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CHAPTLR 7

THE PSYCHOLOGY OF
MULTIMODAL PERCEPTION

PAUL BERTELSON AND BEATRICE DE GELDER

Introduction

Sensory mondalitivs are cassically distinguished on the hasis of the type of phisical stim-
ubaliom that they are most sensitive to—UHght for vision, sonnd for hearing, skin pressure
fir tonach, malecules in aiv for smell, ete. Research on perception has generally considered
each sensory modality in dsalation. But mast things that happen in the normal envivon

ment produce stimulation to several modalities simultaneously, 'The phenomena consid

ered in the present chapter have their arigin in the fact thal some multimaodal inpurs yield
related informatiom about the same event ar object, bor example, an explasion produces
approsimately svnchrantzed Tight, naise, heat, and pressure on a bystander’s sking some

hady talking emite visible facial movements in predictable temporal relation o corre

sponding speech saunds, Such cases in which inputs to different sensory modalities bring
more or less sunultaneous miormanon about the same external event can be called palid
co-geenrrences. Linavoidably, some invalid co-occiirrences, in which inputs of independent
origins come accidentally o coincide, must also occur.

The existence of valid co-ocenrrences of information in different sensory modalilies
creates for percelving systems, whether natural or avtificial, opportunities for Dnproved
pertormance, Perception can tail tor two types of immediate reasons—Iirregularitics in
the incoming stimulation or in the subsequent processing, Whatever e cuse, generally
anly one sensory modality will be affecled, so that taling inlo accounl the evidenee
collected by other sensory modalities can reduce the dystunction. On o larger dime-
scale, more durable discrepancies between Lhe tesponses of different seosory muodalilies
to inpuis from the same events can emerge as @ resull ol spontanceus drills or of the
arowlh ol the body, The standard example of s is the aereasing distance between the
gars, which allers the correspondence between sound direction and the binaural
dispavities used for audilory localization THeld 19650, Recalibirating the now discordant
processes against cach othor van to seame calenl move processing back toward veracity,
Bolli shorl- and longers-lenin correclions will, of course, be more effective 15 the
suscepibility of the respective sensory modalilios W error is laken inteaccount in their
connpukalion,

Besearch with Tuth hurmans and animals has identificd many cases of crossmodal
wileraction in which e inlerprelation of dala in one sensory maodality are influenced




142 CROSSMODAL SPACE AND CROSSMODAL ATTERTION

by the data that are available in another sensory maodalily, thus showing that bialngical
organisms eftectively take advantage of the polential for intermodal redundancy. Work
in this area has procesded at both the bebwyvioral and the physiological levels, Coreent
developments with new brain-imaging lechoigues, which are reviewed elsewhers in this
volume (see Chaplers 9 and 10, this volumel, hold the promise of important new
insights, This chapter will focus on belavioral evidence from humans,

Behavioral studies of crossmodal perception: a historical survey

Cases ol veossimodal influences were mentioned way back at the beginning of psveho-
logical suivnwe, Already in 1839, Brewster reported that abservers who saw indented
aljucts, such as cograved seals, through an optical device that inverted apparent con-
cavily esperivnved Lthe same inversion when they explored these objects simultaneously
by toucln At around Lhe same lime, the German physiologiat Johannes Miiller, in the
LE3E preseolation of his famous “law of the specific energies of nerves, cited the
st-vallud “ventriloquist illision’ as a possible exception. Miller's law stated that the par-
licular phenomenal quality triggered by sensory stmulation depended on the nerve by
which the corresponding impulses reached the brain. The ventriloquist illusion consists
of the facl that the performing ventrilngquist, by agitating a dumny in svnchrany with
the speech she ar he produces without visible articulation, makes the audience experi-
ence that speech as coming from the dummy’s mouth, instead of from e veatrilo-
guiist’s own manth. As Milller rightly realized, the existence of this effect implics e
intepratinn of information from two sensory modalities in forming an impression of
spatial origin, indicating a linitation to these modalities” degree of aulonomy,

Althemgh scarlered studies that were based, as in Brewster's (18397 observalions, on
experimental alteration also called ne-arangesient) of sensory inpuls continued e
reparted (for early teviews see Harris 1905 Howard and Templeton 1966; Welch [978)
and are occasionally quoted as precedents tor more contemporary developments, they
could not be said to constitute a coherent research ellort, This is true even of the maost
widely quoted of these studies. those involviug total inversion of the visual field (e
Stratton 18971, which, in spite of (heir inonovative yuality, Rl shart of achieving a
cohevent theoretical picture,

"The first really systematic movement of behavioral research on multisensory percep-
tieny can be traced back to the late 19505 ad fowused mainly on optical displacements nf
the visual field induced by the wearing of prisins. The work was modelled afrer an exper-
iment reported by Helmholtz (1866) i which parlicipants who pointed to a visual tar-
get, seen theough o laterally displaving prisu, inilially Jlanded to one side of the rarger bu
rapidly corrected their error, il they could sce their hand Theough the prism. When,
shortly atterward, the participants were asked to point W the visual target without the
prisi, they now misteached o the direclion opposite to the earlier prismatic displace-
ment, The occurrence ol such after-gffecs was taken to show that the adaptation

observed during prism exposure implicd seme (nom-comscions) secalifivation processes,
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These recalibreations could, in principle, allect the eegistration of any of the functional
articulations in the chain hetween relinal position and e felt location of the finger,
1t should be elear ar this stage that the eritical effecl of prismatic displacement is the gen

eration of & discrepancy between the proprioceptively Gt lucativn of e band and its
seen lacation, so that prism adaptation was effectively & case of mullisensory perception,
rather than of sensorimotor learning. Much rescarch has been [ooused on locating the
ettects either it the felt positinn of the exposed liml, in visual lecalization, or in both
{e Llarris 1965).

However, the question that received perhaps the greatest deal of allention was e
rale of active mavenient, as stressed by Richard Held and his MIT group on the basis of
Uielr data from prism adaptation in humans and also from the development of visuo-
malor coordination in animals (e, see Held 1963)0 With humans, the main (nding
was that adaptation oceurred when the participant ohserved through the prisms her vr
his own hand in active movement, but nar when the hand was moved by e experi-
menler or else remained simply immabile. 10 was proposed that the main condition lor
the veeurrence of recalibration was exposure to rearranged reafferens stimulation; that
i, consequent upon seli produced movement. Fallowing a familiar scenario, Held's
seminal hypothesis triggersd o number of falsification atremprs that in turn led 1o
allernulive caplaations of the effects of active movement and finally dispensed with
reaflerence as 1 necessary condition tor adaptation,

Arnong the arguments raised against the reafference hypothesis was the fact that adap-
tation coukd alse resull from exposure to spatial incongruence between purely afferent,
or exteroceplive, stitnuli, For body sensations, examples mecluded the displaced sight of
an immieile Timbs (Crashe and Templeton 1968) or of an approachmg tactile stmulator
(Hovward et al, 1965). Fioally, it was shown that exposure to simultaneous noise burats
and prismatically displaced light flshes could result in recalibration of bath auditory
and wvisnal location leg. Canen 1970: Radeau and Bertelson 1964, 1974, 19761

In their 1974 cxperiment, Radeau and Bertelsen had participants point to the location
of either sound borats or light flashes, belore and aller o period of exposure to simulta-
neotts sannds and fashes prosented with a conslant 157 spatial separation. In comparison
with pre-exposure pointing, post-vkposure poluling responses were displaced toward the
relative location of the frrelevanl distractor during exposure, For instance, exposure to
repeated presentations of synchronous sound-Mash paies witly the sound on the lefc and
the Qash an the vight shifted sound localization W the dghl and dash lecalization to the
lefr. The iraportant point about this kind of experiment is tal e pacticipant’s only tasl
during exposire was to monitor the inputs R occasional reductions o their intensity,
with no localizarion required whatsoever, which ruled oul any vole of tesponse processes
during expostite in the peneration of the olserved ellvcts,

These findings were thevefore consistent with an alternutive view ol the basis of recal
ibration, which had aleeady been proposed by Hans Wallach (1968), Working within
the visual modality, Wallach had discovered several cases inowhich exposure o esperi-
mentally created canflicrs, mainly hetween differenl cues Lo visual deptln, produged
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recalibiration of one or both of the anes invalved. Starting from this, he developed
u general view of percepiual adaptation as based an ‘informational discrepancy’ which
applicd coually ty conflicts regarding the lacation of one'’s own body parts as well as Lo
thit of external ohjects (see alao Lpstein 1975 for similar views).

Situations invalving anly exteraceprive sensory modalities presented many advan-
Lages for experimental analysis over those involving movement and propricweplion, For
inmstancy, discordances conld be ereated simply by separating the sources o exlernal
space, thus avoiding the intricacies of aptical rearrangement (this advanlage was not
realized immediately, and several early studies with exteroceptive inputs sUll relivd on
prisms, e Hadeau and Bertelson 1969, 1974, 1976; Pick ef al, 19690, Bul, more Impir-
tantly, the experimenter had o degree of control over stimulus parameters, such as
intensity or tming, which had not bheen available with reallerent proprioceptive
inputs—proprioception cannot casily be switched on and ofl. Probably for these
reasons, audiovisual spatial interaction (e ventriloguisi) Lus been studied in more
detail than any other case of bimodal interaction, The rele ol inpul synchronization hag
for instance been demonstrated at the level of both the fmmediate manifestations of
veneriloguism {Thomas 1941; Choe ef gl 1975; Badean and Bertelson 1987 Bertelson
atal. 1997] and of its atter effects (Radeau and Bertelson 1977}, but anly rarely in ather
situarions {but see Meld er al, 1966, for g prism adaplation study), Much of the current
brain imaging work on crossmodal interaslions lus also used audiovisual inputs as well
e flalvert 2000 Daolan et ol 20010,

Besides the extension o rescarch on conllicls hetween exteroceptive modalities,
another important develeprment, which losk place at abonr the same rime, was the sys-
tematic study of inumediate, or va-fine, clleels of mualtimadal stimulaion. o the prism
adaptation literature, partivipanls’ experience during exposure to the conllicting inputs
had rarely been studied. Two main on-line reactions have been studied, One 8 the
impression ol spaiad fusor ol vtherwise discordant inputa, This effect can be studied
by having W participant judge the origins of the inpats as either the same or different.
Tlie amethod was used Lo show, for example, the fusion of heard speech with the seen
face ol the lalker (Wilkin ef el 1952} or to explace the effect on ventriloquism of the
degree of synchronization of visual and avditery stimuli (Choe erall 19751 A variant
used by Juch and Thurdow [ 1973 was to have participants press a kev whenever they
eapericnced (usion,

The other on-line reaction {8 frenediore crossmodal figs This can be observed
through a selective localization task in which the participant indicates, by poinling oo
somme kind of spatial discrimination reaponse; the apparent source of a stimulus i a tar-
gel modality, while trying o ignore discordant distractors in the other medality
(Blernm 190% Thomas 19417, The now standard version of the task was introduced by
Huy et al. [1965) to measure the visnal bias of proprioception. In their experiment, par-
ticipants were instructed to point with the unseen finger of the right hand 1o the jl
lscation af a finger of the left hand, whose seen location was prismatically displaced. In
comparisan with a contral condition in which the target fings) was hidden Tom view,
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proprioceptive localizalion was slrongly Iased Loward the apparent ¥isual location. In
two other conditions, the inslruclivns given to the participant were 1o point to the seen
lecation ol the same largel (onger, or of an independent external target, and Lttle dif
ference was observed, As discussed in the later section on ‘Madality dominance’ the
quasi-lotal dominance of vision over proprioception that was suggested by these resulls
has mot been wonlicmed by subsequent research,

Such imuediate bias measurements have now been applied to most docuniented
cases ol mullimedal perception and have become the standard paradigm in the leld,
A problem with curly sludies of crossmadal biases, however, was that the direction of
spulial discordance was kept comstant throughaout entire blocks of trials, jusl as during
the exposure period of adapration studies. 1lence, the obtained measures probably
rellected some progressive recalibration effect in addition to anv immediate bias itscll,
This contamination can be avoided by presenting different directions of discrepancy in
random alternation, a procedure introduced by Bertelson and Radeau (198173, which
has been applied in the majority of subsequent studies (eg. Bertelson el ol 2000
Radean 19923 Radean and Bertelson 1987 Veoomen e al, 20014,

The work considered so far has dealt exclusively with the perception of the spatial
attributes of events, mainly their location. But crossmodal inlegralion has also been
demanstrated for the caze of event identification. An especially aclive rescarch mowve-
ment has heen concerned with the interaction between auditory und visual speech
reagrition, It has been known for some time that information useful for speech
identification is available from the sight of the talker’s facial movements as well as from
the scund of his or her voice. Protoundly deal people can be taught 1o use that infar-
mation to sote linmited extent. The ability has ¢omwe o be called Up-reading ar speech-
reading, Specch-reading is also wsed by novmal hearing people in face-ro-face
cotversation, where it can improve speech underslanding, cspecially under conditions
af poor auditory intelligibility, as in nolsy environments (e.g. Sumby and Pallack 1934}
ar with ditficult language (Reisberg e al 19870, In view of this practical importance,
the effects of crossmodal congrence (see papers in Dodd and Camphell 1987) have
received more attention fon the case of audivvisual speech than for other crossmodal
interactions, where most ol the research has been carvied out seith incangruent inputs.
Nevertheless, understanding of the underlying mechanisms af audiovisual speech
integration has also gatned ik (oom studying Seoongeaens paivings, leading to cross
modal identity conllicl,

Experiments in which participunts were presented with shart auditory utterances
dubbed on o video recordings of dilferent visnal ones were first reported by MoGurk
and MacDonald in 1976, For some audisvisual paivs, the reports of heard speech utter
ances were eleady inllucnced by the visual inputs. The most spectacular case weas thal
of the auditory disyllalde Mabal, which, paired with visual fgagal, was in the majority
ol cases heard as Mdadal, The articulation of the consonant /1y involves closing of the
lips, while they stay epen in the cases of bath Sgf and fdf A majority of studies
congerning whal is new called the MeGurs effect have similarly been carvied out with
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audiovisual pairings of bilabial consonants [fpd, /DY) with non-bilabial destal (71, Ad)
ar velar (fk/, f2/) ones. For pairs with an auditory bilabial and @ visual non-hilabial, the
rprical iHlusory percept s of a single consouant, cither the visual one ilsell (anditory by
plus visual fdf giving the percept Ad) or a dilferent one Tas in the M+ Agf—=fl) exam-
pled, Such percepts have been called fusives This Lerm Tusion” is ohviously appropriate
in cases where the percept is different lrom both e suditory and the visual inputs, as
with suditory bad plus visual fgad giving e percepl fdad, Bul when the same anditors
fbal paived with visual fdal is perceived as fdad, it s tempting Lo ask il all that happens
i el a substitution of e seen phoneme Lo the heard one, The impartant point swith
Lhis exuwmple s thal specch-reading alone dows not allow discrimination of the “vaicing'
feature (fdf versus A0): a0 the fuel that participants report Jdal, and never ftal implies
that the pereept really includes an auditery contribution.

Anolher Lvpe of Jlusery report has Been obtained when an anditory nan-hilabial
conaaranl [fdal, sav] was combined with a visual hilabial {fbaf). Tt consisted of a jux-
taposition of the twe consenants {eg. Mhdal), generally called a comdusanen, While
fusioms and combinations both imply some integration of auditory and visual data,
they probably rely on different underying mechanisms, Perhaps one should refer to
fthe MoGurl effects” instead of ‘effect’

Maive participants penerally have little awareness of the discrepancy, and it has been
showen that the effects survive instructions to report specifically the suditory inpres-
sinn (Wassaro |987), as well as explicit descripiions af the conflict situation { Manue!
et al. 1983) Theze findings have heen taken to imply that the integration of visual and
auditory speech is 1o some extent mandatory, and not just the result of a deliberate
strategy resorted to by the listener when confronted with deficient auditory intorma
tion. Other manifestations of the effect’s robustness ave that it still occurs with disco
dant wivwels (e auditory Maf and visual /i Green 1996 or across sender differences
ta male vodce with a female face; Green eral. 1991 ),

An abyvious question is whether similar identitication interactions ocour outside
the linguistic domain. One would perhaps expect envitonmental cvents such us
explosions, running animals, or passing vehicles to trigger crossmodal clfecls con-
cerning identitication, but the literature containg very few systemulic amalyses of
such situations. Until recently, the main exception was a study 1o which the sight of
hands either bowing or plucking a cello was combined with sounds [rom a conlin-
uum ranging trom bow to pluck (Saldadia and Roseollum 19930 The participants
identified the sound as a bow or pluck, and their choices were slightly; bul never-
theless significantly, biased in the dicection of the secn aclion, This elfect, which
presumably depended on the participants’ knowledge of the seunds produced by
musical instruments, might, of couese, rellect cognitive response stralegies as well as
genuine perceptual interactions,

Oither relevant examples have been reporled more recently, Tnoa rare consideration of
auditory—tactile interactions, Jousmaki and Hard (1998) had participants rub their
lands logether close Lo o mictophone while ey listened Lo the sound plaved back
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through earphones, Dampening or accentuating the high-frequency componeants of
Lhiese sounds resulled in a striling modulation of the experienced dryness/moisture of
the pulms, This ellect, koo as "the pacchimenl-skin illusion” appears as o beautilul case
of crossmodal Tusion (see also Guest el ol 20023, A slightly dilferent case is the phe-
nomenoen sludied by Schuler ef ol (19977 o situation (sl descriled by SMeleper
1934) in which lwo identical objects are seen moving loward voe another, coinciding,
andd then meving apard; all oo the sane lnear path and al constanl speed, When e
visual display is presented by itsell participants Uy pically reported cither that the objects
il erossed and continued in their original direclons o more curely (o aboul 20% of
triala}, that they collided and hounced. Presenting a loud chick at the Gme of coinci-
dence increased the frequency of bouncing reports considerably (e about 6l ).
Subsedquent research has shown that the same resull is obtained when the olick s
replaced b a visual fash [Watanabe and Shimajo 20000, indicating that the effect does
nat have to he a crossmaodal one. Another point worth making is that, in the himodal
version of the task, the resulting pevcept 15 a justaposition of data fream the two sensory
madalities, thus resembling the ‘combinarions’ of the MoGurk siruation rather than the
Tustons)

A question that has rarely been considered previously concerns whether exposure
to wdentiy conflicrs can produce, besides immediate hiases, after-effects indicative
of crossmodal recalibrations. Same results from the speech adaptation literature
teg Roberts and Summerficld 19817 have been taken (o show that exposure 1o incon-
arpent pairs of audiovisual MeGurk stimuli does not produce any after-effects
[ Bosenblum 19947 However, we have now shown that atter-effects can be obtaimed by
exposing participants to combinations of a visual speech token (faba! or fada/) with an
ambizguous auditory one {intermediate between faba! and fada); Bertelson of ol 20030,
The preceding negative results were presumably due to selective speech adaptation
caused by repeated presentations of non-ambiguous speech tolens, which was avoided
by using ambiguons ones in Bertelson er als study,

A new case of bimodality that was cecently brought to the attention of the scientilic
cortmunily concerns the eapression of amolions in seen laces and heard speech (de
Gelder et al 1993; Massavo and Egan 1996; de Gelder and Veoomen 2000). The para-
digrnes wsed b de Gelder and Ler collaborators involved the simullaneous presentalion
ol faces [rom a conlinuum of expressions (e, sad o lappy) with a semantically neu-
tral speech utlerance pronounced bnan alleclive loue correspouding o one vr te ol
end-point of the faoe conlinuwmn {or, conversely, o continuum ol volee lones with seen
faces expressing cxtreme crmelions], The bwo possible coossmodal biases—aol (acial
cxprossion judpements by volce lone, and ol voice lone judeements by lacial expres-
sion—were hoth oblained. These effects were nol eliminaled by instruclions o locus
on a particular seosory modalily, Strooger arguwments lor the mandaloriness of the
effect have recently been provided by sludies with newrolegical patienls (e, de Gelder
et ol A0CHY, 2000 Thalan et al 20015 see also the subsequent seclion on “Feidence from
heain-damaged paticnts™).
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In the [ollowing sections, some imporlant questions raised by the phenomena that
have just been sarveved will be discussed. Their choiee, it will hecome evident, was
stramgly, il unavoidably, influenced Dy vur own tamiliarity with particular lines of
research as well as by our cwn atrategic preferenes.

Modality dominance

Ihe modern interest in the interplay of he senses has its roots in speculalions regard
ing the development of perceprion within cighteenth century philosophy, such as
Berkeley's woll-known thesis that visnal perceplion of space is acquired nn the basis of
tactile expericnce. In reaction to such claims, some ol the early experimental work on
mulfisensory perceplion set out 1o demonstrate thal, instead, vision dominates other
senses in cascs ol disagreement (o0, Rock and Flarris 19670

Some of the most influential arsuments were derived from studies of erossmodal
biases, The pioncering study by Lay eral (1965, showing a near total dominance of
vision over proprioceplion, as described above, is ciled very [requently. | lowever, stb-
sequent work with Lhe same tasks has produced 4 somuewhal more complex pictire,
with a visual hias of proprioception constituting anly part of the experimental discrep-
ancy and a propriveeptive bias of viston affen more substantial than m the nriginal
experiment (see review i Welch and Warren 1980, p. 6411 A similar development has
occurred in the case of venlriloguism. An early report of Lotal visual dominance (Pick
et al, 1968) was similarly (ollowed by less dramatic ohservalions of only partial dom-
inance, For the 10-20° range of angular separations considered in the majority af
studies, the visual hias of audilory location has, across the condilions of four separate
siudies (Bermant and Welch 1978; Bertelson and Radeau 19815 Badeau 1985, 190y,
centered around 304 of the separation (range 15-42%) The auditory bias of visual
location has maore rarely been considered. 1t was smaller than Lhe visual ettect, bt it
reached significance in at leasl Lo studies [Bertelson aned Tadean 1981, experiment 1
Badeau and Dertelsan 1987 bul nel in Radeaun 1983],

The initial results (2.5 Pick ef al. 1969] suggesting total dominance ol vision over the
slher sensory modalities allowed (though did not entail) a simplistic inlerpretation af
crossmodal interaction by the substiturion of the visual data for those with different
origing, The fact that hiases are gencrally only partial supports the allerualive view of
an Iniegration process, inwhich the contlicting data recetve different weighls, but the
less pelent modalities can still exerl some influence. This nation has implicalions for
the inlerpretation of the spatial fusion experienced, for instance, lv the speclitors of
performing ventriloquists lor manifested in 'same’ judgements by parlicipants in
experiments with samefdifferent origin lasks concerning incongruent audiovisual
stimulus pairs). Such evidence i, in o cxperience, easily taken as showing thal the
somndds were perceived as coming from the location of the visual inputs. Acl ually, what
the evidence implies is only that the combined elfects of the twa biases have broughl
the repistered separation below the detection threshold.
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Anather core component of the notion of total modality dominance Ut
suhsequent empirical results have pul into question is the idea that each of Lhe
sensory modalities can be characlerized by a measnrable general capacily Lo bias
other sensory modalities and Lo resist their biases. This notion was, for instance, at
the arigin of a not very successtul seurch for a hierarchy of sensory modalilis [ELSL
erned by a principle of transilivily, according to which the size of the bias of modal-
ity C by modality A should be predictable once one knew the hiases of B by A and of
Cohee B (Pick el 1969 Warren of of, 1981, A majar difficulty for such an enlerprise
is that the size of each particular bias depends on a number of parameters. For
instance, the visual bias of auditory lncation is an inverse function of the loudness
ol the auditory target and a dircet function of the hrightness of the visual atfractor
(Radeau 19850, In anolhwer example, a displaced auditory distraclor recalibrares
visual location when Ui visual target, a point fash of light, is seen against a homa-
geneous background, bul not when it is seen against a structured one (Radeau and
Bertelson 19768), Such findings raise serious doubts about the applicability of any
general measurernenl of dominance.

Fimally, there is evidence thar the degree of dominance depends on the dimension
vpon which the sensory moddalivies diverge. Bor instance, when vision and andition
present contlicling information ahout timing, as with sounds and lights fluctuating at
different rales, the auditiry hias of the visual percept is much stronger than the visual
Bias of e auditory pereept (Welch erall 19861, Welcl (1999:) has proposed that the
biasing capacily of a particnlar sensory modality depends nol so much om some intrin
sic general accuracy as an its appropriateness (o the particular task {the 'modality
approprialencss hypothesis's,

Other revealing evidence has come to light recently (o a shiely in which partici
pinls were instructed o synchronize finger tapping with vne or the other component
ul @ series of bimadal stimulus pairs, each of which consisted of 2 light flash and
sound burst separated by ome of several tme inlervals {Aschersleben and Dertelson
A0U3 L In one experiment, the participants were instructed to synchronize their tapping
with the flashes and to ignore the sounds, Nevertheless, in spite of these instructions.
the taps were strongly attracted by the clicks, demonstrating a substantial auditory bias
af visual apparent time of occurrence, The elher cxperiment, in which the instructions
were to synchronize with the sounds and (e ignore the visnal flashes, resulted in oaly
a small {though signiticant) visual bias. Aschersleben and Berrelson's study therelore
provides 4 convincing contirmation of the superiority of audition aver vision fur e
case of temparal resolution.

A finding with similar implications was reported by Shams e ol (20000, Trains
of ane to four auditory beeps were presented simultaneously with trains ol oue L
four visual ashes, and the pasticipant’s task was to report the number of {lashes that
they had seen. A single fTash avwmpanicd by twa heeps was svstematically reported
as two flashes, just as were Lwo Tashes aceompanied by a single beep or presented
in silence,
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Detecting evenl singleness: the pairing hypothesis

Miscussions about mullimeodatity aften starl, like the infroductivn to this chapler, will
the consideration that simultaneous multimodal stimulation is the norn i our every-
day covironments, and that crosemadal interactions ¢an be aduptive only when they
apply primarily tor datu originating in the sawe distal events or ubjects (e, Radeaw and
Bertelon 1977: Stein wid Meredith 1993; Bediord 1994, 1994, Radeaun 1984 Welch
1999 Vioomen 1999 Driver and Spence 2000; Chapler &, this velwme). Consequently,
the systemn fust to some exlent diseriminate Letween valid single-origin co-oconrring
inputs versus invalid spurious ones, and ideally allow interactivns Lo proceed in thu
valid cases only, or at least wore often than in invalid cases.

In prindple, one way of achieving this kindd af discrimination is Lo examine inter-
madal congruence across e multimodal dimensions al the inpuls. The importan
point falready menrioned in the lnmoduction’) is that, when some wecidental incon-
sruence arises in real life within valid, same-nrigin pairs of stimuli, it generally concerns
one particulur dimension, bul nol others (e.g. stirnulus locaton bt nel arvival time or
rate of interruption). Lhis limitation of meongruenwe Lo onc particuluar dimension of
the inpuits in cases of valid mullimodal co-ncenrrences could be nsed o distinguish
these cases (o spurious invalid ones,

The artificial contlict situations used i the laboralory to study crossmodal interac-
tion similarly ollen involve himaodal stimulus pairs thal are congruent o one partic-
ular dimension while being congruent on several ather dimensions. When o participant
watches his hand through a prisu, vision and proprioception signal incongruent
locations, but congruent iming, dircotion, and speod [or any movemenls, Stindlarhy, in
situations producing classical venlriloguism, locations ure crossmodally incongruent
Lt timing is congruent, We have already seen that a similar pattern exisls i ausdiovi-
cual situations leading to McGurk cflects, in which the visual and the annditery conmpo-
rents differ by one particular phonetic feature while sharing other ones, for cxample,
the “seen fdaj—neard fbad” pair differing in articulation place but sharing voicing and
articulation manner,

The preceding considerations lead to e hyvpothesis thal provessing of mullimodal
inputs may invalve an carly assessment of the degree of concordance of the total inpul with
a unitary source. Al Lhis stage, the incongruences registered on sowe dimensions would be
weighiled against the cougruences on the ranaining dimensions, Crossmodal interactivns
like Digses or tecalibrations misht then be Liiggered when the Lolal congruence crcovds
siine criterion, In cadior papers (Radeau and Dertelson 1977, 1987 Hadean 9%,
Bertelson 1994], this hypothetical aperation was called pairing. [ Wilch 1999 Welch and
Varren 19807 has used e term wniy assumgivn to denore the sawe functian, alkeil with
mare cognitive implications (see alsa, Chapter &, this volume). As caplained in an carlic
paper (Bertelson 1999], paiting can be seen as au intermadal analog of perceprual proup-
ing, or unit formation, resembling Gestall phenomena described earlier for vision
Cwertheimer 19273 Pomneranle 1981) and audition (Bregman 1490,
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An important point is that paiting should be distinguished from the conseious
impression of common ovigin that was called here spatiad fusion, hecanse some of its
manifestations can oceur in the absence of such lusion. Bertelsom and Radeau demon
strated this by presenting participants with synchronous but spatially discordant
sonel-and-flash pairs, and having them on cach trial both point ta the location of the
someds and give samefdifferent location judgements (Bertelson and Radeau 1981,
experiment 2. Crossmodal biases could thus be mewsured separarely for those trials on
which the participants gave ‘same localion’ und ‘different locations’ judzements.
Huowever, hefore valid comparisons could be carricd our on the obtained values, these
had to be corrected for a possible conlounding factor, namely, an intluence o e
same—different location decision of Uw parlicular sive reached by the bias on each teial.
After application of such correclion {for details of the pracedure, see Bertelson and
Kadea 1981, their Appendis), the visual bias of sound location was still found 1o be
significant on both no fusion and lusion trials, although it was larger on the latter. This
implies that pairing can occur al un unconscions level, and is sormetimes accompanicd
by conscious fusion, sometines nol.

The failure to make the distinction between pairing and spatial fusion has often led
to cantusion in the literalure, A single-factor view of conllict resolution, which cquates
pairing with tusion, cannol deal with the fact that both components of the wnflict
situation, incongruence on some dimensioni(s) and congruence on other ones, must
be registered, The problem is avoided with the present notion that, whalever happens
at the level of conscivus pereeption, any incongruence is still registered al the pre-
conscious level at which pairing occors,

Processing levels: perception or post-perceptual judgement?

Most arguments for crossmosdal integration were, until recently, based on the vitluntary
tesponses of participants, whether verbal descriptions, absolule judgements, settings of
slimulus values, or pointing responses. As for all similarly approached phennmena, one
could ask i the ohserved effects originated in sulomalic, mandatary perceptual
processes ar in past-percepinal judgemental processes fnstead. 1 should be clear that
hwman respenses are relevant to the general issue ol intermoedal coordination anly if
they reflect basic perceptual processes, rather than mere voluntary response strategies
addopled to satisfy the demands of a particular laboratory Lusk.

Tasks in which participants judge some aspect ol the himodal input on-line, are
particularly snsceprible to voluntary influences, to the exlent that the simation is trans
prarentt, that is, that maost information required for any explicit deliberations such as the
inputs ter each sensary modality—their location, relative liming, and even semantic
conlext—is open fo conscious inspection, In Lhe seleclive responding paradigm
(thraugh which immediate crossmodal biases, whether in localization ar identification,
have generally been studied), the fact that biuses ocour in spite of instructions to repart
mpares o the target modality and ignore the uthers has often heen taken as proving their
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attomatic nature. While the arpurnent does elfeclively suggzest at least some degree of
mandatariness, it is not a strong one. As amaller of Gact, ooce any discordance s
detected, it s still up o the participant o decide whal Lo do with the experimentar’s
instructions. Lurthermare, these instructions can draw the pacticipant’s allention to
a discordance he ar she might otherwize have ignonad.

The after-cffect paradigm does not present that danger Lo e swne extent, becauss in
its case the critical measures (the pre- and post-exposure responses ) are obtained Buough
a straightforward unimodal task, which lemves less room for deliberate steategies. That
consideration was at the origin of the predominant use of adaplation paradigns in
sludies of prismatic displacement, as well as in our ewn early work on ventriloguisin
(Radeau and Dertelson 1969, 1974, 1976, 1977 Badean 1973; see also Roeoameone 1995)
I the latter case, the hypothesia of a reduced susceptibility of affer-cTects L variable
slrategies received support from a study in which hath the visual bias of sound localiza-
Lo and the auditory after-effect of expasure to sotumd-flash discordance were measured
it parallel with the same inputs and the same participants {Bertelson and Radean 1987
Radeau 19921, Online biases showed systematically larger variability than afrer-effeats,
However, the issue of transparency can still be raised when participants hecome aware of
the discordance during the exposure phase of the experiments. As Welch (1974, o2
noted i his discussion of the problem as it avises for prism adaptation, much depends on
the rewsens Lhe participants mury have to continue applying a voluntary covrection during
the sulwequent post-lest phase (tor instance, on whether or not they believe that the
vistal displacing device s stll in place).

The first direct attempl al elucidating the site of crossmodal interaction in the
Furctional archileclure was made by Choe o al, (19750, in their paper reporting the
influcnce of lemporal synchironization on the frequency with which soundMash pairs
of stimuli presented in e same or in different locations were judged as caming from
the sarne place. Application of detection theory showed that synchronization allected
the decision criterion’ 8 and not ) The authors concluded from this that ventriloguism
ariginares in a response bias, und not o shills of the perceived separation of the inputs.
I g comvment on the paper, howeven wo showed thal the particular sensory etfect on
senchenmization that the detection analysis Il discarded was from the start inyplausi-
Bie, and that a maore likely one was compatible with the results (Bertelson and Badean
1476]. We proposed that an effect of synchronization on the registeved locations of the
inputs was atill a valid possibility, although contrilbations Tom post perceptual factors
like response Bases or even deliberale judgements could not be escluded Tor resuls
ahtained in the habitual transparent situalions,

1t follonwes From the preceding discussion thal more convinging arguments lor genuine
perceptual crassmodal integration would be oblained o nen-tanspacent situations, in
which the participant has no awarencss of U inleraodal discrepancy, An approach
that secms to satisfy this requivement has been develeped fnrecent years and applied to
the case of the visual bias of auditory location {Bertelson and Ascherslebaen 1998, and
see Caclin g g, 2002, for a tactile bias of sound localion), TU s based ona new version



LHE IPSYUHOLOGY OF MULTIMODAL PERCEPTION 153

al the classical psychophysical stairease procedure. On each treal,a train of sound bursts
i delivered frome g slereophonically comtrolled apparent location, and the participant
indicates by prassing one of two kevs whether the sounds came from the left or right ol
the median plane (zee Fig. 7000, Sound locations are chosen according 1o Lwo
randomly mixed staircases, one starring far to the left and the other far to the right (see
Fig. @1 (h]L When the *left’ vesponse 15 given, the [allowing sound targets on the same
staircase are moved ome step ro the vight, and vice versa after a right’ response. This
procedure necessarily resulrs in the two staircases progressively comverging loward a
median location. Initlally, the carrect response is provided repeatediy on cach stalrcase
s that, except for accasional nustales, the progression toward the cenler is monolo-
nons Then, at some paing, fesponse reversals, that is, responses dillerent fooan the pro-
ceding one on the same staircase, begin to occur. From this point on, the participant is
apparently uncertam as to whether the target sound is on the bell or vight, se that the
non-transparency requirement should be met,

Lo exarmine any visual bias of auditory localization, light Hashes woere presented Gom
a central location in synchrouy with the sound bursts, I the sounds were attracted by
these tlashes., the uncertainty points should be reached al sound locations further away
trom the center with synchronized ashes an withoul tem, or with less effective visnal
inputs. The experiments involved separate ‘eaplorations’ cach starting with sounds in the
cxtreme lett and right positions, and stopping aulormatically when 10 reversals had heen
recorded on each staircase. The prediclion concerning attraction by the light was rested
an the basis of the mean sownd lowalicns Tacross cxplerations and participants) ar which
the 10 st seversals occurred oo cach staircase, These locations were significantly further
apart on lell and tight staircases, respectively, with synchromized flashes (see Vg, 7000
than with no visual nput (see Big, 70030 Thus, alleaction of the apparvent lacation of the
soungs by the lighl occurred at lmes when the parlicipant was no longer sware of the
sound’s lateral devialion, and was thus presumably umabde to apply anv response stratesy
i systenatic Gashion Thal diplies that visual Blasing of anditory lacation con oceur
autvmalically, presamably representing a true perceprual effect rather than just some
paosl-perceplual correction or responss hias.

Wi would argue thal the critical featurve of nue methad 45 the focusing ot the analy
stz en dala collecled during the nncertainty phase of each exploration. as indexed by the
vecurrence ¢f response reversals, The elimination of past-perceptual interpretations is
conditional an thal fecnsing, 1F data from different stanscases are poaled instead on the
hasis of successive trials (as in taditinnal applications of psychophysical staircases 1o
the measuremant of detection threshalds, ar in Sato-baraco and colleagues’ studies ol
thi apparent visual caprure of auditory motion; see Soto-Faraco and Kingstone, 1o
pross, [or a teview) instead of successive teversals we would suggest that the arguiment
for a nom-transparent situation, and thos for autlomatic perceptual effects rather than
post-perceptial strategies, mav na longer hold,

In a secomd experiment with their staircase method, Bertelson and Aschorsleben
LP9asy showed that automatic attraction depends on the timing of the presented
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bimodal pairs of stimuli: introducing long and varialde sound-Nash time intervals
eliminated the effect {see Fig, 7.1{01}, This resull implies that, contrary to the can-
clusion of Choe of al (1975}, liming ellects can originate at a genuinely perceprual
level.

Another Tas yel unpublished) experiment has shown that the visual Bias effect can
survive constard! visual louds or lags of 300 ms, suggesting that crossmodal pairs of
inpuals with constanl lme inlervals Cwithin some small range of durations} can, just as
tor simullaneous pairs, lunctiv as perceplual units giving vise to pairing,

A pew guestion o which we have also applicd onr staivcase method s whether
ventlriluguist can vperate on the ime dimension as well as on the spatial one { Bertelson
aned Aschersleben 20033 In classical spatial ventriloquiam, the apparent spatial separation
Letween audilory and visual inpats seems w0 be ondereatimated, provided these accur
clese enough in lime. One could wonder i the reverse phenomenon, underestimation of
e perceived Lemporal separation between the himadal inpuis on the condition that they
nocur ab sufficiently close lncations, also occurs, We used a temporal order judgement
{ TO) task, in which the participant decided on each trial which of two stimwuli, 2 sowd
bt and a light flash, had nooureed fivst, Successive stimulus onset asynchronies [S0As)
were chosen from two staircases, one starting with the sound a long 504 (230 ms) abwead
and the ather with the sound the same SOA alter the flash Through this procedure, we
cnuld thus determine the 504 values at which the participant started producing response
reversals. In one condition, sounds and flashes were presented in the same lrontal appar-
ent locarion, and in rwo other conditions, the flashes were still presented (o in front
and the sounds from either far to the left or tar to the right, The critical result was that
response reversals in the 'TO task began ocowring at signiticantly larger 504 in the
same lacation” condition than in the ditferent locations’ conditions, showing tial sournds
and lights were elfectively perceived as occurring closer together i time when ey were
also close together m space, rather than tarther apart,

Fig. 7.1 Visual Tnas of percerved auditory location measured with psvehophysical staivcases

rafter Bertelson and Aschersleben 19980 (0] Schematic dlusiratieon of the testung situation.

(b1 tel Examples of explorations. Abscissas, suecessive brials) avdinates: seond localion fn nobes

ul phase difference steps up = lefidown = rght. After a'left” response, the seund Iocation s moved
N ARe to the I'igl‘.: fan the nest Leal, aoel wice s alter v ' i'l:"lel" CLESPITLSC. b Oine [:,"plc;ﬂ c:q_'.]g-
ratiann i the conditien without a Hash, Fach stairease moves momatonnualy towarcd the center, until
pesprrnes ewersals Dl i Black) begin o occur, Lhe explovation stops as soom as 10 reversals
have heen recorsled om each staivease. (o] One eeplotion by the same partizipant in the condition
with a ceneral Mash synchronized with cach sound, Beversals Bepan te vccur when the staieases were
still further apart than o fh), Cdb (0 Soond locations al 1 Grst reversals means actess explorations
anid participants, (d) Condition withont Sazh (o) Comdition with seoclomieed Dasl (0 Conditions
wilby de-svnchronived Mash, The larger separation in () than in (d) between reverzal lncations an the
leftand vight ataircases shoss Ul Bashes witeac) perceived souwd Tocation:'Uhe vanishing of thc
citecr in 16 proves that the atraction depends on audioviaual syncheoniztion
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The sume influence of spatial separation on temporal order judgements has also
heen teporled for visuotactde stimulus pairs by Spence e all (2001). These authors,
however, used the ‘method of constant stimuli’ proceduce, which on eur argument
daes nol provide the protection leom past-perceplual inlluences that our staircase
privceidure should ensure,

Fvidence from indirect methods

Most of the evidence generally quated for the existence of crossmaodal interactions comes
fromn simations in which the participants sepovied on aspects of e iopats that divectly
comcerned the prediclions of the putative crossmaodal influence Lo be lested—the identity
o locatian of some Largel. But usetul evidence can alse be provided ndivectly by ettects
of the interaction on an apparently unrelated task. Fifects of this Lype may also sidestep
responae-hias A

Cme convincing example was provided by an experiment with a Lradilional ‘cogkrail
party’ sitiation, in which Driver (19961 had listeners repeat ome of two word sequences
delivered simultaneously via u single loudspeaker, The arger sequence was also pre
sented as a viden of the talkers face shown on a sereen either close 1 the loudspealker
or farther away. Performance was signiticantly better with the face on the distant scieen
than on the ane clase by, Presumably, the apparent location of the audilory Largel ilems
was ventriloquized toward the sereen, and this created an apparent spatial separalion
between the simultanesus audilory inpuls, a condition that has long been known
fucilitate selective listening (for the case of true rather than illusory spatial separativn
Broadbent 19581, 'I'he non-tarpel ilems, which were not synchronized with the muowe-
ments of the face, were ]'ur{'.ﬂn'rmbi}' nul altiacted, or at least nol oo the same extenl The
identification gain from presenting malching lip movements on the distant screen
ruther than on a sereen at the actual localion of the two auditory speech-streams pro-
vides an indirect demonstration of a crossmodal eftect that 1s apparently not amenable
Lo uny slrategic explanation.

Anollicr example of the indirect approach comes [rom a recent study of vianal hias
af audilory motion direction {Yreoommen and de Gelder 20033, This took advantage of
nowly discovered contingent anditory-mol i aller-cllect, in which listening to sounds
wilh a [alling pitch moving in ane direction, allernaled with sounds with a raising pitch
mawing in the opposite direction, resulted in the inpression that stationary soninds
miowved i one or the opposite direction, depending on whether their pitch was raising
ar falling (Doeng et al, 1999, This i, in facl, an auditery analog of the well-known
MeCullough effect in vision { MeCullongh 1962 ). Vroomen and de Gelder added to the
inducing situation a visual abject moving simullancously with the sound in either the
same direclion {congruent condition} or the opposile direction {incongruent condi-
tion}. The audilory after effect was significantly enhanced by congraent wisial move-
ment, and ol only reduced, but even reversed, by the dncengiuent visual movement,
This result provldes a convincing demonstration of the pereeplual origin of the visual
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bias of anditary maotion identification, Farlier studies of that effect by Soto-Laraco and
his callaborators failed to contral effectively [or pussible post-perceptual influences
{Soto-Taraco and Kingstone, in press; Solu-Baraco et al 2000,

Evidence from brain-damaged patients

Fatients who as a result of brain damage have lost the capacity to form conscious rep-
resentations of particular torms of stimulation can sometimes nevertheless male effec-
tive use of such stimulation, as can be demonstrated through indirect methods, These
cases of implicit processing offer opporiunities for addressing the role of conscivusiess
in certain aspects of perceplion. For the particular question of the locus of crossaudal
interactions, tinding thal inpuls of which a patient is not aware can neverlheless Lias
perception in other sensory modalilics would evidently ave important implications
tegarding automaticity,

In the case ol venlriloguism, we have examined the visual bias of auditory location
in patients with severe lefl unilateral neglect. These patients were Lolally unable to
detect any ol the Lrighl Qashes of light presented o their lett visual Lhemilield, bul their
localization of Large! sounds (delivered frontally in senchrony with the Tashes? was
nevertheless shifled significantly in the direction of these undetected el ashes
(Bertelson e ol 200001, This finding thar some visual bias of auditory localization can
take place withoul awareness even of the occirrence of the visual distraclor provides a
demonstiralion of its automaticity that iz still stronger than the demuonstration from
slairvase procedures in normals, for which the participants were aware of the visual
distraclor’s presence but only unsure of its location relative (o the audilory targer.

Beactivons of neglect patients ta anather type of audicvisual conllict have heen cansid-
cred i a study by Soroker et al (1995), but this concerned a question completely differ
enl Iroan the one examined By Bertelson et al (200000, The patients, who recognized
spoken syllables less accurately in their impaired lefi auditory space than in their right
ome, had this left-side inferiority reduced when a dumumy lowdspeaker was made contin
uiusly visible in their right visnal hemitield. Thus, while our study ficused on the
remaining biasing capacities of visual stimuli presented in the impaived conrralesional
field {which, for that reason, went undetected ), Soroker ef al’s study dealr with the effect
ol the presence in the ipsilesional field of a {presumably well identified) suggestive visual
abject on impaired auditory processing in the contralesional hemispace. Their results
thus do not carry the same implications reganding the issue of antomaticity for ventrilo
quism. The nature of the dummy loudspeaker elfect will be comgidered in 3 later section,

Fwidence Trom brain damage has been usal cxlensively in recent wark on crossmodal
affect {18, emation) integration {de Gelder ef wl, in pressh. Part of that work invalved
so-called prosepagnasic patients, who are duraclerized by a more or less specific inability
o identify faces. One such patient was usked W identify the affective tone in which a sen-
tence was pronounced, Although she was tally unable to vepoet at the comscious level (he
emations carried by seen faces, presciling an crnetional visual faee al the same time as e




158 CROSSMODAL SPACE AND CROSSMODAL AL ERTIC

spoken sentence still biased her judgement of voice lone in the direction of the facial
expression that she could not ex plicitly identify {de Gelder eral, IATY. This strildng resull
strongly suggests that crussmodal affect integration can he a genuine perceptual effer thal
cannot be explained by voluntary strategies o any ather post perceptual facton.

Results with similar irmplications have been abtained in studies af the Bindsichy syn-
drome. This syndrome i observed in hemdanepie paticnls who, a3 a risull of damage to
particular brain areas induding the primary visual corles, lave lost awareness of stimuli
projected 1o the corresponding regian ool the visual field, it whose perforance on some
indirect Lasks can nevertheless be enhanced in the presence ol such stimuli (e, Weiskranty
Law7 . Tie Gelder énal (2002} have sxamined the effects on cortical responses o a fearfinl
voice tone of the emation displayed by a fuce presented in cacl of two blind-sight patients
blind fickls, Using event-related brain potentials, they found tngreased audilory responses
fallowing presentation of a congruent (fearful) facial expression in the blind field, as well
a5 in the inlact field, By conlrast,a fear-inspiring picture {e.g.a snake or a spider ) enhanced
the same auditory response only when prosented in the ntact lield.

Processing levels: semantic influences

When considering the data that might be used by a systern Lo decide which stirnuli Lo
pair, it is templing to inchide knowledge of cnvironmental regulavities. much work on
crossmadality has involved familiar situations with well-known capacities to produce
multimodal inputs; such as, for the case of prism adaptation, the felt and the seen
location af spme part of ones own hody, Early work on ventriloguism similacky
resarted to simulations of real-life audiovisual situations: specch and the moving face
of the talker (Witkin etal. 1952}, or the sound and the sighl of sound-producing
aljects like stewm whistles [Jackson 1953), a loudspeaker (Tick e al 1496597, or a door
bell (Canon 19700, That such realism was instrumental in causing the observed inter-
aclions was nften Laken for granied [ wieleh and Warren 1960; see ulso Bedfard 2001 and
commentary by Bertelson et al, 2001 ).

With externceplive conflicts, like audiovisual unes, it is however easy to produce
audiovisual discrepancies with stiipped-down bimodal pairs reduced to sound
bursts synchronized with point lashes of lighl. All the classical manifestations of
ventriloquism, such as perceptual lusion (Choe et al. 1975 Berlelson and Radeau
Lag L), immediate bias (Thomas 1941; Bermanl and Welch 1976; Bertelson aind
Radeau L981: Warren ef ol 1981 Radeau and Bertelsan 1987, Radeau 1993
Berlelson and Aschersleben 1998 Bertelson et al. 2000al, and aller-effects {Racdeau
and Bertelson 1969, 1974, 19765 Bermant and Welch 19763, have boen obtained will
such inputs, Documnented effective lactors are H;«'nchmnixalinn [ Thomas 19413 Choe
er gl 1975; Warren ef . 19815 Badeau anid Bertelson 1987, Bertelsan and
Accherslehen 19980, spatial separalion {Bermanl and Welch 1976; Bertelson and
adedu 19811, loudness of the audilory target (Radeau 1985), and size of the visual
attractor { Bertelson e al. 2000 Vreomen af al. 2001as, These resulls establish th
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mast important point regarding the gencralion of crossmodal interactions: serin-
tie comtributions from familine bitnedal contexts are not a necessary precondition for
dheir ooenwtrence,

The next gquestion is whellwer lop—down effects fram Familiar contexts can neverthe-
less enhance the demonstrated bollom—up effects of sensary factors, Several classic
studies have often been quoled as supporting a positive answer. One such study
resorted to 4 picturesque eaperimental situation, in each trial of which a sound was
produced 1o one of several lovalivns by an unseen whistle, while participanls were
asked to match it with one of several visible steam-whistle kettles, from one of which
steam was seen o cnanale {Jackson 1953). Participants’ choices were strungly biased
toward the steaming keltle, which was chosen an nearly every trial with the sound at a
30" angular distance, und 51l on more than 60% of trials with a 60 angulur separation.
i another experinent, u ringing sound was marched with one of several bulbs, one of
which was lit, and here the cued location was chosen over only a much smaller range of
separation.

I bwo wthier studies (Tack and Thurlow 197 % Thurlow and Jack 1973, participants
wirtched videolaped scenes with varying degrees of audiovisual approprialeness, and were
told Lo press a key (or in other cases to start a stopwatch ) sshenever e sounds were expe-
vienced as vriginaling in the represented action. For instance, sequences of tones were
paired with vither the sight of a finger pushing a button or that of a (ace counting. I'nsion
was reporled for considerably longer durations for the finger {150 scoonds in 5 minutes)
than for the counting face (42 seconds).

On the other hand, resnlts raising some doubts aboul the proposed role of familiarity
were reported by Radean and Bertelson {19771, In one experiment (see Tig, 7.2}, partici
punils were exposed o pereussion sounds paired with the sight on a displaced screen of
cither the hands playing the instruments or of light flashes synchronized with the beats,
and the resulting after-effects on unimodal localization of the svunds were of comparable
magnitude in the two conditions. In a second experiment, auditory speech vwas paired with
cither the sight of the talker's moving face, o again with flashes snchronized with the
amplinide peaks of the speech, and here also the alter-effects were indistinguishable. Thus,
in these rwir experiments, realism apparently had no effect, heyand that of temporal
enrrelation between low-level components of e lwo inputs. In a third experiment,
percepiual fusion was measured by the key-prossing method during exposure 1o the
speech—face and speech flashes situations, and more Msion was reported tor the former
than for the latter condition. This resull is consistent with the already mentioned notion
that an-line effects may be more susceptible than after-effecrs to contamination by post-
percepinal factors,

Apart from the results presented as suggesting some additionn! effects of semuanti
comgruence (possibly due to influcnces on strategic response-biases), there is in the
literarure one vesult that might be taken as demaonstrating a pure eftect ol semarnlic
factors. Pick etal {1969) weporled o visual hias of the apparent origin ol sounds
produced by simply secing a small dummy loudspeaker in g prismatically displuced
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Fig. 7.2 Aller-etfocts on auditeay lavalizatinn of exposure w andiovisual spalinl discecdance, s

a tuneton of puiced events {after Radeau amd Bertelson 19751 (al Feperimnental situation, Lefl,
pre and post-tests; The participant (blindflied. head constrained by bite-board ) puials Lo the
apparent location of sudilory siimall {experiment 1, bongs sonnds; experiaent 2 speechd, Right,
exposure phases he participant (hite-board, ne blindfoldi. monitar sereen displaced left or nght
20° (oo central auditory source. Visual eeents on sereen for experiment 1 comprise: Guniliag
condilions, hands playing the hangos, synchronized sith sounds; won Tmiliar conditions, light
flashes svrchuonized with amplitude peaks of bonge seunds (e heats). Visual events om serecn
e experiment 2 comprise: faniline conditions, face al speakeer: nom-familiar conditions, light
Hashes synchrongeed with amplitude peaks of speech {e sellablesy o) Arer-effecis in degrecs
Cinean sl lests minus mean pre-tests Wil faoiliae conditiens thands/face]
freniliar conditions {Hashest BRole that there was no significant effect of Lanailisnn i1,

LlELY, [ICL
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location. There were no Lansient visual changes whase correlation with the sounds
would have provided o sensory explunation of the result. 'Thus, a possible implica
tion (which the authors actually did net draw) wauld have been a pure effect of
audiovisual symbolic congruence on anditory locarion, 'To check this passibility, we
lave run measures ol the visual Bas of targer sound borests by, om the one hand, the
sight of a displaced dutnmy loudspeaker and, an the ather, the usual synchronized
fMashes [Bertelson wnd Radeau 1987 Radean 19920, The habitual significant bias was
abtained with e ashes, bul no bas wharever was found with the loudspealer.
Alter-ellecl measures run in the two conditions praduced exactly the same pallern
of resulls (ie a crossmodal effect only with synchronized tlashes), Thus, Uw dummy
loudspeaker effect can apparently he obtained only in combination with some
particular conditions, prohably insrructional ones, which research has oot vel
clucidated. This presumably mayalso apply 1o the technique’s apparent capadity 1o
restore contralesional performance in neglect patients, as reported by Soroker ef al
Fl995),

The existing evidence concerning the effectiveness of context familiarily in producing or
enhancing crassmadal interaction is thus replete with contradiclions, with some stucies
prochicing positive resules and others not, There are two possible reasons [or this state of
affaivs. First, most stidies on Garniliarity used transparent tasks, allowing varialde strategic
effeats to influence the results, Vor example, the fact that Jacksan’s (1953) slenm-emitting
whistle was often chosen as the source at the sound does nol necessarily mean that a dis-
placernent of the sound was experienced by participants in his studivs. An alternarive and
mare likely explanation 1% a post perceptual combinative of the lecation impression with
the knowledge of the principle of steam kettle whistles, The results of Pick et al (1969 or
Saroker et all (1995) with the dumny loudspealoer, and those of Thurlow and Jack (1975
and of Radeau and Bertelson (1977, Experiment 3} with a koy-pressing task are open ta g
sitnilar post-perceptual interpretation. As suggested by Welch (19990, B, the effects of
familiarity should be examined under non-lransparent condilions such as thase af the
stairease procedure described earlicl,

The other potential explanation is thal many manipulations of context familiarity
may also have inadvertently affected the critical sensory parameters of the imputs, such
as the intensity, ¥isual contrast, vr sulicncy ol stimuli in the combined modalities. Far
instance, in Thurlow and Jack's (1973) cxperiment with a pushing finger or a counting
tace senchronized with audilory lones, the ohserved superiovity af the “appropriate’
tinger tone condition may reflect low-level sensory factars as well as, or instead of,
semantic congruence, Tlhe eristence of the same problem far Badeau and Bertelson’s
LLFT L comparisons belween seen hands {or faces) and light lashes must also be admit
ted here. To assess Lhe serivusness of the problem, the experiments (or similar ones)
should be run wilh Hash inlensily varied over-a wide range of values: Welch {19994,
P 73 ) s drawas allention Lo another factor that also can be easily confounded with (e
degree of Guniliarily, namely, “the number of amaodal stimulus properties that are
shated by e lwo sensory modalities”
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Studies with llusory limbs

Iy 1937, the Erench nenrologlst Tastevin reported thal pacticipants cusily took a scen
dummy finger o be ane ol their own lingers. In an ingenious study, Welch (1972,
19994 took advantage of the phenomenon Lo explore the effect of knowledge on adlap-
talion to visupproprioceplive discordance. Participants Liad to move Uheir hand tooa
visually specificd location, al which their forefinger should become visible, but whal
(hey actually saw there was the experimenter’s finger positioned at the fypical 157 angu-
lar distance from their own (inger. The parlicipants in o grou were Lold that they
would see their pen finger, and those in another group were warned that the sight of
thal linger could sometimes be displaced by an optical device, Pointing to visual targets
witly the hidden land was measured hefore und after working in this simulated pris-
malic situatinn, and the ohtained atter-effects were larger [ur Lhe participanls recoiving
the deceptive inslructions than [or those whs were mare correctly informed. This resul!
certainly demaonstrates the influcice of knowledge on observed respanse shills, bul it
calls [ur two remarks, Fiest, the suialler afrer-elfects of the correctly infarmed partici-
pants were nevertheless significant, which shows that, here alsw, the hielief ina unigue
sauToe Is 1ot @ necessacy condition for recalibration to lake plave, Second, the superior
after-cllects of the deceived participants might well e due to sowe post-perceplual vol-
untary correction ul tesponses in Lhe post-tests. Thus, a simple lentative interpretation
of the findings would be that the aller etfect ohserved 1o the informed group measares
automulic recalibralion, and the additional effect apparent in the deceived group
coveals i addition the influence of Leliet on respunses.

[his kind of inferpretation has recently reccived tmportant support from o new
application of the illusory limb approach by Pavani of af. (2000; see also Chapter 8, this
wolime), Participants rested both of their hands on the table, under a screen occluding
them from sight, each hand holding between fhumb and forefinger foam cubes in
which were embedded Lactile stimulators that eould defiver vihrations to either (nger
ot thumls, The participant’s task was Lo pespond to the tactile stimulation by a spatially
compatible loot mavermenl. Two stuffid rubber ploves, each holding a foam Biloek iden
tical ter those held by the participant, were displayed on the table, irmediately alnve
the participant’s own hands. Two small lights were pusitioned on the two foam blocks,
cach close Ly the thumh or the forefinger of the glove. In the bimodal condition, vach
wibrotactile stimulus was accompanied synchranausly by a distracting flash of lighl in
cither the corresponding lucation on the gloves, or i iy one af the thiee other log
lions. [he principal finding was that Lhe responae ti Lactite targets wis slowed down
when these were located ear the dumumy rubber hands {see alsy Chapter B, Uhis
volume). Frum our present point of view, the imporlanl point o nele s that the par-
licipants were lully aware that the ghoves, which had heen put into position in thefr (ull
view, were ol their own hands. The effect thus aceurred in spite of wonscious know-
ledge to the contrary, Om the other hand, il disappeared when, in another comdivinm, e

rubber ploves were placed in an arientalion perpendicular to the parlicipant’s awil
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hands, What these remarkable results show is that a sutficiently well simulared body

¥ ;
part seen in a location and an vrientation compatible with proprioceptive infortmation
15 mandatorily incorporaled into the body schema.

Processing levels: the role of spatial attention

Another issue connected to levels of processing is the possible role of altention in deter-
mining crossmadal interactions (see also Chapter 8, this volume), Allention i often
invorked cursanly to account for any otherwise unexplained diflerence in perceptual
efficiency, and crossmodal inleraclions have Peowen no exception Lo Uis: There are, o
ever, also more serious reasons Lo cxamine the passibility thatatlention might he inealved
in their generation. The extensive recent work an attentional phenvimena and their cross
mdal spatial interactions (reviewed in Chapters 8-11, this volume) has revealed tTany
instances of interdependence. For instance, Driver and Spence (1994 and Spence and
Fietver [1990) have shown that it s difficult to orient viswal wnd auditiey endogenous
Attention simultaneously in different direcrions, thus suggesting the existence of linkages
Between spatial allentivn-orienting processes in the two modalilies.

some of our tecenl work has foomsed specifically on the possilile role of the orienmtion
af spatial attention in e causation of ventriloguism. It deall wilh both endogenaus [or
deliberate} orientalion and exogenons [ar automatic) oricnlation. The effect of deliberate
orienting was cxantined in the classical visual bias ol audilory-localization situation, by
having the parlicipunt monitor for occasional visual caleh events either ar the location of
the potential visual altractor or al another location {(Bertelson et al 2000a). The
pavticipant’s Lask was Lo localize trains of tones while ignuring bright squanes QECUITIIg,
om a vandorm hall ol the trials, at either the left o the righl of the center of a screen, in
exact tenmporal synchrony with the lanes (see Fig, 7.3(a)). The attenrional manipulation
consisted ol instructing the participant to monitor cither the screen center or the atlractur
square lor occasional changes of 4 small square inlo a diamond (see Fig, 730000 [
focused therefore on the direction of overl {ullention plus gaee) deliberate visual
allention, The prediction from the attentional by pothesis was that arienting allention Lo
the syuare should enhance attraction by thal square above the level obtained with central
oticntalion. In fact, strang shifts of sound localization toward the flashing square were
obtained, but they were of comparable magnitude, regardless of the orientation of
allentlion (see TFig 7,530 ln a second expuoritnent, fwa squarcs, one on either side, were
presented om every trial and in synchrony with the sounds, and the same caldh evenls to
be monitored for were located onm one of them., Altraction toward the attended side would
lie: provided a pure demonstration Usal atlention to a potential attractor increases its
allraction capacity. But no such etlect of the direction of attention was observed.

In the ether study reported by Vioomen e ol CAO0Ta), the autaeraifc orientation of
allention was manipulated by resorling o the well known ‘singleton phenomenon, b
which visual artention is attracted toward onc of several stmultaneously presented visnal
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Fig. 7.3 Elfint af deliberate overt onentation af viswal attention on visual bias of apparent sulitary
lscation {afeer Rertelson ef al 20000, experiment 13, (a) Experimental sel g, The participant pains
with hand out of sight 1o the apparent aximuchal location of sopnd traing (6 wnes) synchrenoed with
the presentation o the screen of a bright squase 1o the left ar right of the center. (b Wisual displays:
cential Fration white disk with flel ) distractoraquare beit or tight al ceriler, o seithont distractar
[mol represented vo lgoarel, and iripht) 1 be mmitored swall black sguare encontral disk or on
digiruc oy saquare. Cn catch trials {10 sepuiaee beromes diamend, Yisual Bias sigoilicead in baoth
rrnditions. b there was ne .:'_fﬁ;'l'.' 4:l_|rJ.FI£ direction ﬂ.'IL‘?i'Tl:-‘lT?‘l-:,'l?.‘.

iems that differs Fom the rest by ane particular fealure (e.g. Treisman and Gelade
1980, 1lere, the erilical idea was to use a sinpleton whose unigueness cansisted in heing
analler than the other ilems in the display 'I'he task was to judge as lett or right a train
ol sounds acenmpanied by u horizontal row of faur bright squares, three big plusa small
o, the latter at either Use lell or the right exrramity of the row (see Fig 7.4). Using the
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Fig, 74 Biasing eftect of visual display with smaaller singleton oo apparent andiory lecation Catter

Wionen of of, 2000, esperiment 1), Participants made lefiiright of centes Jundzenienis concerning Lones
dleliversd i spnchromy with aoe of e Lo Gisplays Gsmaleton lefigho) presented i soreen conter The
srereophomcally conteelled location of the tomes was vacied inoslaircse ol [see Fig, 711, Locatians at
whiich respons: peverals voourred with each display showed that apgsarent tose Tncation wis shiffod wiie
Srowte i sereadd stngeeton Ul fowvaed Dhe Bisoer sgurers e The oher exteemny of the displa,

staircase procedure {Bertelson and Ascharslelben 1998%, i wax shown that the sound was
shifted away from the small singleton, that is, tward the hig squares at the opposite end
of the vow. Thus, the small singleton did net attract the sound. O the other hand,
it effectively captured visual attention, sioce discrimination of a letter calling for a
two-choice reaction was slower when e letler was superimposad an the big square
opposite the small singleron, than in the sune posilion in a display with four identical
big squares {see Fig. 7.5 Ventriloguism can thus be dissociated from auromatic visual
attention, and so cannol be medialed by atlention, Taken together, the two studies
converge on the conclusion that ventriloguism operates ar 3 pre-attentive processing
stage. In other words, crossmodal inleraction reovganizes the auditory visoal spatial
scene on which selective allenlion later operates.

This netion of o pre-allentive sile G crossmodal integration is also consistent with e
alveady quoted Goding by Driver (1996 that ventrilogquism can facilitate attentioual scloc-
tionn by o Use apparent location of an anditory Largel away from its compelilors, 11
lars reveived additional support recently frem twea studies run independently ol cach olher
that shiowed Uit svunds can coe visnal attention 1o locations to which they were displaced
through ventriloguism (Spence and Diriver 2000; Veoomen o el 2000 00, These dernen-
strativns ook their starling point from earlier reports of an asymmetey o crossoodal
allenlional linkages, in which an anditory cue can capture visual attention, but U vppo-
site ellecl, visual caplure of anditory attention, does not arise, at least nol in e specific
paradigm used (eg Spence and Drviver 1997; se¢ alsa Chapter 11, this volwne), Both
sludios used four loudspeakers, Incated ar the corners of a virtual rectangle, to deliver larget
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Fig. 7.5 Acvelerated discrimination of sargets on swpller singletan versus no-singleran disphay

Cafter Vroomen et ol 2001 e, experiment 23 Visnal savpet U5 or U] presented oo cortesponding extreme
syuares of displays with singleton versus ne singleran | four identival squares), Both accuracy and speed
ol respading were lwer for targets presented o Lii, sepuare appezite snglean on sngleon clizplays,
than in correspanding location on on-singleten dizplay, Uhis result showes tial the staglaton doaws
splecive attenntion v (o the targel,

auditory stimuli that could appear unpredictably from any one of these four loudspeakers,
plus one sonirce in the center W deliver a priming sound. The parlicipant’s task was to clas-
sify the target as either lelUright (Spence and Diriver 20000 or hightlow (Vroomen o il
20016}, This target was preveded at a short interval by the central priming sound. In the
critical ventriloquism condition, this priming sound swas simudlaneously accompanted by
an attractor visual flash at a distance in the directian arthogonal Lo that of the task —thus
highilow for Spence and Driver, and lettfright in Yroomen et el study. [n both expen-
Lients, the nain resndt was Gaster localion discrimination performance when the location
ol the target in the (irrelevant) orthogonal divection matched that of the visual attractor.
The Vioomen e ol {20010 study involved a control condition with the sare lefl or right
visual distractors as in the main condilivg, but no central anditory prime, and the location
of that distractor here had ne eilecl wlatsoever on perfarmance. This check insured that
the venlriloquized priming effect observed in the main condition was not caused divectly
Iny Lhe visual attractor—a possibilily thal was raised by a recent report of wisial primiog of
auditory attention, albeit in a somewhal different situation (Ward ef al. 2000, again see
Chapter 11, this volume . Cme may thus conclude that auditory atfention can elliclively
e captured by the ‘ventriloquized' location of an auditery prime, comfirming the pre
allentional status of ventrilogquism, Finally, W refer to an earlier point, the now resulls can
alser be seen as providing, once again, an indirect demanstration of the automaticily of
aelitory—visual bias.

The netion that crossmodal pairing can occur at a pre-attentive stage seems dillicull
o reconcile with Tremsman's well-known hypothesis that binding fogether dillerent

e
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visnal features requires attention {‘lreisman and Gelade 1980) Either crossmodal
pairing s different from the kind of within moedality visual binding that Treisman has
mastly been dealing with, or the kind of attention necessary {or visuul hinding is
diffetent from those manipulated in the preceding experimenls,

Madularity, impenctrability, and domains
of crossmodal integration

The preceding discussions concerning Lhe functional levels ar which crossmodal inter-
pckions eriginale nalurally lake their place among more general issues concerning
cognilive architeclure and, in particular, those ol maodularity and antanamy of subparts
ol the processing systenn, These nolions were already part of Zeitpeist before their
shrong Tormoulativn by Fudor (19837 and cortainly provided the impetus for some of the
worl Lhal bas been desceribed here Tn her review papers, Radeau (1994q, & discussed
the applicability of current modularist proposals 1o crossmodal interactions, mainly
venlrilogquism and audicvisual speech recognition, She argued that each of the latter
Lwo phenomena display many of the atteibutes an Podorcs checklist of modularity
crileria, such as automaticity, mandatoriness, and impenetrability, while also present
ing specilicilics typical of separate modules,

The more recent developments that have been discussed here have brought further
support for the autonemy af ar least some cases of crossmodal interaction, There
have heen new demonstrations of the automaticity of some crossmodal biases (e
wia paychophysical staircases, or the use of indirect methods) and new argunenls
against cognitive penerrarion (pre-attentive site of integration, effect of simulaled
hands). OF course, there are still arcas of uncertainty. For instance, the ¢vidence
concerning semantic penerration ol multimodal processing is still unclear.

The new developments have implications for the updated version of e modularist
position presented by Pelvehyn ¢ 199491 Uhis version is less ambilious than Fedors, o
the extent that perceptual autonomny —in particular, impenetrability—is clatmed only
for ane subdamain, early visiorn, This would appear 1o exclude nonvisual influences
at such an carly stage, The possibility must be considered Ul Pylyslvn's thisis is 1on
timid in its limitation to vision, and should be extended Lo initial processing in differ-
ent sensory medalities and perhaps even Lo their inleractions,

As our survey has shown, the bulk of belavioral work on multimadality published ta
date has dealt either with localization (whether of cvenls in the external environmenr
or of body parts) or with audiovisual specch revognition, Studics in the first group are
generally related to prablems of space pereption, allentivy, sensorimator conrdina-
tion, and object recognition. Those in the second naturally refer mainly to the vast hody
of research on heard speech. As a resull ol these different alfiliations, crosstalk berween
the two lines of research has lavgely been limited o vccasional citations of well-known
publications from the other side. e conseguence 5 thal ditferent questions have
generally been asked concerning (e underlving mechanisms of he respective effects,
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There have nevertheless heen a few expluralions of the relations between the McGurk
and venlriloguism effects, One has used a situation that allowed the two phenomena to
he exarmined simultaneously with the same materials (Bertelson ef all 1984), On each
erial, an ambiguous synthetic speech segment {inlenmediale between fama/ and fana/f)
was deliverad [rom one of a row of loudspeakers, and a face was displayed simultane-
ously on a wentrally located screen, articulating the bilabial famal or the nan-hilakial
famad or sluying still, The participants had two tasks—lo point with a hidden hand to
the locativn ol Uhe sound and to repeat “what had becn said’, Ventriloguism could thus
be maeasured ws uny shitt of pointing toward the loculion of the moving face, and the
Metiurk effect as any increase in the proportiom of responscs consistent with the visual
distractor. The fce was presented either upright or turned upside-down, and inversian
had nn effect on ventriloguism but reduced the MoGurk effect. (The latter reduction
was significant vuly in the condition with visual fanad, Bul i a later experiment with
mare classical material—pairings of auditoryfvisual famal and fana/; see description in
Bertelsan {1998 —{uee inversion reduced the MeGurk effect signilicantly tor the two
incongruent pairs of stimuli, while again leaving ventriloguism unallecled.)

Another suggestive resull [common to the two experiments) was tat, conteary to
pur expectation (Rertelsen 1994), the McGurk effect was praclically unafTected by the
distanice Between voice wid [ices while venteiloquism was modulated by that facto
Using 4 different measure of ventriloquism (same—different origin judgements), Colin
of af, (2001 have provided un even stronger demonstration af the contrasting ellects of
distance: they found a McGurk elfect independent of spatial separation vver a 160°
vange, while ventriloquism was practically non-existent hegond 40° Tn thal sludy, face
irversion was also manipulated, and again attected the MeGurk effect bul not ventrilo
quisnt. laken together, thest resulls contirm what amounts toa double dissociation
between phanetic and spatial audiovisual interactions, One possible implicalion of
such a dissociation would be that the phonetic integration at the basis of the MeGurk
elfiect oceurs at a later {or ‘decper’) processing stage than ventriloquism, whose carly
determination is supported by much of the data discussed in the present chapter,

Clearly, comparisons hetween the e diemaing must be extended ro ather aspeols,
Fur instance, the possible roles of cognitive factors such as response strategies, atlen-
L, ot familiarity have received more detailed consideration for ventriloquism (and Lo
somie ealent visnoproprioceptive inferaction) than for audiovisual speech.

Taking stock

. Ome principal motive behind multimodality rescarch s that maost biclagically
sipnificant situations in the envirenment provide inputs to several mindalities
simullancoysle. Hence, examining the ways in which information from several
modalities inleracts is a necessary step for understunding their role in adaprive
sehaviorn

I
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Behavioral rescarch with human participants has documented many cases in
which judgements of dara abtained in one sensorv modality were intluenced by
data obtained simultaneously in other sensory modalities. 'Ta the classical coses
of interactions in spatial localization, new cases concerning identitication ficst of
speech, then of spatiotemporal events, and, more recently, of emotional
expression, have been added. While this diversification was certainly @ positive
development, as a guard against excessive dependence on specitic conditions of
particular cases, too little effort has been devoted so tar at integrating resulls
across domains, Different research questions have typically been asled aboul
dilferent cases.

Altbougl the studies have generally claimed w deal witly perceptual processes, Tow
have addressed e possible role of post-perceplual factors such as response Diases
or even voluntary stralegies i the geoeration of e abserved eflects, L s dear, of
corse, Lhal resulls rellecling solunlary correclions performed Lo satisfy the
particalur demands of laboralory Lasks fnslead of aulomalic sensory interactions
cannol help us (o onderstand the Biological basis of pereeption {even if they can he
ol inlerest for other scienlific pursoils, such as the social paychology of the
experimenier—participant relatiom), We have argued here that post-perceptual
influences are unaveddable with experimental tasks thal are reasparent, that is, that
allonw comscious access Lo critical parameters of the stiimulation. The problem has
aften been recopnized and discussed (eg Welch and Warren 19800, hut ways of
dealing swith it have rarely been proposed.

Three approaches deserthed in this chapter have allowed some success in separat-
ing percepiial fram post-perceprual influences,

(a) Onewas touse subthreshold walues of the infermuendal incnnpgrience expected
v frigger the interactinn, This was the principle of the staircase merhad Iy
which we have shown that ventriloquism ocours even when the participant i
not aware of the andiovisnal discrepancy {Berrelsan and Aschersleben 1598,

(bl In the dndirect approach, the parricipant reports on g stimolus featore differ-
ent from the nne divectly affected by the interaction, bur the respanse still
allows some valid inferences remarding the latter, ag when selective lstenims o
a larget frem was facilitated through ventelloguism { Diriver 1996

ic) Yinally, in the newvopsychological approach, crossmodal biases have some
times been observed in patients who had fost all conscious perception of the
biasing stitouh (e de Gelder ef ol in press),

I'he problem of transparency arises in patlicular concerning the possible vale of
lap—down knowledge, or semantics’ in demanstrated interactions. 10 oy be,
tagether with the question ol equating sensory Faclors acrass dillérent experimental
situations, ane reasan why the exigling evidence an sermantic influences still appears
contradiciory.
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6. Another question related 1o processing levels is the role vl attention., Recent expu
ients showing that the visual bias of andilory location appears to b innependent
of where visual attention is focused fon the wisual attractor ar somewhere elsc)
inply that ventriloguism can ooour atd pre-atlentional processing slage.

=1

Thus, recent wark concerned with Jocating crossmodal inleractions in the fune-
tional architecture has stressed (he importance of data-driven, aulomatic, and
unpenerrable processes, Hewever, in line with remarks in (2% above, before those
conclusions can be given 4 more seneral cxtension, Lhe necessacy analytic

approaches should he applied 1o a wider range wl interactivns,

g  As encouraped by the editors, this chapter hay concentraled on the evidence
from human behavioral sludics, providing a historical perspective plus coverage
of more recent advances. Chaplers dealing with oller methidological
approaches should provide a wider perspective for the presenl views, Brain
imaging studics, in particular, may provide powerlul tests fur proposals regard-
ing the functivnal sites ol multimedal interactions that have been proposed
hased on behavioral work {e.g. see Macaluso e al, 20000: also commenlaries by
de Celder 2000, wind MeThommld ef al. 2000; see alsy Chapters 9-11, this vislume )
Concerning the convergence of different approaches, it s Lnportant that the
comlributions ol each of the involved subdisciplines shanld receive due atten-
tion. The essential contribulion from Lehavioral work with humans lies in the
importance of developing lasks desipned according Lo state-nl-Lhe-art method
alopy, with full consideration of the various possible interpretations of ensuing
Feanlls, o, anr main message Lo all invelved in multisensory work, for whatever
purpuse, is: don’l underestinate the importance of a goad task, nor the dilfficul
v ol peliing ond.
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