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INTRODUCTION

A large number of people suffer from a significant degree of
hearing loss. Exact numbers are difficult In determine since
there is no statutory register for hearing impairment, but it has
been estimated that about 45,000 are affected in Northern Ireland
alone. of these. around 40,000 have what is termed postlingual
deafness. meaning that they acquired their hearing loss after
learning to speak. The most obvious affect on communication is
that the individual can no longer hear what is said, but severe
or profound deafness can also adversely effect the person's pre—
vlounly rnormal speech. Such speechdeterioration, along with
evidence of the serious effects this has on the attitudes of
other people towards the deafened individual, has been documented
by Cowie and Douglas-anie Ill. One of the areas in which
deterioration is noted is vowel quality; although in written
English the omission of vowels leaves the discourse fairly intel-
ligible, recent research by Massen and Pavel [2| has shown that
the correction of vowels in the spoken language of profoundly
hearing impaired subjects dramatically improves their intel-
ligibility.

ll in widely (though not universally) held lo'hv the case that
auditory feedhaok‘is nereasary to maintain normal speech produc-
tion (Horden lfil. Zlmmarman and Hettaliata Ill) and that it is
the absence of this feedback whi h results in the deterioration
of speech followin1_postllngunl hearing loss. This assumption un-
derline the many efforts that have been directed towards finding
n replacement for feedback which is missina in deafness: typi-
cally some rorrelatu nr the speech signal which is normally hid-
den from the subject but which can be made tangible by some
means. Recently technological developments havv enabled the hear-
inu impaired in general to benefit from several different types
of stimulant primarily presented in the form of a visual display.
For example, Nickeraon et. al. l4I. Brooke et. nl. l5] and Povel
und wanalnk [6| have developed devices specifically designed to
teach vowel production by Vlauul means. Typically in these sys—
tems some feature of the artirulatory process is used to control
some event on the screen such as a tracking sequence or a game
procedure. or is plotted onto some articulatory target such as a
vowel upuue diaplny. While these systems provide different types
of unambigious displays. they do not give the subject any ar-
ticulatory correlate which he may refer to in unaided discourse.
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The device proposed in this paper, intended primarily for use in ‘
speech conservation work with the postlingually deaf in the area ‘
of articulatory placement of vowels. provides a direct visual

display of the tongue position in profile. For each of several
vowels, the display shows the resting tongue position, the target

position and the actual position achieved by the subject. The
subject thus has immediate information on any discrepancies be-

tween where his tongue should have been and where it Has, alert-

infl him directly to the oral sensations involved and thereby

fanilltating carry—over when the display is not in use. Flexible

pattern recolnitinn is an addilional feature, enabling the degree

of accuracy of the subject to be manipulated. This ensures that

reinforcement and feedback can be given to a subject even in the

early stages of training when his productions may bear little

resemblance to the target template.

HYSTEM OVERV l EN

The system to be described here is an extension to that described

by Boyd Ht. al.lBl. differing only in software and display.

Briefly, it conveniently divides into three components:

preprocessing hardware, microcomputer and display as shown in

£13. 1. The hardware consists of a conventional dynamic

microphone coupled to automatic gain control and preamplifier

,circuits which condition the incoming speech signal. Spectral

analysis of this signal is achieved via a monolithic audio

spectrum analyser I9l. This chip is designed specifically for

speech recognition systems and features l6 channels of bandpass

filterlnu, signal detection, and posl filtering covering a

frequency ranse from 260 Hz - flkHz. The outputs are available

haparutely but for economic reasons Boyd ct. al. chose to make

use of lhe on chip multiplexor and an additional fast 8—bit

analogue In digital converter (ADC) in snleci them. The

mluroprnwenanr performs three tusks' collection of the input data

by provldlns control of the multiplexer and ADC, processing of

the data In exirnvl required features and presentation of the

dlsplay; The micro used in this system is a BBC model B chosen ‘

because Ii) ii is rompetllively priced, (ii) ii is uidcly used in

special ndunallonal and clinical establishments and (iii) it has.

excellent graphics facilities.

THO different types of display are used in the system. A two—

dlmenulonni frequency-amplitude display of a sustained sound is

maintnlnud from the nrlllnal system because of its usefulness in

differentiating between vowels which look similar from a lip

reading perspective. with this type or display the screen is

divided into a teacher's display area and a sludent display area.

The teauhnr produces a reference sound pattern in the upper half

of the NPPFHH and the student attempts to mimic it on the bottom

half. The second, and major, display of this system shows a mid-

nulittul view Inf the vocal apparatus which is consiructed from
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the first three formant frequencies F1. F2, F3; extracted form
the students utterance, using the procedure proposed by Lndefcged
et. al [10]. Using this technique. they showed that the shape ofthe tongue during vowel utterances could be characterised interms of two factors. a front raising component R: and a backraising component Ru. They found the optimum proportions of thesetwo parameters to be related to the formant frequencies asfollows:—

k‘p : 2.1i0flll"z/l"il i 2.l05lF./F1i 6 0.ll7iF-./i-‘.i - 2.446 ill

for front raising and

H. = -l.9]3iV|/in - 0.245(Fz/Fil 0 0.188iF1/Fil 10.584 (2)

for back raisinfl.
Thus given the first three formant frequEnciPs, eq. 1 and eq. 9
can be used to plot the corresponding tongue shape. In this sys-
tem the display shows two tongue positions. one for a reference
vowel and n second, the subject's attempt to reproduce it. Fig. 2
shows the display for attempts at the vowels /./ as in the word
'bit' and [HI as in the word ’boot'.

Formant Selection
One disadvantage in generating this type of display is the depen-
dence upon formant frequency evtractinn. This is problematic at
the heat of limes hul the difficulties are compounded when ex-
ir viinn iw required from corrupted speech such as that produced
by lhn heuring impaired. However. there are a number of reasons
why this terhnique is suitable in this situation. Firstly,
Ludefoued el. nl's. model is perceptually quite robust in terms
or formnnl deviations. Secondly. gross tongue shapes suffice for
current needs and lasily. because of the system‘s hardware ar-
rangement Ii offers the most economical solution to this type of
display. Unfortunninly. because of the wide spacing between the
filters, lhc audio specirum analyser does not lend itself can-
vlnnliy in formant extraction using simple techniques like peak
plukinl. Nevertheless, a peak picking algorithm was chosen,
nupplemsnied by u procedure which was proposad by Millar [ill to
overcome the influence of voicing on formants within speech
spuctrn. As an eVnmple of Miller's technique, consider a portion
of n lypivnl output from the audio spectrum analyser as shown in
fig. 3. A" and F. represent the amplitude and frequency respec-
tlvvly of the n'h filter with the actual formant frequency Fr
having amplitude of Ar. By assuming the spectral envelope to be
triangular. Hilinr is able to solve for Fr using linear equation
theory. He showed that:
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where m = (Ar — Anoii/(Fn-i - Fri
and

Fn-I i Fl V‘ -Ar - Anon
p, = _ . _ . _ . . . . _ _ - - - - - - - - - -- Au.. > Antl (4)

where m = (A..: — A.l/(Fn~i - F») ‘

Thus the strategy used in formant estimation is to firstly pick

the peaks of the spectrum and determine the most likely can—

didates. F]. F: and F; are then chosen by application of eqs. 3 a

4. ' .

Pattern Recognition

Formant frequencies for several ‘reference' vowels are stored in

memory in the form of templates. The templates can of course be

constructed from several sources; teacher, third party or the

subjects themselves. For normal hearing subjects, only one ut-

terance is required to do this. With a deafened subject, several

utterances are required which are then assessed by a speech

therapist to select the best few attempts. Formants are then for

these, again using the method outlined. Finally the formants are

averaged to give the template data. During the therapy session a

simple pattern recognition technique is performed to compare the

lubJeet's utterance with his own templates. if the utterance and

template are not sufficiently close to achieve a perfect match,

the therapist is given the opportunity to relax the degree of

match. This can heat be explained with reference to fig. 4. The

subject's ultersnce has been reduced to the first three formants.

The template nan he considered as a grid with windows which cor-

respond tn reference formant frequencies. In a perfect match the

formanls line up exactly with the windows on the grid. when the

formnnls do not line up exactly the width of the windows can be

altered to allow a match to take place.

FIELD TRIALS

The device has been used in field trials by a speech therapist

wnrkinl with deafened individuals whose pattern of speech

daterloratinn indicated that vowel placement correction would be

of value. Because of the necessity to ensure comparability be-

tween sthects for the purposes of these empirical trials. and

the difficulty of matching deafened people on such factors as

type and severity of deafness. age or onset. pnttern of speech

deterioration, previous exposure to speech therapy, and other

similarly important variables, only three subjects were selected

for intensive therapy. They were two males and one female. rang-

ing in age from their early twenties to mid forties, who had all

nuffored profound hearing loss in their early teens. whose speech

contained vuwel distortions. and who had had no previous speech

therapy. These were matched with three normal hearing controls
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who were giVen the same degree of exposure to the device; in or-
der to compare the value of the visual information in the
presence and absence of auditory feedback. '

Each subject participated in ten sessions where a therapy session
consisted of work on the same four English vowels. A minimum of
twenty attempts were made at each vowel: the first five were used
to establish the window width which would be accepted for that
vowel during the session, then the subject continued until he had
reached fifteen correct productions. There are therefore two
measures which can be examined to gauge improvement over time:
the window width allowed, a smaller window meaning greater ac-
curacy in the subject‘s attempts. and the number of attempts
needed to reach the criterion level of fifteen productions within
the window.

TABLE 1 Mean percentage window widths allowed over ten sessions

_ 1 2 a 4 5

Deaf 23 20 18 16
Hearing 21 15 11 8

Overall

28 24 23 23 21 22 20 18 18 I8
23 20 18 16 15 15 15 15 15 I5

 

Table 1 displays the window widths averaged over the three deaf
and three hearing subjects, across ten sessions. It can be seen
that both groups became more accurate over time, requiring a
smaller window, but the deaf subjects required windows still
about twice as large as the hearing group at the end of the ses-
sions. Further trials would be necessary to discover whether the
deaf subjects could eventually achieve the same widths as the
hearing; they donot appear to have reached a plateau in their
scores yetI while the hearing subjects' windows settled down
around 5% after the first five trials.

Table 2 shows the mean number of attempts made by each group per
session to achieve fifteen productions within the set window. As
in the pattern of results for the window widths, both groups show
marked improvement over time, but the rate of increase is much
slower for the deaf subjects and they have not reached the op-
timum performance after ten sessions.
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The results of these trials clearly indicate that deaf subjects

can increase the accuracy and consistency of their vowel produc—

tions with the help of the visual display device. One unan—

ticipated outcome of the trials was that all subjects showed an

interest in and an increasing ability to interpret directly the

spectral display which preceded the facial display. This raises

the possihility of working with more complex displays at a later

stage or therapy. It also reinforces the current intentions to

develop u more comprehensive system of augmontntivc feedback for

the hearing impaired, and to incorporate the present display into i

such a system.

DISCUSSION J
l
l

i

Hearing nthucrs ulso hcnefit from the visual feedback. but are

able to mnke use of their auditory mechanism to accelerate the

process. This renders the device of interest in phonetics train—

ing courses.

A full ovuluntinn of the device would involve traininx subjects

(both hearing and deaf) on some vowels usinE this visual feedback

and other vowels “sin: standard verbal feedback by the therapist

an to the accuracy of each attempt. then comparinu the rate of

progress on each. Such an evaluation is currently underway;

preliminary results indicate that without the dirnct articulatory

Informutlnn provided hy the device hearing subjects Show only a

nIIKhtly sinner rnte of progress, but the effect on the deaf sub-

Juvlk in drnmntic — they take very much lnnfler to achieve consis-

t nry within n session. and show almost no curry—over to sub-

nnqunni sessions. The implicntion is that the nrticulntory inv

formnlinn diuplnvvd hy the device was the kev factor in the im-

provements noted in this evaluation.

 

"no INIH" which should nlwnys be addressed in s thflrapcutic Pn-

virnnmunl In lhv dnurue to which uny improvement notcd in therapy

curries nvcr into the clinnt's everyday life. No Formal evalua-

tion Nfll u|tnmpled or the extent of curry—over from work on iso-

lnlnd vouvlh In tho dour subjecte' connected discoursv. but in—

I'ormnl ohm-rvntiun indicates that this was minimal al'ler this

rfllulivuly shurl wxponure to the device. Any future work should

hr druldnvd In incorpurnte this essential elcmnnt.
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