 1988.

Allen, GD., and Hawkins, S (1978). Gted in The use of
stress by l|anguage inpaired children by Hangrove, P.M,
and Sheran, C P. Journal of Comrunication Di sorders, 22,
316- 373, 1989.

Allen, GD., and Hawkins, S. (1979). Cted in First steps in
acqui sition of Spanish stress, by Hochberg, J., Journal
of child | anguage, 15, 273-292.

Allen, GD and Hawkins, S. (1979). In Child Phonol ogy, Vol.
| (Eds.) Yeni-Konshian, G, Kavanagh, J.F. and Ferguson,
C A, Academ c Press, New York, 1980.

Ander son. F. (1960) An Experinental pitch indicator for
trai ning deaf scholar, - JASA, 32, 1065 -1071.

Angel occi, A A (1962). Sone observations on the speech of
the deaf. The Volta Review, 64, 403-405.

Angel occi, A., Koppa, G, Holbrook, A (1964). Cted in
"Pitch deviancy and intelligibility of deaf speech" by
McGarr, N and Gsberger, M Journal of Communication
Di sorders, 11, 237-247, 1978.

Ani sworth, WA., (1976) Perception of Prosodic features.
In Mechanism of Speech Recognition, Vol.85, Chap. 8.
| nt ernat i onal series in natural phi | osophy, (Ed)
Ter haar Perganon Press.

Arnmstrong, L.E , Ward, 1.C (1926): Prosodic systens and
intonation in English. Canbridge studies in Linguistics-
1, Canbridge University Press.



111

At ki nsons- Ki ng, K. (1973). Children's acquisition of
phonol ogi cal stress contrasts. UCLA Wrking papers in
Phonetics, January.

Bal asubramani an, T. (1981) Timng in Tam|l, J.of Phonetics 8,
449- 467.

Bal asubramanian, T. (1981) Duration of vowels in Tam| J.of
Phonetics 9, 151-161.

Baltaxe, CA (1984). Use of contrastive stress in nornal
aphasic and autistic children, JSHR 27, 97-105.

Bates, E(1976). Cited in Linguistic stress judgenents of
| anguage | earning disabled students by H ghnam C., and
Morris, V., JCD, 1987, 20, 93-103.

Ben Johnson, (1942). Cited in MCritchley, M (1970)
Aphasi ol ogy and ot her aspects of |anguage.

Bi erwi sch, M (1966) . Cted in Prosodic systens and
intonation in English by Crystal, D. , Canbri dge
Uni versity Pres3, Canbridge, 19 76.

Bl oonfi el d, L. (1933). Cted in Prosodic systens and
intonation in English by Crystal, D. Canbri dge
Uni versity, Canbridge, 1976.

Bolinger, DL. (1958). A theory of pitch accent in English,
Wor ds, 14:109-149.

Bolinger Dwi ght: Intonation selected readings. Penguin Books
Ltd., Engl and.

Bolinger, DL (1972). Cited in Cross linguistic study on the
perception and production of stress, UCLA working papers
i n Phonetics, 47, Novenber, 1979.

Boone, DR (1966). Modification of the voices of deaf
children. The Volta Review, 68, 686-692.

Boot hroyd, A., N ckerson, R, and Stevens, K (1974).
Tenporal patterns in the speech of the deaf: A study in
remedi al training. Northanpton, Mass.: C arke School for
t he Deaf.

Br own, B. L., Strong, W J. and Rencher, A L. (1973).
Perception of personality from speech: effects of
mani pul ati on of acoustical paranmeters. JASA, 54,
29.

Brown, J. (1973). Cited in Use of contrastive stress in
normal , aphasic and autistic children by Baltaxe, CA,
JSHR, 27, 1, 99-105, 1984.



112

Bush, M (1981). Vowel articulation and |aryngeal control in
t he speech of t he deaf . Unpubl i shed doct or al
di ssertation, Mssachusetts Institute of Technol ogy.

Butler, (17th Century): Gted in Crystal, D. (1969) "Prosodic
systens and intonation in English", Canbridge Studies in
Li ngui stics-1, Canbridge University Press.

Calvert, DR (1961). Sone acoustic characteristics of the
speech of profoundly deaf individuals. Unpubl i shed
doctoral dissertation, Stanford University.

Campbel I, WN. and Isard, S.P. (1991). Segnent durations in a
syllable frane, J.Q Phonetics, 19, 37-47.

Chafe, W (1970). Cted in Use of contrastive stress in
normal , aphasic and autistic children by Baltaxe, CA
JSHR, 27, 1, 97-105, 1984.

Chonsky, C. (1971). Gdted in Use of contrastive stress in
normal , aphasic and autistic children by Baltaxe, CA,
JSHR, 27, 1, 97-105, 1984.

Classe, A (1963). In Prosodic systenms and intonation in
Engl i sh, Crystal, D. Canbri dge, University Press,
Canbri dge, 1976.

Collier, R (1990). On the perceptually analysis of
i ntonation. Speech & Conmuni cation, 9, 443-451.

Condon, W S. and Sanders, L.W (1974). Synchrony denonstr ated
bet ween novenents of the neonate and adult speech, Child
Devel opnent .

Cooper, W, et al. (1977). Syntactic bl ocking of phonol ogi cal
rul es in speech production. JASA, 61, 1314-1320.

Creaghad, N., Newman, P. and secor, W (1989). Assessnent
and remedi ati on of articul atory &  phonol ogi cal
di sorders. (2nd Ed.). Ontario: Mac Ml an Publishing
Conpany.

Cruttenden, A (1986), Intonation, Canbridge University,
Press, Canbri dge.

Crystal, D. (1973, 1975): Cted in Fletcher, P. and Garnman,
M (Eds) Language acquisition. Studies in First Language
Devel opnment, Canbridge University Press, 1979.

Crystal, D. (1969, 1975): In Koike, KJ.M, Asp, CW
(1981): The Tennessee test of rhythm and intonation
patterns. J.Speech.Hear.D's. 46(1), 81-87.



113

Crystal, D. (1986): Cted in Fletcher, P. and Garman, M
(Eds) Language acquisition. Studies in First Language
Devel opnment, Canbridge University Press.

Cruttenden, A (1986). Intonation, Canbridge University
Press, New York, 1986.

Del attre, P. (1966) . A conparison of syllable length
conditioning anong | angauges. I nt. Rev. Appl .
Li ngui st., 4, 183-198.

Denes, P. (1959). Effect of duration on the perception of
voi cing. Journal of the Acoustical Society of Anerica,
27, 761-764.

Dore (1973): Cted by Freeman, F.J. in Pathol ogies of Speech
and Language (Eds) Lass, N J., et al. Saunders Conpany,
London, 1982.

Duez,D. (1982). Silent & non silent pauses in three speech
styles. Language Speech, 25, 11-28.

Engen et al (1983). Cted in the rel ati onshi p between
perception and production of intonation by hearing
conpared children. T. Mst and Y. Frank, Volta Review
1991, 93, 301-310.

Fai rbanks, G (1940): Voice and articulation drill book.
Evaston: Harper and Row.

Fairbanks, G (1942): In Sheppard, WC., and Lane, HL.
Devel opnment of prosodic features of infant vocali zing.
J. Speech Hear. Res. 11, 94-108, 1968.

Fant, G (1957). CGted in Acoustic theory of speech production
by Fant, G, Muton, and Co., The Hague, 1960.

Fonagy, |., Magdics,K (1963): Cited in Bolinger, D. (Eds)
| ntonation: Selected readings. Harnonds Worth, England,
286- 302, 1972.

Fodor, J.A, Bever,T.G, Garrett, MF (1974). The Psychol ogy
of Language. McGaw Hill, New York.

Fillnore, S.(1942). Gted in MCritcheley (1970). Aphasi ol ogy
and ot her aspects of Language.

Fr ank. Y, Bergman and Tobin. (1987) . Cted in the
relationship between perception and production of
i ntonation by hearing conpared children. T Most and Y.
Frank, Volta Review 1991, 93, 301-310.



114

Freeman Frances Jackson, (1980). Prosody in perception
Production, and Pathol ogi es, Chap.26, |In Speech Lanuage
and Heari ng. Vol .11, Lass, N.J.,9Ed), WB. saunders
Conpany, (1982) .

Fry D.B. Experinents in the Perception of stress, Language
and Speech, Vol .1 (1958), 126-52, In Part Four.
" Acoustic Phonetics', Fry, D.B.1976.

Fry, DB (1955). Duration and intensity as physical
correlates of . linguistic stress. Jour nal of the
Acoustical Society of Anmerica, 1955, 27, 765-768.

Fry, D.B (1958). Experinents in the perception of the
Stress. Language and Speech, 1958, 1, 126-152.

Fry, D.B. and Kostic, D. (1939). Cted in Suprasegnentals by
Lehiste, |I. The MI.T. Press, Canbridge, 1970.

Gai t enby, J.H and Mernel stein, P. (1977). Acousti c
correl ates of per cei ved prom nence in unknown
utterances. Haskins Laboratories status report of Speech
Research, 49, 210-216.

Cerken, L. (1994). Young children's representation of
prosodi ¢ phonol ogy: Evidence from English speakers weak
syl | abl e productions. Journal of Menory & Language, 33,
19- 38.

Geitmn, L.R, and Wanner, E. (1982). Cted in "Prosody and
the devel opnent of conprehension” by Culture, A, and
Swinney, D. A Journal of Child Language, 14, 145-167,
1987.

Gold, T. (1980). Speech Production on hearing and inpaired
children. J. Conm Dis, 13, 397-418.

Gold, T. (1978). Speech and hearing skills: A conparison
bet ween hard-of -hearing and deaf children. Unpublished
doctoral dissertation. Gty University of New York.

Gold (1975). Cited in "Pitch deviancy and intelligibility of
deaf speech by McGarr, N and Osberger, M Journal of
Comuni cation Di sorders, 11, 237-247, 1978.

ol dman- Ei sl er, F. (1972). Pauses, Clauses, Sentences.
Language Speech, 25, 103-113.

Graddol, D. (1991). Sone prosodic characteristics of Deaf
Speech - Their causes and comunicative inplications.
Journal of the Indian Speech and Hearing Association, 8,
1-13.



115

Green,D. (1956) fundanental frequency characteristics of the
speech of profoundly deaf individuals. (as <cited in
Ling, 1971).

G osjean,F., and Collins, M (1979). Breathing, Pausing &
readi ng. Phonetice, 36, 98-114.
Haddi ng- Koch. K. (1961): In Thorsen, NG (1980): A study of
the perception of sentence intonation: Evidence from
Dani sh. JASA, 67(3), 1014-1030.

Haddi ng- Koch. K. Studdard, K (1974): In Thorsen, N.G. (1980).
A study of the perception of sentence intonation:
Evi dence from Dani sh. JASA, 67(3), 1014-1030.

Hal | i day, M A K. (1966): Gted in crystal, D. (1969)
Prosodic systens and intonation in English, Canbridge
Studies in Linguistics-1, Canbridge University Press.

Hal |l iday, MA K (1975): Cted in Fletcher, P., and Garnman,
M (Eds) Language acquisition, Studies in First Language
Devel opnent. Canbridge University Press, 1979.

Hasek, C, Singh, S. and Mrray, T. (1981). Acoustic
attri butes of pre-adol escent voices. JASA, 68, 1262-1265.

Haycock, G S. (1933). The teaching of speech. Stoke-on-Trent,
Eng. : HIl and Ainsworth, Ltd.

Heffner, R (1949). General phonetics, Mdison University of
W sconsin Press, 1949.

Hrd, K (1995). The role of prosody in the rehabilitation
of speech disorders associated with hearing inpairnent.
Australian Journal of Human Conmunication Disorders,
23(2), 88-96.

Hei di nger, V.A. (1992). An exploratory study of procedures
for inproving tenporal features in the speech of deaf

chi | dren. Unpubl i shed Ed.D. Thesis, Teachers Coll ege,
Col unbi a University.

Hochberg, J. A (1987b). Cted in "First steps in acquisition
of Spanish stress" by Hochberg, J.A, Journal of Child
Language, 15, 2, 273-292, 1988. -

Hood, R B. (1966) . Sone physical concomtants of the
perception of speech rhythm of the deaf, unpublished
doctoral dissertation, Stanford University.

Hor nby, P. (1973). Cted in "Contrastive stress and
children's interpretation of pronouns" by Solan, L,
JSHR, 23, 688-689, 1980.



116

Hornby, P., and Hass, W (1970): "Use of contrastive stress
by preschool children", JSHR, 13, 395-399, 1970.

House, A.S. (1961). On vowel duration in English. Journal of
the Acoustical Society of America, 33, 1174-1178.

House, A.S., and Fairbanks, G (1953). The influence of
consonant environnent upon the secondary acoustical
characteristics of vowels. Journal of the Acoustical
Society of Anmerica, 25, 105-113.

House, D. et al., (1989). Prosodic parsing for Swedi sh speech
recognition. STL - QPSR, 1, 37-140.

Hudgins, CV. (1934). A conparative study of the speech
coordinations of deaf and nornmal-hearing subjects.
Journal of Genetic Psychol ogy, 44, 3-46.

Hudgins, CV. (1936). A study of respiration and speech. The
Vol ta Review, 38, 341-343, 347.

Hudgi ns, C VW (1946). Speech br eat hi ng and speech
intelligibility. The Volta Review, 48, 642-644.

Jakobson, R (1931). Gted in Suprasegnentals by Lehiste, I.,
The M I.T. Press, Canbridge, 1970.

Jaya, P. (1992). Stress developnent in Tam| Speaking
children (Years). Unpubl i shed Master's Dissertation,
Uni versity of Mysore, Msore.

John, J.E. and Howarth, J.N. (1965). Gted in Objective
measurenents of the speech of the hearing inpaired by
Shukla, R S. Unpublished Ph.D. Thesis, University of

Mysore, 1987.
Jones, D. (1949). Qutline of English Phonetics, Heffer,
Canbri dge.

Jones, D. (1962). Cited in Suprasegnentals, by lehiste, I.
The MI.T. Press, Canbridge, 19 70.

Jusezyk, et al. (1992). Gted in KHrd. (1995). The role of
prosody in the rehabilitation of speech disorders
associated with hearing inpairnent. Australian Journal
of Human Conmuni cation Di sorders, 23(2), 88-96.

Kent, R, Carney, Pand Severeid, L.(1974). Velar novenent and
timng. JSHR, 17, 470 - 488.

Kessen, Levine and Wendrich (1979): dCdted by Freeman, F.J.
i n Pathol ogi es of speech and Language (Eds), Lass, NJ.
et al, Saunders Conpany, London.



117

Ki ngdon, R (1958a): CGCted in Crystal, D. (1969) "Prosodic
systens and intonation in English, Canbridge studies in
Li ngui stics-1", Canbridge University Press.

Klatt, D.H (1974). The duration of /s/ in English words.
Journal of Speech and Hearing Research
Klatt, DH

17, 51-63.
(1975). Vowel | engthening is
determned in

a connected discourse.

syntactically
Phonetics, 1975, 3, 129-140.

Jour nal of

Klein, Hb. (1984).

Learning to stress, a
Jour nal

case study.
of Child Language 11, 375-390.

Koi ke, K J.M (1977), Koike and Asp, (1977
KJ.M, Asp,CW (1981):

78): In Koike,
and intonation patterns.

The Tennessee test of rhythm
JSHD, 46(1), 81-87.

Kressin, L., Marquardt, T.P.,

and Asp, C W (1976): Speech
production in tw 3 year

old children: Perceptua
analysis of selected segnental

f eat ures. Acousti cal
Soci ety of Anmerica, Washington, D.C

Kushel Raj, P

(1983). Acoustic analysis of
chil dren.

speech of
Unpubl i shed Masters dissertation, University
of Mysore, Msore.

Landahl, K (1982):

Cted by Lieberman, P.
di scourse (Eds) Catherine

in Intonation in
Johns- Lew s,
Press, San Di ego, 1986.

college Hill

Lea, WA., Medress, MF. and Skinner, T.K

Automatic speech and speaker recognition (Eds.) D xon,

NR and WMartin, T.B., |EEE Press, The Institute of

El ectrical and Electronics Engineers, 1Inc., New York,
1979.

(1975). In

Lee, F. (1953): Cted in Crystal, D
and intonation in

(1969) Prosodic systens
Li ngui stics-1,

Engli sh, Canbridge Studies in
Canbridge University Press.

Lehiste, 1. (1970). Suprasegmentals. The MI.T. Press,
Canbri dge.

Lehiste, I. (1975). Gted in Prosody: Mddels and Measurenents
by A. Cuttes and DR Ladd (Ed.) Springer-Verlagiberlin
1983.

Lehiste, 1. (1979). Gted in Prosody: Mdels and Measurenents
by A. Cuttes and DDR Ladd (Ed.) Springer-Verlagiberlin
1983.

Lenneberg, E. (1967): Biological foundations of |anguage.
John Wley and Sons, New YorKk.



118

Leonard, C B. (1973). The role of intonation of recall of
various linguistic stimuli. Lang. Sp., 16, 4, 327-335.

Leopold, WF. (1947). In Second learning in first tw years,
Vol .2, (Eds.) Evanston, I.L., North Wstern University
Press.

Levitt, H, Stronberg, H , Smth, C and Gold, T. (1980).
The structure of segnental errors in the speech of deaf
children. JCD, 13, 419-442.

Levitt, H., Smth, CR, and Stronberg, H  Acoustic,
articulatory, and perceptual characteristics of the
speech of deaf children. In G Fant (Ed.), Proceedings of
the Speech Communication Sem nar, Stockholm New York:
Wley, 1974, 129-139.

Levitt, H and Stark, RE (1974). Gted in Speech of the
Hearing inpaired child by Stark, RE. in Hearing and
Hearing Inpairment by Bradford, L.J. and Hardy, WG
(Edns.), Gune and Stratton 1Inc., New York, 1979,
229- 247.

Lewis, M (1951): Infant speech: A study of the beginnings of
| anguage, Routl edge and Keganpaul, London.

Li berman, P. (1977). Speech Physiol ogy adn Acoustic Phonetic,
Macm | [ an Publishing. Co. | NC,

Li eberman, P. (1960). Sone acoustic correlates of word stress
in Anerican English, J.Acoust. Soc. Anmer, 32, 451-453.

Li eberman, P. (1967). Cted in The use of stress by |anguage
inmpaired children by Hangrove, P.M and Sheran, C P.,
Journal of Communi cation Di sorders, 22, 361-453.

Li eberman, P., Harris, K S., and Sawashima, M (1970): Gted
in Hangrove, P.M, and Sheran, C P. The use of stress hy
| anguage-i npaired children, by JCD, 22, 361-373, 1989.

Lindblom B. and Rapp, K (1973). Cited in Perception of
segnment duration in sentence context by Klatt, D H and
Cooper, W e. in structure and process in speech
perception by Cohen, A and Nooteboom S G (Edns.)
Springer-Verlag, Berlin, 1975, 69-86.

Ling, D. Speech and the Hearing - inpaired child: Theory and
Practice - 3417, Volta Place, N W, Washington D C
20007, U S A, The Al exander G aham Bell Association
for the Deaf Inc. 1971.

Lynch, M (1995). Titled in Hrd, K (1995 The role of
prosody in the rehabilitation of speech disorders
associated with hearing inpairnment. AJHCD, 25(2), 88-97.



125

Takeda, K , Sagisaka, Y., Kuwabara, H (1989). On sentence
| evel factors governing segnmental durations in Japanese.
J.AS A 86(6), 2081-2087.

Thirunalai and Gayathri (1988). Mbonograph on deaf speech.
Central Institute of Indian Languages, Msore.

Thonton (1964). CQGted in Glbert, HR, and Canpbell, MI.
Speaking fundarmental frequency in three groups of
hearing inpaired individuals. JCD, 13, 1980, 195-205.

Tonkova- Yanpol ' Skaya, R (1969): dted in Lews (Eds)
Intonation in discourse, college HII Press Inc, San
D ego, 1986.

Tonkova- Yanpol ' skaya, R (1973): Devel opment of speech
intonation in infants during the first tw years of
life. In C Ferguson and D.Slobin (Eds), Studies of
child | anguage devel opnent, Holt, R nehart and Wnston.

Thorsen, N (1980). Gted in Prosody Mbdel s and Measurenents
by A Qutter and DR Ladd (Ed.), Springer-Verlag, Berlin,
1983.

Trager, GL. (1940). CGted in Suprasegnentals by Lehiste, I.
The M 1. T. Press, Canbridge, 19 70.

Trager, GL., and Smth, HL. (1951). CQitline of English
structure, Ckhlama, Battenburg Press, 1951.

Trim(1959): Gted in Gystal, D (1968) Prosodic systens and
Intonation in English, Canbridge Studies in Linguistics-
1, Canbridge University Press.

Tseng (1981): Gted by Lieberman, P. in Intonation in
di scourse, (Eds) Catherine Johns-Lewis, College
HIll Press, San D ego, 1986.

Ureda (1982). dted in Vaissere, J. (1995). Phoneti c
expl anations for cross linguistic prosodicsimlarities.
J.Q Phonetics, 52, 123-130.

Usha Rani (1984). Tenporal perceptual cues of velar &
bi l abial stop consonants, A dessertation submtted as
partial fulfillnment of nmaster's degree to the university
of My/sore.

Vaissiere, J. (1995). Phonetic explanations for cross
linguistic prosodic simlarities. Journal of Phonetics,
52, 123-130.

Vai ssi ere, (1983) Language |ndependent Prosodi c Feat ures.
| n Prosody Mbdels and Measurenent, Ed. CQutler, A Ladd,
DR, Springer-Verlag, Berlin Heidedberg, New York.



126

Vanderslice, R and Ladefoged, P. (1972): Cted by Lieberman,
P. in Intonation in discourse, (Eds) Catherine Johns-
Lewis, College H Il Press, San D ego, 1986.

Voel ker, C H (1935). A prelimnary strobophotoscopic study
of the speech of the deaf. Anmerican Annals of the Deaf,
80, 243-259.

Voel ker, C.H (1963). A prelimnary Stroboscopic study of the
Speech of the deaf. JASA, 35, 1876-1877.

Wei man, L. (1976). "Stress patterns of early child | anguage",
Journal of Child Language, 3, 283-286.

Weinrich, U (1954). Cted in "Suprasegnental s" by Lehiste,
|. The MI.T. Press, Canbridge, 1970.

Wells, WHG (1986). An experinmental approach to the
interpretation of focus in spoken Engl i sh, in
Intonation, in Discourse by CJ. Lewis. (Ed.) College
HIll Press Inc., San D ego.

Wi tehead, R and Jones, K (1978). The effect of vowel
envi ronnment on duration of consonants produced by nornal
hearing, hearing inpaired and deaf adult speakers. J.Q
Phonetics, 6, 77-81.



