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Abstract—Audiovisual perception associated to a spatial local- stressing the effect of voluntary control and attentiomaius
ization task is investigated using a focused attention padigm: on perception. Also, in previous works, we have established
in presence of both acoustic and visual stimuli, subjects ar using information theory and bayesian networks (BN), that

required to localize either one or the other of these stimuli biect diovi | inf tion diff ty d
Behavioral measures (i.e. subjects’ localization errors)as well Subjects use a same audiovisual Information direrently de

as skin conductance responses (i.e., components of the atiag P€nding on the sensory nature (i.e., acoustic or visualhef t
responses) are acquired during the experiment. The subjest stimulus they are instructed to localize [8], [9]. Therefothe
performance on the localization task differ depending on tle  goal and expectations of the subjects are some of the cegniti
sensory nature of the stimulus they have to localize. The pro  t50t10rs modulating multisensory perception. This modotat

cessing of the incoming information and the mobilized cogtive . tainl lated t fent to attenti | nasi
resources also depends on the task, as suggested by the analpf IS certainly related to some extent to attentional mec IS

the skin conductance responses. The latter are incorporateto a  that prevent perceptual overload through selection mestren
bayesian network inferring the subjects’ error given audiovisual ~ (that are also bottom-up or top-down) interfacing multessny
stimulus positions. This amounts to provide the model with perception [10]. It is still an open question to understaaa h

some knowledge about the cognitive factors that interface ith 1y 1tisensory integration and crossmodal attention aratedl
multisensory perception (resulting in a different exploitation

of similar audiovisual information). As a result, the subjects’ 21, [101'_ ) ) .
performance are better estimated by the model. Attentional mechanisms have been largely investigated
through the study of the orienting response, assumed as an
. INTRODUCTION involuntary attentional mechanism that alerts the organis

Human beings are continuously interacting with their ewhen novel and significant stimuli occur [11]-[13]. Informa
vironment. This interaction can be characterized in term &bn processing theories of the orienting response sugbast
successive perception-action loops: the informationivede it is associated to the amount of resources allocated to the
through the senses are interpreted and organized in orgescessing of a stimulus [14]. A widely used component of
to build a coherent representation of the environment, use orienting response is the skin conductance respond®)(SC
thereafter to make decisions and to undertake actions edlagfi5], [16]. Indeed, electrodermal activity is mainly undbe
to the individuals intentions. control of the sympathetic nervous system [15], respoasibl

Therefore, actions are not based on the reality itself, bigr mobilizing the organism resources.
on an interpretation of this reality, brought by perception The purpose of this study was to further investigate the in-
Perception is multisensory, which means that each senstayplay between cognitive factors and audiovisual peroai
modality yields information, used in interaction to build a spatial localization task, using a paradigm similar todhe
unied perceptual experience. Understanding these itimnac presented in [8], [9]. Shortly, subjects are exposed to stiou
could provide important key in designing effective inteda, and visual stimuli that are temporally but not necessary
or assistance systems [1]-[3]. Hence, the problem of mulsipatiallay coincident, and must localize either the agoumst
sensory integration is an active field of research. Mulseyn the visual stimulus, depending on the instruction theyivece
perception can be understood as a maximum likelihood estinfes already mentioned, we mathematically established in [8]
tion process, whose purpose is to come up with a multisens¢®y the difference in processing the audiovisual inforroati
estimate more reliable than the individual estimates (sge edepending on the given instructions. Our hypothesis was
[4], [B]). In this perspective, it amounts essentially toadtbm-  that these different processings of the incoming infororati
up process. However, recent works have shown that cognitiikely to be related to different attentional focus, should
(top-down) processes also step in multisensory perception yield different orienting responses. Therefore, we addhi t
should be taken into account by the model (see [6] for raeasure of behavioral features (i.e., subjects’ pointingrs),
review). the analysis of the SCR, as a component of the orienting

In [7], Kohler et al. investigated the role of intentionresponse. Bayesian network models are proposed to inatsstig
and attention in the perception of an ambiguous movemetite results of the experiment from a computational point of
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view, the objective being to define a model of multisensory
perception where cognitive factors are acknowledged.

Sec. |l details the experimental protocol. The analysi$ef t
experimental data is carried out in sec. lll, and perforneaofc
Bayesian network models inferring the subjects’ localarat
errors using or not the SCR as input are presented. Thesesult
of both experiment and model are discussed in sec. IV.
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A. Subjects Fig. 1. Mean absolute subjects’ errord)(when localizing the acoustic or
Four right-handed participants (mean age: 25.8 years) todkial stimuli. The error bars stand for the associateddstahdeviations.

part in the experiment. They were free from any auditory
7 BAcoustic session
[Visual session ||

or visual defect (as attested by classical audiograms tut sig

tests carried out before the experiment). All participagase
Subject
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o

=

informed consent prior to the study, according to Aix-Miltse
University regulations and the 1964 Declaration of Helsink
They were nevertheless naive as to the purpose and the
manipulated factors of the experiment.
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B. Material

Participants were seated in complete darkness in an ane-
choic audiovisual stimulation room. The 80ms long Visu%’ig. 2. Average subjects’ mean skin conductance resposeRs) on each
stimuli were generated by five red light-emitting diodesial, during the acoustic and visual sessions.

(LEDs) arranged horizontally at eye level, along the arc of

a circle of raidus 57.5 cm attached to the chair, in front &f th

subject. The central LED was adjusted on the cyclopean eyé\Notice that two unisensory sessions (where only acoustic or
of each seated subject, the 4 other LEDs being positionedvigual stimuli occurred) of 25 trials were also carried aut i
+10° and +20° from this central target. In addition, a whiteorder to get the subjects’ intrinsic errors in acoustic auei
noise emitter tweeter located just above this diode traild¢o Stimulus localizations.

be moved circularly by the experimenter and be placed at the
same positions than the visual targets. This tweeter ainitte - )
80ms of white noise that defined the acoustic stimuli. Norprié" Statistical analysis of the results

inspection of the setup was made available to the subjects. First of all, for each session, the subjects’ pointed possi
were normalized by substracting their mean errors on the
unimodal tasks. Though the experimental conditions (usaof

The experiment was divided into two counterbalanced semechoic room) permitted to produce acoustic stimuli ohhig
sions, during which participants were systematically edgub quality, we expected the subjects to be better in localizing
to temporally synchronous visual and auditory stimuli, andhe visual stimuli (visual capture). Fig. 1 shows the mean
had to judge the position of the primary stimulus, that coulahd standard deviation values of the subjects’ absoluteserr
be either the auditory stimulus (i.e., acoustic sessionther A (absolute value of the difference between the pointed
visual stimulus (i.e., visual session). To that aim, pgydats position and the primary stimulus position), when localigi
were required to orient a fixed-base pointer connected tathee acoustic and visual stimuli. Three subjects (subjec® 2
potentiometer towards the auditory or visual targets, ddjppey  and 4) out of four were indeed more accurate and precise when
on the session. In both sessions, synchronous visual dochlizing the visual stimuli rather than the acoustic ones
auditory stimuli were either spatially congruent or notthe Surprisingly, it was the opposite for subject 1 (accuracg?
latter case, the spatial mismatch between the stimulusi@osi in the acoustic sessiof,3° in the visual session; precision:
was 20°. A session was made of 300 trials, where congrue9° and4.5° in the acoustic and visual sessions respectively).
and non-congruent stimuli were pseudo-randomly presented
with a 50% probability. The emission of the stimuli yielded a skin conductance

In both tasks, the displacement and the final location ofsponse, that decreased during the session (habituétot).e
the pointer, corresponding to the perceived auditory onalis The mean value of the SCR on each trial was analyzed. The
target position, were recorded. The skin conductance (meaerage value of these subjects’ mean SCRs is shown on 2, for
sured with electrode pairs positioned on the distal phaanghe acoustic and visuals sessions. It is larger in sessibesev
of the left index and little fingers) was also recorded durinipe averageA is larger too, i.e., in the acoustic sessions for
both sessions and was temporally related to each judgemsubjects 2, 3 and 4, and in the visual session for subject 1. It
for subsequent analyses. is also worth noticing the high correlation between differes
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Il. ANALYSIS

C. Procedure



of pointing errors in the acoustic and visual session and
differences of SCRs in these two sessions (pearson coorelat
coefficientp = .89).

Statistical tests were performed with the Matlab 7.6 Soft-
ware and globally confirm the observations based on the
visual inspection of the data. The null hypothesis stathm t
subjects’ absolute errors on the acoustic and visual sessio @) (b)
come from the same statistical population was tested using ) ) o
Kruskall-Walis tests, and can be refected for each subjdgd 3, ayesan netuare used o er e subiects stakor her
(p < 0.001) but for subject 2 § = 0.497). Kruskall-Wallis (b) with the meanSCR as input (modelM.).
statistical analyses of SCR mean values per trial also @dint
out a significant difference between the acoustic and Visugh . ¢ crrorsi, (MooELT/\A/ﬁI,_EwlTHOUT SCR) AND B (MODEL

sessions for each subjegt € 0.001). Ma, WITH SCR). THE NORMALIZED DIFFERENCE BETWEEN THE
MODELS’ ERRORS ARE ALSO GIVEN

B. Model definition

Subject 1 2 3 4
These results state that subjects use a same available au- Ey 0.1611 | 0.2374 | 0.1331 | 0.1080
diovisual information differently, depending on the tabley 2 0.1533 | 0.2124 | 0.1317 | 0.1068
(Es — E7)/E1 || -48% | -1053% | -1.05% | -1.11%

are instructed to perform (localization of either the atious
or visual stimuli), as pointed out in [8], [9]. By adding
the analysis of subjects’ SCRs to the analysis of SUbjeCEgking on values on the sef0,+10,+20}. The subjects’
performance carried out in [8], [3], we observe that the twgbsolute errors were first norrjnalizjed be'éween 0 and 1, by
tasks require the subjects to mobilize the organism in idiffe taking the minimal and maximal errors on the experimént
ways (i.e., the response of the autonomic nervous system,ey were modeled by the nA, whose pdf is estimated '
therefore, the SCRs, differs). For each of the subject, dne o :

- . . —~using histogram of bins 0.2 width. The subjects’ mean skin
the two tasks seems to be more difficult and requires a higher :
A . . N L conductance responsSg’R were also normalized between 0
mobilization of the organism. Despite this higher mobiiiaa, : : . )
: and 1 for each subject, using the minimal and maximal values
found on the whole experiment. The pdf of the$¢ R was

gstimated using histograms of bins 0.1 width.

is not significant for Subject 2).
It would be interesting to test whether prediction of th
subjects’ performance can benefit from some knowledge ab&ut Model performance

the orienting response elicited by the task. Indeed, in [9], The models were trained using a leave-one-out cross-
we proposed a BN model that inferred the subjects’ judg@ajidation scheme [17]: training was performed using adl th
ment from the positions of the emitted stimuli (bottom-ugpservations but one, and testing on the remaining value,
information). We showed that introducing in the model @& turn over the 600 observatichsf the dataset. Both the

rv N that stood for the sensory nature of the stimulus i@arning and inference stages were implemented using the
be localized (i.e., the instructions received by the subjegayes Net Toolbox for Matlab [18]. The models’ errors are
and modulating their objectives, hence, cognitive faciotsr-  Jefined ast — |A* — A|, whereA* is the subject’s absolute
facing multisensory perception) changed the structurenef terror inferred by the model antl the observed absolute error.

the model with undirect knowledge about these cognitiv@gdel M,.

factors, in the form of the skin conductance component of theThe models’ performance are summarized in Table. I.

subjects’ orienting responses, would give means to the Mod@ding SCR to the model increases its performand®; is

for discrimating between different ways of handling the samy o |ower thanE; for subject 2, and almosi% lower for

available information. subject 2. For subjects 3 and 4, the gain is not as high as could
To this end, we tested in turn two BN models. In a firshe expected (maybe because of the use of very simple SCR

one, M;, random variables (rvs) modeling the positiofis features), though performance of model, still improve as
and S, of the primary and secondary stimuli were the inputsompared to modeM;.

of the model, which infers the subjects’ absolute localirat
error A. In the second modelMs, the subjects’ mean skin IV. DISCUSSION
conductance response&C'R was also used as input for the Multisensory perception refers to the exploitation and in-
model to predictA. The two models are shown on Fig. 3. terpretation of the sensory information received through o
The probability density functions (pdfs) of the ngs and multiple sensory captors. Different sensory percepts can b
So were estimated using multinomial approaches, both of thggroduced in presence of the same exogeneous stimulatien, du
to bottom-up factors (related to stimulus properties), dsb,

1For simplification purpose, the rvs are named using the samranygms
than the signal they stand for. 2Two sessions of 300 trials.



top-down (cognitive) factors (knowledge, expectatioralgmf from knowledge of the stimulus positions solely cannot pied
the individual), that step in the process and should be takdre subjects’ performance differences due to various stdije
into account by models of multisensory perception. Thisgpapobjectives or focus of attention, i.e., due to the intenfiese
addresses the problem of accounting for cognitive factors of cognitive factors. In [9], these cognitive factors were
multisensory perception. introduced in the model through a rv modeling the instruio

In the present experiment, subjects were required to maleeeived by the subject. As a result, the structure of the
different use of the similar audiovisual information thesr r BN model changed depending on the sensory nature of the
ceived: in two different sessions, they had to localizeegithe stimulus to be localized. In this paper, we propose a BN that
acoustic or the visual stimulus, while both stimulus magdi  takes as inputs not only the audiovisual stimulus positibos
were synchronously presented, in either conguent or naiso the mean SCR on each trial: this model achieves better
congruent positions. The subjects’ performance are not therformance than a BN where this SCR information is not
same over the two sessions. According to maximum likeliho@dailable. These results show that adding to the model some
estimation model of multisensory perception [4], [5], th&nowledge about the subjects’ orienting response, through
integration of multisensory information aims at optimgin the SCR, helps the model to discriminate between different
the reliability of the integrated percept. Therefore, bottup performance schemes. That is, it provides the model with
factors will tend to favor the use of the more reliable sourcgme clues about these different ways of processing a simila
of information for the task at hand, that is, usually, visuahcoming sensory information, depending on hidden factors
information for a spatial localization task. Actually, ¢de&r related to different subjects’ objectives (cognitive tas).
subjects out of four unsurprisingly reached better pertoroe
in the visual than in the acoustic localization task, but one V. CONCLUSION

. ) robustly established. Also, the improvment of the model's
Because OT the randomness of the stimulus spatial CE!érformance obtained when takiffC R into account is not
gruency, subjects could not try to take advantage of t S high as what could be expected. Optimizing the features

audiovisual mformatlon o perform the task, b%“ Shou'de'?" extracted from the skin conductance signal (amplitude and
focus on the stimulus of the primary modality (modality tQ

lope of the SCRs instead of the mean value for example) as
be localized). This scheme can be understood as a focuagecf ple)

X ) - | as including temporal information about the SCR signal
attention paradigm [19]. One of the two tasks certainly mgg/

. . abituation characteristic in particular) and subjeas’or
pedes more than the other the subjects’ “natural” way

: . ) , e namics, should lead to better results.
processing the information: they will have to specificalivd

their attention away from the modality they preferably rely ACKNOWLEDGMENT
on for a spatial localization task, in order to conform to the ) ) )
received instructions. The authors would like to thank Alain Donneaud for his

The process of organizing and interpreting the sensory #€lp in building the experimental device.
puts requires cognitive resources [20], that we can hyzithe
to be different between the two tasks. To investigate this
hypothesis, we recorded the skin conductance component @f c. b. wickens and C. M. Carswell, “Information procegsinin Hand-
the orienting response, presumed to reflect the processing book of Human Factors and Ergonomids. Salvendy, Ed. Hoboken,
of incoming information through the related changes in the,, NJ, USA: John Wiley & Sons, Inc., Feb. 2006, pp. 111-149.
. ! 2] T. Koelewijn, A. Bronkhorst, and J. Theeuwes, “Competit between
autonomic nervous system [21], [22]. The observations made ayditory and visual spatial cues during visual task peréorce,”Experi-
on the SCR acquired during the acoustic and visual sessions mental Brain Research. Experimentelle Hirnforschung. éExpentation
; ; ; i ati ; Cérébrale vol. 195, no. 4, pp. 593-602, June 2009, PMID: 19436999.
confirm a dlfferent level of Orgamsm_mOblhza‘tlon d?pergjm F:g C. Spence, “Crossmodal spatial attentioMhnals of the New York
on the tasks: the mean SC_Rs_ on trials where subjects try Academy of Sciencesol. 1191, no. 1, pp. 182-200, Mar. 2010.
localize the acoustic stimuli differ from the mean SCRs or4] M. S. Landy, L. T. Maloney, E. B. Johnston, and M. Young, &

; ; i ; surement and modeling of depth cue combination: in defehseeak
trlalS.Where they aim qt. Iocallzmg the VIS[."'_E‘I one. Mo_reover fusion,” Vision Researchvol. 35, no. 3, pp. 389-412, Feb. 1995, PMID:
the higher level of cognitive resources mobilized by theecth 7892735,

(as reflected by higher mean SCRs) to perform the — presuri®] M. O. Ernst and H. H. Biilthoff, “Merging the senses intorabust
ably — more difficult task do not prevent the performance to gg&ept' TRENDS in Cognitive Sciencesol. 8, no. 4, pp. 162-169,
decrease (positive pearson correlation coefficient betvilee [6] D. Alais, F. N. Newell, and P. Mamassian, “Multisensomogessing in
performance and the mean SCRs). review: from physiology to behaviourSeeing and Perceivingol. 23,
We tried to exploit this interesting relationship between_ 1o 1. pp. 3-38, Mar. 2010. e
| | d f . . le naive Bavesi H A. Kohler, L. Haddad, W. Singer, and L. Muckli, “Decidinghat to see:
resource level and periormance in a simp v yesi the role of intention and attention in the perception of appaimotion,”

model. Indeed, a model trying to infer the subjects’ errors Vision Researchvol. 48, no. 8, pp. 10961106, Mar. 2008.
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