Does rate or place affect interaural timing difference sensitivity in children who use
bilateral cochlear implants?
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Introduction General Methods

Participants
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Experiment Il: Relationship of rate and ITD sensitivity

Results:

» Of the four subjects who showed ITD sensitivity, three had sensitivity to both the 100 pps and the 1000 Hz
stimuli with AM. Subject CIBO had sensitivity to the 100 pps but was not sensitive to the 1000 Hz stimuli with
AM. CIAY was sensitive to the 1000 pps unmodulated stimuli but the other 3 subjects with ITD sensitivity were
not tested on the 1000 pps unmodulated stimuli due to time constraints.

» The remaining subjects did not show ITD sensitivity for all stimulation rates.
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Experiment |: Relationship of pitch matching and ITD sensitivity

Results:

» Three of the four subjects showed ITD sensitivity, and the pitch-matched pair typically yielded the best ITD JND. Subject CIAP had
a pitch-matched pair for electrodes L12/R12 but had the best JND at electrodes L12/R16.
*For the remaining subjects, a pitch-matched pair was identified but no ITD sensitivity was found for any electrode pairs tested.

2.0 CIAW

*Ehlers et al., (2015) measured just noticeable differences (JNDs) for pitch-matched electrode pairs
located at the base, middle, and apex of the electrode array. Results suggest that all children with BiCls
have sensitivity to ILDs, but sensitivity to ITDs is weak or absent in the majority of subjects (see Fig. 2).
» Another notable result from Ehlers et al., (2015) was that the majority of subjects identified the same
numbered electrodes across the ears as being identical in pitch (see Table 2). This suggests that
congenitally deaf children may have learned to judge pitch through their everyday listening with clinically
mapped speech processors (c.f. Reiss et al., 2008). Thus, pitch-matching methods may not be a useful
measure for identifying electrode pairs that would yield the best ITD sensitivity.

* Alternatively, the lack of measurable ITD sensitivity may be due to the stimuli used in Ehlers et al.,
(2015), which are much lower in pulse rate than current clinical processing strategies. It may be
possible that stimuli presented at a pulse rate that is more similar to the children’s every day listening
environments may produce better ITD sensitivity.

» The experiments in this presentation were conducted to examine these hypotheses.
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12/12 Figure 3: Individual direct pitch comparison (top) and ITD discrimination (bottom) results for the four subjects with
12/10, 4/4, 12/12, ITD sensitivity. The last panel shows the group average for all subjects that did not have ITD sensitivity. Figure 4a &b: Individual ITD JNDs for each stimulus condition (a) and
average measurable JNDs for each stimulus condition (b).
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4/4, 12/12, 20/20 « In Ehlers et al, (2015) 50% of subjects did not demonstrate sensitivity to ITDs, even when tested at basal,
gg’ i;ﬁg ggﬁg medial, and apical locations along the electrode array.
1414 » Experiment | demonstrated that pitch matching appears to be an effective method for identifying an
14/14 electrode pair that can yield ITD sensitivity for children who use bilateral cochlear implants.
12/14 » Experiment Il confirmed that, for most subjects, ITD sensitivity is comparable for low-rate (100pps) stimuli
and high-rate (1000 pps) stimuli amplitude modulated at a low rate of 100pps.
» Subjects who had ITD sensitivity in previous experiments (Ehlers et al, 2015) maintained ITD sensitivity in
the current experiments. However, neither a change in rate of stimulation nor interaural place of stimulation
provided ITD cues to subjects who did not previously demonstrate ITD sensitivity.
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Summary

» Subjects that demonstrated ITD sensitivity in previous experiments continued to show ITD sensitivity to low-rate stimuli (100 pps) in
the current experiment.

» Subject CIAW did not show ITD sensitivity at a pitch matched pair of L14/R16 in Ehlers et al, 2015, but did show ITD sensitivity to
low-rate stimuli at a pitch matched pair of L12/R12.

» The remaining subjects that did not show ITD sensitivity in the previous experiment were still not sensitive to ITDs regardless of rate
or place of stimulation.

Figure 2: Individual ITD JNDs for all
subjects from Ehlers et al (2015).
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Experiment |: Relationship between pitch matching and ITD sensitivity:

» The aim of the first experiment was to determine whether pitch-matching tasks can identify the best
electrode pair for ITD sensitivity in children with BiCls.

* It was hypothesized that children who did not previously show ITD sensitivity at a pitch matched pair
will show ITD sensitivity at another electrode pair better matched for anatomical stimulation.

Experiment II: Relationship between stimulation rate and ITD sensitivity:

« The aim of the second experiment was to determine whether the rate of stimulation affects ITD
sensitivity.

It was hypothesized that subjects who do not demonstrate ITD sensitivity to low-rate stimulation
(100pps) may demonstrate ITD sensitivity to high-rate (1000 pps) amplitude modulated (AM) stimuli
because this is more similar to their clinical processor rate.
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I Table 3: Summary of electrode pairs and JNDs for subjects that completed all three experiments. I

» The current set of experiments suggest that factors other than anatomical mismatch between the two ears,
and stimulus rate may be responsible for a lack of ITD sensitivity in this population. Another possible
hypothesis is that early acoustic experience and/or binaural maturation may be required for ITD sensitivity.
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