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| NTRCDUCTI ON

Human speech is the product of several integrated
physi ol ogi cal processes. One of these, articulation, denotes
t he nol di ng of sounds into phonetic units. Qher speech
activities include: respiration, which provides the basic
air stream phonation, which is the production of vocal tones;
and resonation, which is the nodification of the acoustic
paraneters relative to their energy distribution. Speech, as
di stinguished fromarticulation, is nore extensive and cannotes
cognitive language. During the speech process, intellectual
awar eness and perception acconpany the articul atory novenents
so that sound represent purposeful synbols of concept. By
this learned activity, the individual interacts with his envi-

ronent to suit his intrinsic and extrensi c needs.

Speech is such a natural by product of maturation process
that its devel opnent is usually taken for granted. The child
whose hearing is normal imtates his environment and el abor at es
hi s speech patterns by perfecting the rhythm stress and dura-
tion paraneters of speech. These paraneters contribute to the
intelligibility of speech. WlIl articul ated speech which

| acks good rhythmand stress is relatively unintelligible.

On the other hand, deafness arrests the nornal devel op-
nment of speech and | anguage, since the prinmary receptive avenue
is disrupted and sensory notor servonechanismis seriously

altered. Consequently, speech devel opment with the deaf does



not follow the nornmal sequential elaboration of the infant's
refl ective vocalizations into purposeful sounds and words.

The conpl ex conpendi um of neuronotor synergies is not progra-
mred into nornmal enotion | aden patterns of culture. A "deaf

speecH'pattem evol ves which is relatively unintelligible.

"The speech of the deaf differs fromthat of nornmals in

all regards" (Bl ack, 1971).

"In all studies of speech of the hearing inpaired,
attention is drawn to the fact that, to a greater or |esser
degree, the hearing inpaired individuals do not produce speech

as wel |l as those who hear" (Mnsen, 1974).

Several researchers (Voel ker, 1938; Hudgi ns and Nunbers,
1942; Brone, 1966; Nober, 1969; Colton and Cooker, 1968;
Mar ki des, 1970; Smth, 1975; Geffner, 1980; and Ravi shankar,
1985) have attenpted to describe the characteristics of speech
of the hearing inpaired. The characteristics include articu-
| ation errors, high pitched voi ce, inproper intonation,

| nproper rhythm slowrate and nasality.

Anal ysis of articulatory errors showed that of errors of
om ssions, substitution, distortion and additi ons. The nost
common error as far as the consonants are concerned i s voi ced-

voi cel ess di stinction.

Several investigators, (Mingan, 1961; Nober, 1967; Marki des,



1970; Gler et al, 1978; Levitt et al, 1980) found that
prepondar ence of substitutions of voicel ess cognates for

voi ced cognates are high.

Monsen( 1975, 1976, 1978) did a acoustical anal ysis of
speech errors and reported that many of the deaf subjects
did not produce a distinction between /p/ and / b/ in VOT
(Voice Onset Tinme) val ues as these subjects had the average
val ues for both phonenes being | ocated within approxi nmately
10nsec of each other, where as normals had a clear distinc-

tion in VOT val ues.

Shukl a(1987) did a simlar anal ysis on the Kannada
speaki ng hearing inpaired subjects. He reported that in the
majority of the hearing inpaired subjects, the negative VOT
(prevoicing or voicing | ead) which was a characteristic
feature of voiced sounds of normals was absent in the speech
of the hearing inpaired. Shukla, concluded that absence or
i nadequat e negati ve VOT val ues in the speech of the hearing
inpaired is the acoustic reason for their underlying problem

that i s, voiced and voi cel ess conf usi on.

Therefore, it was assuned that if the therapeutic
procedure ained at eliciting voicing |ead for voi ced sounds,
it will solve the voiced and voi cel ess confusion of the

hearing inpaired speakers.



It was believed that a therapeutic procedure with a
speci fic aimof teaching prevoicing in case of voi ced sounds

will be effluent because " The tenporal nature of the voiced-
voi cel ess contrast nay be one of the reasons why it is diffi-
cult for deaf children to learn it without special training"

(Qlian et al, 1983).

Wth this in mnd, Shukla (1987) designed a new t herapy
t echni que, which uses and hi ghlights VOT information through
auditory, visual and tactile node while teaching voicel ess
and voi ced distinction. Shukla called the techni que as

“closed nouth voicing initiation technique".

Description of the technique.

|. Subjects will be instructed to place the articulators at
the appropriate position for the production of stop conso-
nants (b, g, d, g). Then the subjects are asked to initiate
voicing and to release the articulators after sone time in
case of voiced sounds. This results in the production of
t he voi ced consonants ( b, g, g, d). Tactile, visual and
auditory clues are given so that subjects while initiating

t he voi ce, perceive the production of voi ce.

1. Then the subjects will be instructed to place the articu-
lators for (p, t, L k ) sounds. Then they are instructed

toinitiate voicing after they release their articul ators.



This results in voicel ess stops nanely /p tt K/ .
I11. Dfference between Step | and Il will be highlighted.

The present study ains at evaluating the efficacy of
t he therapy technique in the hearing inpaired subjects,

usi ng a single subject design.



REVI EW OF LI TERATURE

A serious inpairment in hearing hinders the nornal
devel opnent of speech. Hearing inpairnent at birth or soon
after birth and during early childhood results in concomtant

deficiency in conprehensi on and usage of speech.

Description of the speech of the hearing inpaired indi-
vi dual s have, for the nost part, been based on subjective
eval uations. Studies of Hudgins and Nunbers (1942), Smth
(1975), Mangan(1961), Nober(1967), Markides(1970), M Grr
(1978) and CGeffner(1980), Ravi shankar (1986), have descri bed
t he speech of the hearing inpaired individuals by using a

normal |istener as an anal ytical tool.

Speech characteristics which have been described as
typi cal of hearing inpaired individuals include msarticul a-
tions, nasality, high pitch, slowrate, faulty rhythmand

faulty intonation patterns.

Articul ation:

"Failure to devel op certain sounds, failure to differen-
tiate between ot hers, substitution of one sound for another,
use of the neutral vowel schwa /a/ as a general purpose
vowel and other distortion of pronounciations of various sorts
are all articulatory difficulties that are encountered in the

speech of the deaf persons” (N ckerson, 1975).



PRODUCTI ON OF VOWELS AND DI PHTHONGS

Good vowel articulation is inportant in speech since
they are the basic building blocks of words, they help in
identifying adjacent consonants and carry the prosodic

i nformation (Mnsen and Shaughnessy, 1978).

Monsen(1976¢c) has shown that the accurate control of
vowel articulation by deaf speakers is highly correlated

with the overall intelligibility of the speech they produce.

Hudgi ns & Numbers (1942) were anong the first investi-
gators to study systenmatically the production of vowels and
di pht hongs in the speech of the hearing inpaired. They
classified errors according to five major types. These
I ncl ude:

1) Substitution of one vowel for another

2) Neutralization of vowels

3) Diphtongization of vowels

4) Nasalization of vowels

5) Errors involving di phtongs: either the di phtong was
split into two distinctive conponant or final menber of

t he di pht hong was dropped.

Nober (1967) did a study on the articulation of 46 severe
to profound hearing inpaired children. His results reveal ed
that clearly visible, lip rounded vowels are correctly arti -

culated. The rank order of correct vowel production are :



lul 77%, /ul 76%, / x/ 75%, and/i/ 59%. Sinilarly
he ranked di phthongs in terns of correctness as {€I) 80%

(ov) 72% (al) 66% and (oi) 62%and | owest (H) 58%

Carr (1963) studied the spontaneous speech sounds of 48
five year old deaf children, of whom 27 were boys and 21
were girls. Carr's results were simlar to that of Nober,
his results indicated that deaf children used front vowel s
nore than back vowels. Carr related this fact to the speech
devel opnent to that of hearing infants. He also found that
there was no significant difference between boys and girls

I n the production of vowels.

Mar ki des (197$) concl uded that the deaf children nmis-
articulated nearly 56%of all vowels and di pht hongs attenpted.
The vowel errors of children were grouped into four categori es.
They were vowel substitution, neutralization, prolongation
and di phtongi zation. Results of this are in agreenment with

t hose of Hudgi ns and Nunber (1942), Nober (1967) and Carr (1963).

Smth(1975) found that the | ow central vowels were
produced correctly nost often and that there was a tendency

for all vowels to drop to a nore neutral position.

Levitt et.al.(1980) studied the articulatory errors in 77
deaf children and found that vowel substitution were typically
towards a nore central vowel. Al the vowels were substituted

by the vowel / 2/ fairly often and md-central vowel / A/ |ess



frequently. The nost common substitution for di phthongs was
one of its conmponants, or to a closely related vowel, Eg.
/El/to /€/ or /Ai/ and /qu/ to/al. Qcurence of diph-
t hongi zation of vowels were found in all vowel s except back

vowel s.

Gef fner (1980) anal ysed t he spont aneous speech producti on
of sixtyfive deaf children aged from6 years to 6.11 years.
The results of the study showed that vowels with | ow tongue
position were correct nore often than those produced with
md or high tongue position. This finding is in agreenent

with earlier studies of Nober(1967) and Smth (1975).

In contrast. Seins (1980) cineflourographic study of
vowel s produced by hearing inpaired speakers showed fronting of

back vowel s.

Wth respect to errors of substitution, hearing inpaired
speakers often confuse the tense-lax distinction or substitute
a vowel that is clearly related in articulatory position
(smth, 1975) although there is evidence to the contrary

(Hudgi ns & Nunber s 1942; W©ar ki des, 1970).

CONSONANT  PRCDUCTT ON

Hudgi ns and Nunbers (1942) and Nober (1967) reported that
their subjects nade tw ce as nany consonant errors as vowel

errors. Very recently, Geffner(1980) also found that the vowel s
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wer e produced correctly nore often than consonants. Geffner
(1980) attributed this fact to greater phonetic power and
visibility of vowels and to high frequency conponants and

I nherent |y weaker intensity of consonants. This is further
substantiated by the fact that voicel ess consonants nore

accur at e t han voi ced consonant s.

Ravi shankar (1985) studied the articulatory errors of
30 conginital hearing inpaired, of the age range 11 to 22
years. H s results showed that error rate for consonants was

37.53%and for vowel s 17. 63%

Oh the contrary, fewinvestigators (Hutington et al., 19687
Jones, 1967) have clainmed that as a rul e, deaf speakers produce
consonants nore clearly than vowel sounds. These authors
believe that this is because vowel s do not have clearly defined

pl ace of articulation.

Hudgi ns & Nunber s(1942) studi ed 142 subjects between the
age range of 8 to 20 years, whose hearing | oss ranged from
noderate to profound. The nost common error types observed
wer e:

Conf usi on of voi ced-voi cel ess distinction
Substitution of one consonant for another
Added nasal ity

1

2

3

4. Msarticulation of consonant bl ends

5. Msarticulation of abutting consonants
6

Omnssion of word-initial or word final consonants.
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The articulatory errors of the hearing inpaired children
can be divided into substitutions, om ssions and severe di s-
tortion of the intended phonenes, as well as additiona

adventiti ous phonenes or syll abl es.

ERRCRS | N PLACE OF ARTI CULATI CN

The common articulatory error in the speech of the hearing
| npai red involves the substitution of one phonene for another;
frequently substitution is to a phonene with a simlar place
of articulation. There is a general agreenent that phonene
produced in front of thenmouth are often produced correctly than
are phonenes produced in the back of the nouth. This when one
considers that the relative visibility of articulatory gestures
shoul d be inportant to hearing inpaired persons fromwhomthere

I's reduced auditory infornation.

Carr(1953) studied the spontaneous speech sounds of
5 year old deaf children. The total nunber of subjects inves-
tigated were 48, of whom 27 were boys and 21 were girls.
Results indicated that deaf children tend to use front

consonant s.

Nober (1967) anal ysed, correctly articul ated consonants
according to place of articulation and then ranked them from
hi ghest to | owest scores, bilabials, 59%7 | abi odental s, 48%
glottals, 34%? |linguadentals, 32%y |ingua-al veolar, 23%?

| i nguapal atal s, 18%and | i nguavel ars, 12%.
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Aler and Kel | y(1974) studied the phonol ogi cal substitution
process of 6 year old child with noderately sensory neural
hearing | oss. Their results showed that the substitution of
t he consonants were shifted nore towards forward pl ace of
articulation. Results of this study are in agreenent with

t hose of Nober (1967) and Carr (1953).

Levitt et al.,(1980) did a conprehensive study on segment al
errors occuring in the speech of 77 deaf children. Their results
reveal ed that the consonant substitution typically involved the
sane place of articulation, particularly for consonants typically

produced at the front of the nouth.

Gef fner (1980) studi ed the spont aneous speech of 65 deaf
children, ranging in age from6 to 6.11 years. Her results
reveal ed that | abi odental and bil abial consonants were produced

correctly than vel ar consonants.

More errors of the alveolars and vel ar sounds i n a deaf

child could be for the foll ow ng reasons:

The articulatory nmovenents for both velar and al veol ar
sounds are visually obscure. Al veolar sounds are produced in
the mddle than in the back of the oral cavity. Because of
this, precise positioning of the articulators is necessary in
order to differentiate all sounds with nmedial place of arti -

culation (Gsberger & M Garr, 1982).
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Consonants that are easy to be lip read are nost often

produced correctly (Ravi shankar, 1985).

In any event, a consistant finding in terns of articul a-
tion errors according to the place of articulation is that
hearing inpaired children correctly produce the highly visible

phonenes nore often than the phonenes which are | east visible.

Hunt i ngt on( 1968) made EMG neasurenent fromoral articulators
of two normal subjects and two deaf adults. Hi s results showed
that deaf were nore likely to produce a consonant correctly if
they had a visual nodel to follow (i.e. nore visible sounds
/b, m w/). But he suggested that visibility was not a very
crucial factor determning why bilabials sounds were nore often
correct than other consonants. He proposed that tongue nove-
nents are harder than |ip novenents and therefore, |ingua-
alveol ars, lingua dentals and lingua velars woul d be hard to
produce. This interpretation also is in consistant with the
observation cited above, (Nober,1967) that the frequency of
correct production of glottal consonants is greater than that
of the lingua dentals, lingua alveolars, |ingua palatals and

| i ngua vel ars.

MANNER CF ARTI GULATI ON

A common observation that arises froman anal ysis of
consonant errors according to the manner of articulation is

that the hearing inpaired speakers tend to position their
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articulators fairly accurately, especially for those pl ace
of articulation that are highly visible, but fail to co-
ordinate properly the novenents of articulators (Hutington

et al., 1968; Levitt et al., 1976).

According to Hudgi ns and Nunbers (1942), the conmmon error
I nvol vi ng manner of articulation is nasal-oral substitution.
They found that non-nasal phonenes are often nasalized and

nasal continuents were often produced as stops.

Nober (1967) reported that in terns of correctness of
production, glides,39%, were nost often correct, followed by

stops, 30% nasals, 28%; and fricatives, 26%

Qler and Kel ly(1974) studied the phonol ogi cal substitu-
tion process of 6 year old noderately severe hearing | oss and
found that substitution were simlar to the substitution of
younger nornal children. They found simlar results as that
of Nober (1967), liquid consonants were substituted by glides

and rounded vowel s and final fricative consonants wer e devoi ced.

Smth(1975) found that hearing Inpaired were nost often
inerror in producing the followi ng: palatal plosives, frica-
tives, affricates and nasals. dottals were frequently
substituted for stops and fricatives. The affricates were
never substituted by other consonants but by one of their
conponants, usually the pl osives consonants. However, bil abi al

pl osives, the glides and fricatives /f/ and /x/ were often
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produced correctly.

Smlarly Levitt et al.,(1980) did a study on segnenta
errors of 77 deaf children and found that nasal s were frequen-
tly substituted by voi ced plosives with the sane pl ace of
production? the inverse substitution was also fairly common,
but conparatively | ess frequent; frequent substitution of the
glottal stops for many of the consonants produced in the centre
as well as the back of the oral cavity. The fricatives were
al so substituted, but not from the plosives. The afficates
wer e never substituted by other consonants, but tend to be
substituted by one of their conponants, the plosive conponants
bei ng substituted nore often, occasionally with a voiced -
voi cel ess problem These consonantal errors are due to the

errors in timng or control of articul ators.

Gef f ner (1980) studi ed spontaneous speech production of
65 deaf children, ranging in age from6.0 to 6.11 years. Her
results revealed that |aterals and glide phonenes were elicited

nore accurately than the affricates.
TYPE CF M SARTTCULATI ON

By far the single nost frequently reported error in the
speech production of severely and profoundly hearing inpaired
I s omssion of a phonene . (Hudgins & Nunbers, 1942; Mar ki des,
1970? Smth, 1975). The omssion of consonants nmay occur in

word initial and or in the word final position of words.
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Hudgi ns & Nunber s(1942) reported that om ssion of

initial consonants was nore common than the om ssion of fina
consonants. The consonants that are nost frequently omtted
fromthe initial position of word included/h, 1, r, y, th, s/.
Patterns of eeror of the final consonants are: dropping of
consonants, releasing of consonants into follow ng syllabl e,

or inconpl ete producti on whereby the phonene |oses its dynamc
properties and nerely becones passive gestures. Anong the

final consonants that are frequently omtted were /1,s,z,d,g,k/.

Mar ki des(1970) reported that deaf children msarticul ated
nearly 72%of all consonants attenpted, whilst the partially
hearing children msarticulated a little over 26% The study
al so showed that in deaf individuals omssions were nore than
substitution and distortions. Anmong the partially hearing
I ndi vi dual s substitutions were nore than om ssi ons and

di stortion.

Anal ysis of the position of errors showed that the fina
consonant errors were nore nunmerous than errors involving the
initial and nedial positions, which is contrary to findings

of Hudgi ns & Nunbers(1942).

Smth(1975) found the om ssion of consonants to be the
commonest error in the speech of hearing inpaired individuals.
I n her study, an analysis of position of errors indicated that

there was no differences in nmean proportion of errors in
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initial and nedial position, however, there was a nmarked

I ncrease of errors in the final position.

Levitt et al.,(1980) studied the segnental errors of 77
deaf children. Their results indicated that, for consonants,
nost common error was that of omssion. Consonant produced
near the front of the nouth (Eg. /p,b,f,v,m) were substanti-
ally |l ess prone to omssions than consonants produced in the

center or back of the oral cavity.

Gef fner (1980), in her study of the spontaneous production
of phonenes in 65 year old hearing inpaired children, found
om ssions to be nore frequent problem (91% followed by substi -

tution (7%, distortion (1% and finally addition (0.1% .

Anal ysis of the frequency of omssion errors in all posi-
tion reveal ed that vel ar consonants, which are not visible were
omtted in greater proportion than visible front consonants,
vowel s were omtted | ess often than consonants in general.
Anong consonants those with features of sonorance and frication

were omtted nore frequently.

Ravl shankar (1985) found that the errors in initial position
were nore frequent than the errors in nedial position. This
result in contrary to results of several investigators (Nober,
1967; Markides, 1970; Smth, 1975). Ravishankar suggested t hat
this could be due to the non-occurance of consonants in the

final position in Kannada.
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Consonant cluster errors has an inportant and del eterious
effect on speech intelligibility. Hudgins & Nunbers(1942), in
their study, these error involved two forns: (1) One or nore
conponants of clusters were dropped and (2) an adventitious
phonene, usually the /&/. was added bet ween the el enents.
Later error may be particularly deternental to the tine or

rate and rhythmof speech.

Brannon(1964) tested the speech producti on and spoken
| anguage of 20 deaf children. He tested these children on
the Tenplin Darley Screening Test of Articulation and found
that msarticulation of consonant bl ends to be an inportant

error.

Smth(1975) studied the residual hearing and speech
production in deaf children. She tested/p, t, k/ and/ s/
in blends for older children only and found om ssion of one

el ement or the other of the blend to occur frequently.

SSmlarly, Gler, Jenson, and Lafayette(1978) noted t hat
their 6 year old deaf subject s tend to reduce words to the

CV level, thereby omtting clusters or final consonants.

Ravi shankar (1985) analysis of errors in the bl ends
reveal ed that substitution errors were nost frequent, followed
by om ssion of a conponant in the blend. This was followed by

the addition of a vowel in between the conponants of the bl end.



19

Conmpl ete om ssions, unidentifiable substitutions and di stor-

tion were the other types of errors shown by the subjects.

An error considered especially typical of deaf speakers

Is the " Surd- Sonant or the substitution of sounds which
have sanme place of articulation but differ in voiced-voiceless
feature. Thus the voicel ess stop consonant / p/ may be heard

as its voiced stop consonant cognate / b/ or the vice-versa.

The causes of this substitution error putforth by
Cal vert (1962) are:

(1) Inadequate coordination of voicing and articul ation.

(2) Inappropriate force of articulation causing duration

distortion of consonants.
(3) Distortion of duration of vowels preceedi ng consonants.

Mangan(1961) eval uated the speech production ability of
21 deaf and 9 hard of hearing children. The test material
was reading a list of famliar phone tically balanced words.
The commonest error reported was that of devoking of the

final voiced consonant.

Nober (1967) anal ysed the production of phonemes by 46

severely and profoundly hearing inpaired children. He ranked
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voi ced- voi cel ess cognates in accordance to the order of
correct production: voicel ess consonant (31% and voi ced(23% .
Hs results also indicated that voiced stop cognhates are
substituted by their correspondi ng voi cel ess stop cognates.
According to Nober, the reason for the substitution of

voi cel ess for voiced is that voi ced sounds are harder to

pr oduce.

Mar ki des(1970) tested 83 hard of hearing and deaf children
of the age range of 7-9years, using an articulation test con-
sisting of 24 pictorially presented nonosyllabic words. The
test results showed that when voi ced stops were intended, the

voi cel ess cognates was frequently substituted.

QG ler, Jensen and Lafayette(1978)studi ed the phonol ogi ca
process of 6 year old, hearing inpaired subjects. Their
results reveal ed that subjects omtted final voiced consonants,
devoiced them or added a /3 / after them They clai med t hat
this avoi dance of final voiced consonants was in keeping with

a phonol ogi cal process used by younger normnal -hearing children.

Levitt et al., (1980) studied the segnental errors of 77
deaf children and found that in consonant substitutions, voiced
voi cel ess confusion were extrenely frequent, the preponderence
of substitutions being towards the voi ced cognate. These errors

are due to inappropriate voicing or |ack of voicing.
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Ravi shankar (1985) on the contrary to above fi ndings,
Carr(1953) investigated the spontaneous speech sounds of
5 year old deaf-born children. His results reveal ed that
young deaf children tend to produce nore voiced sound than
voi cel ess sound in spontaneous speech. This result is contrary
to Mangan(1961), Nober (1967), Markides(1970), G ler et al.,
(1978) and Levitt et al.,(1980) and Ravi shankar (1985).

Ravi shankar (1985) reported that voicing errors in the
formof substitution of a voiceless cognate for its voiced
counterpart were nost frequent. The average voicel ess/voi ced

errors is 61.31%and voi ced/ voiceless is 0.82%

These errors may be due to the problemin co-articulation
resulting in the failure to make the necessary VOT adj ust nent

for maki ng the voicing contrast.

Hei der et al.,(1941) studied the spontaneous vocalization
of hard-of-hearing and deaf children of the age range 3 years,
10 nonths to 6 years 10 nonths. They reported greater tendency

to use voiced sounds than their voicel ess cognates.

MI1in(1971) studied the speech of severely hearing
i npai red individuals and found that voiced plosives are produced
nore correctly than voicel ess plosives. This prepondarence of
voi ced pl osi ves over voiceless one is attributed to the
mani f estati on of the problem of continuous phonation seen in

severely hearing inpaired individuals.
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Smth(1972) studied 40 deaf children, these children were
asked to read 20 specially designed sentences whi ch incorpora-
ted all of the nost frequently used phonenmes of English. Her
test results showed tendency of greater proportion of voiced
sounds for their voicel ess cognates as opposed to voicel ess

for voi ced cognat es.

Gef fner (1980) studi ed the spont aneous speech of 65 deaf
children of the age range 6 years to 6.11 years. Her results
reveal ed that voicing feature dif€erred mnimally with a
greater proportion correct for voiced (25% when conpared to

voi cel ess consonants which is of (22%.

Mousen(1983) reported that hearing inpaired children
make frequent errors when they try to produce the voiced and
voi cel ess stop consonants. H s results also indicated that
voi ced-voi cel ess distinction between stops is collapsed into
a single phonene that is produced for both voiced and voi cel ess
stops and al so phonenes are produced as voi cel ess aspirated

sound in final position.

THERAPY TECHN QUES TO | MPROVE VA CED- VA CELESS DI STI NCTI ON
I N HEARI NG | MPAI RED

Wile the articulation abilities of hearing inpaired
children have been described in greater detail by various
I nvestigators (Hudgi ns & Nunbers, 1942; Mangan, 1961; Nober,
1967; Mar ki des, 1970; Smth, 1975, M Garr, 1978? and
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Ceffner, 1980), there are only a few experinental attenpts

to train these children to inprove their articulation.

Variability in training nethodol ogy for voiced-voi cel ess
distinction in hearing inpaired, is apparent in enphirical
studies to date. The variability in training nethodology is
interns of training stimuli, task and response node. The
use of neaningful Vs non-meaningful material as stinmuli for
speech training is apparently one of the major difference,
anong t he net hodol ogi es enpl oyed to train the articul atory

behavi ours of severely hearing inpaired children.

Bennett (1974, 1978); Monsen and Shaughnessry(1978) used
meani ngful word as stimuli for speech training. Wng and
Maretic(1971), and Stark (1971, 1977) used non-neani ngf ul
syllable as stimuli. Novelli-Qdnsted(1979) and Sol onon(1981)
trained with syllable, than words and phrases. Abraham and
Vi ner (1985)i nvestigated the relative nerits of using Meaning
Vs non-neani ngful stimuli with hearing inpaired children.

They found syl lable practice was significantly nore effective
t han meani ngful word practice for the aquisition of nornal
phonenes by normal hearing adults |istener under conditions of

simul ated hearing | oss.

Ling and Maretic(1971) used frequency transposition in
teaching of the deaf. |In their study, conventional (linear)

anplification supplinented with frequency transposition was
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conpared with conventional anplification. Speech training

to 10 severely deaf children,aged 7-11 years for 10 hours

in the articulation of 64 consonant vowel syllables was given.
Their results indicated that children inproved in their arti-

cul ation of consonant vowel syl |l abl es.

Stark(1972) used real-tinme spectral displays in teaching
/[ ba/ and /pa/ to deaf children. Results indicated that child-

ren learnt /ba/ and / pa/.

However, children's ability to generalize fromtraining
materials to other context on which they had received no

training, were not exam ned.

Bennett (1978) used distinctive feature approach for the
voi ced-voi cel ess training of profoundly hearing-inpaired
children. D stinctive feature training was given to three
profoundly hearing inpaired children of age range of 9 to
12 years. Pretesting involved an indepth assessnent of spon-
taneous and invitative responses of phonenes /b, p, d, t, g,
k, K & m inthe initial, nmedial and final position of words.
Training was given for 3 days a week, each session |asted
approxi mately 15 mnutes and consi sted of 100-175 tri al s.
Results indicated there was a significant difference between
the pre and post therapy in the perfornmance of the deaf

children in all the three positions.
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Metz et al.,(1980) al so used distinctive feature approach
for the renediation of voicing errors produced by 8 hearing
inpaired adults. The results indicate that production of the
(+voice) feature was nastered by all subjects in the phonetic
context, but generalization of the (+voice) feature usage rule

was not achi eved by t he subj ect s

Abr aham and VWi ner (1985) investigated the efficacy of
speech training using neani ngful versus non-neani ngful ver bal
stimuli with 10 severely and profoundly hearing inpaired
children. Results indicated that both syllable and word
training inproved, imtative production of target phonenes

in trai ned content.

M Reynol ds & Jet zke(1986) studied the articul ation
general i zati on of voi ced-voi cel ess sounds of 8 hearing inpaired
children. Results showed that 6 of the 8 children generalized
both the voi ced and voi cel ess target to 50%or nore of the
target sound probe itens. Results also indicated that nore
general i zation occured to the voicel ess cognates fromvoiced
target sound training than occured to voi ced cognates from

voi cel ess target sound training.

Perigoe and Ling(1986) studied the generalization of
speech skills in 12 profoundly hearing inpaired children.
Subj ects were given phoneti c and phonol ogi ¢ speech training

for 15mnutesdailyfor 40sessions. Resul tsindi catedt hat
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of significant inprovenent in speech ability after intensive

trai ni ng.

Monsen( 1975, 1976a) measured spectrographically the VOT
of word initial stop consonant (/p/, /t/, /k/) and (/b/, /d/,
/g/) in the speech of thirty seven deaf and six nornally
heari ng adol escents. In 11 of the deaf children, VOT val ues
for voicel ess stop consonants were simlar to those in the
nornmal hearing i.e. these individuals could produce all the
stops in a manner simlar to normals. The renai ni ng deaf
I ndi vidual s deviated systenatically fromthe normal in their
failure to produce a distinction between the voiced and
voi cel ess stop at a given place of articulation. Those who
failed to produce "voi ced-voicel ess distinction" tended to
produce / p-b/ and /t-d/ as unaspirated stops, and to produce
either aspirated or unaspirated stops, and to produce either
aspirated or unaspirated stops for /k-g/. He concluded that
“while the speech production of a deaf child may devi ate
fromnormal, it is by no nmeans phonetically or phonol ogically

i nconsistent initself".

A | bert and Canbel | (1978), in their study, observed
differences in VOI, though the stop consonants produced by
both the normal |y hearing and hearing inpaired individuals

wer e perceived as bei ng produced correctly.
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VOT val ues for hearing inpaired speakers were shorter
than those values for normally hearing speakers. G| bert
and Canbel |1 (1978) have given two explanations for the short

VOT val ues observed in the speech of the hearing inpaired.

(1) G lbert(1975) reported that airflow during the production
of stop consonants was |ess for hearing inpaired subjects
than for normally hearing subjects. Short VOT val ues
observed possibly is due to this reduce intraoral pressure

during the production of stop consonants.

(2) And the other explanation for the short VOT val ues obtained
for voiceless stops may be inability of hearing inpaired
i ndividual to co-ordinate the phonation and articulatory

mechani sm

Anot her difference was that the hearing inpaired speakers
exhi bited fewer negative VOT values for the pre-vocalic *oiced
conmponants, than did the normally hearing subjects. According
to Glbert and Canmbel |l (1978) the reduced nunber of negative
VOT val ues obtained fromhearing inpaired speakers indicated
that they did not nmake as great a distinction in the production
of stop consonant cognates. Because, Lisker and Abrahanson
(1967) indicated that the percentage of negative VOT val ues
for the voiced stop consonants increased as the need for the

greater cognate distinction increased.
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Shukl a(1987) did a simlar study having 30 hearing inpai-
red and 30 nornally hearing individuals. H's results reveal ed
that both nornmally hearing and hearing inpaired speakers had
positive VOT val ues for voicel ess stops. However, VOT val ues
for the hearing inpaired speakers were shorter. H's results
al so indicated that normal |l y hearing speakers showed negati ve
VOT val ues for voiced stops, while in amjority of the hearing
| npai red speakers, negative VOIs were absent. He conducted
t hat absence of negative VOI (pre-voicing) is the acoustic
reason for the "surd-sonant" problemin the speech of the

hearing inpaired.
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METHODOLOGY

Voi ced- voi cel ess distinction is the commonest probl em
i n speech of the hearing inpaired. Inspite of conserted efforts
by the Speech Pat hol ogi st, to overcone the problem it persists.
The aimof the study is to evaluate the efficacy of a recent

t herapy techni que closed nmouth voicing initiation techni que "
to overcone the voi ced-voicel ess distinction problemin the

speech of the hearing inpaired, using a single subject design.

Subj ects: Five hearing inpaired children were selected as
subjects. The age range of the subjects was between | Oyears
3 nonths to 13 years 7 nonths. Al the subjects selected for
the study had been enrolled as cases at Al India Institute

of Speech and Hearing, Msore-6.

Al the subjects had to satisfy the follow ng condition

before they were included as subjects for the study.

=

shoul d have voi ced-voi cel ess di stinction problem

N

shoul d have congenital noderate to severe sensory neural

heari ng | oss.

w

shoul d have nornal intelligence.
4. should have ability to read sinple syllabic words
of the Kannada.

5. shoul d have no ot her handi cap except the hearing | oss.



TABLE-1 : Shows age, degree of hearing | oss at each frequency from 250 to 8KHz and

the PTAfor all the five subjects selected for the study.

Subj ect Age 250Hz 500Hz 1KHz 2KHz 4KHz 8KHz PTA
11 years Rt. 60 75 90 100 100 NR 88. 33
Subj ect - |
6 nonths Lt. 70 90 95 90 110 NR 91. 66
13 years Rt . 90 90 105 NR NR NR 96.0
Subj ect - 2
7 months  Lt. 90 100 NR NR NR NR 100.0
Rt . 80 90 100 85 95 85 91. 66
Subj ect-3 12 years
Lt. 05 85 80 90 100 NR 85.0
10 years Rt. 75 85 90 80 85 90 85.0
Subj ect -4
3 nonths Lt. 70 70 75 70 75 90 71.6
11 years Rt. 60 70 70 75 75 75 71.6
Subj ect-5

2 nonths Lt. 60 65 70 80 80 80 71.6
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TEST NMATER AL:

The test material used for the study consisted 36
bi syl | abi ¢ neani ngful words. 18 words consisted of voi cel ess
stop consonants (p, t, X, t ) and renai ning 18 words consi sted
voi ced stop consonants (b, g, g, d) ininitial and nedia
positions. The word list is given in Table-2. Three randam
lzed lists of sane 36 bisyllabic words were prepared for the

three trials of recording.

TABLE- 2 WORD LI ST - KANNADA
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Recor di ng:

Each subject was seated in a chair confortably in a quite
environnment. Prior to actual recording of speech material,
each subject was given sinultaneously signed and spoken instru-
ctions. Then each subject was given an opportunity to practice
the test materials. The flash cards of the 36 bisyllabic words
were prepared to elicit the response and to record the response

wi th appropriate inter word gap.

Recor di ng was done usi ng AHUWA Deck Tape Recorder and a
Meltrak G 90 audio cassette. M crophone was placed at a
di stance of 10-12 inches fromthe child at the |level of the
mouth. Wil e recording care was taken that Vu neter needl e
does not overshoot the red region and undershoot bel ow the

yel | ow r egi on.

Before the recordi ng, each subject was instructed as
follows: " Nowl wll showyou sone picture card. YQu have
to read or identify what is witten on the card and say it

| oudly after carefully | ooking at theni.

For every subject, the list was presented three tines,
a gap of 10 to 15 seconds was gi ven between the two flash card.
The same procedure was used for both pre and post therapy

recor di ng.
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Ther apy Procedur e:

The children were seen Individually by the experinenter
3 days a week. Each training session | asted approxi mately

15 to 20 m nut es.

Trai ni ng was i ndividualized, depending on each child's
performance on the pretest and throughout the training seque-

nce. The training sequence was as foll ows:

1. Discrimnation training between voi ced and voi cel ess stops
was given to the child (both intra and interpersonal

di scrimnation training).

2. Each subject was asked to assune the articul atory position

for production of stop sounds (p, t, t, k or b, d, d, g).

3. Wiile each subject maintained the articulators in that
position, he/she was instructed to initiate voicing
(closed nouth voicing) and to nmaintain voicing for sone
time. Enough practice of this exercise was given to each

subj ect .

4. (Once the subject mastered the closed nouth voi ci ng, each
subject was instructed to close the articulators, initiate
voicing and the releasing of articulators after naintaining
the voicing for sone tine. This resulted in the production

of voi ced sound.
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5. For the production of voicel ess sound, the subjects were
asked to initiate voicing after they released the arti -

cul at ors.

The above procedure was repeated for all the stop
cognat es, however therapy procedure was started with front
stop cognate i.e. p/b. During the course of therapy, pre-
caution was taken that the subjects enrolled in the present
study did not have speech therapy for the voiced-voicel ess

di stinction probl em

Appropriate reinforcenment and tactile, auditory and

vi sual feedback were given throughout the training programe.

Anal ysi s:

Bot h the pretherapy and post therapy recorded speech
materi al were assessed by three experienced |isteners
(judges). Atotal of 30 lists obtained fromall the subjects

wer e random zed and re-recorded to rule out order effect.[5
Shects X 3 lists X 2Apread post thergy)]

Then list were played for all the three judges separately.
They were requested to wite down what they perceived from

t he recorded sanpl e.

Wien the judge correctly identified the whole word, it
was consi dered as correct response. The nunber of correct

response were converted into percentages.
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The pre and post therapy perfornmance of each subject is

assessed in terns of

1. Percentage of word intelligibility.

2. Percentage of voiceless to voi ced substitutions.
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RESULTS AND DI SQUSSI ON

The aimof the study was to evaluate effect of " closed
nouth voice initiation technique " to overcone voi ced-voi ce-
| ess distinction problemof the hearing inpaired subjects. The
study included 5 hearing inpaired subjects. Al of themunder-
went therapy of about 10 to 15 sessions, each session being
15 to 20 mnutes of duration. The efficacy of the treatnent
procedure was assessed by neasuring pre and post word intelli-
gibility and in terns of percentage of substitution errors

before and after therapy.

Table-2 shows the correlation coefficients of perceptua
anal ysi s done independently by the three judges for both pre

and post therapy.

Tabl e-3 showing the correlation co-efficients anmong j udges

for pre therapy and post therapy judgenents.

Ji&Jde 3,83, 3, &3,

Pre therapy . 875 . 982 . 975
Post t herapy .89 .95 . 67

It may be observed fromthe table that there is a high
correl ation anong the judges for both pre-therapy and post -
t herapy judgenents revealing a high degree of interjudge
reliability. Therefore judgenent fromall the three judges

was aver aged.
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Since it was a single subject design, results of each
subj ect has been presented individually both interns of pre
and post therapy word intelligibility and percentage of

substitutional errors.before and after therapy.

SUBJECT- 1

Aswin was a nal e and was about 11 years 6 nonths ol d
havi ng hearing | oss of PTA 88.33dB in right ear and 91. 66dB

inthe left ear.

Tabl e-4: Showing word intelligibility and percentage of subs-

aitution errors before and after therapy for Subject-1.

Pre therapy Post t her apy
score score
%word intelligibility
SCOr es 40. 33% 92.19%
% voi ced - voi cel ess 99 38% 13. 88%

substitution errors

Nunber of sessions: 10

Fromthe table it may be observed that Aswin had substi -
tuted voi cel ess stops (p, t, t, k ) for all the voiced stops
(b, d, d, g ). Post therapeutically Asw n inproved signfi -
cantly by bringing errors just to 14%from99% Word intelli -
gibility also inproved from40% (pre therapy) to 92% (post
t her apy).
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SUBJECT2

Prashanth was a nmal e and was about 13 years 7 nonths old
havi ng hearing | oss of PTA 96 dB in right ear and |100dB in

the | eft ear.

Tabl e-5: Showing word intelligibility and percentage of

substitution errors before and after therapy for subject-2.

Pre therapy Post t her apy

score score
%word intelligibility

SCOr es 40. 66% 90. 34%
% voi ced - voi cel ess 98 77% 12 77%

substitution errors

Nunber of sessions: 12

Fromthe table it nmay be observed that Prashanth had
substituted voicel ss stops (p, t, %‘ k ) for all the voiced
stops (b, d, ﬁ' g ). Post therapeutically Prashanth inproved
significantly bringing errors just to 12. 77%from98. 77%
Wrd intelligiblity has inproved from40.66% (pretherapy) to
90. 34% (post t herapy).

SUBJECT—3

This subject Prema was a fenmal e and was about 12 years
ol d having hearing | oss of PTA 91.66dB in right ear
and 85dB in |left ear.



Tabl e-6: Showing word intelligibility and percentage of substi -

tution errors before and after therapy for Subject-3.

Pre therapy Post therapy

score score
%word intelligibility 37.91 87. 56
scores

% voi ced - voicel ess 100. 0 12. 77

substitution errors

Nunber of sessions: 15

Fromthe table it may be observed that Prema had substi -
tuted voi cel ess stops (Qt,.%”k) for all the voiced stops
(b, d, i' g). Post therapeutically Prema inproved signifi-
cantly bringing errors just to 12. 77%from 100% VWrd intelli -
gibility has inproved from 37.91%to 87.56%

SUBJECT4
This subject Miuralidhar was a nal e and was about 10 years

3 nonths ol d, having hearing | oss of PTA 85dB in right ear and
71.6dB in |l eft ear.

Tabl e-7: Showing word intelligibility and percentage of substi -

tution errors before and after therapy for subject-4.

Pre therapy Post t her apy

score score
%word intelligibility

SCOr es 41. 28 90. 25
% voi ced- voi cel ess substi - 98 38 12. 20

tution errors.

Nunber of sessions: 12



40

Fromthe table it may be observed that Miralidhar has
substituted voicel ess stops (p, t, &, k) for all the voiced
stops (b, d, 4, g). Post therapeutieally Miralidhar inproved
significantly by bringing errors just to 12.2%from98. 38%
word intelligibility also inproved from4l.28% (pre therapy)
to 90. 25% (Post t herapy).

SUBJECT- 5

Thi s subject Qururaj was nmal e and was about 11 years
2 nonths ol d, having hearing | oss of PTA 71.6 dBHL for both

ears.

Tabl e-8: Showing word intelligibility and percentage of

substitution errors before and after therapy for subject-5.

Pre therapy Post therapy

score score
%word intelligibility 44. 15 87. 56
score
% Voi ced- Voi cel ess 100.0 14. 05

substitution errors

Nunmber of sessions: 12

Fromthe table it may be observed that Qururaj had
substituted voi cel ess stops (p, t, t k) for all the voiced
stops (b, d, g, g). Post therapeutically Qururaj inproved
significantly by bringing errors just to 14. 05%from 100%
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VWrd intelligibility has inproved from44115%to 87.56% .

Tabl e-9: shows the percent of correct responses for the
voi ced stop sounds averaged for initial and nedial position

before and after therapy for all the five subjects.

SUBJECT-1 SUWBJECT-2 SUBIJECT-3 SWBIECT-4 SUBIECT-5
Pre Post Pre Post Pre Post Pre Post Pre Post

b 0 98 6 100 6 94 0 98 0 97
d 0 100 0 100 0O 100 0 100 3 100
d 0 100 3 98 3 96 0 98 0 98
g 0 100 0O 100 0 100 0 100 0 100

Fromthe Table-9 it may be observed that all the five
subj ects articul ated voi ced sounds al nost every time they
required to, and occasionally they made an error. This occa-
sional error of the voiced stop sounds probably suggest that

t hese children needed stabilization.

It is worth noticing that all the five hearing inpaired
children just needed 10 to 15 sessions of therapy, duration of
which was 15 to 20 mnutes to overcome their problens. There-
fore we can conclude that the technique is effective even in

terns of tinme of required to overcome the probl ens.
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SUMWARY AND CONCLUSI ONS

Several researchers (Veoller, 1938; Hudgi ns and Nunbers,
1942; Boone, 1966; Nober, 1967, Colton and Cooker, 1968?
Mar ki des, 1970; Smth, 1975; Geffner, 1980; Ravi shankar, 1985)
have attenpted to describe the characteristics of speech of
the hearing inpaired. The characteristics include articul a-
tion errors, high pitched noice, inproper intonation, inproper

rhythm slowrate and nasality.

Anal ysis of articulatory errors showed that of errors
of om ssions, substitution distortion and additions. The
nost common error as far the consonants are concerned i s voi ced

voi cel ess di stinction.

Several investigators (Mangan, 1961; Nober, 1967; Mar ki des,
1970; Qler, et al., 1978; Levitt et al., 1970) found that
preponder ence of substitution of voicel ess cognates for voi ced

cognates i s high.

Monsen( 1975, 1976, 1978) studied the VOT val ues of the
deaf subjects and found that they did not have clear cut
distinction in VOT val ues for voi ced and voi cel ess when conpa-

red to nornal s.

Shukl a (1987) reported that negative VOI (prevoicing or
voicing lead) which is a characteristic feature of voiced sound

in normal s who use the Kannada as their | anguage, was absent in
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t he speech of the hearing inpaired and concl uded that absence
of negative VOTI value is the acoustic reason for voiced-

voi cel ess confusion in hearing inpaired.

Based on this, Shukla(1987) designed a new t herapy
techni que "cl osed nouth voicing initiation technique" to teach
voi ced- voi cel ess distinction anong the hearing inpaired. This
t echni que nainly invol ves the placenent of articulators at an
appropriate position for the production of stop consonants
(b, d, d, g and voicing is initiated before the rel ease of
the articulation. This results in the production of voiced

stop consonants.

The present study was ained to study the efficacy of the
t herapy techni que using a single subject design. Five hearing
| npai red subjects of the age range 10 years 3 nonths to 13
years 7 nmonths with substitution errors of voiceless for voiced

wer e taken as asubjects.

Therapy was given individually to each subjects for 15 to
20 mnutes a session and three sessions a week, till the

experinenter felt that the children have achi eved the distinction.

Each subj ect was asked to read out word |ist consisting
of 36 bisyllabic neani ngful words. Anong which 18 words
consi sts of voi cel ess sounds (p, t, t k ) and 18 words consists
of voi ced sound (b, d, g. g) inbothinitial and nedi a

posi tion.



44

Pre thereapy and Post therapy recorded word |ist of

each subjects were perceptually analysed in terns of:

1. Percentage of word intelligibility before and after

t her apy.

2. Percentage of substitution errors before and after therapy.

Results indicated that:

1. Al the five subjects showed significant increase in

percentage of word intelligibility score after the therapy.

2. Al the five subjects showed decrease in the percentage of

substitution errors after the therapy.

The above results indicate that the therapy techni que
“closed nouth voicing initiation technique" was effective in
achi eving the voi ced-voi cel ess distinction anong the hard of

heari ng chil dren.

CONCLUSI ON

Devel opnment of efficient training procedures for teaching

speech to hearing inpaired is essential .

The results of the study showed that the training procedure
was causal for inprovenent of correct articulation of voiced
stops. The najor inplication of this study is that articulation
training for the correction of voiced-voicel ess distinction for

hearing inpaired can be acconplished by basing training on
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"closed nouth voice initiation technique". Even the profoundly
hearing inpaired children are capable of using this technique

to learn voi ced stops across positional and phonem c boundari es.

However, further investigation across subjects, setups,
experinment is needed to strengthen the claim The claimcan
be further strengthened by doi ng acoustical analysis of the

speech of the hearing inpaired before and after therapy.

The results of the study denonstrate that the therapy
t echni que devel oped out of a acoustic analysis of the speech
of the hearing inpaired provides an efficient and a scientific
approach in overcomng the speech problens of the hearing
i npai red. The research effort in future should concentrate
in identifying "acoustical reasons"” for the other deviation
observed in the speech of the hearing inpaired, so that newer

or nore scientific therapy techni que can be devel oped.
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