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CHAPTER 1

| NTRODUCTI ON

Speech has been for a long tinme the source of curiosity
to human beings. This is because speech is always considered
a powerful nedium of communication. The ability to speak is
closely related to one's ability to hear. One of the
devastating effects of congenital hearing loss is that normnal
devel opnent of speech is often disturbed. According to Mnsen
(1978), though speech reading can conpensate to a |large
extent for the loss of hearing in so far as speech reception
is concerned, no conparable skill exists in the hearing world
to conpensate for an inability to produce ordinarily
intelligible speech, mny factors |like residual hearing,
segnental errors, suprasegnental errors have been correl ated

with inpaired individuals.

The studies which try to correlate speech errors and
intelligibility anmong hearing inpaired can be divided into
two mai n categories:

1. Studies in which hearing inpaired children receive
intensive training for the correction of errors and,

2. Studies in which the errors are corrected in hearing
inpaired children's recorded sanples wusing nodern signa
processing techniques. The latter technique is also often

referred to as speech synthesis.



Dorman and Hannley (1985) also suggests this as one of
the major and recent developnent in the area of speech
science which has sone crucial advantages over the other
met hods of studying speech intelligibility anmong deaf
speakers. According to them in speech synthesis, speech
signals can be created in which the spectral, tenporal and
intensity characteristics vary independently. Thi s, I n
principle, allows investigators to separate the relative
contribution of the various paraneters to overall speech
intelligibility.

A second attraction 1is, that speech signals can be
varied on a particular physical dinension Kkeeping other
par anet ers constant.

There have been quite a few studies in the west using
speech synthesis as a mgjor tool. Sonme of them are by,
Bernstein (1977), Dorman and Hannley (1985), Huggins (1978),
Lang (1975), WMassen and Povel (1979, 1985), Gsberger and
Levitt (1972).

Studies by Lang (1975), Osberger and Levitt (1979),
Mason and Povel (1984), Oster (1985) and Sheela (1988) revea
that correction of sone suprasegnental features brings about
only a small increase in intelligibility. 1t has also been
reported by Sheela (1988) that correction of pause and vowel
duration decreases the intelligibility of speech of the

hearing i npaired.



In Indian context only one study by Sheela (1988) has
been done. Her study was ained to determne the relationship
bet ween sonme suprasegnental errors and intelligibility of the
hearing inpaired children's speech, by correcting the vowe
duration, pauses and fundanental frequency. She found that
there was inprovenent in intelligibility with correction.
However, she found the intelligibility becane poor when both
vowel duration and pauses were corrected in the sane speech
sanpl e, than when only one of themwas corrected. Therefore
it was considered interesting to explore the of variation in
vowel duration on intelligibility along wth correction of
pauses in the speech of the hearing inpaired.

AM OG- THE STUDY.

This study was ainmed to investigate the relationship
bet ween the suprasegnental errors and speech intelligibility
of the deaf speakers. Two aspects of suprasegnental errors
whi ch were considered here were:l. Presence of pause in the
deaf speech and 2. Vowel duration in the deaf speech.

These were conpared wth normals and corrections were
made wherever necessary and their effect on intelligibility
was found out.

HYPOTHESI S 1

There is no significant differences in the nornal
hearing and hearing inpaired children utterances in terns of,
a) Vowel durationb) Intersyllabic pauses, and c¢) Tota

durati on of words.



HYPOTHESI S 2

There is no significant difference between the intelli-
gibility ratings of unaltered utterances and corrected
utt erances.

A) Correction of vowel duration : There is no significant

di fferences between the intelligibility scores of unaltered
utterances and the utterances where the vowel durations al one
have been corrected.

B) Correction of pauses There is no significant

di fferences between the intelligibility scores of unaltered
utterances and the utterances where the pause (intraword)
have been corrected.

C Correction of vowel duration and pauses : There is no

significant differences between the intelligibility scores of
unaltered utterances and the wutterances where the vowel
durations and pauses have been corrected.

D) Correction by varing vowel duration after correcting

pauses: There is no significant differences between the
intelligibility scores of utterances with different
conditions of the vowel durations pauses being corrected.

| npl i cations of the study

1. The study would help in better wunderstanding of
speech of the hearing inpaired.

2. The study would provide nore information regarding
the effects of correction of vowel duration and pauses on the
intelligibility of the speech of hearing inpaired.

3. The information so obtained from this study would
help in planning and devel oping therapy which are directed
towards inproving the intelligibility of the speech of the
hearing inpaired.



CHAPTER - 11
REVI EW OF LI TERATURE

Speech my be viewed as the unique nethod of
communi cation evolved by man, to suit the uniqueness of his

m nd (Ei senson, Anmer and lrvin, 1963).

"It is through the auditory npde that speech and
| anguage are normal |y and usual l'y effortlessly

devel oped” (Ross & G olas, 1978))

The normal hearing child is exposed to sounds fromthe
very beginning itself. By continual auditory stinulation, by
the constant feeding of speech into his ears, by the
unceasi ng encouragenent from his nother, by hours and hours
of practice, a normal 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 al one nakes
speech possible. Thus, hearing controls speech and w thout

hearing speech fails" (Wetnall and Fry, 1964).

The auditory pathway is the natural and nost effective
way to learn speech and |anguage, in addition to providing
all the other auditory information from our environnent such

as, nusic, doorbell, bird song and so on" (Pollack, 1971).



Normal child controls his speech novenents with the help
of auditory and kinesthetic feedback (Wetnall & Fry, 1964).
The exact role usually played by auditory feedback in the
normal acquisition of speech is not known. (Cbservations
indicate that it is particularly inportant in the early
stages, in that it allows the child to develop the sane
speech characteristics as those around him ( Van R per &

lrwin, 1958).

Several have reported the effect of hearing loss on
acqui sition and nai ntenance of speech. Hearing inpairnment has
a nmarked effect on the child s ability to acquire speech.

The orderly and seemngly natural developnent of speech
| anguage and communication is interfered by the presence of
hearing | oss ( Stark, 1979; Chernmaks, 1981).

The deaf is faced by a doubly severe communication
handi cap. Normal speech is unintelligible to him and as a
result of lack of auditory feedback of his own speech
production he has considerable difficulty in learning to
speak correctly (Levitt et al., 1974; Cowi e & Cowi e, 1983).

(One of the nost recogni zed but probably | east understood
concomtants of deafness is a deficit of oral comunication
skills. The speech produced by nmany deaf persons is
frequently wunintelligible to even experienced |isteners.

Moreover, it is frequently difficult to determne the exact



nat ure of speech errors t hat reduce t he speech
intelligibility. Wthout a clear understanding of the
underlying and nature of unintelligible speech of deaf, the
devel opnment of effective clinical strategies is limted (Metz

et al.,1982).

The oral conmmunication skills of the hearing inpaired
children have l|long been of concern to educators of hearing
i npai red, speech pathologist and audiologist, because the
adequacy of such skills can influence the social, educational
and career opportunities available to these individuals
(Csberger and Mc Gaar, 1982).

It is inportant to ensure that, hearing inpaired
children devel op effective spoken |anguage skills fromearly
i nfancy (Ling, 1976).

The ultimate goal in aural rehabilitation is, for the
hearing inpaired individual, to attain, as far as possible,
the sanme comunication skills as those of the normal hearing
individual. Wthin the |ast decade, advances have been made
in studying the speech. This is largely due to the
devel opnent of sophisticated and analysis techniques in
speech science, electrical engineering and conputer science.
These technol ogi cal have al so been applied to the anal ysis of
the speech of the hearing inpaired and to the devel opnent of
clinical, assessnent and training procedures (Gsberger and M

Garr, 1982).



It is clear from the results of diligent specialized
teaching that the difficulty in the oral production skills,
in principle, can be overcone. Levitt et al (1974) wite that
" however, only few deaf individuals attain a speech
quality that is adequate for normal conversation. Mny nore
deaf children could be trained to speak proficiently if we
had greater insight into the essential problens. For exanple,
much could be done to inprove the efficiency of speech
training prograns if nore was known about how errors occur or
conbi nation of errors reduce intelligibility nobst severely.
From information on t he acoustic, and articul atory
correlates of these errors it should be possible to devel op
nmore effective techniques and instrunentation to elimnate

t hose errors".

Researchers concerned wth speech production of the
hearing inpaired have enployed a variety of physiological
(Metz et al, 1985) acoustic (Mnsen, 1974, 1976a, 1976b, 1978,
Angel occi et al, 1964; G /lbert, 1975; M dunpha, 1966;
Cal vert, 1962; Shukl a, 1985; Raj ani kant h, 1986) and
perceptual nethods (Levitt, 1976; Stevens et al, 1983,
Hudgi ns & Nunbers, 1942; Mangan, 1961; Nober, 1961,

Mar ki des, 1970; Smth, 1975, McGarr, 1978; Gef f ner,
1980 etc).



Acoustic analysis of speech production is extrenely
useful to researchers since the nethodol ogies enployed are
typically non-invasive, relatively basic wth regard to
instrumentation, may be used routinely depict changes in the
physical characteristics of frequency, intensity and the
duration of speech segnents (Leeper.et.al., 1987). Acousti c
anal ysis of speech of hearing inpaired permits a finer grain
consi deration of some aspects of both correct and incorrect
productions than would be possible using nethods applied in
the subjective procedures (Osberger & MGarr, 1982). It
provi des objective description of speech of +the hearing
inmpaired. Mrre informations about the characteristics of the
speech of the hearing inpaired would help in making use of
the advances in the technology with maximal effectiveness in
the facilitating the oral production skills of the hearing

i npai red popul ati on.

In order to develop nore effective speech training
procedures for deaf children, it is necessary to know how
their speech deviates from that of normal hearing children
and the effect of the various errors and abnormal speech
patterns on the intelligibility (Parkhurst & Levitt, 1978).
Thus the analysis of the speech of hearing inpaired becones

i mportant.
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Intelligibility of speech of the hearing inpaired:

"Speech intelligibility refers to how nuch of what a
child says can be understood by a listener"” (OCsberger and
McGarr, 1982) Information on the speech production and
performance of hearing inpaired children is needed for things
such as program  pl anni ng, program eval uation and

research. (Boothroyd, 1985).

Inspite of the recent advances made in the areas of
speech, education ands hearing the problemof unintelligible
speech in the hearing inpaired has been acknow edged by

several investigators.

Speech intelligibility of the hearing inpaired as a
nmeasure of their speech potential has been studied by a
nunber of investigators. There is a difference of opinion

regarding the intelligibility of speech of hearing inpaired.

According to Osberger and Levitt (1982) "on the
average, the intelligibility of profoundly hearing inpaired
children's speech is poor, only about one in every five words
they say can be understood, by a listener who is unfamliar
with the speech of this group.” On the other hand Metz et a
(1982) are of the opinion that the speech produced by many
deaf persons is frequently unintelligible to even experienced

listeners.)
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Recent studi es (Brannon, 1964; Maski ds, 1970; sm t h, 1973)
have showed that inspite of the provision of hearing aids
speech training, the average intelligibility of speech of the
severely and profoundly deaf child to the naive listener is

not nore than 20% (Stark, 1979).

Conrad (1979) reports that about 75% if prelingually
deaf children with hearing | osses of 90dB or nore have speech

classified as "barely intelligible "or worse. The speech of
hearing inpaired children is usually less than 30%

intelligible ™ (Ling, 1976).

Hudgins & Nunbers (1942) studi ed the speech
intelligibility of 192 hearing inpaired subjects of 8-19
years of age. A group of experienced listeners heard the
speech sanples (sentences) of the hearing inpaired and wote
down what ever was understood by them the nean score for the
group was found to be 20% Brannon (1964) worked with twenty
children selected from a large day school. They were 12-15
years old, had hearing levels of 75 dB or nore, possessed
at least normal intelligence and had no known additional
handi caps, he found only 20 - 25%of words in their practiced
speech intelligible to Ilisteners wunfamliar wth hearing

impaired children's diction.
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Mar ki des (1970), studied 58 hearing inpaired children who
were 7 and 9 vyears old. About 31% of their words were
intelligible to their teachers where as 19% were intelligible

to naive |isteners.

Hoi di nger (1972) studied the speech of 20 hearing
inmpaired children (nore than 85 dB hearing loss in the better
ear), her judges, who were experienced teachers of the deaf
and knew what the children were trying to say rated |ess than

20% their words in short sentences as intelligible.

According to smth (1972) who studied 40 hearing
inmpaired children in the age groups 8-10 and 13-15 years word
intelligibility, as assessed by 120 listeners unfamliar with

t he speech of hearing inpaired children, was 18. 7%

Several other studies have shown that hearing inpaired
children have poor |evels of speech achievenent. (Kerridge,
1938: Hood, 1966; Goda, 1959; Quigley and Frisina 1961
Angel occi, 1962; John and Howarth, 1965; Montgonery, 1967;

Toback, 1967; Braverman, 1974; conrad, 1976; Kyele, 1977).

Monsen (1978) reported a relatively high nean
intelligibility score of 76% He attributed this high score
to the sinpler test nmaterials used to study the speech

intelligently.
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The results of various studies suggest that overall
| evel s of speech intelligibility are utterly inadequate for

oral communication (Ling, 1976).

The differences in speech intelligibility scores
obtained by wvarious studies nmay be attributed to the
di fferences in methodol ogy enployed and the heterol ogy of the

sanpl es st udi ed.

According to Ling (1976), intelligibility ratings can
vary not only with the type of judge enployed but also with

the materials used and with the nethods of analysis applied.

Intelligibility ratings have been reported to be 10 - 15
% hi gher when judged by teachers or experienced |isteners
than those by the naive Ilisteners (Geffner et al 1978,
Mangan, 1961, MGarr, 1978, Monsen, 1978).

Sentences, when used as test materials tend to be nore
intelligible than words and sentences which are spoken
directly to listener in a face situation are nore
intelligible than sentences which are tape recorded.
(Hudgi ns, 1949, Thomas, 1964).

Sever al factors have been found to affect the
intelligibility of speech. According to Subtelny (1977) the
speech intelligibility is the single nost practical index of

hearing inpaired persons oral comrunication abilities. But
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she cautions that intelligibility assessnent cannot be used
with confidence for training purposes wthout the know edge
of the properties of speech that influences intelligibility.
Stevens et al (1978,1983) reinforced this notion, who
suggested that the fudanental problem of speech assessnent
with hearing inpaired persons is to identify those properties
of speech that determne its intelligibility. Ildentification
of speech properties that determne intelligibility is a
nmet hodol ogi cally conplex task (Metz et al 1980; N ckson and

Stevens, 1980) but one that clearly has wutility for the
devel opnent of effective renedial strategies for inprovenent

of speech of hearing inpaired.

The |ow speech achievenent of the hearing inpaired has
lead to several attenpts in the past to correlate speech
intelligibility with several variables related to reception

and production of speech.

Among  the per cept ual vari abl es resi dual heari ng
(Montgonery, 1967; Elliot, 1967; Boothroyd, 1969; nmarkides,
1970, Smth, 1975; Kyle, 1977; Mbnsen, 1978; stoker and | ape,
1980, Ravi shankar,1985)lip reading (Stoker & |apel 980) and
tactile perception (Stoker and Lape, 1980)abilities have been
studied. The results have indicated that residual hearing
ability shows the nmaxinum correlation wth the speech

intelligibility.
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On the production side speech intelligibility has been
studied with relation to segnental and suprasegnmental errors.
Errors involving individual speech phonenes, i.e.,segnental
errors have been studied in depth by nunber of researchers
(Hudgi ns and Nunbers, 1942; Nober, 1963; Makids, 1970;
Smith, 1973,1975a; Monsen, 1977; Brannon, 1966; Gold, 1978
McGarr, 1980; Ravishankar, 1985; Levitt et al., 1974;etc).
According to these studies there is a high negetive
corrilation between the frequency of segnental errors on
intelligibility i.e. the higher the incidence of segnental
errors and the poorer the intelligibility of speech on the

average (Parkhurst and Levitt, 1980).

Studies on acoustic features of speech of the hearing
i npai red have supported the findings of the above nentioned
studies. ( Calvert, 1961; Monsen, 1974; 1976 a, b, c; Rothman
1976) . Both consonant and vowel erros have 1long been

recogni sed in the hearing inpaired.

Consonant errors include

- Voicing errors
- Substitution errors

- Orission errors
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Vowel and di pthong errors include

- Substitution errors

- Neutralisation of vowels

- Di pthongi zati on of vowels

- FErrors involving dipthongs, either the dipthong was
split into two distinctive conponents or the final

conponent was dropped.

Hudgi ns and Nunbers (1942), and Smth (1975), reported a
hi gh negative correlation between speech intelligibility and
total nunber of consonant errors and total nunber of vowel
errors. Anong consonant errors om ssion of initial consonant,
voi ced-voi cel ess cofusion, and errors involving conpound
consonants had nost detri nent al ef f ect on speech
intelligibility. Substitution errors, nasality errors,
om ssion of final consonants and errors involving abutting
consonants had a lower correlation with intelligibility and
contributed to a nuch |esser extent to the reduced

intelligibility of hearing inpaired children's speech.

Monsen (1978), examned the relationship between
intelligibility and four acoustically neasured, variables of
consonent production, three acoustic variables of vowel
production and two neasures of prosody. The three variables

were highly correlated with intelligibility they were:
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1. the differance in VOI' between /t/ and /d/
2. the differance in 2nd formant | ocation between /i/ and /1 /
and 3. acoustic characteristics of the nasal and Iliquid

consonants.

O her segnental errors that have been observed to have a
significant negative correlation with intelligibility are:
om ssion of phonenes in the word initial and nedial position,
consonant substitution and uni denti fi abl e or gr oss

di stortions of the intended phonene. (Levitt et al, 1980).

Consonant errors have been generally found to be highly
correlated with speech intelligibility than are the vowel
errors. (Hudgins and Nunmbers, 1942).

Supra segnental errors:

"Supra segnental or prosodic features of a |anguage are
variations larger than individual segnments overlaid upon a
word, phrase or sentence. They are the direct bridge to
meani ng" (Bor den and Harris, 1980). They i nvol ve
characteristics of speech that extend over units conposed of
nore than one phonetic segnent.

In normal speech production, the suprasegnmental aspects
i nclude the contour of fundanmental frequency versus tine, the
durations of certain of the speech events and pauses and the
assignnent of relative promnence or stress to different

syllables. (Stevens.et.al., 1979).



18

Al t hough much attention has been given to the segnental
errors nmade by the deaf, it has |long been recognised that
suprasegnental deficiencies contribute as much or nore to the
problem of poor intelligibility in the speech of the deaf

(Gold, 1978).

Hudgins and Nunbers (1942), reported that those
utterances marked by faulty rhythm (55% of all utterences)
accounted for only 26% of all of the intelligible sentences
read by their deaf subgects. However, the remaining
utterances which were charecterized by good use of rhythm
regardl ess of whether there were nunerous articulatory errors
accounted for 74% of all of the intelligible sentences read.
Thus it would seem that if a sentence is produced with
appropriate rhythm it stands a better chance of Dbeing
understood. The proper rhythmor timng of speech is affected
by various factorslike overall rate, duration of phonenes,

pausi ng and groupi ng of syllables (Gold, 1980).

Smth (1975), on the basis of her finding i.e. some of
the subjects in her study who had approxinmately the sanme
frequency of segnental errors had speech intelligibility
scores differing by as nuch as 30% hypot hesi zed that these
differences appeared to be related, 1in part,to certain
suprasegnental errors that interacted in a conplex nmanner

with the segnmental errors to reduce the intelligibilty.
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The suprasegnmental errors include faulty rhythm devi ant

voice quality of errors in velar control (Ravishankar, 1985).

Ti m ng:

Rate: On the average, deaf speakers speak at a nuch sl ower

rate than normal speakers. (Rawings, 1935; 1936; Voel ker,
1938; Calvert, 1962; Boone, 1966; Brannon, 1986; Hood, 1966;
Martony, 1965; 1966; Calton and Cooker, 1968; Boothroyd.et.
al ., 1974, Wckerson.et.al., 1974).

Voel ker (1938), conpared 98 deaf and 13 normal hearing
children in grades 1-3 on reading rate. He found that the
fastest deaf reader was slightly slower than the average
normal reader. The average reading rates for the two groups
were 69.6 and 166.4 words/mnute for the and normal hearing

child, respectively.

Ni ckerson.et.al (1974), tested slightly older deaf and
control groups on reading rate and still found |arge
di fferences between the groups, although the nmean rate for
the deaf group was a high as 108 words/ m n.

This supports Boone's (1966), findings that the rate of
the speech of the deaf increases wth age but still remains
considerably slower than that of normal speakers. N ckerson
et.al (1978), studied their subjects utterances in terns of

nunber of syllables/sec. Their study showed that an average
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of 2.0 syllables or 4.7 phonenes/sec for the deaf as conpared
with 3.3 syllables and about 8.0 phonenes/sec for nornmal
speakers. The nunber of syllables/sec for the normal group
was identical with the predicted nunmber suggested by Pickett

(1968) .

Physi cal neasures of speaking rate have shown that
profoundly hearing inpaired speakers on the average take 1.5
to 2.0 times longer to produce the sanme utterance as do
normal hearing speakers. (Boone, 1966; Heidinger, 1972; Hood,
1966; John & Howarth, 1965; Voel ker, 1935;1938).

Hearing inpaired speakers have been found to speak
nore slowy than even the slowest hearing speakers. Wen
hearing inpaired speakers and nornmals have been studied under
simlar conditions the neasured rates of syllables or word
om ssion have often differed by a factor of two or nore

(Hood, 1966).

According to Stathopol ous, Duchan, Sonnenneirer &
Bruce (1988), intonation and timng in deaf speech have not
been studied to the sane extent as they have been in the
speech of normal hearing persons, even though it is apparent
that deaf speaker have abnornal intonation and timng

patterns.
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Sone researchers enphasize on the duration of utterances
in the speech of hearing inpaired, as being longer in
duration in conparison with that of normal hearing speakers.
(Hood and Di xon, 1968; Voekler, 1938 and Di ckerson, 1975).
The increase in duration results from the |engthening of
phonenmes and therefore the syllables (Calert, 1962 ; WMason
and Bright, 1937 ; Rothman, 1976, 1977 and Hood and Di xon
1969) .

O her researchers view the speech timng of the deaf
speakers as not nerely slowing down of nornmal pattern but
rather as qualitatively different. For exanple Audo and
Canter (1969), found that deaf speakers produced only
stressed syllables. Simlarly, m the deaf speakers studied
by Osberger and Levitt (1979), failed to adequately
di sti ngui sh between stressed and unstressed syll ables, and M
Garr and Harris (1983), found considerable variability in
intensity, f, and duration of their deaf subjects production
of both stressed and unstressed syllables. The existence of
pauses between words also support the difference argunent,
since normal speakers do not typically exhibit such pauses

(Rochester, 1972).

The study by stathopoulos. et.al., (1988) also confines
the notion of |onger duration of utterances anobng the hearing

i mpaired as al so the presence of pauses.
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The problem of reduced rate of speaking in the deaf
speaker seens to be related to two separate problens of i.e.
i. increased duration of phonenes and
ii. inproper and often prol onged pause within utterances

(Gol d, 1980).

| ncreased duration of phonenes:

The duration of a phonene bears inportant information in

t he perception of a speech nessage.

The literature contains very |little about such gross
aspects of speech timng as the duration of vowels and
consonents (Kent, 1976).

Durational changes in vowels serve to differentiate not
only between vowels thenselves but also between simlar
consonants adjacent to those vowels ( Raphel, 1972; Gold,
1980) .

Vowel s are longer in the precence of voiced stops and
continiuants ( House and Fairbanks, 1953; Denes, 1955;
Raphel, 1972; Peterson & Lehiste, 1960; Lindblom 1968,
Di sinoni, 1974a,b). This |lenthening of the vowel contribute
to the perception of the consonants. Schwartz (1969) also
noted that consonant duration was |engthened when the post
consonant vowel was /i/ no matter what the proceedi ng vowel
(ina VCV utterance). Unfortunately, however, the duration

of phonenes is distorted in the speech of the deaf.
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There is a general tendency towards a |engthening of
vowel s and consonants ( Angel occi, 1962; Calvert, 1962; Joha
& Howr at h, 1965; Hoone, 1966; Levitt et al.,1974; Parkhurst &
Levitt, 1978 ). " The prolongation of speech segnents such as
phonenes, syllables and words are often present in the
speech, of the hearing inpaired " (GCsberger & Levitt, 1979
OCsberger & Mc Garr, 1982).

Cal vert, (1961) was anong the first to obtain objective
measurenents of phonemc duration in the speech of hearing
i npai red by spectrographic analysis of bisyllabic words. The
rewsult of this study showed that hearing inpaired speakers
extended the duration of vowels, fricatives and the
closure period of plosives upto five tines the average

durations for normal speakers.

Angel occi, (1962) clained that his deaf subjects took 4-
5 times as long to produce the fricatives as did his nornal
heari ng subjects. The closure periods for plosives were also
conci derably prolonged. According to Hood (1966), training on
duration of phonenes woul d onprove intelligibility
significantly if articulation was good.

Monsen (1976), studied twelve deaf and six nornal
hearing adol ecents as they read fifty six CVCs containing the
vowels /i/ or /1/. He found that the deaf subjects tended to

create nutually exclusive durational classes for the two
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vowels such that the duration of one vowel could not
approximate that of the other even when they occured in the
presence of different consonants. For the normal subjects,
theduration of /i/ was always longer than /I/ for a
particul ar consonant environnment, but the absolute durations
of the two vowels could overlap if the aconpanyi ng consonants
differed. Thus, although the vowels produced by the deaf
subjects were distinct in terms of duration, they were still
less intelligible since the listener could not rely on nornmnal

decodi ng stategies to interpret the speech that was heard.

Sussman and Her nandez (1979), did spectrographic
anal ysis of several suprasegnental aspects of the speech of
ten hard of hearing inpaired adolescents. Anong ot her
findings, they observed that the hearing inpaired speakers
did produce longer vowels before voiced stops than before
voi cel ess stops. However, they noted that the increase in
vowel duration due to the ©presence of voicing was
considerably smaller than for nornmal speakers.

Wiitehead and Johns (1979), noted that vowels were
significantly longer in duration in a voiced than in a
voi cel ess consonant environnent and were |longer in duration
in a fricative than a plosive consonant environnment. However,
unl i ke normal speakers they found that, the hearing inpaired
speakers produced |onger [/ s/ segnents in the /al/ vowel

environnment than /i / environnent.
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OGsberger and Levitt (1979), observed that syl abble
prol ongaton in speech of the hearing inpaired was primarily
due to prolongation of vowels. Duration of vowels, glides and
nasals were longer in speech of the deaf children. On the
other hand the duration of fricatives, affricates and

pl osi ves were found to be shorter in deaf subjects.

" The hearing inpaired fail to produce appropriate
nodification in the vowel duration as a function of the
voi ci ng charecterestics of t he followng consonants”
(Cal vert, 1961; Monsen, 1974). " Hence, the frequent voice-
voi cel ess confusion observed in their speech may actually be

due to vowel duration errors" (Calvert, 1961).

Leeper et al (1987)studied VOI, total syllable duration
for VCV syllables, initial and final vowel duration in nine
hearing inpaired children and nine normal hearing children
who served as controls. They were matched for age and sex
with hearing inpaired children. THe speech stinmuli enployed
were bisyllabic (VCV) utterances with a symmetrical (?) vowel
[al - obstuent /p/ vowel /a/ formant. The stimuli were in
three utterance contexts of increasing length ; i.e.,/apal,
[ apa saw apa/, /apa saw apa with apa/.

The results showed that hearing inpaired children took
significantly longer time than their controls to produce

syllables. In addition, there was a nunerical trend for the
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first word like utterance in the phrase to be shorter than
the next word for both groups of children. Again variability
was alnost twice as large for the hearing inpaired children
than normals. Analysis of the tenporal <charecteristics of
initials final vowel in the /apal/ utterences showed that the

hearing inpaired children had significantly larger durations
on both positions of the syllable than did their controls

for the normal hearing children the initial vowel in the VCV
utterance was significantly shorter in the first word than in
subsiquent initial vowels in the sentence I|ike franes of
increasing lenth is, the first vowel in the three word like
"/ apal/ saw /apa/ task was significantly shorter than the 2nd
initial vowel. The findings were the sanme for the initial

vowel in the five word |ike length utterences for the normnal
hearing children. The hearing inpaired children did not show
a significant systematic shortening of the initial vowel in
the syllabic productions for either three or five word |ike
utterence length. The only trend that was noticeble for the
hearing inpaired children was for the length of the initial
vowel in the sigle word repition event to be |onger than all

other initial vowels in the other utterence |ength task.

Simlarly, the hearing inpaired children dnonstrated
significantly longer durations of the final vowel in the
[ apal/ syllable during alterations of utterence |engtth, when

conpared with their normal controls.
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"The hearing inpaired children showed a significantly
| onger vowel durati on, as conpared wth normals.”
Raj ni kanth (1986), and Shukla (1987), conpared vowel duration
and consonent duration in thirty nornal and hearing inpaired
individuals who were matched for age and sex. The results
showed that -

a) On the average the duration of vowel /a:/ was |onger when
followed by a voiced consonent in both the groups of
subj ects. However, in both the groups the difference was
l ess than the JND for duration.

b) IN both the groups vowel /a:/ was longest in duration
when followed by a nasalsound within the voiced sounds
category and when followed by a fricative / s/ within the
voi cel ess sounds category.

C) The duration of the vowel /a:/ in the medial position
was |onger in the speech of the hearing inpaired than in
the spech of the normally hearing speakers.

d) In normally hearing speakers the nean duration of the
vowels /a/, [i/ and /u/ in the final position, i.e.,
preceded by differen consonents were aaround 200nsecs,
195msecs and 185msecs, respectively. In the hearing
i npai red speakers /i/ and /u/ tended to be |onger than
in normal speakers and the vowel /a/ tended to be either
| onger or shorter when conpared to the length of the

vowel /al/ in normal speakers.
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Hearing inpaired speakers showed a grater variation in
vowel durations than normally hearing speakers.

In the normally hearing speakers vowel /a/ in the final
position was |longer than vowels /i/ and /u/ whereas in
the hearing inpaired speakers, vowel /a/ was shorter
t han vowels /i/ and /u/.

There was a vowel |enthening phenonenon in Kannada
| anguage. (" vowel |enthening phenonenon is the fina
syl l able vowel durational increnment of 100 nsec or nore
in English |anguage for phrase final and utterance fina
positions' (Klatt, 1975a, 1976 ).

Both the groups of subjects did not show any consistent
changes in the duration of the vowels dependi ng upon the
precedi ng consonents.

In both the groups of subjects durations of consonants
were longer in vowels /i/ and /u/ enviornnments than

in the vowel /a/ enviornnent.

In both the groups velar sounds tended to be |onger than

bi | abi al consonents in both the voiced and the voicel ess
cat egori es.

In the speech of the normally hearing subjects voicel ess
were significantly longer than the voiced consonants.
Whereas, in the speech of the hearing inparied t he
dur ati onal difference between voiced and voiceless

consonants was cosi derably reduced.
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1) In both the groups of subjects the lateral sound /1/
anong the voiced sounds and the fricatives /s/ anong the
voi cel ess sounds were the shortest in duration.

m In the speech of the normally hearting the affricates /c/
and / j / were the |ongest, whereas, in the speech of the
hearing inpaired /t/ and /d/ were the longest in
voi cel ess and voi ced categories of sounds respectively.

n) Durations of all the consonants were longer in the
speech of the hearing inmpaired than in the normally
heari ng speakers.

0) Hearing inpaired speakers showeda greater variation in
controlling the Ilength of all the ~consonants thn

normal | y hearing speakers.

The factors Jleading to or related to particular
difficulties with timng of speechevents, prolonging them and
produci ng apparently high variability of timng in the speech
of the hearing inmpaired are not known. However, one
possibility is that tjey depend heavily upon vision and that
vision sinmply does not operate in as rapid a tine as audition
(Carlson, 1977; Ganong, 1979). Another possibility is that
auditory feedback us necessary for rapid snooth production of
complex notoric sequences of speech (Lee, 1950) and that
hearing inpairement I|imts the necessary information too
severly, requiring a general slowing of the nechanism of

production and inposing high instability upon tim ng
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The duration of segnments also gets influenced by factor
operating at the level of syllables, wrd and phrases. In
Engl esh, <changes in cotrastive stress have been found to
produce systematic changes in vowel duration. Wen the sane
vowel s are unstressed syllables, the proportional shortening
is smaller,on the average in the speech of the hearing
inpaired than in the speech of the normal subjects (Osberger,
Levitt, 1979; Stevens et al, 1978). 1In contast to this
Reilly (1979) found larger than normal duration differences
between vowels in primary and weak stress syllables produced

by a group of profoundly hearing inpaired children.

Anot her manifestation of +the problem of duration of
phol nenes is that the hearing inpaired speakers fail to make
the difference between the durations of stressed and
unstressed syllables sufficiently large ( Angelocci, 1962;
Ni ckerson et al, 1974). Although they prolong, the duration
of both stressed and unstressed syllables, the increase
tended to be proportionally greater for the unstressed
sounds. Hearing speakers |engthen stressed syllables and
syllables in word final and sentence final positions ( Fry,
1958; Klatt, 1974).

Ni ckerson et al.,(1974) found that the deaf children
fail to produce differences between the durations of the
stressed and unstressed syllables that were as great as those

produced by normal hearing children. Although, subjects of



31

both the groups tended to prolong the syllable in phrase or
sentence final position, +the deaf subjects produced the

unstressed syllables also with increased duration.

Boot hr oyd. et . al (1974), found that the wunstressed
syllables in the deaf were twice longer than those of
normal s. Angel occi 91962) reported that the durations of the
unstressed vowel s produced by deaf speakers were 4 to 5 tines
| onger than those of normal sprakers. Durational increase for
stressed syllables also has been reported (John & Howart h,

1965).

OGsberger and Levitt (1979), found that the nmean duration
ratio for stressed and unstressed vowels was 1.49 to 1.28 for
the nornal hearing children and the deaf chil dren
respectively. The reduced ratio for the deaf <children
indicates that while the average duration of unstressed
vowel s is shorter than the duration of stressed vowels in the
speech of the deaf children, the proportional shortening of
unstressed vowels iss smaller on the average, in the deaf
children's speech than in the normal hearing children's
speech. (OGsberger & Levitt, 1979). They also found that the
average duration of both stressed and unstressed syll ables
was prolonged in the speech of the deaf children. The nean
duration ratio for stressed to unstressed syllables was al so

reduced in case of the hearing inpaired.
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The review of literature shows that the hearing inprired
speaker seens to produce only stressed syllables and that
there is an overall tendency for increased duration of all

phonenes in the speech of the hearing inpaired.

Sonme investigators have attributed this partly to the
training where a great enphasis on the articulation of
i ndi vi dual speech sounds or i solated consonent vowel
syl l abl es. (Boone, 1966; John & Howarth, 1965). As a result,
a lack of differentiation between the length of stressed and
unstressed syllables contributes to the ©perception of
i nproper accent in the speech of the hearing inpaired. (Cold,
1980) .

Sever al I nvestigators have reported that the word
duration itself has been found to be excessive in the speech
of the hearing inpaired. (John & Howarth, 1965; GOsberger,
1978). El ectronyographic data have supported these findings
(Huntington et.al., 1968). The tongue novenents of the deaf
have been found to be extrenely slow and sonme tines
unnecessary notions of the tongue have also been observed.
(Brannon, 1964; Huntington et. al., 1968).

The way in which the hearing inpaired speakers use
tenporal manipulations to convey differnces in syllabic
stress pattern is not clear. Mc Garr and Harris (1980), found

that even though intended stressed vowels were always |onger
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than unstressed vowels in the speech of one profoundly
hearing inpraired speaker, the intended stress of pattern
was not always perceived correctly by a listener. Thus, the
hearing inpaired speaker was using some other suprasegmenta
features to convey contrastive stress. Variation in
fundanmental fregency would be a likely alternative, but
McGarr and Harris (1980) also found that while the hearing
i npai red speaker produced the systematic changes in the
f undanent al frequncy associated wth syllable stress,
perceptual confution involving stress pattern were stil

observed. (GCsberger & McGarr, 1982).

| nt er phonem c transitions:

Transi ti onal el enents between phonenes and between
syllables play an inportant role for the flow of nornmal
speech.

Speech sounds that require the precise coordination of
the timng of different articulatory novenents or the rapid
transition from one articulatory position to another to
another may be a problem for the hearing inpaired (N ckerson,
1975). Many studies support the view that the deaf do not
nove their articulators correctly in proceeding from one
phonene to the next. (Valvert, 1961; 1962; Angelocci, 1962
John & Howarth, 1965; Mrtony, 1965; 1966; Brannon, 1966;
Smth, 1973; Stevens et. al., 1976; Parkhurst & Levitt,
1978).
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Levitt (1971), reported that while noving from one
articulatory position to next, the deaf child intentionally

omts sounds.

O her kinds of transitional problens reported include
the timng of voice onset relative to the release of
voi cel ess stops (Angelocci, 1962), defective timng during
the onset of nasalization for nasal consonents (Stevens et.
al., 1976) and during the end of nasalization of nasal

consonents. (Martony, 1965, 1966).

Anot her  suprasegnent al t enpor al effect occuring in
normal speech is prepausal |engthening. Wen a syllable
occurs before a pause that marks a positive nmjor syntctic
boundary, it is longer in duration than when it occurs in
other positions in a phrase (klatt, 1975). It has been
observed that hearing inmaired speakers do not always |engthen
the duration of the phrase final syllables relative to the
duration of the other syllables in the phrase. (Osberger and
McGarr, 1982).

Stevens et. al., (1978) observed that when there was
evi dence of prepausal Ilengthening in the speech of hearing
inpaired talkers, the increase in the duration of the final
syllable was nuch smaller for the hearing inpaired than for
the normal hearing speakers. On the other hand, Reilly,

(1979), found that the hearing inpaired speakers in her study



35

used duration to differentiate prepausal and non-prepausal
syllables. Reilly (1979), observed a larger than norna
differencees between the duration of syllables in the
prepausal and nonprepausal position in the sanples produced

by the hearing inpaired children.

Pauses:

It has been reported that profoundly hearing inpaired
speakers typically insert nore pauses, and pauses of |onger
duration than do speakers with normal hearing (Boone, 1966;
Boot hroyd et al , 1974; Heidinger, 1972; Hood, 1966; John &
Howart h, 1965; Stevens et al., 1978).

Pauses may be inserted at syntactically inappropriate
boundari es such as between two syllables in a bisyllabic word

or wthin phrases. (OCsberger & Mc Garr 1982).

Stark & Levitt (1974), reported that the deaf subjects
tended to pause after every word and stress alnost every
word. Oral readings of sentences specially designed to test
the use of pause and stress were analysed in this study.
According to John & Howarth (1965), the silences between

words seen in the speech of the deaf subjects often accounted
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for one half the total tine taken in uttering the test
sentences. Nickerson.et.al (1974), reported that total pause
time for hearing children constituted 25% of the tine
required to produce the test sentences while the pause tine

for the deaf was 40% of the total tine.

Boot hroyd et.al (1974), have considered that wthin
phrase pauses were nore serious problem than between phrase

pauses in deaf speakers.

OCsberger & Levitt (1979), reported that there was no
evidence of within phrase or within sentence pauses in the
utterences produced by the normal hearing speakers. The deaf
children paused frequently within a phrase and they often
inserted pauses between syllables in bi-syllabic words. The
mean nunber of pauses per sentence was 5.7 in the deaf
children's speech. The greatest difference between normals
and hearing inpaired speakers has been observed in the
durations of inter and intraphrase pause (Stevens et al .,

1978).
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Closely related to the problem of excessive and
i nappropriately placed pauses is that of poor rhythm The
i nappropriate use of pauses along with the timng errors |ead
to the perception of inproper grouping of syllables and thus
contributes to the poor rhythm perceived in the speech of the

hearing inpaired (Hudgins, 1946; N ckerson et.al., 1974).

The results of the studying Hudgins (1934, 1937, 1946)
suggested that the frequent pauses observed in the speech of
the hearing inpaired may be the result of poor respiratory
control. The results showed that deaf children used short,
irregular breath groups often with only one or two words and
breath pauses that interrupt the flow of speech at
i nappropriate places. Also, there was excessive expenditure
of breath on single syllables, false grouping of syllables
and m spl acenents of accents. Forner & Hi zon (1977) confirnmed
this from their study. THey found the nuscle activity to be
normal for deaf individuals during quiet breathing but noted
that yhey do not take enough air while breathing for speech.
Thus, hearing inpaired children distort many tenporal aspects
of speech. These distortions, excessively prolonged speech
segnents and the insertion of both frequent & |engthy pauses,
are perceptually promnent and disrupt the rhythm c aspects

of speech. Inspite of these deviences, there is evidence
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suggesting that hearing inpaired talkers nmanipulate sone
aspects of duration such as those involving relative duration

in a manner simlar to that of speakers wi th nornmal hearing.

Voi ce quality:

There seens to be a great agreement that the speech of
the hearing inpaired has a distinctive quality that
differentiates this popul ation fromother speakers ( Calvert,

1962; Boone, 1966).

Calvert (1966), reported that the voice quality of the
hearing inpaired can be recognised easily. However, the
charecteritics that contribute to this perceived deviation

are difficult to characterize (N ckersory, 1975).

The voice quality of the deaf <children were often
described as 'tense', ‘'flat', ‘'breathy', ‘'throaty' and
"harsh’ by the teachers of the deaf (Calvert, 1962). This
deviant quality of voice has been presuned to be a
consequence of inproper positioning of the vocal folds with
too wide an average glottal opening during voiced sounds

(Hundgi ns, 1937, Stevens, et. al., 1978).
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Vel ar control:

The velum or soft palate functions as a gate between the
oral and nasal cavities. It lowers to open the passage to the
nasopharynx for the production of nasal consonants. On the
other hand, it raises to seal off the passage for the
producti on of non-nasal sounds. If the velumis raised, when
it should be lowered, the resulting speech is described as
hyponasal, if it is lowered when it should be raised the

speech is described as hypernasal.

| nproper control of the velum has |ong been recognised
anong the hearing inpaired speakers (Hudgins, 1934). | nproper
velar control nmay affect the resonant properties of speech
and also may result in articulatory errors. (Gsberger and

McGarr, 1982).

Hypernasality has been reported to be present in the
speech of many hearing inpaired individuals. (Hudgins &
Nunber s, 1942; Boone, 1966; Calton & Cooker, 1968;

Nor man, 1973) .

Stevens et.al (1976), reported oral/nasal substitutions
in the speech of the deaf individuals. They also found that
76% of the profoundly hearing inpaired children had excessive

nasal i zati on when conpared to nornmal s.
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Learning velar control is difficult for the hearing
i mpai red children because:
1. raising and |owering novenents of the velum are not
detectable via |ipreading and
2. the activity of velum produces very little

proprioceptive feed back (N ckson, 1975).

Devi ant nasalization characteristics in the speech of
the hearing inpaired has been reported to be the result of
i nproper posture of the velopharyngeal structure (Hudgins,
1934; M unpa, 1966; Stevens et.al.,1976), inappropriate
timng of the opening and closure gestures of the velum
(Stevens et,al.,1976) and faulty pal ato-pharyngeal valving
(Subsently et.al., 1980).

The studies have pointed out that for rmany deaf
speakers, the velumremains |owered nmuch of the tinme and thus

many vowel s are nasali zed.

Anot her deviation reported is the way the tongue body is
positioned in the nouth. For some, hearing inpaired speakers,
the tongue body positions has been found to be relatively
immobile as for as front-back novenent during speech
production is concerned. As a result of this a rather narrow
range of variation of the frequency of the 2nd formant has

been observed (Mnsen, 1976).
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Boone (1966), Seaver et al., (1980) pointed out that
nasalization in the speech of the hearing inpaired is due to
the perceived resonance brought about in the pharengeal
region by an inferiorly retracted tongue position during
speech and not due to velopharengeal inconpetency. Mller
(1968), on the other hand, has attributed nasalization

problens to types of hearing |oss.

Colton and Cooker (1968), have cautioned that the
perception of nasality can be influenced by other speech
deviations such as msarticulations, pitch variations and
speech tenpo. The problem of |oudness in the speech of the
hearing inpaired has drawn attention of several investigators
(Marony, 1968; Mller, 1968; Carhart, 1970). Many of these
studi es have shown the occurrence of inappropriate |oudness
in the speech of the hearing inpaired. Further abnormal

variations in |oudness have al so been reported.

Levitt.et.al (1974), exam ned segnent al and
suprasegnental errors in the speech of seventy congenitally
deaf children in the age ranges 8 to 10 and 13 to 15 years.
The nobst conmon suprasegnental errors judged consistently by
the raters were inappropriately nonotonous rate, insufficient
variability of intonation, inappropriate stress and spasnodic

control of phonation.
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Ravi shankar (1985), found that the intonation errors
were nost frequent, followed by pitch errors, errors inrate

of speech, errors in nasality and voice quality errors.

Supra segnantal errors and speech intelligibility:

Supr asegnent al conpetence once acquired becone an
i ndi spensabl e part of speech production (Ling, 1976). The
role of suprasegnental features of speech in the flow
intelligible verbal discourse has been well docunented by
several investigators (Ei senson 197; Lieberman, 1972; Martin;

CGeers 1978).

Due to suprasegnental deviations, the speech of deft
tal kers has been characterized as staccato, leading to the

perception of inproper grouping of syllables (CGold, 1980).

Suprasegnental errors also noted to be detrinental to
speech intelligibility. Some investigators have attenpted to
correlate speech intelligibility with suprasegnental errors.
(Hudgins and Nanbers, 1942; John and Howarth, 1965;
Levitt.et.al., 1974, Smth, 1975, M Garr. et.al., 1976,
Par khurst and Levitt, 1978 ; Mnsen 1979 ; Ravi shankar, 1986,
Metz, et al., 1985).



43

Studies that have attenpted to determne the role of
devi ant supr asegnent al producti on in generating
unintelligible speech are of two types
1. Correl ational studies.

2. Causal studies i.e., studies that attenpted to determ ne
the cause and effect relationship. These types of studies can
be subdivided into two nmaj or categories

(a) Studies in which hearing inpaired children receive

intensive training for the correction of particular
type of error.

(b) Studies in which the errors are corrected in hearing

inpaired children's recorded speech sanples using
nodern signal processing techniques.

Correctional studies

The suprasegnental errors exam ned nost extensively in
relation to intelligibility have been those involving timng.
One of the earliest attenpts to determine the relationship
between deviant timng patterns and intelligibility is found
in the study by Hudgins and Nunbers, (1942). Although they
correlated rhythm errors with intelligibility, many of these
errors appear to be due to poor timng control and F,. For
(Csberger and M Garr, 1982). they found that sentences
spoken with correct rhythm were substantially nor e
intelligible than those that were not. The correlation

bet ween speech rhythmand intelligibility was 0.73. The other
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correl ational studies have shown a noderate negetive
correl ation between excessive prolongation of speech segnents
and intelligibility (Mnsen and Leiter, 1975, Parkhurst and

Levitt, 1978).

Levitt, et. al., (1974) reported that deviant timng
patterns such as excessive prolongation of words and
i nappropriate pauses in the speech of the deft, have a marked

effect upon the overall speech intelligibility.

Reilly (1979), found that relative duration (stressed
unstressed syllable nuclii duration ration) denonstrated a
systematic relationship with intelligibility. Reilly (1979),
suggested that the better able +the profoundly hearing
i npai red speaker was to produce the segnental, |exical and
syntactic structure of the utterance, the nore intelligible

the utterance was likely to be.

Data reported by Parkhurst and Levitt (1978), indicated
that another type of timng error, the insertion of short
pauses at syntactically appropriate boundaries had a positive
effect of intelligibility. The presence of these pauses
actually helped to inprove the intelligibility. They added
that excessive or prolonged pauses appeared to have a

secondary effect in reducing the intelligibility.
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The suprasegnental errors in the speech of hearing
inmpaired consists of errors of prosody (eg: errors of
intonation, stress, and or phrasing) abnormal voice quality,
hyper or hyponasality, i nappropriate average pitch and
i mproper control of voicing. (Ni ckerson, 1975; Levitt,
et.al., 1974) . O these, errors of duration and timng have
received the greatest attention, partly because the errors
are perceptually promnent and also because inproved timng
can be obtained with good training. (Parkhurst and Levitt,

1978).

Studies that have attenpted to determ ne the causes and
effect relationship between speech errors intelligibility and
have dealt primarily with timng. (GCsberger and M Garr,
1982).

The classic training study that attenpted to determ ne
t he causal rel ationship bet ween timng errors and
intelligibility was conducted by John and Howarth (1965).
They reported a si gni fi cant I mpr ovemnent in t he
intelligibility of profoundly hearing inpaired children's
speech after the children had received intensive training
focussed only in the correction of timng errors.

Heddi nger (1972), also reported simlar result i.e., he
found inprovenents in the intelligibility of the speech of
children who were given training enphasizing timng. On the

ot her hand, Houde (1973), observed a decr enent in
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intelligibility when timng errors of hearing inpaired
speakers were corrected and the results of a simlar study by

Boot hroyd, et.al., (1974) were equivocal.

Studi es have been conducted in which the errors are
corrected in hearing inpaired children's recorded speech
sanpl es using nodern signal processing techniques to bring
about inprovement in intelligibility.

A major problem with the training studies is that the
training may result in changes in the child s speech other
than those of interest. In addition to this, the effect of
phonene production and of prosodic feature production upon
intelligibility have not been separated sufficiently in these
studies (Csberger and Mc Garr 1982).

Recent investigation have attenpted to elimnate this
conf oundi ng vari abl es by usi ng comput er processi ng
t echni ques. In such studies, speech is either synthesized
with timng distortions, (Lang, 1975, Hudgins, 1977 ;
Bernstein, 1977) or synthesized versions of the speech of the
hearing inpaired are nodified so that the errors (timng or
pitch and intonation errors) are corrected selectively.
(Csberger and Levitt, 1979 Maassen and Povel, 1984 a; 1984b;
1985, Oster, 1985, Massen, 1986).

Gold (1980), gave a detailed review of a |arge nunber of
studies dealing wth the production characteristics of
hearing inmpaired individual. The review ends wth the

following conclusions : "Wereas there is such docunentation
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of the kinds of segnental and suprasegnental errors in the
speech of the hearing inpaired. There is far |ess evidence of
the direct effects of each of these error types on overal
speech intelligibility". " Thus, although we may be able to
identify those errors to occur nost frequently in the speech
of the deft, we need further research to indicate how these
error types interact to reduce speech intelligibility and to
determne which error types should be the first to be
considered when planning a training program for inprove
speech production in the hearing inpaired children".

During the last Years the studies have gradually been
nore concentrated on the relation between speech errors and
the naturalness and intelligibility of speech with the aimto
i nprove training nethods in schools (Gster, 1985).

The advantage of using conputer processing techniques is
that it is possible to determne the causal relationship
between the errors and the intelligibility wthout the
presence of the confounding variables that are seen in the
training studies (Gsberger and Levitt, 1979).

In digital manipulation techniques it is easy to correct
errors in the tinme domain (suprasegnental) but nore difficult
to correct segnent al errors (Hudgi ns, 1977, Kr uger
et.al.,1972; Massen and Povel, 1984; Gsberger and Levitt,
1979). I f speech synthesis techniques are used, both types
of errors can easily be corrected or inserted, especially if

a synthesis-by-rule systemis used (Bernstein, 1977).
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A better way to test the hypothesis that inappropriate
timng is a significant contributor to the unintelligibility
of deaf speech is through an anal ysis-by- synthesis
approach; that is, by examning the perceptual effect of
instrumental rmanipulation of recorded sentences (Harris &
McGarr, 1980). Lang (1975) wused an analysis- synthesis
approach to correct timng errors in the speech sanples
produced timng distortions in the sanples of normal
speakers. Mnimal inprovenents intelligibility were observed
for the speech of the hearing inpaired, and mninma
decrenments in intelligibility were observed for the nornmal

speakers.

Berstein (1977), f ound no reduction in t he
intelligibility of speech sanples produced by a nornal
speaker when nor nal speech was synthesized wth the
dur at i onal relationship between stressed and unstressed
syllables reversed there was substantial reduction in
intelligibility. Even greater reductions, in intelligibility
occurred when the stress assignnments for both pitch and

duration were incorrect.

In an attenpt to resolve some of the conflicting
information in this area, OGsberger & Levitt (1979),
quantified the relative effect of timng errors on
intelligibility by means of conputer stinulation. Speech
sanpl es produced by hearing inpaired children were nodified
to correct timng errors only, leaving all other aspects of

t he speech unchanged, 3 types of corrections were perforned
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nanmely, relative timng, absolute syllable duration & pauses.
Each error was corrected alone and together with one of the
other timng errors. 6 - stage approximtion procedure was
used to correct deviant timng patterns in the speech of six
deaf children. They were|l. Original, wunaltered sentences.
2. Correction of pauses only. 3. Correction of relative
timng. 4. Correction of absolute syllable duration.

5. Correction of relative timng and pauses. 6. Correction of
absolute duration and pauses. An average inprovenent
intelligibility was observed only when relative timng errors
al one were corrected. The. second highest intelligibility
score was obtained for the original, wunaltered sentences.
The intelligibility scores obtained for the other four forns
of timng nodification were poorer than those obtained for
the original sentences, on the average. However, the
i nprovenment was very small (49 . Since the timng nodification
for this condition involved only the <correction of the
duration ratio for stressed-to-unstressed vowels, the overal
durations of the vowels (& syllables) were still |onger than
the corresponding durations in normal speech. "These data
i ndi cate that the prolongation of syllables and vowels, which
is one of the nost obvious deviancies of the speech of the
hearing inpaired, does not in itself have detrinmental effect

onintelligibility" (Gsberger & Mc Garr, 1982).

Maassen & Povel (1984), changed the syllable and phonene
duration such that they were either absolutely or relatively

equal to durations of the corresponding segnents in the
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normal utterances. Intelligibility inproved from 25%to 30%
when a phonemc relative correction was perforned for 16 out
of 30 sentences. Here, each phonene got the sane relative
duration,as the correspondi ng phonene in a normal utterances.
| nprovenent in speech intelligibility was 11% to 17% when
syllabic relative correction was done (for 8 sentences of 30
sentences) where the syllable was the unit of transfornmation.
For 5 sentences largest increase resulted from a phonenmc
absolute correction (intelligibility rise from21%-28%) .
Maassen & Povel (1985), conducted three experinents to
study the effect of segnental and suprasegnental corrections
on the intelligibility and judged quality of deaf speech. By
means of digital signal processing techniques, including LPC
anal ysis, transformations of separate speech sound, tenporal
structure, and intonation were carried out on 30 Dutch
sentences spoken by ten deaf children. The transforned
sentences were tested for intelligibility and acceptability
by presenting them to inexperienced |isteners. A conmpl ete
segnental correction caused a dramatic increase in intelligi-
bility from24% to 72% which for a major part, was due to
correction of vowels. The correction of tenporal structure
and intonation caused only a small inprovenent from 24% to
34% conbi nation of segnental and suprasegnental correction
yi el ded al nost perfectly understandable sentences, due to a
nmore than additive effect of the two corrections. Quality
judgenents were in close agreenent with the intelligibility

measur es. "The results show that, in order for these
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speakers to become nore intelligible inproving their
production tenporal structure and intonation " (Massen &
Povel, 1985). Oster (1985) took speech sanples from three
deaf children and analyzed them individually to find errors
in vowels, consonants and prosody. Based on this analysis, a
phonetic system from each child was established and a
synthetic speech containing different conbinations of errors
was gener at ed. A group of normal hearing subjects listened
to the synthetic deaf speech and wote down all the words
that they could understand. The results of the study showed
that synthesis by rule system can be used to establish the
relative inpact on intelligibility of different types of
speech errors and to develop an individualized program for
speech inprovenent. The individualized program suggested for

the three deaf children inply that the segnental errors and

then the suprasegnental errors. The segnental error
correction will inprove the intelligibility upto 66%to 97%
Maassen (1986), inserted silent pauses with a duration

of 160nms between the words so as to mark word boundaries of
30 sentences spoken by 10 deaf children, acoustically.
Subsequent tests with normal hearing listeners denonstrated
that after insertion of pauses the intelligibility of the
sentences increased significantly from27%to 31%

Csberger & Levitt (1977), wite "To this date, there
have been studies of this nature (studies using conputer
processing techniques) and data which are available are

i nconcl usi ve. In view of the advantage of wusing this
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appr oach, addi ti onal studies enmploying digital speech
processi ng techni ques appear warranted”.

In an earlier study conducted by sheela(1988), it was
found that that the intelligibility decreased when both
pauses and vowel durations were corrected, when conpared to
conditions where only pause or vowel duration was corrected.
There is a relationship between the vowel duration and
fundanental frequency 1i.e., as the fundamenal frequency
varies the vowel duration has to be varied to keep the
intelli gibility constant(Nataraja, 1984). When the vowel
duration is altered in the speech of hearing inpaired, even
though the intelligibility was expected to inprove, it did
not because of the interdependence and relationship between
the sanme with fundanental frequnecy. An alteration in the
vowel duration without variation in the fundamental frequency
may not inprove the intelligibility. Therefore, an attenpt
has been nade here to find out the intelligibility by varying
the vowel duration, after correction of pause, by 100 %75 %
50% and 25 % towards the normal vowel duration. Thus the
study is ained at findingout the effect of correction of
pauses and vowel duration, on in the speech of the hearing

inmpaired,on intelligibility.



CHAPTER - |11

METHCDOLOGY

A. Subjects and test material:

Six children - three normal hearing and three hearing
inmpaired - between 9 - 12 years were selected for the study.
The hearing inpaired children were selected from anong the
cases who are attending AIISH for therapy. They al
satisfied the follow ng conditions -

1. Had congenital bilateral hearing loss (PTA of greater
than 70 dB - ANSI 1969 in the better ear).

2. Had no additional handicap other than that directly
related to the hearing inpaired.

3. Wre able to read sinple bisyllabic (VCV conbination)

words in Kannada.

Three normally hearing children were selected to match

each hearing inpaired subject in terns of age and sex.

The test materials consisted of eight bisyllabic Kannada
words (VCV). These words were chosen from the Kannada.
Articulation Test (Bettageri, Rathna, Babu, 1972) which is
used with the children of 3 years and above. Wrds were
sinple so that both normal and hearing inpaired children

could read them (See Appendi x-1).
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B. Experinental instrunents:

The speech sanples were recorded on spool tape using the
tape recorder of the sound spectrograph (Voice Identification
I cc. 700 series) A National Panasonic taperecorder ( Mdel RQ

2167 ) was used for perceptual judgenent.

C. Recording procedure:

The recordings were made in a sound treated room at
speech science |aboratory. Each subject had to read a |ist
of eight words in front of an unidirectional mc which was

pl aced at about four inches away fromthe subj ects nouth.

Acousti c Anal ysi s:

The recorded words were digitized at a sanpling
frequency of 8000 Hz and the block duration and resolution
were 50 msecs and 10 msecs and respectively, using a A/D

converter and a PC/ XT (W PRO).

The paraneters which were taken for analysis were vowel
duration, duration of the pauses (intraword - if any), total
duration of the word. These were noted down for all the six
children and for all the words [8 words each].

Statistical Analysis:

Descriptive statistics consisting of nean, standard
devi ati ons, m ni mum and maxi mum val ue, were obtained for all

the 3 paraneters.



55

To check whether there were any significant differences
between the values of the normal hearing group and hearing
i mpai red group, WIcoxon Signed Ranks Test was appli ed.

Correction of timng errors

The paraneters corrected were:

1) Vowel duration (both initial and final vowels)
2) Pauses, if any (intraword pauses)

Al'l conbinations of these three corrections were used.
Thus, seven conditions of presentation were obtained
al together which included the unaltered speech sanples of
normal and hearing inpaired group. They are |listed as

foll ows.

CONDI TI ONS OF SAVPLE PRESENTATI ON

Condi tions Sanpl es

1. Unal tered sanpl es

2. Sanples with only pause
el imnated

3. Sanples with altered vowel
duration (100%

4, Sanples with altered vowel
duration (100%9 wth no
pause

5. Sanples with altered vowel
duration (75% wth no
pause

6. Sanples with altered vowel
duration (50% wth no
pause

7. Sanples with altered vowel

duration (25% wth no
pause
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In all instances, corrections were nade to match the mean
val ues of normal hearing group.

Correction Procedures:

1. Correction of pauses only:

Since the normal hearing children did not show any
within the word (inter syllabic) pauses, all the pauses were
el i m nat ed, from the hearing inpaired children speech
sanples, if there were any. Care was taken to preserve the
transition portions of the wave forns.

2. Correction of the vowel duration only:

Here, the vowel durations (both initials and final
positions) of the hearing inpaired children's speech sanples
were either reduced or increased so as to match with the nean
val ues of the normal hearing group. Al so the vowel durations
of speech of hearing inpaired were altered by 75% 50% and
25% of the duration, so as to see their relative efffect on
the intelligibility. For exanple, the 100 % duration which
was excess for subject 1 when conpared to the respective
duration of the normal for vowel /a/, was 274.3 m secs,
therefore 75 % 50% and 25 % values which was altered were,
205.7, 137.15, 068.57 m seconds respectively. Care was taken
so that all the transition portions of the wave fornms were
not altered. The corrections was done only in the stable

portions of the wave forns.

Thus a total of 176 words were obtained for perceptual

j udgenent .
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Re-recordi ng the speech sanples:

The unaltered and altered speech sanples were recorded
on a cassette tape. There were 47 unaltered utterances and
119 altered utterances. 10 utterances (consisting of both
altered and unaltered sanples) were added as check words to
test the intra judge reliability. Al the 176 words were

random zed so as to elimnate practice effect.

Measures of speech Intelligibility:

Three listeners were asked to listen to the speech
sanples and to wite down 'the words that they have heard
(Word ldentification task). They were also requested to rate
the intelligibility of the words on a 3 point interval scale
(intelligibility rating), from 1, denoting unintelligible to

3, denoting highly intelligible.

Al 'l judges were native speakers of kannada
| anguage.
There were two conditions:
a) No clues were given regarding the words used in the study

(open set)

b) After step (a) the judge were asked to repeat the whole
procedure once again. Here, an additional clue was given
i.e., they were provided wth the list of words recorded and

presented for listeners (closed set).
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Statistical anal ysis:

a) The nunber of correct identification by each judge in
each category was converted into percentage of scores, as

foll ows ;

nunmber of correct identification
X 100

total nunber of utterances

b) The intelligibility rating:

The rating made by majority of the judges was consi dered
to be the intelligibility rate of that particular word. This

was done for both open set and cl ose set.

Descriptive statistics was obtained for both altered and

unaltered utterances and al so for open and cl osed sets.

Wl coxon Signed Ranks Test was perforned to check
whether these was any significant differences between
unaltered and each type of altered sets under both open and

cl osed set.

Inter judge reliability was checked using Pearsons rank

correl ati on net hod.

The results were also analysed to find out the words
that are identified correctly nmajority of the time in both

open and cl osed set conditions.
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A nmeasure was carried out to check the intrajudge
reliability using the words which were included for the same

pur pose.

Figures 1 to 6 show the wave fornms of wunaltered and

altered speech sanples of a hearing inpaired child.
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CHAPTER - IV

RESULTS AND DI SCUSSI ON

The aim of the study was to investigate the relationship
bet ween suprasegnental errors and speech intelligibility of
hearing inpaired speakers. The study was carried out in
three steps, viz., acoustic anal ysis, synthesis and
per ceptual judgenent.

1. Acoustic anal ysis:

Here, the vowel duration (of initial and final vowels),
pause duration (if any) and total duration of each vowel was
anal ysi s. The results of the acoustic analysis of vowel

duration and pauses indicated the foll ow ng:

Vowel duration:

On the average, the hearing inpaired subjects had | onger
vowel durations when conpared to normal hearing subjects. It
was noticed that occasionally, in specific utterances, the
vowel duration in the hearing inpaired speakers were shorter
than in normal hearing subjects. For exanple, [/ e:lu / of
the hearing inpaired subject 3 had a shorter final vowel
(434.4 msec.) when conpared to the corresponding nornal
hearing speakers utterance of / e:lu /. Tables 1 and 2 give
the descriptive statistics of vowel durations in the initia

and final position of words respectively for both normal and
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hearing inpaired subjects.

Table 1

~ Descriptive statistics of vowel duration in
initial position.( For subjects of normal group)

Vowel Mean S.D Range
M ni mum Maxi mum
[ a:l 254. 70 038. 37 222. 60 297. 20
/[ i [ |[114.23 044. 30 082.70 165. 00
/| u:l/ 234. 46 055. 67 198. 50 298. 60
/I el 136. 30 042. 87 003. 60 201. 40
I e:l 310. 73 052. 04 271. 20 369. 70
/I ol 273. 06 263. 14 113. 70 576. 80
[ ol 343.90 105. 30 229. 30 436. 40

( For hearing handi capped )

Vowel Mean S.D hAninumRangethinum
/| a:/ | 357.60 232. 80 108. 60 571.50
[ i/ 317. 60 149. 90 163. 40 462.90
/ u:l 404. 43 139. 89 243. 20 493. 60
/I el 167. 50 056. 19 08. 80 241.10
| e:l 414. 30 141. 34 254. 60 523. 50
/I ol 179. 60 036. 18 153. 60 221. 20
/ o:l 264. 70 119. 30 156. 90
392.90

The inspection of the above table clearly indicates that
the initial vowel in the speech of the hearing inpaired had

| onger duration than the normals. Further the study of Table
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-2, forces the conclusion that the duration of the final
vowel in the utterances of the hearing inpaired when conpared
to nornmals, was longer, simlar tothe initial vowel duration.
The hearing inpaired subjects have also greater variability

of vowel duration, which is evident fromTables -1 & 2.

TABLE 2

Descriptive statistics of vowel duration in final
position.( For subjects of normal group)

Vowel Mean SD Range

M ni mum Maxi mum
[ el 218. 17 037.92 183. 10 278. 80
il 210. 53 024.51 189. 60 237.50
[ a 171. 90 037. 65 130. 00 202. 90
[ ul 276. 68 140. 80 113. 70 537. 20

(For Hearing inpaired)

Vowel Mean SD Range

M ni mum Maxi mum
[ e/ 270. 88 130. 67 121.50 517. 60
[ i/ 330.80 153. 49 228. 50 507. 30
[ al 235.90 178. 90 126. 50 438. 90
/ ul 227 .90 122. 05 122. 50 434. 40

Among the nornmal group /o:/ had the |ongest vowel duration
in the initial position followed by le:l, /ol

la:/l, lu:l, /el and/i/.
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In the hearing inpaired group, /e:/ had the |ongest vowel
duration in the initial position followed by /u:/, /la:/l, [lil,
lo:/, /ol, and /e/. Simlarly, the duration of final vowels
when conmpared with normal, the hearing inpaired subj ect s
showed on an average /u/ as the longest final vowel followed
by /e/, /i/ and /a/ than the normal hearing group.

For the hearing inpaired group, /i/ had the |ongest fina
vowel followed by /e/, /al, and /ul. It was al so noticed
that there was relatively a large variation in the duration
of utterances of +the hearing inpaired when conpared to
normal s, both in the initial and final vowels. The range of
initial vowel duration in normals voice 82.70 msecs. to
576.80 m secs. In the hearing inpaired group it was 108. 30
to 571.50 m secs. The values of final vowel duration ranged
from113.70 to 537.20 msecs. innormals and 1 - 1.50 m secs.
to 517.6 msecs in hearing inpaired subjects.

Pause:

The utterances of normal hearing children did not show
any inter syllabic pauses (or intra-word pauses). Qut of
three hearing inpaired speakers, tw showed intersyllabic
pauses in alnost all utterances. One subj ect showed pauses
in/anel/, /ilil, le:lul, /o:lel and /eme/, while the other
showed in /a:ne/, /lelel, /e:lu/, /ondu/ and /emme/. The

duration of pauses ranged from 18 msecs. to 291.00 m secs.
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Total duration of words:

The words uttered by the hearing inpaired subjects had
| onger word durations when conpared to the normal hearing
group. Table 3 gives a descriptive statistics of the tota
duration of words with their respective neans and standard
devi ati on. The finding that hearing inpaired children had
| onger vowel duration when conpared to the normal hearing
group is in agreenment with other studies by Angel occi (1962),
Calvert (1962), John and Howarth (1965), Parkhust and Levitt
(1978), GCsberger and Levitt (1978), Rajanikanth, (1986),
Sheela (1988), Shukla (1987) and Stathopoul ous et.al.,
(1986).

According to Gsbherger and Lavitt (1979), the prol ongation
of syllables in hearing inpaired speech was due to primarily
t he prolongation of vowels. The variability in duration in
the speech of hearing inpaired, which was found to be nore
when conpared to normals has also been reported by Monsen
(1974), GCsber ger (1978), Osberger and Levitt (1970),
Raj ani kanth (1979), Shukla (1987) and Sheela (1988). Thi s
study is also in accordance with them The insertion of
pauses by hearing inmpaired children which was found in this
study has been reported by others also. (Boone, 1966 ;
Boot hroyd. et.al., 1974 ; Heidinger, 1972 ; Hood, 1966 ; John
and Howarth, 1965 ; Stevens. et.al., 1978 ; Sheela, 1988). It
has also been reported at the paused may be inserted at

syntactically in appropriate places or boundaries such as
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between two syllables in a bisyllabic word or within phrases
(Csberger and M Garr, 1982). According to Hudgins (1946)
the frequent pause which are observed in the speech of the
hearing inpaired could be due to poor respiratory control

Smlarly to the findings of Leeper.et.al., (1987), it was
found that the total duration of words were nore in the
speech of the hearing inpaired when conpared wth normals.
This could be natural, because of the increased vowel

duration and presence of paused within a word.

TABLE 3 (a)

Descriptive statistics of total duration of words
(For normals)

Wor ds Mean S.D Range

M ni mum  Maxi num
/I ane [/ 564. 70 080. 37 488.50 648.70
[oili |/ 340. 06 137. 30 200.00 474.60
/[ u:ta / 589. 30 075. 24 538. 50 675. 80
I ele [/ 439. 90 059. 13 382.10 500. 30
/I elu / 625. 20 092. 65 569.80  732.20
/ ondu / 632. 10 079. 32 577. 20 723. 10
/ o:le [/ 627. 90 122. 70 531. 40 766. 10
/ emme / 540. 80 070. 90 469.70 611.50
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TABLE - 3 (D)

Descriptive statistics of total duration of words

(For Hearing inpaired)

Wor ds Mean SD Range

M ni num  Maxi mum
/| ane / 826. 20 429. 50 344. 30 1168. 80
[ili 724. 06 248. 40 449.00 932.10
[ uta / 793. 70 314.78 451.10 1070.00
/| ele [/ 715. 80 366. 70 456.50 975.10
/| elu/ 786. 50 279. 80 474.20 1014.50
/ ondu / 673. 50 266. 40 426.90  956. 20
/| ole / 684. 10 205. 90 446.50 810.70
/ emre / 692. 00 197. 80 483.20 876.80

The intelligibility of speech depends both upon
segnental and suprasegmental aspects. It is a known fact
that speech intelligibility in profoundly hearing inpaired
speakers is very poor. (Hudgins and Nunbers, 1942; Coda,
1959; Quigley and Frisina, 1961; Angelocci, 1962; Srannon,
1964; John and Howarth, 1965; Hodgins, 1966; Montogonery,
1967; Nober, 1967; Toback, 1967; Markider, 1970; Heidi nger,
1972; Braverman, 1974, Smth, 1975; Conrad, 1979; Mc Garr and
Gsberger, 1978; Ling, 1981; Ravishankar, 1985). The
intelligibility of speech of the subjects of the present
study was al so poor, which may be partly due to the prol onged

vowel duration and increased total duration of the words by
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insertion of pauseses in between the syll ables

2. Synthesi s:

The errors of vowel duration and pause were corrected
using synthetic procedures, in the second step. The
correction was done in isolation and in various conbinations
whi ch have al ready been di scussed under nethodology. A tota
of 119 words was obtained from the corrections which were

t hen given for perceptual rating for intelligibility.

Studies on vowel duration production and perception in
normal s  ( Noot eboom 1973) suggest that listeners are
extrenely sensitive to the duration that a vowel should have
in a given context. It has been shown by Calvert (1961),
that experienced listeners to deaf speech cannot identify
speech as deaf wunless they hear atleast syllable Ilength
producti ons. "This shows that the effect of the characteri-
stic deaf syllable prolongation were to mnake the deaf

conspi cuous and tedious to listen to"(Harris & Mc Garr, 1980).

In an attenpt to resolve sonme of the «conflicting
information in this area, OCsberger & Levitt (1979),
quantified the relative effect of timng errors on
intelligibility by nmeans of conputer stinulation. Speech
sanpl es produced by hearing inpaired children were nodified

to correct timng errors only, leaving all other aspects of
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the speech unchanged, 3 types of corrections were perforned

Gsberger and Levitt (1979), reported that the correction
of absolute syllable duration had a detrinental effect on
intelligibility. They attributed this to a reduction in
processing tinme. According to them the |onger durations may
provide the listeners wth additional tinme with which to
process the nunerous distortions which occur in the speech of
t he deaf. Al so, the speech materials they used were six
sentences, whereas bisyllabic word have been used in this

st udy.

Correction of pause had a detrinental effect on the
speech intelligibility. There was a reduction in individua
judges scores and in nean scores (in both conditions) when

t he pause al one were corrected.

Simlar reports have been nmade in the Iliterature
(Parkhurst and Levitt, 1978; GOsberger and Levitt, 1979;
Maassen, 1986), but in all these cases, they were inter word

or intraphrase paused, unlike in this study.

Par khurst and Levitt (1978), observed that the insertion
of short pauses at syntactically appropriate boundaries had a
positive effect on intelligibility. They added that excessive
or prolonged pauses appeared to have a secondary effect in

reducing the intelligibility.
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In the study by Osberger (1977), it was found that the
el i mnation of inappropriate pauses sonetines reduced, rather

than inproved, intelligibility.

3. Perceptual judgenent:

A total of 176 sanples (including unaltered sanples)
were randomised and given to three judges who were native
speakers of Kannada | anguage for word identification task and
intelligibility ratings. The nunber of words correctly
identified were converted into percentage scores. Rat i ngs
were done on both open and closed sets by all the three
judges. Table - 4 gives the interjudge reliability scores as
determ ned by the co-efficient of Pearson's correlation. Al
the scores were significant at 0.05 |evel.

TABLE - 4

Description of Inter-Judge reliability val ues

J1 & J2 J1 & J3 J2 & J3
Open set 0.4 0.22 0.34
Cl ose set 0. 68 0.69 0.75
( Note : Al values indicate Pearsons correlation R which

are significantly correlated at 0.5 | evel).

A point to be noted is the rating also depends upon
factors |ike, the type of judges selected and type of
mat eri al used. This view is also supported by Ling (1976).

The experience of judges, would yield better results when
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conpared to inexperienced judges and sentences tend to be
nore intelligible than words and those sentences which are
spoken directly to a listener in a face to face situation
than sentences which are taperecorded. Redundancy of words
tend to decrease when utterances are taperecorded, which

inturn, caused poor intelligibility scores.

The word identification scores 1in percentage are
presented in Table 5 of all the three judges.
TABLE 5

Description of word identification scores (in terns of
percentage) in both open and cl ose set for different

condi ti ons.
Par anet er s J1 J2 J3 Aver age
correl ated scores
1 0 12.00 12.00 12.00 12.00
C 20. 00 32.00 38.00 30. 00
2 0 10. 00 08. 00 10. 00 09. 52
C 10. 00 10. 00 10. 00 10. 00
3 0 08. 70 08.70 26. 08 14. 49
C 13.04 17. 40 39.13 23.19
4 0 10. 00 10. 00 10. 00 10. 00
C 10. 00 10. 00 30. 00 16. 66
5 0 17. 40 13. 04 13. 04 14. 49
C 17. 40 34.79 43. 48 31.89
6 0 17. 40 13. 04 21. 74 17. 39
C 17. 40 26. 09 47. 82 30. 43
7 0 13. 04 13. 04 13.04 13.04
C 26. 09 26. 09 39.13 30. 43
Not e: 0 = open set of responses (w thout any cl ues)
C = closed set of responses (wth clues)
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Table 6 gives the correct identification scores (in

terns of percentage) for different words by the three judges

Description of the correct

TABLE 6

of percentage) for the words.

identification scores (in terns

Wor ds J1 J2 J3 Aver age
scores

0] 15. 00 25. 00 35. 00 25. 00
/a: nel

C 30. 00 35. 00 45. 00 36. 66

0] 14. 28 14. 28 14. 28 14. 28

C 14. 28 33.33 23. 80 23. 80

0] 23.52 47. 05 64. 70 45. 09
lu:tal

C 47. 05 76. 47 29.41 50. 97

0 6. 25 12. 50 12. 50 10. 41
lelel

C 12. 50 12. 50 12. 50 12. 50

0 20. 00 20. 00 16. 00 18. 66
le:lul

C 24.00 28. 00 20. 00 24.00

0 15.78 15.78 15.78 15.78
/ ondu/

C 15.78 15.78 26. 30 19. 28

0 15. 00 15. 00 15. 00 15. 00
lo:lel

C 15. 00 20. 00 45. 00 26. 66

0 04. 50 09. 00 04.50 06. 03
[ emrme/

C 31.88 27. 27 27. 27 39. 43
Study of table 5 shows that there were no significant

di fferences between the four

correction

. €.

100

%

75 %

conditions of

50

ternms of intelligibility. However,

% and 25

% condi ti ons

vowel

durati on

in

t here was sone i nprovenent



72

in 75 %and 50 % conditions when conpared to the 100% and 25%
condi ti ons. On the other hand all the four conditions had
showed better intelligibility scores when conpared wth
unal tered condition. Therefore it <can be stated that
al tering t he vowel duration has sone ef fect on
intelligi-bility of speech of the hearing inpaired. Further

a change in vowel duration along with systematic variation in
fundanental frequency would presenting intersting information
But at present a definite and detailed information about the
rel ati onship between the fundamental frequency and vowel

duration is not avail able. Thus the present results warrant

further studies in these directions.

VERI FI CATI ON OF  HYPOTHESI S:

Hypot hesis 1:

1. The hypothesis stating no significant difference in the
utterances of children with normal hearing and hearing
inmpaired children in terns of

a) Vowel duration is rejected.

b) Inter-syllabic pauses is rejected, and

c) Total duration of words is rejected.

Hypot hesi s 2:

a) Correction of vowel duration: The hypothesis stating no

significant difference between the intelligibility scores of

original, unaltered utterances and the utterances where vowel
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duration alone has been corrected, is rejected.

There was a decrenent in the intelligibility scores when

vowel duration alone was corrected.

b) Correction of pauses: The hypothesis stating no

significant difference between the intelligibility scores of
original, wunaltered utterances and the utterances where the

i ntersyl |l abi c pauses al one have been corrected, is rejected.

There was a decrenment in the intelligibility scores when

t he pauses (inter-syllabic) alone were corrected.

C) Correction of vowel duration and pauses: The hypothesis

stating no significant difference between the intelligibility
scores of original, unaltered utterances and when the
utterances where the vowel duration and pauses have been
corrected, is rejected.

d) Correction of vowel duration after pauses: The hypothesis

stating no significant difference between the intelligibility
scores of utterances wth different conditions of the vowel
durations, pauses being corrected, is partly accepted and
rej ect ed.

Partly it is accepted because no significant difference
between 100 % condition and 25 % condition were found and
rej ected because differences were found between 100 % & 25 %

conditions and 50 % and 75 % condi ti ons.
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There was an inprovenent in the intelligibility scores
when vowel durations were altered by 75, 60 and 25 percent

with correction of pause at each of these |evels.

Thus the results of the present study indicates that the
speech of the hearing inpaired can be inproved by correcting

t he pauses and vowel durations using synthesis programres.



CHAPTER V

SUMVARY AND CONCLUSI ON

It is beyond doubt that deafness is one of the nost
serious problens faced by individuals who are effected by it.
It is probably one of the nobst recognised problens. One of
the major and often seen effects of hearing loss is a deficit
in oral communication skills. According to Conrad (1979), the
magni tude of the problem illustrated by recent studies
suggests that about 75% of the prelingually deaf children
with hearing loss of 90 dB or nore are classified to be

"barely intelligible" or "worse".

This |ow achi evenent of the hearing inpaired has led to
sever al investigations of the receptive and productive

vari abl es of speech.

Attenpts have been nmade by Lang (1975), Gsberger and
Levitt (1979), Maassen and Povel (1984,1985), Oster (1985)
and Sheela (1988) to study the direct effect of segnental and
supr asegnent al error corrections on speech of hearing

i mpai red using nodern conputer processing techniques.

Three congenitally deaf children in the range of 9 to 12

years were selected for the study. Al these children had
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severe to profound bilateral sensorineural hearing loss with
no other problem Al could read sinple bisyllabic words in

Kannada.

Eight sinple bisyllabic in Kannada words wth VCV
conmbi nations were selected from the test devel oped by Babu,

Rat hna, and Bettagiri (1972).

The speech samples of all the three children were
recorded as they read the words. Recordings were also
obtained of a matched group ( for age and sex ) of three

normal hearing children reading the same set of words.

1 Step
The sanples were analysed using a PG XT conputer and

values for the follow ng paraneters obtained.

1. Initial and final vowel duration.
2. Duration of pause ( if any ) and
3. Total word duration.

Then the data was subjected to statistical analysis in
order to determne the nean, standard deviation and
significance of differences.

The follow ng Conclusions were drawn fromthe results.

1. On the average the hearing inpaired group had
significantly |longer durations for vowels ( both initia

and final ) than that of normal hearing group.
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2. Normal hearing children did not show any intersyllabic

pauses
(intraword) whereas two out of three children in the
hearing inpaired group inserted intersyllabic pauses.

3. The total duration of the words uttered by the hearing
inmpaired children were significantly |onger than that of
normal hearing group. In all instances, the hearing
impaired children exhibited greater wvariability than
normal chil dren.

Il step
Vowel duration and Pauses ( if any ) were nodified using

synthesis progranms towards normal values of the respective

counter parts of the control groups.

The neasures corrected were both in isolation and in

conbi nation with each other. Thus,

1. Correction of pause al one.
2. Correction of vowel duration alone by 100%
3. Correction of vowel duration by 100% and elim nation of

pause (if any).

4. Correction of vowel duration by 75% and elim nation of
pause (if any).

5. Correction of vowel duration by 50% and elimnation of
pause (if any).

6. Correction of vowel duration by 25% and elimnation of

pause (if any) were made.
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111 Step

A total of 176 sanples (47 uncorrected + 119 corrected
and 10 from both groups for reliability check) were
presented randomy using a tape recorder to the three judges
for intelligibility rating and word identification under both
open and cl ose set conditions. The nunber of words identified
correctly were converted into percentage scores. The judges
had to rate the intelligibility on a three point interva
scale, ranging from"1" ( wunintelligible ) to "3" ( highly

intelligible ).

The intra and inter judge correlation were high. The
results indicated that correlation of correction of vowel
duration by 75, 50, and 25 percent elimnation of pause had
positive effect on intelligibility, while all the other types
of corrections had detrinental effect on intelligibility. The
correction of vowel duration by 75, 50, and 25 percent with
elimnation of pause showed an average inprovenent in

intelligibility by 2.05%
The word which was correctly identified by nost of the
judges for nost of the tine was /u:ta/ followed by /emre/,

fa:ne/, /lo:lel, le:lu/, [ilil, /ondu/ and /elel.

The performance of rating inproved in the closed set as
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conpared with the open set responses.
The synthesis of speech of the hearing inpaired showed
that the intelligibility
a) |lnproved when vowel duration (both initial and final)
were altered by 75, 50, and 25 percent with elimnation of
pauses ( if any ).
b) Decreased
i) Wien pause al one was altered.
i) Wien duration alone was altered.
iii) Wien duration was altered by 100%w th elimnation

of pause ( if any ).

Thus it was observed correction of some of the supra-
segnental aspects of speech caused only a small increase in
the intelligibility. It was also seen that correction of a
part of vowel duration with elimnation of pause had bene-

ficial effects on the speech intelligibility.

On the basis of the present study and on those which
were carried out by Osberger and Levitt (1979), Maassen and
Povel (1984), GOster (1985) and Sheela (1988), it can be
concluded that inprovenment in intelligibility can be expected
if one succeeds in training the hearing inpaired children for

better control over the suprasegnental aspects of speech.

This inplies that correction of segnental errors along

with suprasegnental errors bring about nore inprovenent in
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the intelligibility.

Reconmmendat i ons

1

Simlar studies can be carried out for segnental

corrections.

Simlar studies can be carried out for both segnental
and suprasegnental corrections in various corrections.
Simlar studies can be carried out using sentences as
speech materi al s.

A study to establish the relative inmpact on intelligi-
bility of different types of speech errors and to
devel op an individualised program for speech inprovenent

woul d be interesting.
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APPENDI X - |

The eight bisyllabic words ( VOV conbinations ) used in the
study were :

1. / ane/

2. [ ill [/
3. /utal/
4./ ele [/

5 [ elul

6. / ondu /
7. | ole/
8.

/ emme /



