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1. ABSTRACT 5. MODELING RESULTS

Background: The ventriloquism aftereffect (VAE), observed as a shift in the perceived locations of sounds after audio-visual stimulation,
requires reference frame alignment since hearing and vision encode space in different frames (head-centered vs. eye-centered). Four simulations were performed (Tab. 1 shows fitted model parameters and AlCc used to compare the models):
Previous experimental studies observed inconsistent results: a mixture of head-centered and eye-centered frames for the VAE induced
in the central region vs. a predominantly head-centered frame for the VAE induced in the periphery. Here, a computational model
introduced in (Kopco & Loksa, 2021) is extended to examine these inconsistencies, assuming that there is a fixed relationship between
the VAE and the ventriloquism effect.

Methods: The model has two components: a saccade-related component characterizing the adaptation in auditory-saccade responses
and auditory space representation adapted by ventriloquism signals in a combination of head-centered and eye-centered frames, in
which the strength of adaptation can be eye-gaze-direction dependent. There were 4 different model versions implemented, differing in

No-shift data (Fig. 3A): The d models have no difference in prediction in comparison with the non-d models, if we compare HC with
dHC and HEC with dHEC. However, because the non-d models are simpler than the d models, their AlCc is better due to the model
complexity penalization implemented in the AlICc evaluation. HEC and HC models are comparable in terms of AlCc for both non-d and
d comparisons. Also, the ratio of between the strengths of EC vs. HC signals is 0.36 : 0.64 (because the wry = 0.36).

- Adaptation in saccadic responses can explain FP-dependence of no shift data.

2 aspects. The first aspect is whether the ventriloquism aftereffect was a mix of head- and eye-centered (HEC), or purely head-centered All data (shift and no-shift data for center and periphery Fig. 3B):

(HC). The second aspect is whether the gaze-direction-dependent modulation was considered (dHEC or dHC) or not (HEC or HC). The the two “d” models are comparable to each other, slightly better than HEC. All three models are considerably better than HC model-
model versions were compared using AlCc criterion in 4 different simulations using different data sets: no-shift, all data, central and - FP-attenuation or EC component are needed to account for the data. Both of these components are EC-referenced, so EC-
peripheral. referenced signals are used in VAE.

Results: Experimental data analysis confirmed that the VAE measured using saccades can be predicted based on observed ventriloquism

effect. Overall, the model performed best when eye-centered signals were combined with head-centered signals with a gaze-direction- Central-training aftereffect data (Fig. 3C): Central-training data are much better described if FP-attenuation is included (dHC and
dependent modulation (dHEC) for all data simulation. However, for no-shift simulation where just data affected by aligned audiovisual dHEC models are comparable). If it is not, then the EC component is required (HEC model better than HC).

pairs were selected, the HEC model provided the best fit to the data. > FP-attenuation is needed to model the data.

Conclusion: There are likely to be two mechanisms by which visual signals are realigned with auditory signals. These mechanisms are ] o _ _ _ .
combined to visually calibrate the auditory spatial representation in a mixed reference frame. Peripheral-training data (not shown): require neither FP-attenuation nor EC component (HC model considerably better than any

\ j other).

\ Parameters:

2 BACKG ROU N D AN D INTRODUCTION - w, always less than 0.5 = EC RF contribution weaker than HC.

. - oz always narrower than o,.=> EC RF signals more specific than HC.
* Several previous models were developed to describe the ventriloquism aftereffect in humans and birds. There are models of the audio-visual - w between ~0.5 and 1 = both model components important.

(AV) RF alignment, but those only consider AV integration (Razavi et al., 2007) and multi-sensory integration (Pouget et al., 2002) when in the - df close to 1 > almost no FP-attenuation.

auditory and the visual stimuli are presented simultaneously (i.e., the ventriloquism effect; VE), not the adaptation and transformations A) No-shift Data

underlying VAE.
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Table 1: Resulting parameter values and AlCc related evaluation.
Ventriloguism Shift Direction
30 15 0 15 30 30 15 0 15 30 30 15 0 15 30 . . .
Actual Target Location [] Actual Target Location [] Simulation Model Fitted parameter values Performance
Fig. 1. A) Experimental stimuli and setup from Kopco et. al. (2009, 2019). B) Experimental results for conditions with visual components H k c w Wg Oy O ds AlCc AAIC MSE
shifted re. auditory components. C) Localization bias for no-shift AV-aligned baseline condition.
o HC 1.03  0.31 1.14 1.01 - 12.06 - - 130.9 2.4 1.59
Methods and predictions
* VAE induced with eye-gaze fixed at one fixation point (FP), called training FP, using AV stimuli with V-component shift direction fixed HEC 113  0.17  0.95 1.24 0.36 12.84 2.98 - 128.5 - 1.26
within session (Fig. 1A). Two experiments, each examining RF in a different training region: central, peripheral. No Shift
. .. . dHC 1.03  0.31 1.14 1.01 - 12.06 - 1.00 133.8 5.3 1.59
* VAE measured from two different FPs: training and non-training FP.
* Ifinduced response bias shifts with FP then RF is eye-centered; if response bias does not shift with FP, then RF is head-centered (Fig. 1B). dHEC 113 017 0.95 1.24 0.36 12.84 298 1.00 131.9 o o) 1.26
Setup and stimuli: HC 0.79  0.82 1.15 0.49 - 14.21 - - 444.7 10.5 3.25
* A stimuli: 300ms broadband noise, V stimuli: LEDs synchronized with sound.
« AV stimulus disparity (fixed within session): no shift (0°); positive shift (V offset 5° to the right of A); negative shift (V shifted 5° to the left of A). HEC 077 076 113 0.53 0.15 13.35 4.83 - 4369 2.7 2.89
* VE and VAE responses: saccades from FP to the perceived location of auditory component. sl S a9 | e wr N ) - ) . oy 5 R
* Trials with A-only stimuli (50%) and AV stimuli (50%) interleaved. ' ' ’ ’ ’ ' ' ' ’
* AV stimuli presented with eyes fixated at training FP. dHEC 077 082 115 0.55 011  13.64 4.36 0.90  434.2 - 2.76
* A-only stimuli presented with eyes fixated on training or non-training FP.
HC 1.01 564  0.67 0.40 - 18.79 - - 176.2 15.6 5.48
Positive & Negative Shift Results (Fig. 1B): No-Shift Results (Fig. 1C): Modeling questions:
head- and eye-centered independent of FP (blue and to EC representation of auditory space) explain the dHC 101 684 067 0.52 - 1520 - 068 1606 - 322
* for peripheral training region: almost red lines overlap), differences in the AV-aligned baseline data? U N O . os1 [ I ) s
purely head-centered, _ * Peripheral training: * Can this adaptation also explain the differences in : : : : : : : : : : :
* thusinconsistent results for different responses depend on FP (red RFs based on the AV-misaligned data, or is it HC 0.83 340 133 0.55 - 1243 . - 1363 - 173
training regions. line above .blue line for necessary that EC signals are also considered, and e I N o I R a1 e L es
central region), thus that the RF is indeed mixed? g ' ' ' ' ' ' ' ' ' '
« Unexpected form of . : Peripheral
N *  What is the form of the EC signals? Two forms dHC 083 327  1.33 0.55 - 12.43 - 1.00 139.1 2.8 1.73
plasticity observed for
: ) explored: EC component or FP-dependent
central locations with . dHEC 0.82  2.85 1.33 0.56 0.04 12.12 4.91 1.00 144.2 7.9 1.68
. .. attenuation.
peripheral training.
\_ J Y,
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Computational model (Fig. 3) predicted bias *  We proposed a model of saccade responses to auditory targets after ventriloquism adaptation to describe the reference frame of
for an A-only target (from a fixed FP and for a A) Ventriloquism HC - head-centered ventriloquism aftereffect data of Kopco et al. (2009, 2019).
given set of AV responses) is a weighted sum (AV responses) EC — eye-centered *  The HC version of the model can predict the newly reported adaptation by AV-aligned stimuli (Kopco et al., 2019) as a combination of
(determined by weight w) of: , , saccade-related biases “corrected” by visually guided adaptation. It can also predict well the Peripheral data.
* Saccade-related EC bias independent of HC i EC | *  The FP-dependent attenuation (dHC and dHEC models) provided best fit to Central data = FP-attenuation is needed to model the data.
. . T s . . . . . . .
the visual signals, caused, e.g., by ~ pZ N *  The HC model cannot sufficiently describe the differences between reference frames observed in central training (Kopco et al., 2009) vs.
hypometry of saccades, inherent bias SR R ! peripheral training (Kopco et al., 2019). Instead, a model that assumes that EC-referenced signals adapt the auditory representation (HEC
toward the periphery, P':r%efﬁgﬂgrs Auditory space FP-dependent E:} ) Response model) is required = Uniform reference frame of VAE is mixed, using both HC and EC referenced signals. However, the overall fit still
* Bias caused by adaptation to visual (FP) representation (C) atienuation | (D) does not describe the differences between the data well.
signals, defined as proportionalshift ~ { | —rx—— ' *  Ventriloquism adaptation considered here is local. = It is inconsistent with the models based on the opponent processing channels
towards the AV-responses, dependent on ﬁ (Grothe et al, 2010).
distance of the A—oqu t-ar.get from each Saccade-related EC *  Future steps: (1) Add a component related to saccade hypo-/hypermetry to the modelling. (2) Experimentally test the prediction that
AV-response. This bias is independent of bias (B) saccade-related EC bias occurs and influences RF of VAE measurements.
properties of auditory saccades.
Four versions of the model examined: B) Saccade-related C) Auditory Space
. . . EC Bias Representation D) Response
* HC: ventriloguism signals converted to HC s 2 g B - T rrer— = ACKNOWLEDGMENTS
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