
l~ OTOPUBS #1279 

1999 CONFERENCE ON IMPLANTABLE AUDITORY P 
ABSTRACTS FOR INvITED SPEAKER PRESENTA - -

SESSION 1 
Speaker 4
 
Ian C. Bruce
 

ADVAJ'KES IN RELATING COCHLEAR IMPLANT PHYSIOLOGY AND
 
PSYCHOPHYSICS
 

4Ian C. Bruce'.2, Mark W. White3, Laurence S. Irlicht l
• ,
 

Stephen J. O'Learyl and Graeme M. ClarkI
 

I Department of Otolaryngology; The University ofMelboume and TIle Bionic Ear Institute,
 
Melboume, Australia
 

2Dep3.rtment of Biomedical Engineering, Johns Hopkins University, Baltimore, MD, USA
 
3Depart111ent of Electrical 3.nd Computer Engineering, North Carolina State University, Raleigh,
 

NC, USA
 
4County Investment Management, Melboume, Australia
 

More than a decade has passed since apparent discrepancies between physiological and 
psychophysical thresholds in cochlear implant users were first pointed out. This incongruity has 
been largely ignored in the intervening time. In a recent series of studies we have ulldertaken to 
determine if the definition of threshold in physiological studies is the cause of these differences. 

Analysis of auditory nerve physiology indicates that fluctuations in the membrane potential 
are a significant source of stochastic activity (noise) in electrical stimulation, such that responses 
are best described by discharge probability as a function of stimulus intensity, rather than just a 
simple deterministic (zero-noise) threshold. We hypothesize that quite low discharge 
probabilities in individual fibers may be sufficient to account for psychophysical thresholds, if 
responses in a population of fibers are used in this task by higher auditory pathways. 

In order to test this hypothesis, we have developed a simple and computationally efficient 
model of auditory nerve response that can either include or omit membrane noise. We have 
incorporated this model in a psychophysical model of intensity discrimination that permits direct 
prediction of psychophysical thresholds using signal detection theory and have found that the 
stochastic model does indeed produce more accurate predictions. We have also used the model to 
predict psychophysical dynamic range and intensity discrimination, which are also better 
predicted by the stochastic model. Quite accurate predictions have been obtained across a 
significant range of stimulus parameters. These results suggest that membrane noise in the 
auditory nerve may be important both for cochlear implant physiology and psychophysics and 
may explain many apparent discrepancies between the two. 
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