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- Normal hearing listeners have sensitivity to frequency-dependent » Three BICI listeners completed a lateralization experiment in three Phase 3.1: Lateralization with ENV-ITDs
interaural level differences (ILDs) and interaural time differences (ITDs), phases: BO DA DX
enabling th.em to localize so.unds [1] - . 1. Determine best electrode pair for ENV-ITD sensitivity at 32 Hz. c R LI : . None of the listeners were able
e However, .bllateral cochlear Implant (BlCl) listeners can Only utilize ILDs 2  Determine best modulation rate for ENV-ITD Sensitivity_ "§ to ConSiStentIy and fu”y
respectively) when using their clinical processors [2]. 3.1. ENV-ITDs only. = ENV-ITDs were present.
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By :)_Iaylr;g Sr? undstrt]o tCIIBIr'](I:CIE}! erocessors via tht_e al:dlcéll\ln\etljlt_gorts, dWENh\E;“’e 3.2. Coherent cues from a spherical head model [4]. «© * Responses were comparable
oreviously shown that BiCl listeners are sensitive to -ILDs an - - . . . i Ei
™ f3>(l) 7 tran d tones 3 3.3. Conflicting cues with systematic shift of +300, +600 us AU S I N E to those in Figure 1 for only
SO Z transposed tones [3]. or +10, +20 dB. -800-400 0 400 800 -800-400 O 400 800 -800-400 0 400 800 ITD cues in the envelope of a
 However, it is still unclear how ENV-ITDs contribute to lateralization in the Angle (°) | ITD (us) | ILD (dB) ITD (us) ITD (us) ITD (us) transposed tone complex.
presence of an ENV-ILD, as seen In the third panel of Figure 1. 51 64 18 Figure 7: Lateralization curves obtained with only ENV-ITDs.
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Figure 4. Interface listeners used _ s
— L b L to indicate perceived location of a Table 1: Coherent ITD and ILD pairs % how much ENV-ITDs and
600 -400 -200 O 200 400 600 -15 -10 5 0 5 10 15 -15-10 -5 0 5 10 15 stimulus. generated with a spherical head model — L ENV-ILDs contributed; this
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Figure 1: Lateralization responses of BiCl listeners presented with 30 Hz ID Age Etiology Years Bl | Pulse Rate |100 pps JND Azimuth (°) Azimuth (°) _ ,-A\Zimuth ) reference that will be used to
transposed tone complexes, measured with Direct Connect [3]. (us) compare to responses to
IBO 54 Otosclerosis 5 1200 100 Figure 8: Lateralization curves obtained with coherent cue pairs. competing cues in Phase 3.3.

« If ENV-ITDs contribute to lateralization, it is important to ensure their
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accurate delivery for improved sound localization. DH | 20 Unknown 14 1200 165 Phase 3.3: Responses to systematic shifts in ENV-ITDs and ENV-ILDs
« Spurious ENV-ITDs delivered by unsynchronized processors could be Table 2: Particioant inf . L - -
degrading performance by disrupting the perceived location of a sound. o ATmpA T Expected Responses: Histograms of perceived response location
(A) no effect (B) 1arge effect » Lateralization responses are binned by location
MAXIMIZING ENV-ITD SENSITIVITY and plotted in a histogram. Responses to each

condition are superimposed.
PURPOSE » All listeners have previously shown ITD sensitivity using direct P P

stimulation of 100 pps pulse trains (Table 2).
 Stimuli were delivered to electrode 12 In the left ear for all

0.5 * If the systematic shift has no effect, by plotting

This study was designed to determine the relative influence all conditions together, the distribution will be

each envelope cue (ENV-ITD and ENV-ILD) has on perceived
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L. . listeners. Right electrodes were varied along electrode 12 +2. 0= ' 0 - the same across conditions; see Figure 3(A).
lateralization response location. Left  Center Right  Left Center Right " - -
» Listeners responded to an ITD of £600 us, indicating if they heard cure 90 Examble data of exoected results: Plots * Itthe conditions have an impact on a listener,
the sound to the left or right. Percent correct above 71% was J lived hpt ‘ tp ot ' they are likely to shift the distribution of their
d to select the parameters for each subiect are normallzed histogram ot faterallzation responses. - ragngnses to either side. This will lead to a
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« Stimuli were delivered through the CCi-Mobile research platform 0s ‘ distributions overlap. -
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. Ralsed-cosme agoustlc stimuli were dellv_ered to targeted single O 0.6 least one pair of electrodes, 2 the systematic shift in ENV-ITD applied to
electrode pairs using center frequencies of patient’'s MAPSs. § . but '_DA COU'F’ not. This was % 0.5 the stimuli. Their response histograms did
- All stimuli were scaled to each listener’s comfort level. | consistent with IDA's larger ° ol X not change even when a shift of £600 us
| | | | , , 0.4 | | | | | I-I_-D JUSt noticeable g% Left Center Right Left Center Right Left Center Right was app“ed-
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0.25 ! | Q. | | _ . Best pair: IBO IDA IDH  In contrast, all listeners had a meaningfu
2 z Figure 5: Proportion correct for each _ 2 1 response to the systematic shifts in ENV-
E = subject when completing the ITD « |BO:L12, R13 = D The hist
= 0 "i" "y" ‘l‘" ’.t" = electrode matching. Left electrode for . DA L12. R13 o - 1 NEIFTESPONSE histograms _
= © all subjects was channel 12. Circle | ! E05 Qemonstrated that fo_r the largest shifts,
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| 2 . L s 0 . . , having heard the sound entirely to one side
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Figure 2: (A) acoustic stimulus, carrier frequency of 1688 Hz, ILD of -6 dB and ITD S 06l \ | for at least one modulation SUMMARY
of -300 us; (B) electrodogram of single channel stimulus processed by the CCi- O rate, but IDH could not.
Mobile. o 05 * IDH reported hearing a _isteners were able to lateralize acoustic stimuli delivered through the CCi-Mobile, discriminatin
D_ _IBO . . g g
Relative influence of ENV-ITD and ENV-ILD investigated using 0.4 |—IDA | Z?r%lses tic;ur?géd but  moving petween left and right ENV-ITDs and lateralizing combinations of ENV-ITDs and ENV-ILDs.
“coherent” cue pairs with and without a systematic shift: 03— | | . Best rates: ' _isteners were not sensitive to a systematic shift of the ENV-ITDs, but were sensitive to a
Coherent cues Conflicti 32 64 100 128 estrates. systematic shift in ENV-ILDs. This means that sensitivity to envelope ITDs alone did not translate
Ontiicting cues » Coherent cues are Modulation Rate (Hz) * 1BO: 64 Hz to sensitivity to envelope ITDs when ILDs were also present.
calculated from head- - . - o - - . . .
(A) olated transfer F'th)l_”e 6. hPFOPOVt'On ICO_”eCt LOV each DA: 32 Rz « These preliminary results suggest that ENV-ILDs completely dominate lateralization responses
finctions and (S;g rrjlzgtriso‘g t:Qk Cﬁfcﬁpiﬁgggtestbist F:Zitf * IDH: 32 Hz for BiCl listeners, with ENV-ITDs having no perceivable influence.
correspond to an
ecologically v_alld REEERENCES
SOUI’]d, See Flgure 3(A)- 1. Macpherson, E. A., & Middlebrooks, J. C. (2002). “Listener weighting of cues for lateral angle: The duplex theory of sound localization revisited.” JASA, 111(5), 2219.
777 . Conflicti - 2. S. Kerber and B. U. Seeber, (2012) “Sound Localization in Noise by Normal-Hearing Listeners and Cochlear Implant Users,” Ear Hear., vol. 33, no. 4, pp. 445-457, 2012.
ontiicting cue pairs 3. Kan, A. and Litovsky, R. Y. (2018) “Lateralization of interaural time and level differences measured with cochlear implant sound processors.” JASA., vol. 144, 1711 (2018).
alre generated by 4. Ali, H.,, Ammula, S., Hansen, J. H. (2017). “Subjective evaluation with UT-Dallas research interface for cochlear implant users,” Conf. on Implantable Auditory Prostheses, CIAP-2017, pp. 211, Lake Tahoe, CA, July 16-21, 2017.
applying a systematic 5. Duda, R. O., & Martens, W. L. (1998). “Range dependence of the response of a spherical head model.” The Journal of the Acoustical Society of America, 104(5), 3048-3058..
Figure 3: (A) Depiction of coherent cues, with shift in either ENV-ITD
corresponding ILD and ITD; (B) a coherent cue pair or ENVAILD ACKNOWLEDGEMENTS -
with a systematic shift in ITD applied. ' This work was supported by NIH-NIDCD R01DC016839 to Hansen, Litovsky, and Svirsky, NIH-NIDCD R01DC03083 to RYL, NIH-NIDCD R03DC015321 to AK, and NIH-NICHD U54HD090256 to the Waisman Center. CC AISMAN CEN I'ER
UNIVERSITY OF WISCONSIN-MADISON

The authors would like to thank Bill Sethares and Z. Ellen Peng for help with design of stimulus. Printing courtesy of the Friends of the Waisman Center



