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Why bodies? It is rather puzzling that given the massive interest iniagf@euroscience in

the last decade it still seems to make sense to raise the question “Why’lzodids try to
provide an answer to is, as it the goal of this chapter. There are now hundreds ofaarticles
human emotion perception ranging from behavioural studies to brainimaging expgriment
Furthermore, decades of reports on affective disorders in neurological @aieclinical

studies of psychiatric populations have . The most cursory glance at the ktematemotion

in humans, now referred to with the umbrella term of social and affective nenceEsc@ows

that over 95 % of them have used faces as stimuli. Of the remaining 5%, a few have used
scenes or auditory information including human voices, music or environmental sounds. But
by far the smallest number has looked into whole body expressions. As a rougheestimat
search on PubMed today, May 1th 2009, yields 3521 hits for emotion X faces, 1003 hits for
emotion x music and 339 hits for emotion x bodies. When looking in more detail, the body x
emotion category in fact yields a majority of papers on wellbeing, nustrgal violence or
organ donation. But the number of cognitive and affective neuroscience studies ohamoti

body perception as of today is lower than 20.
Why then have whole bodies and bodily expressions not attracted the attention of

researchers so far? The goal of this chapter is to contribute some elemantariewer to
this question. We believe that there is something to learn from the historitsdtr@dodies
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and bodily expressions. We next will address some historical misconceptions abtait w
body perception and in the process we intend to provide not just an impetus for this kind of
work, but also to contribute in the process to a better understanding of the sigaibt#ne
affective dimension of behaviour, mind and brain as seen from the vantage point of bodily
communication. Subsequent sections discuss available evidence for the neurofulbasisnal
of facial and bodily expressions as well as neuropsychological and clitudadssof bodily

expressions.

1. Bodily expressions are recognized asreliably asfacial expressions.

Prima facie, there is no historical explanation why faces have not captuchd m
attention. In fact two of the most illustrious theoreticians of emotion, Darwinaames]
discussed whole body expressions at great length. Darwin famously included postural
descriptions in highe Expression of the Emotionsin Man and Animals (Darwin, 1872/1965),
and James (1932) investigated recognition of emotion with photographs of whole-body
posture. More recently, theoreticians of emotion like Tomkins (1995) and later ES83)
stressed the intimate link between emotion and action and were thus naturally led t
emphasize the importance of the body. If bodily expressions did never occupy cejetia sta
emotion research, that may have been related to scepticism concerning ® asensg
observers that has its roots not so much in theory than in empirical results datitigeffmst
generation of investigations of whole body stimuli. For example, Ekman (1965)mpedo
two studies on recognition of emotion from bodily expressions. But the results seem to have
led him to sharing this skepticism. He concentrated on facial expressions atitherdedtf
bodily ones as chances to find evidence for emotion expression universals loonred large

the domain of facial expressions.

But in recent decades researchers have taken up the issue of bodily expression
recognition and results from a number of behavioral experiments using independelotsstim
sets now allow us to conclude that recognition performance for bodily expressions is ve
similar for face and body stimuli and this counts for both studies with static or aynam
whole-body stimuli. Available studies whether focusing on recognition per se aripgep
set of validated body stimuli, have indeed found a high degree of agreement among observers
(Atkinson et al., 2004; de Meijer, 1989; Dittrich et al., 1996; Hadjikhani and de Gelder, 2003;
Wallbott, 1998). A similar high consensus is found for videoclips depicting emotions or

emotion expressing instrumental actions (Grezes et al., 2007; Pichon et al., 2008; 2009). As is
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to be expected performance is lower when point light stimuli are used insteadrobfigs.
Recognition rates are around 10% higher for dynamic images than for theositerparts

and they increases when the face is not blanked out. These are all factors aghiohinly

be related to the amount of information in the stimulus. In conclusion, when tested with
comparable stimuli and under comparable viewing conditions, there is as much consensus for

recognition of bodily expressions as there is for facial expressions.

Two other observations were made already in the earlier and more anesplotis r
on bodily expressions and they have since taken on special importance. These relate
casually observed phenomena that are nowadays referred to as respectivegnohot
emotional contagion. Indeed, on the occasion of his own experiments W. James reported that
participants sometimes tended to imitate the posture they were looking at. Siicimaim
motor reaction has since been studied systematically by Dimberg andcatitab. When
shown facial expressions and other affective pictures observers makeresp&tcific facial
movements. This is seldom visible to the naked eye and as James commented, observers do
not actually take the posture they are observing, -at least not in a way this is obviwus t
naked eye-, but rather experience some kind of kinesthesia in body parts thatate/ nor
involved in the production of the observed posture. Furthermore, James also reported some
evidence for what has since been called emotion contagion. He noted that sometimes
observers seemed to experience the feelings and emotions typicallytasisedia the
posture they saw and indicated that these feelings may be follow enhetipgsture
observed (p. 419). Note that James reports these two observations, motor reaction and
emotional feeling reactions, as two separate phenomena. Of lately thdreemaa tendency
to conflate emotional motor reaction and motor contagion in a single phenomenon, emotional
contagion based on mirror neuron activation. But this obscures the fact that fdiainedo
not need to mimic the stimulus itself, but reflect its affective content whi¢ibea face or a
scene, or, an emotional voice (Magnee et al., 2006) or a bodily expression (Tanakfto e
2008; 2009). It also obscures the fact that there may be significant dissociatwesrbite

emotion and the motor perception structures in the brain (Grezes & de Gelder, 2008).

So far researchers have almost exclusively focused on measuring motor andamot
contagion in the facial musculature. This type of work is consistent with the thabbeisis
of the FACS (Facial Action Coding System) developed by Ekman and collaboratdos. As

spontaneous imitation of bodily postures by observers, we have been developing a BACS
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(Bodily Action Coding system) based on whole body muscle movements (de Gelder ,van

Boxtel, in preparation) so far observed this indirectly.

To conclude this section, the notion that there is more consensus for recognition of
facial expressions than for bodily expressions has now turned out to be largely unfounded.
More importantly, some physiological and autonomic signatures of recognitionaio abt
well whether we view bodily or facial expressions. In the following sestrom will see that
not only are bodily expressions well recognized, but they also trigger recognitian unde
conditions of limited attention and awareness in the same way as faciakexmsetn. On the
other hand, there are also important differences between facial and bodil\sexmed/e
will review differences between the two stimulus types and discussh&fyate important.

2. Understanding the sociocultural background of face centrism will enrich human
emotion research.

Out of habit or out of principle, we tend to fill in automatically ‘facial’ whekiteg about
emotional expressions. This bias is very clearly reflected in the feedglmentioned, that
studies of emotion recognition have hardly ever ventured away from the face.syat it i
truism that emotions are conveyed by a whole range of other cues besidemthe fac
expression. The continuity of facial expressions with postural, gestural anorasdinals
has tended to remain in the background. Before addressing specific issuesti iasking

what may possibly be the roots of the face bias in our cultural and ideologicadberit

The emphasis on the face is present in western culture and art but not for example in
Islamic art. Well before neuropsychologists observed relative selefteas of lesions and
neurophysiologists recording from single cells provided evidence for spectite
processes artists have focussed on the face. Traditionally the face is fs=wimdow of the
soul, it is our privileged access route to the thoughts and feelings of the people ardand us
their face we read what others think and feel and we see ourselvedeftacepted or
rejected in their eyes. Faces presumably provide this information rapaigtdomatically.

But there is also an added moral dimension to the facial communication channel. Ireleed, w
do not merely learn about what a person thinks from watching his face, but at thersame t
we evaluate his trustworthiness. And we seem to be able to do so at a glancenidisahe

been taken up recently in experiments investigating whether intuitive judgaidhés
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trustworthiness of human faces are accurate. There are now quite a fes ptogliding
evidence that are first impressions are strong and remain over time{Bhr 2006). We are
quite good at telling trustworthiness at glance (Engell et al., 2007). Bettineslimensions
of facial information reading, the emotional expression per se and the trustwethires
traditionally linked. This cultural background is clear in the discussions of rajdi fac
judgements of trustworthiness just mentioned but also in the notion that we cas tedri
the face. Obviously, we also can tell higher order properties from body langustyaiassfor

example for like deceit (Grezes et al., 2004) or moral violation (Sinke et al., sedmit

The philosophical emotion literature from Aristotle to Spinoza, to name just these,
discusses emotions in the context of passion, reason and ethics. More fundamestally, thi
special status of the face is linked to dualism, in recent times typisalbgiated with
Descartes and his statement of the mind-body problem. If dualism is the notidrethas ta
seemingly unbridgeable gap between our mental life and our material egjstencthe face
falls on the side of the mind and the mental life while the body is relegated taltheofehe
machine. The face expresses the mind, but the body, as is typical of machines, doesaot ha
mind of its own and thus does not express anything. Just as the movements of the car do not
express the car’s feelings or intentions, the movements of the body aly swadanistic
and devoid of meaning.

Besides these, there are many other more directly cultural reasonsenbgdly may
seem a less reliable source of affective information. Tradition, cultliggpneand fashion
have a considerable impact on the public presentation of the body. Examples of extreme
influence are Greek aesthetics of ideal body proportions, the imperativesvittibréan
dress code, or at the other extreme, the burga completely hiding from sightsatififacial
and bodily expression. All these factors together conspire to influence cudetttbodies
by underscoring how its visual appearance can be manipulated and they end up casting doubt

on the body as a natural means of emotional communication.

Finally, consistent with the dualist framework just referred to and withrtgering
doubts about whether bodily expressions are easily recognized one understandsithat f
universalist emotion theory the focus on facial expressions appears as theanmosengr

And indeed over the last three decades the case for universal emotional erprasgi
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associated universal emotions has been argued with the help of analysis exfa@asions

most forcefully by Ekman and collaborators (e.g. this volume).

3.Investigations of bodieswill extend the scope of face based research and provide
evidence that human emotion theories based on studies of facial expression may generalize
to other affective signals.
It may very well turn out that current models of human emotion perception originally
developed for understanding facial expressions perception are just as valid $tgatire
and understanding bodily expressions. There is very little evidence availal#saitgo

support or refute this view.

On the positive side, one may argue that we already know from animal redesdra
central structure in affective processes, the amygdala receives mputifual, auditory and
postural cues and is therefore likely to play a role in processing faces, bodiisepastd
vocalizations as well. But AMG is one among other important structures involvesting
the organism to the presence of affective signals and preparing an adaptiveerespons
example, the first brainimaging studies led to the impression that the rboke AMG in
emotion perception reflects a specialization for fearful facial exjpressbubsequent findings
have challenged this picture and pleaded in favor of sensitivity to saliencendoestanulus
ambiguity. Furthermore, AMG is widely connected to a number of other caatidal
subcortical brain structures (Amaral & Price, 1984.) And its embedding in thésplen
networks determines to a large extent its specific functional role in retattbe stimulus and
the behavioral context. It also determines the subjective emotional expemehtiee
behavioral consequences. For example, AMG is sensitive the presence ofithtdginsthe

environment whether or not the observer is not aware of them (Tamietto et al., 2009).

On the negative side, new investigations of other affective channels thanetimeafac
challenge current face —based models. These issues are now beginning todse ddae
some intriguing similarities and differences between the neural basisialfdnd bodily
expressions emerge already. As direct comparisons become availableasigdifferences
between the neurofunctional basis of facial and bodily expressions are beginamerge.

An extensive overview of the currently available studies that have used behavioural
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2

2 electrophysiological and brainimaging methods is provide elsewheere(der@®t al., 2009).

5 Some main tendencies are briefly summarised in what follows here.

6

3 At the behavioural level there is clear evidence that both faces and bedies ar

12 processed configurally rather than as an assemblage of features. Thesseddy measuring
ig the perceptual processes triggered when the stimuli are presented upsidefdovesuling

14 difference in performance is called the inversion effect, which refers toghef

12 performance when faces have to be recognized from upside down compared to upright
g presented stimuli. Contrary to what is often assumed, this is not specificder fasimilar

;g loss of performance is also observed for other stimuli like for example landsdapeent

21 findings show that recognition of faces and bodies presented upside-down is relabirely m
2:23 impaired than recognition of inverted objects, like houses when each category isetcbmpar
gg with its own inverted counterpart (Reed et al., 2003).

26

27

gg Some electrophysiological studies have already been reported and otherdeare

30 way. The well known inversion effect measured in the time window of 150-200 ms and
23 labelled the N170 obtains similarly for faces and bodies. We established tha&RPastudy
gi that used faces, bodies and shoes, each compared to their inverted counterpaniBtekel
gg and de Gelder, 2004). This was confirmed and extended in a study using MRI constrained
37 MEG which allows a very good temporal resolution combined with a good spatial one. This
28 study showed very early inversion effects for faces and bodies between 70-100 ms

jg poststimulus with category-specific cortical distributions (Meereal.e2008). There is also
fé evidence that young infants are already sensitive to the orientation of bodl as

44 measured by EEG (Gliga and Dehaene-Lambertz, 2005).

p

j; Investigations of the neurofunctional basis of seeing bodily expressions have begun to
‘518 show that this activates the same brain areas that were are hithertatedseith the

g; perception of faces (for reviews, see de Gelder, 2006; Peelen and Downing, 2007). For
53 example, in the first report of the neural basis of perceiving bodily expresssocempared

gg neutral and fear expressions and found increased activity for fearful bodigsexprs in

g? AMG and FG. The area that showed body responsiveness in FG was the same one as
gg identified in an separate study using a face localizer. Of course, aimeogedined analysis
60 of the fMRI signal may in turn show a partial separation as well as an arealapovith

face and body sensitivity as has indeed been suggested in later studiesiigaehal.,
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1997). There is almost no evidence in the literature to answer this question. Fadhiswe
designed an fMRI study with the aim to investigate whether the brain showmstdist
activation patterns for perception of faces and bodies.

We presented pictures of faces and bodies with blurred faces that either showed a
neutral, fearful or happy expression and instructed participants to caeetpaigtimuli. To
untangle brain activation related to faces and bodies, we compared how the brainsrespond
both categories (irrespective of emotional expression). As expected giveartivehole
relation between bodies and faces, the results showed that the middle part ofdime fus
gyrus (FG) that is typically associated with the perception of facialiigeistmore activated
for bodies than for faces (van de Riet et al., 2009). Previous studies have shown theghere
partial overlap between the face-selective and body selective region thigh+-G
(Hadjikhani and de Gelder, 2003; Peelen and Downing, 2005). In fact, viewing whole body
expressions elicited a wider network of brain areas compared to faces,ngatikr areas
previously associated with perception of facial expressions, like STS. Oéirerdyions are
more active for bodies than for faces, the middle temporal/middle occipited gie so
called extra-striate body area, EBA (Downing et al., 2001), the superipitaktgyrus and
the parieto-occipital sulcus.

When the affective information conveyed by the bodies and faces, overall there is
comparably more activation for bodily than for facial expressions (Kret etlaimiged).
Interestingly, emotional body expressions activate cortical and sulatonttor areas like
caudate nucleus, putamen and inferior frontal gyrus (IFG), possibly refltotirsglaptive
action component implied in the body expression, which is less pronounced in facial
expressions (de Gelder et al., 2004). In a follow up study we presented video cliparofady
facial and bodily expressions that conveyed a neutral, fearful or angry espriessead of
static picture stimuli. The results were consistent with the previous wtit®/broadening
the perspective: bodies compared to faces activated more areas than vice \edsay ithe
FG. Again, motor related areas were more activated by emotional bodgsgpse(Kret et

al. submitted).

4. Stimulating a more direct understanding of the significance of emotions as adaptive

actions.
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Another benefit to be gained from using bodily expression stimuli is the broadeoemoti
perspective obtained by using affective signals that are in effect opalatver longer
distances than faces. This also shifts the attention, away from personal ity by the
face and which may not always matter for rapid decoding of the expressiotiptorauch
better conveyed by bodily expressions seen at considerable distance. A najenckf
between facial and bodily expressions is that the latter can alreadgdgnized form far
away while the former require the viewer to be nearby. This is potentialhg@ortant
difference between how facial and bodily expressions play their commugicalié and it

should have consequences for the specific information conveyed.

Focussing on facial expressions seems tends to make us refer to a persal’stateat
But focussing on bodily expressions directs attention to a person or a group’s actiens. W
we talk about emotions, ascribe emotions we have in sight of in mind we implieitty se
naturally to refer to mental states of the persons whose face we have in sigmbifoa). But
when we refer to emotions we see expressed in the body it is more frequentitornanck
an action. Therefore, when due to distance of other peripheral visual conditions or
impairments we are unable to tell the emotional state from reading theviacan still

perfectly clearly read the action from the sight of the body.

5. To contribute to some long standing debates on why facial expressionsin isolation are
often recognized less than perfectly.

Common sense tends to hold that we read facial expressions like we read words on a
page, meaning that we directly and unambiguously access the meaning. Bifteastise
case, the expressly held common sense beliefs and what people routinely do when they
behave commonsensical are two different things. In fact, in daily life weseely to hold to
the belief that a facial expression is unambiguous in a few extreme stemgas, like for
example in case of a really menacing fury or of a panic-strickee&sipns. Most of the time
the anger and fear faces we see do leave some room for interpretatiorcesasngly
evidenced by semantic effects and context effects on face recognéldmén-Barrett, 2009;

for a review, see de Gelder & vanden Stock, 2009).
Yet as theorists, whether reasoning from common sense principles of frivablava

scientific data, we hold on to a preferred beliefs in basic emotional expregsivessally

represented by some facial expressions. The notion that these universal ormibasitse
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expressions are the rock bottom of our mental life thus mirrors our belief ttzah @motion
category labels correspond to universal mental states with an unique adduoiatgical
basis and with evolutionary defined triggers. But since researchers begarhe ss@ulus
set provided by Ekman et al (1976), less than perfect recognition rates weted.elpor
example, recognition rates are rarely above 80% and they often tend to be doglparat
lower for fear, which is otherwise seen as the best candidate for a teardnetal state
expression cum biological substrate. This brings us to the next issue, that sorse bagie
mental states are most clearly expressed by the face while othézasirambiguous when

expressed by the whole body.

6. To address situations where facial and bodily expressions do not provide the same
meaning as when facial and bodily cues combine, interact, conflict. To provide the missing
context to theories of face perception
For a while “"Headless Body in Topless Bar” counted as one of the funniestditave
appeared in US newspapers. But headless bodies and bodiless heads do figure only in crime
catalogues and police reports and are not part of our daily experience, aytleastenot part
of the daily experience that constitutes the normal learning environment in wéiacquire
our face and body expertise. Yet, except for a few isolated studies (de &eltle2006;
Righthart & de Gelder, 2006; Mobbs et al., 2006; for an extended review and discussion, see
de Gelder & van den Stock, in press) the literature on face recognition has awdngstsed
the issue of context effects in face perception. By ‘context’ we meanhgevehble

naturalistic environment that is almost always present when we encouatey).a f

Perception of facial expression is influenced by whatever expression the body show
A popular notion is that our body language gives away our real feelings, foplkexan
situations where we manage to control our facial expression. Typical esaang@iehen one
is trying to keep a poker face in situations of social control and dominance asd\&tees
don’t show anger or nervousness, we smile all the way through the conversation or the
interview, however annoying or unenlightening the questions may be. Even chilelren a
Research on the simultaneous perception of faces and bodies is still sparse. Twoutaha
studies directly investigated how our recognition of facial expressionsusmaid by
accompanying whole body expressions (Meeren et al., 2005; Van den Stock et al., 2007).
Meeren et al. (2005) combined angry and fearful facial expressions withajfearful

whole body expressions to create both congruent (fearful face on fearful bodygandaae
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on angry body) and incongruent (fearful face on angry body and angry face ahlbedsf)
realistically looking compound stimuli. These were briefly (200ms) presenteolyomse

while the participants were instructed to categorize the emotion exprgsdedface and

ignore the body. The results showed that recognition of the facial expressiorases bi
towards the emotion expressed by the body language, as reflected by both theyaoodir
reaction time data. In a follow-up study, facial expressions that were morphesbotiraum
between happy and fearful were once combined with a happy and once with a fearful whole
body expression (Van den Stock et al., 2007). The resulting compound stimuli were presented
one by one for 150ms, while the participants were instructed to categorize thenemoti
expressed by the face in a 2 alternative forced choice paradigm (fesgpmness). Again, the
ratings of the facial expressions were influenced towards the emotionsegigsthe body

and this influence was highest for facial expressions that were most ambigymesg®ns

that occupied an intermediate position on the morph continuum). Evidence from EEG-
recordings that were collected during the experiment shows that the Is@amads to the
emotional face-body incongruence as early as 115ms post stimulus ongein(ktes.,

2005).

7. Tounderstand emotion specificity of affective signals. The relative importance of
face vs. body may be a function of the specific emotional significance conveyed.

To repeat a truism, emotions are complex, rich and multilevel phenomena. And in spite of the
all the research effort devoted to it, many researchers have thesrmoprést progress is
slow. This has led some authors for example LeDoux (1996) to argue for a resadedly st
of concentrating on one emaotion, in this case, fear, rather than trying to makesprogall
fronts at the same time. But this has not stopped researchers from peri@tiealtging
general theories. For example, a powerful impetus of emotion research ist tyeals tries
to capitalize on the potential of mirror neuron activation in the brain. The speodfindithat
prompted this generalisation was a study of disgust and the study used videofelgwd of
expressions of disgust (Wicker et al., 2003). Disgust is clearly an emotiomtivascaround
activity in the mouth region and thus privileges the face as a bearer. The adetjive a
component of disgust is unlikely to involve much movement of the lower limbs. But other
emotions are more powerfully expressed in the arms and the lower limbs of the whpole bod
that in the face. Aggression is a case in point. When viewing aggressive bodgspictur
observers spend most of the time looking at the hands (Fridin et al., 2009). Therefore, a

comparison of emotional expressions that is sensitive to the specific emotikehyisa
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reveal the relative prominence of the face vs. the body depending on the emotidarednsi

and differential contribution form body parts to the specific emotion.

8. To understand gender specificity of the importance of body vs. face signals.
Notwithstanding widespread stereotypes about gender specificity in emottbbsdy
related issues there are so far only very few studies available on these We designed
study with the goal to compare the neural bases dedicated to processingniddodily
expressions using video clips of faces and bodies expressing threatening e(fexrosusd
anger) and to assess the influence of gender from both the observer and the eiceralKr
2009). Male and female participants recognized all expressions very \galh (percentage
correct: 90% for fear, 95% for anger). There were no significant diffeséreteveen accuracy
rates for male or female participants, and there was also no differenceeodgeition of
male or female actors. In contrast to these behavioural results, we did fiadsikimg
gender effects in the fMRI results. Activation of classical subcoricedtion areas (AMG,
hippocampus, putamen, thalamus and basal ganglia) only showed up when the observers,
both male and female, perceived threat from male actors. Inpadieipants, the dorsal
stream was primarily involved in perceiving threat, -especially fromyamgle- body
language. Strikingly, the superior temporal sulcus, an area that has often found to be
implicated in emotional processing was absolutely not influenced by theftgpsotion in

the female participants.

When females perceiveadal e threatening body language, they activate the dorsal
pathway and a network that involves action preparation and observation. Apart from dnhance
activity in the visual areas, there are activations in precuneus, inferior ancbsppédetal
lobe (action observation), precentral gyrus, SMA and motor cingulate cortég&r{poand
anterior), as well as in the caudate nucleus and in the putamen (action peparae
activity found in the motor cingulate cortex corresponds to the area known to be involved in
arm movements (Pickard and Strick, 1996). This may imply that female partidigiatite
urge to protect themselves (for example covering their faces, with theimdmemswatching

male body expressions of threat).

9. Bodily expressions are perceived in a multisensory environment, combine with

audio signals, a phenomenon hitherto only reported for facial expressions.
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2 An interesting argument in favour of the primacy of the face may be thait fac

5 expressions form a more natural pair with the voice. Research has shown tipaiticecof

? the emotion in the target modality (the facial expression) is typicallyenfied towards the

3 emotion expressed in the task irrelevant modality (the affective prosody of tle¢. yeig., de

12 Gelder and Vroomen, 2000). In this type of study two modalities are typicatipined to

ig create emotionally congruent and incongruent face—voice pairs in order to pravideow

14 into the integration process (de Gelder & Bertelson, 2003).

10

g It is worth noting that the argument concerning the naturalness and ecolofidibt va
;g of considering visual stimuli in a multisensory context applies just agavisle whole body

21 than to the face only. A trainee singer trying to sing only with the upper bodguickly

2:23 experience the limitations of that approach. Similarly, in trying to shout withrthe folded

gg over your chest one quickly becomes aware that vocalisations are produced bythe bod
26

27

gg In two recent studies we have taken this issue beyond facial expressions and

30 investigated affective crossmodal influences in whole body expressiansd@n Stock et al.,
23 2007). We investigated naturalistic actions that are part of everydandifioaused on

gi instrumental actions, like grasping and drinking. Our data showed that affecsgenodal

gg effects occur with body—voice pairs and are thus very similar to previous fenalooyit

37 combined perception of face-voice pairs (Van den Stock, 2008).

s

32 10. Perception or recognition of bodily expressions does not require full attention nor does

fé it require that the visual stimulus be consciously seen.

44 Over the last decades a number of research reports have concluded that emotional
jg information can be processed without observers being aware of it (Baak{t2€07; Kunst-

j; Wilson and Zajonc, 1980). But nonconscious affect perception has almost exclusively been
‘518 investigated with the use of facial expressions, either on their own or in corobingtn

g; other visual stimuli. Many studies now provide direct and indirect evidence for visual

53 discriminations of facial expressions in the absence of visual awarenbssstifriulus (e.g.

gg de Gelder et al., 1999; Dimberg et al., 2000; Esteves et al., 1994a; Jolij and Lamme, 2005).
g? Theoretical models have been advanced arguing that separate pathwaysarag@uscious
gg and nonconscious emotional perception (LeDoux, 1996; Morris et al., 1998). The notion of
60 separate pathways has to some extent been accepted by the community kihéargle some

core findings are still a matter of debate (Duncan and Barrett, 2007; P2335x,
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An issue that has so far not received much attention is whether there also exist
nonconscious emotional perception for bodily expressions. Data from patients with
hemianopia indicate that they may reliable discriminate between bogilgsstons which
they are unable to see due to striate cortex lesion (de Gelder and Hadjikhani, 20@6)cor
an attentional disorder following parietal lesion (Tamietto and de Gelder, 2008inore
radically still, in patients with cortical blindness (Tamietto et al., 2009).

Other indicators besides behavioural measures also provide evidence for @utomat
processing. A striking example is represented by the spontaneous tendencitorsyaour
facial expressions with those of another person during face-to-face situatims. T
phenomenon of emotional contagion (Hatfield et al., 1994) is now widely observed but it is
still poorly understood. Recent proposals link emotional contagion directly to motor

resonance (i.e., stimulus/response motor matching) (Carr et al., 2003; DimdergGaQ).

A directly related issue concerns the degree of automaticity of emotionafjmnt
and the role of visual awareness of the eliciting stimulus in the unfolding ofiedfe
reactions at different levels of emotional experience. Available evideowes shat
nonconscious perceptual mechanisms are sufficient for processing emsityoiadd, most
notably so far facial expressions. The clearest evidence for processingtwisual stimulus
awareness is obtained in patients with lesions to the primary visual céttexT bese
patients reliably discriminate the affective valence of facial exioresprojected to their
clinically blind visual field by guessingiffective blindsight), despite having no conscious
perception of the stimuli they are responding to (Morris et al., 2001; Pegna2€0&).
Nevertheless, it is unknown at present whether nonconscious perception of emotions in
cortically blind patients may lead to spontaneous facial reactions or to otheypdigal
changes typically associated to emotional responses.

11. Toreveal the neurofunctional correlates of category specific cq. body specific
processes and deficits.
A strong impetus for category specificity of neural substrates cooras fr
neuropsychological reports of patients with brain damage acquired in adulthood. Ehere is
well know neuropsychological deficit related to impaired face recognitiori|ddbe

prosopagnosia. These patients are impaired in recognizing faces, and vehawgéeo
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recognition at all of an individual by the face only. Brain damage occurritigeinormally
developed brain that affects face perception is often localized in occitipoteropdexd and
temporal cortex (midfusiform gyrus and inferior occipital gyrus) unili{eoa bilaterally.

The developmental counterpart of acquired prosopagnosia is how also often repateds Th
substantial similarity between acquired and developmental prosopagnosia diavieure

level but there are many other differences (see de Gelder and Rouw, 2000) fqaa sam).

It is important to specify the nature of the disorder though and this is still er roftt
debate. The short definition of prosopagnosia characterizes it as a deficé nedagnition.
But this is too broad and also too a-specific. We are in fact dealing with d thedtcaffects
recognition of personal identity from the sight of the face. Other dimensioaseof f
information are processed mostly normally, like emotional expression, visealsor
gender. In fact, a good means of defining the typical face deficit of prosopegyisosy
establishing that there exists a dissociation between the different dimeoisiacs
perception some of which are impaired while others are intact. On the other handtehere
too date only very few cases of pure prosopagnosia, where the perception and recognition
deficit is restricted to the face and does not affect in any way perceptiae@ognition of
other object categories. Thus on this axis also, a dissociation must be estabdjshiegdyre
that the perception and recognition impairment is impairment is not present for eon fac
stimuli. To establish the presence of developmental prosopagnosia the sameodisnainsi

dissociation need to be assessed.

Using body stimuli offers a chance to advance the debate on category sgegifict
matter of fact there are very few objects other than faces for whasigstlaims about
category specific representation have been made. An interesting obggcirgatot used so
far concerns human bodies. Recently, it has been shown in normal subjects that gerceivin
human bodies or body parts activates an area in extrastriate cortex, lalr@sudiate body
area (EBA) (Downing et al., 2001) and more recently a second body spedfia dhe FG
(Hadjikhani and de Gelder, 2003; Peelen and Downing, 2005) overlapping partially with the
face-sensitive one and it has been termed the fusiform body area (FBA). Tihegead and
neuro-functional similarities between perceiving faces and bodies in neurdipogaanal
observers raise the issue how bodies are processed in DP. Our second main finéimg conc
the categorical specificity of face vs. body perception in DPs. We comparedttvation of

body conditions in the face selective regions and of the face conditions in the botiyeselec
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regions between both groups. On the one hand, our findings indicate that perceiving neutral
faces results in a higher activation of EBA in the DP group, compared to thel gpatrp.
Combined with the lower activation in FFA, this increased activation in EBA migldaitedi

an anomalous processing route in the brains of DPs. It may be the case that (aeatale
processed in the areas more dominantly dedicated to body perception. Combined with the
lower activation in FFA, this increased activation in EBA might indicate an aloois

processing route in the brains of DPs. It may be the case that (heugalafagrocessed in

the areas more dominantly dedicated to body perception. On the other hand, we find a higher
activation for perceiving bodies in IOG. These combined findings indicatéhthatural
correlates of perceiving faces and bodies, as manifested in IOG and EBA kivesv degree

of specificity in DP.

12. Investigations of bodily expressionswill enrich basic clinical research and lead to the
development of new observational and diagnostic tools.

Many studies of emotional communication disorders have reported deficits in face
recognition in clinical populations as well as in psychiatric disorders. Thelselé autism
spectrum subjects, schizophrenics, mood disorders like depression and high anxiety
individuals.Autism spectrum disorder (ASD) is usually behaviorally defined as character
by mild to severe impairments in communication and reciprocal social inberastwell as
repetitive and stereotyped behaviors. Daily observations document difficulti2s#tgects
have in recognizing and appropriately reacting to other people’s emotions, whethare
communicated by facial expressions, vocal tone, gestures or bodily postures. Soese of t
characteristics have been documented experimentally but much debate r&maudiers
behavioral studies did not consistently find emotion perception deficits (Bravetralan e
1989; Capps et al., 1992; Davies et al., 1994; Hobson et al., 1988; Macdonald et al., 1989;
Tantam et al., 1989), but see (Baron-Cohen et al., 1997; Gepner et al., 2001; Grossman et al.,
2000; Ozonoff et al., 1990) recent studies taking a more fine-grained approach have
documented emotion recognition impairments mainly in the perception of negative emotions
especially fear (Ashwin et al., 2006; Baron-Cohen et al., 2000; Corden et al., 2006; Dawson e
al., 2004; Gaigg and Bowler, 2007; Humphreys et al., 2007; Welchew et al., 2005).

The above illustrates that to date, research on emotion and social communications

disorders has focused primarily on impairments in the neurofunctional processeiaizd

with viewing facial expressions. In view of reports that ASD may avoidditig to the face,
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investigations of other channels of communication look particularly promisingetéatty
performed two studies on bodily expression processing, one using still images (Hagdjikha
2009) and another videoclips (Grézes et al., 2009). The main finding of the first stugly usin
still bodies is that brain activation patterns in individuals with ASD do not show evidence of
differentiation between bodily expressions of fear and bodies engaged in ndidgra. adis
finding suggests an abnormality in the network of brain areas that are noemgdiged in the
perception of bodily expressed emotions in NT individuals, and is consistent with recent
behavioral findings of Hubert et al. (2007) who reported normal perception of point-light

displays of neutral actions in ASD, but abnormal perception of emotions.

In the study using video clips of neutral and fear expressing whole body actions
normal perception of dynamic actions in ASD was also observed. Yet thereleare c
anomalies linked to a failure to grasp the emotional dimension of the actions. Weadeasur
brain activity using fMRI during perception of fearful or neutral actions and shtve¢
whereas similar activation of brain regions known to play a role in actionppiercevas
revealed in both autistics and controls, autistics failed to activate amygudetarifrontal
gyrus and premotor cortex when viewing gestures expressing fear. Qits sepport the
notion that dysfunctions in this network may contribute significantly to the deasdic
communicative impairments present in autism. We observed that ASD subjeictefajage
cerebral regions involved in grasping the emotional meaning of the actionseheywe
suggest that this deficit may reflect an important failure of the mechanisat control
normal behavioral responses to emotional signals in the behavior of others. The ensuing
deficiency in the appraisal of emotional cues may lead to the inappropriate bdhaviora
responses and the social difficulties that are characteristic of thisapiopulThis suggestion
takes us well beyond conclusions reached in studies about communication deficifaaialng
expressions because it allows specific hypothesis about social interagiaiennents that are
so clearly present in many ASD individuals which are obviously more far regittanthe
unwillingness to attend to the face. This traditional stumble block for measuringemot

recognition is ASD can be overcome by using bodily expressions instead.

Conclusion.
We have reviewed a series of arguments in favor of substantially extending and
enriching current human emotion theories adding investigations of bodily erpsedd/e

have also highlighted the importance of new research on bodily expressions fasthieairi
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consider emotions to be closely linked to adaptive action. Finally, we have discussed s
recent studies illustrating the potential of bodily expression research for naanologjical

investigations as well as for clinical research.
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