Change In Puplil Size Reveals Impact of Simulated-Cochlear Implant

Research Question

Are changes Iin pupil size more sensitive than neural measurements
at detecting listening effort?

Listeners with cochlear implants (Cl) must rely on an unnatural, degraded
guality of speech, and therefore, experience more effort to understand
speech than people with normal hearing (NH).1 Changes in pupil size have
been shown to reflect the amount of cognitive resources required to carry out
a task.? While we previously showed increased neural response as a function
of speech intelligibility,> we did not observe neural differences between

normal speech and CI speech.
Methods

Young NH adults performed a speech recognition task while changes in pupil
size and brain activity were measured concurrently. Neural activation was
measured with functional near infrared spectroscopy (fNIRS) from left frontal,
temporal, and parietal regions while participants listened to sentences at ~65
dB SPL either in speech-in-quiet (SIQ), simulated Cl speech/vocoded (VOC),
or speech-in-noise (SIN) In a randomized order. During the sentence
presentation, participants were instructed to fixate on a red dot. At the end of
each sentence, the fixation dot changed to blue, cueing participants to repeat
back the sentence.
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Results

Pupil and fNIRS data were analyzed with repeated measures ANOVASs. Cross-measure correlations performed via two-tailed bivariate correlational
analyses using Pearson coefficient.

« Changes in puplil size
revealed a Condition effect:
Puplil size significantly
Increased as cognitive
demand increased.

* However, the pupillary
response was not sensitive to
differences in recognition
accuracy in the most difficult
(SIN) condition where
accuracy was 40% on
average.

* We found a marginal effect of
condition on neural activation
for correct trials on channel 30
(posterior temporal region).

* We found a significant effect of
recognition accuracy.
Significantly higher activity
during correct speech trials
compared to incorrect trials on
channels overlaying frontal and
posterior temporal regions.

Gradated colors
represent brain
regions to which
our NIRS probe
was sensitive
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Summary

The results presented here indicate:

1. The pupillary response Is a more sensitive measure of listening effort
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and neural activity In
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compared to neural measurements via fNIRS.

« VOC trials demanded more cognitive resources than SIQ, and
further, that SIN trials required greater effort than both VOC and SIQ.

2. Neural activation, on the other hand, 1S a more sensitive measure of

processing (i.e.,
frontal and
sensorimotor) during 0 ¢
the VOC trials.
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* The frontal and posterior temporal regions reveal significantly higher
activation during correct responses relative to incorrect responses.

3. Finally, activity in regions of the frontal lobe correlate with changes in pupil

20
processing of simulated CI| speech.

size for the VOC trials, indicating these regions may be involved in the effortful



