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INTRODUCTION
Background: Bilateral cochlear implants (BiCIs) have become a Goal: To use the subject’s individual acoustic transfer functions (ATFs) to 

METHODS BiCI SummaryNH Localization with Vocoder
ATF Filtered–Vocoded Speech • ITE placement may preserve acoustical cues
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standard of care in many clinics in an effort to improve spatial hearing
skills in profoundly deaf individuals. However, BiCI users demonstrate
poorer sound localization accuracy when compared to normal hearing
(NH) listeners1,2. One of the many factors that might contribute to poorer
performance is the behind-the-ear microphone placement of these
devices3. Such placement does not maximize the ability to capture the
natural filtering properties of the head/pinna known to be important cues
for sound localization4. Here, we evaluated sound localization
performance in BiCI users for microphones at various positions. The
factor of interest in the current study is the effect that the CI speech
processor microphone placement of has on sound localization
performance.

create virtual acoustic space (VAS) stimuli for different microphone positions.
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Procedure
1. Measure ATFs for each loudspeaker location for 3 microphone

positions using standard techniques 5,6

2. Use ATF measurements to generate VAS speech stimuli
3. Measure localization performance using stimuli for each position

Localization Performance
• Stimuli were presented from each virtual
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•10 CNC words were first filtered
through the subject’s recorded
ATFs for each of the 19 locations.

•Resultant signals were then
filtered into 8 bands spanning 150
– 8000 Hz using 4th order
Butterworth analysis filters.

•Center frequencies were spaced
evenly as calculated using the
Greenwood equation.

•The signals were then half-wave
rectified for envelope extraction
and low passed at 50 Hz using a
2nd order Butterworth filter for
sideband removal.

• ITE placement may preserve acoustical cues
but CI speech processing may disrupt the
representation of these cues.

• The RMS difference averaged across all subjects and locations was lower for microphones
positioned ITE (24.5 ±9.30) compared to the BTE (28.4 ±10.50) and SHD (28.9 ±10.70)
conditions.

• Localization accuracy (i.e., slope value close to 1) was generally better for the ITE condition,
with accuracy on the SHD condition generally being the poorest (Fig. 6,right).

• A one-way analysis of variance (ANOVA) of the group RMS errors found a significant difference
[F(2,170) = 4.14, p < 0.05] between the different microphone positions. A Scheffe post-hoc
analysis revealed that ITE RMS errors were significantly lower than the SHD RMS errors.

• There were no significant difference between the ITE and BTE conditions or the BTE and SHD
conditions.
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Fig. 4. Localization performance of vocoded speech for
one subject on the three microphone positions.

CONCLUSIONS
• In NH listeners, significant differences in localization performance were observed for the microphone

positions and systematically increased as the microphone moved from an ITE to SHD position.
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PURPOSE OF STUDY

• We hypothesized that the most natural position (in-the-ear 
placement of microphones) will capture spatial cues that are 
unavailable in standard CI fittings, thus improving performance.
O t f thi t d h i li ti f iti i

-To examine the effect of speech processor 
microphone placement on sound localization abilities

Current placement of speech processors and microphones

single pink noise bursts (170 ms)
ramp = 10ms

• BiCI users
four pink noise bursts (each 170 ms)
ISI =  50 ms

• NH listeners w/ vocoder
Male spoken CNC words

position (15 reps) at 60dB SPL and roved at
±4dB.

• Subjects indicated the perceived sound
source location on touch screen.

• The root-mean-square difference (RMS
error) between the target and response
angle was calculated for each presentation.

Effect of Microphone Placement on 
BiCI Localization Performance

• The localization error 
was variable for the 
different microphones 
positions. 

Fig. 8. (Left) Summary of individual data for each condition. Bars and errors bars represent mean and S.D., respectively.
The group average ± S.D. for BiCI and NH listeners are on the right of the dotted line. (Right) Table displaying the
individual Overall RMS error and slope. The ‘best’ performance are highlighted as indicated at the top of the table.

• Localization errors increased as the microphones
moved from ITE to BTE to SHD positions.

• A one-way ANOVA and Scheffe post-hoc analysis
revealed significant differences between each of

Effect of Microphone Placement on 
NH Localization Performance

•The signal envelope for each
band was then modulated on
band pass uncorrelated noise.

•The bands were then summed
together creating an ATF filtered-
vocoded word for a particular
location.

Fig. 5. The overall RMS error and (s.d.) for two NH
subjects listening to VAS-VC stimuli for the different
microphone position.

Subject RMS Slope RMS Slope RMS Slope
IBX 19.2 0.98 29.5 0.92 23.7 0.88
IBZ 24.1 0.94 30.3 0.84 30.1 0.75
ICB 26.6 1.04 31.3 0.8 24.1 0.72
ICI 29.0 0.94 40.6 0.82 41.3 0.76
ICJ 33.7 0.53 29.4 0.77 29.3 0.81
ICK 24.5 0.84 25.5 0.94 38.9 0.74
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Listeners

• Seven post-lingually deafened BiCI Cochlear Nucleus 24,
Freedom, or N5 users (ages 46-70)

• Four (NH) listeners (ages 24-30)

General Setup

• Acoustic transfer function (ATF) recordings and sound localization
measures were made in the same sound attenuated IAC booth.

• Stimuli were presented from 19 loudspeakers (Cambridge
Soundworks) positioned 1.2 m from the center of the room and
spaced every 100 from -900 to 900 along a semicircular arc (ATF

• In the BiCI listeners, the distribution of localization responses were often similar between the ITE and
BTE conditions, though a small improvement can be observed in the ITE condition as indicated by
lower average RMS errors.

• In five out of six BiCI subjects, the ITE microphone condition led to a decrease in the RMS error
compared to the BTE or SHD position. However, statistical analysis only found a significant difference
between the ITE and SHD condition.

• This indicates that BiCI users are not sensitive to the acoustic features responsible for the degradation
observed in NH performance when moving from an ITE to BTE microphone position.

• Similar localization performance to BiCI users were observed for NH listeners using the VAS-VC
stimuli, suggesting that CI signal processing may be disrupting acoustical cue representation.

• Performance of BiCI users and NH listeners in VAS-VC condition suggests that microphone placement
is not currently a major contributing factor in sound localization accuracy in CI users.
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• Outcomes of this study may have implications for positioning 
microphones to optimize access to the full range of acoustical cues

SUBJECTS AND EQUIPMENT

•The large ILD values observed at the higher frequencies for the ITE microphone
position (Fig. 3., color map) decrease substantially for the SHD position.

•The localization error increases (red values) as the changes in the ILD cue as a

• There is a dramatic 
decrease in the  
slope (i.e., the 
measure of accuracy) 
for the SHD 
microphone position 
compared to the ITE 
or BTE positions

•The ITE microphone position tended to produce larger ILDs as a function of
location and frequency.

•Performance on the ITE condition also produced qualitatively better overall RMS

Fig. 2. (Left) Localization data for NH listeners for each microphone position. The overall RMS error and
the slope of the responses are indicated in red and blue, respectively. Responses have been binned to
the nearest 5 degrees and the size of the dots reflects the number of responses within each bin. (Right)
The overall RMS error and standard deviation (S.D.) for each subject and microphone position.

the microphone conditions (p < 0.05).

Fig. 6. Localization data for BiCI users for each microphone position. Data is plotted in a similar manner
to Fig 2. It is important to note that one BiCI listener did not externalize the VAS stimuli.
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Fig. 3. Interaural Level Difference and Localization Performance. (Top) ILDs shown as a function of
frequency and azimuth for one NH subject. Positive (right sources) and negative (left sources) ILDs are
indicated by the color scale on the right. (Bottom) Localization performance for the NH subject whose
ILDs are plotted above for each microphone position.

The localization error increases (red values) as the changes in the ILD cue as a
function of azimuth become less dramatic (Fig. 3).

Fig. 7. Interaural Level Difference and Localization Performance. (Top) ILDs shown as a function of
frequency and azimuth for one BiCI subject. Positive (right sources) and negative (left sources) ILDs
are indicated by the color scale on the right. (Bottom) Localization performance for the BiCI subject
whose ILDs are plotted above for each microphone position.

Performance on the ITE condition also produced qualitatively better overall RMS
errors (red value) and slopes (blue value) than the BTE or SHD conditions


