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INTRODUCTION EXPERIMENT 1: BiCI RESULTS
o Many bilateral cochlear implant (BiCI) listeners demonstrate asymmetries in speech intelligibility across Does speech asymmetry influence bilateral speech intelligibility and /or pupil dilation in quiet?
ears.
Subject ID IBY | IBZ | IDI | IBK | ICD | IDG | ICB | ICP | ICK | IBL | ICW | IC]
o Dynamic range (DR) is influenced by degree of hearing loss and electrode array insertion, and across-ear Red= i fi diff
: _ _ : Speech Asymmetry=% correct ed=no significant difference across ears
4,5
differences in DR could contribute to these performance asymmetries. better ear - % correct poorer ear 0% | 3% | 4% | 7% | 10% | 12% | 12% | 21% | 22% | 45% | 53% | 55% Purple=significant difference across ears
o Additionally, BiCI users report elevated listening effort, which gives rise to stress, fatigue, and social Table 2. Speech asymmetry across ears. Differences across ears were determined using 95% confidence intervals for each ear
withdrawal.l43 within-subjects.
a A.  Speech intelligibility B. Pupil dilation Figure 2A:
PURPOSE 05! o Red group: High performance in
Experiment 1: Determine impact of asymmetric speech intelligibility on bilateral LU T £ 9 all listening conditions.
speech intelligibility and listening effort in individuals with BiCls. =1 =[S 04 o Purple group: Lower
= 5 80 25 éO ; performance in poorer ear and
: : : ey s : s| O Sl =N i bilateral conditions compared to
Experiment 2 Explore role.of asymrpetl.‘l(.: DR on.spee.ch intelligibility and binaural - 601 5198, red group; worst performance in
performance in normal hearing (NH) individuals listening to vocoded speech. sl & 5|9 poorer ear condition.
L gl &9 219 01 Figure 2B:
ol L s Q - o No differences in pupil dilation
Partics ¢ METHODS Poorer ear C%3ett(ar_ ear Bilateral ~ Poorer ear CBett?'jr_ ear Bilateral la)CI;OSS any conditions within or
articipants ondaition ondaition etween groups.
12 adults with BiCls; 4 adults with NH - : sereTasl : 1 dilats
;t. ’ Subject Age (y15) Better | Inter-implant delay | BiCl experience Elagruslrreerz);Ae:Sl;/lrtlatasl;lt ;I[l)gz;:g ;?:(e)i‘h(gslltz);llty and 2B: mean peak pupil dilation for red and purple groups. Error
1muil ID ear (yrs) (yrs) '
o Target (T): Harvard IEEE sentences - . 1 .. 11y -~"F"""""""""""""=""-"-"-"-"-"-----"-=\=-" -~ - -~~~ "> -~ -~ - -~~~ "~~~ -~ -~ -~ - -—"-—-"-="=-="=-—"=-—"=-—"=-—"=-"=-==
spoken by a woman. DI_| 52 | Right 06 46 EXPERIMENT 2: NH RESULTS
o Masker (M): AzBio sentences spoken by ICW 25 Right 18.6 4.9 Does reduced DR contribute to performance asymmetries or influence binaural performance?
a woman or modulated speech-shaped ICP >6 Left 3.1 7.0 Unilateral conditions: reduced DR resulted in Bilateral conditions: intelligibility was high for all
noise (SSN). ICK 75 Left 1.0 7.2 decreased intelligibility in quiet and with masker masker conditions (+5 dB SNR)
o Stimuli were presented at 65dB SPL-A. IBY 55 Right 4.2 7.3 Figure 3: ! ! .
_ _ o Targetonly: ! I | Subject ID
Task IDG 70 Right 2.0 7.7 100 O L 100 0 1 [P
Listeners repeated target sentences and - ntelligibility decreased O i (3 A o T ' LESAY
O p dgb IC] 69 Right 0.0 8.8 - when DR wasreduced ¢ A @_] | oy
responses were scored by an IBK 78 Left 6.0 9.8 qg § 90 éﬁ % from 75% to 50%. S 90] 43 <§ | EIJ |
experimenter. | D 1 ot ‘0 10.0 °l 5 o Target/Masker: ct> | cI; |
o Each sentence had five key words, _ £[o 80 Performance was worse O 80 . b
which were scored individually. IBZ >1 Right 1.3 11.0 gl S with masker: = ! : CI)
o Participants completed 30 trials per IBL 72 Right 4.8 12.8 =1 2 70 intelligibility decreased 5 20 : |
condition. ICB 67 Left 2.8 12.9 =l Subject ID with reduced DR. P Symmetric : Asymmetric :
“The juice of lemons makes fine punch.” . 650 oA "| | Figure 4: 50- dynamic range | dynamic range 1 Control
Example of target sentence with key words Table 1. BiCI participant demographics (ordered by years of bilateral <D> PZ-\I_/I @T o Performance was high [ \ : [ \ : |
underlined. experience). 50- M for all bilateral M@i{/{ M@lr{/[ | M©1\F/I Méi{/‘ I SSN©;{/I
T T T T T T T T T T T T TS T T T T T T T T s e T T = - T == 100 75 50 conditions at +5 dB SNR. 907 | | ! | | ! |
Experiment 1 procedure: BiCl listeners | Experiment 2 procedure: NH listeners % Dynamic Range (Target Ear) o Contralateral 100,1 9/0 o 75:75R 75(,:1 00 tra E 501,_1 00 ‘E 100,100
o Speech intelligibility and pupil dilation were | o Speech intelligibility was measured. presentation of SSN o Dynamic Range (Contra Ear, Target Ear)
measured. | o Stimuli were processed with a 16-channel sine Figure 3. Individual subject intelligibility scores for resulted in lowest Figure 4: Individual subject intelligibility scores for each masker condition.
o Pupil size is a correlate of listening effort/ |  wave vocoder and presented over headphones. unilateral conditions. Error bars represent SE. intelligibility. Brror bars represent SE.
engagement. I o All masker/noise conditions were presented at a _ _ : . . .
595 . / . . b Binaural unmasking of speech did not vary consistently with dynamic range
@ @ @ I  signal-to-noise ratio (SNR) of +5 dB. Two B LU I
= I subjects (TPA & TZV) were also tested at 0 dB Hatrdl UNaseIns +5 dB SNR 0 dB SNR Binaural .
Less effort or More effort or I~ SNR on three conditions. | TPA 1SY _ TPA unmasking — M/N l\T/[ - M
engagement engagement I o Temporal envelope of signal in one or both ears il G 7~ o\ ) 28
o Stimuli were presented from a loudspeaker at 0° : was compressed in Praat to reduce dynamic '"“*"’f.‘f"f'ﬁ"fﬁ“"~“" -) - 38 B .
. . . . | _ igure 5:
azimuth in quiet. range of signal. : C = 10 . .
A " I 5 5 | | Unilateral target/ 273 10 S — — ———— - o 0 dB SNR: Substantial unmasking for all
o Ear with higher word recognition score was Signal with reduced masker = poorer 4 © 0 .
’ , . I | _ TPy © =-101 ‘ conditions; degree of DR asymmetry
labeled the “better ear.” If there was no difference, dynamic range intelligibility E 9_9p! . . .
« ” I < } 50% DR c O did not affect amount of unmasking.
preferred ear was labeled the “better ear. = D« TTH TZV TZV _ . .
Partici din th ditions: I = = & 50 - o +5dB SNR: Less unmasking with
o Participants were tested in three conditions: | 0 % 10 reduced DR in both ears (purple)
| < T o 5’8 compared to asymmetric DR (yellow &
o c o e e : T green).
b ' b 4T | o Participants were tested in ten conditions: A\ 18‘ — — o When contra noise is not coherent with
o o - 1
_ I " i ,m g ) - 201 | | | | i | | | — i | | ipsi noise (see SSN results), there is
Better ear Poorer ear Bilateral Lo aaltm o - ‘) h 2000700 7575 75,100 50,100 100,100 100100 7575 75,100 50,100 100400 100100 75400 50,100 P (see > )
I . increased masking rather than
o Pupil data was analyzed as proportion change | DR target ear|DR contra ear Bilateral masker = % Dynamic Range(Contra Ear, Target Ear) unmasking.
from baseline (moment before stimulus onset). | Unilateral target 100%, 75%, Unfnasﬁ?n_g/_ ?_etter M, ML MEL Dy M T SSN "
o Peak pupil dilation during post-stimulus wait | o e 50% « intelligibility | | | o |
: Figure 5: Binaural unmasking for individual subjects.
period was used to compare effort across I u T
conditions (blue region on Fig. 1).° |
O I'|  Unilateral target/masker 100%. 75% Experiment 1: SUMMARY
= . . 0, 0 R : : : : s :
= 0.8 : ST X o BiCl listeners with large asymmetries (purple group) demonstrated worse performance in the poorer ear and bilateral conditions than those with
§ 06 O BT | I .\JM small asymmetries, while better-ear performance was similar for both groups. This suggests that the benefits of BiCls may depend on the difference in
T 1 | | Unilateral tarect +bilateral 100%. 75% performance across ears or possibly how poor the worse ear is.
" 0.4 : hiiatera arg;r{e tatera 100%, 5((’)’0/ > o The poorer ear condition elicited the largest pupil dilation for both groups, but the difference was not significant. This task did not reveal a clear
%D | I rmagser 0 relationship between asymmetric speech intelligibility and pupil dilation in BiCI listeners.
£ 0.2 T . s | 75% Experiment 2: | | . o .
= \ | M o Preliminary results from four NH listeners suggest that reduced dynamic range can impair speech intelligibility, but performance was still very high
S 0 Less Effort L Unilateral target/masker + (~90% correct) even when the dynamic range of the signal was reduced to 50% of the original signal (Figure 3).
S ' ' ' ' ' ' I contralateral SSN (control) o The condition with the largest asymmetry elicited sizeable unmasking, but when dynamic range was decreased to 75% in both ears, the amount of
E -4 Time-%elative(:)to ot rr?ulus o?fset (S I < 100% 100% unmasking was smaller (Figure 5). This may suggest that overall degradation of the signal affects unmasking more than asymmetries across ears.
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