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| NTRCDUCTI ON

"l amjust as deaf as | amblind wote Helen Keller.

The problens of deafness are deeper and nore conplex, if
not nore inportant than those of blindness. Deafness is a
much worse m sfortune. For it nmeans the |oss of the nost
vital stimulus the sound of the voice that brings |anguage,
sets thoughts astir, and keeps us in the intellectual conpany

of man," (Stevens and Warshof sby, 1971).

Man is highly dependent on his senses. Through his
senses cone the sensation which constitute his experience, a
sensory deprivation limts the world of experience. The
degree of the senosry inpairement, the age at which it is
sustained and other factors,influence the extent and nature

of the shift which the organi smundergoes (Mkel bust, 1968).

"The ear is the organ of education wote aristotle
centuries ago. Had he wunderstood nore about the innate
nature of |anguage learning is humans he would likely have
phrased it the ear is the organ of |anguage |earinig"

(Northern and Downs 1978).

The deaf child recieves sensation, precieves and he
devel ops i mges, synbolization and concepts. However, when
audi otory sensations are |acking or present only to a mninal
degree the nature of his perception, imagery synbols and

concepts are altered. The levels of synbalization and



conceptualization are nost affected. devel opnent of certain

types of abstract behaviour is inpeded (Mkel bust, 1968).

"According to the inportance of normal hearing is thus
vital to the developnent from birth of our uniquely human
| angyage skills. The auditory |inked acquisition of |anguage
is further unique to human beings because, it is a tine
| ocked function, related to early maturational periods in the

infants life" (Northern and Downs 1978).

"Early hearing inpairnment has definite effects on
| anguage devel opnment. As shown by Qui gl ey and Thonure (1968),
Goet zi nger (1962), Harrison (1964) and others, even very mld
i mpairments of hearing (less than 30dB) are often related to
| anguage and other educational deficits. This relation of
hearing inpairment and |anguage deficit is evident in all
aspects of | angauge-phonol ogi cal, norphol ogical, syntatic and
Semantic" (Cciglecy, 1978) . "The longer the auditory
| anguage is delayed, the less efficient will be the |anguage

facility" (Northern and Downs 1978).

"The speech of the deaf differs fromthat of normals in
all regards (Balack, 1971). In all the 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 well as those who hear" (Mnsen,

1974).



Wthout a clear understnding of the underlaying nature
of the deaf's wunintelligible speech, the developnent of
effective clinical strategies is Ilimted (Mtz 1982)
Devel opment of effective remdial strategies would Dbe
enhanced by analysing normal and deviant speech production
from an acoustical perspective (Zinmer man and Rettaaliater,

1981).

Various studies have been carried out to understand the
speech of the hearing inpaired (Hudgins and Nunbers 1942;
Angel occi, 1964; Rajani Kanth, 1986; Shukla, 1978; Sheela,
1988; Jagdhi sh, 1989; Whitehead, 1991; Sowrya, 1992; Rajitha,
1994; Rahul, 1997; Nober, 1967; MGarr, 1978; Geffner, 1980;
Stoel Ganmon, 1982). But the know edge in this area is far
from conpl ete. The present study was undertaken since the

speech related paranmeters are |anguage specific, there is a

need for nore studies in all Indian | anguages. There was no
study in this direction in Punjabi |anguage. Therefore it
was considered that it wll be useful to study the acoustic

aspects of speech of Punjabi speaking hearing inpaired. This
would help in planning providing better therapy for hearing

inmpaired children specifically of Punjabi |anguage.

AlM OF STUDY:

This study was undertaken to study the acoustic
characteristics of the speech of Punjabi speaking hearing
inmpaired children in terns of word duration, vowel duration,

voice on set tine (VOT), fundanental frequency (FO), formant



frequencies (FI, F2, F3), Bandwidths (B, B2, B3), and inetr

syl | abi ¢ pauses.
HYPOTHESI S:

There is no significant differences in ternms of the
speech of the hearing inpaired children to "that of the

normally hearing children in terns of:

| a) Duration of vowels

b) Duration of words

c) Average FO

d) VOT voice onset tine of stop consonants
f) Formant frequencies (Fl, F2, F3)

g) Band widths (Bl, B2, B3).

h) Intersyllabic pauses

2. There is no significant difference between hearing

inmpaired males and females as well as in normal hearing

mal es and females in terns of above stated Paraneters.

| MPLI CATIONS O TH' S STUDY

There is no significant diffeences between hearing
impaired males and females and normal hearing males and

f emal es.

Speech sanples (10 CVC Punjabi words) from 10 hearing
i npai red Punjabi speaking children were takena nd matched for

their age and sex. Seven acoustic paraneters (vowel



duration, word duration, FO, VOI, Formant frequencies, Band

width and Intersyllabic pauses) were anal ysed.

1.

The results of this study would hel p in better
understanding of the speech of the hearing inpaired

chil dren speaking an Indian |anguage, Punjabi.

The results of this study would provide data regarding the
acoustic characteristics of speech of the hearing inpaired

children in general.

This information would also help in pl anni ng and

devel opi ng therapy progranmmes for the hearing-inpaired.

LI M TATIONS OF THE STUDY

The study was limted to only 20 subjects.

I ndi vi dual differences existed in the hearing inpaired
children in ternms of severity hearing loss, hearing aid
usage, therapy duration, parental participation in therapy

and notivation for therapy.

The stinmulus material used for this study were limted to

ten CVC conbinations words only.



REM EW OF LI TERATURE

Communi cation is fundanental to human society as the
very exi stence of the human society is largely dependent upon
effective communication. The comunication ability of humans
is highly developed and this has been a big leap fromthose
of his nearest neighbors on the evolutionary scale. Such
enhanced conmunication abilities are through the nedium of

"speech", which is an ability exclusively to human bei ngs.

The ability to communi cate through speech is of enornous
val ue. It provides a range of opportunities and options in
per sonal , educational and soci al life, as well as in
enpl oynent, that can not exist through any other form of

i nterchange (Ling, 1976).

It is through the auditory node that speech and | anguage
are normally and wusually effortlessly devel oped. (Ross &

G olas, 1978).

Hearing is esential for the acquisition of speech and
| anguage. It is through continuous auditory stinmulation of
speech and other sounds in the environnent that a child is
able to acquire |anguage. Wehetnell and Fry, 1964. The
hearing nmechanism is also essential for nonitoring one's own
speech production. In addition, hearing also enables an
individual to make judgenents regarding to the |ocation of

the different sound sources in the environment (Yost, 1994).



| npai rment  of hearing therefore not only renders a
person to appreciate the different sounds present in his
environnment, but also reduces his capacity to understand and

produce speech.

Speech provides the neans through which we comm \unicate
ideas and transmt information and enotions. Speech and
| anguage are wusually acquired through hearing. As hearing

|l oss can cause individual speech and | naguage systens to be

di sor ded. The resultent comrunication problens are sone of
the nost serious and challenging to confront. Significant
heari ng disability not only signal s difficulty in
understanding the sounds of the environnent, but also

correlates wth serious |anguage, voice and articulation

dificits (Oyer, 1994).

The ultimate goal in oral rehabilitation is, for the
hearing inpaired individual, to attain, as far as possible,
the sane comunication skills as those of the normal hearing
i ndi vi dual . Wthin the |ast decade, advances have been nade
in studying the speech. Thi3 is largely due to the
devel opnent of sophi sti cat ed processi ng and analysis
techniques in speech science and conputer science. These
t echnol ogi cal advances have al so been applied to the analysis
of the speech of the hearing inpaired and to the devel opnent
of clinical, assessnment and training procedures. (Csberger &

M Garr, 1982).



Several nethods have been enployed to study speech
production in the hearing inpaired. These include
physiol ogical (Metz et al. 1985), acoustic (Mnsen, 1976a,
1976b, 1974, 1978; Angelocci, et al. 1964; G/ bert, 1975;
Cal vert, 1962; Suukla, 1987; Rajni kanth, 1986; Sheela, 1988;
Jagdi sh, 1989; Rasitha, 1994; Rahul, 1997) and perceptua
met hods (Levitt, etal 1976; Stevens, etal 1983; Hudgins &
Nunbers 1992; Mar ki des, 19 70; Geffner, 1980).

Use of acoustic analysis of speech for studying the
speech production skills, offers several advantages as it is

non-i nvasi ve, needs relatively sinple instrunentation, my be

used routinely to depi ct changes in the physica
characteristics of frquency, intensity and the duration of
speech segnents (Leeper, et al 1987). Acousti c anal ysis of
speech of heari ng i mpai red permts finer gr ai ned

consideration of sone aspects of both correct and incorrect
production than would be possible using nethods applied in
the subjective procedures (OCsberger and Mc. Garr, 1982). It
provides objective description of speech of the hearing
i mpai r ed. More information about the characteristics of the
speech of the hearing inpaired would help in making use of
the advances in the technology with maxi mal effectiveness in
facilitating the oral production skills of the hearing

i mpai r ed.

In order to develop nore effective speech training

procedures for deaf <children, it is necessary to know how



their speech deviates from that of normally hearing children
and the effect of various errors and abnormal speech patterns
on the intelligibility (Levitt, 1978). Thus, analysis of

speech of hearing - inpaired becones inportant.

So far little work has been done to study nornmal and
abnormal speech patterns in Punjabi |anguage. Punjabi is the
native |angauge of the state Punjab in India and the state
Punj ab in Pakistan. There are nunber of regional dialects of
Punjai in both India as well as in Pakistan. The main
regional dialects of Punjabi in India are: 1) WMjhi, 2)
Mal wai, 3) Puwadhi, and 4) Doabi. Therefore it was consi dered
worthwhile to nake an attenpt to understand segnental

features of hearing speakers and normal speakers in Punjabi.

SPEECH I NTELLIG BILITY OF HEARI NG - | MPAI RED

Speech intelligibility refers to the ability to
understand the speech by a listener. As the hearing inpaired
have difficulty in co-ordination of the timng of targeted
articulatory novenents and transition from one articulatory
target to the other, their speech is not intelligible or

cl ear.

Various studies have showed differences in terns of
intelligibility of speech of the hearing inpaired. According
to Osberger and Levitt (1982) on the average the
intelligibility of speech of the hearing inpaired children is

very poor. Only about one in every five words can be
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understood by a listener who is unfamliar with the speech of

the hearing inpaired subject.

On the other hand Metz et al (1982) are of the opinion
that the speech produced by many deaf persons is frequently
intelligible to even experienced |isteners. Several studies
(Brannon, 1964, Markides, 1970 and Smth (1973) have shown
that inspite of the provision of hearing aids, speech
training, the average intelligibility of speech of the
severely and profoundly deaf child to the naive listener is
not nore than 20% (Stark, 1979). Conrad (1979) reports that
about 75% of pre-lingually deaf children with hearing |osses
of 90dB or nore have speech classified as barely intelligible
or worse. "The speech of profoundly hearing inpaired

children is usually less than 30% intelligible" (Ling, 1976).

Hudgi ns and Nunbers (1949) who did the first quantitative
assessnent of the speech intelligebility of hearing inpaired
chil dren. Four groups of experienced |isteners classified
consonantal errores in to errors of omssion, errors of
substitutuion and consonant cluster errors. The nmean score of
the group was found to be 29% They al so observed that the
nost common errors in the consonants were in voiced and
voi cel ess distinction. Markides (1970) studied 58 hearing
inmpaired children who were 7 & 9 years old. About 31% of
their words were intelligibile to their teachers, where as
only 19% were intelligible to naive listeners. According to

Smth (1972) who studied 40 hearing inpaired children in the
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age groups 8-10 and 13-15 vyears, word intelligibility as
assessed by 120 listeners unfamliar with the speech of the

hearing inpaired children was 18. 7%

Monsen (1978) wusing shorter sentences and nore famliar
vocabulary found the intelligibility scores of profoundly
hearing inpaired and severely hearing inpaired children as

76% and 91% respectively.

The speech intelligibility scores correlate well wth
the hearing level of the individual. Monsen (1978) found
that all children he studied with hearing |oesses of 95 dB
HTL or less had intelligible speech but children with |osses
greater than 95dB HTL did al ways have poor or unintelligible
speech. Smth (1975) observed a systemc decrease in
intelligibility wth poor hearing level wuntil a Ilevel of

about 85dB HTL.

On the average the intelligibility of speech of the
profoundly hearing inpaired children is very poor. The
speech production performance was found to be good for
children of higher socioeconomc status, and for better

hearing aid users (Wisel and Reichstein, 1989).

Consonant errors have been generally found to be highly
correlated with speech intelligibility than are the vowel
errors (Hudgins and Nunber, 1942). Hudgi ns and Nunbers
(1942) and Smth (1975) reported a high negative correlation

between speech intelligibility and total nunber of consonant
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and vowel errors. Anpbng consonant errors om ssions of initia
consonants, voiced -voicel ess confusion, and errors involving
conmpound consonants clusters had nost detrinmental effect on
speech intelligibility. Substitution errors, nasality
errors, omssion of final consonants and errors involving
substitution of consonants had a lower correlation with
intelligibility and contributed to a nuch |esser extent to
the reduced intelligibility of speech of hearing inpaired

chi |l dren.

Monsen (1978) exam ned the relationship between
intelligibility of four acoustically neasured variables of
consonant  producti on, three acoustic variable of vowel
production and two neasures of prosody. Three variables were

highly correlated wth intelligibility. Those were:

1) The difference in VOT between /t/ and /d/

2) The difference in second formant |ocation between /i/ and
1.

3) Acoustic characteristics of the nasal and liquid

consonants.

O her segnental errors that have been observed to have a
significant negative <correlation wth intelligibility are:
om ssion of phonenmes in the word initial and medial position,
consonant substitution, and uni dentifiable or gr oss

di stortions of the intended phonene (Levitt, et al., 1980).
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As stated by Brown, Goldberg, (1990) the intelligibility
of speech of the hearing inpaired was related to the
variables such as consonant duration, VOI and relative
formant frequency distribution. They reported that in the
intelligible utterances of the hearing inpaired, VOI was the
nost consistently conparable neasure, consonant closure
duration was sonewhat nore variable, formant frequency
distribution of the vowels was the |east conpatible. VOoTr

functioned as a critical factor in syllables recognition.

Thus the results of various studies suggest that overal
levels of speech intelligibility are utterly inadequate for
or al conmuni cat i on (Ling 1976) . Hence the above
spectrographic paranmeters such as formants, vowel duration

and VOT were taken up for study.

So far no investigations have been done to study the
speech characteristics of Punjabi speaking hearing inpaired
chil dren. The purpose of the present 3tudy is to conpare
speech of the hearing inpaired to that of the normals. This
wll be of help in synthesis of speech and in inproving the

intelligibility of speech the hearing inpaired children.

TI' M NG

RATE:

Physi cal neasures of speaking rate have shown that
profoundly hearing - inpaired speabers on average take 1.5 to

2.0 times longer to produce the sane utterances as do nornal
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heari ng speakers ( Boone, 1966; Hood, 1966; Howosth, 1965;
Voel ter, 1935).

Hearing - inpaired speakers have been found to speak
nmore slowy than even the slowest speakers w th nornal
heari ng. When hearing inpaired speakers and normals have
been studied under simlar conditions the neasured rates of
syl l ables or word om ssion have often differed by a factor of
two or nore (Hood, 1966). Ni kerson, et al. , (1974) tested
slightly older deaf and control groups on reading rate and
found large differences between the groups although the nean
rate for the deaf was as high as 108 words/mn. The problem
of reduced rate of speaking in the deaf speaker seens to be
related to two separate problens. i) Increased duration of
phonenmes, vowels, and ii) Inproper and often prol onged pause

within utterances (Gold, 1980).

| NCREASE DURATI ON OF PHONEMES AND VOWELS

The duration of a phonene and a vowel bears inportant
information in the perception of a speech nessage. Each
vowel has an intrinsic duration which is influenced by the
physical properties of the speaker's production nechanism
Even prior to the age of three, children can recognize
i nportant paraneters of the |anguage (Peterson and Lehiste,
1960) . There is a general tendency towards |engthening of
vowel s and consonants in the deaf (Angelocci, 1962; Boone,

1966; Levitt, et al., 1974; Levitt and Parkburst, 1978).
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Smth (1978) found that even children (four year olds

and two year olds) like adults showed final syllable vowel
| engt hening than non final syllable vowel. Konetal et al. ,
(1982) reported that the prepausal | engt hening effect

identified for adults were also found in young children's

spont aneous utterances.

Durational changes in vowels serve to differentiate not
only between vowels thenselves but also between simlar
consonants adjacent to those vowels (Raphael, 972; Gold,
1980). Sandhu (1986) attenpted to investigate the durational
features of Punjabi stops in different vowel contexts (i, a,
and u) in three adul native speakers. The duration of burst
measured in CV conbination revealed that it is nost intense
and |longer before /i/ than before other vowels. Duration was
found to be around 15-20 sec before /i/ and 8-12 usec. before

[al and /u/.

Cal vert (1961) was anmobng the first to obtain objective
measurements of phonemc duration in the speech of hearing -
i npai red by spectrographic analysis of bisyllabic words. The
results of this study showed that hearing inpaired speakers
extend the duration of vowels, fricatives and closure period
of plosives up to 5 times the average duration for nornal

speakers.

Lengthening or shortening of a vowel or any speech
segnent can be done by altering the particular context.

House and Fairbanks (1953) showed that the duration of a



16

vowel in English varies systematically from shorter to
longer in the following order; a stressed vowel preceding a
voi celess Stop |lessthan Voiceless fricative |essthan nasa

| essthan voiced stop |essthan voiced fricative.

Disinmoni  (1974) making Oscillographic measurenents of
vowel and consonant durations in CVC and VCV utterances of 3,

6, 9 years old children concluded that:

1) Variability of the duration tended to decrease wth age.

2) The vowel duration in the voicel ess consonant environnents
remai ned relatively constant for all ages tested, while in
voi ced consonant environnents, it was found to increase
w th age.

3) Vowel duration values for both voiced and voicel ess
consonant environnments were found to be significantly
different in six and nine year old subjects, but not in 3

year old subjects.

In English the duration of the vowel 1is phonetic in
nature where as in Mlayalam Jenson and Menon (1972)

denonstrated that it will lead to change in nmeaning.

Rashm (1985) determned the vowel duration of /i/ in

fidu/ in children and found that:

Yrs) Vowel duration (M)

(

6 158. 07

7 121.79
-8 111. 32

9 88. 31

10 87. 28
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Males and fermales showed a consistent decrease in the
vowel duration as a function of age. Savithri (1984) found
that a low vowel had Ilonger duration than a high vowel in

Kannada.

Monsen (1946) studied 12 deaf and 6 normal hearing
adol escents as they read 56 CVCs words containing the vowels
[il or [I/. He found that the deaf subjects tend to create
mutual |y exclusive durational <classes for the two vowels,
such that, the duration of one vowel could not approximte
that of the other, even when they occurred in the presence of
di fferent consonants. For the normal subjects, the duration
of /il was always longer than /I1/ for a particular
consonantal environment, but the absolute durations of the
two vowels could overlap if the acconpanying consonants
di ffered. Thus, although the vowels produced by the deaf
subjects were distinct in terns of duration, they were still
less intelligible since the listener could not rely on nornma

decoding startegies to interpret the speech that was heard.

The vowel duration also varies with reference to the
voice - voiceless distinction of the follow ng consonant.
The hearing - inpaired fail to produce the appropriate
nodifications in the vowel duration as a function of voicing
characteristics of the followng consonant. Hence the
frequent voice-voicel ess confusion observed in their speech

may actually be due to vowel duration errors (davert, 1961).
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Shukla (1987) conpared vowel duration and consonant
duration in thirty normal and hearing-inpaired individual
mat ched for age and sex. The results indicated the

fol | ow ng:

a) On the average the duration of vowel /a/ was |onger
when followed by a voiced consonant than when followed by
a voiceless consonant in both the groups of subjects.
However, in both the groups the difference was |ess than

the JND for duration.

b) In both the groups vowel /a/ was |ongest in duration when
followed by a nasal sound wthin the voiced sounds
category and when followed by fricative /s/ wthin the

voi cel ess sound category.

c) The duration of the vowel /a/ in the nedial position was
longer in the speech of the hearing-inpaired than in the

speech of the normal hearing speakers.

d) In norrmal hearing subjects the nmean duration of the vowels
lal, [i/ and /u/ in the final position, preceded by
di fferent consonants were around 200 msecs., 195 nsecs and
185 nsecs respectively. In the hearing-inpaired speakers
/1] and /u/ tended to be longer than in nornmal speakers
and vowel /a/ tended to be either |onger or shorter when

conpared to the length of vowel /a/ in normal speakers.

e) Hearing-inpaired speakers showed a greater variation in

vowel durations than normal hearing speakers.



f)

9)

h)

i)

k)

19

In the normal hearing speakers vowel /a/ in the final
position was |onger than vowel /i/ and /u/ whereas in the
hearning - inpaired speakers, vowel /a/ was shorter than

vowel /i/ and /u/.

The vowel |engthening phenonenon was observed in Kannada
| anguage, "vowel |engthening phenonmenon” is the increnent
in duration of the final syllable vowel of 100 nsec, or
nor e. It was first described in English |anguage for
phrase final and utterance final positions (Kl att, 1975 a,

1976) .

Both the groups of subjects did not show any consi stent
changes in the duration of the vowels depending on the

precedi ng consonants.

In both the groups the durations of consonants were | onger
in vowels /i/ and /u/ environnents, than in the /al

envi ronment .

In both the groups velar sounds tended to be |longer than
bi | abi al consonant s in both voiced and voiceless

cat egori es.

In normal hearing subjects the voiceless consonants were
significantly longer than the voiced consonants, whereas,
in the hearing-inpaired the durational difference between

voi ced and voi cel ess consonants were considerably reduced.
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1) In normal hearing the affricates /ch/ and /j/ were the
| ongest, whereas in the speech of the hearing-inpaired /t/
and /d/ were the |ongest in voiceless and voiced

categories of sounds respectively.

m Durations of all the consonants were l|longer in the speech
of the hearing-inpaired than in the normal hearing

speakers.

n) Hearing inpaired speakers showed a greater variation in
controlling the Ilength of all the consonants than the

normal hearing speakers.

Sheela (1988) studied vowel duration in four normal and
four hard-of-hearing individuals, and the result indicated
t hat on the average the hearing-inpaired group had
significantly longer durations for vowels than that of nornal

heari ng group.

Several investigations have shown that while hearing -
i mpai red speakers make the duration of unstressed syllables
shorter than that of the stressed syll ables, the proportiona
shortening is smaller, in the speech of the hearing-inpaired
than in the speech of normal hearing subjects (Levitt, 1979;

Stevans, et al., 1978).

GCsberger and Levitt (1979) found the nean ratio for the
duration of the stressed and unstressed vowels to be 1.49 and
1.28 for the normal hearing children and the deaf children

and the deaf children respectively. The reduced ratio for
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the deaf children indicates that while the average duration
of unstressed vowels is shorter than the duration of stressed
vowels in the speech of the deaf children, the proportiona

shortening of wunstressed vowels is lesser, in the deaf
child s speech. These studies have shown that the hearing-
impaired produce nostly stressed syllable and that there is
an overall tendency for increasing the duration of all

phonenes in the speech of the hearing-inpaired.

Boone (1966), John and Howorth (1965), state that this
is partly due to the training, where a great enphasis is
given on the articulation of individual speech sounds or
i sol at ed consonant vowel syl | abl es. The | ack of
differentiation between the length of stressed and unstressed
syllables may contribute to the perception of inproper accent

in the speech of the hearing-inpaired (Gold, 1980).

McGarr and Harris (1980) found that even though intended
stressed vowels were always |onger than unstressed vowels in
the speech of profoundly hearing-inpaired speaker, t he
i ntended stress pattern was not always perceived correctly by
a listener. Thus, the hearing-inpaired speaker use sone
ot her suprasegnental features to convey contrastive stress.
Variation in fundanental frequency would be a likely
alternative, but MGarr and Harris (1980) also found that
while the hearing-inpaired speaker produced the systematic

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

3till observed.

Pauses:

Pauses have been found to be inserted at synthetically
i nappropriate boundaries, such as between two syllables in a
bisyllabic word or wthin phrases by the hearing-inpaired
speakers (Gsberger and McGarr, 1980; Sheela, 1988; Jagdi sh,
1989) Profoundly hearing-inpaired speakers insert nore
pauses, and pauses of |longer duration than do speakers with
normal hearing (Boone, 1966; Boothroyd, et al, 1974; Stevens,
et al., 1978 etc.). Strok and Levitt (1974) reported that
the deaf subjects tended to pause after every word and stress

al nost every word.

Ni ckerson et al. , (1974) reported that the total pause
time in the speech of normal hearing children constituted 25%
of the tinme required to produce the test sentences, whereas
it was 40% in the speech of the deaf. Boot hryod, et al. ,
(1974) considered that within phrase pauses were nore serious

probl ens then between phrase pauses in deaf speakers.

The inappropriate use of pauses along with the timng
errors Jleads to the perception of inproper grouping of
syl l ables and contributes to the poor rhythm perceived in the
speech of the hearing-inpaired (Hudgins, 1946; N ckerson, et
al ., 1974). Hudgi ns (1934, 1937, 1946) suggested that the

frequent pauses observed in the speech of the hearing-
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inpaired may be the result of poor respiratory control. It
was found that the deaf children used short, irregular breath
groups, often with only one or tw words per breath, and
breath pauses that interrupts the flow of speech at
i nappropriate places. Also there was excessive expenditure
of breath on single syllables, false grouping of syllables

and m spl acenent of syllables.

Thus hearing-inmpaired children distort nmany tenporal
aspects of speech. Inspite of these deviancies, there is
evi dence suggesting that hearing-inpaired tal kers manipul ate
sone aspects of duration such as those involving relative
duration, in a manner simlar to that of a speaker with

nor mal heari ng.

Voice Quality:

There seens to be general agreenent that the deaf
speakers have a distinctive voice quality, (Boothroyd, 1976;
Calvert, 1962; Boone, 1966). However it is not easy to
define this <characteristic voice quality often hearing-
i mpai r ed. Hearing-inparied are often reported to have a
breathy voice quality. Hudgi ns (1937) and Peterson (1946)
attributed this largely to inappropriate positioning of the
vocal cords and poor control of breathing during speech. A
large glottal opening in the hearing-inpaired may be due to
the failure of the vocal cords to close properly. Thi 3
result in a large expenditure of air and a voice of poor

quality (Hudgins, 1937).
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Cal vert (1962) found 52 different adjectives that had
been used in the description of speech deaf persons A few of
them include tense, flat, breathy, harsh, throaty, etc. He
also attenpted to determne if the speech of deaf persons is
di stingui shable on the basis of quality fromthat of people
with normal hearing. He had teachers of the deaf attenpt to
determine by Ilistening whether the recorded speech sounds
(vowel s and diphthongs in isolation, non-sense syllables,
words and sentences) had been produced by profoundly deaf
speakers, normal hearing speakers imtating deaf speakers,
speakers sinmulating harsh and breathly voice or by norma
hearing speakers. | solated vowels from which onset and
term nation characteristics had been clipped could not be
di stinguished as to source, but the sources of the sentences
were identified with 70% accuracy. Cavert (1971) concl uded
that deaf voice quality is identified not only on the basis
of relative intensity, f undanent al frequency and the
harnoni cs, but also by the dynam c factors of speech such as
transition gestures that change from one articulatory

position to another.

Fundanment al Frequency:

In normal hearing speakers, the average fundanental
frequency (Fo) decreases with increasing age until adulthood
for both nmales and fenmales (Fairbanks, 1940; Usha, 1979;
Gopal, 1980). Hearing-inpaired speakers often tend to vary

the pitch nuch less than the normal hearing speakers and the
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resulting speech has been described as flat or nonotone

(Calvert, 1962; Hood, 1966; Martony, 1968).

The poor pitch control in the hearing - inpaired

i ndividuals may be due to two reasons:

1) Inappropriate average Fo.

2) Inproper intonation - This nmaybe characterized by:

a) Little variations in Fo resulting in flat and
nonot onous speech

b) Excessive or erratic pitch variations.
AVERAGE FUNDAMENTAL FREQUENCY:

Several investigators have reported that the hearing-
i npaired speakers have a relatively high average pitch than
the normal hearing speakers of conparable ages (Angel occi,
1962; Calveret, 1962; Thornton, 1964; Boone, 1966; Canpbell,
1980) . Al so, the variability of Fo is nmuch greater in the
heari ng-i npai r ed, than in the normal hearing speakers
(Angel occi, et al., 1964). Wi tehead and Make (1977)
reported that on the average the speaking Fo was higher for
deaf adults, than for the normal hearing adults, a mpjority
of the deaf adults had speaking Fo values which fell wthin
the normal range. These findings have al so been supported by
the findings of other studies such as by Ernovick (1965),
Gruanewal d (1966), Shukla (1987) etc.
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These differences may vary as a function of the age or
sex of the hearing-inpaired speakers. VWhile there were no
si gni fi canct difference in average Fo between young nornal
hearing and hearing-inpaired children aged 6-12 years (Boone,
1966, Green, 1956; Monsen, 1979), differences have been
reported between groups of older children (7-18 years old
mal es) . Osberger (1981) found that the difference in Fo
between hearing-inpaired speakers in the 13-15 years age
range was greater for females than for mal es. The Fo for
femal e hearing-inpaired speakers ranged between 250-300 Hz.
which is about 75 Hz, higher than that observed for the

normal hearing femnales.

Meckfeseal and Thornton (1964) reported the Fundanental
frequency while speaking (FFS), values in post-pubertal
hearing-inpaired males to be higher than those for nornal
hearing post-pubertal nmales. However, Greene (1956) found
simlar value for the two groups. G | bert and Canpbell
(1980) studied FFS in three groups (4-6 years; 8-10 years;
16-25 years) of hearing-inpaired individuals, and reported
that the values were higher in the hearing - inpaired groups
when conpared to values reported in the literature for

normal |y hearing individuals of the sane age and sex.

"The average Fo value of the utterances of the male
heari ng-i npaired speakers was slightly lower than that of the
normal hearing males for the first part of the utterance.

The Fo valuss for the hearing and hearing-inpaired nales
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speakers overlapped for the last half of the utterance”

(Csberger, 1981) .

Raj ani kanth (1986) reported that when conpared to
normals the hearing-inpaired, in general, showed a higher
FFS. He also noted that there was a significant different
between mal es and fenales and al so between the two age groups
studied i.e. 10-15 years and 16-20 years. Sheel a, (1988)
reported that on the whole, the hearing-inpaired children

exhi bited higher average Fo than that of the normal hearing

group.

Several explanations have been offered to explain the
pitch deviation noted in the hearing-inpaired. "One possible
reason for the difficulty is that deaf children may lack a
conceptual appreciation of what pitch is" (Anderson; 1960;
Martony, 1968; Boothroyd, 1970). Martony (1968) proposed
that laryngeal tension noted in the hearing-inpaired is side
effect of the extra effort put into the articulators. He
opined that since the tongue nuscles are attached to the
hyoid bone and the cricoid and thyroid cartilages, extra
effort in their use would result in tension and change of
position in the l|aryngeal structure. This would ultimtely
cause a change in pitch. WIlemn and Lee (1971) hypothesi zed
that the deaf speakers use extra vocal effort to give them an
awareness of the onset and progress of voicing and this
becones the <cause for the high pitch observed in their

speech.
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Fundanmental Frequency Vari ation:

The speech of heari ng-i npaired I ndi vi dual s IS

characterized by the extrenes of Fo variations, i.e. either:

a) Lack of variation of Fo, or

b) Excessive variation of Fo.

Several investigations have shown that the hearing-
inpaired speakers do produce pitch variations, but the
average range was less than the range of the normal speakers
(Geen, 1956; Calvert, 1962; Martony, 1968; Nandyal, 1981).
This would result in the nonopitch observed in the speech of

t he hearing-i npaired.

Problem is that of inappropriate or insufficient pitch
change at the end of a sentence (Sorenso, 1974). A term nal
pitch rise such as occurring at the end of sone questions may
be nore difficult to produce for the deaf than a term nal

fall (Phillips, et al., 1968).

Hearing-inpaired speakers who tend to produce each
syllable with equal duration may also generate a simlar
pitch contour (Mnopitch) on each syllable (N ckerson, 1975).
It has been suggested that sone of the unusual ©pitch
variations seen may result from attenpts to increase the
anmount of proprioceptive feedback during speech (Martony,

1968) .
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Pitch problemvary considerably from speaker to speaker.
Wiile insufficient pitch variation has been noted as a
problem for some speakers, excessive variations has been
reported for others (Martony, 1968). Such variations are not
sinply normal variations that have been sonmewhat exaggerated
but, rather, pitch breaks and erratic changes that do not
serve the purpose of intonation. These speakers nmay raise or
lower the Fo by 100 Hz or nore, wthin the same utterance.
These are reports that often, after a sharp rise in Fo the
hearing-inpaired speaker loses all phonatory control and
thereafter there is a conplete cessation of phonation (Smth,

1975; Stevens, et al., 1978).

"Monsen (1979) while studying the manner in which Fo
changes over time, using a spectrographic techni que observed
four types of Fo contrues in the speech of the hearing-

inmpaired children of 3-6 years age. They are:

a) A falling contour, characterized by a snmooth decline in Fo

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

b) A short falling contour, occurring on words of short
dur ati on. The Fo change may be nore than 10 Hz per 100

nsec. But the total change may be snal |

c) Afalling flat contour, characterized by a rapid change in
frequency at the beginning of a word, followed by a

relatively unchanging flat portion.
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d) A changing contour, characterized by a change in
frequency, the duration of which appears uncontrolled, and

extends over relatively |arge segnents.

Monsen (1962) found that the types of contours appeared
to be an inportant characteristic separating the better from

poorer hearing-inpaired speaker.

"The hearing-inpaired showed al nost double the frequency
ranges as conpared with normals, acconpanied wth large

i ndividual variations" (Rajnikanth, 1985).

Segnental |nfluence on Fo Control:

It is seen that some hearing-inpaired children produce
the vowels /i/ [i:/ and /u/ with a higher Fo than the other
vowel s of English. It has been shown that there is a
systematic relationship between vowels and Fo in nornma
speech. Hi gh vowel s are produced with a higher Fo than
| oner vowels, resulting in an inverse relationship between Fo
and frequency location of the first format of the vowel

(House and Fairbanks, 1953; Peterson and Barney, 1952).

Angel occi, et al., (1964) first examned sone of the
vowel changes in Fo in the speech of the hearing-inpaired
They found that the average Fo and intensity for all vowels
were considerably higher for the hearing-inpaired than for
normal hearing subjects. In contrast, the range of frequency
and anplitude values for the vowel formants were greater for

the normal hearing than for the hearing-inpaired speakers.
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So they suggested that the hearing-inpaired subjects
attenpted to differentiate vowels by excessive |aryngea

variation rather than by articulatory maneuvers as in nornal

heari ng speakers.

Bush (1981) found that vowel to vowel variations
produced by the hearing-inpaired speakers were in sone way, a
consequence of the same articulatory maneuver used by nornma
speakers in vowel production. Bush has postul ated that
because of the nonlinear nature of the stress strain
relationship for vocal fold tissue, increase in vocal fold
tension may be greater in magnitude when the tension on the
vocal fold is already relatively high (as in the case wth
hearing-inpaired) resulting in sone what |arger increases in

Fo during the articulation of high vowels.

From the studies it is clear that pitch deviation is
present in the speech of the hearing-inpaired. The abnorma
pitch variation have been considered to be the major cause of
faulty intonation in the hearing-inpaired. There are al so
evi dences whi ch suggest that the hearing-inpaired individuals
know and use sone of the rules as used by the nornal

speakers.

FORVMANT FREQUENCY CHARACTERI STICS OF VOWELS:

The vowel production in an individual is influenced by
vocal tract configuration. This nodifies the spectrum of the

vowel s in the follow ng ways:



32

1. Length - The frequency of all formants becone low as the

length of the vocal tract increases.

2. Lip rounding - Increased constriction of the I|abial port

also lowers all formant frequencies.

3. Anterior oral constriction - Elevation of the front of the
tongue lowers the first formant and raises the second

f or mant .

4. Posterior oral constriction - Raising the posterior part

of the tongue tends to lower the second formant.

5. Pharyngeal constriction - Narrowi ng the pharynx raises the

frequency of the first formant.

6. Nasalization - The effects of coupling the nasal resonant
space to the vocal tract are very conplex. Not only are
the resonant frequencies altered, but antiresonances are

introduced. The overall result is highly variable.

Formant frequencies of vowels were studied in children
by various researchers |ike Peterson and Barney (1952) Eguchi
and Hrsh (1969). The formant frequencies especially the
first (FI) and second (F2) formants are traditionally used to
provide an acoustic description of vowels. The hi gher
formants other than F and F2 are of |less inportance to
determ ne the phonetic quality of vowel sounds. For speech
intelligibility second formant is nore inportant as it lies

within the nost sensitive range of human hearing. Fl
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represents the tongue height. F increases and then
decreases as the vowels go from /i/ to /u/. F2 decreases
from /i/ to /ul which represents the constriction of the

tongue in the front-back plane.

Peterson and Barney (1952) evaluated a popul ation of 33
men, 28 wonen and 15 children (ages unspecified) that had
been studied earlier by Potter and Steinberg (1950). Each
speaker did tw readings of a list of 10 words: heed, hid
head, had, hod, hawed, who'd, hud, and heard. The data for
children are depicted bel ow

L L - ® a 2 v w A 3
Fo 272 269 260 251 256 263 276 274 261 261
F 370 530 690 1010 1030 680 560 430 850 560
F2 3200 2730 2610 2320 1370 1060 1410 1170 1590 1820
F3 3730 3600 3570 3320 3170 3180 3310 3260 3360 2160

Angel occi et al., (1964) found vowel formants of Hearing
| npai red adol escent between 11-14 yrs. He found that neans

of Formant frequency one (Fl) for deaf are higher than for

normal - hearing for the vowels /i/, /1/, /%&/, /u/, /A /, and
/ 3/ and lower for the vowels /E/, /a/, /2 /, and /u/.
Potter et al., (1947) and Fairbanks et al., (1961) found

that FI rose in frequency as it progressed from/i/ to /al,
where it reached the maxi mum frequency, position, and then it
lowered in frequency as it progressed from/i/ to /al, where
it reached its maxinmum frequency position, and then it

lowered in frequency as it progressed from/a/ to /u/. The



34

exception to this was seen in FI of /x/ for normal hearing
subjects. The range of neans for FI for vowels of the norma

hearing was 655 cps while that for the deaf was only 330 cps.
FORMANT TWD FREQUENCY

Angel occi et al. , (1964) revealed that F2 for deaf was
lower than for the normal hearing for the front vowel /i/,
I/, /E/ and /x/: F2 for the deaf was higher than for the
normal hearing for the back and neutral vowels /al, /0 /,
ful, /20 /., and /3/. The range of F2 for the normal -hearing
subjects for the vowels was 1715 cps, while the conparable

figure for the deaf was 1148 cps.

FORVANT THREE FREQUENCY

Angel occi et al. , (1964) found that F3 for the deaf was
hi gher than for the normal - hearing for all vowels except
[il, lul, and /A /. The position of F3 offered |ess

information with respect to vowel differentiation than did F
and F2. The normal hearing had a F2 of 3251 cps for /[il.
Thi s dropped 277 cps to /1/. Fairbanks et al. , (961); Potter
et al., (1947), have reported simlar findings. |In contrast
F3 for the deaf did not follow the pattern reported by
Angel occi et al., (1964). Between /i/ at 3099 cps and / 1/ at
3091 cps, there was a drops of only 8 cp3. Eguchi and Hirsh
(1969) studied formant frequencies of vowels of children of

both the sexes and age 3 to 13 and the nean fornant
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frequencies of vowels produced by children of 5 to 10 years

are tabul at ed:

Age F F2 Fl F2 Fl F2 Fl F2 Fl F2
5 408 3235 642 2418 643 2423 01 1530 452 1477
6 397 3108 512 2281 611 2238 689 1308 431 1385
7 411 3204 664 2280 736 2299 870 1398 481 1525
8 397 3104 585 2195 685 2222 743 1359 450 1437
9 403 3106 308 2296 647 2295 836 1352 469 1392

10 403 3028 645 2193 735 2255 814 1336 469 1351

Levitt (1976) from a study of the acoustic and
perceptual characteristics of speech of the deaf children
concluded that the formant frequency values were typical of

t he schwa vowel .

Sheela (1988) studied four congenital deaf children of
8-10 years. She found that the hearing inpaired had higher
FIl and F2 and low F3 value than those of normal group. The
hearing inpaired group showed higher variability than

normal s.

VO CE ONSET TI ME (VOT):

VOT is defined as the time equivalent of the space from
the onset of stop release burst to the first vertica
striation representing glottal pulsing (Liberman, Delattre
and Cooper, 1952, Lisker and Abramsobn, 1964, 1967). The
release of the oral occlusion relative to the onset of

glottal pushing is terned the VOT that consonant and it hel ps
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in achi evi ng voi ce-voi cel ess di stinction (Li sker and

Abranmson, 1964).

Voiced plosives in English have a short VOT (less than
20-30 nsec). Than Voi cel ess pl osives, on the other hand due
to greater intraoral breath pressure resulting 1in the
increase of airflow rate causing friction at the glottis thus
preventing the vibration of the vocal folds wll have VOIs
|arger than 50 nsec. Thus the neasurenment of VOT in voiced
and voiceless stop consonants provides an index of the

ability to <co-oridnate |aryngeal and oral articulatory

novenment s, the accuracy of articulatory novenents the
di stinctiveness of phonenes, transition of articulatory
postures, neuronuscular co-ordination (Till and Strivers,
1991).

Increase in VOT is noted when the place of articulation
noves backward in the oral cavity as in English, (Lisker and
Abr anson, 1964); in French (O Shaughnessy, 1981); in
Japanese (Homma, 1981") and in Kannada (Basu, 1979; Shukl a,
1987; and Ravi Shankar, 1981).

VOT values either overlapped or VOI was found to be
| onger for voi cel ess st ops than voiced stops. VOT
nmeasurements for /k/, /g/ were found to be nore conplex than
that of /p/, /bl and /t/ and /d/ inplying that the subjects
did not distinguish VOI anong stops based on place of
articul ation. More segnments were produce das voiced ones by

the hearing inpaired. Those who had clear denarcation of the
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voi ced-voi cel ess categories tended to have high speech
intelligibility. The devel opmental aspect of VOT as stated
by Ohde (1985) may not be foreseen. In English speaking
child's first production of stop consonants generally
represent a single category centered on short VOT val ues but
by age 6, a binodal distribution of VOT val ues energes. The
variability of VOI values for voiced and voicel ess stops are
still greater in 6 year olds than in adults. But by 8 years
variability in the production of VOI appears to reach an

adult like m ninum

I n Kannada, there have been studies on VOT of normals by
Ravi shankar (1981); Kushal Raj and Nataraja (1984). The
results are stated as follows: There was no significant
difference in the VOI values with the increase in age. There
was no significant difference between mnales and femal es of
the sane age group. VOT values were found significant for 4-

5 years aged children.

For Mal es:
/P It [k
R S NPN RS NPN - RS NPN
4-5 18.4 18.9 22. 4 35 41 28. 07
5-6 18 13.77 18.4 26.1 42.4  20.93
7-8 18. 4 15.66  17.4 23.21 38.6  19.43

9-10 16. 00 15. 90 23.00 23.80 40.00 21.30
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Savithri and Sridevi (1990) unpublished research on VOT

in normal children of 5-8 years have been displayed bel ow

Wor ds | Child Il Child 11 Child |V Child
VOT VOT VOT VOT vor  vOor VOT VOT
Lead Lag Lead Lag Lead Lag Lead Lag
upa / p/ 0 0 0 0 0 0 0 8
Ati [/t 0 10 0 0 0 0 0 0
iike /k/ 0 12 0 19 0 0" o 0
aake /k/ 0 0 0 0 0 0 0 23
uba / b/ 91 on 109 on 89 on 83 on
eedi /d/ 63 on 29 on 30 on 67 0
adu /d/ 84 on 72 0 71 on 83 on
aga / g/ 76 18 105 0 106 O 87 on
iiga /gl 64’ 0 51  on 92’ 0 63’ 8
(45) (61) (49)

* Cessation of Voicing;

***  Tiple/ Ml tiple Burst
() Voicing Duration within the C osure Period

Monsen (1976b) by neasuring VOT spectrographically for
36 profoundly hearing inpaired children on word initial stops
(/P, [I1tl/, Al') and (/b/, [/d/, [/gl/) revealed the follow ng:
Some of the children distinguished the cognates in the normnal
manner . VOT values are longer for the voicel ess than voiced
segnents and VOT contrasts were longer for velars than for
al veol ars and bil abials. However nost of the hearing inpaired
speakers did not observe the voiced voiceless distinction and

deviated from normal speakers in a simlar way.
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Leeper et al (1987) studied 9 hearing inpaired subjects
with the nmean age of 10 years 11 nonths and found that there
was no significant difference in VOT for hearing inpaired
normal hearing children as a prerequisites startegy for

evaluating the length of an upcom ng utterance.

Shukla (1987) studied VOT in hearing inpaired adults and
concl uded that both the hearing and hearing inpaired speakers
had positive VOTI values for voiceless stops. But VOT for the
hearing inpaired speakers showed negative VOI values for
voiced stops, while in a mjority of hearing inpaired
speakers negative VOIs were absent. Mean VOT val ues produced
by both the groups increased as the place of articulation
noved backward in the oral cavity. But no study was
available to the investigator in terms of VOI of hearing

impaired children in Kannada.

VELAR CONTROL:

| nproper control of velum has |ong been recognized as a
source of difficulty in the speech of the deaf (Beehm 1922,
Hudgin, 1934). Mller (1968) had specul ated that the type of
hearing loss my be a causative factor in sone nasalization
probl ens. Hyponasality, may be nore preval ent anong people
with conductive loss than those wth sensori-neural |oss
because nasal sounds may appear excessively loud due to the
transmtability of nasal reassurance via bone conduction.
Individuals with sensory-neural loss on the other hand nmay

wel come the additional cues provided by the nasal resonances
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and therefore tend to nasalize sounds that should not be

nasal i zed.

Learning velar control iIs difficult for a hearing-

i mpai red child because:

1) Raising and lowering the velumis not a visible gesture

and is therefore not detectable by lip reading.

2) The activity of the velum produces very little

proprioceptive feedback.

| mpr oper vel ar control IS difficult to j udge
subj ecti vel y, in part because the distinctive perceptual
features of nasalization have not been clearly defined and in
part because the perception of nasality may be affected by
factors in addition to the activity of the velum Sone
researchers have suggest ed t hat such factors as
m sarticulation, pitch variation and speech tenpo affect the

proper judgenent (Colton and Cooper, 1988).

For these reasons, objective neasures that correlate
with the velar activity are put forward. Acoustic properties
of nasal sounds that have been investigated include shifted
and split first formant (Fujinura, 1960; House, 1961) and
enhanced anplitude of the |ower harnonics (Delattre, 1955).
Attenpts to detect nasalization directly have included the
measurenent of acoustic energy radiated from the nostrils

(d etcher, 1970; Shelton and El bert, 1967) and nmeasurenent of
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the vibration on the surface of the nose (CGowford, 1970;

Sevens, Valikowand WIIlenmain, 1974).

Thus it is seen that the speech of the hearing inpaired
is charecterized by several errors, which nake it highly
unintelligible. Wil e several investigators have attenpted
to determine the contributions of the various errors to the
poor speech intelligibilily, it 1is through nodern speech
anal ysis and synthesis techniques that the researchers have
found it possible to finely control the many variables in
speech. The present study is aimed at anal ysing the speech
of the hearing inpaired Punjabi speakers, to see how it

varies fromthat of the normal in segnental aspects.
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METHODOL OGY

The main objectives of this study was to find out the
difference in the speech of Punjabi speaking normal and
hearing inpaired children who were wusing hearing aid and

under goi ng speech therapy.

l. PARAMETERS STUDI ED:
The follow ng parameters have been studied:

1) Vowel duration of /fal/, la:/, [il, [i:l, [lul, lul, lel,
le:l, lol, lo:].

2) Word duration

3) Fundanmental frequency (Fo)

4) Voice onset time of stop consonants /p, [/b/, [t/, [dl,
Ikl, Idgl.

5) Formant frequencies (FlI, F2, F3) of vowels /al, la:/, [il,
li:1, lul, lu:l, lel, le:f, lol, lo:].

6) Bandwidth (Bl, B2, B3).

7) Duration of pauses (intraword if any)

I'1. SUBJECTS:

Ten normal hearing and ten hearing inpaired Punjabi
speakers between 8-12 years were selected for the study. The
hearing inpaired subjects were selected from anong the
children who were attending special school in Chandigarh.

They satisfied the followi ng conditions.
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1. Had congenital bilateral hearing |oss (PTA of greater than

70dB/ ANSI, 1969, in the better ear).

2. Had no other problem or deviations other than that

directly related to the hearing inpairnent.

3. Were able to read sinple nonosyllabic words (CVO) in
Punj abi . Theses were examned by qualified speech and
hearing specialists and confirnmed the hearing |oss and

found speech and | anguage to be deviant.

Five males and five mles wth normal hearing were
selected to match each hearing-inpaired subject in terns of
age and sex. The subects were exam ne dby a qualified speech
and hearing specialists and considered these children as

normal interns of speech, |angauge and hearing.

Tabl e showi ng age and hearing thresholds for the subjects

of control group.
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a) Normal hearing group:

Mal e Femal e
Sl. Age Audi ol ogi cal Age Audi ol ogi cal
No. screeni ng at screeni ng at
500Hz 1kHz, 2kHz) 500Hz 1kHz, 2kHz)
1. 8.8 Years Normal Limts 8.8 Years Nornmal Limts
2. 9.6 Years Normal Limts 9.2 Years Nornml Limts
3. 9.3 Years Normal Limts 10.5 Years Normal Limts
4. 10.5 Years Normal Limts 19.8 Years Normal Limts
5. 11.8 Years Normal Limts 11.5 Years Normal Limts

Mean age of boy's group was 50/5 = 10 yrs.

Mean age of girl's group was 50.8/5 = 10.16 yrs.

Tabl e showi ng age and hearing the thresholds for the
subj ects of Experinental group,

b) Hearing Inpaired G oup:

Mal e Femal e
Sl. Age Ri ght Left Age Ri ght Left
No. (dB) (dB) (dB) (dB)
1. 8.6 Years 100 105 8.7 Years 110 110
2. 10.5 Years 107 110 9.6 Years 99 105
3. 11.6 Years 90 98 10.3 Years 86 98
4. 9.8 Years 88 95 10. 7 Years 108 115
5. 9.5 Years 110 100 11.5 Years 115 105

Mean age of boy's group was 50/5 10 yrs.

Mean age girl's group was 50.8/5 = 10.16 yrs.
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I11. MATERI AL:

To elicit the speech, conmonly spoken nonosyl | abic
Punjabi words (CVC) were selected as test material. These
ten words were sinple so that both normal and hearing

i mpaired childrencould read them

The target sounds and vowels that were used for acoustic

anal ysis are presented bel ow as they occurred in words.

SL. NO. WORD CONSONANT VONEL
1. / Kal / Ikl /al
2. I pa: p/ | P/ [a:l
3. / di g/ /d/ [il
4, / bi:d3/ I bl li:l
5. /[ dul / [ df /ul
6. /bu:t/ /bl lu:l
7. It ek/ It/ /el
8. I'pe:r/ | Pl le:l
9. / gol / X)) /ol

10. / ko: n/ Ikl lo:/

V. DATA COLLECTI ON:

The recordings were made in a quiet room of the school
bui | di ng. Subjects were confortably seated and recordings
were made with the portable tape recorder (Panasonic, Model

RQ A170). Each subject was asked to read the list of ten
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Punj abi words in front of unidirectional m crophone which was

pl aced at about six inches away from subjects nouth.
V. | NSTRUCTI ONS:

The children were asked to read in Punjabi wth the

carrier phrase /eh/ neaning THI S.

The subjects were given an opportunity to be famliar

with the |ist.

The subjects were nmade to repeat after the experinenter,

whenever they had difficulty in reading particul ar words.

VI . | NSTRUMENTATI ON:

Anal ysis principally involved the follow ng instrunents:
1) Antialiasing filter (low pass filter having cut off

frequency set 7.5 kHz) with speech interfacing unit.

2) A-D/D A converter (sanpling frequency rate of 16 kHz, 12
bit) .

3) Personal conputer with Intel Pentium 200 MHz processor.

4) Software for analysis of speech (devel oped by voice speech

system Bangal ore).

5) Anplifier and speaker (2011 SO S Anpli speaker).
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VIT. ANALYSI S OF THE DATA

The recorded speech sanples were digitized at a sanpling
frequency of 16,000Hz and bl ock duration and resol ution were
50 nsec and 10 nsec respectively. Using a 12 bit AD
converter and stored on the hard disc of conputer using the

programe by voi ce and speech system Bangal ore.

1. WORD DURATI ON

Wrd duration: is the time between initiation and
termnation of a word, was neasured directly fromthe speech
waveform  The waveform was displayed on the conputer nonitor
using the "D SPLAY" programre of SSL. The words were
identified based upon the continuity of the waveform The
word duration was considered to extend from the begi nning of
the periodic signal to the end of the periodic signals. This
duration was high lighted through the use of cursors. The
hi ghlighted portion was played back through headphones, to
confirm that it contained the word under study. Once this
was confirmed, the duration of the highlighted portion was
read from the display and considered as the duration of that

particul ar word.
2. VOAEL DURATI ON

The vowel duration was neasured directly fromthe speech
wavef orm and spectrogram The waveform and spectrogram were
di spl ayed on the conputer nonitor using the "SPGVM progranme

of SSL. The vowels were identified based upon the regularity
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of the wave form and vertical striation and formants. The
vowel duration was considered to extend fromthe end of one
periodic portion to the beginning of the next a periodic
portion (for vowels in the word nedial portion). Thi s
duration was highlighted using the cursors. The highlighted
portion was played back through headphones, to confirmthat
it contained the vowel under study. Once this was confirned,
the duration of the highlighted portion was read fromthe

di spl ay.

3. EXTRACTI ON OF FORVANT OF FREQUENCI ES:

To extract the vowel formant frequencies (FI, F2, F3) a
spectrogram of each utterance using the "SPGW programe of
the software "Speech Science Lab", was obtained. After
identifying the target vowel, the cursor was placed in the
mddle of the vowel portion so as to avoid the fornmant

transitions, and the formant frequencies were determ ned by

using the sectioning nmethod through the wuse of linear
predictive coding (LPC) . This was done wth 18 LPC
coefficients. The frequencies at the peaks representing the

formants were noted using the cursor.

4. BAND W DTH:

To extract the vowel formant band widths (Bl, B2, B3), a
spectrogram of each utterance using the "SPGM' progranmre of
the software speech science |ab", was obtained. After

identifying the target vowel, the cursor was placed in the
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mddle of the vowel portion so as to avoid the fornmant
transitions, and the bandw dths were obtained by using the

"PAT PLAY" of the software speech science |ab".

5. VO CE ONSET TI ME (VOT):

VOT was defined as the tinme equivalent space from the
onset of the stop release burst to the first vertica
striation representing glottal pulsing (Liberman, Delattre,
and Cooper, 1952; Lisker and Abramson, 1964, 1967), VOI was
measured for the six stop consonants in the target word from
the spectrograns. The cursor was nmoved to the first
indication of energy associated with the stop oral release
and the cursor was nmoved to the beginning of the regularly
appearing waveform of the vowel following that stop. The
real tinme value (in nsec) between these two markings provided

the VOT for particular consonant.

6. PAUSE DURATI ON:

Defined as the tine between the initiation and
termnation of a silence. This pause duration was neasured
directly from the speech wave form of spectrogramusing the
"SPGWM' programme of SSL as explained earlier. The speech
wavef orns and spectrogram were visually inspected for silent
internals and the duration of silence was then cal cul ated by
placing the cursors at the points of pause onset and
term nation. Pause onset was defined as the point where the

wavef orm next crossed the zero axis. This portion was
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hi ghl i ght ed and listened t hr ough head- phones for
confirmation. When pauses were identified, their |ocation

(Intraword) and duration were noted.
7. DETERM NI NG THE FUNDAMENTAL FREQUENCY:

For neasurenent of fundanental frequency the "INTON of f-
l'ine' pr ogr anme, in the voice diagnosis nodule of the
software "Vaghm " was used. The utterance was first analyzed
and then displayed to obtain the Fo contour. Then the speech
statistics were displayed to obtain the nean fundanenta

frequency.

Thus the foll owi ng paraneters:
1) WORD DURATI ON 2) VOWEL DURATI ON 3) FORMANT FREQUENCY
5) VOTI7) FUNDAMENTAL FREQUENCY

were neasured for 10 words uttered by each normal and hearing
i npai red subject. So a total of 126 Data points for hearing

inpaired and 126 for ormals were obtained.

VI 1. STATISTI CAL ANALYSI S:

Descriptive statistics consisting of nmean, standard
di vation, mninmm and maxi rum val ues, were obtained for all
the paraneters analyzed. To check whether there were any
significant differences between the values of the nornma
hearing group and hearing inpaired group, the W] coxen signed
Ranks test and applied. Al the statistical analyses were

carried using the statistical software package "SPSS"
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RESULTS

Aim of the present study was to investigate the acoustic
characteristics of the speech of Punjabi speaking hearing

i npaired children.

ACQUSTI C ANALYSI S:

Ten VCV words uttered by ten hearing inpaired and ten
normal speakers were taken for acoustic analysis to obtain

the follow ng acoustic paraneters.

1. Vowel duration

2. Word duration

3. Average fundanmental frequency

4. Voice onset time (VOI) of stop consonants
0

5. Formant frequencies (F, F2, F3)

6. Pause duration

7. Band wi dths (Bl, B2, B3)

Descriptive and Inferential statistical analysis were
carried out. The nmean, standard devi ation, and range, values

were calculated for all the paraneters.

1. VOAEL DURATI ON

Tabl e-1 and Graph-1 -show the nean, SD and range respectively
for all the subjects.

The hearing inpaired subjects had nean vowel duration
| onger for both short and |long vowels than that of the

control group.
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As Shown in Table [ (a): In the normal group, it was seen

that all the females had |onger vowed durations than mal es.

Among females the vowel /i:/ had the |ongest duration
(257.2 nsec) followed by /o0:/ (239.6nsec), /o/ (220.6 nsec),
le:l (214.8 msec, /u:/ (207.2 msec), /a:/l (205.2 nsec), /il
(203 msec), /u/(193 msec), /el (164 msec), and /a/ (130

nmsec).

So the girls had the vowel duration in the follow ng

decreasing order i:>0:>0>e:>u:>a: > :>u>e>a.

In normal group of nmales, the vowel /0:/ had | ongest
duration (223.4nsec) followed by /a:/ (210.8nsec), /i:/
(195. 4nsec), /o/ (190.8 nmsec), /e:/ (182.6 msec), /il
(180. 6msec), /u:/ (179nmsec), /el (l76msec), /u/ (158.6nsec)
and /a/ (108 msec).

In both normal groups vowel /a/ had shortest duration
So mal es had the vowel duration in the foll ow ng decreasing

order. 0: >a: >i : >0>e: > >u: >e>u>a.

Hearing inpaired group did not follow the sanme pattern
as that of control group. Significant differences between
normal and hearing inpaired in the nmean values of all vowel

durati ons were seen.

Hearing inpaired males and fenmales nore or less followed

the sane pattern in terns of vowel duration. Hearing inpaired



Table | (a) The mean, S.D values of vowel duration in hearing
i mpaired and normal group female in (Msec)

NORMAL FEMALES HEARI NG | MPAI RED FEMALES
VOWEL M nsec) SD M nmsec) SD
/ al 130 33.7 525. 2 151. 20
la:l 205. 2 36. 77 552. 2 231. 07
il 203 32. 12 612. 6 111. 05
[i-] 257. 2 46. 67 569. 6 133. 85
l el 164.0 49. 92 522. 8 165. 92
le:l 214.8 43. 83 502. 6 264. 00
/ul 193.0 33. 22 565. 8 210. 83
[u:l 207. 2 29.02 518. 6 108. 57
/ol 220.6 45. 64 569. 0 114. 62
lo:/ 239.6 47.0 665 .4 76. 78

* Signifiant difference between neans at p-0.05 |evel.
Table 1 (b) The mean, S.D values of vowel duration in hearing

i mpaired and normal group male in (Msec)

NORMAL MALES HEARI NG | MPAI RED MALES

VOWEL M nmsec) SD M nsec) SD
/al 108.0 48. 2 574.0 162. 30
la:l 210.8 40. 08 582. 2 109. 84
il 180. 4 25. 11 561. 2 153. 36
i 195. 4 17. 19 507. 4 84. 27
[ el 176.0 25. 08 463. 6 63. 30
le:l 182. 6 40. 96 524.0 135. 80
158. 6 22.9 534.0 147. 00
fu:/ 179.0 32.0 508.6 68. 86
/ol 190. 8 46. 38 483. 8 89. 76
lo:/ 223. 4 61.99 488. 2 105. 42

* Signifiant difference betveen neans at p-0.05 |evel.
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group did not show any significant differences in mean val ues

of 3hort and long vowel s.

Among hearing inpaired females, vowel /o:/ had |ongest
duration (665.4 nsec) followed by /i/ (612.6 msec), [i:/
(569.6 nmsec), /ol (569 nmsec) /u/ (565.8 nsec), /a:/ (552.2
msec), /al (525.2 nsec), /el (522.8 nsec), /u:/ (518.6 nsec)
and /e:/ (502.6 nsec). So females had the vowel duration as

in the decreasing order: o:> i>: >0> u>a:>a>e>u:>e: .

Anmong the hearing inpaired males vowel /a:/ had |ongest
duration (582.2 msec) followed by /a/ (574 msec), /il (561.2
msec), /ul (534 msec), /e:/ (524 msec), /u:/ (508.6 nsec),
[i:] (507.4 msec), /o:/ (488.2 nsec), /ol (483.8 nsec) and,
[ el (463.6 nsec). So male hearing inpaired had vowel
durations in the follow ng decreasing order: a> a:> >u> e >

u: >i :>0: >0>e.

Wl coxin signed rank test perfornmed showed a significant-
difference between the (i) hearing inpaired males nornal
males (ii) hearing inpaired females normal fenmales at <0.05
level of significance, both males and fenmales of hearing
inmpaired group showng longer durations than the males and

femal es of normal group.

Wl coxin signed rank test perfornmed showed no significant
di fference between the (i) Hearing inpaired nmales and hearing
inmpaired fermales and (ii) Normal males and normal fenales at

>0.05 level of significance.
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Thus the hypothesis (1b) stating that there is no
significant difference between the vowel duration values of
the hearing inpaired and normal subjects is rejected, both in

case of males and femnl es.

The hypothesis (2) stating that there is no significant
difference between males and fenmales has been accepted in
respect of hearing inpaire dgroup, and it is also accepted in

case of normal group.

2. WORD DURATI ON:

The words spoken by the hearing inpaired subjects had
| onger durations in general when conpared to the nornal

hearing group.

Table - 2(a) and 2(b) show the nean, S.D. and range of

this paraneter for both the groups.

Among normal hearing group, there were no significant
differences in word duration of nale and female subjects.

Wrd /kal/ had shortest duration in both males and fenal es.

As shown in table 2(b): In normal hearing males word
/[ pe:r/ had |ongest duration (600.6 nmsec) followed by /bu:t/
(578.0 nmsec), /bi:d3/ (559.4 msec), /pa:p/ (546 msec), /ko:h/
(537.6 msec), [/gol/ (531.8 nsec), /tek/ (503 msec), /dul/
(446 nsec) and, /kal/ (422.4 nsec).

As shown in table 2(a): In normal hearing females word

/ bi:ds/ had | ongest duration of 609.0 nsec followed by /ko:n/
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(543.8 msec), /gol/ (538.4 msec), /pe:rr/ (527 msec), /bu:t/
(523.6), /pa:p/ (523.4 msec), [/dig/ (500 nsec), /dul/ (480

msec), /tek/ (455.8 nmsec) and, /kal/ (434 msec).

As shown in table 2(b): Anong hearing inpaired nmnales
word /pe:r/ had |ongest duration of 1416.6 nsec followed by
/dig/ (1274.6 msec), /ko:n/ (1268.8 nsec), /dul/ (1254 nsec),
/ bu: £/ (1247.8 msec), [tek/ (1247.2 msec), [pa:p/ (1244
msec), /gol/ (1192 msec), /bi:ds/ (1124.4 nmsec), /kal/ (1036

msec) .

As shown in table 2(a): Anmong hearing inpaired fenuales,
word /gol/ had |ongest duration of 1316.8 nsec followed by
/bi:d. 3/ (1252.8 msec), /dig/ (1219.4 nmsec) [ko:n/ (1207
msec), /dul/ (1206.2 msec), /pa:p/ (1143.4 nsec), /bu:;.f'
(1102.8 msec), /pe:r/ (1089.6 nsec) and, /kal/ (1020 nmsec).

The hearing-inpaired group had greater variations than

that of the normal hearing group.

The m nimum value labels for the words ranged from 331-
485 nsec and the maxi num ranged from 620-715 nsec for nornal
hearing group. In case of hearing-inpaired the mninum
val ues ranged from 415-825 nsec and maxi num val ue from 680-

1980 nsec.

Wl coxin signed rank test perfornmed showed significant

di ff erences between the

a) Normal hearing mal es and hearing inpaired nmales



Table 2(a) The nmean, S D values of word duration in hearing
i npai red and normal group female in (Msec)

NORVAL FEMALES HEARI NG | MPAI RED FEMALES
WORD M nsec) SD M nmsec) SD
/ kal / 434 88. 08 1020. 4 270. 50
/pa:p/  523.4 103. 17 1143. 4 354. 61
/ di g/ 500 54. 49 1219. 4 312.55
/bi:d3/ 609.0 53. 19 1252. 8 334. 04
/ dul / 455. 8 108. 0 1301. 6 393. 59
/bu:t/ 527 73.25 1089. 40 411. 19
/tek/ 480.0 77.25 1206. 2 180. 014
I pe:rl 523.6 55.91 1102. 8 238.5
/ gol / 538. 4 89. 34 1316. 8 267. 95
/ ko:n/ 543. 8 133. 92 1207 286. 49

* Signifiant difference between neans at p-0.05 |evel.

Table 2(b) The nmean, S D values of word duration in hearing
i npai red and normal group male in (Msec)

NORMAL MALES HEARI NG | MPAI RED MALES
WORD M nmsec) SD M nsec) SD
[ kal / 422. 4 56. 11 1036. 0 277. 61
/ pa: p/ 546. 0 52. 84 1244. 0 213.6
/di g/ 578.0 73. 95 1274. 6 332.6
/ bi:d3/ 559.4 84. 30 1124. 4 226.0
[ dul / 503.0 26. 44 1247. 2 242.2
/bu:t/ 600. 6 66. 49 1416. 6 107. 8
/tek/ 446. 0 55. 67 1254.0 243.1
lpe:rl 578.0 28. 67 1247. 8 122.9
/ gol/ 531. 8 46. 38 1192.0 275.92
/ ko: n/ 537.6 53. 05 1268. 8 223.0

* Signifiant difference between nmeans at P-0.05 |evel.
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b) Normal hearing females and hearing inpaired fenales,
at p < 0.05 level of significance, the subjects of
heari ng i npaired show ng | onger durations than

subj ects of normal group.

further WIlcoxin signed rank test showed no significant

di ff erence between.

1) Normal hearing males and nornmal hearing fenmales

2) Hearing imapaired males and hearing inpaired females.

Thus the hypothesis (la) stating that +there 1is no
significant difference in the utterances of subjects wth
normal hearing and hearing inpaired subjects in terns of word
duration is rejected and hypothesis (2) stating that there is
no significant difference between nmales and fenal es has been
in respect of hearing inpaired group, and it is also accepted

in case of normal group.

MEAN FUNDAMENTAL FREQUENCY:

In general the hearing-inpaired subjects had higher nean
fundanental frequency (FO) than that of the normal hearing

subj ect s.

Table 3(a) and 3(b): Show the nean, S.D. and range of
f undanent al frequency of nor mal and hearing I mpai r ed

subj ect s.
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Among normal hearing subjects, it was seen that fenales

had hi gher nmean FO than nmales in all their utterances.

A shown in Table 3(b), among normal nmales word /pa:p/
had hi ghest mean FO of 252.80 hz followed by /tek/ (250.6
Hz), /pe:r/ (232.21 Hz), /bi:dz/ (230.80 Hz), /dig/ (299.4
Hz), /kal/ (221 Hz), /dul/ (210.75 Hz), /gol/ (204.06 Hz),
/bu:t/ (198.24 Hz) and /ko:n/ (190.78 Hz).

As show in the Table 3(a): Anmong nornmal hearing fenales,
hi ghest nmean FO was also found in word /pa:p/ (264.8 hz)
followed by /dul/ (262.11 Hz), /bi:dz/ (260.3 Hz), /pe:r/
(256.49 Hz), /tek/ (256.2 Hz), /kall/ (255.60 Hz), /dig/
(249.2 Hz), [/ko:n/ (226.79 Hz) and /gol/ (214.68 Hz) and
/bu:t/ (208.54 Hz) .

In case of hearing inpaired group, no significant

difference in nmean FO was seen anong femal es and nal es.

As shown in Table 3(b): Anbng hearing-inpaired males,
hi ghest mean FO was found in word /dul/ (404.61 Hz) followed
by /gol/ (384.81 Hz), /ko:n/ (374.70 Hz), /pe:r/ (352.23 Hz),
/birds/ (312.70 Hz), /dig/ (307.90 Hz), /kal/ (298.60 Hz),
/[bu:t/ (295.60 hz), /pa:p/ (293.8 hz) and /tek/ (281 Hz).

As shown in Table 3(a): In case of hearing inpaired
femal es word /gol/ had highest nmean FO of 409.16 Hz foll owed
by /pa:p/ (399.8 Hz), /pe:r/ (377.69 Hz), /bu: ¢/ (337.74 Hz),
/dul/ (335.90 Hz), /ko:n/ (319.95 Hz), /kal/ (306.30 Hz),
/bi:dz) (292.5 Hz), /tek/ (290 Hz) and /dig/ (287.6 Hz).



Table 3(a) The nmean, S D values of FO in hearing inpaired and
normal group fenale group-(Hz).

NORMAL FEMALES HEARI NG | MPAI RED FEMALES

WORD M (S.D.) RANGE M (S.D.) RANGE

I kal / 255. 6( 5. 85) 10. 00 306. 3(184. 42) 35. 778
/ pa: p! 264. 8(5. 54) 12.01 399. 8(178. 10) 40. 18
/ di gl 249. 2( 6. 07) 8. 89 287. 6( 145. 0) 38. 08
/ bi : d3/ 260.3(11.86)  15.78 292. 5(123. 41) 42.78
/ dul / 256.21(7.55)  14.06 290. 0( 98. 0) 28. 78
/bu:t/ 256. 49(18. 78)  15. 08 377.69(145. 1) 34.08
/'t ekl 262.11(25.1)  20.14 335.90(241.31)  31.46
Ipeir/ 208.54(31.6)  21.78 337.74(218.74)  50.78
/ gol / 214.68(21.78) 11.80 409. 16(148.78)  49. 16
/ ko: n/ 226.79(20.78) 10.81 319.95(178.71)  50.18

* Signifiant difference between nmeans at p-0.05 |evel.

Table 3(b) The nean, S D and range values of FO in hearing
i npai red and normal hearing male group (Hz).

NORMAL MALES HEARI NG | MPAI RED MALES
WORD M (S.D.) RANGE M (S.D) RANGE
I kal / 221.0(11.53) 8. 78 298. 6(167. 43) 34.78
/pa:p/  252.80(16.82)  10.80 293. 8(189. 08) 30. 48
/ di gl 229. 4(12. 94) 12. 45 307.90(118.7.8)  28.56
/bi:d3/ 230.8(13.77) 9.08 312. 7(156. 79) 25. 64
/ dul / 250. 6( 6. 51) 7.15 281. 0( 185. 70) 40. 15
/bu:t/  232.21(20.80)  15.78 352.23(130.82)  34.08
It ekl 210.75(16.98)  21.01 404.61(139.81)  38.78
/pe:r/  198.24(15.74)  13.45 295. 6( 74. 81) 39. 68
/gol / 204.24(15.74)  10. 40 384.81(231.93)  41.78
/ko:n/  190.78(18.75)  12.46 374.70(218.28)  45.08

* Signifiant difference between neans at p-0.05 |evel.
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The m ni mum val ue anong normals ranged from 170.80 Hz -
215 Hz and maxi mum from 259 - 290 Hz. The m ni num val ues
anong hearing inpairedd ranged from 186.78 - 380 Hz and the
maxi mum values ranged from 398 -589 Hz. So variations in
range as reflected the standard deviation were seen nore in

hearing inpaired group than in normal hearing group.

W coxin si gned r ank t est i ndi cat ed si gni fi cant

di fference between the groups: i.e.,

1) Hearing inpaired males were significantly different from

normal hearing nmal es.

2) Hearing inpaired fermales were significantly different from
normal hearing females.

at p < 0.05 level of significance.

Wlcoxin signed rank test showed no significant
di fference between the nales and fenmales of both the groups.

i.e.;

1) Hearing inpaired males did not differ from hearing

i npai red fenal es.

2) Normal hearing males did not differ from normal hearing
f emal es.

at p > 0.05 level of significance.

The hypothesis (lc) stating that there is no significant
difference in hearing inpaired subjects and normal hearing

subjects in terns of mean FO is rejected. Wiere as hypothesis
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(2) stating that there is no significant difference between
mal es and fenmales has been in respect of hearing inpaired

group, and it is also accepted in case of normal group.

VO CE ONSET TI ME:

Mean VOT values for normally hearing and hearing-
i npai red speakers were obtained for /p/, [/t/, [kl and /b/,

/d/, [g/ stop consonants in the prevocalic contexts.

The neans and standard deviations are presented in

tables 4(a) and 4(b).

The nmean VOI values are also displayed graphically in

Fig: In the figure the vertical Iline represents the VOT
values in nsec. The center point of the vertical line at
which the horizontal 1line joins represents the nonment of

articulatory release. This point was assigned a zero val ue.
When the onset of voicing occurred after the articulatory
rel ease, the VOI was assigned a positive value (that is,
above the horizontal ||ine). Wien the onset of voicing
occurred before the articulatory release the VOI was assigned

a negative value (that is, below the horizontal I|ine).
VOl CELESS STOP CONSONANTS

In case of Normal hearing subjects all voice-less stop
consonants had positive VOT values (voicing lag) indicating
that voicing started after the release of the articul ators.

The mean VOT increased in duration as the place of
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articul ati on noved backward in the oral cavity. That is, the
voicing lag increased in duration from/p/ to /t/ and to /k/.

No individual was an exception to this rule.

In case of male normal hearing subjects /k/ and | ongest
VOT (38.78 nmsec) followed by /t/ (20.89 nsec) and /p/ (5.79
msec). Simlarly fermales also followed the sane pattern with
/ kI sound having |ongest VOT of (45.78 nmsec) followed by /t/
(25.76 nmsec) and, |east VOT of sound /p/ (8.79 nsec).

The hearing-inpaired subjects (both nales and fenales)
also had positive VOI values for all voi cel ess stop
consonants. It can be observed fromthe Table 4(a) and Fig.
4 that VOI values for the hearing-inpaired subjects were
smal l er than those obtained for normally hearing subjects.

These differences were found to be statistically significant.
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Heari ng-i npaired speakers al so showed an increase in VOT
values for voiceless stops as place of articulation noved
backward in the oral cavity except in 2 subjects, one in nmale

group and one in fermale hearing inpaired group.

Table - 4(a): The nmean and S.D. val ues of VOT of voicel ess

stops in hearing inpaired and normal groups.

NCRVAL [ P/ [t/ [ k/
Mal e M 5.79 nsec 20. 89 nsec 38. 78 nsec
SD 3.78 15. 10 19. 00
Femal e M 8.79 nsec 25.02 nsec 45.78 nsec
SD 2.48 20.76 21. 97

HEARI NG | MPAI RED

Mal es M 2.98 nsec 10. 70 nsec 18. 78 nsec
SD 3.48 3. 89 4. 96

Fermal es M 1.78 nsec 11. 06 nsec 20. 78 nsec
SD 5.82 7.57 8.78

The significant difference between neans at p < 0.05

| evel .
VO CED STOP CONSONANTS:

Among normal subjects all showed negative VOT val ues
(voicing lead) for /b/, /d/, /gl stop consonants. Negative
VOT values, indicate that the voicing occurred before the

articualtory rel ease. Mean negative VOT val ues produced by
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the subjects increased in duration as the ©place of

articulation noved backwards in the oral cavity.

Table 4(b): The nean and S.D. val ues of VOT of voiced stops

in normal and hearing inpaired groups.

NORVAL /bl [al /gl
Mal es M -89.28 nsec -98.99 nsec -120.18 nsec
SD 10. 89 20.78 30.81
Fenal es M -76.92 nsec -88.08 msec -115.84 nsec
SD 7.81 21. 89 25.10

HEAR NG | MPAI RED

Mal es M -30.78 nsec -20.78 nsec 15. 78 msec
SD 7.81 8.09 4.81

Femal es M -15.78 nsec -19.78 nsec 27.89 nsec
sD 3.78 4.59 8.76

The significant difference between neans at P < 0.05

| evel .

In case of Hearing-inpaired subjects factor of voiced
atop consonants was severely reduced or absent. A mgjority
of the hearing inpaired speakers did not had negative VOT
values for voiced stops /d/ and /g/. Anong hearing inpaired
males /g/ sound did not reveal any negative VOT val ues. VOT
was significantly reduced for sounds /b/ and /d/ as conpared
to normal mml es. Simlarly hearing inpaired fenales also

varied significantly in VOI values when conpared w th nornal
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femal es. No negative VOT values were seen for sounds /g/ and

/dl.

Wl coxin singed rank test indicated significant

di fferences between the

1) hearing inpaired nales and normal hearing nales.
2) hearing inpaired and normal hearing females.

at < 0.05 level of significance.

The hypothesis (1d) stating that there is no significant
difference between hearing inpaired and normal hearing

subjects in terms of VOT is rejected.

The hypothesis (2) stating that there is no significant
difference between males and fenales has been accepted in
respect of hearing inpaire dgroup, and it is also accepted in

case of normal group.
FORVANT FREQUENCY CHARACTERI STICS OF VOWELS:

One of the purposes of this study was to analyze and
conpare the vowel formants of the hearing inpaired speakers

and normal hearing Punjabi speakers.

Previ ous researchers (Potter et al. , 1947, Angelocci et
al. , 1964) have indicated that the first three formants
contribute the greatest part of vowel i nformati on.

Consequently, the frequencies of ten vowels were the a

concern of this study.
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FI RST FORVANT FREQUENCY

Table 5(a) depicts the mean standard deviation and
ranges of formant frequency one of ten vowels for nornal

hearing and hearing inpaired mal e subjects.

The nmeans of first formant frequency (F;) for the
hearing inpaired nale subjects were higher than for the
normal hearing subjects for the vowels /i/, [i:/, lul, lu:l
and /ol. T he nean difference of F; values for these vowels
varied from 40.6 - 208.4 Hz. For /i/ the difference between
the neans of hearing inpaired and that of normal was 196.6
Hz; for /i:/ 125.2 Hz; /ul 40.6 Hz; /u:/ 47.0 Hz and for / o/
208.4 Hz. For vowels /al/, /a:/, /el, le:/ and /0:/ mean FI
values for hearing inpaired nmale subjects were found to be
lower than that of the normal nale speakers. The nean
difference of FI for these vowels ranged from-171.8 to -30.8

Hz .

For /al/ vowel, the difference between the nmeans of
hearing inpaired to that of normals was -30.8 hz; for /a:/

-171.8 Hz; /el -49.0 Hz; /e:/ -97.2 Hz, and /o:/ -111.6 Hz.

However, a significant nean difference between the
hearing inpaired nales and nornmal males was found only for

thevowels /a:/, /il, li:l, lol, [o:].

Table 5(b) Graph 5(b) show the nmean F; values of fenale
groups for the ten vowels. It was found that nearly all

vowel s produced by hearing inpaired femal es had higher F;
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Table 5(a) The nean, S. D range and nean difference val ues of
FI in hearing inpaired and normal hearing nmale
group norma mal e group (Hz).

NORMAL MALES HEARI NG | MPAI RED MALES

Mean diff

VOWEL M (S.D.) RANGE M (S.D.) RANGE Hearing &
Nor mal s
a 638. 2(77.53) 255 607. 4(156. 05) 447 -30.8
*a: 902. 2(21. 85) 87 730. 4(136. 6) 453 -171.8
*| 305. 4(46. 96) 118 502. 0( 145. 26) 360 196. 6
*i 362. 4(96. 01) 240 487.6(131.12) 388 125.2
e 669. 8(103. 96) 272 620. 0(130. 46) 624 -49.0
e: 533. 0(53. 33) 214 435. 8(136. 96) 450 -97.2
u 400. 0(67. 19) 202 440. 6(92. 17) 495 40. 6
u: 403. 6(27.51) 117 450. 6(72. 17) 298 47.0
*0 489. 4(97.70) 278 697. 8(128.0) 418 208. 4
*0: 715. 0(96. 31) 229 603. 4(122.77) 406 -111.6

* Signifiant difference between neans at p-0.05 [evel

Table 5(b) The mean, S. D range and nean difference val ues of
F2 in hearing inpaired and normal hearing nale
group (in Hz).

NORVAL FEMALES HEARI NG | MPAlI RED FENMALES
Mean diff
VONEL M (S.D) RANGE M (S.D.) RANGE Hearing &
Nor mal s
a 641. 6(94. 36) 115 616. 8(143. 94) 480 -24.8
*a: 750. 6(46. 6) 98 855. 40(94. 91) 395 104. 8
*j 334. 8(30. 86) 125 462. 4(86. 74) 415 127.6
* 385. 8(51. 48) 215 559. 8(140. 12) 315 174.0
e 579. 8(91. 42) 219 605. 8(153. 02) 368 26.0
e: 533.0(91. 42) 208 603. 60(136.86) 348 69. 8
u 469. 2(118. 8) 210 474.0(50.7) 450 4.8
*u: 422.4(45.62) 115 520. 6(84. 38) 525 98.2
0 546.2(42. 41) 218 478. 2(55.5) 680 -68.0
0: 591. 6(69.17) 105 526. 8(82. 84) 515 -64.8

* Signifiant difference between neans at p-0.05 |evel
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val ues than that of normal female subjects. However the nean
difference of FI for these vowels varied from4.8 to -174.0

Hz .

For /a:/ the difference between the neans of hearing
inpaired females and that of normal fenmales was 104.8 Hz; for
[i] 127.6 Hz; /[i:/ 174.0 Hz; /el 26.0 Hz; /e:/ 69.8 Hz; /ul
4.8 Hz; and /u:/ 98.2 Hz. For vowels /a/, /o/, and /o:/ the
mean F1 values of hearing inpaired females group were found
to be lower than that of the normal female group. Mean
difference between hearing inpaired group and nornal group
for vowel /a/ was found -24.8 Hz; /of -68.0 hz; and /o:/
-64.8 Hz. However, a significant nean different between the
hearing inpaired female and normal fenmales was found only for

the vowels /fa:/, /[il, [i:/] and [u:/.

Conpari son of Mal e and Fenul e:

On comparing between males and fermales it was found that
vowels /a:/, [/i/ and /[i:/ in both the groups showed
significant mnean difference between hearing inpaired and

normal hearing groups.

The hypothesis that there is no significant difference
between the nmeans of Fl values of vowels of the hearing
inmpaired males and normal males was rejected for /a:/, [il,
[i:/, o/, and /o:/ and accepted for /a/, /el, le:/, [ul and

fu:l.
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The hypothesis that there is no significant difference
between the neans of F; values of vowels of the hearing
impaired fenmales and nornmal hearing fermales was rejected for
la:/, [il, [i:] and /u:/ and accepted for /al, lel, le:l,
lul, ol and /o:/.

The hypothesis (2) stating that there is no significant
difference between nmales and females has been accepted in
respect of hearing inpaire dgroup, and it is also accepted in

case of normal group.

SECOND FORVANT FREQUENCY:

Table - 6(a) and graph 6(a) show the nmean F2 val ues of

vowel s for normal hearing mal es and hearing inpaired nales.

The nmean F, values of vowels /a/, /ul/, [lu:/l, [ol, and
/o:/ were found to be higher i.e., the nean difference
between normals and hearing inpaired were 313.4 Hz, 450 Hz,
229 Hz, 62 Hz and 296.4 Hz. Mean difference for these vowels
ranged from 62-450 Hz. The nean F, values for vowels /a:/,
[il, li:l, /el and /e:/ were found to be |lower for hearing
inpaired male group than that of normal hearing nmale group.
The nmean differences of these vowels for both groups were
found to be /a:/ -171.0 Hz, /i/ -631.0 Hz, /i:/ -749.2 Hz,
/el -690.6 Hz and /e/ -751.6 Hz. These nean difference val ues
ranged from-751.6 to -171.0 Hz.
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However significant difference between neans for hearing
impaired and normal hearing males were found for vowels /al,

lil, li:fl, lel, e/, lul, /u:/ and/o:/.

Table 6(b) and G aph 6(b) depict the nean F, val ues of

vowel s for normal hearing and hearing inpaired females.

The nmean F, values for vowls /a/, /a:/, [lul, lu:l, /ol
and /o:/ were higher for hearing inpaired female group than
that of normal hearing fenales. The nmean differences of these
vowels for both females groups were found to be /a/ 337 Hz,
la:l 347.2 Hz, /ul 466.4 Hz, /u:/ 272.8 hz, /o/ 116.8 Hz and
[o:/ 197.2 Hz. The nean difference values ranged from 116.8

- 466.4 Hz.

Where as nean F, values for vowels /i/, /[i:/, lel, and
/e:/ were found to be lower for hearing inpaired fenale group
than that of nornmal hearing female group. The nmean
di fferences of these vowels for both groups were seen to be
-497.4 Hz for vowel /i/, -691.4 Hz for /i:/, -325 hz for /el,
and -696.4 Hz. The nean difference values ranged from-691.4

to -325 Hz.

However significant difference between nmeans for hearing
inmpaired and normal hearing females were found for vowels

fal, la:/l, lil, li:llel, le:l, lul, and/u:/.
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Table 6(a) The mean, S. D range and nean difference val ues of
F2 of hearing inpaired nmales and normal hearing
mal es group (in Hz).

NORVAL MALES HEARI NG | MPAI RED MALES

Mean diff
VOWEL M (S.D.) RANGE M (S.D.) RANGE Hearing &

Nor mal s
*a 1170. 6(144.59) 385 1484(370. 21) 831 313.4
a: 1435. 2(115.9) 298 1264. 0( 265. 0) 800 -171.0
*i 2643.2(182.44) 372 2012. 2(150.52) 1102 631.0
i 3404.0(173.68) 245 2654. 8(390. 25) 1272 -749. 2
*e 2054. 4( 282. 6) 265 1363. 8(344. 2) 842 -690. 6
*e: 2096. 0( 75. 43) 123 1344. 4(334.0) 899 -751.6
*u 1121.0(125.56) 250 1571.0(180.1) 1823 450. 0
*u: 1181. 0(125. 0) 228 1480. 6(244.14) 665 299.0
0 1360. 6(227.67) 318 1422.6(207.69) 766 62. 0
*0: 1085. 6(56. 13) 310 1382.0(191.25) 890 296. 4
* Signifiant difference between neans at p-0.05 |evel

Table 6(b) The nean,

group (in Hz).

NORVAL FEMALES

S.D range and nean difference val ues of

F3 in hearing inpaired and normal hearing fenale

HEARI NG | MPAI RED FEMALES

Mean diff
VONEL M (S.D.) RANGE M (S.D.) RANGE Hearing &

Nor mal s
*a 1273.0(185.23) 370 1610. 0(223.30) 758 337.0
*a: 1197.6(133.17) 223 1544. 8(68. 0) 962 347.2
*io. 2766.4(179.87) 434 2269.0(426.95) 851 -497. 4
i 2999.4(130.12) 315 2308.0(342.06) 796 -691.4
e 1880. 0(137.63) 475 1555. 0(185.24) 555 -3.25.0
*e: 1961. 2(105.83) 280 1264.8(241.89) 769 -696. 4
*Uu 1458. 6(297.16) 295 1925. 0( 185. 6) 572 466. 4
*u: 1402. 2(116.84) 105 1075. 0(267.31) 996 272.8
0 1146. 8(144.89) 195 1263. 6(326.09) 894 116. 8
0: 1170. 4(107.50) 286 1367.6(437.0) 892 197. 2
* Signifiant difference between nmeans at p-0.05 |eve
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Conpari son of Hal es and Fenml es:

O both the groups showed that Overall simlar pattern
for nmean F, anong males and fermales of hearing inpaired
group. Both hearing inpaired mal es and fenal es showed hi gher
nean F, for back vowels /a/, /a:/, [lul, [lu:l, [lol, [lo:l,
than normal hearing group. Both hearing inpaired mal es and
females had | ower mean F, than normal hearing group for front

vowels (/i/, lel, li:l, le:l).

Hearing inpaired fermal es had higher F, values for nearly
all vowels than normal hearing femal es. But hearing inpaired
mal es showed nmore neutralized |ike schwa vowel when conpared

to mal es of nornmal group.

The hypothesis that there is no significant difference
between the nean F2 values of the hearing inpaired nmales and
normal hearing nales was rejected for /a/, [il, [li:l, [lel,
le:/, [lul, lu:/ and /o:/ vowels and accepted for /a:/, /ol.
The hypothesis that there is no significant difference
between the neans of F, values of the hearing inpaired
females and normal hearing females was rejected for /al,
la:!l, Iil, li:l, lel, le:/, lul, and /u:/ vowel s and accept ed

for /ol, [o0:]/.

The hypothesis (2) stating that there is no significant
difference between males and fenmales has been rejected in
respect of hearing inpaire dgroup, and it is also accepted in

case of normal group.
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Thus it can be concluded that the nean F2 s
significantly different in the vowels produced by hearing

inmpaired to that of normal group.
FORVANT FREQUENCY THREE

Table 7(a) and Gaph 7(a) depict nmean, standard
devi ation, and ranges of Formant three (F3) of ten vowels for

the normal and hearing inpaired mal e subjects.

It was found that formant three (F3) for the hearing
inmpaired males was higher than that of normal male subjects
for all the vowels except /i/ and /i:/. The mean difference
of F3 values for vowels varied from 136.6 to 916 Hz. By far
the greatest group difference in the nmean of F; was for the
vowel /a/ in which there normal hearing nmales had F; of 2222

Hz and the hearing inpaired nmale 3138 Hz.

The normal hearing had a high F; than hearing inpaired

mal es for vowels /i/ and /i:/.

However, a significant nean difference between the
hearing inpaired normal hearing nmales was found for nearly
all vowels i.e. fal, la:/, li:/, lel, le:[, lul, lu:l, /ol

and / o: /.

Table 7(b) and G aph 7(b) show the nean F3 val ues of ten

vowel s for hearing inpaired and normal hearing femal e groups.

It is seen clearly fromthe table and graph that F3 for

the hearing inpaired females was higher than for the nornma
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Table 7(a) The mean, S D range and nean difference values in
hearing inpaired and normal hearing nales.

NORMAL MALES HEARI NG | MPAlI RED MALES
Mean diff
VOWEL M (S.D.) RANGE M (S.D.) RANGE Hearing &
Nor mal s
*a 2222 (182.98) 320 3138.0(115.11) 780 916.0
*a. 2749.0(194.12) 285 3276.0(299.43) 830 527.0
i 3476.6(189.19) 215 3340.0(221.47) 980 -136.6
*: 3884.6(113.81) 268 3635. 0(268. 4) 751 -249.6
*e 26818. 8(374.87) 185 3274.0(236.5) 769 592. 2
*e: 2902. 6(252.83) 278 3254.8(149.07) 654 352.2
*u 2687.4(166.6) .198 3053. 4(96. 87) 796 366. 0
*u: 2861. 0(100.72) 210 3342.0(120.80) 752 481.0
*0 . 2867.0(259. 2) 310 32612.2(113.61) 699 394. 2
*0: 2925.8(111.85) 280 3678.8(135.94) 898 753.0

* Signifiant difference between neans at p-0.05 |evel

Table 7(b) The mean, S D range and nean difference val ues of
F3 in hearing inpaired and normal hearing female
group (in Hz).

NORMAL FEMALES HEARI NG | MPAI RED FENMALES
Mean diff
VONEL M (S.D) RANGE M (S.D.) RANGE Hearing &
Nor mal s
a 2779.4(168.0) 315 2911. 4(210.27) 892 132.0
*a: 2659. 8(340.51) 221 3282.6(198.19) 688 622. 8
*j 2952.0(237.23) 184 3675.4(139.75) 745 723. 4
*: 2720. 4(255. 4) 258 3804.0(173.68) 694 1084.0
*e 2433.6(220.71) 218 3220.2(237.19) 758 786. 6
*e: 2582.2(251.68) 278 3319.6(307.17) 990 737. 4
*Uu 2511. 6(262.9) 218 3107.4(211.03) 1012 595. 8
*u: 2593.0(198.57) 194 3119.0(387.9) 910 526.0
*0 2637.0(237.18) 230 3327.2(337.53) 928 690. 2
*0: 2525.2(112.5) 320 3737.6(102.9) 810 1212. 4

Signifiant difference between nmeans at p-0.05 |evel.
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hearing fermales for all the vowels. The mean difference
anong two groups of these vowels varied 132-1212.4 Hz.
Longest group difference in the nmean of F3 was 1212.4 Hz for
the vowel /o:/. So it is clear that females also followed
nearly the sanme trend as that of males i.e. both hearing
impaired males and fenmales had higher F3 values for nearly
all vowels than nornal hearing subjects. However, a
significant nmean difference between the hearing inpaired and
normal hearing females was seen for /a:/, [il, [i:]l, lel,

fe:/, lul, [u:l, o/, and /o:/.

The hypothesis stating thai: there is no significant
di fference between the neans of F3 values of vowels of the
hearing inpaired males and normal hearing males is rejected
for /fal, la:/, li:/, lel, le:l, [lul, [lu:/l, /o/f, [o:/ and

accepted for /i/ vowel.

The hypothesis stating that there is no significant
di fference between the neans of F3 values of vowels of the
hearing inpaired and normal hearing females is rejected for
la:/, I/, li:l, lel, le:/, lul, [u:/, lol, [o:/] and accepted

for /al vowel.

The hypothesis (2) stating that there is no significant
di fference between males and females has been accepted in
respect of hearing inpaire dgroup, and it is also accepted in

case of normal group.
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Based on the analyses of vowels produced by the hearing

i mpai red group, the follow ng conclusions can be drawn:

1) F, is simlar to normals.
2) F, is neutralized as schema vowel for male hearing
i mpai red subj ects.

3) F3 is higher than nornals.

PAUSES:

The analysis of intraword (or inter syllabic) pauses
reveal ed that normal subjects did not show any pauses, where
as pauses were observed in the utterances of five hearing
i npai red subjects (4 hearing inpaired males and 1 hearing

i mpaired femal es).

Generally it was found that male hearing inpaired had
nore intraword pauses as conpared to femal e hearing-inpaired
subj ect s.

Tabl e-8 depicts the nean duration, standard deviation, ranges

and no. of words paused anong nale and fenal e hearing
i mpai red subjects.

HEAR NG | MPAl RED MALES HEARI NG | MPAI RED FENVALES
P.D.(S.D) PAUSED RANGE P.D.(S. D) PAUSED RANCGE
nmsec. WORDS msec. WORDS
380.2 (98.7) 8 270-502 481.5 4 450- 540

(87.56)
492 (59.78) 7 210-768
315 (74.09) 5 280- 350

297.3 (105.89) 3 258- 336
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Among mal es, pauses were observed in the utterances of
four hearing inpaired subjects and one subject did not show

any pauses.

The mean pause duration ranged from 297.3 - 492 nsec.

One subject showed pauses in eight words wth nean
duration of 492 nmsec, followed by seven words with 380.2
msec, five words with 315 msec, and three words wth nean

pause duration of 297.3 nsec.

Among female hearing inpaired only one subject showed
intraword pauses wth nean duration of 481.5 nsec. Thi s

subj ect revealed that in only four words.

So in present study, results revealed that hearing
inmpaired males had intraword pauses and intelligibility of
mal e hearing inpaired speakers was found better than fenale

hearing inpaired subjects.

No pauses were found either in mles or fermales of

nor mal group.

So hypothesis stating that there is no significant
difference in hearing inpaired and normal hearing subjects in

terms of pauses is rejected for males and accepted for fenale

group.

The hypothesis (2) stating that there is no significant

difference between males and fenmales has been rejected in



73

respect of hearing inpairs dgroup, and it is also accepted in

case of normal group.

BAND W DTH:

First three band wdths, B;, B, B; were calculated for
ten vowels. The hearing inpaired subjects had snaller val ues
of band widths as conpared to normal hearing subjects. The
standard deviation values did not show any consistent

pattern. Simlar findings were seen in males and venal es.

Thus, the hypothesis stating that there is no significant
difference in the utterances of hearing inpaired and nornal
heari ng Punj abi speaking children in ternms of
1.

a) Vowels duration is REJECTED.

b) Total duration of words is REJECTED.

c) Average fundanmental frequency (FO is REJECTED.

d) Voice onset tinme (VOI) of top consonants is REJECTED.
e) Intersyllabic pauses is REJECTED.

f) FORMANT FREQUENCI ES (FI, F2, F3)

i) First formant frequency (Fl) is ACCEPTED.
ii1) Second formant frequency (F2) is REJECTED.
iii) Third formant frequency (F3) is REJECTED.

g) BANDW DTHS (Bl, B2, B3)

i) Bl, B2 and B3 - REJECTED.

The hypothesis (2) stating that there is no significant
difference between males and fenales has been accepted in
respect of hearing inpaired group, and it is also accepted in

case of normal group.
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DI SCUSSI ON

From the results of the study it is clear that the
hearing inpaired children tend to have significantly |onger
vowel duration than normal hearing children of sane age and
sex. This study indicates that the hearing inpaired subjects
had vowel duration nearly 2 to 3 times greater than that of
the normal hearing subjects. Thus the Punjabi speaking
hearing inpaired children had 1onger vowel duration than
normal children. Due to shortage of tine relationship between
vowel duration and word duration was not investigated so in
future, this aspect can be eval uated. These findings are
simlar to t he results reported by several other
i nvestigators (Angelocci, 1964; Calvert, 1962; John and
Howarth, 1965, Boone, 1966; Levitt et al. , 1974, Monsen,
1974; Parkburst an Levitt, 1979, Rasitha, 1994; Sheela, 1988;
Leeper et al., 1987; Shukla, 1987; Vasantha, 1995, Rahul,
1997). Therefore the vowel prolongation seem to be a

uni versal phenonenon in hearing inpaired subjects.

The hearing inpaired were also found to have a greater
variability in terms of vowel duration. In Monsen's (1974)
study the deaf subjects produced vowels which were |onger by
one and a half times when conpared to the normally hearing
speakers. OCsberger and Levitt (1979) observed that the
syllabic prolongation in the speech of the hearing-inpaired

was the prolongation of the vowels.
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Simlar findings have been reported by physiological
studies as well (Rothman, 1977; Zinmmerman and Reltali ata,
1981), Rothman (1971) who neasured EMG activity associ ated
with the vowel // followed by /t/, [/k/, and /s/ and
reported that the deaf group extended the duration of the
vowel /[ . Zinmmerman and Reltaliata (1981) in their
ci nefl ourographic study denonstrated that the deaf subjects
had |onger wutterance durations. They concluded that "the
deaf, as a group, are nore variable in their articulatory

behavi our than are normal speakers'.

"It is not clear why the deaf should have particular
problenms with the timng of speech events |ike prolonging
them and producing a high wvariability of timng. e
possibility is that they depend heavily on vision and that
vision sinply does not operate in as rapid tine franme as
audi tion" (Carl son, 1977; Gannong, 1979) . Anot her
possibility is "that the auditory feedback is necessary for
rapid snooth production of conplex notoric sequences of
speech” (Lee, 1950) and that hearing inpairnent limts the
necessary information too several, requiring a general
showing of the nechanism of production and inposing high

instability upon timng.

Lyberg (1981) reported a strong relationship between
vowel duration and the fundanental frequency. Nat araj a and
Jagdi sh (1984) found that vowel duration of /i/ and /u/ were

longer at higher and |ower fundanental frequencies than at
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normal fundanental frequency. Since the hearing inpaired
tended to have a greater fundanental frequency than the
normal hearing, the increased vowel duration may be an effect

on this.

In the present study, it is found that the hearing
inpaired children had relatively higher fundanental frequency
(FO than their age and sex matched normal hearing control
groups. This is in agreenent with the findings of Angel occi,
(1962); Calvert, (1962); Engel berg, (1962); Angelocci et al.,
(1964); Boone, (1966); Martony, (1977); Rajnikanth, Jagadi sh,
(1989); Sheela, (1988), Rasitha, (1994); Rahul, (1997).

Pitch is difficult aspect of speech for deaf children to
learn to control (Boothroyd, 1970). One possi bl e reason for
the difficulty is that deaf children may |ack a conceptual

appreciation of pitch (Martony, 1977).

Several explanations have been proposed to explain the
higher FO in the hearing inpaired. Pickett (1968) suggested
that the increase in fundanental frequency may be due to
i ncreased subglottal pressure and tension of the vocal folds.
Thus his opinion has been that the increased vocal effort is
directed at the laryngeal nmechanisns for kinesthetic feedback

and thus leading to increase in fundanental frequency.

Angel occi, (1964) further suggested that the hearing
inpaired attenpted to differentiate vowels by excessive

| aryngeal variation rather than with articulatory variations
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as in the normal hearing subjects. This has led to an
increased Fo. Wiitehead and Makki (1977) hypothesised that
the deaf speaker uses extra vocal effort to give himan
awar eness of the onset and progress of voicing and this |eads
to a higher fundanental frequency. Martony (1977) and Homma
(1981) suggested that the laryngeal tension is a side effect
of the extra effort put in using the articulatros. Since the
tongue nuscles are attached to the hyoid bone and the cricoid
and thyroid cartilage, an extra effort on the articulators
would result in tension and change of the vocal cords,

| eading to an increased Fo.

None of the above suggested reactions would be able to
explain the higher fundanental frequency found in hearing
i mpai red. It is likely that several of these reasons
interact to cause an increased Fo. However, it is evident
that a higher FO in the hearing inpaired indicates a |ack of

| aryngeal control due to absence of auditory feedback.

In the present study it is found that hearing inpaired
mal e subjects inserted nore pauses than the hearing inpaired
femal es subj ects. Four male subjects out of five, and only

one femal es subject out of five inserted intraword pauses.

Several studies have reported the simlar findings that
the profoundly hearing inpaired speakers insert nore pauses
and pauses of |longer durations than do speakers w th nornal

hearing (Boone, 1966; Boothroyd, 1974; Heidinger, 1972,
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Stevens, 1971; GOsberger and MGarr, 1982; Sheela, 1988;
Jagadi sh, 1989; Rasitha, 1994).

The frequent pauses observed in the speech of the hearing
inmpaired may be the result of poor respiratory control (Lee,
1971). Hixon and Forner (1977) found that the nuscle activity
to be normal for deaf individuals during quite breathing but
noted that they do not take enough air while breathing for

speech.

In the present study, it was seen that the tota
duration of words were longer in the hearing inpaired group

than the age and sex matched control groups.

Simlar findings have been reported by Leepers, (1987);
Sheel a, (1988); Rasitha, (1994). Total duration of words
would be nore in hearing inpaired children as they prolong
the speech segnments and insert several intersyllabic pauses.
Gsberger and Mcgarr (1982) also reported that prolongation of
speech segnent is present in the production of phonenes,

syll ables and words in the speech of hearing inpaired.

These researchers suggested that the confusion of the
voiced and voiceless distinction is the comopnest problem
encountered by the hearing inpaired speakers. However, the
direction of this error has sonetines been reported as
occurring to the voiced nmenber of the pair and at the other
tinmes to the voiceless cognate (MIllin, 1971; Smth, 1975).

These studies indicated that coordi nation of the articulators
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necessary for voicing contrast is an exceedingly difficult
task for the hearing inpaired speakers. This aspect has been
reflected at the acoustic level as well (Mnsen, 1975; 1976

a-b, 1978).

Physi ol ogi cal researches (Hutchinson and Smth, 1976;
Wi t ehead and Barefoot, 1980; and \Witehead, 1982) have shown
that the hearing inpaired speakers have difficulty in
coordinating the events of respiration and |aryngeal valving.
These observations provide the physiological reason for the
failure to correctly produce voiced and voicel ess distinction

by the hearing inpaired speakers.

Mahshie (1980) and Mgarr and Lofquist (1982) showed
that during pauses between vowels the hearing inpaired
speakers inappropriately opened the present study, hearing
inpaired speakers exhibited positive VOI values for the
voi cel ess stop consonants |like the normally hearing subjects.
However, VOT values obtained from the hearing inpaired
speakers, were shorter than those of the normal hearing
subjects. This finding is in agreenent with the study
reported by Glbert and Canpbell (1978). This reduced
positive VOT values in the speech of the hearing inpaired my
be attributed to the reduced oral breath pressure (Gl bert,

1975; Hutchinson and Smith, 1976).

It was found in the present study that hearing inpaired
speakers frequently produce errors in voiced consonants.

Hearing inpaired subjects showed reduced negative VOI val ues
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for /b/ and /d/. Absence of negative VOT val ues was seen in

mal es and fenal es of hearing inpaired group.

Present findings correlate with the previous research
studies which reported simlar results (Mangun, 1961; Nober,
1967; Markides, 1970). dottis, a pattern never observed in
the production of the normally hearing speakers. The authors
opined that hearing inpaired speakers have difficulty in
coordinating the tenporal and spatial demands of different

articulators resulting in voiced and voi cel ess confusion.

However, Hutchinson and Smth (1976), Witehead (1982)
have shown that some hearing inpaired speakers do produce
plosives with normal air flow patterns, that is, voiceless

pl osives would be produced with greater airflow than their

voi ced cognat es, suggesting that atleast sone hearing
i mpai red speakers are relatively successful in coordinating
respiration and |aryngeal valving. In the present study also

sone hearing inpaired male speakers denonstrated successful

acoustical distinction between voiced and voi cel ess "pl osi ves.

| nplications for Therapy:

Absence or inadequate negative VOT values is obviously
an inmportant underlying acoustic cause for voiced-voicel ess
confusion in the speech of the hearing inpaired. Therefore
the therapeutic procedure should be aimed at eliciting

voicing lead for voiced sounds.
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Gulian et al., (1983) have denonstrated the useful ness of
the Fricative and timng Ald (FTA) in teaching the tenporal
nature of the voiced and voicel ess sounds, to profoundly deaf
children and they concluded that "while the wvoicing
distinction may not be acquired spontaneously it is a skill
wthin the reach of profoundly deaf children when they are

adequately trained".

Simlarly, the real time visual display, spectrography
and other simlar techniques in teaching the distinction of
voi cel ess and voi ced sounds should prove beneficial. dinical
experience also suggests that, tactile cues for pre-voicing,
initiated by closed nmouth voicing will also help in teaching

the distinction.

In the present study it was found that fornmant
frequencies (FI, F2, F3) of hearing inpaired varied fromthat
of normal hearing subjects. Overall it was seen that F; is
simlar to normal hearing subjects. F, is neutralized |ike
schwa vowel and F3 is significantly higher than nornal
hearing subjects. The hearing inpaired group showed higher

variability than normal group.

The range of the nean frequencies of the three formants
were greater for the hearing inpaired than for the nornal
hearing. The extensive overlapping of the vowel areas of the
hearing inpaired children of this study indicated that they

were mi ssing the acoustical vowel targets. It is reasonable
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to assunme, that they were not placing their articulators

accurately enough to neet this criterion.

F, is higher in female hearing inpaired subjects than
normal hearing female subjects and vowels do not have

articulatory reference points that can be easily described.

Simlar findi ngs have been reported by various
i nvestigators (Angelocci et al., 1964; Potter et al. , 1947,
Fairbands et al., 1961; Levitt, (1976); Sheela, 1988;
Rasitha, 1994; Rahul, 1997).

Levitt (1976) froma study of the acoustic and perceptua
characteristics of speech of the deaf children concl uded that
the formant frequency values were typical of the schwa vowel.
Simlar findings are reported in the present study where F2
is neutralized appears like a schwa vowel. Rahul (1997)
further reported simlar findings. Angel occi et al. , (1964)
reported that F3 was generally higher for vowels produced by
hearing-inpaired than that of normally hearing children.

Simlar findings are seen in the present study.

Angel occi et al. , (1967) further suggested that deaf
children attenpted to achieve vowel differentiation by
varying fundanental frequency of voice relatively nore than
the frequency of the formants. I n physiological ternms, deaf
achi eves  vowel differentiation by excessive |laryngea

variation with only mnimal articulatory variations.
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This study, therefore shows that:

The vowel duration was greater in the speech of hearing
i npaired, as conpared to the normal hearing subjects, for

all vowel s.

The word duration also was longer significantly in hearing

i mpai red subjects than that of normal hearing subjects.

Average FO was higher in both mal e and feral e heari ng

i npai red speakers as conpared to normal hearing speakers.

VOT for voicel ess stops was reduced in valve than nornals
and absence of decrease in negative value for voiced stops

than normals was found in hearing inpaired speakers.

Intraword pauses were present in males but not in female
hearing inpaired speakers whereas conplete absence of

pauses in normal hearing speakers.

The vowel formant frequencies; in the speech of the
hearing inpaired vary from that of nor mal heari ng

speakers, such that;

a) The first formant frequency (Fl) was either simlar

or higher or lesser to normal hearing speakers.

b) i) F2 for females hearing inpaired speakers was

hi gher than normal hearing femal es subjects.
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ii) F2 for male hearing inpaired was |esser for front
vowel s and hi gher than normals for back vowels. It

is nore neutralized |Iike schwa vowel .

iii) F3 for both mal e and fenmal e hearing inpaired

subj ects was hi gher than normal hearing speakers.

7) Bandwi dths were lower in hearing inpaired subjects than

normal hearing subjects.

Thus the speech of the Punjabi speaking hearing inpaired
children has been described and conpared with normal hearing

subj ects, achieving the objective of the study.
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SUMVARY AND CONCLUSI ONS

"Al though speech reading can conpensate to a |arge
extent for the loss of hearing in sofar as speech
reception is concerned, no conparable skill exists
in the hearing world to conpensate for an inability
to produce ordinary intelligible speech”

MONSEN (1978)

Neunmeros studies (Voelker, 1938; Hudgins and Nunbers,
1942, Angelocci et al., 1964; Boone, 1966; Nober, 1967,
Mar ki des, 1970; Smth, 1975, Geffner, 1980; Ravishankar,
1985; Shukla, 1987; Sheela, 1988; Rasitha, 1994; Vasantha,
1995; and Rahul, 1997) have shown that, the speech of
individuals with severe to profound hearing loss that dates
either from birth or shortly thereafter tends to differ from
that of normals. The typical speech characteristics of
heari ng I mpai r ed i ndi vi dual s include msarticulations,
nasality, high pitch, slow rate, faulty rhythm and faulty

i ntonation patterns.

Several researchers Calvert, 1962; Angelocci et al.,
1964; Monsen, 1974; 1976a, 1976b, 1976c, 1978, 1979; G bert
and Canpbell, 1978; Rothman, 1976; Wi tehead and Jones, 1976,
1978; and Leeper et al. , 1980) have recogni zed the need for
describing the speech of the hearing inpaired individuals
using objective neasures |ike voice onset tinme, vowel
durati on, f or mant frequenci es, consonant dur ati on,
fundanmental frequency, transitional patterns, oral and nasal

airflow, shinmrer and jitter
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Descri bing the speech of the hearing inpaired objectively
not only has the advantage of an objective measurenent but
al so sheds some light on the probable reasons for the poor
intelligibility which in turn wmy help in developing

effective therapeutic procedures.

"Speech training nust be efficient in order to get
intelligible speech. An efficient speech training program
requires that there are methods to assess the child s speech
errors as well as nethods to estimate the inpact of these

errors on the intellibility" (Oster, 1985).

Results of such objective analysis of hearing inpaired
speech will help in determning, the error type and kinds of
errors that should be <considered first while planning a
training program for the inprovement of speech of the hearing

impaired child.

Many of speech parameters which are related to speech

intelligibility are |anguage specific.

The present study, the first of its kind in Punjabi
| anguage was undertaken wth an aim of analyzing the
segnental aspects of the speech of the hearing inpaired

chi | dren.

Ten congenital hearing - inpaired subjects, 5 nales and
5femal esintheagerangeof 8-12yrs. wereselectedfrom

the vatibu special school Chandigarh, for the study.

Ten nor mal
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subjects including 5 males and 5 fenmales, were matched for

age and sex for the controls.

Ten sinple (CYC) Punjabi mnmeaningful words were used as
speech sanples. These words contained the vowls /a/, /a:l,
litl, ri:f, lel, le:l, lul, [u:l, /o/, and /o:/ in medial

posi tion.

Al the subjects were asked to read words and their
utterances were recorded in a portable speech recorder

(Panasoni c, nodel RQ Al170).

The recorded speech sanples were anal ysed using conputer

software to determ ne the follow ng paraneters:

1. Vowel duration

Word duration

Aver age fundanental frequency (FO
Voi ce onset tine (VOI)

Pause duration

o o A w N

Formant frequency (Fl,-F2, F3)
7. Band width (Bl, B2, B3).

Statistical analysis was done to determne significant
differences exist between normal hearing and the hearing

i npai red groups.

Results of the present study showed that:

1. The vowel duration was significantly higher in hearing

subj ects. The hearing inpaired mal es and femal es both
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subjects including 5 nales and 5 females, were matched for

age and sex for the controls.

Ten sinple (CVC) Punjabi neaningful words were used as

speech sanples. These words contained the vowls /a/, /a:l,

(vl i, ftel, le:l, [ul, [u:/l, [ol, and /o:/ in medial

posi tion.

Al the subjects were asked to

read words and their

utterances were recorded in a portable speech recorder

(Panasoni ¢, nodel RQ A170).

The recorded speech sanples were anal ysed using conputer

software to determne the follow ng paraneters:

1. Vowel duration
2. Wrd duration

3. Average fundanental frequency (FO

4. Voice onset tinme (VO

Pause duration

Formant frequency (H,- F2, F3)
7. Band width (Bl, B2, B3).

Statistical analysis was done to determne significant

differences exist between normal

hearing and the hearing
i mpai red groups.

Results of the present study showed that:

1. The vowel duration was significantly higher in hearing
subjects. The hearing inpaired males and fenmal es both
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produced nearly 2 to 3 tinmes |onger vowel durations

i ndi cating significant prolongations of the vowels.

The hearing inpaired subjects produced significantly
| onger word durations than the normal subjects. Both the
hearing inpaired groups (nmales and females) had nearly
1.5 to 2 tinmes longer word durations than normal hearing

subj ect s.

Significantly higher average FO was exhibited by the
hearing-inpaired subjects than that of the normal hearing

group. Larger variations were seen in hearing inpaired

group.

Both normally hearing and hearing inpaired speakers had
positive VOT values for voiceless stops. However, VOT
values for the hearing inpaired speakers were shorter.
Normal |y hearing speakers showed negative VOT val ues for
voiced stops, while in a nunber of hearing inpaired
speakers negative VOIs were absent. Mean VOT val ues
produced by both the groups increased as the place of

articulation noved backward in the oral cavity.

I ntrasyl |l abi c pauses (intraword) were not found in norna
heari ng speakers. Anmong hearing inpaired speakers nearly
al | mal e subjects revealed significant intrasyllabic

pauses and only one fenmal e subject exhibited pauses.
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6. The hearing inpaired nmales and females did not had
significant differences in their F, as conpared to norma

hearing controls.

7. For female hearing inpaired group F, was found to be
hi gher than normal hearing femal es group. But male hearing
inpaired tend to have a "neutralized" F,, i.e. they tend
to keep the F2 simlar to that of the neutral schwa vowel

when conpared with normal nale subjects.

8. Al the hearing inpaired subjects including mles and
females revealed a significantly higher F3 than that of

the normal hearing control subjects.

9. Bandwidths (Bl, B2, B3) of hearing inpaired subjects were
reduced than that of normal hearing subjects. But not any

specific pattern was observed.
CONCLUSI ONS:

The data from the normally hearing subjects showed that
the speech paraneters were |anguage specific, that is,
paraneters are different in quality and quantity in different
| anguages. For exanmple, in the English |anguage voi ced stops
have shorter positive valves and voicel ess stops have |onger
positive val ues. Wiereas in the Punjabi |anguage voiced
stops have positive VOI val ues, Shukla (1987) also reported

the simlar findings in Kannada | anguage.
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However, it is seen that certain speech paraneters to
behave simlarly in different |anguages. For exanple, vowel
| engt heni ng phenonenon which is seen in the English |anguage

is also seen in Punjabi [|anguage.

These observations enphasis the need for studying the

different parameters of speech is different |anguages.

The present study provides normative data for the

paraneters studies for Punjabis |anguage.

The results of this study indicates that the hearing
inmpaired individual differed fromnormals in certain tenpora
and frequency characteristics of speech. Further a greater
variance was seen in the hearing inpaired individual's than
in the normally hearing group, that is, the hearing inpaired
speakers not only behaved differently from normals but also
were different from each other
RECOVENDATI ONS:

1. Simlar kind of research may be taken up with a large
sanpl e of subjects.

2. As in the present study, hearing inpaired subjects varied
in certain aspects, so a nore honpgenous group of subjects
may be further studied.

3. Various spectral parameters and their relations to the
factors affecting the speech intelligibility in the
hearing inpaired children may be studi ed.

Such information will be useful in planning therapy with

hearing inmpaired children.
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APPENDI X - |

Following ten words (CVO were sel ected as speech sanpl es
for the study.

/ kal /

/ pa: p/
/ di g/

/ bi:ds/
/ dul /
/bu:t/
/tek/
/pe:r/
/ gol /

/ ko: n/





