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. Pupillometry

¢ Peak dilation amplitude
_____ Baseline pupil diameter

Pupil dilation response: Cognitive resource allocation
Neural basis: locus coeruleus in the brainstem
(Just, Carpenter & Miyake, 2003; Beatty & Lucero-Wagoner, 2000)

Increased processing load: larger pupil size (mm)
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. Overview: Two studies: vUmc (/é

1) Focused versus divided attention

Attended inputs Ignored inputs

“The shop is within - “The boat hit
walking distance” a big rock"”
T 3 . 1 T

Female voice Male voice

Speech output

“The shop is within
walking distance”




. Study 1: Focused vs. divided attention* vUmc (fé

12 normal hearing young adults (mean 26 yrs.).

 Dichotic speech in noise task (Best et al. 2010):

« Sentence on one ear was uttered by a female talker and on the other ear
by a male talker.

« Speech was masked by fluctuating noise: -9 dB, -3 dB, and 3 dB SNR.

lgnored inputs

“The boat hit
a big rock”

Attended inputs
[ “The shop is within

walking distance”
{in fluctuating noise)

Single-sentence task;

(in fluctuating noise)

1
fWale voice

| |
Female voice

4

Headphones

Speech output

“The shop is within
walking distance”

*Koelewijn et al. (2014)




Study 1: Focused vs. divided attention vUmc (/é

Attended inputs

“The boat hit
a big rock”

Attended inputs

“The shop is within
walking distance”

Dual-sentence task:

(in fluctuating noise) {in fluctuating noise)

1
Female voice

1
Wale voice

Speech output

“The shop is within
walking distance”
“The boat hit

a big rock”

Headphones




Study 1: Focused vs. divided attention vUmc (/é

Ignored inputs

fluctuating noise J

Attended inputs
[ “The shop is within

walking distance”
(in fluctuating noise)

Control task:

1
Female voice

Speech output

Headphones
“The shop is within
walking distance”
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. Results: Performance and pupil dilation vUmc (fé
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Effects of attention on pupil response during listening

Other attentional effects (target onset, target location, target identity):
..see poster of Thomas Koelewijn (P2)

8



Study 2: Aims and methods vUmc (/é

Neural correlates of the pupil response during speech perception

Methods:
- 17 young, normal hearing listeners
- Session 1: adaptive speech intelligibility tests (+ pupillometry)

Means (and SDs) of Speech Reception Thresholds

Sentence Degradation type

intelligibility Single-talker masker Fluctuating noise Noise vocoded speech
0

0% -3.9 (1.7) dB SNR -3.9 (1.4) dB SNR 6.9 (0.8) bands
0

84% 0.4 (2.4) dB SNR 0.2 (1.5) dB SNR 9.8 (1.6) bands

-Session 2: functional Magnetic Resonance Imaging + pupillometry
- same 2 (intelligibility) x 3 (degradation type) design
- baseline conditions: speech in quiet and silent trials
- Task: 1/9 of the trials: probe word recognition
- Sparse sampling paradigm




Pupillometry methods: Session 2




Results: peak pupil dilation vUmc (/f
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Peak pupil dilation relative to baseline (mm)

Session 1 (behavioral) Session 2 (fMRI)

-Main effect test session: test session 1 > test session 2
-Main effect intelligibility level: 50% intelligibility > 84% intelligibility

-Main effect degradation type:

Single talker masker > fluctuating noise > noise-vocoded speech



. fMRI analysis vUmc (/é

Analysis of condition effects:
« Intelligibility (decreased speech quality)
« Degradation type (segregation demands)

— areas that reflect these effortful speech perception processes

2) Analysis of the relationship between BOLD and pupil dilation:

— areas associated with processes reflected by the pupil response

3) Conjunction (overlap) between 1) and 2):

processes associated with: effortful listening & reflected by pupil dilation



. Results: ANOVA on brain activation vUmc (fg-

Single-talker masker >
Noise-vocoded speech

Single-talker masker >
Fluctuating noise

Fluctuating noise >
Noise-vocoded speech

ANOVA
intelligibility level x degradation

type
* No effect of intelligibility level

« Main effect of degradation type:
posterior superior (STG),
middle temporal gyrus and
sulcus bilaterally,
left precentral gyrus

Same pattern of results as pupil data
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. Relation between peak pupil and BOLD vUmc (/é

* No negative association between BOLD (averaged over 6 degraded speech
conditions) and peak pupil response.
« Positive association was observed in: ¢we corrected p < .05)

Bilateral STG / auditory cortex
Bilateral anterior cingulate cortex
Bilateral anterior cingulate gyrus
Bilateral superior frontal gyrus
Bilateral precentral gyrus
Bilateral frontal operculum

Left putamen

Right inferior frontal gyrus

T value
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Conjunction between condition effects and pupil-related areas

Single-talker masker > speech in quiet Bilateral STG
Bilateral middle temporal gyrus

Bilateral auditory cortex

Fluctuating noise > speech in quiet Bilateral STG
Left MTG, right auditory cortex

Right anterior cingulate gyrus

Noise-vocoded speech > speech in
quiet tTeftSTG
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Conclusions study 2 vUmc (/é-
° Bil?"'

Pupil dilation reflects a summative measure* of the
brain activity associated with speech perception processes
required by difficult conditions, such as attentional and
segregation processes (*Siegle et al., 2003)
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hank you for your effortful attention!
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