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words without lipreading. However,
three patients tested with this device
at the University of Towa (Towa City)*
and two in England® have not been
able to obtain open-set word recogni-
tion. In this investigation the author
vigited Innsbruck {(Austria) and was
allowed to test nine of the better
patients with the 3M/Vienna device.

This implant activates a single uni-
polar electrode pair with & broadband
analogue signal (150 to 6000 Hz). The
analogue waveform is compressed and
then frequency-dependent amplifica-
tion is provided.! The intracochlear
version of this typically has four elec-
trode pairs on the electrode carrier.
The best (largest dynamie range) of
these four electrodes is chosen to
stimulate with the wearable single-
channel device. The extracochlear ver-
sion uses monopolar stimulation with
the active electrode in the round-
window niche. The speech proeessing
is exactly the same for the extracoch-
lear and intracochlear implant.

PATIENTS AND METHODS

Nine patients were tested, a group of
four and a group of five. Preimplant audio-
grams® in the test ear indicated a profound
hearing loss. Threshelds at 250 Hz were
105-dB hearing level (HL) or worse for all
patients except V8. The patient with the
best hearing was V8, who had thresholds of

T5-, 85-, and 95-dB HL at 125, 250, and 500 -

Hz with no measurable hearing at higher
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< Open-Set Word Recognition With the
I/ Vienna Single-Channel Cochlear Implant

zudiometric frequencies. Patients V1, V3,
and V8 used an extracochiear device, with
the others using an intracochlear device.
The patients identified V1 through V9 have
been designated by MB, MW, HH, S0, HZ,
GR, RW, MK, and JF by the Vienna/
Innsbruck team in previous publications.

All the speech material was in the Ger-
man language. The author selected the
words and sentences the night before test-
ing. Thus the patients were unaware of the
materials. The words were simple, every-
day words, one or two syllables in length.
The sentences were all statements, ranging
from three to six words per sentence. The
same material was used by Tyler” althoagh
a different speaker was used.

The author requesied a male and female
speaker who were unfamiliar to the
patients. However, it was discovered after-
ward that the patients had some familiari-
ty with the male speaker.

The stimuli were recorded on a tape
recorder (Marantz PMD 430) using a dBX
noise-reduction system. The talkers were
asked to preduce materials at a typical
rate. Both spoke very clearly, but at a rate
slower than normal. The speaking rate was
guantiffied by measuring the sentence
duration (from the onset of the first word
to the offset of the last word) and dividing
by the number of words in the sentence.
This method provides a score that is artifi-
cially lower thar conversational speech
because the silent intervals between sen-
tences are not considered. The male spoke
at 98 words per minute and the female at
105 words per minute. This is considerably
less than the 170 words per minute rate
spoken by two German speakers under
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Fig 1,—Words identified correctly on sentence test. Results are shown separately for male and
female speakers and for total score.
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similar cireumstances (R.8.7, unpyyj;
observation). The stimaulj Were s
back through the same tape reg
Sony amplifier, and a speaker (®
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RESULTS

Figure 1 shows the percentage srf
rect for words in sentences. Scom}
averaged across the male and femg]:"
speakers ranged from 15% to 83f,
correct (X =54, SD=28). Peryf o
mance was slightly better for thly
male speaker for subjeets V2 and ¥}
whereas it was better for the fend}
speaker for patients V4, V5, and Vif

Figure 2 shows the results for w
recognition when presented as sizgf’
words. Scores averaged across!
male and female speakers ral)
from 6% to 61% correct (X =
SD = 17). Scores were higher for
male speaker for V1, V2, V4, V5, 1%,
V8, and V9. Several patients did ¥ my
ter with the male speaker on the ¥y
test, but three did better with‘;
female speaker on the sentence E
Only patient V2 did better with 2
male speaker on both tests. Ho%%
with only one male and one fef
speaker, differences in performd
may be related to individual spe

Flg 2.—Words identiied correcily in worig T
test. Results are shown separately fof ¢
and female speakers and for total sc0fe:
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Fig 3.—Phonemes identified correctly on word test. Results are shown separately for mate and

female speakers and for total score.

nants in English not present in Ger-
man.”® The frequency of eccurrence of
even the similar consonants and vow-
els is different in both languages.’
However, it is not clear how these
language differences could have had a
major impact on speech recognition.
In beth languages, speech features of
voicing, duration, formant frequency,
formant transitions, and frication are
thought to be important.

A likely explanation of the differ-
ences between the English and Ger-
man results is that an insufficient
number of patients have been
implanted in the United States and
the United Kingdom for a valid com-
parison to be made with those in
Innsbruck. Not all patients implanted
in Austria achieve open-set word ree-
ognition. We expect that eventually
some of the patients implanted in the
United States or the United Kingdom
will achieve the level of performance
described here.

The proportion of patients with this
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Fig 4.—Relationship between word recogni-
tion in sentences and word recognition in
single word lists. Pearson correlation r = .82
(P < .01).

device who can obtain open-set word
recognition is unknown. The Austrian
teams have implanted approximately
86 patients with their device, 51 post-
lingually-deafened adults, 24 prelin-
gually-deafened adults, and ten chil-
dren below the age of 14 vears. Thus,
we might expeet the level of perfor-
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mance observed in this group to be
achieved by at least nine (18%) of 51
of the postlingually deafened adults.

- The Viennese - group claims that
approximately 60% of their postlin-
- ‘gually deafened patients obtain open-
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