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Current issues in the neural and perceptual dynamics of multisensory integration



Virginie van Wassenhove Exec Dir MEG center CEA/I2BM/DSV/ NeuroSpin Cognitive Neuroimaging Unit (INSERM U992)



Ecole Polytechnique, Palaiseau France HSS 512F - Cerveau & Cognition



what is multisensory perception ? vision



eyes



Photoreception



Retina rods, cones



hearing



ears



Mechanoreception



cochlea hair cells



somatosensation



skin



Mechanoreception



mechanoreceptors



olfaction



nose



Chemoreception



olfactory receptors



taste



bud tastes



Chemoreception ….



electromagnetic wave (photons) HUMAN VISIBLE SPECTRUM



sound pressure wave



deformation of physical objects



scents, airborne chemicals



flavours, dissolved chemicals additional: balance, pain, temperature, interoception …



outline



Phenomenology Neuro-anatomical & neuro-physiological bases of multisensory perception Magnetoencephalography (quick overview) Rapid plasticity and sensory-impairment The case of audiovisual speech and abstract representation



PHENOMENOLOGY



ventriloquism



Displacement of sound localization with co-occuring visual events. Earliest descriptions: Stratton (1897) Young (1928) Thomas (1941) Howard & Templeton (1966)



Extraordinary Exhibitions, Broadsides from the collections of Ricky Jay. Hammer Museum, Los Angeles (2007)



double-flash illusion



Shams, Kamitani, Shimojo (2000) Nature



1A1V



objective



subjective



2A1V



time



time



Shams, Kamitani, Shimojo (2002) Cog Brain Res



bouncing ball illusion



Sekuler, Sekuler, Lau (1997)



a transient onset elicits a dominant ‘bouncing’ percept whether it is visual, tactile or auditory



physical



t0 t1 perceptual



t0



t0



t1



t1 “passing”



“bouncing”



Watanabe, Shimojo (2001)



rubber hand illusion(s)



rubber hand illusion(s) - demo



McGurk



Fusion



Combination



Sentential



McGurk & MacDonald (1976)



stating the obvious?



Multisensory inputs are not a priori redundant sources of information because they are: (i)



inherently different arrays of energy (in the external world)



(i)



transduced via different encoding mechanisms (e.g. chemical versus mechanic)



(ii)



channeled via a priori independent sensory systems



Issues Robust evidence for “multisensory perception”? Are all forms of multisensory interactions, integration? When and where is integration occurring in the brain? What is integration? What is being integrated? => the detection of multisensory signals pertaining to the same external source should be considered in addition to and prior to identification?



the classic approach A representation / auditory pathways



sounds



AUDITION



?



source visual events



VISION



V representation / visual pathways



?



AV?



levels of description



Phenomenological / experiential impossibility to dissociate multisensory events in the quality of experience has implication for representation of (a coherent) self Perceptual synthesis of sensory inputs from different sensory modalities (visual, auditory, tactile, kinesthetic, odorant, taste…) into a single perceptual representational outcome strict: prior to conscious perception (strictly implicit process) lax: includes attentional access (remains implicit but requires attention) Computational strict:



lax:



computational outcome of multisensory integration differs from any single one of the incoming inputs (A ≠ V ≠ AV) (A ≠ V but A ≈ AV | A ≠ V but V ≈AV )



Implementation modulation of neural responses to the presentation of combined sensory information differ from post-hoc combination of neural responses to unisensory stimulation



NEUROPHYSIOLOGY & NEUROANATOMY



historically: superior colliculus (cats)



Subcortical structure Dorsal part of the quadrigeminal body Above Inferior Colliculus (important node in auditory pathway) Implicated in: Orientation / avoidance behavior (reflexes) Saccades / smooth pursuit eye movements 4th layer of SC contains multisensory neurons i.e. neurons that respond to multiple sensory inputs



humans LGN SC IC



First index of multisensory integration in multisensory population of neurons Supra-additive Responses AV >> A AV >> V AV >> A + V



multisensory spatial register Driver, Noesselt (2008)



Supra-Additive response A+V < AV spatiotemporal coincidence



Sub-Additive response AV < A AV < V spatial and/or temporal disparity



Inverse Effectiveness Principle maximal enhancement is produced with combination of minimally effective unimodal stimuli



multisensory temporal register



Driver, Noesselt (2008)



multisensory cortical sites (monkey/human)



patchy organization, e.g. STS i.e. no a priori anatomically functional organization



Beauchamp (2005)



early integra4on ≠ SC integra4on necessary feedback / cortical gating from AES



heterotopic connectivity (monkey)



Feedback projections FROM auditory cortex, STP TO V1



Lateral projections FROM V1 to A1 Feedback projections FROM STP to A1 Forward projections FROM Thal to A1



adapted from Clavagnier et al (2004) Cog. Aff. Behav. Neurosci. adapted from Schroeder & et al (2008) TICS



heterotopic connectivity (monkey)



Auditory cortex, STP -> area 17 Eccentricity dependency



Falchier et al (2002)



Clavagnier et al (2004)



TIME & MULTISENSORY INTEGRATION



inherent (hardware) desynchronies



Hearing Research 2009



sensory latencies spatiotemporally aligned auditory tactile visual



time Macaque tactile slightly faster than auditory inputs



visual V1 20-30 ms V2 80 ms V4 100 ms



dSTS visual inputs 30-35 ms



auditory auditory core 8.5 ms auditory belt 7 ms



time Human



tactile



auditory A1 11-14 ms 14-24 ms



visual V1 42-51 ms V2 49-64 ms dSTS visual inputs 48-56 ms



van Wassenhove, Schroeder (SHAR in press) Raij et al (NIMG 2010)



perceived simultaneity and temporal order



temporal window



Vroomen & Keetels, APP 2010



Is perception of synchrony plastic?



simple audiovisual associative test



Experiment 1a



A



V



AV



AV



AV



V



A



AVi



VAi



Experiment 1b



A



V



AV



AV



AV



AV



AV



V



A



Experiment 2



A



V



AV



A250V



AV



V250A



AV



V



A



125



125



125



125



125



125



125



125



1



2



3



4



5



6



7



8



# Trials Block #



AVi



VAi



125



125



125



9



10



11



time



A A250V 250 ms



V



AV



AVi



V250A



VAi 250 ms



van Wassenhove, Nagarajan (2006)



quick primer on magnetoencephalography aka MEG



shielded room (mu metal)



at the temperature of liquid Helium (4K or -269°C) SQUIDs conduct current without resistance. SQUIDS are bathed in the MEG dewar at that temperature. SQUIDs measure the changes in magnetic flux in their superconductive loop via quantum-mechanic interferences. The MEG @ NeuroSpin uses 306 sensors (510 pick-up loops) covering the entire head.



SQUID = Super-QUantum Interference Device



gyrus



+



-



electromagnetic fields in the brain



sulcus



B(r)



MEG vs EEG - orthogonality & complementarity adapted from Vrba & Robinson (2001) Methods



EEG sensitive to combinations of tangential (sulci) & orthogonal sources (top of gyri & radial sources) MEG sensitive to tangential sources (sulci)



Population of synchronized neurons, we mean the following statistics: BRAIN CORTEX PYRAMIDAL cells (excitatory) SYNAPSES CORTICAL SURFACE => temporal resolution => spatial resolution => sensitivity



≈ 1011 neurons ≈ 1010 neurons ≈ 85% (8.510) ≈ 104 to 105 (5% of connections from subcortical structures) => cortico-cortical talks ≈ 3000cm2 1 ms (fs dependent) at best 1 cm2 (at worst 100cm2) for EEG; at best 0.5 cm2 for MEG U MEG-EEG 107 to 109 neurons; down to 50 000 neurons for 10 nAm (Hämäläinen, 1993)



~1% of neurons fire synchronously for a given stimulus within a cortical patch yet they contribute to > 80% of the signal



audiovisual stimuli (flashs/beeps) time-domain averaging phase-locked responses sensor space



scalp magnetic field topography Auditory m100



LH



RH



A250V



A RH CTF 275 sensors



LH m100



m200



m100



m200



RH



LH fT



m100 time



m200



AV



V250A



example of typical average for 1 participant



m100



m200



An Oscillatory Hierarchy Controlling Neuronal Excitability and Stimulus Processing in the Auditory Cortex Peter Lakatos1,2, Ankoor S. Shah1,4, Kevin H. Knuth3, Istvan Ulbert2, George Karmos2, and Charles E. Schroeder1,4



Awake Monkey (Macacca mulatta) Local Field Potential or LFP



(μV) sum of all dendritic synaptic activity within a volume of tissue (most comparable to non-invasive human EEG/MEG)



Current Source Density or CSD



(μV/mm2) (source/sink) transmembrane current (flow of negative, positive charges)  sensitive to synaptic activity independently of neural firing



Multi Unit Activity or MUA



(μV) indicative of neural firing patterns/action potentials



Laminar profiling



simultaneous profiling of cortical layers (hence lemniscal, extra-lemniscal and cortical inputs)



An Oscillatory Hierarchy Controlling Neuronal Excitability and Stimulus Processing in the Auditory Cortex Peter Lakatos1,2, Ankoor S. Shah1,4, Kevin H. Knuth3, Istvan Ulbert2, George Karmos2, and Charles E. Schroeder1,4



Single-trial time-frequency source reconstruction - NUTMEG (Dalal et al. 2008)



1



time-frequency single-trial



2



source-localization of MEG signal BEAMFORMING



frequency



high gamma (70-100Hz) 1-5mm resolution Individuals’ MEG/MRI coregistered Multiple spheres



low gamma (25-55 Hz) beta (18-25Hz) alpha (8-12Hz) theta (4-7Hz) pre-



time post-stimulus 3



4



5



NUTMEG (direct statistical significance) MNI coordinates and functional anatomical mapping



within condition contrast F-ratio computed as contrast between pre- and post-stimulus period



statistical contrast across conditions F-ratio computed as contrast between condition 1 and condition 2



audiovisual stimuli (flashs/beeps) A



V



AV



AV



AV



V



A



AVi



VAi A



A



V



AV



AV



AV



AV



AV



V



A



AVi



V



AV



A250V



AV



V250A



VAi



1a,b



2



~ 10 min of exposure to AV pairing leads to (gamma band) activation of visual cortices when hearing a sound



AV



V



A



audiovisual stimuli (flashs/beeps)



A



V



AV



AV



AV



V



A



AVi



VAi A



A



V



AV



AV



AV



AV



AV



V



A



AVi



V



AV



A250 V



AV



V250 A



VAi



1a,b



2



~ 10 min of exposure to AV pairing leads to (gamma band (de)activation of auditory cortices when seeing a visual stimulus



AV



V



A



audiovisual stimuli (flashs/beeps)



A



V



PSS#1



AV



PSS#2



A250V



Last 50 minus first 50 50 ms



150 ms



PSS#3 Last 50 minus first 50



after repetitive AV sync stimuli  decreased activity in pSTS (adaptation)



50 ms



150 ms



250 ms 250 ms



350 ms 350 ms 450 ms



after repetitive AV desync stimuli  increased activity in pSTS



Implications: PLASTICITY in sensory-impairment



moving dots pattern



Examples of auditory cortex recycling in deaf individuals for Vision (fMRI) Somatosensation (MEG)



Examples of auditory cortex recycling in deaf individuals for Somatosensation (MEG)



early-blind individuals responses to auditory deviance



Kujala et al (1995)



Examples of visual cortex recycling in blind individuals for Audition (EEG)



Getting closer to real situation: AV speech



seminal study 2 activation of BA 41,42, 22 (auditory cortex) to lipreading alone (+ BA 19, 37, 39)



MisMatch Negativity paradigm (Näätänen) or “oddball paradigm feature A STANDARD



feature B DEVIANT



time



“automatic” response (can be observed during sleep) but can be increased by attention Interpretation of the MMN vary from adaptation to predictive coding



early (automatic?) AV speech integration



seminal study 1 Sams et al (1991)



crucial point 1 mapping between visual (viseme) and auditory (phoneme) speech representations distinctive features of speech ≠ (internal abstract representations)



acoustic features (physical stimulus)



PHONEMES: smallest auditory speech unit p



m



b



t



d



pbm



n



g



k



tdn



f



gk



v



.



fv



.



.



….



.



.
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.



….



.



l



VISEMES: smallest visual speech unit



Although providing underspecified information, visual speech can modify an otherwise clear auditory percept (e.g. McGurk effect) Still, V speech can constrain the possible auditory targets



A [p_] + V [k_] = [t_] (fusion) but A [k_] + V [p_] = pka, kappa, etc.. (combination)



l



r



r



w



w



j



j



crucial point 2 natural dynamics of audiovisual speech



intrinsic auditory lag = 100 to 300 ms



/problem/



Chandrasekaran et al (2009)



ApVk



AtVt



AbVg



AdVd



AV Temporal Integration Window =



Simultaneity Rate (%)



100%



A Temporal Integration Window



80%



+



60%



V Temporal Integration Window



40% 20%



A Lead



100%



Fusion Rate



SOA(ms)



467



400



333



267



200



133



67



0



-67



-133



-200



-267



-333



-400



-467



0% A Lag



Visually driven



Auditorily driven



Asymmetry V leads more tolerated than A leads



80%



Width of plateau ~250ms



60%



. speech incongruence translated into temporal percept? (synchrony for incongruent does not exist)



40% 20%



auditory visual



A lead



SOA (ms)



A lag auditory visual



467



400



333



267



200



133



67



0



-67



-133



-200



-267



-333



-400



0% -467



Response Rate (%)



TWI observed regardless of task and stimuli no obvious dissociation between access to time and tolerance of fusion process



A tolerance



V tolerance



AV tolerance = temporal window of integration



task identification, 3-AFC



[ka], [pa], [ta]



congruent A, V, AV, incongruent AV



movements of the articulators in the visual speech signals naturally precede the audio speech output



visual onset



aspiration



A Onset



fade in



Fade out neutra l face



articulatory movement s



maximum mouth opening



mouth closure



if information has been extracted in the visual domain that is (i) relevant for the speech system (ii) specific enough to elicit a speech representation then, systematic modulations of audio speech processing should be observed.



visual speech



predicts ?



auditory speech time



latency difference (A – AV) of early AEPs as a function of visual speech correct identification If (A-AV) > 0, AV occurs earlier than A  Temporal Facilitation



40



Latency Difference (ms)



40 N1



30



30



P2



20



20



10



10



0



0



60%



[k]



70%



80%



[t]



90%



100%



[p]



60%



fusion A [p] + V[k]



>> The more salient V speech is, the “faster” the auditory speech processing.



70%



Absolute Amplitude Difference (uV)



amplitude reduction (A-AV) of early AEPs as a function of visual speech correct identification



6



6 N1 P2



4



4



2



2



0



0



60%



[k]



70%



80% [t]



90%



100% [p]



>> The amplitude reduction is independent of V speech saliency



fusion 60% A [p] + V[k]70%



information theoretic speech analysis



sounds



AUDITION



source



sensory information store 50-250 ms



visual events



VISION



Phonological Categorization acoustic feature analysis



phonetic feature analysis



feature buffer



phonetic feature combination



PROBLEM: visual speech input?



ACOUSTIC



PHONETIC



‘EARLY’



PHONOLOGICAL



‘LATE’



?



AV?



ANALYSIS-BY-SYNTHESIS



[auditory speech, Halle & Stevens (1959,1962)]



acoustic



articulatory representation



subphonetic representation



residual error



comparator control



Input



Out/Input



generative rules



PROBLEM: visual speech input? • • •



Internalized generative rules of speech production are shared with the speech perception system. (e.g. Liberman & Mattingly, 1985) Active as in ‘forward’ and ‘predictive’ processing of inputs



acoustic



articulatory representation



subphonetic representation



Temporal multiplexing of speech information based on speech features and their native temporal resolution coarse-grained ~200 ms articulatory representation Acoustic (A, AV speech, production) Visual (V, AV speech) Somatosensory (production)



TWI (sub)phonetic representation



fine-grained ~25 ms



Latency shift is function of visual recognition



Amplitude shift is function of perceived incongruence



STS



reflects visual



reflects audiovisual



AV speech - the sEEG picture Besle et al (2008)



Visual speech



MT/V5 >> 10 ms >> auditory secondary association areas



Audiovisual speech



30 ms post auditory onset >> decreased activation / “suppression” of auditory responses >> in auditory secondary association areas before STS activation



human speech // monkey calls?



some mechanistic insights Schroeder et al (2008)



Discrepancies of findings – seemingly opposite findings pending on methodology  fMRI/PET: + additivity to supra-additivity in primary (controversial) and secondary (noncontroversial) auditory associations areas + additivity to supra-additivity in STS



 MEEG, sEEG: + sub-additivity of auditory responses [ERPs, ERFs, ECDs] + additivity in STS



So what’s the deal?



the low frequency story ( < 30Hz) Kayser & Logothetis (2009)



reduced response in auditory cortex, increased response in STS to the presentation of AV stimuli [comp(AV, max(A,V))]



+ Chandrasekan & Ghazanfar (2008) observed decreased theta, alpha power in STS to auditory calls



Strength of directed interaction and driving influence in MUA: . auditory cortex drives MUA in STS in low beta and theta . STS drives MUA in AC in high beta



the high frequency story (> 40 Hz) Chandrasekan & Ghazanfar (2008)



STS



> sustained high gamma w/ facial expression duration in STS AV V A



upper STS bank region vs. middle lateral belt enhanced single neuron response to AV vs V but weak-to-no response to A



> sustained high gamma w/ voice duration in A cortex



Conclusions? none … but more questions: -



Implications of multisensory perception in current models of consciousness?



-



Why and how does a coherent perception of time emerges from an inherently desynchronized system?



-



How to reconcile qualitative appreciation of the auditory or visual percept with loss of sensory tagging in the integration? [yours here]



and ….more discussions…



























des documents recommandant













Current issues in the neural and perceptual dynamics of 

The MEG @ NeuroSpin uses 306 sensors (510 pick-up loops) covering the entire ... sensor space audiovisual stimuli .... intrinsic auditory lag = 100 to 300 ms.










 








current issues in cosmology 

assumptions were made that would lead to the observed answers, when .... of galaxies and a range of values of M/L, and a Hubble constant of 60 km s. âˆ’1 ...... local spiral galaxies with very accurate redshifts, measured using the 21 cm line, has ..










 








Current Issues in the Study of Androstenes in Human Chemosignaling 

(1988) found the following concentrations in male axillary hair extracts. Androstenediol ..... Androstenol exposure caused both women and men to judge female.










 








current issues in business dbid 6qkv 












 








Current concepts of mechanical and neural factors in ... - Research 

properties of the extraocular muscles and their associated connective tissue pulleys. This review considers current concepts regarding aspects of ocular motility ...










 








A neural basis for inference in perceptual ambiguity - PNAS 

Jan 2, 2007 - Our findings can thus be seen as a signature of when and where the .... Table 1). As in these studies, we also found several further activations ...










 








Perceptual and neural consequences of rapid motion adaptation - PNAS 

Nov 8, 2011 - in the visual pathway (14) and the spatial summation effects found in our .... physiological findings. Following the filtering described earlier, ROC analysis was carried out in ..... sorting software (Plexon). Area MT was identified ..










 








Perceptual manifestations of fast neural plasticity 

After a variable ISI (40, 120, 480, 1000, and 2000 ms), during which the display was blank, the test stimulus was always presented for 320 ms. The task was to ...










 








Perceptual and neural consequences of rapid motion adaptation - PNAS 

Nov 8, 2011 - can occur essentially every time we experience motion. ... To accomplish this aim, we ... adapting motion direction is not necessary for the generation of ...... Raymond JE, Isaak M (1998) Successive episodes produce direction ...










 








The Role of Cognitive and Perceptual Loads in Inattentional ... - Frontiers 

Jul 6, 2016 - modify their heading and altitude, using drop-down menus. (Figures 2A,B) ..... National Sciences and Engineering Research Council of Canada.










 








Perceptual asymmetry in the subjective duration of ramped and ... 

... 13402 Marseille. Cedex 20. bInstitut de Recherche et Coordination Acoustique/Musique, 1, place Igor Stravinsky 75004. Paris [email protected] ...










 








The Role of Cognitive and Perceptual Loads in Inattentional ... - Frontiers 

Jul 6, 2016 - that 28.76% of alarms were not reported in the low cognitive load condition and up to 46.21% in the high .... capacity limits in modality-specific sensory brain areas (Talsma and Kok ...... Inattentional deafness in music. Psychol.










 








Issues in the Diagnosis and Treatment of Lyme Disease 

The Open Neurology Journal, 2012, Volume 6 141. PCR-DNA or IFA for the borrelial spirochete. These tests are available, and results obtained in a few days.










 








Political issues Issues and consequences of the ... - Credit Agricole 

Il y a 7Â jours - Puigdemont, its representatives have shown that cooperation between the two big nationalist parties is anything but signed and sealed. What are the possible results? A. A separatist government. This outcome would be based on the ren










 








Perceptual grouping in space and time: Evidence 

A major goal of perceptual theorists has been to expli- cate the principles ... Subjects viewed a Ternus display embedded in an array of context elements that ...










 








Advances in visual perceptual learning and plasticity 

Dec 2, 2009 - visual system must maintain a certain degree of stability and thus cannot be changed by ... Harvard Medical School,. Boston ... were asked to identify a letter in the centre of a display ..... In addition, a growing body of evidence ind










 








Noise and Correlations in Parallel Perceptual 

Jul 5, 2012 - Predictive Power. Our findings allow for ..... A theory of memory retrieval. Psychol. Rev. 85,. 59â€“108. 12. ... Ann. Math. Stat. 19, 326â€“339. 21.










 








Political issues Issues and consequences of the ... - Credit Agricole 

An occasional publication â€“ No.17/321 â€“ 15 December 2017. SPAIN â€“ Political issues. Issues and consequences of the Catalan elections. â€¢ The Catalan executive's obstinacy in promoting the unilateral path to independence resulted in the Central










 








Perceptual grouping in space and time: Evidence 

tion of elements within a single array will be referred to in this article as spatial ..... ticipated in one session with three blocks of 160 trials. Within each block, each ...










 








Perceptual organization of apparent motion in the 

high-level motion mechanism includes accounting for the various grouping ... Alfred P Sloan Foundation and a grant from the College of Arts and Sciences from ...










 








Methodological Issues in the Use of Peer 

Mar 14, 2008 - with the others), and all of them enrolled boys and girls. ... age = 11 years) from three middle schools in a high-risk urban area of the Pacific ..... adjustment (i.e., antisocial behavior and academic performance) were com- puted ...










 








issues relating to the adoption of higher voltage direct current power in 

However, if data center operators, equipment manufacturers, and others opt to make HVdc a primary power distribution configuration, some critical issues need ...










 








An overview of current issues in the pricing of swap contracts 

market values. 3 http://www.bis.org/publ/qtrpdf/r_qt1312b.pdf .... Say EONIA or Fed funds rates in the most common cases. â–« Calibration ... See â€œAn overview of the valuation of collateralized derivative ... some-spanish-french-debt-1-.html. â–«.










 








Mental workload and neural efficiency quantified in 

An improved understanding of how the brain allocates mental resources as a function of task difficulty ... such as training programs or the clinical setting. ... tant for complex and high risk operational settings (e.g. piloting an aircraft, ..... Th










 














×
Report Current issues in the neural and perceptual





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



