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~his paper describes the results obtained in a series of psychophysical 
studies conducted with our first multiple-channel cochlear implant patient. 
The variations of apparent loudness and pitch for single-electrode 
stimulation were determined by the method of magnitude estimation. The 
results showed that the loudness growth due to increases in current level 
~as ~uch steeper than the growth for acoustic stimulation in normal hearing 
subjects. The pitch produced by electrical stimulation was found to 
increase with pulse rates below 200 pps, while the increase in pitch with 
pulse rate was less prono~,ced above 200 pps. For a constant rate of 
stimulation, the pitch varied with the electrode position. Furthermore, 
the same pitch estimate could be obtained by driving single electrodes 
with different pulse rates. 

The hearing sensations at different electrodes were consistently described 
by the patient as "different sounds". for a fixed pulse rate, the hearing 
sensation at electrodes with low pitch estimates were described as "dull 
sounds", while "sharp sounds" were reported at electrodes with hi9h pitc~ 

estimates. The nature of the "different sounds" produced at the electrodes 
was further studied by an identification experiment. The results of this 
experiment showed that the patient was able to associate the hearing 
sensations produced by single electrodes with different vowel colours. 
for 200 ms pulse trains at 75 pps, the hearing sensation produced at the 
electrode with the dullest sensation was associated with Itl (as in h~t), 
an lEI (as in getl was associated with the electrodes characterized by a 
medium sharpnesi, while an III (as in hid) was associated with the 
electrodes with the sharpest sensations. 

The results of these studies indicated that the hearing sensations produced 
by single-electrode periodic pulse trains might be, as a first 
approximation, equivalent to the sensations produced by acoustic single
formant synthetic vowels. The pitch estimates obtained in the pitch 
scaling experiment might be interpreted as being influenced by two pitch 
components. The first component is related to the pulse rate and 
corresponds to the "voice pitch" of an acoustic complex signal, while the 
second is related to the electrode position and corresponds to the 
"spectral pitch" of an acoustic signal. 

In the light of these results, a possible speech coding scheme operating on 
similar principles as a formant-vocoder may be proposed. In this scheme, 
the formant frequencies could be transformed to a pattern of activated 
electrodes, fundamental frequency to pulse rate, and amplitude envelope to 
current level. 
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