Check for

updates
Otology Korean J Otorhinolaryngol-Head Neck Surg 2024;67(1):9-15 / elSSN 2092-6529
https://doi.org/10.3342/kjorl-hns.2023.00262

Neurophysiological Changes Associated With
Listening Effort in Normal Adults

Ga-Young Kim"** , Jung-Wan Kim* , Mini Jo1 , Hee Jung Yun"’ R
Young Sang Cho"* (¥, and II Joon Moon"**

'Hearing Research Laboratory, Samsung Medical Center, Seoul; and

’Medical Research Institute, Sungkyunkwan University School of Medicine, Suwon, and

’Department of Digital Health, SAIHST, Sungkyunkwan University, Seoul; and

‘Department of Speech and Language Pathology, College of Rehabilitation Sciences, Daegu University, Gyeongsan, and

’Department of Otorhinolaryngology-Head and Neck Surgery, Samsung Medical Center, Sungkyunkwan University School of Medicine,
Seoul; and

SSAIHST, Sungkyunkwan University, Seoul, Korea

A AN 71 =33t BE A7 A Wt

12,3 4 1 = 1.3 5 15,6
G PR 2] g - 2GS BAZ

PSR HhIT AL AR sk olakuot ofstel s, Vi
oot Agaetee Qlojx| ek, ekt ojskot 414

Background and Objectives Several studies have proven that listening efforts cause neu-
roanatomical and physiological changes in the frontal lobe in adults with hearing loss as well
as in the elderly with normal hearing. However, there is still a lack in research into how brain
function changes when the cognitive load is increased based on noise level. We conducted a
preliminary study using functional near-infrared spectroscopy to determine differences in lis-
tening effort according to varying listening conditions.

Subjects and Method Five adults with normal hearing participated in the study. Listening
effort was measured in three listening environments (resting, quiet, and noise) using NIRSIT
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right hemisphere was presented with increased listening effort. The results of the study will
be useful in situations where listening effort need to be accurarely measured.
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52 A QA B3 (functional near—infrared spectros—
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g R
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2 dAitoll= 599 A% ARlo] sl °4?L oAt
AA 7182 T 184 ool Ajle R, ¥ A e
AHpure—tone audiometry, PTA)2] 500, 1000, 2000, 4000
Hz9| B+ A A7} 25 dB v|Rkel ASick A+ ti/d=k9]
A% S 30AIAHES 23-38A), A2 P4 19
(20%) oqﬁ 4‘1‘(80%) _4\_11-0]: géd\_xl—o] 4‘1](80%), g]_é_\_
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375 dB HL (AFH£9]4= 2.5-5.625 dB HL), 9% B4 A
Z99= 1.25 dB HL (AF&914= -0.625 - 5 dB HD)SIth
(Table 1).
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Table 1. Participants’ characteristics

No. Age Sex Handedness = PTA (dB HL)
(yn) Right Left

1 32 Female Right 3.75 2.5
2 23 Female Right 2.5 1.25
3 30 Female Left 5 1.25

4 23 Female Right 2.5 -2.5

5 44 Male Right 6.25 7.5

Pure-tone average (PTA) was calculated from air-conduction
hearing level (dB) at 500, 1000, 2000, and 4000 Hz
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Fig. 2. Experiment on listening effort using functional near-infrared spectroscopy. Scene of task (A) and Brodmann mapping of NIRSIT
Lite (OBELAB) channels (B). Adapted from NIRSIT Lite Manual with permission of OBELAB Inc.
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Fig. 3. Action maps of the three conditions during the task. A: Resting condition. B: Quiet condition. C: Noise condition.
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Table 2. Relative changes in oxyhemoglobin per channels

Dependent . iions Number €3N x> oD
variable rank hoc
Chl Resting 9 7.78 8310 0.016* R<Q,
Quiet 9 1733 R<N
Noise 9 16.89
Ch2 Resting 5 5.40 3.140 0.208 -
Quiet 5 8.20
Noise 5 10.40
Ch3 Resting 10 14.00 0.622 0.733 -
Quiet 10 15.40
Noise 10 17.10
Ch4 Resting 10 10.90 4.841 0.089 -
Quiet 10 16.10
Noise 10 19.50
Ch5 Resting 10 10.30 6.165 0.046* R<N
Quiet 10 16.20
Noise 10 20.00
Ché Resting 10 12.80 2.960 0.228 -
Quiet 10 14.40
Noise 10 19.30
Ch7 Resting 10 9.90 6.730 0.033* R<N
Quiet 10 16.70
Noise 10 19.90
Ch8 Resting 10 10.50 5.419 0.067 -
Quiet 10 16.50
Noise 10 19.50
Ch9 Resting 10 1430 1.311 0.519 -
Quiet 10 14.10
Noise 10 18.10
Ch10 Resting 10 10.80 4.385 0.112 -
Quiet 10 17.20
Noise 10 18.50
Ch11 Resting 10 10.30 5.298 0.071 -
Quiet 10 17.60
Noise 10 18.60
Ch12 Resting 10 15.40 2.728 0.256 -
Quiet 10 12.30
Noise 10 18.80
Ch13 Resting 10 10.70 4.965 0.084 -
Quiet 10 16.50
Noise 10 19.30
Ch14 Resting 10 14.20 0.333 0.847 -
Quiet 10 16.00
Noise 10 16.30
Ch15 Resting 10 11.30 3.455 0.178 -
Quiet 10 18.00
Noise 10 17.20

*p<0.05. R, resting condition; Q, quiet condition; N, noise con-

dition
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Table 3. Difference in the response rate according to conditions

Response
. Total %
Conditions True False (n=105) X P
(n=73) (n=32)
Quiet 47 (64.4) 13(40.6) 60 (57.1)
i 5.128 0.024*
Noise 26 (35.6) 19(59.4)  45(42.9)

Data are presented as n (%). *p <0.05
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