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» Sound localization depends on binaural cues: interaural time Psychophysical Just-Noticeable-Difference Experiment Active attention enhances cortical discrimination of binaural cues
diferences (ITDs) at low frequencies and interaural level ITD JNDs provide a measure of accuracy and threshold for binaural Typical-Hearing (N=5) BiCl User (N=1)
differences (ILDs) at high frequencies!. Low-frequency ITDs cue processing TES ENV TFS ENV - TH listeners show strong
: . . " ; ] o~ 8" 8+
are conveyed by temporal fine structure (TFS), while high- ITD cue magnitudes (10, 20, 40, 80, 140, 200, 400, 750 us) were S g i g 2. : g P300 to the deviant
(ENV) modulationZ. A logistic sigmoid was fit to the data using psignifit MATLAB toolbox z, 1 A o M S & 2 ,J 2 = II_EI:IV—_ITD during active
. . . e - _ = . T . - S listening.
« Typically-hearing (TH) listeners exhibit high sensitivity to (v3)1°, and a threshold at 70.1% correct was considered as JND. D O e 2 a0 o0 #o 2 § 200 3 oo 80— 0 2-2'00 D SO 4D B0 B S0 0 20 4 s B0 J
- _ I L 5- 5 U - 7] 81 andard = Ops = ]
_bOth TFS _ and ENV-ITDs. In contrast, b”ate_r_al_ cochlear TH testing paradigm BiCl testing paradigm %4- 4- § § 64 6 D?etvia:t=d75(())::s II'ITIID) §  In TH listeners, the P300
implant (BICI) users show reduced ITD sensitivity due to 8 3 3- < 5 u " 5 amplitude was greater for
limitations in temporal precision of Cl processors3. .@ 0 us 0 ys +ITD ITD +|TD © " - /\ g 7 ] e )- M 8  TFS- than for ENV-ITD.
* Previous work has demonstrated that children with BiCls can =t = fespense _ e 3 2o 0 ok s "o 5 2 abo o0 oS "So0 5 2bo 430 %0 80 280 O 200 adb oo 80b S
detect ENV-ITDs, but only those with early acoustic hearing @ - I- Active Oddball AUC = dev - std —. 400 400 Active Oddball AUC = dev -std |© P300_"'ke_ responses seen in
experience are sensitive to TES-ITDs*™. 2 200 - 2000 3 E Ll - onolave =cev-so 3 the BICH listener for both
Figure 5: Example of 3 interval and 2 interval, 2 alternate forced choice JND task. £ K s & 2 T Bl 8 TFS-and ENV-ITD in the
ITD Figure 1 = o A - o 8 200 T [l 200 T | & active listening conditions.
® ENV ITD: - - - %) ' B . » g 3
v | [»% m v i <4 Mulichannel, high- Electrophysiological Experiments 5 H. gmmg' . & 5 100 L 1 100 | 35
o | vy rate simulation with » _ | | _ 5 el i omp.m_,_rhmrhﬂam Gz 2 I 15 * TFS-and ENV-ITD cues
wl | . 30 HzAM « Participants listened (passive control) or actively responded (active = ° m T LJ HEHIBIE T o MWDUHL il ouuugﬂmﬂﬂu_ = o distinct neural
(N ) ® TFS ITD: oddball) to changes between standard (ITD=Oups) and deviant 0 L S z ol " 77 responses even in passive
05 LT i| - rsa:?éq Enr?wt?gtr::rlm o (ITD=750us) stimuli. 20T AT BT — 200020040750 200 0 200 400 600 200 o 200 400 600 conditions.
B | Acoustic hearing  Obligatory and active attentive responses were recorded using a Time (ms) Time (ms)
) e | carly in lfe e 64-channel EEG system (Compumedics Neuroscan Synamps Il G | | Gyt £ TH (N=E 4 of 1 BiC| 4 onto the AAL atl
W T T amplifier and Curry9 v9.0.2). roup-level source activity maps o (N=5) and o iCl user mapped onto the atlas
withBicls  Children with BiCls TFS — « Early peaks (~45-190ms)
. : A ;?I;?:rt,%gr; R . . . . . . . Stgssird ™ Passive control Active oddball Passive control Active oddball ShOW bi|atera| tem ()ral
( P
 However, neural encoding of TFS- and ENV-ITDs in TH Center activation. later shifting to
individuals  remains  underexplored, especially that 5. Obligatory LLR Deviant 10~ 'T°.=° e 'TD'.7S° S 'Tli ve | [mD=7s0ps | [ M0ps | [m0=70ps | [1M0-0pe | [MD7e0pe] LS ecions during active
comparable to Cl listening. (@l deviant) leading Lo -:- ae -:-- N - - ..- ... listenin
* |n this phase of the study, we investigate neural processing of Standard ___— Deviant e s ..-E-.- = . -. g.
. . . . - ~75-190 ms | Lis 5 & & ’ ,> v 4
TFS- and ENV-ITD in TH adults by simulating a single- c. active octvai [l [ _ . _ 5 : S— « Suggests engagement of
electrode stimulation in Cls, as well as in BiCl users. Figure 6: Different recording paradigms of obligatory and active oddball tasks. < ~140-320ms -.-:-.- Ak attentional networks up to
= : ~450ms.
|
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O BJ ECTIVES . ERPs_time-Iocked to auditgry « Head model wused to ~350 — 450 ms . Activation stronger and more
. . L . , ?t-'mu" e)-(trj‘Cted . analyg!s FOIPIIE  IBFHEm,  1e86- bilateral for TFS- compared
Examine how task demands (active discrimination vs. passive ey B e e o potentials (~64,000 voxels) Passive control Active oddball Passive control Active oddball to ENV-ITD
! . i | : £ Dbi | each peak in the Global Field « Cl artifacts suppressed '
_Istenlhg) In qence neura | prOCGSSIng O Inaura CU?S, Power (GFP) are individually . using an artifact lead- M =0ps | | ITD=750ps ITD = 750 ps ITD = 0 ps ITD=750ps | | ITD=0ps | | ITD = 750 ps
including the impact of auditory attention on cue encoding selected T potential profile ek -.- .-.- 1 Bl -.- "1 1T .1 NGO * LCMV beamformer highlights
across auditory processing stages. pea s : - spatiotemporal dynamics of
L e § e .. ..- .. -.- -.- -.- -.--l € auditory cortical processing
Investigate how TFS- and ENV-ITD cues are differentially . = Paaks . - - - . -.- -.- -.- -.- modulated by stimulus type
= ~140-320 ms
processed and whether attention enhances cortical O - - -. . & and task demands.
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representations of these cues. * Pseudo-Z data resampled into atlas space to align * Voxel-wise pseudo-Z scores e

each voxel with corresponding atlas region computed (post-stimulus vs. e EaKE . | : * Future analyses will compare
| . . . . . + For each of the 116 regions defined by atlas, baseline) wo-ssome [ ) fala e ..-:-.- aleaeE .- patterns to those
Lmk_ behqwo_ral_ Jugt-notlceable d_lﬁere_nces (JNDS) with active pseudo-Z values from all encompassing voxels « Null data (plus-minus averaged) observed in BiCl users
cortical discrimination (P300) to identify neural biomarkers for averaged used to set omnibus threshold
i T « Regional pseudo-Z values further averaged * Only voxels exceeding threshold ) ) ) ) N )
binaural sensitivity and perceptual performance. across participants to visualize group-level activity retained Future direction: Change of EEG paradigm to a Left-to-Right oddball discrimination task
Figure 7: Example dataset processed through the source analysis pipeline. BiCl1l — Center/Right discrimination paradigm BiCl2 — Left/Right discrimination paradigm Left/Right discrimination
M ET H O D S 6. Bl” TFS active oddball g, BiCl1-ENVactive Odéba" . BICI2-TFS active oddball 5.  BICI2-ENV active oddball parad i gm
Participants: 5. sl L, | < St . Down
= 2t = 2t 2 EY) — — e
« TH: N =5 (mean age(SD): 21.8 years (1.64)) RESULTS g g IIIAI Ebfll
. . T 2 N g g ctive oddba
* BICIEN =1 (47 years of age, unknown etiology) Better behavioral sensitivity to TFS- than ENV-ITD g7 £ £ g2
. . 4 : 4 Y ! 47 i i . .
Age of onset of | Age at ClI Electrode | Bilateral Psychophysical Active-oddball 6 S r dams, 194mS | s75ms . toams ™ ooms | . ooms oms gl Comparing the two paradigms
Ear hearing loss | activation | MP!@ | iested | Clusage JND task EEG task P Tmeme Y Tmemsy 2000020 (:,2‘; R Y e " Togam — D
800 * ' ‘ ' 6 ‘ ‘ ROC curves and d' ° ° e s B o paradigm Stimulus o (us) RT (ms)
Left 3 years (HAuse | 33 years Cl1512 12 O TH1 e for reference 5 5/ 3 5 . 5 -
since 5 years of 12 years T O TH2 _ 650/ o4 | 5 o § : 3 s % 5 Center- BiCIL  TFS 2.38  CNT  590.85
Right age) 35 years Cl422 12 e ;r:i é’ G| | .l 0 "y . - -y to-Right ENV 255 715  655.89
TS 2 ;;f @) s § =, Cl: :( left-to. BIC2  TFS 375 243 75211
Stimuli: _ E —8 & 65ms  100ms  182ms  607ms g2ms  94ms  194ms  575ms g2ms  104ms  220ms  550ms 67ms  9%ms  209ms  5osms  Might ENV 3.16 188  598.00
. . . . - A * . . . .
e Short-duration click trains® to reduce CI artifact for TES (100 § Note: Ocular artifact removed during the analysis of these surface responses
o

pps)’-8 and ENV (4000 pps, 125 Hz AM)? ITDs.
* For TH, stimuli embedded in notched noise to limit excitation
spread and simulate restricted, Cl-like excitation patterns.

 Anecdotally, the ITD = 0 ys standard in the oddball paradigm can be challenging for BICI participants with an unstable
center percept.

« A left-to-right discrimination paradigm, well-established in psychophysics experiments#?®, facilitated slightly better

performance in another BICI user.
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g o sl s, . gof T " Cortical responses to auditory cues are shaped by both acoustic salience and attention.
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A P pechic. | : TFS-ITD cues in TH lead to enhanced cortical responses (N1, P300) with attentional engagement, while ENV-ITD cues show weaker
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B chckonly | 20 w0 60 o 300 20 a0 60 800 : 20 a0 oo s0 200 400 600 800 The center-to-right discrimination task is suboptimal for BICl users; a left-to-right task provides clearer perceptual distinctions and aligns
- 3 Acoustic Time (ms) Time (ms) Time (ms) Time (ms) _ _
g Climision @O0 // > @ ;' . | with psychophysical methods.

1 Lo Findings highlight the importance of understanding distinct neural pathways for TFS-ITD and ENV-ITD in BICl users, informing CI

T T T Figure 3: Simulating Single 80 O @ ¢ ‘ | _ L A A A I : processing strategy optimization and future interventions.
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