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BACKGROUND

RATIONALE

… MOTION IS MOST FREQUENTLY MULTISENSORY

… INTEGRATING INFORMATION FROM THE DIFFERENT SENSES

→ ENHANCING AND PRECISING PERCEPTION

… MULTISENSORY INTEGRATION IS THE COMBINATION OF TWO OR MORE SENSES TO

FORM A NEW PRODUCT



BACKGROUND
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CLASSICAL

ANALYTICAL

APPROACHES

What are the classical analytical approaches for mulitsensory integration ? 

STIMULI

RASTER

PSTH

SINGLE TRACE

OSCILLPGRAM

Enhancement of the response () 
which is super-additive ( > than V+A ) Stein and Stanford, 2008

Original work : Meredith and Stein, 1986



CLASSICAL

ANALYTICAL

APPROACHES

Allman et al., 2009

Meredith et al., 2012No integration
Low integration

High integration



EXPERIMENTAL

DESIGN

VOLTAGE SENSITIVE DYE IMAGING EXTRACELLULAR

ELECTROPHYSIOLOGICAL

RECORDINGS
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STIMULATION

Associative Parietal Cortex

VISUAL STIMULATION
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CAIR PUFFS

GRATINGS

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



ANALYTICAL

APPROACHES

Response Latency difference for the two sensory modalities

Classical analyses not adapted

WHISKER

STIMULATION

VISUAL

STIMULATION
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VISUAL
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Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



CLASSICAL

APPROACHES
ENHANCEMENT

SUPER-ADDITIVE

ENHANCEMENT

SUB-ADDITIVE

DEPRESSION

SUB-ADDITIVE Amplification =
|Bi| − |Unimax|

Bi + |Unimax|
× 100

Additivity =
ሻBi − ( V + |T|

ሻBi + ( V + |T|
× 100

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



CLASSICAL

APPROACHES

Somatosensory
Response time window

Visual 
Response time window

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



CLASSICAL

APPROACHES

Somatosensory
Response time window

Visual 
Response time window

BOTH ENHANCEMENT AND DEPRESSION

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



CLASSICAL

APPROACHES

Somatosensory
Response time window

Visual 
Response time window

BOTH ENHANCEMENT AND DEPRESSION

MAINLY SUB ADDITIVE Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



A GLANCE AT THE COMPLEXITY OF IT ALL…

2 MAIN FACTORS : STIMULI & NEURON TYPES, WITH THEIR OWN SUB-CATEGORIES



A GLANCE AT THE COMPLEXITY OF IT ALL…

2 MAIN FACTORS : STIMULI & NEURON TYPES, WITH THEIR OWN SUB-CATEGORIES

WHICH CATEGORY « MAKES SENSE » FOR THE NEURONS ?

… STILL UNANSWERED



DECODING

APPROACH

Train Test

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



DECODING

APPROACH

Train Test

Classification accuracy over time

Dynamic population code ?

Confusion matrices

RESULTS



ARE SENSORY MODALITY AND DIRECTION OF THE STIMULUS ENCODED ?



DECODING

RESULTS

SENSORY MODALITY AND MOTION DIRECTION CODING ?

Visual

Somatosensory

Visual Somatosensory

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



DECODING

RESULTS

1. Decodes the modality (50-150ms)

2. Also decodes the somatosensory direction (100-250)

3. Also decodes the visual direction (200-300ms)

1 2

2 3

Visual

Somatosensory

Visual Somatosensory

SENSORY MODALITY AND MOTION DIRECTION CODING ?

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



MULTISENSORY DIRECTION CONGRUENCY CODING ?



VISUAL

SELECTIVE-DIRECTION

(NORMALIZATION)

BIMODAL CONGR.
W/ VIS. SELECTIVE-DIRECTION

BIMODAL INCONGR.
W/ VIS. SELECTIVE-DIRECTION(NOT SO)–CLASSICAL

APPROACHES

VS. 
DECODING
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TAKING INTO ACCOUNT THE NEURONS’ DIRECTION SELECTIVITY

MULTISENSORY INTEGRATION ?

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643
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VISUAL

SELECTIVE-DIRECTION

(NORMALIZATION)

BIMODAL INCONGR.
W/ VIS. SELECTIVE-DIRECTION

BIMODAL INCONGR.
W/ VIS. SELECTIVE-DIRECTION
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(NOT SO)–CLASSICAL

APPROACHES

VS. 
DECODING

TAKING INTO ACCOUNT THE NEURONS’ DIRECTION SELECTIVITYTAKING INTO ACCOUNT THE NEURONS’ DIRECTION SELECTIVITY

Not clear ➔ Use a more global analytical framework

Multisensory decoding due to the difference
in somatosensory direction MULTISENSORY CONGRUENCY DECODING

Somatosensory response time window Visual response time window

Example

MULTISENSORY INTEGRATION ?

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



(NOT SO)–CLASSICAL

APPROACHES

VS. 
DECODING

SOMATOSENSORY

SELECTIVE-DIRECTION

(NORMALIZATION)

BIMODAL CONGR.
W/ SOM. SELECTIVE-DIRECTION

TAKING INTO ACCOUNT THE NEURONS’ DIRECTION SELECTIVITY

Multisensory decoding due to the difference in visual direction

Example

Somatosensory response time window Visual response time window

BIMODAL INCONGR.
W/ SOM. SELECTIVE-DIRECTION

TAKING INTO ACCOUNT THE NEURONS’ DIRECTION SELECTIVITY

N
O

R
M

A
LI

ZE
D

R
ES

P
O

N
SE

MULTISENSORY INTEGRATION ?

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



DECODING

SO WHAT?

THERE ARE DIFFERENCES IN THE SIGNAL THAT ARE SUFFICIENT FOR THE ALGORITHM TO DECODE : 
MOTION DIRECTION, SENSORY MODALITY, AND MOTION DIRECTION CONGRUENCY. 

APC IS A MULTISENSORY INTEGRATIVE MOTION-PROCESSING AREA

HOWEVER : DOES NOT TELL US WHICH NEURON CATEGORY CONTRIBUTES MOST TO THAT DECODING

MODALITY AND DIRECTION CONGRUENCY VS. PREFERED UNIMODAL DIRECTION

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



WHY DECODING ?

Klemen & Chambers, 2012

Univariate analysis caveat Solution

Multivariate
pattern analysis



HOW DOES IT WORK

AT THE LEVEL OF

NEURONS IN THE

ASSOCIATIVE PARIETAL

CORTEX ? 

WHISKER

STIMULATION

VISUAL STIMULATION

Associative Parietal Cortex

V1 S1
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Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



HOW DOES IT WORK

AT THE LEVEL OF

NEURONS IN THE

ASSOCIATIVE PARIETAL

CORTEX ? 

WHISKER

STIMULATION

VISUAL STIMULATION

Associative Parietal Cortex

V1 S1

Visual neurons Bimodal neurons

Integrative neurons

Somatosensory neurons

DISTRIBUTED POPULATIONS ACROSS THE AREA
A

P
C

Caron-Guyon et al., 2019
https://dx.doi.org/10.2139/ssrn.3377643



DECODING

APPROACHES

CATEGORIES

Leftward
motion

Rightward
motion

V
O

X
EL

S

SI
G

N
A

L

TRAINING

INPUT CLASSIFICATION

f(v)

DECISION

RUN1 RUN2 RUN3
TRAINING SETS TEST SET 

PERFORMANCE

Classification accuracy (%)

… … … … … …… …

« Leave one run out»

DECODING

Learns in which
direction the 

stimulus was going. 
Here : left.



STUDY ON MOTION

USING MVPA

UNIVARIATE MULTIVARIATE

Dormal et al., 2016



OUR STUDY ON

VISUOTACTILE

MOTION

IN HUMANS

… USING AIR PUFFS (TACTILE) & 3D MOVING DOTS (VISUAL) 

… COHERENT SPATIALLY, TEMPORALLY AND SEMANTICALLY

… WHAT DO REGIONS ENCODE ? (MODALITY, DIRECTION, BOTH ?)

… CROSS-CLASSIFICATION : TRAINING IN ONE MODALITY – TESTING IN THE OTHER

TRAIN TEST

TACTILE STIMULI VISUAL STIMULI

CROSS-CLASSFICATION

& VICE-VERSA

… In progress
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