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The 1989 Anstey Giles Lecture is in memory of a 
distinguished Australian surgeon. 

Anstey Giles first practised ear, nose and throat surgery 
before he extended his interests into other areas of surgery. 
His first publications were entitled "Notes on Ear Practice; 
Post-Nasal Vegetations, and a Case of Partial 
Laryngectomy". When I read those papers I was impressed 
by his precise and accurate description of ear pathology; 
I was interested in his management of post-nasal 
vegetations, which, today, we call adenoids; and I was 
surprised to learn how up-to-date he was in performing a 
partial laryngectomy for laryngeal cancer. Although he was 
not the first to do a partial laryngectomy, his report of a 
case in 1892 predates the classic study by Semon in 1894 
and the larger series of St Clair Thompson in 1919. 

On the above evidence it must be said that Anstey Giles 
made an important contribution to the practice of ear, nose 
and throat surgery in this country. As he was firstly an ear, 
nose and throat surgeon, it is not inappropriate that one 
of the lectures in memory of him should be on an aspect 
of ear, nose and throat surgery. The area of ear, nose and 
throat surgery which I would like to talk about is the 
cochlear implant as our further research studies have shown 
that improvements in performance are possible beyond 
those originally achieved by us in 1978, and there are spin 
offs such as an electro tactile aid ("Tickle Talker") that are 
also extensions of our original cochlear implant research. 

In 1978 we implanted our first prototype multiple
channel (10 channel) cochlear implant in adults who had 
hearing before going deaf (postlinguistically deaf), and in 
1978 and 1979 showed that it was possible for them to 
understand speech (Clark et ai, 1978; Clark et ai, 1979; 
Clark et ai, 1980; Clark et aI, 1981). The results showed 
that our first two patients had 300070-400070 improvement 
in their ability to understand running speech when using 
the multiple-channel cochlear implant combined with 
lipreading compared to lipreading alone. It was also exciting 
to find that the patients could understand some running 
speech using the multiple-channel cochlear implant alone 
without help from lipreading. 
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The speech processing strategy found to help the patients 
understand running speech extracted the amplitude of the 
speech wave and converted it to current level; the voicing 
frequency (FO) and converted it to rate of stimulation; and 
a high frequency band or second formant (F2) and 
converted it to place of stimulation at an appropriate 
electrode site. This is illustrated in Figure I. 

FO/F2 SPEECH PROCESSING STRATEGY 

SPEECH ELECTRICAL AUDITORY 
PARAMETER PARAMETER PERCEPT 

SOUND PRESSURE ~ CURRENT ~ LOUDNESS 
LEVEL 

FUNDAMENTAL ~ STIMULUS PULSE ~ PITCH 
FREQUENCY RA TE 

SECOND FORMANT ~ ELECTRODE ~ SHARPNESS 
POSITION 

FIG. 1. Thejirst speech processing strategy (FOIF2) which extracted 

the speech amplitude, the voicing frequency (FO), and the second 

formant frequency (F2). 

As the results for two patients were encouraging, the 
Australian government gave a public interest grant to 
develop the cochlear implant commercially. Nucleus 
Limited made the implantable section more robust and the 
speech processor smaller. The Nucleus 22-electrode 
cochlear implant was completed in 1982, and first 
implanted in six patients at the Royal Victorian Eye and 
Ear Hospital. It was of concern whether the device, 
produced commercially for clinical trial, but the same in 
principle as the prototype developed at the University of 
Melbourne, would give similar results, and whether the 
original results obtained on two patients could be 
reproduced in a larger group. 

The results of the initial clinical trial of the Nucleus 
22-electrode multiple-channel cochlear implant showed that 
it performed as well as the University of Melbourne's 
prototype and on a larger group of patients. The results 
of the speech tracking test for the cochlear implant 
combined with lipreading compared to lipreading alone, 
carried out on ten patients at the Royal Victorian Eye and 
Ear Hospital, are shown in Figure 2. 

Following the initial clinical trial of the Nucleus 
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FIG. 2. Resulls of Ihe speech Iracking lesion len profoundly-Iolally 

deaf adults wilh a postlinguislic hearing loss at Ihe Royal Viclorian 

Eye & Ear Hospilal, using the Nucleus 22-electrode mull/pie-channel 

cochlear implanl combined with lipreading compared 10 lipreading 

alone. 

22-electrode multiple-channel implant at the Royal 
Victorian Eye and Ear Hospital, the clinical trial was 
extended to a number of centres in the United States of 
America, Canada and the Federal Republic of Germany.The 
speech tracking results for the first 10 patients implanted 
in the United States (Figure 3) showed similar significant 
improvements in scores when using the implant combined 
with lipreading compared to lipreading alone. Subsequently, 
as a result of the clinical trial, the Nucleus FO/F2 speech 
processor and multiple-channel implant was found by the 
US Food and Drug Administration in October 1985 to be 
safe and effective. 
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FIG. 3. Resulls of Ihe speech tracking lest on the first ten profoundly
lOlally deaf adulls in Ihe Uniled Slates who participaled in the clinical 

trial of Ihe Nucleus (Cochlear) 22-eleclrode mull/pie-channel cochlear 

implanl for Ihe Food and Drug Adminislralion. 

Since that time further research at the University of 
Melbourne has shown that the speech perception 
performance of postlinguistically deaf adults could be 
improved by extracting the first formant frequencies (Fl) 
as well as the higher second formants, and presenting them 
to two separate electrodes along the electrode array within 
the cochlea. The rate of stimulation at both electrodes was 
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still the same as in the FO/F2 speech processor. The speech 
processing strategy for this FO/Fl/F2 processor is shown 
in Figure 4. 

FO/F1/F2 (WSP-III) SPEECH PROCESSING STRATEGY 

.. ELECTRICAL 
PARAMETER 

CURRENT .. AUDITORY 
PERCEPT 

LOUDNESS .. .. STIMULUS PULSE 
RATE 

ELECTRODE 
POSITION 

.. .. PITCH 

SHARPNESS (Aj 

SECOND FORMANT" ELECTRODE .. SHARPNESS (81
 
POSITION '
 

FIG. 4. The second speech processing slralegy (FO/FI/F2) which 

eXIracted Ihe speech amplilude, Ihe voicing frequency (FO), Ihefirsl 

formam frequency (FI), and Ihe second formanl frequency (F2). 

The FO/FI/F2 speech processor was compared to the 
FO/F2 speech processor in two studies. In the first one, 
patients who had previously used the FO/F2 speech 
processor were provided with the FO/Fl/F2 processor, and 
after two weeks they were tested with open sets of CID 
sentences using electrical stimulation alone. The results on 
seven patients using a live voice presentation of the test 
material is shown in Figure 5, The results showed an average ) 
100070 improvement when using the FO/Fl/F2 processor, Iand one patient achieved a 100070 score for electrical 
stimulation alone (Clark et ai, 1987). 

FO/F2 VERSUS FO/FI/F2 (WSP-II1) SPEECH PROCESSORS 
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FIG. 5. CID senlence lesl results for electrical st/mulation alone in 

a group of seven postlinguistically deaf adults in whom Ihe FO/F2 

speech processor was used initiallY, and Ihen they were re-lrained 10 

use Ihe FO/FI/F2 processor. 

To exclude the possibility of a training effect the two 
speech processing strategies were compared between two 
groups of patients who had similar training, ages, and 
length of deafness, The results for open-set speech tests 
presented as pre-recorded material for electrical stimulation 
alone are shown in Table I. From this it can be seen that 
the improvements for the FO/Fl/F2 speech processor are 
statistically significant for all tests. For the ClD sentences 
there was an average 137070 improvement in score, and for 
monosyllable words a 150070 improvement. The results for 
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the speech tracking test were also significant (Dowell et al 
1987). 

Table I 

(Clark et ai, 1987) 

Speech Tests: electriCal stimulation alone 
- 3 months post surgery 

FO/F2 (n=13) FO/FIIF2 (n = 9) 

070 % 

Spondees 13.6 26.0' 

CID sentences 15.9 35.4' 

PB words 4.9 12.4' 

Phonemes 23.1 33.4' 

• significant; p = 0.01 

The performance of the FO/F2 and FO/Fl/F2 speech 
processors were also compared in the presence of 
background noise. The noise was pre-recorded four-speaker 
babble, and this was presented with the four-choice spondee 
word test. The results of the study (Dowell et al 1987) 
showed that the FO/Fl/F2 strategy performed better in 
noise than the FO/F2 one, and did so at a signal-to-noise 
ratio of 10 db. This new speech processor was approved 
by the Food and Drug Administration in May 1986. 

Research to further improve the performance of the 
Cochlear 22-electrode multiple-channel implant has been 
carried out jointly between the University of Melbourne 
and Cochlear Pty Limited. This has resulted in a new 
strategy where in addition to the FO/Fl/F2 strategy the 
amplitudes of three high frequency spectral peaks (HFSP) 
are determined and three fixed electrodes in the basal region 
of the cochlea are stimulated according to the amplitudes 
of these peaks. This new speech processing strategy 
(FO/Fl/F2/HFSP) is illustrated in Figure 6, and has been 
incorporated in the design of a smaller and lighter wearable 
speech processor (MSP) which has the dimensions 
height-92 mm, width-62 mm, thickness-19 mm, and weight
(including battery) 100 g. The dimensions of the previous 
FO/FIIF2 (WSPIII) processor are: height-l30 mm, width-75 
mm, thickness-18 mm, and weight (including batteries)-21O 
g (Figure 7). 

FO/FlIF2/HFSP (MSP) SPEECH PROCESSING STRATEGY 

SPEECH ELECTRICAL AUDITORY 
PARAMETER PARAMETER PERCEPT 

SOUND PRESSURE ~ CURRENT ~ LOUDNESS 
LEVEL 

FUNDAMENTAL ~ STIMULUS PULSE ~ PITCH 
FREQUENCY RATE 

FIRST FORMANT ~ ELECTRODE ~ SHARPNESS (A)
POSITION 

SECOND FORMANT ~ ELECTRODE ~ SHARPNESS (8) 
POSITION 

HIGH FREQUENCY ~ ELECTRODE ~ SHARPNESS (C) 
SPECTRAL PEAKS (3) POSITION 

FIG. 6. The third and most recent speech processing slrategy 

(FO/Fl/F2/HFSP) which eXlracts lhe speech amplilude, lhe voicing 
frequency (FO), the first formanl amplitude (Ff), lhe second formant 

frequency (F2) and lhe amplitude ofthree high frequency speclral peaks 
(HFSP). 
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FIG. 7. A photograph of the FO/FI/F2 (fJSPIII) and new 
FO/FI/F2/HFSP (MSP) speech processors. 

The performance of the new FO/Fl/F2/HFSP speech 
processor has been compared with the FO/Fl/F2 (WSPlll) 
speech processor using two groups of four patients. The 
patients were assigned to one or other of the two processors. 
The results showed that the MSP patients performed 
significantly better on vowel and open-set sentence 
recognition (Figure 8). They also performed better in the 
presence of competing noise (Dowell et al 1989). 

FO/Fl/F2 (WSP-III) VERSUS FO/F1/F2/HFSP (MSP) SPEECH PROCESSORS 
BKB SENTENCES IN COMPETING NOISE 

§,-----,------------,----------------,

D FO/FJ/F2(WSP-I1I) 

"-1----'------------'-----------

+lOdB +15 dB +20dB QUIET 

SIGNAL TO NOISE RAno 
FIG. 8. Open-set BKB senlence scores in the presence of competing 

noise for electrical stimulation alone, using the WSPIII and MSP 

speech processors, in two groups offour profoundly-totally deaf adults 
with a postlinguistic hearing loss. 

The Cochlear 22-electrode multiple-channel implant first 
developed for use in posllinguistically deaf adults had a 
thickness of 10 mm, and required a head set that was worn 
using spring steel clasps. It was unsuitable for use in young 
children as it was too thick and the head-set difficult to 
keep in place. For this reason a smaller or mini-implant 
was developed by Cochlear Pty Limited. This had a 
thickness of 6mm and a rare earth magnet was incorporated 
in the centre of the receiving coil to match up with a magnet 
worn externally and situated in the centre of the 
transmitting coil. The magnets have allowed the head set 
to be easily placed in position by a young child. This mini
implant was implanted first in 1985 in a ten year old child 
at the Cochlear Implant Clinic of the Royal Victorian Eye 
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and Ear Hospital. It has subsequently been implanted in 
20 children who have attended this clinic. The children are 
all seen by an interdisciplinary team, and their speech 
perception, speech production as well as receptive and 
expressive language assessed by age appropriate tests. 

The assessment of the first nine of the children has been 
completed and the results have shown that five can obtain 
some open-set speech perception using electrical 
stimulation alone (Figure 9). Four of these five children 
were implanted during preadolescence and the fifth, who 
had a progressive loss, was implanted during adolescence. 
The remaining children, who did not demonstrate open
set recognition, were implanted during adolescence after 
a long duration of profound deafness. The three youngest 
children in the group of five who achieved open-set speech 
perception using electrical stimulation alone were also 
assessed over time in speech production and language skills. 
Each of these children revealed a significant improvement 
on an articulation test. For receptive and expressive 
language tests and a receptive vocabulary test, 
improvements often exceeded those expected for normally 
hearing children at the same language levels (Dawson et 
at; in press, submitted). 

OPEN-SET WORD AND SENTENCE TESTS 
ELECTRtCAL STIMULATlON ALONE (FO/Fl/F2 (WSP-Ill)) 

~~ 
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8'" ~ 
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FIG. 9. The open-set word (phoneme score) and BKB sentence scores 

for five children using the 22-electrode multiple-channel cochlear 
implant. 

To further improve the 22-electrode multiple-channel 
cochlear implant the University of Melbourne has designed 
a new receiver-stimulator silicon chip that is now enabling 
us to do research to see if the addition of stimuli from even 
more spectral peaks or frequency bandS than is presently 
available will improve speech perception. The receiver
stimulator chip shown in Figure IO was implanted in the 
first of three research patients in February 1988. 

Research is in progress to determine whether bilateral 
cochlear implants can help in understanding speech in the 
presence of background noise as well as improve the overall 
speech perception performance. This is iJiustrated in Figure 
II. The second implant of a bilateral cochlear implant 
system was given to our first patient in 1989. 

Research is also being carried out to determine whether 
speech information from a multiple-channel implant in one 
ear can be combined with speech sounds from a hearing 
aid in the other ear when some residual hearing remains 
in that ear. 

FIG. 10. A photograph of the advanced receiver-stimulator chip that 

allows three channels of stimulation quasi-simultaneously, or six 

channels of stimulation non-simultaneously on one of 21 pairs of 

electrodes. 
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FIG. II. A diagram of the bilateral cochlear implant system. It consists 

of either: (a) two microphones feeding speech to two separate speech 
processors (incorporated into one box) so that background noise can 
be reduced by cancellation (b) two microphones feeding speech to one 

speech processor which sends part of the analyzed speech to one 
cochlear implant and another part to the other implant so that beller 

comprehension can be obtained when the two complementary stimuli 

are fused centrally by the brain. 

One important extension of our original cochlear 
implant speech processing research was the development 
of an electro-tactile aid ("Tickle-Talker") that can be used 
to help deaf children and adults understand running speech 
when used in combination with lipreading and/or hearing 
aids. Prior to this development, research had been carried 
out using vibrators and direct electrical stimulation of the 
skin. Vibrators have led to difficulties in training as they 
require a lot of current and, consequently, a number of 
batteries. This means that it is difficult to make them small, 
compact and wearable. On the other hand, electrical 
stimulation of the skin does not suffer from this 
disadvantage, but can cause painful sensations. Quite 
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inadvertently we discovered that electrical stimulation of 
the medial cutaneous nerve of the forearm produced a 
reasonably pleasant sensation. This led to the concept of 
the spatial representation of different frequencies in speech 
by stimulating the digital nerves on either side of the 
fingers. This stimulus system was coupled with the FO/F2 
speech processing strategy for the cochlear implant and the 
"Tickle-Talker" resulted. The "Tickle-Talker" being worn 
by a deaf child is shown in Figure 12. With this device the 
high frequencies are represented on the little finger, and 
low frequencies on the index finger. The person learns to 
understand the speech signal from the patterns of 
stimulation moving across the hand. Forty or more hours 
of training are required before they can most effectively 
utilize the signal. A comparison has been made between 
this device and five commercially available tactile devices 
on the basis of procedures developed by the National 
Acoustics Laboratory. Results are shown in Figure 13. These 
indicate that the "Tickle.:ralker" provided more information 
to the users than all other commercially available devices 
on this test procedure (Cowan et al in press). It is currently 
being used by 15 children and five adults in an ongoing 
clinical trial. 14 of the children are in the age range 6-14 
years and there is one 17 year old. The ad ults range in age 
from 22-76 years and have been previously reviewed for 
cochlear implantation, but have been rejected for one 
reason or another. 

FIC. 12. A photograph of a profoundly-totally deaf child using the 

"Tickle-Talker" to communicate. 

Finally, we have commenced research to develop a central 
auditory prosthesis that could be implanted directly into 
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FIC. 13. A comparison of results of the "Tickle-Talker" with other 

commercially available tactile devices on the basis of procedures 

developed by the National Acoustics Laboratory. 

the pathways of the brain when it is not possible to use 
a cochlear implant in the inner ear. Our research has 
involved measuring the human brain stem and, in 
particular, the auditory centres and pathways, so that we 
know how to design and place the electrodes. We are using 
computer graphics to do this from histological slides. 

In conclusion I would like to emphasize that our human 
communication research, which has led to the development 
of the Cochlear 22-electrode multiple-channel cochlear 
implant as well as the "Tickle-Talker" depends very heavily 
on technology. It is difficult to think of one without the 
other. Furthermore, the research has been a team effort and 
all members have played an important role. 
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The blades would cut away anything projecting from the cord, but not a smooth 

.1. surface like that of a healthy vocal cord. My forceps act very much like the 

shears used for clipping hedges, supposing them to be blunt-pointed. With such an 

instrument a man standing sideways at a wall might cut offtwigs or weeds projecting 

from it, but it would be impossible for him to shear off anything that did not stick 

out from the flat surface. As a matter offact, so incapable is my instrument ofseizing 
anything that does not project, that in the case of very small growths I do not allempt 

their removal. I never try to remove a growth smaller than a split tare from the vocal 

cord because my instrument does not act unless there is a certain amount ofprojection 
to come betweeen the blades. 

SIR MORELL MacKENZIE 
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