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Introduction 
wo post-lingually deaf patients with total hearing losses have had help in 

communicating, using a multiple-channel cochlear implant (Tong et ai., in 
press; Tong and Clark, 1980). Single-channel implants have also been 
shown to be of value (House et ai., 1976; Fourcin et ai., 1979). As the 
multiple-channel device, however, requires an intra-cochlear electrode 
array it was considered worthwhile comparing the closed-set spondaic 
word test results obtained from our patients with those from intra-cochlear 
single-channel implants (Bilger et ai., 1977). 

U sing the multiple-channel device speech was processed by extracting 
the voicing frequency and energy, and the frequency and energy of the 
dominant spectral peak in the mid-frequency range. The parameters for 
voicing determined the rate of stimulation for all electrodes, and the 
parameters for the dominant spectral peak in the mid-frequency range 
determined the site ofelectrode stimulation and current level. On the other 
hand, with the single-channel implant (House et ai., 1976) the speech 
wave amplitude modulated a 16 kHz carrier frequency, and this in tum 
stimulated the auditory nerve. 

Methods 
Sixteen spondaic words, having equal intelligibility to normal hearing 

subjects, were used. Lists, with each word represented five times and 
selected at random, were prepared. Each 80-word list was presented 
before and after training in word identification, and with a pre-recorded 
and 'live' voice. Training consisted of rehearsing the words for half an 
hour. 

The words used in the test were recorded on a tape-recorder by a 
female speaker with a British accent. The words in the 'live' presentation 
were given by the same speaker in a room with no sound treatment, and 
precautions were taken to ensure that the patient could not lipread the 
speaker. 

Results 
The results of the study are shown in Table I. From this it can be seen 

that, before training, the scores for patients MC-l and MC-2 were 45 per 
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TABLE I 

CLOSED-SET SPONDAIC WORD TEST 

MULTIPLE-CHANNEL COCHLEAR IMPLANT ALONE 

Patient Result 

Before training 
Pre-recorded MC-I 45% 

MC-2 52% 
Live MC-I 52% 

MC-2 52% 
After training 

Pre-recorded MC-I 53% 
MC-2 60% 

Live MC-I 43% 

cent and 52 per cent for pre-recorded presentations, and 52 per cent and 
52 per cent for 'live' voice presentations. After training the scores 
were 53 per cent and 60 per cent for pre-recorded words, and 43 per cent 
for patient MC-l for the 'live' voice test. 

Discussion 
In this study, the method of presenting the spondaic words was made 

as close as possible to that described by Bilger et al. (1977). The main 
difference was that in our study both patients had 80 words presented for 
each test condition, whereas in the study by Bilger et al. the patients 
received sets of words which varied in number from 20 to 50. 

TABLE II 

MULTIPLE-CHANNEL VERSUS SINGLE-CHANNEL COCHLEAR IMPLANTS 

CLOSED-SET SPONDAIC WORD RESULTS 

WILCOXON RANK SUM TEST 

,
 

Treatment % Rank 

B 4 I 
B 10 2'/2 
B 10 2'1, 
B 16 4 
B 18 5Y, 
B 18 5V2 
B 20 7'h 
B 20 7Y, 
B 21 9 
A 45 10 
A 52 11 

A-Multiple-channel cochlear implant (Tong el at., in press). 
B-Single-channel cochlear implant (House et at., 1976. Bilger 

etat., 1977). 

Sum of ranks of treatment A is 21 
m=2 
n=9 
p = 0·025 (single tail test) 
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The mean score for the multiple-channel implant was 48·5 per cent, 
and the mean for the single-channel implant 15·2 per cent (Table II). 
When these were analysed statistically, the difference in results was 
significant at the 0·025 probability level (Table II). A Wilcoxon Rank 
Sum test was used, as the scores were in percentages. 

This difference between the results was most probably due to more 
i,lformation being provided about speech by the multiple-channel device. 
The advantages of multirl>channel electrical stimulation can be seen 
!rom our previous studi, s, which have shown that the patients can 
,~xperience a difference in vowel colour, which varies according to the 
position of the stimulating electrode, and is consistent with the place 
theory offrequency coding (Tong et at., in press). Furthermore, using this 
knowledge to design a speech processor which extracts the voicing 
frequency and energy, and the frequency and energy of the dominant 
spectral peak in the mid-frequency range it has been possible for the 
patient to understand some running speech using the implant alone, and 
when used in conjunction with lipreading they have been able to engage in 
almost normal everyday conversation. These findings have been confirmed 
using standard audiological tests which involve the presentations of 
nonsense syllables, open-set word lists and open-set sentence lists (Tong 
and Clark, 1980). 

Conclusion 
This study has shown that the results with a closed-set spondaic word 

test are significantly better for two patients receiving a multiple-channel 
cochlear implant (Tong et at., in press), than for a group of nine patients 
who had an intra-cochlear single-channel device (House et al., 1976; 
Bilger et at., 1977). 
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