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Abstract

The impressive achievements of Australasian auditory neuroscience largely derive from the
establishment of three major laboratories, at the University of Western Australia, Monash
University, and the University of Melbourne, in the 1960s. The research foci of these laboratories,
and the achievements of the scientists who established them, and of their colleagues and students,
are described in this paper. The early development of auditory neuroscience occurred in a context
provided by research activity in a number of other areas of hearing science, among them
audiology, otolaryngology, psychoacoustics, and vestibular science. The development of these and

some other strands of Australasian hearing science is briefly reviewed.
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1. Introduction

Australia and New Zealand have an impressive history of achievement in auditory neuroscience.
Much of this achievement derives from the establishment of three major auditory neuroscience
laboratories in the 1960s: the Auditory Laboratory at the University of Western Australia (UWA)
(established in 1962), the Monash University auditory research laboratories (established in 1966),
and the laboratories of the Department of Otolaryngology in the University of Melbourne
(established in 1969), which subsequently gave rise to the Bionic Ear Institute. The major purpose
of this paper is to give a brief account of the achievements of the scientists who established those
laboratories, and of the contributions they, and their colleagues and students, made to the

development of auditory neuroscience in Australasia.

Strictly defined, auditory neuroscience is concerned with the auditory nervous system. However,
the auditory transduction process in the cochlea involves a range of complex and exquisite
biophysical processes, and these processes are themselves influenced by efferent (descending)
neural projections from the brainstem to the cochlea. It would therefore be inappropriate to
separate investigation of the auditory nervous system from that of the basic middle and inner ear
processes that provide the input to it. Furthermore, auditory neuroscience has developed in parallel
with, and has been influenced by, a number of other areas of hearing science (e.g., audiology,
otolaryngology, psychoacoustics, vestibular science). Although the emphasis here will be on
auditory neuroscience, it will be considered broadly and in the context of these other aspects of

hearing science.

2. The Auditory Laboratory at the University of Western Australia
This laboratory was established by Brian Johnstone (Fig. 1) when he was appointed lecturer in the

Department of Physiology at UWA in 1962. Johnstone’s initial training was in physics, and he



completed his PhD in Pharmacology at the University of Melbourne on ionic balance in muscle. In
the course of his post-doctoral training at the University of Chicago he developed an interest in
cochlear biophysics [1], and this became the focus of his research when he returned to Australia.
An outstanding early achievement of his laboratory was the use of the Mdssbauer technique to
make the first measurements of basilar membrane (BM) displacement since those made by the

Nobel Prize winner Georg von Békésy in the 1940s.

Von Békeésy had used stroboscopic illumination to measure displacement of Reissner’s membrane
in a number of species, mainly in cadavers. These seminal observations established the
fundamental features of the traveling wave of displacement of the organ of Corti and the tonotopic
organization of this mechanical displacement (i.e., the fact that the maximum amplitude of
displacement occurred at different locations for different frequencies). Johnstone and Boyle [2]
used the much more sensitive Mdssbauer technique to make measurements of displacement of the
high-frequency portion of the BM itself in living guinea pigs, at sound pressure levels that were in
the physiological range and were much lower than those required by the stroboscopic technique
used by von Békésy. The technique involves placing a small radioactive source on the BM and
measuring the Doppler shift in the emitted radiation as the membrane moves. In addition to these
important observations on BM mechanics, Johnstone and his colleagues carried out important
work on many aspects of cochlear electrophysiology (see [3] for a review of this early work). The
first investigations of the auditory nervous system in the UWA laboratories appear to have been
the studies of the gross auditory nerve action potential and the responses of single auditory nerve
fibres in lizards by an undergraduate (“Honours”) student, Ray Johnstone (not related), under

Brian’s supervision [4,5].

Johnstone supervised a large number of graduate and honours students, many of whom went on to

make outstanding contributions to auditory neuroscience. Among the early graduate students from



the laboratory to make such contributions were: Peter Sellick, Graeme Yates, Rob Patuzzi, Alan
Cody, Eric LePage, Tony Gummer, and Ramesh Rajan. In addition to Ray Johnstone, a number of
other Honours students supervised by Brian, notably Don Robertson and David McAlpine,
completed doctorates elsewhere. Robertson completed his PhD at McGill University, supervised
by Geoff Manley, who spent a year in the UWA laboratory as a QEIl Fellow [6]. After post-
doctoral studies in Belgium, where he studied the olivocochlear efferent system with John
Desmedt, Robertson returned to the Auditory Laboratory in 1978, and worked there until his
retirement in 2012. Manley has visited the laboratory many times over subsequent years to work

collaboratively with Johnstone and his colleagues.

Any detailed account of the contributions of Johnstone’s students is beyond the scope of this
paper, but it is of interest to note the later work of Peter Sellick, which bears directly on a
fundamental question that was raised by the earlier BM measurements and which dominated
hearing science in the 1970s. Although Johnstone and Boyle’s measurements of BM displacement
were more refined than those of von Békésy, they nevertheless indicated that the frequency
selectivity of the membrane was much poorer than that of individual auditory nerve fibres (i.e., the
BM was much more broadly tuned). This puzzling discrepancy gave rise to the view that there
must be some sort of “second filter” that acted to transform the broad mechanical tuning of the
BM into the much sharper neural tuning (see [7] for review). As a post-doc at the University of
Sussex, Sellick worked with lan Russell and succeeded in making the first intracellular recordings
of the sound evoked responses of cochlear hair cells (the mechano-electrical transducers) in living
animals [8]. These recordings indicated that the hair cells were as sharply tuned as the auditory
nerve fibres, and thus constrained the possible nature of any second filter. On returning to the
University of WA, Sellick collaborated with Rob Patuzzi and Johnstone to make further
measurements of BM displacement. They used an improved Mdssbauer technique, but also, and

critically, used the threshold of the pure-tone evoked compound auditory nerve action potential

5



(CAP) as a measure of the physiological state of the cochlea. In cases in which this threshold was
not affected by opening the cochlea and placing the Mdssbauer source, the BM proved to be as
sharply tuned as auditory nerve fibres, indicating that no “second filter”” was required. In animals
in which the CAP threshold declined, the BM became more broadly tuned, indicating that the
earlier measurements showing broad mechanical tuning had been made in physiologically
compromised cochleae. The paper in which these now classical results were presented [9] appears

to be the most highly cited paper in Australasian auditory neuroscience

Johnstone retired in 1993, but the Auditory Laboratory remains active and over the decades since
it was established has made major contributions to a number of areas of hearing science. In
addition to cochlear mechanisms and biophysics, major research themes have concerned the
response characteristics of auditory nerve fibres, the structure and function of auditory efferent
systems, mechanisms of hearing loss, and the central mechanisms of tinnitus (for reviews see [10-

13)).

3. The Auditory Neuroscience Laboratories at Monash University

The first of these laboratories was established by Bill Webster (Fig. 2) when he took up a position
as Senior Lecturer in the (itself newly established) Department of Psychology at Monash
University in 1966. Lindsay Aitkin (Fig. 2) was appointed to a position in the Department of
Physiology, where he established a second laboratory, in 1970, after a very productive post-
doctoral period at the University of Wisconsin in Madison. The group was strengthened in the
early 70s by the appointment to a position in Psychology of Jim Saunders, who subsequently
returned to the US to establish a laboratory at the University of Pennsylvania.

Both Webster and Aitkin had completed their PhDs at Sydney University, under the supervision of
Colin Dunlop of the Department of Physiology. Dunlop himself had not previously worked on the

auditory system, but he had developed expertise in evoked potential recording in awake animals



[14]. Webster was interested in the neural correlates of auditory habituation and attention, and
used these techniques to investigate such changes in evoked potentials in the cochlear nucleus, the
brainstem nucleus to which the auditory nerve fibres project. The papers in which the results of
these studies were reported [15, 16] appear to be the first auditory neuroscience (strictly
interpreted) papers from an Australasian laboratory; remarkably, they were published in the high
impact journals Nature and Science, respectively. Aitkin’s first paper reporting on his doctoral
work [17], an account of the click-evoked response patterns of single neurons in the medial
geniculate body, the major auditory thalamic nucleus, was published the following year, and

appears to be the first auditory single-unit study from an Australasian laboratory.

During the period when Webster and Aitkin were doing their doctoral work in the Department of
Physiology, they were influenced by the members of an outstanding group of visual
neuroscientists led by the then Head of Department, Peter Bishop. As discussed below, one
member of that group, Jack Pettigrew, was later to also make substantial contributions to auditory
neuroscience. It is also of interest that another member of the visual neuroscience group, Bob
Rodieck, an American who worked at the Massachusetts Institute of Technology before coming to
Australia, had published a report on quantitative methods for studying the spontaneous activity of

single neurons, which was based on recordings made from the cochlear nucleus [18].

The first two graduate students from the Monash laboratories were Dexter Irvine and Gregory
Bock. Bock made his career in the UK, but Irvine returned to a position at Monash after post-
doctoral fellowships in the UWA laboratory and at the University of California, and became a
member of the group. Later graduate students who went on to make significant contributions to
auditory neuroscience were Roger Coles, Dennis Phillips, David Moore, Mal Semple, Mike
Calford, Russell Martin, Lisa Wise, and Janine Clarey. The major contributions of the Monash

group covered a large number of areas of auditory neuroscience, mainly — but not exclusively —



relating to central auditory pathways. Among these areas were: the functional organization and
connectivity of central auditory structures, at all levels from the cochlear nucleus to the auditory
cortex; auditory system development; audiogenic seizures; auditory spatial coding, and auditory
system plasticity (see [19 — 22] for reviews). Webster and Aitkin retired from Monash in 1993 and
1996, respectively, and Irvine in 2007, but auditory neuroscience research continues in the
Department of Physiology, in the laboratory of Ramesh Rajan, who completed his PhD degree

with Johnstone at UWA.

4. The Melbourne University Department of Otolaryngology and Bionic Ear Institute

Laboratories

The laboratories in the Department of Otolaryngology at the University of Melbourne were
established by Graeme Clark (Fig. 3) when he was appointed to the Foundation Chair of that
Department in 1969. Clark was a highly experienced clinical otolaryngologist when he undertook
doctoral studies in auditory neuroscience in the Department of Physiology at the University of
Sydney, under Colin Dunlop’s supervision. His first auditory neuroscience publication [23]
reported a study of field potentials in the medial nucleus of the superior olivary complex, the first
site of binaural interaction in the auditory pathway.

The research of Clark’s group at the University of Melbourne was strongly focused on the
development of a cochlear implant for the treatment of profound deafness, and covered a wide
range of areas (the development of electrodes, surgical techniques, and processing strategies) in
parallel with behavioural and neurophysiological studies in animals of responses to cochlear
electrical stimulation. After the first clinical implants in 1978 and 1979, major emphases were on
psychophysical studies of the performance of the implantees and on the further development of
processing and stimulating strategies. This wide-ranging research program ultimately led to the

development with industry partners (Nucleus, later Cochlear Pty. Ltd.) of the first commercial



multi-channel cochlear implant (see [24] for a fascinating account of this process). In 1984 Clark
established the Bionic Ear Institute, and research was subsequently distributed between the
Institute’s laboratories and those of the Department. In subsequent years the research has focused
on a wide range of prosthesis-related issues: the development of improved processing and
stimulation strategies; animal studies of the effects of deafness and cochlear electrical stimulation
on the structure and function of the central auditory pathways; the responses of auditory nerve
fibres and central structures to such stimulation, and the effects of brain plasticity on those
responses; various forms of drug therapy to preserve surviving auditory nerve fibres and to protect
hearing (for reviews see [25-29]). The remarkable success of cochlear implants in infants with
congenital profound hearing loss and in adults with some residual hearing (i.e., severe rather than
profound hearing loss) has also prompted research on the assessment of infant responses to
cochlear electrical stimulation and on electro-acoustic hearing.

Among the early graduate students trained by Clark who continued to make substantial
contributions to the development of improved cochlear implants and to hearing science in general
were Rob Shepherd, Joe Tong, Hugh McDermott, Richard Dowell, Peter Busby, and Stephen
O’Leary. Many of these researchers have continued to work in the Bionic Ear Institute, the
Department of Otolaryngology, or in affiliated organizations. In 2011 the Bionic Ear Institute,
under its new Director, Rob Shepherd, renamed itself the Bionics Institute, reflecting a growing
research emphasis on other aspects of medical bionics, notably bionic vision and deep brain

stimulation, in addition to its continuing work on hearing

5. Auditory Neuroscience at the University of Auckland

There appears to have been no research on the auditory nervous system in New Zealand in the
1960s and 1970s, but John Irwin had an active auditory psychophysics research program with an
emphasis on intensity processing (e.g., [30, 31]). In 1978 John Montgomery moved to the
University of Auckland and developed a major research program in marine biology, which has
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included studies of the vestibular and lateral line (hair cell system for the detection of movement
and vibration) systems in fish (e.g., [32, 33]). Over a similar period, Martin Wild in the
Department of Anatomy has carried out a sustained program of research on avian neuroanatomy,
one component of which has comprised studies of the auditory system in song birds (e.g., [34]).
Auditory processing in song birds is of great interest because of the many parallels between bird
song and human speech, in respect to acquisition during critical periods, sensory-motor

interactions, and perception (e.g., [35, 36])

Two early graduate students from the University of Auckland who have gone on to make major
contributions to auditory neuroscience are Peter Thorne (who was mentored by Brian Johnstone
during his doctoral studies) and Gary Housley (who now heads a major auditory neuroscience
research group at the University of NSW). The major foci of research in the Department of
Physiology in Auckland are mechanisms of auditory synapse formation and transmission, and of

noise-induced cochlear injury (for reviews see [37, 38]).

6. The Broader Context of Australasian Hearing Science

Although the laboratories and research groups described in the preceding sections were the major
contributors to the early development of auditory neuroscience in Australasia, a number of other
institutions and individuals have contributed to the field itself or to the broader hearing science
context in which the field developed. These diverse strands of influence are discussed briefly in

the following sections

6.1. Early anatomical studies

Alfred Walter Campbell (1868 — 1937) is regarded as Australia’s first neurologist. He was born in
NSW, studied medicine at the University of Edinburgh, and had a distinguished research and
clinical career in Europe before returning to clinical practice in Australia. In his 1905 monograph

[39], which founded cerebral cytoarchitectonics, he made a remarkably prescient distinction
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between what we would now call “core” and “belt” areas of the auditory cortex. The Australasian
Neuroscience Society’s “A. W. Campbell Award”, which is awarded for the best contribution by a

member of the Society in their first five postdoctoral years, is named in his honour.

6.2. Comparative Studies of the Auditory System

Early comparative studies of the auditory system were carried out by the group led by Murray
Littlejohn in the Department of Zoology at Melbourne University, which was focused on auditory
communication in frogs. Their first reported electrophysiological study (of evoked potential
audiograms in nine frog species) [40] was carried out by a graduate student, Jasper Loftus-Hills, in
collaboration with Brian Johnstone, who trained him in evoked potential recording techniques.
Similar recordings were also made in insects (e.g., [41]). Over more recent years, a range of
comparative studies, many of them in unique Australian animals, (e.g., [42-45]), have been carried
out in the major laboratories described above. A number of investigators have taken advantage of
the ready access to pouch young in marsupials, which makes them ideal subjects in which to
examine auditory system development (e.g., [46, 47] (see [48] for review). As noted in section 5,
research at the University of Auckland has investigated the auditory and vestibular systems in fish

and birds.

6.3.  The National Acoustic Laboratories

The National Acoustic Laboratories (NAL) grew from the Commonwealth Acoustic Laboratories,
which were established in the late 1940s to perform a mixture of research, clinical services, and
technical development in the area of hearing loss in humans. A fascinating aspect of the early
history of NAL is that John Carew Eccles, the Nobel Prize winning Australasian
neurophysiologist, played a pivotal role in the establishment, in 1943, of The Acoustic Testing
Laboratory from which the later organizations evolved [49]. Under its first formal Research

Director, Dennis Byrne, and his colleague Harvey Dillon, who is now Director of the
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Laboratories, NAL have carried out research on a wide range of acoustic, psychoacoustic and
electrophysiological topics relating to hearing disorders and the fitting of hearing aids. These
include audiological and speech discrimination testing, the assessment and remediation of auditory
processing disorders, and the use of electrophysiological methods for the assessment of hearing

loss in infants (see www.NAL.gov.au for current and recent research, and [49] for a review of its

earlier history). NAL is now located in the Australian Hearing Hub at Macquarie University,
which recently appointed David McAlpine, who completed his Honours degree with Brian

Johnstone, as its inaugural Professor of Speech, Hearing and the Brain.

6.4. Otolaryngology in Australasia

In his fascinating account of the early history of otolaryngology in Australia, Bulteau [50] reports
that there was a separate “Eye, Ear, Nose and Throat” section at the Second Intercolonial Medical
Congress of Australasia, which was held in Melbourne in 1889, and Australasian
otolaryngologists have held scientific meetings since that time. The work of the University of
Melbourne’s Department of Otolaryngology under Graeme Clark’s leadership has been described
above. In 1983 William Gibson was appointed to the second Chair of Otolaryngology in Australia,
in the University of Sydney, and he and his colleagues have made impressive research
contributions to many aspects of hearing science. In recent years, both clinical and basic hearing
science research has been supported by the Garnett Passe and Rodney Williams Memorial
Foundation, which was established in 1986. As indicated by his last paper [51], Passe’s clinical
research interests were in topics which remain highly relevant today, viz., Meniere's disease,

tinnitus, and nerve deafness.

6.5. Audiology in Australasia
The first post-graduate training course for audiology in Australia was established by Graeme

Clark and Field Rickards at the University of Melbourne in 1973, and the investigation of

12


http://www.nal.gov.au/

audiological procedures for cochlear implants was an important component of the commercial
development of the device (e.g., [52]). The growing recognition of hearing impairment as a major
health problem has led to the establishment of audiology training programs at a number of
universities in both Australia and New Zealand, where the first program was established at the
University of Auckland in 1990. Research in Departments of Audiology is focused on the causes,
characteristics and treatment of different forms of hearing loss and balance problems, and on the
improvement of auditory prostheses. As noted above, these are also major foci of research by

audiologists and other hearing scientists at NAL.

6.6.  Auditory Psychophysics

As noted in section 5, John Irwin led an active psychoacoustics research program at the University
of Auckland from the mid-1960s. In 1972, Bill Noble established a psychoacoustics research
laboratory at the University of New England; his major interests were in the perceptual and social
consequences of hearing impairment (e.g., [53]), and he has collaborated extensively with

colleagues at NAL.

Psychophysical studies of performance with prosthetic devices (cochlear implants and hearing
aids) have also been a major component of research in the Departments of Otolaryngology and
Audiology (sections 4, 6.4, and 6.5), the Bionic Ear Institute, and NAL (section 6.3). A major
focus of more recent basic auditory psychophysics in Australia has been on the role of head-
related transfer functions in sound localization and on virtual auditory space technology (e.g.,
[54]). This work was initiated by Simon Oldfield at Deakin University (e.g., [55]), and continued

in an applied setting when he moved to the Defence Science and Technology Organization.

6.7.  Jack Pettigrew and the Vision, Touch and Hearing Research Centre
As mentioned previously, Jack Pettigrew was a member of Peter Bishop’s visual neuroscience

group at the University of Sydney when Webster, Aitkin and Clark were undertaking doctoral
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studies there. In addition to his remarkable contributions to visual neuroscience, Pettigrew
contributed substantially to auditory neuroscience. While a faculty member at Caltech, he
collaborated with Eric Knudsen and Mark Konishi in the study [56] that initiated their outstanding
program of research on auditory spatial coding in the barn owl midbrain. When he returned to
Australia as Director of the National Vision Research Institute at the University of Melbourne,
Pettigrew collaborated with Aitkin and a group of the Monash graduate students on an important
series of studies of auditory spatial coding in the cat (e.g., [57,58]). Subsequently, he established
and served as Director of the Vision, Touch and Hearing Research Centre (VTHRC) at the
University of Queensland, and in 1989 recruited Jim Pickles as leader of the hearing group.
Pickles, who moved to Brisbane from the University of Birmingham, had previously described
the “tip links” between the stereocilia of mammalian hair cells [59], which are now know to apply
the stimulus force to open the mechanotransducer channels [60]. VTHRC was absorbed into the

Queensland Brain Institute in 2007.

6.8.  Vestibular Neuroscience

The intimate connection between auditory and vestibular receptor structures and transduction
mechanisms merits a brief consideration of the development of vestibular neuroscience in
Australasia. The major figure in this field has been lan Curthoys, who completed doctoral studies
in auditory psychophysics at Monash University [61]. Curthoys began his work on the vestibular
system as a post-doctoral fellow at UCLA [62], and subsequently established an extraordinarily
productive experimental laboratory at the University of Sydney and clinical collaboration with
Michael Halmagyi. Some of his contributions to vestibular neuroscience have concerned the
responses of vestibular primary afferents to acoustic stimuli, and the use of clinical tests of
vestibular function employing air-conducted and bone-conducted sounds (e.g., [63]). Among the
early graduate students from Curthoys’s laboratory, Paul Smith and Cynthia Darlington of the

University of Otago have continued to contribute to vestibular neuroscience. Another productive
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Australian vestibular neuroscience research group is headed by Alan Brichta, at the University of
Newcastle. As noted in section 6.5, research on balance problems is also carried out in a number

of Departments of Audiology.

7. Concluding Comments

In this brief review of the origins and early development of auditory neuroscience in Australasia
Brian Johnstone emerges as a pivotal figure. He established the first of the major laboratories
whose output established Australia’s place in the field, and that laboratory has been productive
throughout the subsequent 50 or so years. Furthermore, Johnstone served as a mentor and
collaborator to many other members of the Australasian auditory neuroscience community.

The scope of this account is such that it has not been possible to refer to the work of many
individual researchers and research groups who have contributed to the field in more recent times.
A recent article by Peter Thorne on audiological research in Australia and New Zealand [64]
provides a brief summary of current research activity, but there remain many substantial
contributions in the intervening years that have not been described either here or in that paper.
Prompted by the retirement of the seminal figures who established the three major Australian
laboratories discussed in this paper, and in an attempt to maintain the momentum established over
the preceding  years, the  Australasian ~ Auditory  Neuroscience  Workshop

(http://aanw.bionicsinstitute.org/aanw2015.html) was established and held its first meeting in

2004. Its major aim is to provide a forum in which younger members of the auditory neuroscience
community can present their work and receive constructive feedback and mentoring. It meets
annually, with attendances of the order of 40-50 researchers, usually as a satellite of the annual

conference of the Australasian Neuroscience Society.

15


http://aanw.bionicsinstitute.org/aanw2015.html

Conflict of Interest : The author declares that he has no conflict of interest

16



References

1. Honrubia, V., Johnstone, B.M., Butler, R.A.: Maintenance of cochlear potentials during

asphyxia. Acta Oto-Laryngol. 60, 105-112 (1965)

2. Johnstone, B.M., Boyle, A.J.F.: Basilar membrane vibration examined with the Mdssbauer

technique. Science 158, 389-390 (1967)

3. Johnstone, B.M., Sellick, P.M.: The peripheral auditory apparatus. Quart. Rev. Biophys. 5,

1-57 (1972)

4. Johnstone, J.R., Johnstone, B.M.: Electrophysiology of the lizard cochlea. Exp. Neurol. 24,

99-109 (1969a)

5. Johnstone, J.R., Johnstone, B.M.: Unit responses from the lizard auditory nerve. Exp.

Neurol. 24, 528-537 (1969b)

6. Manley, G.A., Irvine, D.R.F., Johnstone, B.M.: Frequency response of bat tympanic

membrane. Nature 237, 112-113 (1972)

7. Cooper, N.P., Pickles, J.O., Manley, G.A.: Traveling waves, second filters, and
physiological vulnerability: A short history of the discovery of active processes in hearing.
In: Manley, G.A., Fay, R.R. (eds.) Active Processes and Otoacoustic Emissions in

Hearing. pp. 39-62. Springer, New York (2008).

8. Russell, 1.J., Sellick, P.M.: Intracellular studies of hair cells in the mammalian cochlea. J.

Physiol. 284, 261-290 (1978)

17



10.

11.

12.

13.

14.

15.

16.

17.

18.

Sellick, P.M., Patuzzi, R., Johnstone, B.M.: Measurement of basilar membrane motion in

the guinea pig using the Mdssbauer technique. J. Acoust. Soc. Am. 72, 131-141 (1982)

Patuzzi, R., Robertson, D.: Tuning in the mammalian cochlea. Physiol. Rev. 68, 1009-

1082 (1988)

Robertson, D.: Centrifugal control in mammalian hearing. Clin. Exp. Pharmacol. Physiol

36, 603-611 (2009)

Robertson, D., Mulders, W.: The inferior colliculus: involvement in hyperactivity and
tinnitus. In: Eggermont, J.J., Zeng, F.-G., Popper, A.N., Fay, R.R. (eds.) Tinnitus, vol. 44.

Springer Handbook of Auditory Research, pp. 121-135. Springer, New York (2012)

Yates, G.K., Johnstone, B.M., Patuzzi, R.B., Robertson, D.: Mechanical preprocessing in

the mammalian cochlea. Trends Neurosci. 15: 57-61 (1992).

Adey, W.R., Dunlop, C.W., Hendrix, C.E.: Hippocampal slow waves: Distribution and

phase relationships in the course of approach learning. Arch. Neurol. 3(1), 74-90 (1960)

Dunlop, C.W., Webster, W.R., Simons, L.A.: Effect of attention on evoked responses in

the classical auditory pathway. Nature 206, 1048-1050 (1965)

Webster, W.R., Dunlop, C.W., Simons, L.A., Aitkin, L.M.: Auditory habituation: A test of

a centrifugal and a peripheral theory. Science 148, 654-656 (1965)

Aitkin, L.M., Dunlop, C.W., Webster, W.R.: Click-evoked response patterns of single

units in the medial geniculate body of the cat. J. Neurophysiol. 29(1), 109-123 (1966)

Rodieck, R.W., Kiang, N.Y.-S., Gerstein, G.L.: Some quantitative methods for the study of

spontaneous activity of single neurons. Biophys. J. 2, 351-368 (1962)

18



19.

20.

21.

22,

23.

24,

25.

26.

27.

Aitkin, L.M.: The Auditory Cortex. Chapman and Hall, London (1990).

Aitkin, L.M., Irvine, D.R.F., Webster, W.R.: Central neural mechanisms of hearing. In:
Darian-Smith, 1. (ed.) Handbook of Physiology. Section 1: The Nervous System. VVolume

I11. Sensory Processes. Chap 16. pp. 675-737. Am. Physiol. Soc., Bethesda, Md. (1984)

Irvine, D.R.F.: The auditory brainstem: A review of the structure and function of auditory
brainstem processing mechanisms. In: Ottoson, D (ed) Progress in Sensory Physiology,

Vol 7. pp. 1-279. Springer-Verlag, Berlin (1986)

Irvine, D.R.F.: Plasticity in the auditory pathway. In: Palmer, A., Rees, A. (eds.) The
Oxford Handbook of Auditory Science: The Auditory Brain. pp. 387-415. Oxford

University Press, Oxford (2010)

Clark, G.M., Dunlop, C.W.: Field potentials in the cat medial superior olivary nucleus.

Exp. Neurol. 20(1), 31-42 (1968)

Bondarew, V., Seligman, P.: The Cochlear Story. CSIRO Publishing, Collingwood,

Victoria (2012)

Fallon, J.B., Ryugo, D.K., Shepherd, R.K.: Consequences of deafness and electrical
stimulation on the peripheral and central auditory system. In: Waltzman, S.B., Roland, J.T.

(eds.) Cochlear Implants. pp. 19-37. Thieme Medical Publishers Inc., New York (2014)

Gillespie, L.N., Richardson, R.T., Nayagam, B.A., Wise, A.K.: Treating hearing disorders

with cell and gene therapy. J. Neural Eng. 11, 065001 (2014)

McDermott, H.J.: Music perception with cochlear implants: A review. Trends Amplif. 8,

49-82 (2004)

19



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

McKay, C.M.: Spectral processing in cochlear implants. In: Malmierca, M., Irvine, D.R.F.
(eds.) Auditory Spectral Processing. International Review of Neurobiology, pp. 473-509.

Elsevier Academic, San Diego (2005)

Shepherd, R., Wise, A., Fallon, J.: Cochlear implants. In: Celesia, G.G. (ed.) Disorders of

Peripheral and Central Auditory Processing. pp. 315-331. Elsevier, Amsterdam (2013)

Irwin, R.J.: Binaural summation of thermal noises of equal and unequal power in each ear.

Am. J. Psychol. 78, 57-65 (1965)

Treisman, M., Irwin, R.J.: Auditory intensity discriminal scale I. Evidence derived from

binaural intensity summation. J. Acoust. Soc. Am. 42, 586-592 (1967)

Housley, G.D., Montgomery, J.C.: Central projections of vestibular afferents from the
horizontal semicircular canal in the carpet shark Cephaloscyllium isabella. J. Comp.

Neurol. 221, 154-162 (1983)

Montgomery, J.C., Macdonald, J.A.: Sensory tuning of lateral line receptors in Antarctic

fish to the movements of planktonic prey. Science 235(4785), 195-196 (1987)

Coleman, M,J., Roy, A., Wild, J.M., Mooney, R.: Thalamic gating of auditory responses in

telencephalic song control nuclei. J. Neurosci. 27: 10024-36 2007

Doupe, A.J., Kuhl, P.K.: Birdsong and human speech: Common themes and mechanisms.

Ann. Rev. Neurosci. 22, 567-631 (1999)

Shannon, R.V.: Is birdsong more like speech or music? Trends Cog. Sci. 20, 245-47 (2016)

Thorne, P.R., Housley, G.D.: Purinergic signalling in sensory systems. Sem. Neurosci. 8,

233-246 (1996)

20



38.

39.

40.

41.

42.

43.

44,

45.

46.

Vlajkovic, S.M., Housley, G.D., Thorne, P.R.: Adenosine and the auditory system. Curr.

Neuropharmacol. 7(3), 246-256 (2009)

Campbell, AW.: Histological Studies on the Localization of Cerebral Function.

Cambridge University, Cambridge (1905)

Loftus-Hills, J.J., Johnstone, B.M.: Auditory function, communication, and the brain-

evoked response in Anuran Amphibians. J. Acoust. Soc. Am. 47, 1131-1138 (1970)

Loftus-Hills, J.J., Littlejohn, M.J., Hill, K.G.: Auditory sensitivity of the crickets

Teleogryllus commodus and T. oceanicus. Nature New Biol. 233: 184-85 (1971)

Aitkin, L.M., Gates, G.R.: Connections of the auditory cortex of the brush-tailed possum,

Trichosurus vulpecula. Brain Behav. Evol. 22, 75-88 (1983)

Gates, G.R., Saunders, J.C., Bock, G.R., Aitkin, L.M., Elliott, M.A.: Peripheral auditory
function in the platypus, Ornithorhynchus anatinus. J. Acoust. Soc. Am. 56, 152-156

(1974).

Manley, G.A., Koppl, C., Yates, G.K.: Activity of primary auditory neurons in the
cochlear ganglion of the emu Dromaius novaehollandiae: Spontaneous discharge,

frequency tuning, and phase locking. J. Acoust. Soc. Am. 101, 1560-1573 (1997)

Mills, D.M., Shepherd, R.K.: Distortion product otoacoustic emission and auditory
brainstem responses in the echidna (Tachyglossus aculeatus). J. Assoc. Res. Otolaryngol.

2, 130-146 (2001)

Gummer, A.W., Mark, R.F.: Patterned neural activity in brain stem auditory areas of a
prehearing mammal, the tammar wallaby (Macropus eugenii). NeuroReport 5, 685-688

(1994),
21



47.

48.

49.

50.

51.

52.

53.

54,

55.

56.

Hill, K.G., Cone-Wesson, B., Liu, G.B.: Development of auditory function in the tammar

wallaby Macropus eugenii. Hear. Res. 117(1-2), 97-106 (1998).

Aitkin, L.M.: Hearing - the Brain and Auditory Communication in Marsupials. Springer,

Heidelberg (1998)

Upfold, L.J.: A History of Australian Audiology. Phonak Pty Itd, Sydney (2008)

Bulteau, V.: Oto-laryngology in Australia from early years to 1975. Aust. J. Oto-Laryngol.

3(5), 392-397 (2000)

Passe, E.R.G.: Surgery of the sympathetic for Meniere's disease, tinnitus, and nerve

deafness. AMA Arch. Otolaryngol. - Head & Neck Surg. 57(3), 257-266 (1953)

Tong, Y.C., Clark, G.M., Dowell, R.C., Martin, L.F.A., Seligman, P.M., Patrick, J.F.: A
multiple-channel cochlear implant and wearable speech-processor: An audiological

evaluation. Acta Oto-Laryngol. 92, 193-198 (1981)

Noble, W.G., Russell, G.: Theoretical and practical implications of the effects of hearing

protection devices on localization ability. Acta Oto-Laryngol. 74, 29-36 (1972)

Carlile, S. (ed.) Virtual Auditory Space: Generation and Applications. R.G. Landes

Company, Texas (1996)

Oldfield, S.R., Parker, S.P.A.. Acuity of sound localisation: a topography of auditory

space. 1. Normal hearing conditions. Perception 13, 581-600 (1984)

Knudsen, E.l., Konishi, M., Pettigrew, J.D.: Receptive fields of auditory neurons in the

owl. Science 198, 1278-1280 (1977)

22



57.

58.

59.

60.

61.

62.

63.

64.

Phillips, D.P., Calford, M.B., Pettigrew, J.D., Aitkin, L.M., Semple, M.N.: Directionality

of sound pressure transformation at the cat's pinna. Hear. Res. 8, 13-28 (1982)

Semple, M.N., Aitkin, L.M., Calford, M.B., Pettigrew, J.D., Phillips, D.P.: Spatial

receptive fields in the cat inferior colliculus. Hear. Res. 10, 203-215 (1983)

Pickles, J.0., Comis, S.D., Osborne, M.P.: Cross-links between stereocilia in the guinea
pig organ of Corti, and their possible relation to sensory transduction. Hear. Res. 15, 103-

112 (1984)

Pickles, J.O., Corey, D.P.: Mechanoelectrical transduction by hair cells. Trends Neurosci.

15, 254-259 (1992)

Curthoys, 1.S.: Auditory localization during binaural masking. J. Acoust. Soc. Am. 46, 125

(1969)

Curthoys, 1.S., Markham, C.H.: Convergence of labyrinthine influences on units in the

vestibular nuclei of the cat. I. Natural stimulation. Brain Res. 35(2), 469-490 (1971)

Curthoys, 1., Vulovic, V.: Vestibular primary afferent responses to sound and vibration in

the guinea pig. Exp. Brain Res. 210(3), 347-352 (2011)

Thorne, P. R.: Audiological research in Australia and New Zealand. ENT & Audiol, News

19, 56-58 (2010)

23



Figure caption

Fig. 1 Brian Johnstone, the founder of the University of Western Australia laboratory

Fig. 2 Bill Webster (left) and Lindsay Aitkin, the founders of the Monash University

laboratories

Fig. 2 Graeme Clark, the founder of the University of Melbourne laboratory and of the Bionic

Ear Institute
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