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ABSTRACT

A field test of the SiVo aid \\}ith a profoundly
hearing-impaired listener who has a lelt corner
audiogram had been carried out in China. The tésting
materials were Chinese intelligibility test lists including
syllable lists and word lists which are all phonetically
balanced. The speech intelligibility tests were conducted
under three different conditions:1. without the SiVo aid,;
2. With the SiVo aid; 3. with the SiVo aid but no lip-
feading. The testing results show that:1: The SiVo aid is
good for transmilling (he pitch' contours and for
increasing {he tone intelligibility of Chinese; 2. Lip-

reading can contribute to lexical tone perception and the -

duration information of toncmes may be used by the
listener; 3. Polysyllabic words gain higher intelligibility

increment than monosyllabic words by using ‘SiVo aid. -

4.Some interference between the SiVo aid channel and
the lip-reading channel at word level was observed, and
the training of continuous specch is emphasized for
Chinese. ‘ . '
' INTRODUCTION

The SiVo is a kind of signal processing aid, it
provides the voice fundamental frequency information
which are extremely difficult to lip-read to the

_ profoundly hearing-impaired listeners. A lot of studics

of the speech-pattern aid used 'for profoundly hearing-
impaired English listeners have been investigated since
last decade and a five country 'projcc't in the EC TIDE
program which ~was’ _dirécted towards the pre-

.commercial development of a family of speech pattern

hearing aids for the profoundly hearing-impaired people
is still being conducted.

Chinese is a tone language with multi-tone system,
so pitch contour carries both toneme information and
semantic information of words. Zhang et al.[1] showed
that the fundamental frequency contours contribute

. larger amount of speech intelligibility at higher

linguistic levels by using speech analysis-synthesis
technique with normal listeners. The experimental
results of a speech pattern processing method for
Chinese hearing impaired listeners (Wei et al,1991;
1992)[2, 3] .indicated that profoundly hearing-impaired
Chinese listeners may gain substantially higher scores
for Chinese lexical tone and consonant perception with
the provision of the compound specch patterns such as

voice fundamental frequency and friction information,

‘compared with the presentation of speech. And it is

estimated that about 2.4 million people in China suffer
from profoundly hearing impairment.

No a field test of the SiVo aid used by a female
profoundly hearing-impaired listerier has been
conducted and is described in this pé}p/c—:r.

SUBJECT

A female profoundly hearing-impaired lislqper, who
is a post lingual deaf and was a subject of the laboratory
test in 1991(Wei, 1993)[4], was chosen as the subject -
of the field test of the SiVo aid. The audiogram of the
subject G.X. is‘shown, in Fig, 1. The hearing Toss of
both right and'left ears is higher than 100dB, and some

- residual hearing cxist in the frequency range lower than -

500Hz. She has near normal speech ability and can
converse with others. She was a college student. The

- subject has used the SiVo aid since three months before

the test and was asked to keep a diary.

*This work is part of the collaboration project between Institute of Acoustics, Academia Sinica and University College London

supported by National Natural Science Foundation of China and British Council.
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Name.GX.  Sex. Female Age. 34

10 125 250 500 1000 2000 4000 8000 1 1256 250 500 16680 2000 4800 8000

0 0

10 18

20 28
30 30

49 a0

50 50

60 \\ 60

70 70, \\

80 |- 80 - \

S0 90 \
100 100 -

dB - dB .

Left ear Right ear
Fig.1 The audiogram of the listener.
TESTING MATERIALS - TESTING METHODS

It 1s well known that Chinese is a tone language’
with  multi-tone system. The_ syllable structurcs of
spoken Chinese, however, have not come into notice. A
Chinese syllable can be divided into three parts: the
initial which is one of 21 consonants or empty, the final
and the lexical tone. A final can be a vowel, a diphthong,
a triphthong, and a vowel or a diphthong with a nasal
coda. There are some strictly phonotactic rules in
combining a initial with a final to construct a syllable.
So vthat;only about 400 syllables without lexical tones
are being used in standard Chinese---Putonghua. There
are, however, more than ten thousands Chinese
characters used in written language and a cha.racte'r;is
exactly a'syllable. Coinmon people are not familiar with
phonetic transcr'ip.‘tionsr. So we can not use CV, VC or
CVC logatoms to do segmental intelligibility tests.

~ The Chinese intelligibility test lists, which were
designed in 1960 and revised several times to make they
were well balanced and equivalent, include syllable lists,
word lists and sentence lists. 10 basic syllable lists, of
“which' each one is_composed of 75 syllables, and 10
word lists, of which each one is composed of 100 words
with different word lengths, are -all “phonetically
.balanced. The occurrence frequency of the initials, the
finals, the lexical tones and the different word lengths in
the lists is nearly the same as that used in daily speech.
It was examined that the‘intelligibility test lists are
equivalent mutually. '

EUROSPEECH ’95, Madrid, Spain, September 1995

Two speakers(one male C.Y. and one female H.Q.)
who were born in the same city - Beijing as the listener
read the testing material to the listener in a listening
room . The speaker read the testing item (syllable or
word) one by one in random order and the listener was

_asked to write down what she heard and/or read (by lip-

reading) in a testing form.

Firstly the listencr without Sivo aid listened to the
speakers by lip-reading alone, each one speaker read a
syllable and a word lists. And then the listener used the
SiVo aid with lip-reading together.and the two speakers
read another two syflable lists and two word lists. In the.
second session {irstly the listener was seated face-to-
face with the speakers and listened to them by using the
SiVo aid ‘and lip-reading together. And then the

' Speakers were seated face-to-back with the listener, that

means the listener used the SiVo aid alone. So the
listening condition of using the SiVo aid and lip-reading

.together was an anchor in our test,

RESULTS
The speech intelligi‘bi‘lity under the conditions of the
listener with and without the SiVo aid, and the speakers
were seated face-to-face with the listener, are listed in
Table 1. The syllable- intelligibility,
intelligibility ‘and the tone intelligibility are given

the word

individually. At word level the intelligibility of
monosyllabic, disyllabic and tri_syllab}ic words are given
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Table 1. Speech intelligibility under the conditions listener of with SiVo aid and without SiVe aid.

Intelligibility, %
Conditions Spcakers Word Tone
Syllable 1 5 P 3 -
. M(C.Y.) 35 22 | 59 | 100 | 95 52
With
Sivo F(H.0.) 33.3 444 52 83 88 | 82
M (C. Y. 30
Wi thont 1(C.Y.) s p 17 | 20 30 40
SiVe R(1.Q.) 10.7 7.4 | 30 50 34 40

Table 2. Speech inteliigibility under the conditions of patient facing to and turning back on to the speakers.

Intelligibility, %
Conditions| Spcakers| - Word Tone
14
Syllable 1 5 3 S ¥
M(C.Y.) 36 33 50 | 100 | 9471 89
Face-to- .

face F (L Q.) 33 36 62 | 100 92 91
Face-to M(C.Y.) 0 0 N ) 95 80
back F (1. Q.) 0 0 0 0 88.5 | &0

in column 1, 2 and 3 scparately. And the tone . -

intelligibility at syllable level and word level are given
“in column S and column W separately.

From Table 1 and Table 2 it can be seen thét: 1.
the tone intelligibility of isolated syllables under the
condition of that listener without SiVo aid used lip-
reading alone is 32% just a little bit higher than the
random choice level (25%). However, the tone intelligi-
bility of isolated syllables under the condition of that
listener used the SiVo aid alone is about 92% nearly the
same as that listener used both SiVo aid and lip-reading;
2. The syllable intelligibility is avcragely equal to the
intelligibility of monosyllabic words under different
listening conditions, this is rcasonable because each
syllable in Chinese has a number of homophones and
our syllable lists are really a set of PBrwdrd list.

Compared the specch intelligibility of the listener
with SiVo to that of without SiVo, we found that the
word intelligibility gained about 40% by using the SiVo
aid, and the increment in intelligibility is different for
different structures, of words. The polysyllabic words
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gained larger increment n intelligibility than
monosyllabic words. Using SiVo aid listener can
identify tonal patterns perlectly even for the case of
without lip-reading. However, the listener got almost no
information of speech sounds when she used the SiVo
aid only.

Table 3. The perceptual confusion matrix and the method
intelligibility of the consonants under the condition of the

listener with the SiVo aid alone.

Stimui Imonlrib,dglizhzp, t kg chelf hxshs

mn,lr RV BT N VN 13

h,d,g 3 § L] 6 8

jozhz p 14 f 1 9 19

p,tk 5 3 1 b

g, ch e l 5 3 ! 3
fhxshs| 4 7 IR

Method | 57% | 14% | 25% [ 10%| 12% | 26%
intelligih ity
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Table 4. The perceptual confusion matrix and the method
intelligibility of the consonants under the condition of the

listener with both the SiVo aid and lip-reading.

Stimuli {myn L r{b,d gli,zhz2p,t kg, chcif, h x shs

mnlr 2 ' 1

h,d,g 5 2

jaihz | | 5 3] 2 4

Lk I

g.th e 2 8 2 6
fhxshs| 2 3 2 K

Method | 71% | 75% | 69% |70% | 9% | 85%
intelligh ity ‘

Note:The Chinesé consoants can be diveded into six different

methods of ariticulation, which are: voiced (m, m, I ),
unvoiced plosive(b, d, g), unvoiced aspirated plosive(p, t: k),
unvoiced affricte(j, zh, z), wnvoiced aspirated affvicate( q,-ch, ¢),
and unvoiced fricative(f, h, x, lsl), 92

matrices and the

. The perceptual confusion

mtelligibility ef articulation methods of Chinese

consonants under the listening condition of listener with -
the SiVo aid alone and with both the SiVo aid and lip-

reading were listed in Table 3 and Table 4 separatcly. .
' | DISCUSSIONS

1.1t seems tonal patterns, which are produced by vocal
cords vibration and cairy important linguistic or lexical
_ information for tone rlangu/ages like Chinese, can not be
perceived by lip-reading directly. It is, however, worth
fo notice that lip-reading contributes somehow to tone
perception, tone intelligibility at word level under the
condition of ‘the listener without SiVo aid is much

higher than the chance level, see Table 1, and the tone -

intelligibility at word level under the condition of the
listener with both SiVo aid and lip-reading is higher
than that of without lip-reading, see Table 2. This may

be due to the duration information as ‘well as. the

phonotactic strutture information related to the tonemes
- in words. The duration of four lexical tones of Chinese
in isolated form is as follows: dipping(483ms),
rising(455ms). level(436ms) and falling(425ms){3].* -
2.The phenomenon that tone intelligibility at w&d level
is always lower than that at syllable level may be a
indication of some interference between the lib-;'eadillg

charinel and the SiVo aid channel in perceptual process

of continuous speech for the profoundly hearing-
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impaired listener. So that we have to pay more attention
to the training of continuous speech rather than isolated
syllables for Chinese.

3.The fact that the syllable intelligibility is ncarly equal
to the intelligibility of monosyllabic words proves the
reliability and the repeatability of the tests, because

every syllable in Chinese is really a monosyllabic word.

CONCLUSIONS

The field test of the pérformeihce of SiVo aid with a
Chinesc profoundly hearing-impaired listener who has a
left corner audiogram shows that the SiVo aid greatly
contributes to the tone intelligibility and the word
intelligibility as well, the words gained an increment in
intelligibility about 40 percent and the syllables about
25 percent respectively. However, the listener got
almost no information of speech sounds when she used
the SiVo aid alone.
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