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It is well established that patients fit with bilateral cochlear
implants (CIs) are able to locate a sound source on the
horizontal plane with significantly better accuracy than
patients fit with a single CI.1,2 It is also well established
that allowing a listener to view the face of a talker adds
greatly to speech understanding.3–5 Van Hoesel6 showed
how these two effects combine to provide bilateral CI

patients with a large improvement in speech understanding
in noise when the location of a sound source varies.

In the study by Van Hoesel,6 congruent auditory (A) and
visual (V) information for speech was presented from four
locations on the frontal plane. Noise was presented from
eight locations. Each trial began with an auditory cue pre-
sented from one of the test-sentence speaker locations. This
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Abstract Background Previous researchhas found thatwhen the locationof a talker was variedand
an auditory prompt indicated the location of the talker, the addition of visual information
produced a significant and large improvement in speech understanding for listeners with
bilateral cochlear implants (CIs) but not with a unilateral CI. Presumably, the sound-source
localizationabilityof thebilateral CI listeners allowed themtoorient to theauditory prompt
and benefit from visual information for the subsequent target sentence.
Purpose The goal of this project was to assess the robustness of previous research by
using a different test environment, a different CI, different test material, and a different
response measure.
ResearchDesign Nine listenersfit withbilateralCIswere tested inasimulationof a crowded
restaurant. Auditory–visual (AV) sentence material was presented from loudspeakers and
video monitors at 0, þ90, and �90 degrees. Each trial started with the presentation of an
auditory alerting phrase from one of the three target loudspeakers followed by an AV target
sentence from that loudspeaker/monitor. On each trial, the two nontargetmonitors showed
the speaker mouthing a different sentence. Sentences were presented in noise in four test
conditions: one CI, one CI plus vision, bilateral CIs, and bilateral CIs plus vision.
Results Mean percent words correct for the four test conditions were: one CI, 43%;
bilateral CI, 60%; one CI plus vision, 52%; and bilateral CI plus vision, 84%. Visual
information did not significantly improve performance in the single CI conditions but
did improve performance in the bilateral CI conditions. Themagnitude of improvement
for two CIs versus one CI in the AV condition was approximately twice that for two CIs
versus one CI in the auditory condition.
Conclusions Our results are consistent with previous data showing the large value of
bilateral implants in a complex AV listening environment. The results indicate that the
value of bilateral CIs for speech understanding is significantly underestimated in
standard, auditory-only, single-speaker, test environments.
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directed listeners’ attention to the correct location in space.
Soon after, a target sentence was presented from the same
loudspeaker. Tests, with randomized location of the talker,
were conducted in single and bilateral CI conditions, with
and without visual cues. In the monaural conditions, the
listeners could not “find” the speaker sufficiently quickly to
use, and to benefit from, the visual information that accom-
panied the speech signal. In the bilateral CI conditions,
however, the listeners could use the auditory cue to quickly
locate the sound source and benefit from the visual informa-
tion. Expressed in terms of signal-to-noise ratio (SNR), the
difference in benefit fromvisual information in the unilateral
and bilateral test conditions was large: 5 dB.

This experiment shows the value of bilateral CIs for
speech understanding in a novel and important way and is
important for several reasons. One is that, although bilateral
CI listeners report a significant increase in health-related
quality of life re: unilateral patients,7 studies of bilateral
benefit for speech understanding have found, most general-
ly, only modest increases in scores over unilateral benefit.8

The large effect reported by Van Hoesel6 may be one factor
underlying the change in quality of life with bilateral
implantation.

The Van Hoesel outcome is important because, as the
author suggests, it demonstrates that testing in standard
audiometric test environments (with auditory-only test
materials and a fixed loudspeaker location) significantly
underestimates the value of bilateral CIs for speech under-
standing. This, in turn, alters cost/benefit analyses of bilateral
CIs for health care systems. Bilateral CIs are expensive and it
is critical for health care systems in developed and less
developed countries to have validated data from which to
estimate the relative value of bilateral CIs.

In the research reported here, we created a novel version
of the Van Hoesel6 test environment. At issue was whether
the original finding was sufficiently robust to survive (1) a
change in test environment, (2) a change in test material, and
(3) a change in response measure.

Method

Institutional Review Board Approval
This researchwas reviewed and approved by the Institution-
al Review Board at Arizona State University.

Subjects
Nine bilateral CI listeners (four females, five males) partici-
pated in this project. All were fit with anMED-EL CI and used
their everyday programs on the SONNET processor with an
omni microphone setting. The listeners ranged in age from
46 to 83 years (mean¼ 55 years). Duration of deafness before
implantation ranged from less than 1 year to 16 years
(mean¼ 5 years). CI experience ranged from 1 year to 25
years (mean¼ 9 years).

All listeners could localize a wideband sound source on
the frontal plane, in quiet, with between 11 and 31 degrees of
error (mean¼ 19 degrees). For methods and procedures, see
Dorman et al.2

Test Environment
The listenerswere tested in a 3.2m� 2.1m sound booth using
an eight-loudspeaker (arrayed in a 360-degree arc) R-SPACE
environment.9,10 Target material was presented from the
loudspeakers at �90, 0, or þ90 degrees. These loudspeaker
locationswere chosen so that listenerswould need to orient to
locate the target material. A video monitor was set just below
the level of the loudspeaker in each of these locations. Direc-
tionally appropriate noise, i.e., noise recorded in a large
restaurant with eight microphones set in a circular array
pointing outward at every 45-degree angle around the circle,
was delivered from each of the eight loudspeakers, including
the loudspeaker from which the target was presented.

Stimuli
The stimuli were female voice AV sentences drawn from the
AzAV test corpus.11 The sentences are a re-recording of the
AV sentences created by MacLeod and Summerfield.12,13

There are 10 lists of 15 sentences each with equal auditory
intelligibility and equal gain from the addition of visual
information across lists.

Procedure
Each trial was started with the auditory presentation of an
alerting phrase, “she’s here,” from one of the three target
loudspeakers. This was followed after a 2-second interval by
a target sentence from that loudspeaker. Sentences were
presented in four test conditions: one CI, one CI plus vision,
bilateral CIs, and bilateral CIs plus vision. In conditions with
visual stimulation, when the target was presented from one
location, at the other locations the speaker was shown
mouthing a different sentence. The listeners werefirst tested
in the bilateral CI, no visual-input condition and noise was
added in a patient-specific manner to drive performance off
the ceiling, i.e., to 70% correct or less. The other three test
conditions were administered in a quasi-random order at
that SNR. In the one CI conditions, the patient used the CI
that, in previous testing, had allowed the highest level of
speech understanding. Noise was present during the presen-
tation of both the alerting and test phase of the experiment.

Results

Asshown in►Fig. 1, themeanscores in termsofpercentwords
correct and the standard errors for the four test conditions
were: one CI, 43.4 (6.1); bilateral CI, 60.1 (6.2); one CI plus
vision, 51.7 (6.9); and bilateral CI plus vision, 84.2 (3.9). For
statistical analysis, the percent correct scores were converted
to RAU14 and then entered into a two-way analysis of variance
(ANOVA)withrepeatedmeasures.Therewasasignificanteffect
for number of ears (F (1, 8)¼ 45.42, p< 0.001); for mode of
presentation, i.e., A or AV, (F (1, 8)¼ 80.65, p< 0.001) and for
their interaction (F (1, 8)¼ 11.77, p< 0.001). The significant
interaction termwas the resultof the largegain inperformance
in the AV condition with two ears relative to the AV condition
with one ear. Post-tests (Holm-Sidak) indicated that perfor-
mancewithtwoearswassignificantlybetter thanperformance
with one ear for both A and AV conditions. However,
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improvement in the AV conditions versus A conditions was
significant only for the bilateral CI condition.

Discussion

In previous research, when the location of a talker varied,
visual information for speech perception improved perfor-
mance only in a bilateral CI test condition—with a single CI,
visual information was of little benefit.6

We found a similar outcome. As shown in ►Fig. 1 and
described above, the availability of visual information did not
significantly improve performance in the single CI condition
(44 vs. 52 percent correct) but did significantly improve
performance in the bilateral CI condition (60 vs. 84 percent
correct). Due to differences in methodology, it is difficult to
directly compare the changes in SRT in Van Hoesel6 and the
changes in percent correct in this study. However, both
outcome measures indicate a large effect.

In the present experiment, the mean gain in performance
in the auditory-only condition for bilateral versus single CI
was 17 percentage points (range: 8–28 percentage points).
However, in the AV test conditions, the mean gain was 33
percentage points (range: 9–55 percentage points)—approx-
imately twice the gain found in the auditory-only condition.
Moreover, visual inspection of►Fig. 1 suggests that the gain
scores for many patients in the bilateral CI plus V condition
were likely constrained by the percent correct ceiling which,
in turn, constrained themean gain in performance. From this
view, the difference in outcome between the unilateral and
bilateral AV test conditions was large indeed.

Sound-Source Localization
In quiet, all of the listeners in this project showed, in an
experiment conducted previously,2 some ability to locate
sound sources on the horizontal plane. Their mean root
mean square (RMS) error score was 19 degrees. In contrast,
the mean RMS error score for normal-hearing listeners, using
the same stimulus and response measure, was approximately

6 degrees. Thus, in quiet, our patients performed poorer than
subjectswithnormalhearing.Moreover, accuracydecreases in
the presence of noise.15 How can poorer- or much poorer-
than-normal localization accuracy be of benefit to CI patients?

In our view, sound-source localization functions to direct
attention to the proper side, perhaps quadrant, of space, and
then listeners use their eyes to find the “target” (for a review,
see Blauert16). In this view, even the poorer-than-normal
localization ability of bilateral CI patients should be useful.
The results from the present study are consistent with this
speculation.

Generality of Results
Recently, Dorman et al11 described data on the environments
inwhich CI patients listened to speech. Most patients, most of
the time, indicated that they could see the face of the person
with whom they were talking. Thus, patient performance in
complex, AV test environments, like those in the current study,
is likely to be relevant to performance in real-world environ-
ments. If so, then, as Van Hoesel6 has suggested, cost/benefit
analyses of unilateral and bilateral CIs should give significant
weight to the greatly improved speech understanding in noise
for bilateral CI listeners when the target location varies and
visual information is available.
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