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Continuing Evaluation of the
Queen's University Tactile Vocoder
I® Identification of Open Set

Sentences and Tracking Narrative

Abstract—Identification of open set words by an experienced
normal hearing subject using the tactile vocoder developed at
Queen's University was examined . The tactile vocoder filters and
processes the acoustic waveform into 16 filter channels each of
which activates a vibrator on the skin surface.

After acquiring a 250-word vocabulary through the tactile vocoder,
the subject was presented with 1000 different open set sentences
in two reception conditions . The percentages of words correctly
identified within the sentences in the lipreading (L) and lipreading
plus tactile vocoder (L + TV) conditions were 57 .8 percent and 79 .6
percent, respectively . After two presentations of the stimulus
sentences, the number of sentences repeated verbatim in the
L+TV condition was 58 .4 percent, which was 27 .8 percent higher
than scores obtained in the L condition.

Performance on the tactile vocoder was also evaluated using
the "tracking procedure," in which phrases of text are read to the
subject who attempts to repeat the material verbatim . The final
tracking rate obtained using lipreading was 15 .3 words per minute,
which was considerably lower than the L + TV tracking rate of 49 .3
words per minute. The tactile vocoder provided valuable informa-
tion which improved the subject's lipreading ability.

EXPERIMENT 1 : IDENTIFICATION OF OPEN SET SENTENCES

Introduction

The experiments described in this paper are part of an ongoing
evaluation of a tactile vocoder that has been developed at Queen's
University.

The previous paper described experiments in which an experi-
enced artifically-deafened subject was presented with open set
words which she attempted to identify using information obtained
solely through the tactile vocoder (1) . Of the 1000 words presented,
88 of them were identified correctly, and further analysis revealed
that 36.7 percent of phonemes in response words were correct.

In the everyday environment, the tactile vocoder will probably
be used in conjunction with lipreading, so analyses were also
undertaken to examine this . Lipreading identification of open set
words was improved when information from the tactile vocoder
was added. When lipreading and the tactile vocoder were used in
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conjunction, 85.5 percent of the phonemes in words
were correctly identified, which was 26 .6 percent
higher than performance using lipreading alone.

Language skill is an important factor in speech
perception, and in the Queen's University word-
identification experiments the subject was able to
use knowledge of phonemic frequencies, sequenc-
ing rules, and word structure to decrease the num-
ber of response alternatives . If sentences were
used as stimuli, contextual cues could be further
increased because syntactic and semantic informa-
tion would also be available . Shannon (2) has stated
that in printed English text the average new infor-
nnationoontributed by a letter is approximately one
bit, whereas each letter would contain 4 .70 bits if
all letters were equally likely to occur.

Although contextual information is increased by
using sentences instead of words, an individual is
faced with the problem of segmenting the continu-
ous speech stream into words. Silent intervals do
not exist between words, as the examination of
sound spectrograms has revealed . The ability of
humans to parse continuous speech into words has
puzzled researchers, and this ability is not yet fully
understood.

The vast majority of research evaluating vibn*
tenti!oaido has used single phonemes, CV's and
words as test stimuli . There are only a few studies
in the literautre that describe the use of sentences
to test performance on atactile v000deraided by
lipreading. The earliest study of this kind was
reported by Gault in 1S28(3) . Results are difficult
to summarize, because different subjects with
various amounts of training were tested under
different conditions. However, in one experiment,
seven deaf subjects with previous training ranging
from 0 to 43 hours were tested on 28 sentences
using lipreading (L) and lipreading plus the Teletac-
tor(L fTT).Theuvoragenunnberofoorroctoentenoe
identifications was 12.7 percent for lipreading and

20 .3 percent for lipreading plus the Teletactor.
When correct words were counted within the sen-
tences, the differences between the L and the L + TT

conditions diminished ; using lipreading alone, 49 .8

percent of words were correctly identified, which is
similar to the 53 .3 percent correct scored in the

To!etactopaidedoondition.
A study that resembles more closely the Queen's

University experiment was reported by Scott,
DeFilippo, Sachs, and Miller in 1977 (4). In their

study, two normal-hearing subjects were presented
with sets 0f44 sentences under three conditions:
lipreading (L), lipreading plus a vibrator (L+ V), and
lipreading plus the vibrator and an electrotactile

channel (LfVfE) . After one reading, the number of
words correctly identified in the sentences was 57
percent for the two tactile-aided conditions . This was
7 percent higher than the score for lipreading alone.

The same data were also analyzed by counting
the number of sentences that were reported verba-
tim. After the first presentation, scores on all three
conditions were almost equal for Subject 1 (average
of 16 percent correct) . Subject 2's scores increased
from 32 percent to 48 percent when the vibrator
channel was added to lipreading, and to 61 percent
when the electrocutaneous channel was used.
Following five presentations, theLfVandLfVfE
scores showed 16 percent and 21 percent incre-
ments, roapeotivo!y, over the L condition for the
two subjects. Thus the tactile information was an
effective supplement to lipreading of connected
discourse.

In the following experiment, similar in design to
that reported by Scott, et al . in 1977 (4), sentences
were used as stimuli to allow the effects of increased
context, and the word boundary problem, to be exam-
ined when the tactile vocoder was used in conjunc-
tion with lipreading . In addition, using sentences
allowed evaluation of the tactile vocoder in a situation
that approximates the everyday environment more
closely than does identification of isolated words.

Method

Subject —The normal hearing subject described in
the previous Queen's University paper also partici-
pated in this study . She had received a total of 196
hours of practice on the tactile vocoder systems
prior to the start of this experiment.

Apparatus —The fourth-generation tactile vocoder,
described in detail in the previous Queen's University
paper, was used again in this experiment.

Procedure—The subject and the reader sat in ad-
joining sound-attenuating booths, separated by four
panes of glass . The subject wore earplugs, and
headphones carrying white noise to mask noise
from the vibrating solenoids.

The stimuli used in the experiment were 2000
open set English sentences which had an average
length of 5 .9 words . "[}pen set" refers to the fact
that the subject was not previously shown a list of
possible alternatives on which to base the response.
Sentences were found in aaign language nnanua!
(5) and in a text of English exercises for foreign

students (6) . Sentences from the latter source can
be found in the appendices !OBn00h8(7} .The reader
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selected 2000 sentences whose length ranged from
4 to 15 syllables, and copied these into 80 tests of
25 sentences . These sentences were not shown to
the subject prior to testing . Although no attempt
was made to ensure uniform sentence difficulty, in
each single session the material for the lipreading
and the lipreading-plus-tactile-vocoder conditions
was drawn from the same source and the same
exercise. Thus, material tested within a single
session was approximately of equal difficulty.

A one-half-hour session per day was spent on
sentence identification, with half of that time under
the lipreading-alone condition (L) and the other half
of the session with lipreading plus the tactile
v000der(L+TV).

The first sentence was read to the subject in a
o!ear, normally paced voice, and the subject at-
tempted to repeat the sentence . If the subject's
response was identical to the stimulus sentence,
the subject was informed, and the next trial began.
If the response was not perfectly correct, the reader
repeated the aentonce, giving neither visual nor
verbal indication of where the errors had occurred.
No more than two presentations were allowed, with
feedback following the subject's second response.

This procedure continued until the 25 sentences
of the test had been delivered by the reader. The
subject then adjusted the ON/OFF switch to set the
second experimental condition, and another 25-
sentence test was given . The experiment was con-
cluded when 1000 different sentences had been
presented in each condition . The total amount of
time these sessions took was 20 hours.

Preliminary training using sentence material was
not given prior to the start of this experiment, and
the subject had not had previous experience inte-
grating lipreading and the tactile information.

(It should be noted that the subject was under-
going other experiments using the tactile vocoder
during this time . Each day a half-hour session was
also devoted to tracking experiments (L, LfTV) .to
word identification experiments (L, L+TV), and to
word identification experiments (TV) . A rest period
of at least half an hour occurred between sessions,
and the order of the four daily sessions was ran-
Uonn\yde\ornn\ned .)

Results

A sentence was scored correct by the reader if the
response sentence was identical in all respects to
the stimulus sentence . After one presentation, 19 .2
percent of iho1OOOsentences were correctly iden-
tified in the L condition, whereas 36.4 percent of
the sentences were correct in the L+ TV condition.
Thus scores were 17.2 percent higher when the
tactile vocoder was employed, which represents an
improvement of 89 .6 percent . After tvynpresenta-
tions, 30.6 percent of the 1000 sentences were
correct in the L condition and 58.4 percent in the
LfTVcondition . With the tactile vocoder the sub-
ject's scores increased 27 .8 percent, which is a
91 .0 percent improvement in performance. Figures
1 and 2 display the percentage of sentences that
were correctly identified after one andtwopresen-
tations. The data were calculated over blocks of
100 sentences in the order presented.

The data were also analyzed by determining the
number ofwords correctly identified after tvvopre-
sentations . An average of 5923 words were pre-
sented in each condition . In the L condition 57 .8
percent of the words were correctly identified,
whereas in the LfTVcondition 79 .6 percent were
identified correctly . Thus, when information from
the tactile vocoder was added to lipreading, 21 .8
percent more words were identified correctly . Figure
3 displays the percentage of words correctly identi-
fied in the two conditions after two presentations
of the sentences . Percentages were averaged over
blocks of 100 sentences.

Stimuli (5) and responses (R) from erepreeonta-
iive lipreading and a\ipremdinQ-p!uu'tacti!e'vocnde/
session are shown in Tables 1 and 2 . This session
occurred within the last block of sentences shown
in the figures. Indication of whether the response
was correct after the first (1) or second (2) trial is
given, and if the response was incorrect after two
trials, the incorrect response is shown.

Discussion

The results of this experiment clearly demonstrate
the tactile vocoder's ability to provide information
to improve lipreading . After a single reading of the
sentences, L+TV scores for repeating material
verbatim were 17.2 percent higher than scores for L
alone and following two presentations, L+TV scores
were 27.8 percent higher . In both cases, performance
scores almost doubled when information was fur-
nished through the tactile vocoder. The total
number of words correctly identified in these sen-
tences was 79 .0 percent when information from



TABLE 1
Sentences : Lipreading.
Sample Stimulus (S) and Response (R)

S It was kind of you to think of me.
R (2)

S He is separated from his wife.
R (1)

S The grass is green now.
R (1)

S She was very good company.
R She was very interesting.

S Do you recognize that man?
R (1)

S He prepared a dangerous experiment.
R	 in America.

S He slipped and fell as he crossed the road.
R He somehow fell when he crossed the road.

S I lost my pen and pencil.
R (1)

S I have an important meeting tonight.
R (1)

S I forgot to wind the clock last night.
R (1)

S Her perfume smelled wonderful.
R Her	 wonderful.

S The poor boy was hit by lightning.
R (1)

S There was a house fire last night.
R (1)

S The pencil sharpener is broken.
R The patient sharped for his.

S He recognized me at once.
R He waited and

S Did you sleep well last night?
R Did you	 well last night?

S I am delighted to meet you.
R I am	 to miss you.

S The kettle is boiling.
R The	 this morning.

S He will be asleep for hours.
R He will bring some flowers.

S What did you eat? Your tongue is purple.
R What is	 is purple.

S My ankle is swollen.
R My head hurts this morning .

TABLE 2
Sentences : Lipreading Plus Tactile Vocoder
Sample Stimulus (S) and Response (R)

S Empty that dirty water.
R	 water.

S Would you like a cup of tea?
R (1)

S There are two bridges that cross the river.
R (1)

S He will return in an hour.
R (2)

S I accept your invitation.
R (1)

S I'm afraid I have some bad news.
R (2)

S It's difficult to understand him.
R (1)

S I like swimming in the sea.
R (1)

S He hit me on the head with a stick.
R He came along the highway sick.

S She lives down the street from me.
R (1)

S We must always follow the law.
R (1)

S That big lunch made me full.
R (2)

S I forgot the key to my house.
R (2)

S Don't give up so easily.
R (1)

S He cut himself while shaving.
R (1)

S I need a new pair of shoes.
R (1)

S Hide in the box before he comes.
R (2)

S Both of us were very tired.
R (1)

S She could not start her car.
R She	

S He wore a grey business suit.
R He wore a grey	 suit.

NUMBERS in parentheses indicate whether response was
correct after first (1) or second (2) trial . If response was

incorrect after two trials, incorrect response is shown .

r
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PERCENTAGE OF SENTENCES CORRECTLY IDENTIFIED
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FIGURE 1

Percentage of sentences identified correctly by a normal-

hearing subject after one presentation using lipreading

(L) and lipreading plus tactile vocoder (L+TV) . The 1000

different sentences presented in each condition are dis-

played in blocks of 100 sentences.
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FIGURE 2

Percentage of sentences identified correctly by a normal-

hearing subject after two presentations using lipreading

(L) and lipreading plus tactile vocoder (L+TV) . The 1000

different sentences presented in each condition are dis-

played in blocks of 100 sentences.
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Percentage of words identified correctly by a normal-

hearing subject after two presentations using lipreading

(L) and lipreading plus tactile vocoder (L+TV) . Percent-

ages were calculated over blocks of 100 sentences.
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both the tactile vooudmrmnd lipreading was avail-
able ; this was a 21 .8 percent improvement over
lipreading-alone scores.

It was apparent that the integration of the two
modes of information was not difficult even for a
subject who had not received training combining
lipreading and the tactile vocoder prior to this
experiment. On the first 100 sentences presented,
48 percent were repeated verbatim in the L+TV
condition, whereas a score of only 30 percent was
obtained with lipreading alone . In these 1OOsen-
tences 82 percent of the words were correctly
identified when the tactile vocoder supplemented
lipreading. This indicates that speech features can
be extracted independently from different modalities
and combined bya higher-level processor. A similar
extraction and integration seems to occur when
severely hearing impaired individuals supplement
residual hearing with lipreading information.

The subjects, stimuli, and methodologies in this
experiment, and in the one reported by Scott et al . in
1977 (4), are similar enough to allow the results to
be compared . The two subjects in Scott et al.
(referred to as SA and SE) ' and the one in the
present study (Sl), all had normal hearing and had
received experience on tactile systems . In the
present study the data were based on 1000 sentences
per condition, whereas in the Scott etal . study per-
centages wmn*na!nu!atedon44oentencee . There
were, however, important differences in the tactile
systems. Scott et ai used a 3-uhannol hybrid
system that displayed the amplitude envelope of
the speech signal, whereas the tactile vocoder
used in this experiment contained 16 channels.

For the lipreading condition, the percentages of
sentences correctly identified after a single reading
were 19.2, 18 and 32 percent for Si, SA and GB
respectively, indicating that SBvvaeesuperior lip-
reader . With the addition of the tactile information,
performance improved by 17 .2 percent for S1, a
negligible amount for SA and 29 percent for SB.
After two presentations of the sentences, the lip-
reading scores were 30 .6, 37 and 65 percent for S1,

SA and SB. The addition of the tactual aid improved
S1`a performance by 27 .8 percent, SA improved by
7 percent and SB showed an increase of 24 percent.
It would be difficult to choose one device over the
other based on the comparison of performance

shown here . Tactual aids in both studies improved
the subjects' ability to correctly identify sentences,
and it is unfortunate that this tactual information,
b9n*ficial even though delivered by devices still
not perfected, is not available for the profoundly

deaf population .

EXPERIMENT 2: EVALUATION OF THE TACTILE
VOCODER USING THE TRACKING PROCEDURE

Introduction

A nnethod ca!lod the ^^tnanking prooedune" hae
been developed by DeFilippo and SCOtt (8) as a

means of training and evaluating the reception of
ongoing speech . During tracking, a speaker reads a
nneaningful portion of text aloud, and a receiver
attempts to repeat the phrase verbatim . If the sub-
ject correctly repeats the phrase, the speaker pro-
ceeds with the following phrase . Strategies have
been outlined (8) for cases where the response is
not verbatim. A words-per-minute (wpm) rate can be
obtained for the given reception condition, and this
rate can be compared to a normal-listening condition.

The Committee on Hearing, Bioacoustics and
Biomechanics (CHABA)* discussed training and
evaluation procedures in Sherrick's 1984 report,
Research on Tactile Aids for Deaf People : Progress
and Prospects (9). The need for standardization in
training and evaluation procedures was under-
scored in the report, and tracking was suggested
as one method for training with and evaluating
tactile aids.

The tracking procedure has been used as a
means of evaluating several tactile aids . DeFilippo
and Scott (8) tested two hearing subjects in an
unaided lipreading condition (L), in a condition
where lipreading was aided by a two-channel aid
(L+ T), and in a normal-listening condition . The
subjects in the experiment were the authors of the
paper; they were familiar with the tracking pro-
cedure, but they had not used the tactile aid exten-
sively for tracking . Scores were reported as per-
CentageSofthStraokinQodoobtainadundernorma l-

listening conditions (113 wpm).
After approximately 21 hours of testing, the final

tracking rate for Subject 1 was 37 percent of the
normal-listening rate in the L condition and 46 per-
cent in the LfTcondition, an improvement of 9
percent. Subject 2, who was osuperior !ipreader.
achieved 45 percent of the normal-listening rate in
the L condition and increased to 65 percent when
the tactile aid was used . Although the main purpose
of that DeFilippo and Scott study was to test the
tracking procedure, the results also indicated that
the tactile aid had potential as a communication
aid . The authors concluded that tracking would be

*CHABA is a committee of the National Research council estab-

lished by the National Academy of Sciences . CHxBAamo up
spooia!^wnminggmupo^toadvinn f oue ,a!agonuioson / evuen
of significant national need .
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beneficial for communication training and evalua-
tion of communication systems.

The MESA, or multipoint electrotactile speech
aid, described in 1979 by Sparks, Arden, Bourgeois,
VVeidnnorund Kuhl (10), is another communication
system that has been evaluated using the tracking
procedure . Two of the three subjects used in the
study had had no previous experience with the
MESA, whereas the third participant had many
hours of experience in identifying segmental speech
features . After 15 hours of tracking, thowords-per-
minute rate found in the lipreading condition was
ve ry similar to that obtained with the MESA and
lipreading combined . Thetracking rate vvaeapprox-
imately 40wpnnfortheoxporionoedoubjeot ' andG5
wpm and 50 wpm for the two inexperienced subjects,
regardless of the condition . The authors concluded
that the MESA may overload the tactile system
when connected speech is used, although such a
negative conclusion may be premature, considering
the minimal amount of training which was provided.

Grant in 1980 (11) examined tracking performance
using an aid inwhich changes infundamental fre-
quency were encoded as changes in location of
vibration . A normal-hearing subject and a profoundly
deaf subject reached final tracking rates of 60 .6
and 77.0 percent, respectively, of the normal auditory
tracking rate after training 10 hours using lipeading
alone and 10 hours using lipreading plus the tactile
aid.

In the Queen's University experiment the tactile
vocoder was evaluated using the tracking procedure.
The stimuli used in tracking contain more contextual
information than unrelated sentences do, since
information about the author's vocabulary, style,
characters, and plot are present . This allows exam-
ination of performance on the tactile v000derin a
situation that resembles normal communication
more closely than does identification of unrelated
sentences. It also allows comparison among various
tactile aids and cochlear prostheses.

Method

Subject and Apparatus—The subject and apparatus
were identical to that described in Experiment 1.

Procedure—The two readers (Reader 1 and Reader
2) were female undergraduate students who were
not familiar with the tracking procedure, linguistics,
or the inherent problems in lipreading . Prior to the
beginning of the experiment, the readers were pro-
vided with a 1-hour instruction period on the track-
ing procedure .

The material chosen for tracking was "Miranda
in the Middle" (12) a novel written for adolescents.
This text contains dialogue typical of conversations
that occur in the everyday environment (Table 3).

During tracking, the reader established eye con-
tact vviththe subject and then read a meaningful
phrase of text at a normal speaking rate . The sub-
ject attennptedtorepeatthephreuove/batinn .!f the
repetition was not perfectly correct the reader
adopted one of the strategies outlined in detail by
DeFi!ippoand Scott (8) . If the subject repeated the
phrase verbaUno, the reader read the following
phrase of the text.

After 5 minutes of tracking a brief break was pro-
vided, and then another test session commenced.
Words of text correctly identified in the 5-minute
session were counted, and then divided by the
number of minutes that tracking actually occurred.
(This words-per-minute rate should not be confused
with words spoken per minute, which would be
more than twice the tracking rate because "words
spoken" includes repetitions and correction strate-
gies .)

The subject was tested using the tracking pro-
cedure under lipreading (L) and lipreading-plus-
tactile-vocoder (L+ TV) conditions . Five 5-minute
L+ TV sessions, and for comparison two 5-minute
L sessions, were given on a daily basis . In total,
approximately 5 .5 hours of testing occurred under
LfTV and 2 .0 hours under L. Reader 1 was present
for the first 15 sessions (Days 1 through 3) of testing
and Reader 2 remained for the last 50 sessions
(Days 4 through 13).

A control tracking rate was obtained for a normal-
listening condition using Reader 2 . Subject and
reader faced each other in a room illuminated by
overhead fluorescent lights . In this case the subject
used both hearing and lipreading to determine
what had been said . The same testing procedure as
that already described was followed, including
establishment of eye contact between the subject
and reader before a phrase was read . This experi-
ment run concurrently with Experiment 1 and
open set word identification experiments.

Results

The words-per-minute (wpm) tracking rates were
averaged over the five daily L + TV sessions and the
two daily La*esinna. Rates for the L and L+ TV
conditions are plotted in Figure 4 . Reader 2 was
int/oducedafterthe initial 15 sessions, as is indi-
cated by the arrow in the baseline of Figure 4 . By
the end of the 65 sessions the subject was tracking
at 49 .3 wpm when both the tactile vocoder and lip-
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reading were employed, which was faster by 34 .0
wpm, or 3 .2 times faster, than the final rate of 15 .3
wpm obtained with lipreading alone . In every in-
stance, the L+TV rates were higher than the L
rates, with the average advantage in the L + TV con-
dition being 20 .4 wpm (s = 11 .3).

Over the course of this experiment there was a
general increase in the words-per-minute rate in the
L+TV condition . The subject started tracking at
18.6 wpm, and increased over 3 days to 32 .0 wpm
with Reader 1 . The rate dropped back (19 .3 wpm) to
approximately the initial rate when Reader 2 was
introduced, but increased over the following 10
days to the rates obtained with the previous reader.
Over the 50 sessions of tracking with Reader 2 the
subject's rate increased to 49 .3 wpm, which was
30.0 wpm faster than the initial rate obtained with
this reader.

In contrast, the lipreading rate did not vary
noticeably over time. The average lipreading rate
was 13.8 wpm, and the standard deviation of 3 .5
indicates the scores did not vary greatly from the
mean.

To facilitate comparison among studies using
tracking as an evaluation procedure, the words-per-
minute rates are presented also as a percentage of
the normal-listening rate (indicated on the right-
hand vertical scale of Figure 4) . It was hoped that
this would partly control for text difficulty, thereby

increasing the validity of comparisons among
results from different studies . The final lipreading
rate was 18.9 percent of that obtained under
normal-listening conditions, whereas the wpm rate
in the L+TV condition was 60.8 percent of the
auditory rate, an increase of 4t9 percent . The
average percentage advantage of the L+TV condi-
tion over L was 25.2 percent (s = 13.9).

An example of exchanges that occurred between
Reader 2 and the subject in the lipreading-plus-
tactile-vocoder condition is shown in Table 3 . The
tracking rate in the session where this excerpt was
taken was 48 wpm.

Discussion

The final tracking rate attained by the subject
strongly indicates that the tactile aid could provide
invaluable information for the postlingually deafened
individual . The addition of the tactile vocoder im-
proved performance by 34.0 wpm, to a rate 60 .8
percent of what would be expected by a hearing
individual . This level of performance was achieved
after approximately 200 hours of training on various
materials and tactile vocoder systems, but after
only 5 .5 hours of training using the tracking pro-
cedure with the tactile vocoder.

The lipreading tracking rate did not vary notice-
ably over time . This is not surprising, since only a
2-hour period of testing occurred . Most normal-
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hearing individuals acquire some degree of lipread-
ing facility in connection with everyday speech
comprehension, and it is unlikely that the 2 addi-
tional hours of lipreading practice provided in this
experiment changed the subject's lipreading ability.

Calculation of words-per-minute rates as a per-
centage of the normal-listening rate makes it
possible to compare studies . The magnitude of
improvement of the lipreading-plus-tactile-vocoder
over lipreading alone in the present study was
greater than any improvement previously reported.
DeFilippo and Scott's (8) Subjects 1 and 2 increased
9 percent and 20 percent, whereas in the present
study the improvement was 41 .9 percent.

Major differences that exist between the two
studies could explain such discrepancies in accom-
plishment . The subject in this study had reached
the point in training where many novel words and
phonemes could be identified through the tactile
vocoder alone, whereas DeFilippo and Scott's sub-
jects had accumulated very few hours of training
with the tactile aid unaided by lipreading . Thus, the
relative amounts of information that the tactile
devices were supplying could differ due to the
difference in the amount of training received.
Secondly, the type of information supplied by the
tactile devices differed enormously; the frequency
resolution that would be possible with Scott and
DeFilippo's aid was minimal compared to that of
the Queen's University tactile vocoder.

The normal-listening tracking rate obtained in
this study was 81 wpm, a slower rate than the 113
wpm obtained by DeFilippo and Scott (8) and the
111 wpm rate reported by Sparks et al . (10) . How-
ever, this study's normal-listening tracking rate
was approximately half of the normal oral reading
rate of 160 to 180 wpm (13), which should be expected
since in tracking everything is repeated twice . The
discrepancy between the normal-listening rate in
this study and in other studies may be due to small
methodological differences in obtaining the rate.

The experiments reported here were undertaken
with a single normal-hearing subject, which makes
generalization of the results difficult . It was neces-
sary in the early stages of system development to
use a normal-hearing subject because ethical
problems arise if a device of unknown benefit is
tested on a profoundly deaf child . Secondly, in view
of the time constraints involved in evaluation, a
better estimate of the potential of the device is
likely to be obtained by testing a single, experienced
subject on increasingly complex tasks than by
testing numerous naive subjects on simple dis-
crimination tasks .

It would be interesting to compare the tracking
rates obtained in this study with those obtained by
cochlear implant patients . One of the most suc-
cessful multichannel cochlear implants is the

TABLE 3
Excerpt of Stimuli (S) and Responses (R) from a
Tracking Session : Lipreading Plus Tactile Vocoder

S This is the first time I've seen the river
from this high up.

R first time I've

S This is the first time I've seen the river
R This is the first time I've seen the river

S from this high up.
R from this high up.

S Miranda was just showing me the north view.
R Miranda was just showing me the gorgeous view.

S the north view
R the north view

S You guys are really lucky to live here.
R I was really lucky to live here.

S You guys are really lucky to live here.
R You guys are really lucky to live here.

S I know, said Alex.
R I know, said Alex.

S It's great.
R It's great.

S Uh, where do you live?
R Why, where do you live?

S Uh, where do you live
R Uh, where do you live?

S as if he didn't know.
R I live in

S as if he didn't know.
R I've

S as if he didn't know.
R as if he didn't know.

S I live right next door.
R I live right next door.

S You can probably even see my window
from here . You can probably

R You can probably

S even see my window from here.
R You can probably even see my window from here .
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Nucleus, developed by Clark et al . and reported in
1983 (14) . Briefly, the 22 electrodes in that system
receive input from a speech processor that pre-
serveovoioingfnmquenoyandprovidoaeonneplace-
pitch information. The length of time subjects wore
the aid before testing began is not stated . However,
since the cochlear prosthesis is wearable it can
probably be assumed that a substantial amount of
experience using the cochlear prosthesis had been
obtained . Four patients implanted with the Nucleus
system reached final lipreading-alone tracking
rates between 17 and 26 wpm, whereas the rates
with implant-plus-lipreading ranged from 31 to 52
wpm . Average improvement was 21 .2 wpm . The
subject in the Queen's University tactile vocoder
study reached a final tracking rate of 15 .2 wpm
using lipreading and 49,3 wpm in the aided condi-
tion, which represents a 34 .1 wpm increase in the
tracking rate . The Nucleus and the tactile vocoder
thus seem to offer similar benefits to the user for
the tracking task.

CONCLUSION

In conclusion, the Queen's University tactile
vocoder has been evaluated extensively using en-
vironmental sounds (15), CVs (15, 1), closed set words
(16), open set words, open set sentences, standard-
ized tests (7), and the tracking procedure, in situa-
tions where information was obtained solely through
the tactile vocoder or the tactile information was
supplemented by lipreading or hearing aids. Perfor-
mance has been examined using normal-hearing
subjects (15, 16) . a postlingually profoundly deaf
subject (15) ' and prelingually profoundly deaf sub-
jects 1) . A tremendous amount of information is
available through the tactile vocoder that could
improve the speech comprehension of the profoundly
deaf individual . Research effort is now being directed
at producing a wearable tactile vocoderm
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