
Journal of the All India Institute of Speech and Hearing
1989, Vol. XX.

Analysis and Synthesis of Speech of Hearing
Impaired

Sheela K.
II M.Sc

72

"One of the most recognized but probably
least understood concomitants of deafness is
a deficit of oral communication skills".
(Metz etal., 1982). "Deafness is a fearsome
problem largely because of the barrier to
communication which it creates. The obvi-
ous effect of this barrier is to prevent the
deaf from understanding what others say,
but it may also impede them from speaking
intelligibly. The magnitude of their prob-
lem is illustrated by recent studies suggest-
ing that of prelingually deaf children, hear-
ing losses of 90 dB or more, about 75% have
speech classified as "barely intelligible" or
"worse". (Conrad, 1979).

"Speech training must be efficient in
order to get intelligible speech. An efficient
speech training program requires that there
are methods to estimate the impact of these
errors on the intelligibility". (Oster, 1985).

The low speech achievement of the hear-
ing impaired has led to several investiga-
tions in the past to correlate speech intelli-
gibility with several receptive and produc-
tive variables of speech.

Speech intelligibility is correlated with
segmental and supra-segmental errors on
the production side. And there is much
documentation of the kinds of errors seen in
the speech of the hearing impaired.

Some attempts have been made to study
the direct effect of segmental and supraseg-
mental error corrections on deaf speech us-
ing modern computer processing techniques.

(Land, 1975; Osberger & Levitt, 1979;
Maassen & Povel, 1984 a, b, 1985; Oster,
1985). The advantage of such techniques is
that it is possible to determine the causal
relationship between the error type and
intelligibility without the presence of any
other confounding variables. Also, results
of such studies will help in determining the
error types and the kinds of errors that
should be considered first when planning a
training program for the improvement of
speech in the hearing impaired child.

No such studies have been reported on
India population and that too in Kannada
speaking deaf speakers. Hence, the present
investigation was undertaken in order to
study the effect of some suprasegmental er-
ror corrections on the intelligibility of speech
of the hearing impaired.

For congenitally deaf children in the age
range of 8-10 years were selected from the
therapy clinic of All India Institute of Speech
and Hearing, for the study. All these
children had severe to profound sensorineu-
ral hearing loss. They had no additional
handicap other than that directly related to
the hearing impairment. All could read
simple bisyllabic words in Kannada.

Eight simple bisyllabic Kannada words
with VCV combination were selected from
the test developed by Babu, Rathna and
Bettegeri (1972). The speech samples of all
the four children were recorded as they read
the words. Recordings were also obtained
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of a matched group (for age and sex) of four
normal hearing children reading the same
set of words.

I Stage: The samples were then analyzed
using a PC-XT.

The following six parameters were ob-
tained

1. Vowel duration (both initial and final);
2. Duration of pauses, if any;
3. Total duration of the words;
4. Average fo;
5. Formant frequencies (F1, F2, F3)
6. Bandwidths (B1, B2, B3)
The obtained data was subjected to statis-

tical analysis, in order to determine the
mean, standard deviation and significance
of differences.

The following conclusions were drawn:
1. On the average, the hearing impaired

group had significantly longer durations for
vowels than that of normal hearing group.

2. Normal hearing children did not show
any intersyllabic pauses (intraword) whereas
3 out of 4 children in the hearing impaired
group inserted intersyllabic pauses atleast
once.

3. The total durations of the words
uttered by the hearing impaired children
were significantly longer than that of the
normal hearing group.

4. On the Whole, higher average Fo than
that of the normal hearing group was exhib-
ited by the hearing impaired children.

5. The hearing impaired children had
higher first formant (Fl) and second for-
mant (F2) and lower third Formant (F3)
values when compared to that of normal
hearing group.

6. The hearing impaired children had
smaller values of band-widths when com-
pared to their normal counterparts; which
was not significant statistically.

In all the instances, the hearing impaired
children exhibited greater variability than
normal children.
II Stage: Some aspects of the suprasegmen-
tal errors in the digitized data of hearing im-
paired children's speech were modified in
the next stage. Three measures were consid-
ered.
Those were:

(1) Correction of pause, if any,
(2) Correction of vowel duration
(3) Correction of average Fo

All the measures were corrected, either in
isolation or in combination. Thus alto-
gether, seven types of corrections were
performed.

Correction of pauses, vowel duration, av-
erage Fo, pauses and vowel duration, vowel
duration & Fo, pause & Fo and pause and
vowel duration.

Whenever the Fo values were edited, the
data was synthesized using cascading syn-
thesizing program.

III Stage: The unaltered Utterances and the
corrected utterances (total 256 utterances)
were mixed together and randomized. These
256 words were recorded into six audio
cassettes. Five judges (2 speech and hearing
professionals, 2 speech and hearing students
and one listener who had not been exposed
to deaf speech much before) were given
those cassettes for word identification task
and intelligibility rating.

The number of words identified correctly
were converted into percent scores using a
formula,

No. of words identified correctly
X 100

Total No. of words present

in the world identification task. Separate
scores were found out under each category.
The judges had to rate the intelligibility on
a five point interval scale, ranging from '0'
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(unintelligible) to '4' (highly intelligible).
The judges had to judge the speech samples

provided to them under two conditions.
They had to listen to the words and write
down whatever they heard and rate the
intelligibility (open set of responses. In the
second step, they were informed regarding
the words used in the study. After this again
they had to repeat the 1st step (closed set of
responses.

The Pearson's correlation method was
applied to find out the interjudge reliability.
It showed good correlation between the
judges. The intrajudge correlation was high
too.

The results showed that the correction of
vowel duration had a significant positive ef-
fect on intelligibility, while all the other
types of corrections had detrimental effects
on intelligibility. This was reflected in both
the kinds of response criterion.

The correction of vowel duration showed
3% imporvement (approximately) in open
set of responses and 9.5% imporvement in
closed set of responses.

The overall correct identification for origi-
nal utterances renged from 3.4% to 15.3%
(with a mean of 8.5%) and 27.1% to 49.1%
(with a mean score of 40.3% for open and
closed set of responses respectively.

The results were also analysed to find out
which of the 8 words has been identified cor-
rectly most of the time. The word /u:ta/
topped the list in both the conditions fol-
lowed by /a:ne/, /ondu/, /ili/, /e:lu/,
/emme/, /ele/, and /o:le/.

Analysis of the intelligibility ratings re-
vealed that in the open set of response most
of the words (64.45%) were rated as unin-
telligible. When the additional clue was
provided regarding the words used to the
judges, the performance improved as in the
word identification task. Here 55.86%

words were rated as poorly intelligible,
24.5% as unintelligible, 12.5% as fairly
intelligible, 5.47% as quite intelligible and
1.56% as highly intellible.

The synthesis of speech of the hearing
impaired children showed that the intelli-
bibility, improved when the vowel dura-
tions (both in initial and final positions)
were corrected and decreased when the
intersyllabic pauses, average fo of the pho-
nemes, pause and vowel durations, pause
and fo vowel duration and fo and the pause,
vowel duration and fo were corrected.

Thus, it was seen that the correction of
some of the suprasegmental aspects of the
speech of hearing impaired caused a small
increase in intelligibility. It was also ob-
served that only correction of vowel dura-
tion alone has a beneficial effect on the
speech intelligibility.

The present study is in agreement with the
results of the previous studies cited in the lit-
erature (Lang, 1975; Osberger & Levitt,
1979; Maassen & Povel, 1984 a, b, 1985;
Oster, 1985). These studies reported that
artificial correction of temporal aspects and
intonation contour of deaf speech only caused
a small increase in intelligibility. Maassen
& Povel (1985) and Oster (1985) reported
that correction of segmental errors alone
caused a dramatic increase in intelligibility.
(Intelligibility increased upto 66% to 97%).

Thus, on the basis of the results presented
here, combined with those of some earlier
studies (Obserger & Levitt, 1979; Maassen
& Povel; 1984, a, b, 1985; Oster, 1985), we
can conclude that no dramatic gain in intel-
ligibility may be expected, if speech pa-
thologists succeed in training the hearing
impaired children to have better control
over the suprasegemental aspects of the
speech.
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We can also suggest that the segmental
corrections may be started first in the train-
ing program so as to get a more intelligible
speech. Once this is achieved, we can go for
correcting the suprasegmental aspects to
have positive effects both on inteligibility
and naturalness. "How to achieve this
result, that is, how and to what extent these
suggestions can be applied in practical speech
training, especially in view of the high
correlation between segmental and supraseg-
mental aspects in speech production, is a
question that can only be solved in prac-
tice". (Maassen&Povel, 1985).

RECOMMENDATIONS

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

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

3. A study to find out the effect of correc-
tion of both the segmental and suprasegmen-
tal aspects of speech may be undertaken.

4. A study to establish the relative impact
on intelligibility of different types of speech
errors and to develop an individualized pro-
gram for speech improvement would be in-
teresting.

5. A study of larger population with sug-
gested modifications will be useful.
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