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| NTRODUCTI ON

"I am just as deaf as | am blind wote Helen Keller.
The problens of deafness are deeper and nore conplex, if not
nore inportant than those of blindness. Deaf ness is a nuch
worse msforture. For it neans the loss of the nost vital
stimulus the sound of the voice that brings |anguage, sets
t houghts astir, and keeps us in the intellectual conpany of

man" (Stevens and Warshof sky, 1971).

Human speech production is diverse and fascinating
endeavour, the diversity of which is highlighted by the
capacity for human conmunication by speech to be exam ned at
several |evels: physiological, acoustical, psychophysical,
linguistic and psycholinguistic Ilevels underlying both

producti on and perception of speech (Wi nberg, 1986).

"Long ago the function of hearing becane the buil ding
stone upon which our intricate human conmuni cation was built.
If Pre-dawn man had not inherited an ear, he mght have
resorted instead to signing wth his fingers or scratching
masks upon the sand, to share his thoughts with others. The
result would have an awkward nethod of conmmunication that
could have slowed, for mllennia our so called progress. For
good or bad, we have developed the ear and the voca
mechani sm as t he media through which | anaguage is

conmuni cated” (Northern, J.L. and Downs M P., 1978).



"The auditory linked acquisition of |anguage is further
unique to hunman beings because it is a time |ocked function,
related to early maturational periods in the infants life"

(Northern, J.L. and Dowmns M P., 1978).

"Early hearing inpairnent has definite effects on
| anguage devel opnent. As shown by Quigley and Thormure (1968),
Coet zi nger (1962), Harrison (1964) and others, even very mld
impairments of hearing (less than 30dB) are often related to
| anguage and other educational deficits. This relation of
hearing inpairnent and |anguage deficit is evident in all
a spects of | nguage-phonol ogi cal, norphological, syntactic

and semantic" (Quigley, 1978).

"The longer auditory |anguage is delayed, the |less
efficient will be the language facility" (Northern, J.L. and
Downs, MP. 1978).

"The speech of the deaf differs fromthat normals in all
regards (Balck 1971). 1In all studies of speech of the hearing
inpaired, attention is drawn to the fact that, to a greater
or lesser degree, the hearing inpaired individuals do not
produce speech as well as those who hear"” Mnsen (1974).

Various studies have been carried out in understanding
the speech of the hearing inpaired (Hudgins and Nunmbers 1942,
Nober, 1967, M Garr, 1978, Geffner, 1980, Stoel Gammon,
1982, Raj ani kant h, 1986, Shukl a, 1987, Sheel a, 1988,
Jagadi sh, 1989, Whitehead, 1991). But the know edge in this

area is far fromconpl ete.



AM O THE STUDY

This study was undertaken to study the speech
characteristics of Kannada speaking hearing inpaired children
spectrographically in terms of formant frequencies, vowel

duration, voice onset tinme and cl osure duration.

HYPOTHESI S

The follow ng hypot heses were proposed for the study:

1) There is no significant difference in terms of the
speech of the hearing inpaired children to that of the nornal
hearing children in ternms of

a) Formant frequencies of vowels

b) Vowel duration

c) Formant frequencies of stop consonants

d) Voice onset time of stop consonants.

e) Cosure duration of stop consonants.

IVETHODOLOGY

The speech sanmples were collected from the five nornal
and five hearing inpaired children (age range 5-10 years).
Speech sanmple involved the elicitation of ten CVCV nouns wth
the carrier phase "idu". The stinmuli words were presented
t hrough picture cards.

Best three out of five trails were anal yzed
using a PC/ AT computer with the necessary software to obtain
spectr al par anmet ers. The data was been subjected to

statistical analysis and results have been discussed.



| MPLI CATIONS OF THI S STUDY
The results of this study would help in Dbetter
understanding of the speech of the hearing inpaired children

in an Indian | anguage.

The results of the study would provide data regarding
the spectrographic characteristics of speech of the hearing

i mpai red children.

This information would hlep in planning and devel opi ng

t herapy programmes for the hearing inpaired.

LIMTATIONS CF TH S STUDY
1. The study was limted to only 5 subjects in both the

control as well experinental groups.

2. The study was |limted to only male children.

3. Individuals differences existed in the hearing
inpaired children in terns of hearing aid usage, therapy
duration, parental participation in therapy, notivation in

t herapy etc.

4. The stimulus materials used for study were only ten

"CV/CV' nouns.
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METHODOL OGY

| NTRODUCTI ON

The main objective of this study was to analyze the
speech of Kannada speaking hearing inpaired children. The
spectrographi c analysis of speech was done to obtain val ues
of formant frequencies (FI, F2, F3) in vowls and stop
consonants, vowels duration, closure duration of consonants
and voi ce onset tinme. Vowels /a/, fla:/, [il, [i:/, [ul [u:l,
lel, le:/, lol, /o:/ and stop consonants /p/, /b/, [t/, [dl,
lkl; g/ were selected for this purpose. But for the
nmeasur ement of closure duration only /p/, /bl, /t/, /dl,

[t/, /d/l were used.

The study also involved the investigation of five norna
mal e hearing children of age five to ten years (Man age -
7.4 years) as control group. The hearing inparied children
were selected from the clinic of Al India Institute of
Speech and Hearing, Mysore based on the ctiteria that

The child should a) bein the age range of 5 to 10 years

(b) be having Congenital bilateral hearing l|oss (PTA of

greater than 70dB - ANSI, 1969, in the better ear).
(c) have abilities to nanme the pictures or read.

(d) have no additional handicaps other than that directly
related to hearing inpairnent.
It nust be noted that all the hearing inpaired children

chosen had receive(d) speech therapy at AllSH Al the
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children wused oral speech node for conmunication. The
children of the control group had hearing wthin nornal
[imts on audiological testing and they were chosen from
within the institute canpus and they too did not have any
such probl ens.

Tabl e showi ng age and hearing thresholds for the subjects of
control group.

a) Normal hearing group:

Sl Age Audi ol ogi cal / screening (at
No. 500, 1K, 2K)

1 7 years Normal limts

2 10 years - do -

3 7 years - do -

4 7 years - do -

5 6 years - do -

Mean age group was 37/5 = 7.4.

Tabl e showi ng age and hearing thresholds for the subjects of
Experi mental group.

b) Hearing inpaired group:

Sl . No. Age PTA
Ri ght Lef t
1 10 years 110 110 (500, 1K, only)
2 9 years 73 86
3 5" 107 108
4 5" 75 80
5 8" 90 85

Mean age group was 37/5 - 7.4.
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MATERI AL
To elicit the speech, comonly spoken nouns (CVCV

conbi nation), along with the carrier phrase "idu " owere

used.

The target sounds used for spectrographic analysis are

presented below with their respective words:

words Consonant Vowel

1 pata /p/ a

2 ba: tu /b/ laty)

3 gida /e/ /i/

4 di:pa /d/ /Li:/

5 tu Jr_; 1 vy d /u/

6 gu:be Ju:/

f kere e

B ge:tu el

9 kode 0/
10 ko:ti /k/ 5

Recor di ng procedure:

The subject was seated confortably in the sound treated
room at the Departnent of Speech Sciences, AIISH and audio
recordings were nmade with the tape recorder (nodel Philips
-AW39 Stereo Anmpli Deck). The mcrophone used for this
purpose (nodel AKG D222 Cardioid type) was kept six inches
away from the subjects nouth. The stinmulus materials
conprised of picture cards. The stinmulus nmaterials were
presented in a predeterm ned random order in all five trials
by the experinenter. Before every trial a calibration tone
*As stated in the study of Abraham S and Winer.F (1987) that
the consonant production is facilitated with nore precision

in nouns than in verbs, this study utilized ten comon
meani ngful , picturizable words of Kannada Language*.
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of 1KHz tone was generated by using a Heterodyne analyzer
(Model B&K type 2010) and recorded for 30 secs. Between two
successive trials, a gap of mninmum 24 hours was allowed

to elimnate possible practice effect.

Best three trails out of five (which were considered to
be nore intelligible) were selected for analysis purpose for

all subjects of both the groups.

| NSTRUCTI ON
The children were requested to name in Kannada the

picture cards with the carrier phrase "idu".

The subject was nmde to repeat after the experinenter,
whenever the subject had difficulty in finding the target

wor d.

| NSTRUVENTATI ON
Anal ysi s principally i nvol ved t he foll ow ng

i nstrunents:

1) Antialiasing filter (low pass filter having cut off
frequency at 3-5/7.5KHz) with speech interfacing unit.

2) A-DDA converter (sanpling frequency 8/ 16KHz, 12 bit)

3) Personal conputer AT Inter 80 386 m croprocessor (80837
nuneri cal data processor).

4) Software for analysis of speech devel oped by Voice Speech
System Bangal ore.

5 .Amplifier and speaker (2011 SO S Anpli speaker).



PHOTORAPH A:  Set up of equi prent for
anal ysis of data
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PARAMETERS

The speech sanples were digitized using 12 bit ADC/ DAC
board at the sanpling frequency of5000Hz and were stored in
conputer nenory. The acoustic paraneters were neasured
using wi de band spectrography (300Hz/600Hz). Spectrogram s
were derived based on 1024 points FFT calculation for every 3
msec for both vowels and consonants the follow ng paraneters

wer e nmeasured:

1) Formant frequencies (FI, F2 and F3 in Hz) of vowels /al,

la: !, Iil, i/, lul,lul, lel, e, lol, lo:].

2) Vowel duration of /al, fla:/l, [il, [i:/l, [ul, lu:l, lel,
le:l,lol,lo:].

3) Formant frequencies (FI, F2 and F3) of stop consonants

Ipl, I'bl, [tl, [Idl, Ikl, Igl.

4) Voice onset time of stop consonants /p/, /bl/, [t/, [dl,

kI, Igl.

5) Closure duration of consonants /p/, [/bl/, [t/, [dl,

Vs P

Formant Frequenci es:

Definition: A formant was operationally defined as the |ocal
maxi mum in the vocal tract transfer function detected, only
during the transm ssion of acoustic energy and displayed in
the formof a peak in the anplitude spectrumthat is not due

to source spectrum paraneters.
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By FFT analysis the cursor was placed at the steady
state portion of the vowel and the section was taken at that
point and the nost prom nent peaks were taken as FI, F2, F3

respectively and it is nmeasured in Hertz (Hz).

The burst frequencies of the stop consonants were also

obtained in the sanme nanner.

Vowel Duration
The vowel duration was defined as the tine between the
onset and cessation of glottal vibration (House, 1961,

Wi t ehead and Jones, 1976).

The vowel duration was neasured from the spectrogram as
the tinme duration between the initial regular glottal
vibration to the final regular vibration associated with that
vowel forned the vowel duration. The unit of vowel duration

is in mlliseconds (nsec).

Voi ce onset tine (VOI)

VOT was defined as the tine equivalent space from the
onset of the stop release burst to the first vertical
striation representing glottal pulsing (Liberman, Delattre,

and Cooper, 1952; Lisker and Abranson, 1964, 1967).

The VOTI was neasured for the six stop consonants in the
target word from the spectrograns. The cursor was noved to
the first indication of energy associated with the stops oral

rel ease and that point was marked. Then the cursor was noved
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to the beginning of the regularly appearing waveform of the
vowel following that stop. The real tinme value (in nsec)
bet ween these two markings provided the VOI. VOI was neasured

for the stop consonants in the follow ng target words:

1 /p/ - in pata
2 /b/ - in ba:tu
3 /k/ - 4in koiti
4 /g/ - in gida
b5 /t/ - in tuti
6 /d4d/ - di:pa

CLOSURE DURATI ON

The consonant closure duration indicated the tinme for
which the articulator is held in position for stop consonant.
Cl osure duration was the duration between the offset of
resonance for the preceding vowel and the onset of burst for
the stop consonant in intervocalic condition and duration
from the regular vertical striation on the baseline to the
onset of burst for the voiced stop in the initial position
The consonant closure duration was determ ned by placing the
cursor at the termnal point of the preceding vowel to that
of the onset of burst followng it is the spectrogram The
time value thus obtained was the consonant closure duration

of that consonant.

The consonant closure duration of the follow ng sounds

were determned with their respective words as follows:



PHOTOGRAPH- B:  Spect rogram di spl ay used for the
nmeasur enent of Fornmant Frequenci es

(FI, F2 &F3), Vowel Duration (VD),
Voi ce Onset Tinme (VAT and
d osure Duration (CD
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[ p/ - di:pa
/[ bl - gu:be
[t/ - ba:tu

/d/ - idu of di:pa
; / 1 ; F nat o

Hauda

/d/ - glda
. B

STATI STI CAL ANALYSI S

Descriptive statistics consisting of nmean, standard
devi ation, range were obtained for all the paranmeters. Mann-
Wiitney two sanpled U test matched, along with t-test was
performed for finding out the significance of neans of the
experinmental group to that of the control group for

conpari son purpose.
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RESULTS AND DI SCUSSI ON

Ten C/CV nouns uttered by five hearing inpaired
speakers and five normals on three out of five trials were

used for specrographic analysis. The paraneters noted were:

1) Formant frequency characteristics (FI, F2 and F3). of
short vowels /a/, /i/, /ul, lel, /ol and long vowels /a:/,

li:/, lu:l, le:/ and/o0:/.
2) Duration of above nmentioned vowel s.

3) Formant frequency characteristics (FI, F2 and F3) of stop

consonants /p/, Ib/, [t/, /dl, kI, [gl.

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

Ikl Igl.

5) dosure duration of stop consonants /p/, /bl, [t/l, [dl,

LBl FAL,

Descriptive and inferential statistical analyses were

carried out. The results are presented bel ow.

FORVANT FREQUENCY CHARACTERI STI CS OF VOAELS

Table-1 and Gaph-1 provide nean, standard deviations
and range of FI for short vowels in the speech of the hearing
inmpaired and normals. The nean FlI values of all short vowels
produced by the hearing inpaired were found to be higher than
that of the normals, varying from 25-131Hz. For /al/ the

di fference between the neans of hearing inpaired to that of
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normals was 25Hz; for /i/ - 131Hz, for /u/ - 96Hz, for /el
-93Hz and for [/o/ 30Hz. However, a significant nean
difference between the groups was found only for the vowels

i/ and /[ ul.

Table-1.1: The nmean, S.D., Range and Mean differences val ues
of FI of short vowels in hearing inpaired and
normal groups (in Hz).

Vowel s Hearing I|npaired Nor mal s Mean
Mean (SD) Range Mean (SD) Range diff.

Hl &nor nal
al 940 (175) 627-1176 915 (132) 627-1160 25

[il* 842 (104) 407-784 511 (115) 266-658 131

[ ul * 656  (110) 502-909 560 (68) 398- 643 96
lel 716  (160) 392-941 623 (94) 517-784 93
/ol 654  (164) 392-941 624  (103) 517-900 30

* significant difference between the neans at 0.05 |evels

Table-1.2 and G aph-1 show the nmean Fl values of |ong
vowels for both the groups. The nean Fl values for the
hearing inpaired was found to be higher than that of the
normal s (by 9-182Hz) except for /a;/ (lower by 7Hz) and /e:/
(I ower by 6Hz). Sheela (1988) also reported simlar results
i.e., higher FI values in the vowels produced by hearing
inpaired group than in vowels produced by normal group. But
the significant difference was present only for high vowel

[i:] (182Hz).
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Table-1.2: The nean, S.D., Range and Mean differences val ues
of FIl of long vowels in hearing inpaired and
normal groups (in Hz).

Vowel s Hearing Inpaired Nor mal s Mean diff.

Mean (SD) Range Mean (SD) Range H and

Nor mal

la:l 1006 (203) 643-1317 1013 (123) 784-1237 -7
li:l* 595 (196) 266-925 413 (112) 235-643 182
lu:l 545 (106) 390-784 536 (77) 382- 658 9
le:l 594 (106) 390-784 600 (54) 502- 643 -6
lo:/ 619 (105) 392-784 598 (76) 503- 784 21

* Significant difference between neans 0. 05 |evel

The hypothesis that there is no significant difference
between the neans of Fl values of the hearing inpaired and
normal children was accepted for /a/, /el, [ol, la:l, lu:l,
/e:/ and /o:/ and rejected for /i/, /u/ and /i:/. However it
may be generally concluded that the vowels produced by

hearing inpaired group has Fl simlar to normals.

Table-1.3 and 1.4 and Graph-2 show the nean F2 val ues of
short vowels and |ong vowel s respectively. The nmean F2 val ues
of back vowels /a/, /ul and / o/ were found to be higher i.e.,
the nean difference between normals and hearing inpaired were
177Hz, 191Hz and 329Hz respectively. Whereas for front
vowels /i/ and /e/ nmean difference values were found to be
lower in inpaired by 657Hz and 740Hz respectively. However
significant difference between neans was present for front

vowels /i/ and / e/ and back vowel /of.
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Tabl e-1.3; The nean, S.D., Range and Mean differences val ues
of F2 of short vowels in hearing inpaired and
normal groups (in Hz).

Vowel s Hearing |npaired Nor mal s Mean diff.
Mean Range Mean Range H &
(SD) (SD) Nor mal s

| al 1837 (192) 1529-2070 1660 (128) 1412-1819 177
[i/* 2470 (698) 1239-3730 3127 (251) 2698-3498 -657
/ul 1591 (318) 1176-2327 1400 (279) 1035-1960 191
Jel* 2226 (517) 1647-3702 2966 (153) 2713-3231 -740
Jo/* 1526 (250) 1050-1960 1197 (154) 894-1443 329

* significant difference between the neans at 0.05 |evel

The study of Table-1.4 and G aph-2 revealed that the
long vowels followed the sane pattern as that of short*vowels
but greater difference in ternms of nean values were present
for /a:/ - 242Hz, for /o:/ - 383Hz, for /u:/ - 489Hz. For
/i:/ and for /e:/ the values were |lower by 778Hs and 636Hz

respectively in the hearing inpaired group.

These differences were found to be significant for all
long vowels. The results of the present study are in
agreenent with study by Sheela (1988) i.e., high F2 values in
vowel s produced by hearing inpaired but only with respect to

back vowels /a/, /o/, /ul/ and /a;/, /o:/ and /u:/.
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Tabl e-1.4: The nmean, S.D., Range and Mean differences val ues
of F2 of long vowels in hearing inpaired and
normal groups (in Hz).

Vowel s Hearing |npaired Nor mal s Mean diff.
Mean Range Mean Range H &
(SD) (SD) Nor mal s

a:/* 1805 (286) 1427-2305 1563 (123) 1427-1803 242

[i:/* 2465 (626) 1552-3639 3243 (252) 2893-3858 -778
Ju:/* 1524 (263) 1176-2164 1035 (87)  900-1223 489
ler/* 2311 (571) 1678-3790 2947 (161) 2588-3200 -636
[o:/* 1538 (281) 1035-1945 1155 (170) 862-1427 383

* Significant difference between neans at 0.05 |evel

The hypothesis that there is no significant difference
between the neans of F2 values of the hearing inpaired and
normal children was accepted for /a/, /ul/, /ol and rejected
for /el, [il, lof, la:/l, [i:/, lu:l, [e:/ and/o:/. Thus it
can be concluded that the nean F2 is significantly higher in

t he vowel s pr oduced by heari ng I mpai red.

Tables 1.5 and 1.6 and G aph-3 depict the nean F3
values of short and |ong vowels respectively. The nean F3
values of all the short and |Iong vowels are found to be | ower
than that of the normals by 3Hz to 190Hz except for the |ong
vowel /o:/ (261Hz).
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Tabl e-1.5: The nean, S.D., Range and Mean differences val ues
of F3 of short vowels in hearing inpaired and
normal groups (in Hz).

Vowel s Hearing I|npaired Nor mal s Mean diff.

Mean Range Mean Range H &
(SD) (SD) Nor rmal s

/ al 3408 (391) 2274-3921 3593 (194) 3209-3858 -185

lil 3557 (334) 2839-3921 3640 (157) 3366-3874 -83

[ ul 3360 (395) 2431-3984 3427 (302) 2823-3937 -67

/el 3549 (332) 2745-3858 3693 (117) 3482-3890 -144

/ol 3545 (245) 3215-3921 3548 (300) 2760-3874 -3

The result of t-test did not show any significant
difference in F3 value produced by hearing inpaired and
normals. The result of this study supported the results of
the study by Sheela (1988) i.e., the F3 of the hearing
inmpaired group in lower than that of the normals. However,

long vowel /o0:/ was an exception.

Tabl e-1.6: The nean, S.D., Range and Mean differences val ues
of F3 of long vowels in hearing inpaired and
normal groups (in Hz).

Vowel s Hearing Inpaired Nor mal s Mean diff.

Mean Range Mean Range H &

(SD (SD Nor mal s
la:/ 3577 (268) 3110-3899 3681 (308) 2839-3984 -104
il 3721 (176) 3363-3890 3778 (106) 3707-3893 -57
lu:/ 3441 (383) 2666-3984 3449 (268) 2890-3811 -8
le:l 3429 (421) 2541-3921 3619 (170) 3372-3858 -190
lo:/ 3539 (279) 2980-3905 3278 (940) 2960-3874 261
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The hypothesis that there is no significant difference
between the neans of F3 values of the hearing inpaired and
normal children was accepted for both short and Iong vowels.

Based on the analyses of vowels produced by the hearing

i mpaired group, the follow ng conclusions can be drawn:
1) Fl is simlar to normals.
2) F2 is higher than nornmals.

3) F3 is simlar to normals.
FORVANT FREQUENCY RELATI ONSHI P OF VOWELS

Tables-1.7 and 1.8 show the mean difference values of
in terms of FIl and F2, F2 and F3 and F3 and Fl for short and
long vowels respectively both in hearing inpaired and

nor mal s.

Table-1.7: Showing the difference between formant frequencies
in short vowels for hearing inpaired group and
normal group (In Hz)

Vowel s Hearing | npaired Nor mal s Mean difference
group groups hearing i npaired
and nor nal
lal F - F2 897 745 152
F2 - F3 1571 1983 - 362
F3 - H 2468 2678 -210
lil H - F2 1830 2616 - 786
F2 - F3 1087 513 574
F3 - H 2915 3129 -214
lul FH - F2 935 840 95
F2 - F3 1769 2027 - 258
F3 - H 2704 2867 -163
lel H - F2 1510 2343 - 833
F2 - F3 1323 727 596
F3 - H 2833 3070 - 237
/ol H - F2 872 573 299
F2 - F3 2019 2351 -332

F3 - F 2891 2924 -33
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Table-1.8: Showi ng the difference between formant frequencies

in long vowels for hearing inpaired group and
normal group (In Hz)

Vowel s Hearing | npaired Nor mal Mean difference
gr oup group hearing i npaired
and nor mal
la:l H - F2 799 550 249
F2 - F3 1772 2118 - 346
F3 - F 2571 2668 -97
li:/ A - F2 1870 2830 -960
F2 - F3 1256 535 721
F3 - F 3126 3365 -239
lu:/ H - F2 979 499 480
F2 - F3 1957 2414 - 457
F3 - F 2936 2913 23
le:l H - F2 1717 2347 - 630
F2 - F3 1118 672 446
F3 - H 2835 3019 -184
lo./ H - F2 919 557 362
F2 - F3 2001 2123 -122
F3 - F 2920 2680 240

1)

| nspection of the above tables showed that
In short front vowels, Fl was high, the difference between
F2 and F3 was low and the difference between Fl and F2
was | ow. From the acoustic nodel of speech production
given by Fant (1968) these changes nay be attributed to
tongue retraction. Boone (1966) has also reported simlar
change in the articulatory position in the hearing

i mpai r ed.
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4)

6)
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In back vowels it has been found that F2 was high, F3 was
low, the difference between F2 and FI was high. The nodel
given by Fant (1968) these changes may be attributed to
md palatal position of the tongue. Stein (1988) fromhis
cineflrographic study of vowels, produced by hearing

I npai red speakers, has drawn sim|ar concl usions.

In long front vowels F was high, F3 was low, the
difference between Fl and F2 was low, the difference
between and F2 and F3 was high. Again according to Fant,
these changes may be attributed to tongue retraction and

pre palatal positioning of the tongue.

In back vowel /u:/ Fl was high, the difference between Fl

and F2 "V¥s al so high, hence tongue fronting is suggested.

In fu:/ the difference between F2 and F3 was
comparitively low and F2 was high, the tongue placenent is
considered to be in md palatal position. Even for /i:/
also, the tongue is considered to be in md palatal

position (Fant, 1968).

If FI was low and the difference between FI and F2 was
high, /a:/, then it is considered that the nmouth opening
is narrowed and there was tongue fronting according to
Fant (1968). A simlar finding was observed in the

present study.



56

In general, it may be concluded that during the
production of front vowels there was retraction of the tongue
and during the production of back vowel fronting of the

tongue was used by the hearing inpaired.

DURATI ONAL CHARACTERI STI CS OF VOWELS

Table 1.9 and 1.10 and Graph-4 showed the durations of
short and long vowels respectively. Al hearing inpaired
children had nmean vowel duration for both short and |ong
vowel s than that of the control group. This agrees well wth
the results reported by Rajanikanth (1986), Shukla (1987),
Sheel a (1988) and Jagadi sh (1989) but for the long vowel /u:/
the duration was less than the normals by 70nsec. This was

found to be statistically significant.

Tabl e-1.9: The nean, S.D., Range and Mean differences val ues
of vowels duration of short vowels in hearing
i npaired and normal groups (in msec).

Vowel s Hearing |npaired Nor mal s Mean diff.
Mean Range Mean Range H &
(SD) (SD) Nor mal s
lal* 165 (76) 54-303 111 (26) 69- 164 54

[i]* 219 (100) 103-449 135 (48) 93-254 84
[ ul * 208 (119) 91-533 137 (103) 69-485 71
lel 249 (107)  90-412 197 (78)  124-433 52
/ol 249 (118)  76-530 147 (38) 93-251 102

* Significant difference between the nmeans at 0.05 |evel
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Tabl e-1.10: The nean, S.D., Range and Mean differences val ues
of vowels duration of long vowels in hearing
i npai red and normal groups (in nsec).

Vowel s Hearing |npaired Nor mal s Mean diff.
Mean Range Mean Range H &
(SD (SD) Nor mal s
la:l 334 (87) 204- 479 285 (71) 202- 405 49
li:] 264 (66) 134- 384 260 (79) 180- 419 4
lu:l* 237 (99) 143- 476 307 (83) 195- 485 -70
le:l* 333 (126) 0- 602 291 (84) 205- 458 42
lo:l 310 (80) 217- 451 275 (89) 165- 460 35

* Significant difference between the neans at 0.05 |evel

The short vowels produced by the hearing inpaired
children had |ongest duration of 249msec for md vowels / e/
and /o/ followed by high vowels /i/ and /u/ (219 and 218nsec
resceptively) and finally by /al/ (165nsec). \Wereas the
nor mal s had the duration in the or der: e>o>u>i >a
(197>147>137>135>111) . Thus the hearing inpaired group
followed nore or less the sane pattern as that of
experinmental group. Significant differences between normals
and hearing inpaired in the nean values of vowels duration
lal, [il, /uland /o/ with the difference in nean val ues being

54, 85, 71 and 102nsec respectively for the control group.

In terns of range /a/ showed the |owest value and /u/
the highest value in both the groups whereas for long vowels
no such pattern was observed. In terns of |ong vowels hearing
inmpaired group showed /u:/ with 237nsec as the |owest val ue

and /a:/ wth the highest value (334nsec). Wuereas the
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normal s showed high vowels /i:/ and /u:/ as having |owest and
hi ghest (260 and 307 respectively) . However significant
difference between their nmeans was present for back high

vowel /u:/ and front md high vowel /e:/.

The hypothesis that there is no significant difference
between the vowel duration values of the hearing inpaired and
normal children was accepted for /e/, /o/, /i:/ and /o:/ only

and rejected for /a/, /i/, /ul, [u:/ and /e:/.

In terms of vowel duration in general vowels studied
showed higher nmean values in the hearing inpaired than in

nornmal s.

The analysis of vowels produced by hearing inpaired and

nornal s showed the foll ow ng:

1) The hypothesis that there is no significant
difference between the neans of Fl values of the hearing
impaired and normal children was accepted for /al/, /el, /ol,

la:/, lu:/, [e:/ and /0:/ and rejected for /i/, /ul and /i :/.

2) The hypothesis that there is no significant
difference between the nmeans of F2 values of the hearing
inmpaired and normal children was accepted for /a/, /ul/, /ol
and rejected for /e/, [i/, lol, la:/l, [li:/, lu:/l, le:l and
lo:l.
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3) The hypothesis that there is no significant
difference between the neans of F3 values of the hearing
inmpaired and normal children was accepted for both short and

| ong vowel s.

4) The hypothesis that there is no significant
difference between the vowel duration values of the hearing
i mpaired and normal children was accepted for /e/, [ol, [i:]

and /o;/ only and rejected for /al/, /i/, [ul, [Tu:/l and /e:/.
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CONSONANTS

The followng tables-2.1-2.13 and G aphs-5-9 present
details regarding formant frequencies, VOI as well as closure
duration of the stop consonants of Kannada i.e.,the Mean,
Standard Deviation and range of the parameters as presented
byf the hearing inpaired and the normal children. The two
groups have been conpared in terns of these paraneters. The
asterisk mark indicates the presence of a statistically

significant difference between the neans at 0.05 |evel.

FORMANT FREQUENCY CHARACTERI STICS OF STOP CONSONANTS

Table-2.1 and Gaph-5 provide the nmean Fl value for
voi cel ess stop consonants /p/, [t/, [k/I produced by the
hearing inpaired and normals. Table-2.2 and G aph-5 show the

FI values for voiced stop consonants /b/, /d/ and /g/.

Tabl e-2.1: The nean, S.D., Range and Mean difference, values
of FI of voiceless stop consonants in hearing
impaired and normal groups (in Hz).

Conson- Hearing |npaired Nor mal s Mean diff.
ants Mean Range Mean Range H &
(SD) (SD) Nor mal s
| Pl 569 (112) 376-784 594 (84) 423- 740 -25
It] 550 (125) 360- 768 581, (145) 376-887 -31

I ki 633 (168) 394-941 556 (137) 387-925 77
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Tabl e-2. 2: The nean, S.B., Range and Mean difference., val ues
of FI of voiced stop consonants in hearing
i mpai red and normal groups (in Hz).

Conson- Hearing |npaired Nor mal s Mean diff.
ants Mean Range Mean Range H &

(SD ( SD) Nor mal s
/bl 384 (151) 251-752 447 (147) 266-646 - 63
/dl* 546 (171) 251-894 414 (108) 266-658 132
/ g/ 467 (190) 213-717 389 (180) 244-768 78

* Significant difference between neans at 0.05 |evel

Voi cel ess consonants produced by the subjects of the
hearing inpaired group showed nean values |esser than that of
the normals except for /[k/. Difference between the nean
val ues were: /p/ = -25Hz; [t/ = -31Hz; /k/I - 77Hz. \\hereas
anmong voi ced consonants, hearing inpaired group showed |esser
mean value than normals in /b/ only.
For voiced consonants, the difference between the nean val ues
of hearing inpaired and normals was positive for /d/ and /g/
only. The values for /b/, /d/ and /g/ were -63Hz, 132Hz and
78Hz respectively. The difference was significant only for
/d/ at 0.05 level. The higher Fl values in the consonants
/dland [/g/ of the hearing inpaired group may indicate
velar or pharyngeal articulation in their production as

suggested by Fant (1968).

Thus the hypothesis that there 1is no significant
difference between the Fl values of normals and hearing

i mpai red was accepted except for consonant /d/.
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Table-2.3 The nean, S.D., Range and Mean difference values
of F2 of voiceless stop consonants in hearing
i mpai red and normal groups (in Hz).

Conson- Hearing | npaired Nor mal s Mean diff.
ants Mean Range Mean Range H &
(SD (SD Nor mal s

| P/ 1411 (225) 1010-1725 1289 (196) 934-1584 122
It 2222 (407) 1458-2854 2082 (303) 1537-2572 140
[kl* 1310 (258) 907-1788 1088 (186) 895-1694 222

* Significant difference between neans at 0.05 |evel

Tabl e-2.4: The nean, S.D., Range and Mean difference values
of F2 of voiced stop consonants in hearing
i mpai red and normal groups (in Hz).

Conson- Hearing |npaired Nor mal s Mean diff.
ants Mean Range Mean Range H &
(SD) ( SD) Nor mal s
/ bl 1345 (308) 800-1803 1295 (141) 1029-1430 50

/d/ 2437 (455) 1568-3231 2709 (301) 2023-3341 -272
/gl 2595 (633) 1302-3601 2974 (325) 2447-3593 -379

From the Table-2.3 & 2.4 and Gaph-6, the difference
bet ween the nean values of /p/, /t/, /k/ of hearing inpaired
and the normals were 122Hz, 140Hz and 222Hz respectively. The
difference in the nmean values of /b/, /d/, /g/ were 50Hz,
-272Hz and -379Hz between the hearing imapired group and the

nor mal group.

The mean F2 values of all stop consonants were found to
be higher except for /d/ and /g/ in hearing inpaired group
than in normal group as shown in Table-2.4. However, the
significant difference between the two groups was found only

for /k/i. This higher F2 values of /p/, /t/, [kl and /b/ in
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the hearing inpaired group suggest palatalization during the

production of these consonants (Fant, 1968).

Thus the hypothesis there is no significant difference
in F2 values of the hearing inpaired and normals was accepted

except for /ki/.

The nmean F3 values of hearing inpaired and normals for
voi cel ess stops are presented in Table 2.5 and Gaph 7 for
voiced stops in Table 2.6.and G aph - 7.

Table-2.5 : The nean, S.D., Range and Mean difference, values

of F3 of voiceless stop consonants in hearing
i mpai red and normal groups (in Hz).

Conson- Hearing |npaired Nor mal s Mean diff.
ants Mean Range Mean Range H &
(SD Nor mal s

/Pl 2909 (368) 2321-3513 3221 (424) 2588-3858 -312
[t/ 3415 (497) 2321-4000 3248 (366) 2480-3742 167
/k/ 3109 (311) 2572-3629 3195 (544) 2113-3875 -86

Table-2.6: The nmean, S.D., Range and Mean difference val ues
of F3 of voiced stop consonants in hearing
i mpai red and normal groups (in Hz).

Conson- Hearing Inpaired Nor mal s Mean diff
ants Mean Range Mean Range H &
(SD (SD) Nor mal s

/bl 2932 (465) 1662-3451 2973 (315) 2509-3759  -41
/d/ 3542 (236) 3058-3858 3668 (264) 2980-3874  -126
/g/ 3499 (362) 2980-3937 3647 (198) 3204-3907 - 148
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The difference between the nmean values of /p/, /t/ and /k/
were -312Hz; 167Hz; -86Hz which inplies that for /t/ the
mean F3 value was higher in the hearing inpaired group than

in normal group.

The mean F3 values of hearing inpaired group were |ower
than normals in all voiced consonants. The differences were

/bl - -41Hz; /d/ = -126Hz; /g/ = -148Hz.

However no significant difference between normals and
hearing inpaired was found for both voiced and voiceless
consonants in terns of F3. Thus the hypothesis that there
is no difference between F3 values of the hearing inpaired

and normal s was accepted for all consonants studied.

Based on the analysis of consonants for the hearing

i mpai red group, the follow ng conclusion has been drawn:

The formant frequencies studied were not significantly

different in hearing inpaired group than in normal group.

FORMANT FREQUENCY RELATI ONSHI PS OF STOP CONSONANTS
Table-2.7 present the nean difference between formant
val ues of stop consonants produced by hearing inpaired group

and nor mal s.
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Table-2.7: Shows the difference between formant frequencies
in stop consonants of hearing inpaired and nornma
groups (in Hz)

Vowel s Hearing | npaired Nor mal Mean difference
group group hearing inpaired
and nor mal
/Pl H - F2 842 695 147
F2 - F3 1498 1932 -434
F3 - F 2340 2627 - 287
Ib/ H - F2 961 848 113
F2 - F3 1587 1678 -91
F3 - F 2548 2526 22
It/ H - F2 1672 1501 171
F2 - F3 1193 1166 27
F3 - F 2865 2667 198
/dl H - F2 1891 2295 - 404
F2 - F3 1105 959 146
F3 - F 2906 3254 - 348
/k/ H - F2 677 532 145
F2 - F3 1799 2107 - 308
F3 - F 2476 2639 -163
g/ H - F2 2128 2585 - 457
F2 - F3 904 663 241
F3 - Fl 3032 3258 -226

| nspection of the table reveal ed that
1) The difference between FI and F2 values was higher in all
voi cel ess consonants and only in /b/ anong voiced consonants
produced by hearing inpaired than in the consonants produced

by the normals..
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2) The difference between F2 and F3 values was lower in /p/,
[kl and /b/ and higher in /t/, [/d/ and /g/ in hearing
inmpaired group than in normal group. The lower values in
Ipl; [Ibl, and /kl/I may be considerd as indicating palatal
retroflex articulation. Further a low F2 in /d/ and /g/

suggests vel ar and pharyngeal articulation (Fant, 1968).

3) It is interesting to note FI was lower in all voiceless
consonants and higher in voiced consonants in hearing
inmpaired group than in normals . This may be one of the many

features leading to confusion of voice-voiceless distinction.

Hence the results of the analysis of stop consonants in
terms of formant frequencies have been summarized in the
foll ow ng table.

Tabl e-2.8: Shows the summary of conparison of formant

frequencies (and their difference) of stop
consonants interns of nean values (in Hz)

St op Consonant s H F2 F3 F1-F2 F2-F3 F3-F1
| Pl L H L H L L
It] L H H H H H
Ikl L H L H L L
I b/ L H L H L L
/dl H L L L H L
/gl H L L L H L

L - Mean val ue | ower than nornal;

H = Mean val ue hi gher than nornal
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DURATI ONAL CHARACTERI STICS OF STOP CONSONANTS
Voi ce onset tine

Table 2.9, 2.10 and G aph -8 present the mean VOI val ues
of voiceless and voiced, stop consonants of the hearing
I npai red and normal s respectively.
Table-2.9: The mean, S. D., Range and Mean difference, val ues

of MOTI of voicel ess stop consonants in hearing
i npai red and normal groups (in nsec.).

Conson- Hearing | npaired Nor mal s Mean diff.
ants Mean Range Mean Range H &
(SD (SD Nor mal s
I p/ 29 (70) 5-281 10 (4) 5-23 19
It/ 27 (41) 9-170 21 (12) 4-44 6
/ kl/ 45 (35) 10- 143 39 (13) 14- 67 6

Tabl e-2.10: The nean, S.D., Range and Mean difference val ues
of VOI of voiced stop consonants in hearing
| npai red and nornal groups (in nsec).

Conson- Hearing | npaired Nor mal s Mean diff.
ant s Mean Range Mean Range H &
(SD (SD Nor mal s
/ bl 117 (84) 3-311 92 (29) 13- 136 25
/d/ 81 (76) 4-214 39 (4) 34- 45 42

/gl 112 (86) 14- 270 97 (25) 53- 151 15

The nean VOI val ues of hearing inpaired were found to be
hi gher than that of normals, though there was no significant
difference between the two groups. The difference between
the nmean values of hearing inpaired to that of the nornals
were as follows:

For /p/ = 19nsec, /t/ and /k/ = 6nsec, for /b/ - 25nsec; /d/

- 42nsec; /g/ - 15nsec.



GRAPH-8: SHOWING THE MEAN VOT OF
HEARING IMPAIRED AND NORMAL GROUPS
FOR CONSONANTS
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In the hearing inpaired group, the nmean VOI val ue was
shortest for /t/ and /d/ whereas in normals /p/ and /d/
showed |owest val ues. But in both the groups, Vvoiced
consonants had nore VOT values than that of the voicel ess
consonants. Simlar report has been nmade by Shukla (1987)

The nean VOI values produced by both the groups
increased as the place of articulation noved backward in the
oral cavity. The results of the normal group agree with the
results reported by Savithri (1990).

Thus the hypothesis that there 1is no significant
difference in VOI values of hearing inpaired and nornal
chil dren was accept ed.

Consonants C osure Duration

Tabl es-2.12, 2.13 and Gaph - 9 present the closure
duration of voiceless and voiced consonants respectively.
The consonants closure duration of /p/, /b/ and /t/ and /d/
/t/ and /d/ on analysis showed that the mean values of all
t he consonants produced by hearing inpaired were higher than
that of normals ranging from 36nsec to 103nsec.

Tabl e-2.12: The nmean, S.D., Range and Mean difference val ues

of Closure duration of voiceless stop consonants
in hearing inpaired and normal groups (in nsec).

Conson- Hearing Inpaired Nor mal s Mean diff.
ants Mean Range Mean Range H &
(SD) (SD) Nor mal s
/I pl* 164 (61) 89- 266 120 (19) 79- 150 44
/It 185 (82) 85- 332 142 (22) 96- 184 43
%, 135 (81) 63-109 97 (19) 65- 132 38

* Significant difference between neans at 0.05 |evel



GRAPH-8: SHOWING THE MEAN CLOSURE
DURATION OF HEARING IMPAIRED AND

NORMAL GROUPS FOR CONEBOMNANTS
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Tabl e-2.13: The nean, S.D., Range and Mean difference val ues
of Closure duration of voiced stop consonants in
hearing inpaired and normal groups (in nsec).

Conson- Hearing | npaired Nor mal s Mean diff.
ants Mean Range Mean Range H &
(SD) (SD) Nor mal s
/bl * 194 (98) 66- 360 91 (36) 44-194 103
/dl* 110 (38) 68- 213 74 (28) 26-122 36
/a/* 113 (88) 45- 390 45 (19) 17-281 68

* Significant difference between neans at 0.05 |evel

The hearing inpaired group showed higher nean val ues
than normals. This is in agreenent with the findings of
Wi tehead (1991). The closure duration values of normals
agree well wth results reported by Savithri (1990) also.
Significant difference between the nean values was present
for the closure duration of /p/, /bl, /d/ and /d/ when the
two groups were conpared. According to Witehead (1991) the
increased build up of intra oral air pressure behind the
constriction wth a subsequent greater peak flow rate upon
rel ease leads to increased closure duration.

Thus that there is no significant difference in the
cl osure duration of the hearing inpaired to that of nornal
was not accepted totally as there was significant difference
for the consonants /p/, /b/, /d/ and /d/ at 0.05 |evel.
The anal ysis of stop consonants produced by hearing inpaired
and normal s shows the foll ow ng:

1) Thus the hypothesis that there is no significant
difference between the Fl values of normals and hearing

i npai red was accepted except for consonant /d/.
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2) Thus the hypothesis that there is no significant
difference in F2 values of the hearing inpaired and normals

I's accepted except for /k/.

3) Thus the hypothesis that there is no difference
between F3 values of the hearing inpaired and normals was

accepted for all consonants studied.

4) Thus the hypothesis that there is no significant
difference in VOI values of hearing inpaired and normal

children was accepted.

5) Thus the hypothesis that there is no significant
difference in the closure duration of the hearing inpaired to
that of normal was not accepted totally as there was
significant difference for the consonants /p/, /b/, /d/ and

/d/ at 0.05 |evel.
Thus the results of the present study show that

1) Al the vowels of hearing inpaired showed a higher F2
values than that of normals. Fl & F3 value of hearing

inmpaired were found to be simlar than that of nornals.

2) Al hearing inpaired children had higher nean vowel
duration than that of normals indicating prolongation of the

vowel s.

3) The formant frequencies Fl, F2 and F3 of stop

consonants were simlar in both groups.
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4) The nean VOTI of voiced consonants were nore than that

of voicel ess consonants in both the groups.

5) There was no significant difference in the mean VOT
val ues of both the groups at 0.05 level though the hearing

i npai red group showed | onger VOT val ues.

6) The closure duration of the hearing inpaired group
was nore than that of the normals which was statistically

significant.
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SUWARY AND CONCLUSI ON

"Geat strides have been nmade in understanding the
speech of the hearing inpaired, but our knowl edge in this

area is far fromconplete" (Gsberger and Mc Garr 1986).

In the present study the speech of five severe/or
prof oundly congenital hearing inpaired and

five normal hearing Kannada speaking subjects has been
anal yzed spectrographically. Spectrographic analysis
was done with the help of the conputer and the follow ng

concl usi ons were drawn.

A list of ten nouns were used as stinmuli. The carrier

phrase 'idu' was elicited used along with the stinmulus words.

Vowel s of Kannada such as /a/, la:/, [il, [li:l, lul,
fu:l, lel, le:/, o/, [o:/ and stop consonants /p/, /b/, It/,

rdr, Ikl gl /t/ & /4/ were anal yzed

From the analyses the following paraneters from the

vowel s and consonants were obtai ned:

- Formant frequencies of the vowels (FI, F2 and F3)

- Vowel duration

- Formant frequencies of stop consonants (FI, F2 and
. F3).

- Voice onset tine of stop consonants

O osure duration of stop consonants
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Al the vowels of hearing inpaired showed a higher F2
values than that of normals. Fl & F3 value of hearing

inpaired were found to be simlar than that of normals.

All  hearing inpaired children had higher nean vowel
duration than that of normals indicating prolongation of the

vowel s.

The formant frequencies Fl, F2 and F3 of stop

consonants were simlar in both groups.

The nean VOTI of voiced consonants were nore than that of

voi cel ess consonants in both the groups.

There was no significant difference in the nean VOT
val ues of both the groups at 0.05 |evel though the hearing

i npai red group showed | onger VOT val ues.

The closure duration of hearing inpaired group was nore

than that of the normals which was statistically significant.

RECOMVENDATI ONS
The study nmay be done with large nunber of subjects
including both the sexes to delineate the devel opnental

stages of speech acquisition in the hearing inpaired.

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

Such i nformation wi | be usef ul I n pl anni ng

therapy with hearing inpaired children.



74

Bl BLI OGRAPHY

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

Angel occi, A., Koop.G , & Holbrook, A. (1964). The vowel
formants of deaf and normal - hearing el even to fourteen

year old boys. Journal of Speech and Hearing D sorders.
29, 156-170.

Basu (1979). Voice onset tine for stutterers and non-
stutterers. Master's dissertation, University of Msore.

Behrens. T (1978). Praface in Ed. by Ross Mand Golas T.G
(1978) Auditory managenent of hearing inpaired
children, University Park Press, Baltinore, XW

Black. J.W (1971): "Speech pathology for the deaf", Speech
for the deaf child: Know edge and use Ed. by L.E
Connor, Washington D.C. A G Bell association for the
Deaf, 154-169.

Boone, D R (1966).Mdification of the voices of deaf
children. The Volta Review 68, 686-694.

Boot hroyd (1978): "D scussion Sunmary Ed by Ross M and G ol as
T.G (1978). Auditory Managenment of Hearing Inpaired
children, University Park Press, Baltinore, 332.

Borden G'S. and Harris K S. (1980). Speech science primer
physi ol ogy, Acoustics, and perception of speech.

Broad & Peterson (1971). "The acoustic of speech Ed by Travis
(1971) Hand Book of Speech Pathol ogy and Audi ol ogy,
Prentice Hall Inc., Englewood Ciffs, NJ.

Calvert, DR (1962). "Speech sound Duration and the
sonorant error" The Volta Review, 64 (401-403).

Calvert.D. R (1961). Sonme acoustic characteristics of the
speech of profoundly deaf individuals. Unpublished
Doctoral Dissertation, Stanford University.

Chonsky (1966). "Cartesian |inguistics, Harper and Row New
York as cited by Liberman P and Crelin ES (1971). On the
speech of Neanderthal man in Linguistic Inquiry, 11, 2,
203.

D Sinoni, F.G (1974a). "Effect of Vowel Environment on the
Duration of Consonants in the Speech of three, six and
ni ne-year old children”, Journal of Acoustical Society
of America, 55, 360-361.



75

D Sinoni, F.G (1974b). "Influence of consonant Environment
on Duration of Vowels in the speech of three, six and
ni ne-year old children”. Journal of Acoustical Society
of Anerica, 55, 693-703.

D Sinoni, F.G (1974c). "Influence of Uterance |ength upon
bi | abi al closure duration for /p/ in three, six and
ni ne-year old children”, Journal of Acoustical Society
of Anerica, 55, 1353-1354.

Eguchi, S., and Hirsh I.J. (1969). "Devel opnent of speech
sounds in children". Acta O ol aryngol ogy, Suppl enent,
257.

Fant. G (1960). Acoustic Theory of speech production,
Mount on, The Hague.

Fant, G (1968). "Analysis and synthesis of speech process.
Ed by Mal mberg, B. (1968) Manual of Phonetics North
Hol | and Publ i shi ng Conpany, Ansterdam 173-273.

Fant. G (1973). "Speech sounds and features, Canbridge,
Massachusettes, M T Press.

Geffner, D. 1980. Feature characteristics of spontaneous
speech production in young deaf children. Journal of
Communi cation Disorder. 13, 443-454,

Gold. T. (1978). Speech and Hearing skills: A conparison
bet ween hard- of - heari ng and deaf children. Unpublished
Doctoral Dissertation, Gty University, New York.

Gold, T. (1980). "Speech production in hearing inpaired
children" J.C D., 13, (397-418).

Homma (1981). Durational relationships between Japanese stops
and vowel s. Journal of Phonetics, 9, 273-281.

Hood, R B. (1968) "Sone physical concomtant of the
perception of speech rhythm of the deaf. Doctoral
Thesis, Stanford University.

House, A & Fairbanks, G (1953). The influence of consonant
envi ronment upon the secondary acousti cal
characteristics of vowels. Journal of Acoustical Society
of Anmerica. 25, 105-113.

Hudgi ns, C V., and Nunbers, F.C (1942). "An investigation of
the intelligibility of the speech of Deaf and Normnal
Subj ects". Genetic Psychol ogy Monograph, 25, 289-392.



76

Huntington, D., Harris, K S. & Sholes, G (1968). An
el ectromyographi c study of consonant articulations in
hearing-inpaired and normal speakers. Journal of Speech
and Hearing Research, 11, 147-158.

Jagadi sh (1989). Synthesis of Speech of the Hearing | npaired.
Master Dissertation University of Mysore.

Jensen, F., and Menon, K (1972). "Physical Analysis of
Li ngui stic Vowel Duration". Journal of Acoustica
Soci ety of America, 52, 708-810.

Kent, RD. (1976). "Anatom cal and Neuromnuscul ar Maturation
of the speech nmechani sm Evidence from acoustic studies"
Journal of Speech and Hearing Res., 18, 421-447.

Konefal, J.A, Fokes, J., and Bond., Z S. (1982). "Children's
syntactic use of vowel duration". Journal of Phonetics,
10, 361- 366.

Kushal Raj and Nataraja (1984). "Voice Onset Tine in
Children. Journal of AlIlSH XV, 29-37.

Lass.N. J. (1982). Speech and Language advances in basic
research and practice, 8, 221-283.

Leeper H A, Perez, Eo and Mencke DM (1980). The influence
of utterance |ength upon bilabial closure duration of
sel ected deaf children. Journal of Communication
Di sorders, 13, 373-383.

Lehiste I (1970) Supra Segnental s, Canbridge, Mssachusetts,
MI1.T. Press.

Levitt,H, Smth, CR, & Stronberg.H (1976). Acoustical,
articulatory and perceptual characteristics of the
speech of deaf children. Ed.by G Fant, Proceedi ngs of
t he speech communi cati on sem nar. New York: Wley, 129-
139.

Li berman. A., Delattre.P., Gerstman, L., & Cooper, F. (1956).
Tenpo of frequency change as a cue for distinguishing
cl asses of speech sounds. Journal of Experinenta
Psychol ogy. 52, 127-137.

Lindblom B.C (1968). Tenporal organization of syllable
production, Quaterly Progress and Status Report, speech
tramsm ssion | aboratory, Royal Institute of Technol ogy,
St ockhol m  Sweden.

Ling, D. (1976). "Speech and the hearing inpaired child:
theory and practice", First edition, the A G Bell
Associ ation for the Deaf Inc., Washington, D.C



77

Li sker, L., & Abranmson, A (1964). A cross-language study of
voicing in initial stops; Acoustical neasurenents. Wrd,
20, 384-422.

Li sker, L., and Abranmson, A.S. (1987). "Sone effects of
Context on voice onset tine in English stops”, Language
and Speech, 19, 1-28.

Mar ki des, A. (1970). The speech of deaf and partially hearing
children with special reference to factors affecting
intelligibility. British Journal of D sorders of
Communi cation, 5, 126-140.

Martony, J. (1965). Studies on speech of the deaf. Quarterly
progress and status report. Stockholm Speech
Transm ssion Laboratory, Royal Institute of Technol ogy,

16- 24.
/Hetz. D.E., Samar, V.J., Schiavette N., Sitler RW,
A Whitehead R L. (1985). "Acoustic dinensions of hearing

i npai red speakers intelligibility". Journal of Speech
and Hearing Research, 28,3, 343-354.

Metz. D.E., Schiavetti,N, Si~er RW, Samar. V. (1990). "The
speech production characteristics of hearing inpaired
speake rs". The Volta Review., 92, 5, 223-236.

Monsen, R B. (1974). Durational aspects of vowel production
in the speech of deaf children. Journal of Speech and
Heari ng Research, 17, 386-398.

Monsen, R B. (1976a). The production of English stop
consonants in the speech of deaf children. Journal of
Phonetics, 4, 29-42 (b).

Monsen, R B. (1976b). "A taxonom c study of di pht hong
production in the speech of deaf children", Ed. by in
Hrsh, S K, Eldredge, D.H, Hrsh, 1.J., and Silvernman,
SR Hearing and Davis: Eassay Honoring Holl owel |
Davi s, Washington University Press, St.Louis, Mssouri.

Monsen, R B. (1976d). Second formant transitions of selected
consonant -vowel conbinations in the speech of deaf and
normal - hearing children”™ Journal of Speech and Heari ng
Research, 19, 279-289.

Monsen, R B. (1978). "Towards Measuring How Wl | Heari ng
| npai red Children Speak", Journal of Speech and Hearing
Research, 2, 197-219.

Monsen, R B., Engebretson, A M, and Venula, NR (1979).
"Sonme effects of Deafness on the Generation of Voice",
Journal of Acoustical Society of America, 66, 1680-1690.



78

Nober, E.H (1967). Articulation of the deaf. Exceptiona
Children. 33, 611-621

hbrthsrn J.L. and Downs M P. (1978). "Hearing in Children"

Ohde RN (1985). "Fundamental frequency correlates of stop
consonant -voi cing and vowel quality in the speech of
preadol escent children. Journal of Acoustical Society of
Anerica, 78, 5, 1554-1561.

Csberger MJ. & Levitt, H (1979). The effect of timng
errors on the intelligibility of deaf children's
speech”, Journal of Acoustical Society of Anerica, 66,
(1316- 1324).

OCsberger, MJ., & MGarr, N S. (1982) "Speech production
characteristics of the hearing inpaired", Status report
on speech Research, Jan-Mar. Haskins Laboratories New
Haven, Conn. (227-290).

Osberger, MJ., and McGarr, N. S. (1982). "Speech Production
Chracteristics of the Hearing-Inpaired*, Ed. by Lass,
Speech and Language Advances in Basic Research and
Practice, 8, 221-283.

O Shoughnessy. D. (1981). French vowel and consonant
durations. Journal of Phonetics, 9, 385-406.

Quigley S P. (1978). "Effects of early hearing inpairnment on
nor mal | anguage devel opment”. Ed. by Martin F.N (1978)
in Paediatrics Audiol ogy, Prentice Hall Inc., Englewood
Ciffs, New Jersey.

Peterson, G E., and Barney, H L. (1952). "Control Methods
Used in- a study of the vowel s", Journal of Acoustica
Soci ety of Anerica, 24, 175-184.

Pol lack D. (1981). "Acoupedics: An approach to early
managenent”. Ed. by Menclur. GI. & Gerber S E
"Early managenent of hearing | oss" 1st edition, New
York, Gune & Staratton (301-318).

Raj Purohit (1982). Acoustic characteristics of Kannada,
Cl.l1.L. GQccasional Mnograph series. No.27.

Raj ani kanth (1986). Acoustic analysis of speech of the
Hearing Inpaired. Master's Dissertation, University of
Mysore.

Raphael , L.J. (1972). Preceding vowel duration as a cue to
the perception of the voicing characteristics of word-
final consonants in Anerican English. Journal of
Acoustical Society of Anerica. 51, 1296-1303.



79

Rashm (1985). "Acoustic aspects of the speech of children.
Ma-sters dissertation, University of Msore.

Ravi shankar (1981). VOT in different age ranges, Master's
Di ssertation, University of Mysore.

Ravi shankar, K C.(1985) "An exam nation of the relationship
bet ween speech intelligibility of the hearing inpaired
on receptive and productive vari abl es". Unpubl i shed
doctoral thesis, University of Msore.

Rei chstein, J. and Weisel A (1986). "Hearing Threshol ds as
predi ctors of speech production performance, Scandivan
Audi ol ogy, 15, 22, 223-226.

Savithri. SR (1984). "Timng in speech - A review of
literature". Journal of AlIISH, XV, 7-25

Savitri and Sridevi.N (1990). " Perception and production of
voicing in children fromfive to eight years". An
unpubl i shed Research Wrk Conducted at All SH

Sheela (1988). Analysis and Synthesis of speech of hearing
inmpaired. Master's Dissertation, University of Mysore.

Shukla (1987). bjective neasurenent of the speech of the
hearing inpaired. Doctoral Thesis, University of

Mysor e.

Smth, CR (1975). Residual hearing and speech production in
deaf children. Journal of Speech and Hearing Research
18, 795-811.

Smth, B.L., (1978). "Tenporal Aspects of English Speech
Production. A devel opnental Perspective", Journal of
Phonetics, 6, 37-67.

Stark, R E., (1979). "Speech of the hearing inpaired child"
Ed by Bradford, L.J., & Hardy, WG Hearing and Heari ng

| mpai rment” 1st edition, New York, Gune and Staratton
(229- 248) .

Stein (1980). "A study of articulatory characteristic of deaf
tal kers". Unpublished Doctoral Dissertation, University
of | owa.

Stevens, K. N., Nickerson, R S., Boothroyd, A, Rollins.
(1976). Assessnent of nasalization in the speech of deaf
children. Journal of Speech and Hearing Research, 19,
393-416.

Stevens, S.S. and Warshofsky (1971). "Sound and Heari ng,
Tinme |ife Books, New York, 145, 154.



80

St oel - Ganmon. C. (1982). The acquisition of segnenta
phonol ogy by normal “hearing and hearing inpaired
children. Ed by |.Hochberg.H Levitt. & MJ. Cbserger.
Speech of the hearinjg inpaired: Research training and
personnel preparation, Baltinore, Mry-land: Univ. Park
Press.

Subtelney J.V., Wrth, J.H, and Sakuda, M (1966). Intraora
pressure and rate of flow during speech"., J.SHR, 9,
498-518.

Suzanne A and Weiner F. (1987). "The effects of grammati cal
category and syntactic conplexity on articulation of
severely and profoundly hearing inpaired children". The
Vol ta Review, 89, 4, 197-210.

Sykes, J.L. (1940). A study of the spontaneous vocali zations
of young deaf children. Psychol ogi cal Mnograph. 1940,
52, 104-123.

Till & Striveks (1981). Instrumentation and validity for
di rect-readout voi ceonset tinme neasurenent. Journal of
Communi cati on Di sorders, 14, 507-512.

Van Tassel (1980). Perception of second formant transition by
Hearing Inpaired persons. Ear and Hearing, 1, 130-136.

Wei nberg B. (1986). "Acoustical properties of esophageal and
trachoesophageal speech". Ed. by R Keith and T. Darl ey.
Laryngect onmee Rehabilitation (22nd Ed). San Dei go,
College H Il Press.

Wiitehead. R L. (1981). "Stop consonant closure duration for
normal hearing and hearing inpaired speakers". Volta
Revi ew, 93, 3, 145-155.

Wod (1971). "Term nol ogy and nonencl ature”. Ed. by Travis
(1971) Hand book of Speech Pat hol ogy and Audi ol ogy,
Prentice Hall Inc, Englewood Cliffs, NJ.

Zimmerman G & Rettaliata.P. (1981). Articulatory patterns of
an adventiously deaf speaker: Inplications for the role
of auditory information in speech production. Journal of
Speech and Hearing Research. 24, 169-178.



