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| NTRODUCT1 ON

"Al'though speech reading can compensateto alarge
extent for the loss of hearing in so far as speech reception
I s concerned, no canparable skill exists i n thehearingworld
tocompensateforaninabilitytoproduceordinaryintelligible
speech”.
Monsen (1978)

(ne of themost devastatingeffectsofcongenital hearing
lossis that normal devel opment of speech is oftendisrupted.
As a consequence, most hearing impaired children must be
taught the speechskill sthat normal hearing children
readily acquire during thefirst few years of |ife. Although
sone hearingimpairedchildren develop intelligible speech,
mny do not. Recentinvestigationshaveindicatedthat only
about 20%of the speech output of thedeaf is understood by
the "person on the street". Poor intelligihilityhas been
associatedwithvarious segmental andsuprasegmental errors
inthehearingimpairedperson' sspeech. Thecorrelation
between the errors and overall speech intelligibility is
less clear.

"Eventhough thehistoryof teaching speechtothe
hearing impaired spans several centuries the level of
speech competence achieved suchthat theindividual can
make himsel f understood to the naive person on thestreet
still remins t o be SL (Ling. 1976).



1.2

The results of many studies have suggested that the
speech of mny hearing impaired children is act a viable
instrument for verbal commnication and can be the cause of
daily commnication break down, a frustrating and unrewarding
experience for the childrenand their listeners alike
(Smith, 1975). Attempts t o over come this problemthrough
intensive speech training have met withonly [imitedsuccess.
(Nickerson, 1975).

Many factors [ikeresidual hearing, segmental errors,
supra sagmental errors have beencorrelatedwiththe poor
speechintel ligibilityofthehearingimpairedindividuals
speech. Studies have beenattemptedto determm nethe cause
and effect relationship between the speech errors and
intelligibility. These causal studies can be sub-divided
into two major categories:

1. Studies in which hearing impaired childrenreceive
intensivetraining for the correction of the errors and
2. Studies in which the errors are corrected in hearing

i mpaired children's recorded speech samples using nodern

signal processing techniques.

A major problemwith the studies involving training
is that the training my result in changes in the child's
speech other than those of interest. This can be controlled
by using computer processing techniques.
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There have been no studies in this regardin India
and there have been some studiesin the Wst. (Kruger,
Stromberg & Levitt, 1972, Lang, 1975; Bernstein, 1977,
Huggins, 1978; osberger & Levitt 1979, Massen & Povel;
1984 a, b, Maassen & Povel, 1985).

Hence, the present study was planned to determ ne
therelationshi phetweensomeofthesuprasegmental
errors and intelligibilityofthe haering impaired
children'sspeech.

Ai mof thestudy: This study aims toobtaintheeffect

of some of the suprasegmental corrections on the
intelligibilityof the speech of hearing impairedchildren,

Three aspects of suprasegmental errors have been
consideredfor the study because of their probablerelationship
withspeechintelligibilitytheyare:

1. Correction of the vowel duration - both in the initial
and final position

2. Correctionof pauses, if any

3. Correctionof thefundamental frequency. These corrections
have been made either in isolation or in combinations.
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Hypothesis: (1) There is no significant difference in the
- of normal hearing and hearing impaired children.
utterance in terms of

(a) Vowel duration

(b) Intersyllabic pauses
(c) Total duration of wrods
(d) Average Fo

(e) Formant frequencies

(f) Bandwi dths

Hypot hesis:(2) Thereisnosignificantdifferencebetweenthe

intelligibility ratings of original unaltered
utterances and corrected utterances.

A Correction of vowel duration

1. There is nosignificant difference between the intellgibility
scores of original, unaltered utterances and the utterance
where the vowel duration alone has been corrected.

B. Correction of pauses:

1. There i s no significant difference between the intellgibility
scores of original, unaltered utterances and the utterances
where the pauses (i ntraword) have beencorrected.

C Correction of fundenental frequency:

1. There is no significant difference between the intelligibility
scores of original, unaltered utterances and the utterances
were the fundamental frequency has beencorrected.
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D. Correction of vowel duration and pauses:

1. There is no significant difference between the intelligibil
scores of original, unaltered utterances and the utterances
where the vowel durationandpauses have beencorrected.

E. Correction of vowel duration and fundental frequency:

1. These is no significant difference betweent he intelligibina
ity scores of original wunaltered utterances and the utterances
where t he vowel durationandfundamental frequency have been

corrected.

F. Correction of pauses and fundenental frequency:

1. There is no significant difference between the intelligibina
ity scores of original, unaltered utterances and the utterances
wherethe pauses and fundamental frequency have beencorrected.

E. Correction of vowel duration,pauses and fundental frequency:
1. There is no significant difference between the intelligibia

| ity scores of original, unaltered utterances and the utterances
where the vowel durationpausesfundamental frequency have been

corrected.

| nplications of the study:

1. theresultsof the study would help in better understanding
of the speech of the hearing impaired.

2. the results of the study would provide data regarding the
effect of some of the suprasegmental errors on the intellin
gi bilityof the speech of the hearing i mpaired.

3. The information obtained from the present study would help
planning and devel oping therapy progranmmes with the hearing
i mpairedchildren.
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| nplications of the study:

1. The study was limted to only 4 subjects

2. The study was |limited to the correction of suprasegmental
errors only. That too only three parameters were

considered.
3. The speech samples studiedwerelimitedtowrdsw thVCV
combinations only.



2.1
REVI EW OF LI TERATURE

Speech maybe viewed as the unique method of communication
evolved by amntosuit the uniqueness of hismnd. ((Eisenson,J,
Amer J.P., and Irwin JV, 1963).

The ability t o communicate through speech is of enornous
values. It providesarange of opportunities andoptionsin
pesonal, educational and social life, as well as i n enploynent,
that cannot exi st throughany other formof interchange (Ling,
1976) .

"It isthroughthe auditory node that speech and |anguage
are normally and usually effortlessly developed". (Ross &
Gi ol as, 1978).

"Theauditorypathway is thenaturl and most effective
way t o | earnspeech and | anguage, inadditiontoprovidingal |
theother auditory informationfromcurenvironment such as,
music, door bell, bird song and so on" (Pallack,1981).

"Thenormal hearingchil disexposedto sounds fromthe
very beginning itself. Bycontinual auditory stimulation,by
theconstant feedingof speechintohisears, by unceasing
encouragement fromhi s mother, by hours and hours of practice
a normal childattains speech. The task i s more difficult
forthechildborndeaf andyet oftenenoughthedeaf child
s deprived of these very means which al one make speech
possible. Thus, hearingcontrolsspeechandwithout hearing
speech fails" (Wetnall and Fry, 1964).

Normal childcontrols his speech novements with t he help
of auditory andkinestheticfeedback. (Wetnall & Fry, 1964). The
exact rol eusualllyplayedby auditory feedbackinthe normal
acquisitionof speechianot known. Observationsindicatethat
It s paticularly important inthe early stages, in that it
allows thechildtodevelop the sane speechcharacteristics
as those around him (Van Riper and|lrwin, 1958).
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Several have reported the effect of hearing loss on
acquisitionand maintainance of speech. Hearing impairment has
a mrked effect ona child' s ability to acquire speech. The
orderly and seemngly natural devel opment of speech | anguage and
commnication is interfered with by the presence of hearing loss.
(Stark, 1979; Charmaks, 1981).

The deaf childis facedwitha doubly severe communication
handi cap. Normal speechis unintelligibletohimandasa
result of [ack of auditory feed back of hi s own speech production
he has considerable difficulty lalearning to speak correctly,
(Levittetal,1974; Cowie & Cowie, 1983).

e of the nost recognised but probably | east understood
concom tants of deafness is a deficit of oral comwnication
skills. The speech produced by many deaf parsons is frequently
unintelligibletoevenexperiencedlisteners. Mreover,itis
frequently difficult to determne the exact nature of speech
errors that reduce the speech intelligibility., Whout a clear
understanding of the underlying and nature of unintelligible
speech of deaf, the development of effective cliniks [isat
Islimted(Mtzetal . 1982).

The oral commnication skills of hearing impaired children
have long been of concern toeducators of the hearing impaired,
speechpathologistsandaudi ol ogi sts, becausethe adequacy of
such skills can influence the social, educational and career
opportunities available to these individuals. (Osherger and
McGaer, 1982).
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It isimportant toensurethat, hearing impairedchildren
develop effective spoken [anguage skills from early infancy.
(Ling. 1973).

The ultimate goal in aural rehabilitation is , for the
hearing inparied individual, to attain, as far as possible
the same communication skills as those of the normal hearing
individual. within the |asr decade, advances have been
made in studying the speech. this is largely due to the
devel opment of sophisicated processing and anal ysis techniques
In speech science, elctrical engineering and computer science.
Thesetechnol ogi cal advances haveal sobeenappliedtothe
analysis of the speech of the hearingimpairedand to the
devel opment of clinical, assessment, training procedures.

(Csberger and MGarr, 1982).

It Is clear fromthe results of diligent specalized teaching
that thedifficulty in the oral production skills in principle,
can be over come. Levitt et al (1974} write that however only
few deaf individuals attain a speech quality that is adequate
for normal conversation. Many more deaf childrencouldbe
trained to speak proficiently if we had greater insight into
the essential problems. For example, such could be done to
improve theefficiencyof speechtraining programs i f more was
known about how errors occur in the speech of deaf children
and which errors or combinations of errors reduce intelligibility
most severely. Frominformationontheacoustic, andarticulatory
correlatesof these errors it should be possible to develop
mre effectivetechniquesandinstrumentationtoelimnate
those errors.
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Researchers concerned withspeech productionof the
hearing i mpaired have employed a variety of physiological
(Metz at al 1985) acoustic (Mensen 1976 a, 1976b, 1974; 1978;
Angel occi et al, 1964, Gilbert 1975, M Clunpha, 1966, Calvert,
1962, shukla, 1985, Rajanikanath, 1986) & perceptual methods
(Levitt et al 1976; Staves et al 1983; Hudgins & Numbers
1942; Mangan 1961; Nober 1967; Markides 1970; Smth 1975;
McGarr, 1978; Geffner, 1980 etc).

Acoustic analysis of speech production isextremely useful
toresearchers since the methodologies enployed are typically
noninvasive, relatively basicwithregardtoinstrumentation,
maybeusedroutinelytodepictchangesisthephysical
chatacteristics of frequency,intensity and the duration of
speech segments.(Leeper et al 1987). Acoustic analysis of
speech of hearing impaired permts a finer grained conideration
of some aspects of both correct and incorrect productions than
woul d be possible using methods applied in the subjective
procedures. (Osheyger & MGarr 1982). It provides objective
descriptiions of speech of the hearing impaired. Mre informations
about thecharacteristicsof the speech of the hearing i mpaired
woul d hel p in making use of the advances in the technol ogy
withmaximl effectivenessinthefacilitatingtheoral
production skills of the hearing impaired population.

Inorder to develop more effective speech training
procedures for deaf children, it isnecessaryto know how
their speech deviates fromthat of normally hearing children
and theeffect of the various errors and abnormal speech
patterns on the intelligibility (Parkhurst and Levitt, 1978)
thus analysis of speech of hearing impaired becomes important.
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Intelligibility of speech of the hearing inpaired:

"Speech intelligibility referato how nuch of what a child
says can be understood by alistener" (Osberger and McGarr. 1982).

Informationon the speech production and performance of
hearing impaired childrenis needed for things such as program
pl anning, programeval uationandresearch. (Boothroyal, 1985).

Inspite of the recent advances made in the areas of speech,
educationandhearingtheproblemof unintelligiblespeechin
the hearing impairedhas beenacknow edged byseveral investigators.

Speech intelligibility of the hearingimpairedas a neasure
of their speech potential has beenstudi edby a number of
investigators. There is a difference of opinion regarding the
intelligibility of speechof hearingimpaired.

According to Osberger and Levitt (1982) on theaverage, the
intelligibilityof profoundlyhearingimpairedchildren's speach
s very poor. Only about one inaveryfive words they say can
be wunderstood, by alistener who is unfamiliar with the speech
of this group”. On the other hand Metz et al (1982) are of the
opinion that the speech produced by many deaf personsis
frequently unintelligibletoevenexperienced listeners.,

Recent studies (Brannon, 1964, Mankides 1970; Smith 1973)
have showed thatinspiteof theprovisionof hearingaids,
speechtraining, theaverageintel ligihbilityofspeechofthe
severely and profoundly deaf child to the naive [istener is
not more than 20%( Stark, 1979).
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Conrad (1979) reports that about 75% of prelingually deaf
children with hearing |losses of 90dB or nore have speech

classified as "barely intelligible" or worse.

'The speech of profoundly hearing inpaired childrenis

usuallylessthan30%i ntelligible" (Ling, 1976).

Hudgi ns & Nunbers (1942) studies the speech intelligibility
of 192 hearing impelled subjects of 8 - 19 years age. A
group of experienced listeners heard the speech sample
(sentences) of the hearing impaired and wrote down What ever
was understood by them The Mean score for the group was found
to be 29% . Brannor (1964) worked with twenty children selected
froma |l arge day school. They were 12 - 15 years ol d, had hearing
| evel s of 75 dB or nore, possessed atleast normal intelligence
and had no known additional handicaps. He found only 20 - 25%
of the words in their practiced speech intelligible to listeners

unfamiliar withhearingimpairedchildrens' diction.

Marki des (1970) studied 58 hearing impaired children who
were 7 and 9 years ol d. About 31%of their words were
intelligible to their teachers where as 19% were intelligible to

naive |l isteners.

Hei di nger (1972) studied the speech of 20 hearing inpared
children ( nore than 85 dB hearing loss in the better ear). Her
3 judges, who were experienced teachers of the deaf and knew
what the children were trying tosayrated | eas than 20% t heir

words in short sentences as intelligible.
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According to Smth (1972) who studied 40 hearing imaired
childreninthe age group 8-10 and 13-15 years word
intelligibility, as assessed by 120 listeners unfamliar with
the speech of hearing impaired children, was 18.7%

Several other studies have shown that hearing impaired
children have poor levels of speech achievement. (Kerridge, 1938
Hood.  1966)  CGoda,  1959; Quigley and Frisins, 1961; Angelocci 1962;
John & Howarth, 1965; Nontgoner, 1967, Toback, 1967, Braverras, 1974,

Conrad 1976; Kyele, 1977).

Monsen (1978) reported a relatively high mean intelligibility
scoreof 76% Heattributedthishighscorestothesimpler
test materialsusedtostudythespeechintelligibility.

The resul ts of various studies suggest that overall levels
of speech intelligibility are utterly inadequate for oral communi-
cation (Ling, 1976)

Thedifferencesinspeechintelligibilityscoresobtained
by various studies my be attributed to the differences in
met hodol ogi es enmployed and the heterogeneity of the samples
studied.

AccordingtoLing(1976), intelligibilityratingscanvary
not only with the type of judge enployed but also with the
materials used and with the methods of analysis applied.
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Intelligibility ratings have beta reported t o be 10- 15%
hi gher when judged by teachers or experienced listeners than
those by t he naive listeners (Geffner et al 1978, Mangan, 1961,
Mc Garr, 1978, Monsen, 1978).

Sentences, when used as test materials tend t o be nore
intelligible than words and sentences which ar e spoken
directly tolistener i n a face t o face situation are nore
intelligiblethansentencestoare tape recorded. /which
(Hudgi ns, 1949, Thomas, 1964).

factors
Several /have been found t o factors affect the intelligibility

of speech.

According t o Sabtelny (1977) t he speech intelligibility
isthe single nost practical index of hearing impaired
person's oral commnication abilities. But aha cautions
that intelligibility assessment can not be used with
confidencefor trainingpurposes without the know edge of
t he properties of speed that influence intelligibility.
Stevens et al (1978, 1983) reinforced this notion, who
suggested that the fundamental problemof speech assessment
with hearing impaired persons is to identify those properties
of speech that determne its intelligibility. ldentification
of speech properties that determne intelligibilityis a
met hodol ogi cal |y conplex task (Metz et al 1980, Nickerson
and Stevens, 1980) but one that clearly has utility for
t he devel opment of effective remedial strategies for improve-

ment of speech of hearing i mpaired.
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The |ow speech achievement of the hearing impaired has
| ead to several attempts in the past to correlate speech
intelligibility withseveral variablesrelatedtoreception

and production of speech.

Among the perceptual variables reaidual hearing
(Montgomery, 1967; Elliot, 1967, Boothroyd,1969; Mr Kiddes
1970; Smith; 1975; Kyle, 1977; Mnsen 1978, Stoker and Lape,
1980; Ravishankar 1985) [ i p reading (Stoker & Lape, 1980)
andtactileperception(stroker and Lape,|980) abhilities
have been studied The results have indicated that residual
hearing ability above the maxinmum correlation with the

speechintelligibility.

Oh the production side speech intelligibility has been
studied withrelation to segmental and suprasegmental
errors. Errors involving individual speech phonenes,
|,e., segamental errors have been studied in depth by
number of researchers (Hudgins and Number, 1942) Nober,
1963; Mariddes, 1970; Smth, 1973; 1975a;; Monsen, 1977;
Brannon, 1966; Gold, 19781 McGarr, 1980; Ravi shankar, 1985;
Levitt et al 1974 etc). According to/studies there is a /these
high negative correlation hetween the frequency of segmental
errorsonintelligibilityi.e.thehighertheincidenceof
segmental errorsandthe poorertheintelligibilityof
speech, on the average (Parkhurst and Levitt, 1980).
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Studies on acoustic features of speech of the hearing impared
have supportedthefindings of the above mentioned studies.
(Calvert,1961; Monsen,1974; 1976a,b,c, Rothman,|976).Both
consonant and vowel errors have | ong heen recognised in the
speech of the hearing inpaired.
Consonant errors include:

voicing errors
Substitution errors

- Om SSion errors,

Vowel and dipthong errors include:

substitution errors

neutralization of vowels

di pthongization of vowels

errors involving dipthongs, either the dipthong was
split intotwo distinctive conponents or the final

component was dropped.

Hudgi ns and Numbers, (1942) and Smth. (1975) reported a
high negative correlation between speech intelligibility and
total nunber of consonant errors and total nunmber of vowel errors.
Anmong consonant errors omssion of initial consonants, voiced -
voiceleea confusions, and errors involving conpound consonants
had nost detrimental affect on speech intelligibility,
substitutionerrors, nasalityerrors, omssionof final
consonants and errors involving sbutting consonants had a
lower correlationwithintelligibility andcontributedtoa
much lesser extent t o the reduced intelligibility of hearing

impaired children's speech.
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Monsen (1978) exami edtherel ati onshi pbetween
intelligibility ad four acoustically measured, variables
of consonant production, three acoustic variables of vowel
production and two measures of prosody. The three variables
were highly correlated with intelligibility they were.

1. the difference in VOl between / t / and /d/
2. the difference in 2nd forwent |ocation between/i/ and / 1/
3. acoustic characteriatica of the nasal and |iquid consonants

Other segmental errors that have been observed to have
asignificant negetive correlationwithintelligibility
are' omssion of phonenes i nthe word initial and medi al

o
position, consonant substitution and unidentifiablel/gross
distortionsof the intended phoeme. (Levitt et al,1980).

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

Supra Segmental errors:

"Supra segmental or prosodic features of a language
are variations larger than individual segments overlaid
upon a word, phrase or sentence. They are the direct bridge
to meaning" (Borden and Harris, 1980). They involve
characteristicsof speech that extend over units conposed
of more than one phonetic segment.
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In normal speech production, the suprasegmental aspacts
include the contour of fundamental frequency versus time
the durations of certain of the speech events and pauses
and the assignment of relative promnance or stress to
differentsyllables, (stevenseetal 1979).

Al though nuch attention has been given to the segmental
errors made by the deaf, it has long been recognized that
suprasegmental deficiencies contribute as mch or mre to
the probl emof poorintelligibilityinthespeechof
the deaf (Gold, 1978).

Hudgins and Nunbers (1942) reported that those utterances
marked by faulty rhythm(55%of al | utterances) accounted
foronly 26%of al | of theintelligiblesentencesreadby
their deaf subjects. However, the remaining utterances
which were characterized by good use of rhythm regradings
of whether there were numerousarticulatoryerrors, accouated
for 74%of al | ofthe intelligible sentences read. Thus
it would seemthat if a sentence i sproducedwith appropriate
rhythm it stands a better chance of being understood. The
proper rhythmor timng of speech is affected by various
factors like overall rate, duration of phonenes pausing
and grouping of syllables. (Gold,1980).

Smth (1975), on the basis of her findingi.e. some
of the subjects in her study who had approxi mately
the same frequency of segmental errors had speech intelligin
bility scores differing by as nmuch as 30% hypothesized
that these differences appeared to be related, inpart.
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tocertain suprasegmental errors that interacted in a
conpl ex manner with the segmental errors to reduce the
intelligibility,

The suprasegmental errors include faulty rhythm
deviant voice quality of errors in velar control
(Ravi shankar. 1985).

Rate: On the average, deaf speakers speak at a much
slower rate than normals speakers. (Rawlings, 1935 1996;
Voel ker, 1938; Calvert,|962; Boone, 1966; Brannon,|986;
Hood, 1966; Martony, 1965; 1966; Calton and Cooker, 1968;

Boothroyd et al,1974; Wcherson at al,1974).

Voel ker (1938) conpared 98 deaf and 13 normal hearing
childrenin grades 1 —3 on reading rate. He found that
thefastest deaf readerwasslight!|yslowerthan the average
normal reader. The average reading rates for the two
groups were 69.6 and 164.4 words/mnute for the deaf and
normal hearing child, respectively.

Nickersonet al (1974)testedslightlyolder deaf and
control groups on reading rate and still found [arge
differenceshetween the groups, although the nean rate
for the deaf group was a high as 108 words/ mn.
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This supports Boone's (1966) findings that the rate of
the speech of the deaf increases with age but still remains
considerably slower than that of normal speakers. Nickerson
et al (1978) studied their subjects utterances interms of
number of syllables/sec. Their study showed that an
average of 20syllablesor 47 phonemes/sec for the deaf
as compared with 3.3 syllables and about 8.0 phonemes/sec
for normal speakers. The nunber of syllables/sec for the
normal group was i dentical withthe predicted nunber suggested
by Pickett (1968).

Physical measures of speaking rate have shown that
profoundly hearing impaired speakers on the average take
1.5 to 2.0 times longer to produce the same utterance as do
normal hearing speakers.(Boone, 1966; Heidinger, 1972; Hood
1966, John & Howarth. 1965, Voelxer. 1935, 1938).

Hearing impaired speakers have been found to speak
mere slowly than even the slowest hearing speakers. Wen
hearing impaired speakers and normals have been studied
under similar conditions the measured rates of syllablesor
word omi ssion have obten differed by a factor of two or more
(Hood, 1966).
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The problem of reduced rate of speaking in the deaf
speaker seemstober el at e dtotwoseparateproblemsofi.e.,
|. Increased duration of phonenes and
|'I. improper and often prolonged pause within utterances

(Gold, 1980).

Increased duration of phonemes:

The duration of a phoneme bears important information
inthe perception of a spaech massage.

The literature contains very [ittle about such gross
aspects of speech timng as the duration of vowels and

consonant s(Kent, 1976) .

Dut ational changes invowelsservetodifferentiate
not only between vowels themselves but also between similar
consonants adjacent to those vowels. (Raphal,1972; Gold, 980

Vowels are longer in the presence of voiced stops and

continuants (House and f air banks, 1953; Denes, 1955;

Raphel, 1972; Peterson and Lehiste, 1960, Lindblom 1968;
Di x Simoni, 1 9744a,b). This | engtheningof thevowel contribution
tothe perception of the consonants. Schwertz,(1969) also
noted that consonant duration were |engthened when the post
consonant vowel was /i/ no matter that the proceeding vowel
(ina VCVutterance). Unfortunately, however the duration
of phonemaa is distortedinthe speech of the deaf.
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There is a general tendency towards a |engthening
of vowels and consonants (Angelocci, 1962, Calvert, 1962,
Joha and Howarth, 1965/ Hoone, 1966/ Levitt et-al, 1974,
Parkhurst & Levitt, 1978). "The prolongations of speech
segments such as phonemes, syl |l abl es and words are often
passent in the speech, of the hearing impaired" (Osherger
and Levitt, 1979, Osebirger and M Garr, 1982).

Calvert (1961) was anmong the first to obtain objective
Measurements of phonemc duration in the speech of hearing
i mpaired by spectrographic analysis of bhisyllahicwords the
result of this study showed that hearing impaired speakers
extended the duration of vovels, fricatives and the closure
period of plosives upto 5 times the average durations for
normal speakers.

Angeloccl (1962) claimed that his deaf subjects took
4 tob5 times as long to produce to fricatives as did his
normal hearing subjects. The closure periods for plosives
were al soconsiderably prolonged. According to Hood (1966)
training onduration of phonenmes woul d improve intellighility
significantly if articulation was good.

Monsen (1976) studied 12 deaf and 6 normal hearing
adol escents as they read 56 CVC, containing the vowels
[il or [I /. He found that the deaf subjects tended to
create mutually exclusive duratlonal classes for the two
vowels such that the duration of one vowel could not
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approximate that of the other even when they occurredin

the pretence of different consonants. For the normal
subjects, the duration of /i/ was alwayslongerthan [ 1/,
fora particular consonant environment, but the absolute
durations of thetwo vowels could overlap if the acconpany-
ing consonants differed. Thus, although the vowels produced
by the deaf subjectsweredistinct intermeofduration,they
were still less intelligible since the listener could not rely
on normal decodingstrategiestointerpret the speech that
was heard.

Sussman & Hernandez (1979) didspectrographic analysis
of several suprasegmental aspects of the speech of ten
hearing i mpaired adol escents. Among ot her findings, they
observedthat the hearing i mpaired speakers di d produce
| onger vowel s before voiced stops than before voicelees
stops. However, they noted that the increase in vowel
duration due to the presence of voicing was considerably
smal | er than for normal speakers.

\Whiteheed and Johns (1976, 1978) noted that vowels
weresignificantlylongerindurationina voiced than
inavoiceloss consonant environment and were |onger in
durationinafricativethanaplosiveconsonant environment.
However, unlike normal speakere/they found that, the
hearing impaired speakers produced |onger /s/ and / |/
segments inthe/al vowel environment than / i / enviroment,
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Osberger & Levitt (1979) observed that syllable prolongation
in the speech of the hearing impaired was due srimarily to
prolongation of vowels. Duration of vowels, glides and nasals
were longer inthe speech of the deaf children. On the other hand
the durations of fricatives, affricates and polsoves were found to

be shorter in the deaf subjects.

The hearing impaired fall to produce the appropriate modifica
inthe vowel duration as a function of the voicingcharacteristics
of the following consonant. (Calvezt, 1961, Monsen 1974)". Hence,
the frequent voiced - voiceless confusion observed in their
speech say actually be due tovowel durationerrors:. (Calvert, 1964

Leeper et al (1987) studied VOT, total syllable duration
for VCV syllables, initial and final vowel duration innine
hearing impaired children and nine normal hearing children who
served as controls. They were matched for age and sex with
hearing impaired children. The speech stimuli enployed were
bisyllabic(vcv) utterances with a symomotrical vowel / /-
obstruent [/ p [ vowel [ | formant. The stimuli were in
three utterance contexts of increasing length; i.e. /[appal, apa

saw  apa / or apa saw age with apal
the results showed that hearing impaired children took
significantlylonger time than their controls to produce
syl lables. Inaddition, there was a numerical trendfor
the first word [ike utterance in the phrase to be shorter
than the next word for both groups of children. Again variability
was al most twice as large for the hearing impaired
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children than normals. Analysis of the temporal characteris-
tics of initials final towels in the /apal/ utterances showed
that the hearing impaired children hadsignificantlylarger
durations on both petitions of the syllablethandidtheir
controls. For  the nor mal hearing children (

) the initial vovel in the VOV utterance was significantly
shorter in the first word than in subsequent initial vowels
in the sentence |ike frames of increasing length that is, the
first vowel in the three word like "/apal saw /apa/" task

was significantly shorter than the 2ndinitial vowel. The
findings were the same for the initial vowel in the five word
| i ke length utterances for the normal hearing children. The
hearing impaired children di d not showa significant systems—
ticshorteningof theinitial vowel inthesyllahic productions
for either three or five word |ike utterance length. The
only trend that was noticeablefor the hearing impaired children
was for thelengthof theinitial vowel inthesingleword
repetitionevent tobe longer thanal |l other initial vowels
inthe other utterance length task. Similarly, the hearing
impeired children demonstratedsigniflcantlylonger durations
of thefinal vowel in the /ape/ syllableduring alterations of
utterance | ength, when conpared with their normal controls.
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"The hearingimpairedshowedasi gnificantlylonger vowel
duration, as compared withnormals." (Rajanikanth, 1986)
Shukla (1987) conpared vowel durationand consonant
duration inthirty normal and hearing impaired individuals
who were watched for age and sex. Therereultsshowedthat —
a) On the average the duration of vowel /a:/ was |onger

when fol | owed by a voiced consonant than when foll owed

by avoiceless consonant inboth the groups of subjects.

However, in both the groups the difference was | ess then

the JND for duration.

b) In boththe groups vowel /a:/ was|ongest induration
when fol | owed by a nasal sound within the voiced sounds
category and when followed by fricative /a/ withinthe
voiceless sopunds category.

¢c) Theduration of the vowel /a:/ in the Medial position
was | onger inthe speech of the hearing i mpairedthen
inthe speech of the normally hearing speakers.

d) Innormally hearing speakers the mean duration of the
vowels /al, [ i [ ,and/u/inthefinalposition,thatis,
proceeded by di fferent consonants were around 200 m secs,
195 m sec and 185 m.sec, respectively. In the hearing
i mpairedspeakers / i / and /u/ tended to be longer thanin
normal speakers and the vowel /a/ tendedtoteeither
| onger or shorter when conpared to the | ength of the
vowel /al/ in normal speakers.
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e) Hearing impaired speakers showed a greater variationin

).

vowel durations than normally hearing speakers.

In the normally hearing speakers vowel /a/ in the final
positionwas |onger than vowels /i/ and/u/ whereasin
the hearing impairedspeakers, vowel /a/ was shorter than
vowels | i landlul.

There was a vowel [ engthening phonomenonin Kannada

| anguage, "vowel |engthening phonenenon is the final

syl labl evowel durational increment of 100 msec or

more i n English language for phrase final and utterance
final positions" (Klatt. 1975a, 1976).

Both the groups of subjects di d not show any consi stent
changes in the duration of the vowels depending upon the
proceding consonants.

I nboth the groups of subjects durations of consonants
were longer invowels /i / and/ u/environomentsthaninthe
vowel /al environment.

In both the groups velar sounds tended to be | onger than
bilabial consonants in both the voiced and the voiceless
categories.

Inthe speech of the normally hearing subjectsvoiceless
weresignificantlylongerthanthevoicedconsonants.
consonants. \Ahereas, in the speech of the hearing

I mpairedtheduratlonal differencebetweenvoicedand
voi cel essconsonants was consi derably reduced.
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1) Inboththegroupsof subjects the lateral sound /1]
anong t he voiced sounds and the fricatives/s/ among the

voi cel ess sounds were the shortest in duration.

m  In the speech of the normally hearing the affricates
[ C/ and [ j | were the longest, whereas, in the
speech of the hearing impaired /t/ and /d/ were the
|l ongest in voiceless and voiced categories of sounds

respectively.

n) Durations of al | the consonants were [onger in the speech
of the hearing impaired than in the normally hearing
speakers.

0) Hearing impaired speakers showed a greater variation in
controlling the length of al | the consonants than normally

hearing speakers.

The factors leading to or related to particular difficult
tieswithtimng of speech events, prolonging them and producing
apparently highvariability of timnginthe speech of the
hearing impaired are not known.  However,one possibilityis
that they depend heavily uponvisiionand that vision simply
does not operate in as rapid a time frame as addition (Carison,
(1977); Ganong, (1979). Another possibility is that auditory
feedback Ia necessary for rapid smoth production of complex
mtoric sequences of speech. (Lee, 1950) and that hearing
impairment |imits the necessary information too severely,
requiring a general slowing of the mechanism of production
and imposing highinstability upon timng.
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The duration of segments also gets influenced by factor
operating at the level of syllables, word and phrases.
In English, changes in contractive stress have been found
t o produce systematic changes in vowel duration. When
vowel s are stressed, they age longer in duration than when
the same vowels are unstressed. (Parmenter & Trevino, 1936),
This durationsl| variation has also been found be important
for the perception of stress (Fry 1995 1958).

Several investigations have shown that while hearing
| mpai red speakers make t he duration of unstressed syllables
shorter than that of the stressed syllables, the proportional
shortening is smaller, on the average in the speech of the
hearing impaired than in the speech of normal subjects,
(Osherger, Levitt, 1979; Stevens et al 1978). In contrast
tothisreilly(1979) found larger than normal duration
differences between vowels in primary and weak stress
syllables produced by a group of profoundly hearing impaired
children.

Anot her manifestation of the problemof duration of
phonenmensi s that the hearing i mpaired speakers fail to
mke the difference between the durations of stressed and
unstressedsyllablessufficientlylarge. (Angelocci. 1962;
Ni ckersonetal ., 1974.)

Al'though they prolong, the durations of both stressed
and unstressedsyallbles, the increase tended to he propor-
tionally greater for the unstressed sounds. Hearing speakers
| engthen stressed syl lables andsyllables iawrdfinal
and sentence final positions (Fry, 1958, Klatt,6 1974).
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Ni ckerson et al (1974) found that the deaf children fsl
to produce differences between the durations of the stressed and
unstressedsyllablesthat were as great as those produced by
normal hearing children. Although, subjects of both the groups
tended to prolong thesyllableinphraseor sentence final
position, the deaf subjects producedtheunstressedsyllablesalso

withincreasedduration.

Boothroyd et al (1974) found that the unstressed syllables
inthe deaf were twice |onger than those of normals. Angelocci
(1962) reported that the durations of the unstressed vowels
produced by deaf speakers were 4 to 5 times longer than those
of normal speakers. Durational increasefor stressedsyllables
also has bean repotted (John & Howatth, 1965).

Onberger and Levitt (1979) found that the nmean duration
ratiofor sttessedand unstressed vowels was 1.49 to 1.28 for
the normal hearingchildrenandthedeaf childrenrespectively.
The reducedratiofor the deaf childrenindicatesthat
whilethe average duration of unsttessed vowels is short et
than the duration of stressed vowels in the speech of the
deaf chil dren, theproportional shorteningof unstressed
vowel s is smaller, on the average, in the deaf children's
speech than in the normal hearingchildren's speech, (Osherger
&Levitt, 1979). They also found that the average duration
of both stressed and unstessed syllables was prolongedin
the speech of the deaf children, the nean duration ratio
for stressed to unstressedsyl | abl eswas al soreduced in
case of the hearing impaired.
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The review of [iterature shows that the hearing impaired
speaker seens to produce only stressed syllables and that
there is anoverall tendency for increased duration of al |

phonemes in the speech of the hearing i mpaired.

Sone investigators have attributed this partly to the
training where a great enphasis onthe articulation of
i ndividual speech sounds or isol ated consonant vowel syl |l ables.
(Boone, 1966, John & Howarth 1965). As a result lack of
di fferentiation between the length of stressed and unstressed
syl lables contributes tothe perception of inproper accessed

in the apeech of the hearing impaired. (Gold, 1980).

Several investigators have reported that the word
duration itself haa been found to be excessive in the speech
of the hearing impaired. (John & Howrath, 1965, Osberger, 1978)
El ectromyographic data have supported these findings
(Huntington et al,l968). The tongue novenents of the deaf
have been found to be extremely slow and some times
unnecessary motions of the tongue haveal sobeen observed.

(Brannon. 1964, Huntington at al, 1968).

The way in which the hearing impaired speakers use
temporal manipulations to convey differencea insyllabic
stress pattern is not clear. MGrr and Harris (1980)
found that even though intended stressed vowels were always
| onger than unstressed vowels in the speech of one profoundly

hearing impaired speaker, the intended stress pattern was
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not al ways perceivedcorrectlybyalistener. Thus,

the hearing impaired speaker was using some other
suprasegmental features toconveycontrastivestress.
Variationinfundamental frequency wouldbealikely
alternative, but McCGerr andHarris(1980) al sofoundthat
while the hearing i mpaired speaker produced the systematic
changes in the fundamental frequency associated with

syl lable stress, perceptual confusions involving stress
pattern were still  observed. (Osborger & MGarr 1982).

| nt er phonem ¢ Transitions:

Transitional elements between phonemes and between
syl lables play animportant role for the flowof normal
speech.

Speech sounds that requirethe precisecoordination
of thetimngof differentarticulatorynovenent orthe
rapid transition fromone articulatory position to
another may bhe a problemfor the hearing i mpaired.
(Nickerson, 1975). Mny studies support the viewthat
t he deaf do not move their articulators correctlyin
proceeding fromone phoneme to the next. (Halvert, 1961
1962; Angelocci, 1962; John and Howrth, 1965, Martony,
1965, 1966; Brannon, 1966; smth,1973; Stevens et al 1976;
Parkhurst &Levitt, 1978).

Levitt (1971) reported that while noving fromone
articulatory position to next, tha deaf child unintentionally
omts sounds.
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Other kinds of transitional problems repented include
the timng of voice enset relative to the release of
voicel ess stops (Angelocci, 1962) defective tim ng during
the onset of nasalization for nasal consonants (Stevens
et al 1976)/during the end of nasalization of nasal /and

consonants. (Martony, 1965, 1966).

Anot her suprasegmental temporal effect occuring in
normal speech i s prepausal |engthening, Wen a syllable
occurs before a pause that marks a positive major syntactic
boundary, It is longer induration than when it occurs
| a other positions ina phrase. (Klatt, 1975). It
has been observed that hearing impaired speakers do not
al ways | engthen the duration of phrase final syllables
relative to the duration of the other syllables in the phrase.

(Osberger and MeGarr, 1982).

Stevens et al (1978) observed that when there was
evidence of prepausal lengthening in the speech of
hearing impaired talkers, the increase in the duration of
the final syllable was nuch smaller for the hearingimpaired
than for the normal hearing speakers. On the other hand,
Rei |l Iy, (1979) found that the hearing impaired speakers
inher study used duration to differentiate prepausal
and non-prepausal syl lables. Reilly (1979) observed a
| arger than normal differences between the duration of
syl lables in the prepausal and nonprepausal position in

the samples produced by the hearing impaired children.
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|t has been reported that profoundly hearing |npaired
speakers typically insert nore pauses, and pauses of longer
duration than do speakers with normal hearing (Boone, 1966;
Boothroyd et.al.,1974; Heidinger,1972; Hood, 1966;John &
Howarth 1965, Stevens etal.1978).

Pauses may be inserted atsyntacticallyinappropriate
boundaries such as between twosyllablesin abisyllabicword
or within phrases. (Osberger & McGarr,1982).

Stark & Levitt (1974) reported that the deaf subjects
tended to pause after every word and stress al most every ward
Oral readings of sentences spaciallydesigned totest the use
of pause and stress were analyzed in this study. According to
John and Howarth (1965) the silences between words seen in
the speech of deaf subjects often accounted for one half the
total timetakeninutteringthetest sentences. Nickerson
et al (1974) reported that total pause time for hearing
childrenconstituted 25%of thetimerequiredto product
the test sentences while the pause time for the deaf was
40% of the total time.
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Boot hroyd et al (1974} have consi dered that within phrase
pauses were more serious problemthan between phrase pauses

I ndeaf speakers.

Osberger and Levitt (1979) repotted that there was no
evidence of within phrase or withinsentence pausesinthe
utterances produced by the normal hearing speakers. The deaf
children paused frequently within a phrase and they often
i nserted pauses betweensyl |l ablesinbi-ayllabicwords. The
mean nunber of pauses per sentence was 57 i n the deaf childrens'
speech. The greatest difference between normals and hearing
| mpai red speakers has been observed in thedurationsof inter

andintraphrase pause (Stevens et al 1978).

Closely related to the problemof excerssive and inapproprian-
tely placed pauses is that of poor rhythm The i nappropriate
use of pauses along with the timng errors lead to the
perception of inmproper grouping of syllables and thus
contributesto the poor rhythmperceived in the speech of the

hearing i mpaired (Euggins 1946, Nickarsonet al 1974).

The resul ts of the studying Huggins (1934, 1937, 1946)
suggested that the frequent pauses observed in the speech of
the hearing impaired may be the result of poor respiratory
control. The results showed that deaf children used abort,
irregul ar breathgroupsoften with only one or two words and
breat h pauses that interrupt the fl owof speech at
i nappropriate places. Also, there was excessive expenditure
of breath on singlesyllables, false grouping of syllables

and m spl acenents of accents. Forner & Hixon (1977)
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confirmed this fromtheir study. They found the muscle
activity to he normal for deaf individuals during quiet
breathing but noted that they do not take enough air while
breathing for speech. Thus, hearing impaired children
distort many temporal aspects of speech. These distortins,
excessively prolonged speech segments and the insertion

ef both frequent lengthy pauses, are perceptually promnent
and disrupt the rhythmc aspects of speech. Inspite of
these deviences there is evidence suggesting that hearing
impaired talkers manipulate some aspects of duration such
as those involving relative duration, ina mnner similar
to that of speakers with normal hearing.

Voi ce quality:

There seens to bo a general agreement that the speech
of the hearing impaired has a distinctive quality that
differentiates this population from other speakers
(Calvert 1962; Boone 1966).

Calvert (1966) reported that the voice quality ef
the hearing impaired can be recognized easily.  However,
the characteristics that contribute to this perceived
deviationaredifficult tocharacterise (Nickerson 1979).

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 presumed to bhe a
consequence of improper positioning of the vocal folds
with too wide an average glottal opening during voiced sounds
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(Hudgi ns, 1937; Stevens et al 1978)
Pitch & Intonation:

Fundement al frequency patterns:

The fundemental frequency (Fo) often loosely called
thepitchof thevoiced speech sounds variesconsiderably
in the speech of given speaker and the average or
characteristic fundamental frequency varies over speakers.
Average fo decreases with increasing age until adulthood for
both males and females. (Fairbanks, 1940 Hol | iené& Paul,
1969; Sanuel, 1973; Usha, 1979; Gopal. 1980).

For any given age, averagei ndivi dual Fo spans oves a
considerabl e range, but about 90%woul d be expected to be
within plus or mnus 30-40 Hz of the popul ation nornms.
(Fiarbanks, 1910, Fairbanks et al , 1929; Mol | i en& Paul 1969).

The poor phonatory control inthe hearingimpaired
individuals may be devided into two major parts:

1. Inappropriateaverage fundamental frequency (Fo)
2. lmproper intonation. This inturn can bhe divided into -
a) Little variation in Fo resulting | aflat and monot onous

speech.

b) Excessive or erratic pitchvariation,
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Among the most noticeabl e speechdisordersat the
hearing impaired are those involving FO

Several investigators have reported that the deaf
speakers have arelatively high average pitch than that at
normals of conparable ages. (Angelocci. 1962; Calvertl962;
Engel berg,1962; Angelocci et al 1964; Mecfessel, 1964
Thornton, 1964; Boone, 1966; Martony,1968; Gilbert & Campbell,
1980).

Angelocci et.al.,(1964) found that mean fundamental
frequency (Fo) of hearing impaired adolescent between 11 to
14 yeara was 43 Hz higher than that of the normally hearing
subject. Boone (1966) reported that this problem was
greater for teenegers than for pre-adolescetns and that it
was particularly adolescent boys.

Angel occi et.al.,(1964) not only noted that the FO
of hearing impaired individuals were higher than those of
noram hearing individuals, but also that the average Fo
for different individuals spanned a wider range

Thornton (1964) has reported essentially normal
speaking frequencies for hearing impaired speakers. This
contradicts the findings reported by mny researchers.
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Wi tehead and Mke (1977) reported that while the
speaking fo was higher for deaf adults than for normally
hearing adults on the avarage, a majority of the deaf
adults had speaking Fo valuts [ fell within the normal /whi

range.

Monsen (1979) in a group of 24 hearing i mpaired
children, found that Fo waa within the range of norm
hearingchildren.

Meckfessel (1964) reported speaking fo (SFF) data
for 7 and a years ol d hearing impaired speakers that were
higher than values for normally hearing speakers.
Ermovick (1965) and Guanewald (1966) reported values
that were equal to or lower than values for normally
hearing speakers.

Sone differences i n average Fo have been found as
a function of the age or sex of the hearing impaired
speaker. The reaults of several studies have shown
that there were nosignificant differences in average
Fo between young normal hearing and hearing impaired
children in the 6 —12 years age range. (Boone ; 66,
Green, 1956; Monsen 1979). Differences have been
reported between groups of older children. Boone (1966)
found a higher average Fo for 17 - 18 years ol d mles
than females. Osberger (1981) found that the difference
in Fo between hearing and hearing impaired speakers
inthe 13 - 15 years age range was greater for females
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than for males.The Fo for female hearing impaired speakers
ranged between 250 - 300 Hz this value is about 75 Hz
higher than that observed for the noraml hearing females.

Greene (1956) reported higher values of SFF for hearing
i mpaired females than for normal hearing females. MWile
Ermovick (1965) and Gruenewald (1968) reported values that
were similar,

Meckfesel (1964) and Thornton (1964) reported
speaking fundamental frequency (spy) values in post-pubercent
hearing impaired males that were higher than those obtained
for normally hearing post-pubescent males, while values
obtained by Greene (1956) were similar to those for nornal

hearing males.

"The average Fo value of the utterances of the male
hearing impaired speakers was slightly lower than that of the
hearing males for the first part of the utterance. The Fo
values for the hearing and hearing inpiared mle speakers
overlapped for the last half of the utterance (Osherger 1981).

Gi | bert & Campbell (1980) studied SFF in three groups
(4 to 6 years, 8 to 10 years, 16 to 25 years) of hearing
impaired individuals, and reported that the values were
higher in the hearing impaired groups when conpared to
val ues repotted intheliterature for normally hearing
individual sof thesameage and sex.
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Raj ankanth (1986) reported that when tempered to
normal s the hearing impaired, ingeneral, showed a higher
SFF.  He al so noted that there was a significant difference
between males and females and al so hetween the two age groups
studied i.e. 10 —15 years and 16 - 20 years.

In another study it was found that the fundamental
frequency was higher, on the averag, in the speech of the
hearing impaired. However, a majority of the hearing impaired
speakers fell within the normal range (Shula, 1987).

Differences have heen reported for the older hearing
impaired children in the adolescent and post adol escent
groups, but it ismnot clear if pitchdeviationisgreater
for hearing impaired mles or females (Meckfessel 1964,
Thronton 1964; Boone 1966; MGarr & Osberger 1978; Osherger
1981). Age related factors such as laryngeal growth
acconpani ed by adolescent voice changes are not auditorily
detected in the deaf have been attributed to cause pitch
deviationinthis group. (Bush, 1981;, Bush (1981) observed
excessive segmental variationsin Fo for a small group of
profoundly heazing impaired females in the same age range
as those in the Osherger's (1981) study.

The auditory feedback systemis a min channel for
appropriate establishment and production of pitch (Fo).
Toor pitch, has beenaparticularlydifficult property of
speech for deaf children to learntocontrol. (Boothroyd 1970)
the possible reason for thedifficultyisthat deaf children
my |ack a conceptual appreciation of what pitch is "(Anderson
1960, Martony, 1968).
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There have been other explanations offered to the
pitchdeviation noted in the hearing impaired.

Wllemain and Lee (1971) hypothesised that the deaf
speakers use extra vocal effort togive them an awareness
of the onset and progress of voicing and this becomes the
cause for the high pitch observed in their speech.
Pichett (1968) has suggested that the increase in pitch
was due to increased subglottal pressure and tension of
the vocal cords. That is the increasedvocal effort
s directed at the [aryageal mechanisms for Kinesthetic
feed back. Angelocci et al. (1964) hold asimilar
opinion. They contended that the deaf speaker tends to
achieve vowel differentiationby excessive laryngeal
variationswithonly mniml articulatoryvariations.
Buch (1981) does not support this view. She found greater
variability in Fo for the hearing impaired speakers who
produced a wi de range of vowel sounds.

Martony (1968) proposed that this laryngwal tansion
s aside effect of the extra effort put into the
articulators. He opined that since the tongue muscles
are attached to the hyoid bone and the cricold and thyroid
(artilages extraeffort intheir usewouldresult in tension
and a change of position in the laryageal structures. This
woul d ultimately cause a change in pitch.
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Fo variation;

Appropriate Tovariation (intonation) is another problem
of voice that thedeaf individualspresent. Two major types
of Fovariationinthe speechof thedeafindividual shave
been noted.

1) Lack of variationof Foand
2) Excessive variationof Fo

The speech of the deaf has been Observed to contain
errorsoftenreferredto as 'monotonous' and 'devoid of melody'.

Several investigationshave shown that thehearingimpaired
speakers do produce pitchvariations, but the averagerange
was |ess than the ranges of normal speakers. (Green, 1956;
Calvert. 1962; Hood, 1966; Martony 1968; Hood and Di xon 1969;
and Nandyal 1981). This would result in the monopitch observed
inthespeechof the hearing i mpaired.

A particular problemis that of inappropriate or
insufficient pitchchangeat the endof asentence. (Sorenson,
1974). A termnal pitchrise each as occuring at the end of
sone questions my be even nmore difficult for deaf to produce
thema termnal fall. (Phillps et al, 1968).

Hearing i mpaired speakers who tend to produce each
syllablewith equal duration my also generate a simlar
pitchcontour (mno) omeachsyllabl e (Nickerson, 1975).
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Pitch problems vary considerably fromspeaker to
speaker, whereasi nsufficientpitchvariationhasbeen
noted as a problemfor some speakers, excessivevariations
has been reported for others. (Martony, 1968). Such
variations are not simplynormal variationsthat have
been somewhat exagerated but, rather, pitch breaks and
erratic changes that do not serve the purpose of
intonation. These speakers may raise or [ower the Fo
by 100 Hz or ware, within the same utterance. There are
reports that often, after asharp rise in fo the hearing
| mpai redspeaker | osesal | phonatory control andthereafter
there is a complete cessation of phonation. (Smth, 1P75,
Stevens et el 1978).

A wider range of pitchfor the deaf subjectshasalso
beenreported. (Angelocci et al., 1964, Boone, 1966,
Martony, 1968).

"The hearingimpaired showed al mst double the
frequency range as conpared with normal againwith
large individual variations". (Rajani Kanth, 1985).

|t has been suggested that some of the unusal
pitonvariations seenmayresult fromattempts to
increase the anount of proprioceptivefeed-back during
speech. Martony (1968), Wllemn and Lee (1971)
have observed that deaf speakers sometimes tend to
begina breath groupwith an abnormally high pitch
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and then to lower thepitchto a more normal |evel.
Wllemain & Lee (1971) also noted that the average
pitch of the deaf speakers sometimes increases with the
difficulty of the utterances.

Monsen(1979),whilestudyingthe manner in which
fo changes over time, using a spectrographic technique
observed four types of fo contours in the speech of the
hearing impaired children of 3 - 6 years age. They were

1. Afalling contour, characterized by a smooth decline
in fo at an average rate greater than 10 Hz per 100 m sec.

2. A short falling contour, occuring on words of short
duration. The fo change may be more than 10 Hz per
100 msec. but the total change may be small.

3. A falling flat contour characterised by a rapid change
in frequency at the beginning of a words followed by
arelativelyunchangingflat portion

4. A changing contour, characterizedby a change in
frequency, the duration of which appears uncontrolled,
and extends over relatively large segments.

Monsen found that the type of contour appeared to be an
important characteristic separating the better from poorer
hearing impaired speakers.
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Segmental influences on Fo control:

It is seen that some hearing impaired children produce
thevowels/ 1 [ , /1 /[ ,lulonahigher Fothanthe other
vowel s of English. It has been shown that there is a systema-
ticrelationship betweenvowels &Foin normal speech. High
vowels are produced with a higher Fo than low vowels;
resulting inaninverse relationship between Fo and frequency
location of the 1st formant of the vowel. (House and
Fairbanks, 1953, Peterson & Barney 1952). Angelocci et-al .,
(1964) first exam ned some of the vowel changes infoin
the speech of the hearing impaired. Their results showed
that the average Fo and amplitude for al | vowels were
considerably higher for the hearing impaired than for the
normal subjects. Incontrast, the range of frequency and
amplitude values for the vowel forments were greater for the
normal hearing than for the hearing impaired speakers. So, they
suggested that the hearing impaires subjects attempted to
different vowels Dby excessivelaryngeal variationrather
than with articulatory maneuvers as do normal hearing
speakers.

A study by Bush (1981) did not support a simple trade
of f between Fo variability and articalatary skill. She
observed acloserelationshiphbetweenvowel-relatedvariability
in Fo and articulatory skill for the majority of profoundly
hearing i mpaired subjects inher study. Greater Fovariability
was observed for the hearing impaired speakers who produced

a wide range of vowel sounds ( in terse of F, & F, value)

and who were more intelligible than speakers whose
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articulatory skills were more limited, Bush (1981) also
noted that although the amount of Fo variation with vowels
used by hearing impaired speakers was greater, on the
average, than that used by the hearing speakers, the direction
inthe Fo varied as a function of vowel height was simlar
for the two groups of speakers. On the basis of these
observations, Bush (1981) concluded that vowel - to - vowel
variations produced by the hearing impaired speakers were in
some way, a consequence of the same articulatory maneuver
used by normal speakers in vowel production. Bush has
postul ated that because of the nonlinear nature of the stress
strainrelationshipforvocal fold tissue,increases in vocal
fold tension my be greater in magnitude when the tension

on the vocal folds is already relatively high (as in the
case with hearing impaired) resulting in sone what |onger
increases in Fo during thearticulation of high vowels.
According to Honda (1981) moving the tongue root forward

for the production of high vowels causes the hyoid bone to
move forward, tilting the cartilage anteriorly. As a

result of this, there is increased tension on the

vocal folds resultingin an increase in Fo.

Thus thereissampleevidence to suggest the presence
of pitch deviation ia the speech of the hearing impaired.
The abnormal pitch variations have been considered to be
the major cause of faulty intonation of the hearing impaired.
But there is also evidence to suggest that they know and use
some of the same rul es by normal hearing speakers.
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Vel ar Control:

The velumor soft palatefunctionsasa gate between
the oral and nasal cavities. It [owers to open tha passage
tothe nasopharynx for the productionof nasal consonants.
Onthe other head, itraisestoseal of f thepassagefor
the production of non-nasal sounds. |f the velumisraised,
whan it shoul d be | owered, theresultingspeechisdescribed
as hyponasal, if it is [owered when it ahould beraisedthe
speech is described as hypernasal.

| mproper control of the velumhas | ong beenrecogni zed
among the hearingimpairedspeakers (Hudgins, 1934).
| mproper velar control may affect the resonant properties of
speech and al so may result in articulatory errors. (Osherger
and McGarr, 1982).

Hypernasalityhasbeen reported to be present inthe
speech of many hearing i mpaired individuals. (Hudgins &
Numbers, 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 zation when conpared to normals.
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Learning velar control is difficult fo

I mpaired children because:

1. raising and | oweringnovenentst he vel um

deiectable via lipreading and

2. the activity of velum produces very little proprioceptive

feed back (N ckeoson | 975) .

Devi ant nasalization characteristics in the speech of
the hearing impaired has beenreported to be theresult
of inmproper posture of the vel opharyngeal structure
(Hudgi ns 1934, Mc Clunpha 1966; Stevens et al 1976),
I nappropirate timng of the opening and closure gestures
of thevelum(Stevens et al , 1976) and f aul ty pal ato- pharyngeal

val ving (Subsently et al 1980).

The studies have pointed out that for many deaf
speakers, the velumremains |owered mich of the time

and thus many vowel s are nasalized.

Anot her devi ation reported is the way the tongue body
I's positionedinthe nmuth. For some, hearing i mpaired
speakers, the tongue bodypositionshas been found to be
relatively immobile as far as front-back nmovenent during
speech production is concerned. As a result of this a
rat her narrowrange of variationof thefrequency 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 hearing impaired is due to
the perceived resonance brought about in the pharyngeal
regionby aninferiorlyretracted tongue position during
speech and not due to velopharyngeal insufficiency.

Miller (1968) on the other hand, has attributed nasalization

problems 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, pitchvariations and
speech tempo. The problem of [oudness in the speech of the
hearing impaired has drawn attention of several investigators
(Martony, 1968, Mi |l er, 1968; Canhart,[970). Many of these
studies have shown the occurance of inappropriate loudness
in the speeeh of the hearing impaired. Further
variations inloudness have also been reported.

Levitt et al (1974) examned segmental and suprasegment al
errors in the speech of 70 congenitally of children in
the age ranges 8 to 10 and 13 to 15years. The most common
suprasegmetnal errors judged consistently by the raters
were i nappropriatelymonotonous rate, insufficientvariability
of intonation, inappropriate stressand spasmodic control of
phonation.

Revi shankar (1985) foundthattheintonationerrorswere
mst  frequent followed by pitch errors, errors in rate of
speech, errorsinnasalityandvoicequalityerrors,
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Supra segnental errors and speech intelligibility:

Suprasegmental conpetence once acquired becones an
indi spensabl e part of speechproduction(Ling, 1976). The
role of suprasegmental features of speechinthe flowintelligible
verbal discourse has been wel | documented by several investigators
(Ei senson 197, Lieberman, 1972; Martin; 1972; Geers; 1978).

Due tosuprasegmental devi ations, the speech of deaf
talkers has been characterised as staccato, leading to the
perception of improper grouping of syllables (Gold, 1980).

Suprasegnental  errors also been noted to be detrimental
to speech intelligibility., Some investigators have attempted to
correlatespeechintel ligibilitywthsuprasegmentalerrors.
(Hudgi neandNembers, 1942; John&Howsrth1965; Levittetal.,
1974; Smth, 1975; McGarr et al, 1976; Parkhurst and Levitt,
1978; Monsen, 1979; Ravishanker, 1986, Metz et al 1985).

The suprasegmental errors that are studied inrelationto
speechintelligibilityaretimngerrors, pitchandintonation
errorsanderrorsinnasality. Most of theseerrors have been
found tobe detrimental tospeechintelligibility.

Studies that have attenpted todetermne the rol e of
deviant suprasegmental production ingenerating unintelligible

speech are of two types:
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1. Correlational studies
2. Causal studies i.e. studies that attempted to determne
the cause and effect relstionship. These types of studies
can be subdivided into tw mjor categorises:
a) Studies in which hearing impaired children receive
intensive training for the correction of a particular

typeoferror.

b) Studies in which the errors are corrected in hearing
I mpairedchildren'srecordedspeechsampl esusing

nmodern signal processing techniques.

Correl ational studies:

The suprasegnental errors examned nost extensively
inrelationtointelligibilityhavebeenthoseinvolving
timng. One of the earliest attenmpts to determne the
relationship between deviant timng patterns and intelligibility
is found in the study by Hudgins and Numbers (1942). Although
they correlated rhythmerrors with intelligibility, many of
these errors appear to be due to poor timng control andFo. for
(Osberger and McGarr, 1982). They found t hat sentences spoken
with correct raythmwere substantially nore intelligible than
thosethat werenotact. Thecorrel ation between speechrhythm
and intelligibilitywsO0.73. Theother correlational studies
have shown a moderatenegetivecorrel ati onbetweenexcessive
prol ongationof speechsegmentsandintelligibility(Mnsen

Leiter.1975; Perkhurst and Levitt, 1978).
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Levitt et al (1974) reported that deviant timing
patterns such as excessive prolongation of words and inappropria-
te pauses in thespeeechof the deaf, have a marked ef fect upon
theoverall speechintelligibility.

Reilly (1979) found that relative duration (stressed:
unstressed syl lablenuclei durationratio) demonstrated a
systematic relationshipwithintelligibility.Reilly(1979)
suggested that the better able the profoundly hearing impaired
speaker was to produce the segmental, lexical and syntactic
structure of the utterance, thenoreintelligiblethe 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 postive
effectofintelligibility. Thepresenceof these pauses actually
helped t o inmprove the intelligibility. They added that
excessiveor prolonged pauses appeared to have a secondary
effect inreducing the intellighility.

Attempts have al so bheen made t o determne the relationship

between errors involving Fo control and intelligibility.

"I'mproper control of pitch Observed |a the speech of the
hearing impaired has stimulated mny |nvestigators to determne
the relationship between errors involving pitchcontrol and
speechintelligibility"(Ravishankar, 1985).
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The inability to control the speaking Fo by the hearing
impaired contributes to the lowintelligibilityof their
speech (Booth royd & Decker, 1972).

Smith(1975) found that errorsinvolving poor phonatory
control (intermttentphonation, spasmdic variations of
pitch and loudness and excessive variability of intonation)
hadahighcorrelationwithintelligibility,

MonsenandLeiter (1975) measuredtheamount of
variationinthespeechproductionof deaf children. This
measure was not foundtocorrelatehighlywthspeech
intelligibility.

Suprasegmental aspects of phonation have been enphasised
by some investigators as indicators of speech intelligihility
(Levitt 1974, Asp, 1975).

McGarr et al (1976)found  that thehearingimpaired
children of thier study who were unable tosustainphonation
and showed pitchbreaks and marked fluctuationsinpitch were
consistency judged to have poor intelligibility. Such
childrenwereal soreportedtoshowtimngerrors andvery
| ow phonene production scores in continuous speech. They
found a significant correlation between speech intelligibility
and ratad subjective evaluation pitch deviancy in their hearing
I mpaired subjects.
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It may be that the pitch contours that appear abnormal
atleast to the naive listener, may draw attention to themselves
and thereby affect the overall speech intelligibility
(Wngfield, 1976).

Monsen (1978) found that there was no clear-cut relation-
ship between nean Fo and mean amount of Fo change and intelli-
gibility.

McGarr and Osberger (1975) found that for the mjority
of the children studied, there seemed to be no simple relation-
ship between pitchdeviancyand intelligibility. Some
children whose pitch was judged approppriate for their age
and sex had intelligible speech, while others did not the
exception to this pattern were the children who were
unable to sustain phonation and whose speech contained
numerous pitch breaks. Their speechs was consistantly judged
to be wunintelligible.

Parkhurat & Levitt's (1978) data also suggested that
excessive variations in pitchmayreduce intelligibility.
Inthis study, a multiple Iinear regression analysis was
performed, relatingintelligibilitytovariousprosodic
distortions judged to occur in the speech of the hearing
impaired children. Breaks in pitch were one of the

prosodic errors showing a significant negative regression
withintelligibility. Theeffect of thelessdeviant
patterns, such as elevated Fo, has not heen clearly

established, although prelimnary data suggest that these
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problems will not have a serious effect on intelligibility.

Resul ts of Mnsen (1979) who showed pitch contours to
correlatesignificantlywithvoicequalityratings, suggest
that significantcorrelationswithintelligibility
will only be found when intonation patterns are taken
into account.

"The speech intelligibility scores showed a high
negative correlation with suprassgmaatal errors.”
(Ravishankar 1985). His study indicated that the supraseg-
mental errors were strong deterrents to the speech intelligi-
bility of the subjects. Arong the error types, intonation
errors showed the highest correlation followed by errors
inopitch, errorsinrate of speech, errors invoice quality
and t he presence of nasality,in the same order.

The ef fect of prosody of deaf speechintelligibility
has been evaluated mainly by correlational techniques. In
studies using subjective ratings of all prosodic features
combined (Fo, temporal structure and intonation) it was
found that errors in rhythm (Hudgins and Numbers, 1942)
poor phonatory control (Smth, 1975 and Staccato prosody
(McGarr and Osverger ,1978) or syl |l abic speech (Levitt
et al, 1976) al | show moderate to high negative correlations
withspeechintelligibility. (Maassen andPovel, 1984).
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The suprasegmental errors in the speech of hearing
impaired consists of errors of prosody (eg: errors of
intonation, stress, and/or phrasing),abnormal voice quality,
heypar or hyponasality, inappropriate average pitch and
improper control of voicing. (Nickerson, 1975,  Levitt et al.,
1974) of these, errors of duration and timng have received
the greatest attention, partly because the errors are
perceptually promnent and also hecause improved timng can
be obtained with good training. (Parkhurst and Levitt, 1978).

Studies that have attempted to determ ne the causes and
effect relationship between  speech  errors/intelligibility  /and
have dealt primarily with timng. (Osherger & MGarr, 1982).

The classic training study that attemped to determne
the causal relationshipbetweentimng errors and intelligibility
was conducted by John and Howarth(1965). They reported a
significant inprovement in the intelligibility of profoundly
hearing impaired children's speech after the children had
received intensive training focussed only in the correction of

timng errors.

Heddi nger (1972) also reported similar resultsi.e. he
found improvements intheintelligibilityof the speech of
children who were given training enmphasizing timing. On the
otherhand, Houde (1973) observed a decrement i n intelligibility
when timing errors of hearingimpaired speakers were correids d,
and the reaslts of a similar study by Boothroyd at al (1974)

were equivocal.
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There have been no such studies oa the role of pitch
correction on speechintelligibility. (Harrisé&M®Garr, 1980)

Studies have been conducted in which the errors are
corrected in hearing impaired children's recorded speech
samples using nmodern signal processing techniques to bring
about inprovement in intelligibility

A major problemwith the training studies la that the
training my result in changes in the child's speech other
than those of interest. In additiontothis, theeffect of
phoneme production and of prosodic feature production upon
intelligibility have not been separated sufficiently in these
studies (Osbherger & MGarr,1982).

Recent investigations have attempted to elimnate this
confounding variables by wusing computer processing techniques.
In such studies, speech is either synthesized with timng
distortions, (Long, 1975,  Huggins, 1977, Bernstein, 1977)
or synthesized versions ofthe speech of the hearing impaired
are modified so that the errors (timng/or pich and intonation
errors) are corrected selectively. (Osbherger &Levitt, 1979,
Maassen & Povel, 1984 a; 1984b; 1985; oster, 1985; Maassen, 1986)

Gold (1980) gave a detailed review of a large number of
studies dealingwith the production characteristics of hearing
i mpairedindividual.Thereviewendswiththefollowing
concl usi ons:
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"\Wereas there is nmuch documentation of the kinds of sigmental
and suprasegmental errors inthe speech of the hearing impaired
There is far less evidence of the direct effects of each of
these error types on overall speech intelligibility". "Thus ,

al though we may he able to identify those errors tooccur

most frequently in the speech of the deaf, we need further
researchtoindicate howthese error typesinteract toreduce
speechintelligibilityandtodetermnewhicherrortypesshould

be the first to be considered when planning a training program
for improved speech productioninthe hearingimpairedchildren”.

During the last years the studies have gradually been nore
concentrated onthe relationbetweenspeccherrorsandthe
naturalness aad intelligibility of the speech with the aimto
i mporvetrainingmethodsinschool s(Oster, 1985).

The advantage of using conputer processing techniques is
that it ispossibletodetermne thecausal relationshipbetween
the errors and the intelligibilitywthout the presence of the
confounding variablesthanthatareseeninthe training studies.
(OsbergeraadlLevitt, 1979).

Indigital manipulationtechniquesitiseasytocorrect
errors is the time domain (suprasegmental) but nore difficult
to correct segmental errors. (Huggins 1977, Nruger et al 1972,
Maassen and Povel 1984; Osberger and Levitt, 1979). [If speech
synthesis techniques are used, both types of errors caneasily
be corrected or inserted, especially if a synthesis-by-rule
system is 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 throughananalysis-by-synthesisapproach;
that is, by examning the perceptual effect of instrumental
mani pul ation of recorded sentences (Harris & McGarr 1980).
Lang (1975) used an analysis-synthesis approach to correct
timng errors in the speech samples produced by hearing
I mpaired speakers, and also to introduce timng distortionsin
the samples of normal speakers. M nimal inprovenents in
intelligibilitywereobservedfor the speech of thehearing
impaired and mnimal decrements in intelligibility were
observed for the normal speakers.

Bernstein(1977) foundnoreductionintheintelligibility
of speech sanples produced by a normal speaker when synthesized
with timng errors. In contrast to this, Huggins (1977)
found t hat when normal speech was synthesised with the durational
relationship between stressed and unstressed syllables reversed,
therewasasubstantial reductioninintelligibility.Even
greater reductions i n intelligibility occurred when the stress
assignments for both pitch and duration were incorrect.

I n an attenpt to resolve some of the conflicting information
Inthis area, Osherger & Levitt (1979) quantified therelative
effect of timng errors onintelligibility by means of conputer
stimulation. Speech samples produced by hearing impaired
children were modified to correct timng errors only, leaving
al | other aspects of the speech wunchanged 3 types of
corrections were performed, relative tim ing, absolute syllable
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duration & pauses. Each error was corrected alone and together
with one of the other timng errors. 6 - stage approximation
procedure was used to correct the deviant timng patterns in

the speech of six deaf children. They were: -

1. Original, uneltered  sentences

2. Correction of pause only

3. Correctionof relativetimng

4. Correctionof absol utesyllableduration

5  Correction of relative timning and pauses
6. Correction of absolute duration and pauses.

An  average  inprovement in intelligibility was observed only
when relative timng errors alone were corrected. The
secondhighestintelligibilityscorewasobtainedfor the
original, unaltered sentences. Theintelligibilityscores
obtained for the other four forms of timng modification were
poorer than those obtained for the original sentences, on the
average. However, the inprovement was vary small (4%).
Since the timng modifications for this condition involved
only the correction of the durationratio for stressed-to
unstressed vowels, the overall durations of the vowels

(& syllables) were still longer than the corresponding
durations in normal speech. "These data indicate that the
prolongation of syllables and vowels, which is one of

the most obvious deviancies of the speech of the hearing

i mpaired, does not in itself have a detrimental effect on
intelligibility"(Osherger&MGarr, 1982).
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Maassen & Bowel (1984a) changed the syllahl e and phonene
duration such that they were either absolutely or relatively
equal to durations of the corresponding segments in the normal
utterances. Intelligibility improved from 25% to 30% when
a phonemc relative correction was performed for 16 out of
SO sentences. Here, each phonene got the sanme relative
duration, asthe corresponding phonene in a normal utterances.
| nprovenent in speech intelligibility was 11% to 17% when
syllabic relative correction was done (for 8 sent.out of 30
sentences) where the syllable was the unit of transformation.
For 5 sentences largest increase resulted froma phonemc
absolute correction (intelligibilityrisefrom21%- 28%.

Maassen and Povel (1984 Db) studied the role of intonation
fortheintelligibilityofdeaf speech. The intonation
contours of Dutch sentences spoken by 10 deaf children
were manipulated using digital signal processing techniques,
including LPC analysis. (Linear predictive coding) Sentence
intonation was corrected by replacing the original Fo
contour of the deaf wutterances withanartificial contour
derived froma formalized intonation grammar. 3 typas of
intonation corrections were produced differing withrespect
to the underlying accent structure and the type of Fo
movements used. The overall reaults showed that intonation
correction yields a small but significant improvement in
intelligibility of 7% (from 20% to 27% words correctly
| dentified) To evaluate the ineraction with temporal aspects,
intonation corrections were also implemented to temporally
corrected sentences. Total growhinintelligibility



2.57

due to these combined corrections amunted to 13% Thus,

they concluded that nodramaticgaininintelligibility

my be expected of speech pathologists succeed in teaching
their deaf pupilstohave better control over the suprasegmena

aspects of their speech.

Maassen & Povel (1985) conducted three experiments to
study theeffect of segmental andsuprasegmental corrections
ontheintelligibilityandjudgedquality of deaf speech.

By neans of digital signal processing techniques, including
LPC anal ysis, transformations of separate speech sounds,
temporal structure, andintonationwerecarriedout on30
Dutch sentences spoken by ten deaf children. The transformed
sentences were tested for intelligibility and accpetahiligy
by presentingthemtoinexperienced!|isteners. Acomplete
segmental correction caused a dramatic increase in intelligibiliy
from24%to 72% which for a major part, was due to
correctionof vowels. Thecorrectionof temporal structure
and intonation caused only a small inprovement from 24%

to 34%cobination of segmental and suprasegmental corrections
yi el ded al most perfectly understandable sentences, duetoa
mre thanadditiveeffect of the twocorrections. Quality
judgments were i nclose agreement with the intelligibility
measures. "The results show that, in order for these speakers
t o becone nore intelligible improving their articulationis
more important than improving their production of temporal
structureandintonation" (Maasen and Povel, 1985).
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Oster (1985) took speech tenples fromThree deaf children
and analyzed themindividually to find errors in vowels,
consonants and prosody. Based on this analysis,a phometic
system for each child was established and a synthetic
speech containing different combinations of errors was
generated. A group of normal hearingsubjects listened
to the synthetic deaf speech and wrote down all the words
that they could understand. The results of the study showed
that synthesis by rul e systemcan because to establish the
relativeinmpact onintelligibilityof differenttypesof
speech errors and todevelop an individualizedprograms for
speech improvement. Theindividualizedprogram suggested
for the three deaf children imply that the segmental errors
shoul d be given nore enphasis and should be corrected first
and than the suprasegmental errors. The segmental error
correction wll inprove the intelligibility upto 66%¢to
97%

Maassen (1986) insertedsilent pauses withaduration
of 160 ms between the words to as to mark ward boundaries
of 30 sentences, spoken by 10 deaf children, acoustically.
Subseqeunt tests with normal hearing listeners demonstrated
that after insertionof pausestheintelligibilityofthe
sentencesincreasedsignificantlyfrom27%to3l%

Osherger &Levitt (1979) write"Todate,therehave
been few studies of this nature (studies using computer
processing tecniques) and data which are available
are inconclusive. In view of the advantage of using this



2.59

approach, additional studies employing digital speech
processing techniques appear warranted".

Studies inthe recent years, though only a few have shown
that the computer correction of temporal aspectsandintona-
tioncontour of deaf speech only caused a small increase

inintelligibility.

There have been no such studies reported in Indiasofar.
Therefore the present study was undertaken to see the effect
of thecorrection, usingcomputer, of someof the temporal
aspects and average fundamental frequency in the speech of
the hearingimpairedonthe speechintelligibility,



VETHODOLOGY

A subjects and test material
Eight children - four normal hearing and four hearing
impaired - between 8 - 10 years were selected for the study.
The hearing impaired children were selected from amng the
cases who are attending AIISH for therapy. They all satisfied
the following conditions -
1. Had congenital bilateral hearing loss (PTA of greater than
To dB - ANSI 1969 is the better ear).
2. Had no additional handicap other than that directlyrelated
to the hearing impaired.
3. Were able toread simple bisyliabhic (VCV combination) words

I n Kannada.

Four normally hearing children were selected to mitch
each hearing impaired subject in terms of age and sex.

The test materials consisted of eightbisyliabicKannada
wor ds (VCV) These words ware chosenfromthe Kannada. Articul ation
Test (Bettageri, Rathna, Babu, 1972) which is used with the
children of 3 years and above. Wrds ware simple so that both
normal and hearing impaired children could read them

(See  Appendix-1).
B. Experinental instruments:

The speech samples were recorded on spool tape uaing the
tape recorder of the sound spectrograph (Voice Identification

loc.700series)
. Recording procedures:

The recordings were made i na sound treated roomat
speech science |aboratory. Each subject had toread a |ist
of eight words in front of an unidirectional mic which
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was pl aced at about four inches anay fromthe subject's nounth.
Acosutic Anal ysis:
The recorded words were digitized at sanpling frequency
of 8000 Hz and the bl ock durationandresol utionwere 50 msecs

and 10 msec. respectively, usingaA/D converter and
a PO XT (WPRO.

The paranmeters which were taken f or
anal ysis age vowel duration, duration eg the pauses (intraword -
i f any), total duration of the word, fundamental frequency, form
frequencies (F, F, and F,) and Bandw dths (B, B, & B3). These were

noted down for all (8) children and for all the words ( 8 Wbrds
Statistical Analsyis:

Descrptive statistics consisting of nean, standard devi ation

mni numand maxi mumval ue, wereobt ai nedforal | the6parameters

To check whether there were any significant differences
between t he val ues of the normal hearing group and hearing

i mpaired group, WIcoxon Signed Ranks Test was applied.

Correction of timng errors and Fo:

The paraneters corrected were:
1) vowel duration (both initial and final vowela)
2) Pauses, if any (intraword pauses)

3) foofall phonemes.
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Al'l combinations of these three correction were used.
Thus words withseventypes of corrections were obtained
altogether. They were:

1. Elimnation of pauses only.
Correction of vowel duration only

Correction of fo only

2
3
4. Correction of pausesandvowel duration
5. Correction of vowel duration and fo
6. Correction of pause and fo

7

Correction of pause, vowel duration and fo.

In al | instance, correctionswere madeto matchthe meanval ues

of normal hearing group

Correction Procedures:
1. Correction of pauses only:

Since the normal hearing children did not show any
withinthe word (inter syllabic) pauses, al | the pauses
were elimnated, from the hearing impaired children's
speechsamples,iftherewereany. Carewastakentopreserve
the transistion portions of the wave forms. Altogether/ there
wer e nine wor ds. (See figure 1.)

2. Correction of the vowel duration only:

Here, the vowel durations (bothinitialsfinal positions)
of the hearing impaired children's speech samples were either
reduced or increased so as to match with the mean val ues of
the normals hearing group. Care was taken so that all the
transition portions of thewave forms were not altered. The
correction was done only in the stable portions of
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the wave forms. In ten vowels the vowel durationwas increased

and in 41 vowels, the duration was decreased.
(see figure 2).

3. Correction of Fo;

The tovalues of al | phonemes (two vowel s and
oneconsonantinal [ words(except/ondu/ where2vowels
and 3 consonants were present) were changed. The changed
val useswereeuqal tothe nean val ues of the normal hearing

group.

The edited data was synthesized |ater on using cascading
synthesizing procedure.

4. A combination to the above three procedures were used to

obtainthewordswithcombinationof corrections.
(See figure 5,4,5)
Thus atotal of 128 words were obhtained.

Re-recording the speech sanpl es:

The unaltered andal teredspeech samples were recorded
on 6cassettestapes. There were 32unalteredutterances
and 160 altered utterance. 94 wutterances (consisting of
both altered and unal tered sanples) were added as check
words totest the intra judgereliability. All the
256 words were random zed soastoelimnatepracticeeffect.
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Measures of speech Intelligibility:

Five [isteners were asked to listen to the speech samples
andtowrite down the words that they have heard. (Wrd
identificationtask). They ware alsorequestedtorate the
intelligibility of the words ona 5 point interval scale
(intelligibilityrating), from0, denotingunintelligibleto
4, denoting highly intelligible.

The five [isteners formed a heterogenous group consisting
two trained speech pathologists, two graduates in speech and
hearing and on person with no previous experience in listening

tothe speech of the hearing impaired, Al [ know Kannada wel .
there were two conditions.

a) Ho clues were given regarding the words used in the study
(open set)

b) After stop (a) the judge were asked to repeat the whole
procedure once again,. Here, an additional clue was given
|.e.they were provided with the |ist of words recorded
and presented for Iisteners (closed set).

Statistical analysis

a) The number of correctidentificationbyeachjudgein
each category was converted into percentage of scores, as

nf€ ~orre Aontif1mndd

tor 1lows _
Total number of utterances
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b) The Intelligibility rating

The rating nade by majority of the judges was considered
tobe the intelligibility rate of that particular word.

Both the measures [(a) & (b)] were done for both open
set and closed set.

Descriptivestatisticswasobtained for both altered and
unaltered utterances and also for open and closed sets.

wil coxon Signed Ranks Test was performed to check whether
these was any significent differences between unaltered and
each type of altered sets under both open and closed set.

Interjudgerel i abilitywascheckedusingPearson's
rank correlation method.

The results were also analyzed to find out the words that
are identifiedcorrectlymajority of thetimeinbothopen

and closed set conditions.

A measure was carried out to chech the intrajudge reliabi-
ity using the words which were included for the same  purpose.
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RESULT ANDDI SSCUSSI ON
The objective of the present study was to find out the

effect of sonetimngerrorsandthe average to corrections on

t he intelligibility of hearing inpaired children's speech.

I ndi cat ed

Step 1. Acoustion Analysis:

Ei ght bi syl |l abi cwordswith VOV combinations uttered by
four profoundly hearing impaired and four normal hearing children

were need for analysis and corectionin the speech of the deaf.
The following six acoustic paraneters were noted fromthe
anal ysed data: They were): —
1. Vowel duration, (both initial and final position)
2. Pause duration, if any
Total duration of the words

3

4. Fo of eachphoneneintheword
5. Foram frequencies (F, F, F)
6

Bandw dths (B, B, B)

Medi an val ues of fomant frequenci es and bandw dt hs were
calcul ated. For Focalcul ati onnodal values were considered
The medi an was consi dered as there were many variations i n formnt
of the word. |t was oonsideredthat the nean of such a data may
not showthe central tendency. Mdal val ues were taken as they

nmost commonly ocurred fo val ues.

Adescreptivestatisticswasobtainedforal |l themeasures.
The val ues are given in Tables (1-4) and graphs. The results

t hat —
1. Vowel duration: On the average, the hearing inpaired subject:

had | onger vowel durations when conpared to t he nornal hearing
group. It was also noticed that occassionally, the hearing

I mpai red subjects had shorter vowel duration, when conpared
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TABLE: 1 Showing the descriptive statistics of the Vowel
duration in initial position.
Vowel Mean S D Min.val ue Max. val ue
N la:l 275 70. 36 180 350
O [ 126. 25 9.46 120 140
R [u:/ 227.5 54. 39 150 270
M lel 125 31.09 90 160
A [e:l 310 64. 94 220 360
L [ ol 161 13.15 150 180
S [o:] 316 60. 19 260 400
H
EIl Ja:l 328.75 104. 51 200 420
AM [i] 250 101. 00 180 400
RP /u:l 198. 75 92.141 115 320
| A el 266. 25 129.19 130 400
NIl le:l 285 490. 10 240 990
GR /ol 183.75 28.69 145 210
E /o 355 80. 62 240 420
D
Tabl e- 11 Showi ng descriptive statistics of final vowel
duration.
Subjects Vowel Mean S D M n. Max.
lel 201. 25 26. 58 180 235
Nor mal s [ 212.5 15 200 230
lal 247.5 73. 65 160 340
[ul 200 59. 44 120 250
lel 231. 25 83. 90 150 320
Hearing 1] 251. 25 99.70 130 370
| mpaired [al 355 52. 60 300 400
[ul 273.75 126. 186 185 460
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tothe normal hearing subjects. Wien t he intended vowel s
werelongvowels(Eg. /a:/,/u:/,/lo0:/). Sometimes, this
trend was seeninthe final vowels also. (Eg: /e/ i n'a:ne',
[el in 'ele").

Qut of the seven vowel s neasured i ntheinitial position,
fivevowels (a:, i, e, 0, 0:) had Ionger vowel durations than
normal hearing group and two/ u: & e:/ had shorter vowel

durations than that of normals.

Al | the four vowels neasured in the final position had
| ongger vowel durationinthe hearing inpaired group that

t hat of normal s.

I nthe normal group; anong t he seven vowels of initial
positionthevowel /0:/ hadthel ongest vowel duration
(316.25 msec.) followed by /e:/ (310 msec), /a:/ (275 msec)
fu:l (227.25m sec) &/ el (125m.sec). I ncaseof hearing
| mpai red group al so the vowel /0:/ showed the | ongest vowel
duration (355 msecs) towas followed by /a:/ (323.75 m secs)
[ e: | (265 nsec), /al (266.25m. sec. ), /i/ (250 m. sec) [u:/
(190. 75m sec), and/ o/ (183. 75m sec).

Anong the vowels in final position /a/ was longest in
t he normal group (247.5m sec. | ong) The next positions were
takenby/ i /(212.5 msec) /c/ (201.25m sec), and/ u/ (200 m sec.

In case of hearing inpaired group, also/al was |ongest
(355 m. sec.) followed by /u/ (273.75m. secs), / i/ (251.2 msec),
and /e/ (231.25 msec.).
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Thehearinginpairedgrouphadgreatervariabitionthan
that of the normal group exception in cases. (Please

see theTable 1 & 2 for the values).

There was an overl apbetweentheranges of theval ues of
two groups. For normal group mninumval vevaried from
90 - 260 msecs for initial vowels and 120 - 280 m secs. for
final vowel es. The maxi numval ues ranged from 140 - 400 m secs.

for the initial vowels and 230 - 340 msecs for the final vowels.

Inthehearingimpairedgroupthem ni mumval uesforthe
initial vowels ranged from 115 - 240. m secs, and for final
vowel s 130 - 300 m secs. t he maxi mumval eus ranged from
210 - 420 msecs for initial vowels and from 320 - 420 m secs

for the final vowels.

Pauses: The normal hearing childrendi dnot showany intersyllabic

(orintraword) pauses. Pauses wereobservedintheutterances
of three hearing impaired Children. One subject in the hearing
i mpaird group didnot introduce any pauses). The pauses were
not observed in the /u: ta/ & /ondu/. One subject showed
pauses in six words and the other two showed pauses in two words

and one word respectively.

The durations of pauses ranged from100m secs.t01190m sec:

Total duration of the words: The words utttered by the hearing

| mpaired subjects had | onger durations, ingeneral, when compared
to the normal hearing group.
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Table-111 Showing descriptive statistics of total duration of
wor ds.

Subj ects Wr ds Mean SD M n. Max.
la:nel 602. 5 127. 12 420 710
N [Tl 432.5 32.02 400 460
0 [u:tal 575 148. 21 380 740
R [elel 432. 5 74. 11 340 510
M [e:lul 587.5 136. 47 420 730
A / ondu/ 627.5 90. 32 570 760
L [o:lel 627.5 84.21 550 710
S / enme/ 472.5 133.51 320 620
H [ a: ne/ 722.5 145. 69 640 940
E I [0 675 239. 79 520 1030
A M [u:tal 657.5 96. 74 520 730
RP [elel 850 250. 20 670 1220
| A [e:lul 732.5 217.77 540 1020
N | / ondu/ 772.5 149. 75 610 940
GR [o:lel 820 147. 20 640 950
ED [ enme/ 1167.5 594. 55 650 2020
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Thewords/e: | e/ and/ondu/ hadlongest menatotal duration
(627.5 msecs) followed by /a:ne/ (602.5 msec). /e:lul
(587.5 msecs)/u:tal (575 msecs), /enmmre/ (432.5 msecs)
inthenormal hearinggroups.

In case of hearing inpaired group the word / enme/ had
longest mean total duration (1167.5 msecs) followed by, /elel
(850 msecs), /o:lel (820 msecs)/ondu/ (272.5 msecs)/e:lul
(732.5 msecs) /a:ne/ (722.5 msecs) /ilil (675 msecs) &
[u:tal (657.5 m secs).

Overal |, thehearinginpairedgrouphadlonger variation
then that of the normal hearing group. (Please see the table 3

for the val ues).

The m ninum val ues for the words ranged from 320-570
msecs for normals and the maxi num val ues ranged from

460- 760 m secs.

In case of hearing inpaired, the mninmmvalues ranged
from520- 650 m secs. andt he maxi numval uesfrom730to

2020 m secs.

Average fo:
The hearingimpaired chil drenhadhi gher tothanthat of

normal hearing children and had greter variability.

I nthenormal group -
1. Thefinalvowel/alintheword/ele/hadhighestfoof

323 Hz.
2. Anong theinitial vowels, the vowels /u:/ had the highest
for(301Hz)followedby/ i [(285Hz)/0:/(282.75Hz),

la:l (272 Hz), le:l (271.5 Hz), lel inlelel) (266.25 Hz),
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/el (261.5Hz) and / e/ (i neme) (255.75Hz).

Anmong the fina vowels, the vowel /a/ (in ele) had
the highest to (323 Hz) followed by /e/ (in o:le)
(321.5Hz),/ i /(320.25Hz), /u/ (311Hz) (i ne:lu)/ul
(inondu) (308Hz), /al (301.5Hz), /el (ina:ne),
293.75Hz), /al (ineme),. (273.25 Hz).

Among t he consonants /1/ (in e:lu) had t hehi ghest
fo (294.25 Hz)followed by /I/ (in ole) 293.25 Hz),
[ dl (290.25 Hz) /1 / (in ele) (287.25 Hz), [Il/(inits),
(285 Hz) /'n/ (ina:ne) (280Hz), /n/ (inondu) 279 Hz) ,
and /m (256.75 Hz)

The m ni mum val ues ranged from 232 Hz to 296 Hz and

t he maxi mum val ues from 296 to 400 Hz.

case of hearing inpaired children
The initial vowel /i/ in (ili) had highest fo value
(359.75 Hz) .
Anmong theinitial vowel s the values were as follows: -
['il (359.75 Hz), /el (inemre) (355.25Hz),
lo:/ (344 Hz), /el (inele), (338.25Hz),
/ol (335.75 Hz), /e:/ (314 Hz), /a:/ (312.5 Hz)
and /u/ (310.25 Hz).

Anmong the final vowels the vowel /e/(of ele) had
the highest value (352.5 Hz) followed by /u/ (in elu)
(342.25 Hz), lel (ino:le) (3295 Hz), [i/l (inili)
(329.25Hz) /u/ (inondu) (325.5Hz), /al (inu:ta)
(322.75Hz), /el (ineme) (321.25Hz), /el (ina:ne)
(269.75 Hz).
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of

Table IV. Showing descriptive statistics of average fo
each phonene in the word.
Nor mal s Hearing | mpaired

Phonene Mean SD M n. Max. Mean SD Mn. Max.
la:l 277.25 49.21 235 348 312.5 43.83 258 348
Inl 280 40.22 235 333 309.25 79.86 222 400
lel 293.75 66.03 222 381 269.75 59.85 205 348
[l 285 25.01 250 308 359.75 68.42 258 400
[ 285 25.01 250 308 316 88.85 216 400
[ 320.25 40.89 296 381 329.25 52.62 276 400
[u:l 301 27.41 267 333 310.25 77.19 235 400
[t] 0 0 0 0 0 0 0

lal 301.5 32.06 276 348 322.75 50.22 276 381
lel 266.25 25.98 235 296 338.25 58.09 258 381
1 287.25 23.17 267 320 282.25 64.64 211 364
lel 323 53.78 286 400 352.5 57 267 381
le:l 271.5 32.55 250 320 314 69.94 235 381
[ 294.25 50.23 250 364 355.25 54.84 276 400
[ ul 311 52.1 269 381 342.25 46.18 276 381
[ ol 261.5 23.91 242 296 335.75 46.45 267 364
Inl 279 36.25 258 333 295.75 88.93 216 381
[ d/ 290.5 44,34 242 348 322 86.72 211 400
[ul 308 38.51 276 364 325.5 78.28 235 400
[o:] 282.75 43.71 258 348 344 51.96 267 381
1 293.25 43.87 250 348 350.75 63.56 258 400
lel 321.5 59.23 267 400 329.5 48.26 258 364
lel 255.75 27.52 235 296 355.25 54.84 276 364
/ 256.75 34.33 235 308 324.75 72.52 229 381
lel 273.25 50.63 222 333 321.25 23.57 296 348
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4. Among theconsonants/I|/ (ine:lu) hadhighest Fo
355.25Hz), f ol | wedby/ I/ (inO:1e)(350.75Hz),
I nl (324.75Hz) ./ d/ (322Hz), / I/ (ini | i) 316Hz),
I'n/ (ina:ne) (309.25Hz), /n/ (inondu) (295.75Hz),
[T (inele) (28225 Hz).

5. The mninmum values ranged 205 - 296 Hz and the

maxi mum val ues ranged from 348 - 400 Hz.

Formant fregeuncies: 3 formant freqeuncy namely F, F, F
wer e calculated for each phonene of all the words.

On the average, the hearing inpaired chidlren had higher
F. & F, and smal |l er F, values than those of the normal hearing

group, the hearing inpaired group showed higher variabiliy.

Bandwi dt hs: 3 bandw dt hs, B1, B2, B3wer e caucul at ed f or

each phonene of all the words.

The hearing inpaired children had smaller values of band
wi dt hs.

The standard deviation values did not show any consi stant

pattern here.

W coxon singed ranks test was perforned to check whether
there was any significant difference between the two groups

for all the measures.

Asignificantdiffernecewasseenbetweenthe2groups
at 0.05 level of significance for the
1. Vowel duration -bothinitial and final position
2. Tot al duration  of the words
3.

Average fo

(of thevowel sinthe)
4. F,, F, (initial position)
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5. F, & F, (of vowels in the final position)

6. B,(of vowelsinthefinal position)

There was so significant difference at 0.05 level of

significance between the 2 groups for the follow ng neasures.

1. F, of both initial and final vowels
2. Bandwiths (B, B, B) of initial vowels.

3. B, & B, of final vowels.
Step 2: Correction of erros by synthesis:

In the second stange, the digitized data of hearing inpaired
subjectsspeechwascorrected. Onlythree measures wereconsisdered
forthecorrectionpurposeduetolimtationofequipmentandtime.
Only these three were considered as these parameters had
shown maxi numdifference and also easy to correct. They are:

1. Correctionof pauses
2. Correction of vowel duration

3. Correctionof averagefo

These measureswerecorrectedinisolationandin
combi nations. Thus, altoghether seven types of corrections

were nade as described in nethodol ogy.

Step 3:

Al'l the corrected utterances were m xed with the unaltered
utterances and thus, to 256 utterances were obtained totally.
These utterances were random zed and given to 5 judge for word
identification task & intelligibility rating.

The nunber of words identified correctly were converted into
percentage scores.
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The scores obtained for both closed set and open set are

givenin the table V.

Interjudge reliability, was determned using correction

nmethod. The val ues exhibited high correlation
bet ween the judgnments nmade by different judges

The val ues are given in Table VI.

There was poor corelation between J, & J.. Once but as
It was not seen in the second set of reponses. J, was
included in the study. Judge five was a | ayman who had no

exposue to the speech of deaf.

Intra judge reliability was also found to be high. The
unal t ered words and t he words which were i ncluded in the pause
correctedgroupwereconpared(23wordsof this group had no
intersyllablepauseshanecetheywereused) tofindoutintrajudge
reliability. Thee was high percentage of agreenment between the
Identified words of unaltered words group and the identfied words
of pause corrected group (Scores varied fromb56%- 65%.

Therefore it was considered there was high of intrajudge

reliability.

Fromthe table Vit is clear that the judges identified
t he words better when an additional clue about the words were
provi ded. Anoveral | i ncrease of 25. 3%was observedi.e. the

i dentification of close set presetnation were better
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Showing the word i dentification scores (interms of

percentage) in both open set closed set for
different conditions.
Parameters
Corrected J1 J2 J3 J4 J5 MEAN
Ni | 0] 6.8 3.4 15.3 13.6 3.4 8.5
(Unal tered)
C 49. 1 45. 8 27.1 37.3 42. 4 40. 34
Pause 0] 0 0 0 0 0 0
C 11.1 44. 4 0 22.2 11.1 17.76
Vowel 0 3.9 3.9 17.6 23.5 7.8 11. 34
Duration
(V. D) C 62. 7 52.9 37.3 37.3 58. 8 49. 8
Fundamental O 3.4 0 1.7 0 0 1.02
Frequency
(Fo) C 33.9 15. 3 15.3 13.6 25. 4 20.7
Pause + 0 0 0 0 11.1 2.22
Vowel
Duration C 22.2 44, 4 0 0 22.2 17.76
V.D. + 0 2 0 3.9 Q 0 1.58
Fo
C 25.5 25.5 15.7 11.8 27.5 21.2
Pause + 0 0 0 0 0 0 0
Fo
C 22.2 11.1 0 0 22.2 11.1
Pause + 0 0 0 0 0 0 0
V. D. +
Fo C 11.1 11.1 0 22.2 0 8. 88
0 3.52 1.56 8.2 8.2 2.73 4. 84
TOTAL
C 39. 06 33.59 20. 31 23. 05 34.77 30. 18
[Note: 0 = openset of responses(without clues)
C = closed set of responses(with clues)]
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Table VI :- Showing the inter judge reliability values.
Judges Cpexaégﬁs of Pearsor&'lsos"erd" Set
J1 & J2 0.79 0. 62

J1 & J3 0.84 0.95

JI & J4 0.70 0.61

J1 & J5 0.11 0.97

J2 & J3 0.98 0.69

J2 & J4 0.97 0.81

J2 & J5 0.42 0.65

J3 & J4 0.97 0.73

J3 & J5 0.37 0.91

J4 & J5 0.45 0.49
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Wien on open set was given, the total correct identification
scoresvariedfroml. 56%t 0 8. 20%wi t h a mean
value of 4.84% and the mean scores indicate that the highest
scores obtained were for the vowel duration correction only
(11.34% which is followed by scores for wunalterd utterances
(8.5%, pause and vowel duration correction (2.22% V. duration
and fo correction (1.58%and fox correction (1.02%. None of
the judges had identified the words when pauses, pause and f
and pauses, vowel duration and fo were corrected (0%.

When an additional clue was provided (closed set) the
judge performed better. The range of correct identification
was from20.13%to 39.06% with a mean vaule of 30.16% Here
al so, the average val uefor wordidentificationwas best when
vowel durational onewascorrected(49.8% followedby
unaltered words (40.3%, V. duration + fo correction (21.2%
tocorrectionalone, (20.7%, pausecorrectiononlyand
PtV D correction (17.76%, pause and fo correction (11.1%
and P + V duration + fo correction (8.88%.

The vowel durationcorrectionyieldedaround3%in
(open set) and 9.5% (in closed set) inprovement inintelligibility,
Thus both the sets/ that the correction / indicate
of vowel duration itesel has positive effect on speech
intelTigibilityandalltheother correctionshaveadctrinental
effect on speech intelligibility.

Wlcoxon signed ranks test was appliedto check whether
the inproveemt shown when the vowel duration was corrected was
significant or not.

The resul ts showed t hat the i mprovenent observed was
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statisticallysignificant at 0.05 level significance.

The results were further analysed to find out which of
t heei ght words havebeeni dentifiedcorrectlynost of the
time. It was seen that the wordd was identified nost
frequently was followed by /ane/ and /ondu/. The details

are given in table VII.

Besides word identification task, the judges wereal so
requesited to rate the intelligibility of each word on 5 point

interval scale as follows; -

0 - unintelligible
1 - poorly intelligible
fairly intelligible
3 - quite intelligible
4 - highly intelligible

The analysisof intelligibility ratings revealed the
fol I wng
The judges rated better intelligibility for the words

when a cl osed set was provided.

In the open set the ratings were:-
64.45% as unintelligible ( rating 0)
31. 25%as poorly intelligible ( rating No.1)
4.3% as fairly intelligible (rating No.2)

None of the words rated as quite or highlyintelligible.
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Table VII :- Showing the correct identification scores (interms
of percentage) for the words.
WIRDS J1 J2 J3 J4 J5 MEAN
0 18. 75 9. 38 43.75 46. 88 3.13 24. 38
[u:tal
C 75.0 68. 75 46. 88 43. 75 46. 88 56. 25
0 3.13 3.13 18. 75 12.5 15. 63 10. 63
/a:nel
C 56. 25 59. 38 43.75 50.0 43.75 50. 63
0 o 0.0 3.13 6. 25 3.13 3.75
/ ondu/ 6. 25
C 43. 75 31.25 50.0 34. 38 34. 38 38.75
0 0.0 0.0 0.0 0.0 0.0 0.0
[l
C 34. 37 31.21 0.0 12.5 37.5 23.12
0 0 0 0 0 0 0
[e:lul
C 31.25 21. 88 12.5 9. 38 28.13 20. 63
0 0 0 0 0 0 0
/ emre/
C 34. 38 21.88 3.13 12.5 18. 75 18.13
0 0 0 0 0 0 0
[elel
C 12.5 12.5 3.13 15. 63 43. 75 17.50
0 0 0 0 0 0 0
[o:1el
C 25 21.88 3.13 6. 25 28.13 16. 88
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Wienaclosed set was provided the ratings are:
55.86% as poorly intelligibhle (0)
24.61%as unintelligible (1)

12.5% as fairly intelligible (2
5.47% as quite intelligible and (3)
1.56% as highly intelligible (4

The details are presented in Table VIII
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Table VII11: Showing the scores and percentage of scores of
intelligibilityratings.
Intelligibility Ratings
Sets 0 1 2 3 4
165 80 11 0 0
Open
64. 45% 31.25% 4. 3% 0% 0%
63 143 32 14 4
Cl osed
24.61% 55. 86% 12.5% 5.47% 1. 56%
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Thus, In Hypothesis (1) stating that
there is no significant difference in the utterances of children

with normal hearing and hearing impaired children in terms of

a Vowel duration is REJECTED.

(on

)
) Intersyllabicpausesis REJECTED.

) Total duration of the words is REJECTED.
)

)

[N ]

Average Fo of the phonemes in the words i s REJECTED.

e Formant frequencies (F,, F,, F)

(i) first formant(F,) and third formant (F,) of the
vowels i n the initial position and final position
i s REJECTED.

(ii) Second formant of the vowels (both i n initial
and final position) and the formant frequencies
(F., F,, F,) of consonants i s ACCEPTED.

f) Bandwidths (B, B, B,)

(i) B of the vowels i nthe final position i s REJECTED.

(i1) Bandwi dths of the vowels i nthe initial position,
Bandwi dt hs of consonants, B, & B, of the vowels in
thefinalpositioni sACCEPTED.




4.30

Hypothesis (2):

A. Correction of vowel duration:

The Hypothesis stating that there is no significant
difference between the intelligibility scores of original
unaltered utterances and the utterances where the vowe

duration alone has been corrected, is REJECTED.

There was a significant inprovement i n the intelligibility

scores when the vowel duration alone was corrected.

B. Correction of pauses:

The hypothesis stating that there is no significant
difference between the intelligibility scores of original
unaltered utterances and the utterances where the intersyllabic

pauses al one have beencorrected, i s REJECTED.

There was a decrement in the intelligibility scores when

the pauses (intersyllabic) alone were corrected.

C. Correction of average Fo of the phonenes:

The hypothesis stating that there is no significant
differences between the scores of original,unaltered utterances
andthe utterances where the average Fo has been correctedis

REJECTED.

There was s decrement in the intelligibility scores when

the average Fo was corrected.
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D. Correction of vowel duration and pauses:

The hypothesis stating that there is no significant
difference between the intelligibility socres of origninal,

unal tered utteranced and the utterances where the vowel
duration and pauses have been corrected i s REJECTED

There was decrenent in theintelligibiliy scores

when the vowel duratin and pauses were corrected.
E. Correction of vowel duration and Fo:

The hypothesis stating that there is no significant
difference between the intelligibility scores of original,
unal tered utterances and the utterances where the vowel
duration and fo have been corrected, is REJECTED

There was a decreemt in theintelligibility scores.

F.Correction of pauses and Fo:
The hypothesis stating that there is no signifcant

difference between the intelligibility scores or original,
unaltered utterances and the utterances where the pauses and

Fo have been correctd i s REJECTED
There was a decrement in the intelligibility scores

G Correction of vowel duration, pauses and Fo:

The  hypothesis stating that there is no significant
difference bet weentheintelligibility scores of origina
unal tered utterances and the utterances where the pauses,
vowel duration and Fo have been corrected i s REJECTED

Therewasadecrement intheintelligibilityscores
when al |l thesethreemeasures were corrected.
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Di scussi on

The hearing impaired children had longer vowel durations
when conpered to the normal hearing group. This finding is
in agreement with the studies of Angelocci, 1962,
Calvirt,(1962); John & Howarth, 1965, Boone, 1966; Levitt
et al, 1974, Monsen, 1974, Parkhust & Levitt, 1978, Osherger
& Levitt, 1979; Rajanikanth, 1986; Leeper et al, 1987,
Shukla, 1987. These studies reported that a general tendency
towards [engthening of vowels and consonants in the speech
of hearing impaired.

Osherger & Levitt (1979) observed that syllable prolonga-
tionin the speech of the hearing impaired was due primarily
to prolongation of vowels.

In the present study it was also observed that the hearing
impaired children showed nore variability when compared to the
normal | hearing children. These findings are in agreenment
with the reports of Monsen (1974), Osberger (1978), Osberger &
Levitt (1979), Rajanikanth (1985), Shukla (1987). Similar
findings have been reported by physiological studies also.

(Rot hman, 1977; Zimrerman &Rettaliata, 1981). Rothman (1977)
states that the deaf, as a group, were nore variable in their
articulatorybehaviour than ware normal speakers.

Lyberg (1981) reported that there was a strong relationship
between vowel duration and fundamental frequency. Nataraja &
Jagadi sh (1984) found that vowel durationof / i [ and/u/ were
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longer at higher and lower fundamental frequencies than that
of natural fundamental frequencies (or normal pitch).

The longer vowel durations seen in case of hearing impaired
children my be attributed tothis factor as it was also seen
that on the average, these Children had higher fo than that of
normal hearing children.

It has been observed that the profoundly hearing impaired
speakers typically insert more pauses and pauses of |onger
durations than do speakers with normal hearing. (Boone, 1966;
Boothroyd et el , 1974, Heidinger, 1972; Hood, 1966; John &
Howarth, 1965, Stevens et al , 1978). Osberger & Mc Gara (1982)
while considering the speech of hearing impaired state that
"pauses" my he inserted at syntactically inappropriate bounda-
ries such as bhetween two syllables in abisyllabicwordor
within phrases".

Inthis study, it was found that three out of four hearing
impaired children inserted pauses between two syl lables
and one subject did not.

Pauses were present in six of the autterancesin one
subject, 2 in the another and the 3rd subject had pause in only
one wor d.

"The frequent pauses observed in the speech of the hearing
i mpaired may be the result of poor respiratory control".
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(Hudgins, 1934, 1937, 1946). Hudgins reported that the

deaf children used short, irregular breath groups often

with only one or two words and breath pauses that interrupted
the flow of speech at inappropriate places. Also,there was
excessive expenditure of breath on singlesyllables, false
grouping of syllables and misplacement of accents. Forner
& Hixoa (1977) found that the muscle activity to be normal
for deaf individuals during quiet breathing but noted that
they do not take enough air while breathing for speech.

The total durations of words were also longer in case of
hearing impaired group than normal hearing children in this
study. Similar findings have been reported by Leeper et al (1987).

It was expected that the total durationof the words would
be more in case of hearing impairad children as they prolong
the speech segments.

Osherger & McGars (1982) also note that "prolongation
of speech segments may be present in the production of phonemes,
syllables and words."

"If there is a problemwith a hearing impaired speaker's
average fo, more often the voice pitch is characterized as
too high rather than too low" (Angelocci, 1962; Angelocci,
et al, 1964, Boone, 1966; Calvert, 1962; Engelberg, 1962,
Kopp & Hol brook, 1964; martony,|968; Meckfessel, 1964;
Thornton, 1964; Gilbert & Canp hell, 1980; Rajanikanth, 1986;
shukla, 1987).
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The findings of this study were in agreement to the
findings reported earlier. Ingeneral, the hearing impaired
children showed higher fo than that of normals. Also, the
hearing impaired children showed greater variability when
comparedto the normals.

There have been a few explnations put forward in order
to explain the higher fo in case of hearing impaired.

Angel occi et al (1964) suggested that the hearing
i mpaired subjects attempted to differentiate vowels Dby
excesive laryngeal variationrather thanwith articulatory
maneuvers as done by normal hearing speakers.

willemain & Lee (1971) hypothesized that the deaf
speaker uaes extra vocal effort to give him an awareness
of the onset and progress of voicing and this becomes the
cause for the high pitch observed in their speech.

Pickatt (1968) had suggested that the increase in pitch
was due to increased subglottal pressure and tension of the
vocal cords. Thus the general opinion has been that the
increased vocal effort ia directed at the laryageal mecha-
nismsforkinestheticfeedback

Bush (1981) has not support this view Greater fo
variability was observed for the hearing impaired speakers
who produced a wide range of vowel sounds. She attributed
agerel atedfactorssuchaslaryngeal growthaccompani ed.
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by adol escent voice change, which are not auditorily
detected to the pitch deviation.

Martony (1968), Honda (1981) opined that the laryngeal
tension is asideeffect of theextraeffort put in the
articulators. Sincethe tongue muscles are attached to the
hyoid bone and the cricoid and thyroidcartilages, extra
effort intheir use would result intension and a change of
positionin the laryngeal structures. This would cause a
change inpitch.

In summary it my be stated that the high fo indicates
lack of laryngeal control due to the absence of auditory
f eedback.

Speech intelligibility is a measure indicating how well
the speaker coul d make hi msel f or herself understoodto a
group of [isteners.

"Speech intelligibility is the single nost practical
index of hearing impaired person's oral commuication abilities."
(subtelny, 1977).

Ontheaverage, theintel ligibilityofprofoundlyhearing
i mpairedchildrens' speechisvery poor. (Hudgins &Numbers,
1942; Goda, 1959; Quigley & Frisina, 196/; Angelcocci, 1962
Branaon, 1964; John & Howarth, 1965; Hood, 1966; Montcgonery.
1967, Nober, 1967; Toback, 1967, Markider, 1970 Heidinger, 1972
Braverman, 1974; Smth, 1975; Conarad, 1979; M Gars & Osberger,
1978, Ling, 1981, Ravishankar, 1985).
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In the present study, two kinds of responses were studied,
i.e., (1) one with open set. In this condition, the judges
were asked to identify the words. They were not informed
about the words presented to than.

The response of the judges for unaltered, original
utterances ranged from3.4% to 15.3%with a mean score of
8. 5%

These results indicates that the speech intelligibility
was very poor. This can be attributed to the condition
and the type of material used. As Ling (1976), Puts it,
“intelligibilityratingsvarynot onlywiththetypeof
judge enployed (experienced vs inexperienced), but also
with the materials used and with the method of analysis.
Thus, sentences tend t o be more intelligible than words
and sentences which are spoken directly tolistnerin a
face-to-face situation are mare intelligible than sentences

which are tape recorded.’

The words are |ess redundant and the utterances were
tape recorded. These m ght have caused t he poor intelligibility,

Wien an additional clue regarding t he words was provided
tothe judgesi.e., whenthe judges were providedwiththe |ist
of words used, they could identify the words better. The
scores obtained for original, unaltered utterances ranged
I nthis condition from27.1%¢t 049. 1%with amean score of
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40. 34%

The results of sone of the previous studies are:

| nvest i gat or Average speech intelligibility

Hudgi ns & Numbers (1942) 29%

Brannon (1964) 20- 25%

Nober (1967) Less than 4 year |evel

(3-15 yaara children)

Mar ki des (1970) 19- 31%

Hei di nger (1972) 20%

Smth (1975) 18. 7%

Monsen (1978) 76% (attributed to the use
of verysimplespeech
materials)

Ravi shankar (1985) 42. 43%

Acomparativelyhigh scores (40 34% obtained here may
be attributed to the clues givento the judges regarding the
speech materials used. In the natural speaking situations
also, thelisteners are provided with contextual cues,
sentences are used which are more redundant and thereis
a face-to-face situation. so, this condition (closed set)
may be near natural conditions than the open set condition,
Therefore inprovement intelligibility mght have been seen.

The assessment of the speech potential of the hearing
I mpairedisimportant asit wouldhelpinprogramplanning

and program eval uation and research.



Subtelny (1977) cautionedthat speechintelligibility
assessment can't beusedwi thconfidencefortraining
purposes without Know edge of the properties of speech
that can influenceintelligibility.Stevensetal (1978,
1983) supported this notion by stating that the fundamental
probl emof speech assessment with hearing impaired persons
istoidentifythose propertiesof speechthat determne
its intelligibility., Mets et al (1980 & Nickerson &
Slevens(1980), suggestedthatidentificationof speech
properties that determneintelligibilityis amethodologically
complex task but it clearly hasutility for the devel opment
of effectiveremedial strategiesforimprovementof speech
of hearingimpaired.

Gol d (1980) has opined that although there was much
decoumentationof the kinds of segmental and suprasegmental
errorsinthe speech of the hearing impaired, therewasfar
| ess evidence of thedirect effects of each of these error type*
onoverall speech intelligibility. Having know edge i n this
regard wi I | help in planning suitable training programfor
eachhearingimpairedchil dforimrovingthespeechproduction
ability.

Mani pul ation of deaf speech by neans of digital speech
processingor speech synthesistechniquestostudy thedirect
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effect of various segmental and suprasegmental errors on

speech intelligibilityof the hearing impaired children's
speech is of recent origin. There have been a few studies
inthis regard so far. (Kruger et al, 1972, Lang, 1975
Osberger & Levitt, 1979; Maassen & Povel, 1984a, 1984b, 1985;
Oster, 1985; Maassen,1986). The present study is also similar
t othese studies and ainmed at checking the effect of sone
timng errorsand the average fo correction on the speech
intelligibility of thehearing impaired children's speech.

The fol | owing conclusions have been drawn fromthe
presetn  study:

(1) the correction of timng errors and average fo did effect
the intelligibilityof thehearing impaired children's
speech.

(2) thecorrection of different types of errors, either in
I solationor in cominations, had differential effect
on the intelligibility.

Oat of 7 types of corrections, (1) elimination of pauses,
(2) vowel duration correction, (3) Fo correction, (4) correction
of pause & vowel duration, (5) correction of vowel duration & fo
(6) correction of pauses and fo, (7) correction of pauses, vowel
durations and fo), performed maxi numinprovement i nintellin-
gibility was observed when t he vowel duration alone was
corrected. The inprovement was observed both in open set
(8.5 to 11.34% and closed set (40.34% to 49.8% of responses
and was statistically significant at 005 [level of significance.
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This my be attributed to the importance of vowel
duration in the perception of speech.

Studies on vowel duratonproduction and perception
in normal (Ncoteboom  1973) suggest that [isteners are
extremely sensitive to the duration that a vowel should have
inagivencontext. It has been shown by Calvert (1961)
that experienced [iateners to deaf speech can net identify
speech as deaf unless they hear at |eaat syllable length
productions. "This shows that the effect of the characteristic
deaf syllable prolongation were to nake the deaf Conspicuous
and tedious to [istento". (Harris & M Garr, 1980).

The vowel s have been conmpared to the day and the consonants
tothe night. The consonants have heen considered as pearls
in the string of vowels, parhapa due to the superior perception
of thevowelsin normal speech. vowels play avery important
role at different levels in a language i.e., semantic,
syntactic and) paralinguisticor prosodic. This suggest that
the durational information is used by |iateners in decoding
speech. The vowel duration seenms to beimportant factor in
speech perception. It is obvious fromthe fact that the
judges identified the words better whan the vowel durations
were modified i.e., the duration was equal to that of normals.

Osherger & Levitt (1979) reported that the correction of
absolute syllable duration had a detrimental affect on
intelligibility. They attributed this to a reductionin
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processing time. According tothem the longer durations
my provide thelistenerswith additional time with which
to process the numerous di stortions which occur in the
speech of the deaf. Also, thespeechmaterialsthey used
were 6 sentences, whereasbhi syl | abi cwordshavebeenuaed
in this study.

Maassen & Povel (1984 a, b, 1985) Changedsyl | abl eand
pnonema dur ations such that they ware ei ther absolutely or
relativelyaqual todurationsof thecorreapondingsegments
I nthe normal utterance. 5%inprovement i nintelligibility
was seen when a phonemc relative correction was performed
in 16 of 30 sentences. 6% inprovenent was seen in 8 (out of
30) sentences whent he syllable was the unit of transformation.
For 5 sentences | argeat increaseresulted froma phonem ¢
absolutecorrection (7% . Massen &Povel (1985) reported
that they had found that (i n 1984a study) phonem ¢ absol ute
correctiondeterioratedthesentenceintelligibility.

Correction of pauses had a detrimental effect on the
speechintelligibility. Therewasareductioninindividual
judge'sscoresandinneanscores (i nbothconditions) when
the pauses al one ware corrected.

Simlar reports have beennmade i nthe literature
(Parkhurat &Levitt, 1978, Caberger &Levitt, 1979, Maassen,
1986), but inal | thesecasaa,thay wereinter wordorintra-
phrasepauses, unlikeinthisstudy.
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Parkhurst &Levitt (1978) observed that theinsertion
of short pauses at syntactically appropriateboundaries had
a positive effect on intelligibility., They added that
excessive or prolonged pauses appeared to have a secondary
effect inreducing the intelligibility.

Osberger & Levitt (1979) reportedthat elimination of

pauses had significant negativeeffect onspeechintelligibility.

They attributed thistothereduction inthe amunt of
time availabletothelistenerstoprocessthe speechof the
deaf. Osherger & Levitt statedthat"thus, it appears that
the presense of |ong pauses may actually providethelistner
with additional timew thwhichtoprocess the numerous distortion
which occur in the speech of the deaf". They also cautioned
that attempts should be mde to correct those pauses which
occur at syntacticallyinappropriateboundaries, suchasthose
which are inserted betweenbi syl |l abi cwords.

Maassen(1986) insertedpausesat syntacticallyappropriate
boundaries, inthe speech of deaf children and found that there

was smal |l but significant inmprovement in theintelligibility,

The above mentioned studies have used sentences as speech

materials.

In the study by osherger (1977), it was found that the
el imnationofinappropriatepauses sometimes reduced, rather

thanimproved, intelligibility,.
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The correction of fundamental frequency, either alone
or incombination with pauses, vowel duration, pauses &
vowel duration also showed a detrimental effect on intellin
gibility,

This mght be partly due to the synthetic speech. After
changing the average fo values of the phonemes the data was
synthesized. It has been observed that the synthetic speech
sounds 'monotonous' or ‘unnatural'. Also, al | thejudges
in the present study were unfamiliar with the synthetic speech.
The reduced intelligibility of synthesized words may al so due
tolimtations of the programs used here for synthesis.

Maassen & povel (1984b, 1985), have reported that the
correction of fo contours had slight positive effect on
intelligibility. They corrected the intonationeither in
isolation or in combination with temporal measures.

The correction of pauses and vowel duration simultaneously
showed a negative effect on intelligibility, strangely. This
m ght be because the correction of pauses had nore dom nating
effect ontheintelligibilitythanthat of vowel duration
correction. It ohowa that there was an interaction between
timng corrections whan 3 types of timng errors were corrected
simultaneously.

Osberger & Levitt (1979) observed that the correction
of relativetimngerrorsaloneimprovedintelligibility,
whereas the concomtant correction of relative timng errors
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and pauses si mul taneously reduced i ntelligibility. According
to them this mght be because the effect of pause corrections
exerted agreater influenceonintelligibilitythandidthe
correction of relative timng errors. They also observed

that the correction of absolute syllable duration and pauses
al sohadadetrimental effect onspeechintelligibility.

An analysis of intelligibility rating revealed that nost
of the utterances got rating 'o' meaning that the words were
unintelligible. This was observed in the open set response.

When a clue regarding the words used in the study was
provided to the judges, nost of the words got rating 1 meaning,
poorly intelligible (55.86%. 24.61%of the words (out of 256)
were rated as unintelligible. Afew (1.56% as highly intellin-
gible &5 47%as quiteintelligible) were rated as highly
&quiteintelligible, which was not present (0%for both)
in the previous condition (open set condition).

This result once again supports the view that the
intelligibilityof speechof the hearingimpairedwil/l be
much better when the contextual clues are provided (which
I's the case in the natural or face to face conditions).

I n sumary, the present study is in agreement with the
previous studies (Kruger et al, 1972; Lang, 1975 Huggins,
1977, Bernstein, 1977 Osberger & Levitt, 1979, Massen &
Povel , 1984a, b, 1985 Oster, 1985 intelling that the
correction of suprasegmental aspects does not improve
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intelligibilityofthespeechof hearingimpairedchildren
drastically. However, asmall but significant inmprovement
will be observed if one corrects the suprasegmental aspects
such as temporal errors and pitch and intonation patterns.

The followingconclusionswere drawn:

(1) On the average,the hearing impaired group had signi-
ficantly longer durations for vowels than that of normal

hearinggroup.

(3) Normal hearing children did net show any inter syllabic
pauses (intraword) whereas 3 out of 4childreninthe hearing
i mpaired group inserted interayllabic pauses at |east once.

(3) The total durations of the worda uttered by the
hearing impaired childrenwere significantly longer than that
of the normal hearing group.

(4) On the whole, the hearing impaired children exhibited
hi gher average fo than that of the normal hearing group.

(5) The hearing impaired children had higher first
formant (F,) and second formant (F,) values and smaller
third formant (F,) values than that of normal hearing group.

(6) The hearing impaired children had smaller values
of band widths when conpared t o their normal counterparts,
which was not significant statistically.

Inall instances, the hearing impaired children exhibited
greatervariabilitythanthenormal children.
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The synthesis of speech of the hearing impaired children
showed that the intelligibility

(a) improved

1) when t he vowel durations (bothininitial and
final positions) were corrected.

(b) decreased
1) when t he intersyllabic pauses were corrected.
3) whent heaveragefoof thephonenmeswerecorrected.
3) when t he pause & vowel durationswere corrected.
4) when t he pause and f o were correcte.
5) when t he vowel duration and fowerecorrected.

6) when t hepauses, vowel durationandfowerecorrected.



GHAPTER - V
SUMVARY AND CONCLUSI ONS

"One of the most recognized but probably | east understood
concom tants of deafnessisadeficit of oral communication
skills". (Metz  etal., 1982).

"Deafness is a fearsome problemlargely because of the
barriertocommunicationwhich it creates. The obvious effect
of this barrier is to prevent the deaf from understanding what
others say, but it my al soinmpede themfromspeakingintelligibhly.
The magnitude of theirproblemisillustratedbyrecentstudies
uggesting that of prelingually deaf children, hearing [osses
of 90 dB or more, about 75% have speech classified as "barely
intelligible" orcorse, (Conrad, 1979).

"Speechtrainingmust heefficientinordertoget
intelligible speech. An efficient speech training program
requiresthat there are methods to assessthe child'sspeech
errors as well as methods to estimate the impact of these
errors on the intelligibility". (0Oster,1985).

Thel owspeechachi evement of t hehearingi mpairedhas
| ed toseveralinvestigationsinthepasttocorrelatespeech
intelligibilitywthseveral receptive and productive
variabl es of speech.
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Speech intelligibility is correlated with segmenta
and supr-segmental errors an the porduction side. And
thereissuchdocumentationof thekindsof errorsseenin
the speech of the hearing impaired.

Some attenpts have been nmade to study the direct effect
of segermtal and suprasegmental error corrections on deaf
speech using modern computer processing techniques
(Lang, 1975; Osherger & Levitt, 1979; Maassen & Povel, 1984 a, b,
1985 Oster, 1985). The advantage of such techniques is that
i tispossibletodeterminethecausalrealtionshipbetween
theerrortypeandintel ligibilitywthoutthepresenceof
any other confounding variables. Also, results of such studies
will helpindetermningtheerror types andthekindsof errors
that should be considered first when planning a training program
for the improvement of speech in the hearing impaired child.

No such studies have heen reported on Indian population
and that too in Kannada speaking deaf speakers. Hence, the
present i nvestigationwas undertakeninorder tostudythe
effectof somesuprasegmental errorcorrectionsonthe
intelligibility of speech of the hearing inpaired.

Four congenitally deaf children in the age range of
8-10 years were selected from the therapy clinic of A
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India Institute of Speech and Hearing, for the study. All these
children had severe to profound sensorineural hearing |o0ss.

They had no additional handicap other thanthat directly

realted tothe hearing impairment. All could read simple
bisyllabic words in Kannada.

Ei ght simplebisyllabicKannadawordswi thVCVcombination
were selected fromthe test developed by Babu, Rathna and Bettegari
(1972).

The speech sanpl es of al | thefour childrenwererecorded
as they read the words. Recordings were also obtained of a
mat ched group (for age and sex) of normal hearing children
reading the sane set of words.

1. Stage: The sanples were then anal yzed using a PC XT
computer. The fol lowing six parameters were obtained.

1. Voval duration (bothinitial andfinal);
2. Durationofpauses,ifany;

3. Total duration of the words;

4. Average fo:

5. Formant fregeuncy (F, F, F)

6. Bandwidth (B, B, B)

The obtained data was subjected to statistical analysis,
inorder todetermnethe mean, standard deviation and
significanceof differences.
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The follow ng conclusions were drawn:

1. On the average, the inpaired group had significantly
| onger duration for vowels than that of normal hearing

group.

2. Normal hearingchildrendidnot showanyintersyllbic
pauses (intraword) whereas 3 out of 4 chidlrenin the
hearing inpaired group insergted intersyllabic pauses

atleast once.

3. The total durations of the words uttered by the hearing
I mpairedchildrenweresignificantlylongerthanthat af
the normal hearing group.

4. Ont hawhol e, higher averagefothanthat of the
normal hearing group was exhibited by the hearing inpaired
children.

5. The heating impaired chidlren had higher first formant
(F,) and second formant (F,) and smaller third formant
(F,)valuesthanthatofnormal hearinggroup.

6. The hearing impaired chidlren had smaller values of band
wi dths when conpared to their normal counterparts; which
was not significant statistically.

In all the instances, the hearing inpaired chidlren
exhibited greater variability than normal children.
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| I Stage: Sone aspects of the suprasegmental errorsi nthe
digitized data of hearing impaired children's speech were
modi fiedin the next stage. Three Measures were consi dered.
Those were: (1) Correction of pauses, if any,

(2) Correction of vowel duration

(3) Correction of average Fo

Al'l the nmeasures were corrected towards t he nean val ues

of normal hearing group.

These three measures uere corrected, either in isolation
or incombination. Thus altogether, seventypes of corrections

were perfornmed.

Correction of pauses al one

vowel duration only

average fo only

Vowel duration & fo

1.

2

3

4, " pauses and vowel duration
5

6 pause & Fo

7

pause and vowel duration.

Whenever the Fo val ues uere edited, the data was

synthesized using cascading synthesizing program



5.6

|11, Stage: The unaltered Utterances and the corrected

utterances (total 256 utterances) were mi xes together
andrandom zed. These256wordswererecordedinto6casettes

five judges (2 speech and hearing professionals, 2 speech and
hearing students and one |istener who had not been exposed to
deaf speech such before) were given those cassettes for word

i dentification task and intelligibility rating

The number of words identifiedcorrectly wereconverted
into percent scores using a formula,

No. of words identified correctly X 100

~ Total No.of words present
inthewordidentification task. Separate scores were found

out under each category.

The judges had to rate the intelligibility on a five point
interval scale, ranging from "0 (unintelligible)to "4
(highly intelligible).

The judges had to judge the speech samples provided to
thes under the conditions.

1. At first they had to listento the words and write down
whatever theyheardandratetheintel ligibility(openset
of responses).

2. In the second step, they were informed regarding the words
used in the study.

Knowng this, they had to rapeat the 1st step (closed set of

responses).
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The Pearson's correlation method was pplied to find
out t he interjudge reliability. | t showed good correlation
between the judges. The intrajudge correlation was high too.

The results showed that the correctionof vowel duration
had a significant positive affect on intelligibility, while
all the other types of corrections had detrimental effect on
intelligibility. Thiswasreflectedinboththekindsof
response criterion.

The correction of vowel duration showed 3% i mprovement
(approxi mately)inopen set of responses and 9.5 % i nprovenent
inclosed set of responses.

The overall correct identification for original utterances
ranged from3.4 %t o 15.3 %(with ameanof 8.5% and 27.1 %
to49.1 %(with a nean score of 40.3%for open and closed set

of  responses respectively.

Theresul tswereal soanal ysedtofindout whichof the
8 words has bean identified correctly nmost of the tine.
The wor d topped the list in both the conditions followed

by /a:ne/, /ondu/, [ili], le:lul, /emre/,/elel, and /o:lel.

Analysis of the intelligibility ratings revealed that in the
open set of response nost of the words (64.48 % were rates as
unintelligible. Wien t he additional clue was provided regarding
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thewordsusedtothejudges, theperformance wasimproved
here also likei nthe word identification task. Here 55.86 %
words were rated as poorly intelligible, 24.5 % as unintelli-
gible, 125 % as fairly intelligible, 547 % as quite inte-
I1igible and 1.56 % as highly intelligible.

The synthesis of speech of the hearing impaired children
showed that the intelligibility,
a) inproved

1. when the word durations (both in initial and final
positions )were corrected

b) decreased

1. When the intersyllabic pauses were corrected.
Wen t he average f o of t he phonemes were corrected
Wien t he pause and vowel durations were corrected.
\When t he pause and f o were corrected.
Wien the vowel duration and f o were corrected

o g B ow N

Wien t he pauses, vowel duration and f o were corrected.

Thus, it was seenthat thecorrection of some of the
suprasegmental aspects of the speech of hearing impaired
only caused a saml | increased in intelligibility. It was
al so observed that only correction of vowel duration alone
was a beneficial effect on the speech intelligibility.
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The present study is in agreement with the results of provious
studies quoted inthe [iterature (Lang, 1975 Osherger & Levitt,
1979; Maassen & Povel, 1984 a, b, 1985, Oster, 1985). These
studiesreportedthat artificial correctionoftemporal aspects
and i ntonation contour of deaf speech only caused a small increase
i nintelligibility. Maasen & Poval (1985) and Oster (1985)
reported that correctionof segmental errors alone caused a
dramaticincreaseinintelligibility.(Intelligibilityincreased
upto 66 % to 97 %.

Thus, on the basis of the results presented here,
combined with those of sonme ealier studies (Chserger & Levitt,
1979; Maassen & Povel; 1984, a, Db, 1985; Oster, 1985), we can
conclude that no dramatic gaininintelligibilitymaybe
expected, if speechpathologistesucceed intrainingthe
heating impaired children to have better control over the

suprasegmental aspects of the speech.

We can also suggest that the segmental corrections
may be started first in the training progranmso as to get a
more intelligible speech. Once this is achieved, we can
go for correcting the suprasegmental aspects to have
positive effects both onintelligibility andnaturalness.

"How to achieve thisresult, that is, how and to

what extent these suggestions can be appliedinpractical
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speech training, aspecially in view of the high correlation
between sgenental and surasegmental aspects in speech
production, is aquestionthat candonly be solved in
practice".  (Muassens & Povel, 1985).

RECOMVENDATI ONS

1. Similar study may be carried out for
segmental corrections.

2. Similar study using sentences as
speech materials my be carried out.

3. A study to find out the effect of
correctionof boththe segmental
and suprasegmental aspects of
speech may be undertaken

4. A study to establish the relative
impact onintelligibilityof
different types of speecherrors
andto developanindividualized
programfor speech i nprovement
woul dbeinteresting.

5. A study of larger population with
suggested modifications will bDe
useful .
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APPENDI X - |

The eight bisyllabic words (VCV combination) wused in

the study
1. /a:ne/ 93
2. i1l ™ e
3. lu:tal enf £2
4. | el el ~ 3
5. le:lul S
6. /ondu/ S O z:
7. lo:lel 5o
8. /ermme/ @-:\,9«3&-



