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INTRODOCTION

It has been shown that many profoundly deaf patients using
multichannel cochlear implants are able to understand significant
amounts of conversational speech using the prosthesis without the
aid of lipreading. These results are usually obtained under
ideal acoustic conditions but, unfortunately, the environments in
which the prostheses are most often used are rarely perfect.
Some form of competing signal is always present in the urban
setting, from other conversations, radio and television,
appliances, traffic noise and so on. As might be expected,
implant users in general find background noise to be the largest
detrimental factor in their understanding of speech, both with
and without the aid of lipreading.

Recently, some assessment of implant patient performance
with competing noise has been attempted using a four-alternative
forced-choice spondee test (1) at Iowa University. Similar
testing has been carried out at the University of Melbourne with
a group of patients using the Nucleus multichannel cochlear
prosthesis. This study formed part of an assessment of a two
formant (FO/FI/F2) speech coding strategy (2). Results suggested
that the new scheme provided improved speech recognition both in
quiet and with competing noise. This paper reports on some more
detailed investigations into the effects of background noise on
speech recognition for multichannel cochlear implant users.

SUBJECTS

Five subjects, implanted in Melbourne with the Nucleus
multichannel implant, were involved in this study. They were
chosen using the following criteria:

1. More than 15 electrodes in use in each subject's implant
system.

2. Over one year of regular use of the implant (to minimize
experience effects).

3. Available for regular test sessions.
4. Native English speaker.

METHOD

The subjects were assessed using the four-choice spondee
test, vowel recognition using 11 pure vowels in an Ihvdl
context, and consonant recognition using 12 consonants in an
laCal context. All test materials were recorded by a male
s~eaker and ~resented at 70 dBA (measured at the subjects'
mlcrophone) Vla a loudspeaker system. The competing noise was
mixed with the signal using a two channel audiometer and the
various SNR's (signal-to-noise ratios) were obtained by adjusting
the level of the noise. The competing signal used was four
speaker babble. This provided a simulation of a common acoustic
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environment where implantees report difficulty. After some
preliminary investigations, the SNR's used for each particular
test where chosen to cover the range from chance performance to a
level where scores were equivalent to those obtained in quiet.
The four-choice spondee test was presented once at each SNR and
with no noise using a different test list each time. The vowels
and consonants were tested over four test sessions with all SNR's
tested at each session. The spondees were tested using both the
FO/F2 and FO/Fl/F2 processing strategy, while the other tests
were carried out with the FO/Fl/F2 strategy only.

RESULTS AND CONCLUSIONS

The mean results for the vowel recognition experiment,
ranged from 79% correct a high signal to noise ratio (SNR) to 44%
correct at an SNR of 4dB. The chance level was 9%.
Interestingly, as the level of continuous background noise was
increased, the subjects could not always detect the signal
against the continuous background noise. If the test was
rescored by omitting such ftinaudible ft stimuli, then the score at
4dB improved from 44% to 58%.

Consonant testing showed large inter-subject differences.
At an SNR of 15dB, the results for three patients were
significantly different from their no-noise results, while the
score of the highest-scoring patient was significantly reduced.
At lOdB SNR, the performance of all patients was significantly
reduced. However, all subjects scores were still significantly
above chance at an SNR of 5dB.

For the four-choice spondee tests with the FO/Fl/F2
strategy, there was no significant difference between the mean
score with no noise and at lOdB SNR (97% and 95%), while for the
FO/F2 strategy the results at lOdB SNR were significantly
degraded (97.5% to 77.5%), although above chance. Figure 1 shows
the results for this experiment, as well as data collected by
Gantz et al (1) in a similar experiment in which patients using
the Nucleus FO/F2 processor were tested together with patients
using the Symbion 4 channel analog implant. The additional cues
which are presented using either the two formant strategy
(FO/Fl/F2) or the four channel analog strategy make these
processing schemes more tolerant to noise than the single formant
(FO/F2) strategy.
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SPONDEES IN NOISE:
STRATEGY COMPARISON
o NO NOISE _ 10 dB SNR (4 SPEAKER BABBLE)
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Figure 1 Performance in noise for the FO/F2
and FO/Fl/F2 Strategies as measured in
this study (left hand two panels) and for
the FO/F2 and Symbion four channel analog
strategy reported in the Iowa study (1)
(right hand two panels).
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