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1. INTRODUCTION

"Dispositions follow bodily characteristics and are not in themselves unaffected by bodily impulses.
This is obvious in the case of drunkenness and illness, for it is evident that dispositions are changed
considerably by bodily affections. Conversely, that the body suffers sympathetically with affections

of the soul is evident in love, fear, grief and pleasure.” (Physiognomics 1, 805a 1-8)

1.1 The importance of Emotional Body Language — EBL

The field of Affective Neuroscience has been for a long time dominated by emotional facial
expression studies. This is a curious circumstance given the relevance of bodies and body postures
in expressing our emotional and mental states. It is, in fact, now well agreed that “emotional body
language” (EBL) plays a fundamental part during social interactions (e.g. de Gelder, 2009; de
Gelder et al., 2010; Van den Stock and de Gelder, 2014).

Yet, the roots of our awareness of the importance of the body in expressing our emotional states are
ancient. We can think of the words in the pseudo-Aristotelian treatise of physiognomics, used to
describe the interdependence between body and soul (see above). This reminds us of the ancient
Greek culture characterized by the blooming of tragedy and comedy production, famous thus far,
and by the tradition of pantomime and theatrical representations (de Gelder, 2016). This opens the
theme regarding the artistic power of body expressions, as stated by Beatrice de Gelder in her last
book “Emotions and the body” (2016), well known in numerous theatrical traditions all over the
world.

Notwithstanding the fact that at the end of the seventeenth century, two of the most important

theoreticians of emotions, Charles Darwin and William James, already focused their attention on



whole-body emotional expressions, only recently research on bodily expressions occupied a
strategic position in the field (Darwin, 1872; James, 1890; de Gelder, 2016).

Body postures can be easily comprehended and imitated. Indeed, the emotional mimicry (i.e. the
spontaneous tendency to synchronize our facial expressions with those of others) can be induced not
only by facial expressions but also by bodily gestures and postures (Magnée et al., 2007; Tamietto
et al., 2009). In addition, similarly to the Facial Action Coding System developed by Ekman and
coworkers (FACS — Ekman and Friesen, 1978), it seems possible to build a coding system capable
to measure the activation of muscular units engaged in bodily expressions’ production (BACS -
Huis in ‘t Veld et al., 2014; de Gelder & Hortensius, 2014).

Bearing in mind these firsts considerations, it is natural to think about the role of action during the
experience of emotions. The strictly link between emotion and action was already highlighted by
Nico Frijda in 1986 in his book “The Emotions”. With his theory, the “action-readiness theory of
emotions” (Frijda, 1986), he also states: “...what we loosely call "emotions" are responses to events
that are important to the individual.... First of all, those responses--"emotions"--are subjective
experiences. Their core is the experience of pleasure or pain. That core is embedded in the outcome
of appraisal, the awareness of situational meaning structure. ...Introspections produce a wealth of
statements that refer to what I call "awareness of state of action readiness". Participants report
impulses to approach or avoid, desires to shout and sing or move, and the urge to retaliate; or, on
occasion, they report an absence of desire to do anything, or a lack of interest, or feelings of loss of
control (Davitz, 1969; Frijda, 1986, 1987).” (Frjida, 1988). In few words, the core of his theory
regards these states of readiness for different kind of actions, each of which gives priority to a
specific aim.

Moreover, we should also consider that facial and bodily expressions could have a different degree
of specialization: some emotions could be better conveyed and recognized by facial expressions,

some others by bodily postures, let’s think about disgust and anger, respectively (de Gelder, 2012).



Finally, it has been recently demonstrated that isolated facial expressions could be perceived as
ambiguous, in particular in contexts of high emotional intensity, leading an observer to a wrong
discrimination between positive and negative emotions (Aviezer et al., 2012). Thus, a better
interpretation of the emotional context can be given by the encoding of the emotional information
conveyed by bodies.

Neuroimaging studies have demonstrated that visual processing of the human body is mainly
underpinned by the extrastriate body area (EBA), found in the lateral occipitotemporal cortex
(Downing et al., 2001; Peelen & Downing, 2007), and in the fusiform body area (FBA), located in
the posterior fusiform gyrus (Peelen and Downing, 2005; Peelen & Downing, 2007; Taylor et al.,
2007) and adjacent to the face-selective fusiform face area (FFA) (Kanwisher et al., 1997). Beyond
these, other regions are engaged during the elaboration of EBL. For instance, de Gelder and
coworkers (2004), investigating perception mechanisms of EBL using functional Magnetic
Resonance Imaging (fMRI), found that during observation of fearful body expressions there was not
only an involvement of emotion-related brain areas, but also of networks for action representation,
suggesting a link between emotion and action. The discovery of Mirror Neurons, whose activity is
modulated by both action execution and action observation, provided new insights into the role of
motor-related areas in perception of EBL. The putative fronto-parietal human Mirror Mechanism
(MM), comprehending inferior parietal lobule (IPL), inferior frontal gyrus (IFG), the premotor
cortex (PMC) and the superior temporal sulcus (STS) (Rizzolatti et al., 2001; Rizzolatti &
Craighero, 2004), could indeed provide the neurobiological basis for many emotional and social
cognition skills (Gallese et al., 2004; de Gelder, 2006).

Urgesi and coworkers (2007a) subsequently demonstrated, with a Transcranial Magnetic
Stimulation (TMS) study, the different role played by EBA and “mirror” regions during elaboration
and comprehension of bodily actions. Applying Repetitive TMS in order to induce the inhibition of
EBA and ventral PMC, respectively, they demonstrated that interference with EBA compromised

the ability to discriminate bodily forms, while interference with ventral PMC impaired the ability to
8



discriminate bodily actions. Hence, the EBA has a crucial role in the processing and recognition of
bodily morphological characteristics and so in the elaboration of their identity, while the ventral
PMC, as part of the MM, has a role in the processing and recognition of bodily actions. Later on,
these authors better clarified these findings demonstrating that the ventral PMC could have a role in
the configural processing of the body, suggesting how this kind of processing could imply the
mapping of the observed bodily postures representations on the sensorimotor representations of the
observer (Urgesi et al., 2007a; Urgesi et al., 2007Db).

More recently, Borgomaneri and colleagues carried out a series of TMS studies to investigate the
specific role of the motor cortex during EBL perception. In order to test the hypothesis that motor
reaction to emotional cues and motor resonance mechanisms are implemented in the motor cortex at
different times (Borgomaneri et al., 2014), they recorded motor-evoked potentials (MEPs) caused
by stimulation of primary motor cortex — M1 (left and right) at 150 and 300 ms after stimulus onset
(i.e., the presentation of fearful, happy and neutral bodily expressions), while participants
performed a categorization task. In regard to the earlier stage of processing (150 ms), results
showed an increase of motor excitability of the left hemisphere in response to fearful body postures,
and the inhibition of the excitability in the right hemisphere in response to both fearful and happy
postures, in this latter case correlated with the visual recognition of bodily expressions. At 300 ms,
they recorded an increase of motor excitability, comparable between the two hemispheres, and
similar for all the three emotional categories (dynamic happy, fearful and neutral bodily postures).
In accord with their hypothesis, these authors concluded by hypothesizing the presence of two
distinct stages of motor cortex involvement during perception of EBL (Borgomaneri et al., 2014;
Borgomaneri et al., 2015). At an early stage of processing an increased motor excitability in the left
hemisphere is involved, while in the right hemisphere are carried out visual perceptual mechanisms.
At a later stage of processing, instead, there is the implementation of motor resonance mechanisms
in bilateral M 1. Hence, the motor excitability indexed the presence of body motion in the stimulus

rather than its emotional content (Borgomaneri et al., 2014). To better investigate the role of motor
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cortex and motor reaction mechanisms in response to fearful body postures, they ran a single-pulse
and paired-pulse TMS study exploring the motor excitability in bilateral M1 at the earlier time
window in which fearful body postures and facial expressions exert a modulation of the occipito-
temporal cortex (100-125 ms) (Borgomaneri et al., 2015). Their hypothesis was to find, before the
two stages of motor cortex involvement already demonstrated, a fast suppression of motor reactions
to EBL and, in particular, to fearful body postures. Using as stimuli happy, fearful and neutral body
postures, they asked participants to categorize them. They ran three different experimental sessions
(single-pulse; paired-pulse, short intracortical inhibiton; paired-pulse, intracortical facilitation) to
investigate not only the functional state of the corticospinal system (single-pulse session), but also
the excitability of intracortical facilitatory and inhibitory circuits (paired-pulse sessions) in bilateral
MI1. They demonstrated the existence of a very fast modulation (100-125 ms) of left and right motor
cortices when observing EBL, and fearful bodily expressions in particular. This mechanism,
explicable in terms of a transient motor excitability reduction of bilateral M1 (suppression of
intracortical facilitation circuit), would reflect a fast orienting response to emotionally relevant
bodily postures, allowing perception of and subsequent motor reactions to the emotional cues and
monitoring processes (Borgomaneri et al., 2015).
Considering together the results of the two studies (Borgomaneri et al., 2014; Borgomaneri et al.,
2015), it emerges how the involvement of M1 during EBL processing could be explained by a
three-stage model (Borgomaneri et al., 2015):
1) 100-125 ms: “negative bias” or transient reduction of motor excitability (cortical level), in
response to fearful body postures in particular.
2) 150 ms: EBL starts to influence the corticospinal system; on the left hemisphere in terms of
an increased excitability, while on the right in terms of involvement of perceptual
mechanisms.

3) 300 ms: implementation of motor resonance processing.
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1.2 Models for EBL processing

In the light of the first discoveries regarding EBL, Beatrice de Gelder elaborated a “two-system”
model of emotion-behaviour connectivity (de Gelder, 2006): the first system, the primary-reflex like
network, includes the superior colliculus, pulvinar, striatum and amygdala, and supports the rapid
and automatic perception of EBL and the preparation of adaptive reflexes; the second network, the
visuomotor perception network or reflection-based network, involving lateral occipital cortex, STS,
intraparietal lobule, fusiform gyrus, amygdala and PMC, is, instead, devoted to deeply elaborate
EBL and calculate behavioural consequences of an emotion deciding for the best answer to the
stimulus. These two systems, reciprocally connected, are linked with a third system, the body
awareness system, which involves the insula, somatosensory cortex, anterior cingulate cortex
(ACC) and ventromedial prefrontal cortex. (de Gelder, 2006; de Gelder, 2016).

More recently, Amoruso and co-workers (Amoruso et al., 2011), focusing on the critical role of
human body in expressing not only intentions but also goal-directed actions, proposed a functional
neuroanatomic model for the processing of contextual goal-directed actions based on the capability
of EBA and FBA to provide perceptual information, which are then integrated in a larger fronto-
insular-temporal network. In particular, several frontal areas would update contextual information
in relation to episodic memory, while temporal regions (e.g. parahippocampal cortex and amygdala)
would index the value learning of target-context associations. In addition, the insular cortex would

coordinate internal and external contexts with an interior motivational state.
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1.3 Notes on Embodied Simulation mechanisms

The aim of this paragraph is to provide some fundamental information about the Embodied
Simulation mechanism (ES), in our opinion capable to provide a valid frame of interpretation of
EBL processing.
As previously affirmed, the MM could provide the neurobiological basis for many emotional and
social cognition skills (Gallese et al., 2004; de Gelder, 2006), hence MM might constitute the
substrate of the experiential comprehension of others allowing a direct simulation of the observed
events (Gallese et al., 2004). This means that, for example, whenever we are looking at somebody
executing an action, there is an activation of the same motor network that is involved when we
perform the same action. Specifically, during the observation, the actual execution of the action is
inhibited: “action is not produced, is only simulated” (Gallese, 2013). We could define it as an “as
if” mechanism or as action simulation (Gallese, 2001): it matches action observation and action
execution providing the same neural substrate. Since this simulation mechanism permits the
observer to understand basic motor intentions and goals of others’ actions, it emerges how it could
be considered a mechanism at the base of inter-subjectivity. Before extending this theory to the
comprehension of sensations and emotions of others, Gallese introduced the concept of shared
manifold of intersubjectivity (2001), positing that it is fundamental to recognize other individuals as
similar to us. He suggested that it can be operationalized at three different levels (Gallese, 2001):

1) Phenomenological or empathic level: it is responsible for the sense of similarity; we can

understand others’ actions, sensations and emotions because we can share them with them.

2) Functional level: simulation sequences or “as if” processes.

3) Subpersonal level: the outcome of activity of different mirror matching neural circuits.
Subsequently, it has been theorized that the same simulation mechanism could underpin also the
comprehension of others’ emotions, sensations and pains through the activation of viscero-motor

centers (e.g. insula and anterior Cingulate Cortex).
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Thus, the so-called shared manifold depends on the specific functional mechanism of ES (Gallese,
2003). These simulation mechanisms have been defined as embodied because, as stated by Gallese
(2013): “...people reuse their own mental states or processes represented in bodily format to
functionally attribute them to others.” (Gallese, 2003; Gallese & Sinigaglia, 2011).

In our opinion, as already stated for the comprehension of facial expressions, ES mechanisms,
beside the activation of related visual areas, could subtend EBL comprehension in terms of motor,
sensorimotor and viscero-motor activations allowing a direct match between the emotional bodily
posture observed and executed, hence allowing the correct interpretation of the emotion conveyed

by bodily postures themselves.
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1.4 Visual exploration mechanisms of emotional facial and bodily

expressions.

Albeit one of the aim of the present dissertation is to demonstrate the relevance of bodies and bodily
expressions in conveying emotional information, we have to first take into account the well-known

mechanisms underpinning facial expressions processing as the basis from where to start.

1.4.1 Faces

Among the techniques employed to investigate how facial expressions are processed, the
recording techniques of eye movements have been widely used to investigate how faces are visually
explored, since the gaze pattern could be considered as an index of related perceptual and cognitive
processes. By means of eye tracking techniques it is possible to evaluate the spatial distribution of
the fixations, in order to define regions of interest, assuming that they represent the more
informative cues in the stimulus. Moreover, it is also possible to measure the duration of the
fixations, considered as an index of both the quantity of information located in a specific region of
the stimulus, and of the time needed to elaborate it. Using these techniques, it is also possible to
measure the modulation of pupil diameter due to affective and cognitive information processing
(Partala & Saurakka et al., 2003). Indeed, pupil diameter can be considered as a reliable index of the
individual’s emotional state: previous studies demonstrated significant modulations in response to
emotionally salient visual and auditory stimuli (e.g., Partala & Surakka, 2003; Bradley et al., 2008;
Babiker et al., 2013).

In most cases, in order to obtain a clearer and more accurate gaze data elaboration, investigations
about faces visual processing have been developed by means of the analysis of fixations on Areas of
Interests (AOls): specific regions or single features of faces. As a matter of fact, it has been
extensively demonstrated that while looking at a facial stimulus, people tend to direct their attention

(i.e. to make more and longer fixations) to the eyes, nose and mouth. Specifically, almost 70% of
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fixations are directed to the eyes (Sullivan et al., 2007; Hsiao & Cottrell, 2008). Moreover, multiple
evidences revealed how the upper region of a face is more salient for the comprehension of negative
emotions (e.g. sadness and fear), while the lower half is more informative for the understanding of
positive emotions and, particularly, of happiness, due to the presence of the smile (e.g. Eisenbarth &
Alpers, 2011; Guo, 2012). In sum, considering Ekman’s FACS (1978), it is possible to sustain that
different facial affects could be expressed, and so perceived by others, through different facial
features providing expression-specific information (Guo, 2012).

Bearing in mind previous studies, Guo (2012) noticed a methodological problem due to the use of
stimuli displaying exaggerated facial expressions or conveying a peak of intensity, albeit during our
social interactions we more often see less intense facial expressions. Considering previous
behavioural results showing less accuracy in the interpretation of facial expressions when displayed
in low-intensity (Herba et al. 2006; Gao & Maurer, 2010), they recorded eye movements while
participants performed an emotion categorization task of facial expressions pertaining to six basic
emotions (happiness, anger, sadness, fear, disgust and surprise), displayed at different emotional
intensity. Their results showed that the performance was improved when participants saw stimuli of
high emotional intensity, with shorter reaction times and less fixations to the face than when they
saw low-intensity stimuli (the degree of the effect was dependent on the kind of expression). With
their results they also confirmed the tendency to adopt a holistic viewing strategy (the tendency to
integrate all the salient facial features in a single representations of the face) to explore and

3

categorize facial expressions: “...we tend to scan all key facial features to reliably label
expressions, and allocate most of the gaze at the eye region, followed by the nose and mouth
regions” (Guo, 2012; Guo & Shaw, 2015).

In a more recent study, Guo and Shaw (2015) took into account the role of face’s orientation and

the effect that this could have on the perception of facial intensity, demonstrating how profile faces

reduced the perceived intensity of facial expressions than when they were presented in a frontal
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view. Also in this case, the distribution of fixations was independent of viewpoint and expression
type, suggesting again the adoption of a holistic viewing strategy (Guo & Shaw, 2015).

It is worth nothing that when scanning faces, there seems to be a bias toward the left side of the
face, the so called “left-side bias”. It refers to the perceptual and attentional advantage for the left
side of an observed face (i.e. lateralization of perception) (e.g., Gilbert & Bakan, 1973; Burt &
Perrett, 1997) and, as a consequence, to the tendency of making more and longer fixations to the left
side of the observed face (i.e., the half-face at the left visual field from the point of view of the
observer) (e.g. Hsiao & Cottrell, 2008).

Mertens and colleagues, for example, demonstrated that, during a visual memory task, participants
mainly fixated to the left than the right side, but only when they looked at faces, not when they
looked at other objects, such as vases (Mertens et al., 1993). It has been argued that the left-side
bias is due to the dominance of the right hemisphere in both face processing and facial expressions
comprehension (e.g. Rossion et al., 2003). Other authors hypothesized that this bias is the result of
the interaction between the hemispheric lateralization and a directional bias of visual scanning
process, consolidated during the evolution (Vaid & Singh, 1989; Chokron, 2002).

It 1s noteworthy that only recently, researchers started to focus their attention to the investigation of
gender differences. The face is a social and emotional stimulus, as such it is reasonable to expect
significant differences in the way males and females scan this relevant stimulus considering the
hypothesized different empathic capabilities between the two genders.

Recently, Vassallo and colleagues (2009), in view of the lack of eye-tracking studies conducted to
investigate whether gender differences were dragged by a different way to orient the attention when
looking at facial expressions, aimed to clarify “...the role that visual scanning may play in the sex
differences...”. They recorded eye movements while participants (half of them males and half
females) viewed pictures of facial expressions depicting one of the six basic emotions in order to
perform a categorization task. The results showed that female were faster than male participants in

identifying the correct emotions. The authors’ interpretation was that this was due to the different
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visual scan-paths between males and females: males made more and longer fixations to less salient
regions of the faces, such as the nose or the lower face.

Although different lines of research focused their attention on other related themes (e.g., age
differences or differences between healthy individuals and patients), the aim of this paragraph was
to make the reader familiar with the major findings regarding the visual mechanisms of face
exploration in order to better understand the more recent findings about visual exploration
mechanisms of bodies and emotional body postures, noticing in the next paragraph what are

similarities and differences in their processing.

1.4.2 Bodies

As already stressed, bodies and body postures are capable to convey emotions, as they contribute,
together with faces, to express mental and emotional states of human beings (e.g., Aviezer et al.,
2008; 2012; Proverbio et al., 2014).

Nonetheless, very few studies have explored the pattern of eye movements implicated in the
recognition of bodily postures (Tao & Sun, 2013). Among them, Tao and Sun in 2013 published a
study aimed to investigate the body inversion effect through behavioural and eye tracking measures.
The body inversion effect refers to a phenomenon first discovered for faces, the so-called face
inversion effect, considered as a demonstration of the holistic processing of facial stimuli:
presenting inverted faces, participants make worse performances in categorization tasks as indexed
by longer reaction times and lower accuracy (e.g. Carey, 1992). Reed and coworkers more recently
demonstrated the same effect for bodies suggesting that holistic processing could also be
determinant for the recognition of human body postures (Reed at al., 2003). The aim of Tao and
Sun was twofold: not only to investigate which was the most viewed region of the body postures
but also whether a specific pattern of eye movements was responsible of the body inversion effect.
In order to do so they employed as stimuli biomechanically possible and impossible body postures,

both presented upright or inverted, during a recognition task (same-different task). From a
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behavioural point of view, the effect was confirmed in terms of both accuracy and reaction times for
biomechanically possible body postures, but only in terms of reaction times for biomechanically
impossible body postures. Eye-movements results demonstrated that the body inversion effect
influenced the duration of the first fixation: the first fixation was shorter to upright than to inverted
biomechanically possible body postures, while there was no significant difference between upright
and inverted biomechanically impossible body postures. The same results were obtained when
considering the total number of fixations.
With respect to the most viewed region, the authors referred a significant difference among head,
upper body and lower body: more fixations were directed both to the upper part of the body and to
the head (upright or inverted).
In sum, their results suggested that upright body postures, as faces, are processed configurally (i.e.
humans tend to adopt a holistic viewing strategy).
In the same year, Mariska Kret and colleagues (2013a), coordinated by Beatrice de Gelder,
published an interesting and original study focused on the recognition of emotions from both faces
and bodies, isolated or combined together as compound stimuli. The study was composed by three
different experiments:
1) Categorization of isolated emotional faces and isolated emotional bodies (happy, angry and
fearful).
2) Categorization of emotional facial expressions presented in compound stimuli with
emotionally congruent or incongruent emotional body postures.
3) Categorization of emotions in bodily expressions presented together with congruent or
incongruent emotional faces.
Among the techniques employed (electromyography and pupil size recording), the authors recorded
also the eye movements of participants while performing these three different tasks.
Results of first experiment showed better accuracy in recognizing facial than bodily expressions,

while gaze data demonstrated that participants looked longer at faces than at bodies, and at angry
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and fearful stimuli than at happy ones. By means of the other two experiments the authors
investigated the influence of body postures on facial expressions recognition and vice versa. The
results of the second experiment showed better performances with happy faces, while performances
with angry and fearful ones were better when presented with emotionally congruent bodily postures.
Considering gaze data, the authors created two AOIs, face and body, showing how participants
spent more time looking at face than to body; moreover, longer fixations were made to angry faces.
In conclusion, results of the third experiment demonstrated a lower accuracy for happy than for
angry and fearful bodily postures; happy bodies were better recognized when accompanied by
congruent facial expressions. Contrary to the previous task, participants spent more time looking at
the body than at the face. Gaze data also showed how participants made longer fixations to fearful
than to angry or happy faces. It is worth noting that the time spent looking at faces depended mainly
on the bodily expression: longer fixations were made when body postures expressed happiness.
With regard to the observation of bodies, longer fixations were made to angry bodily postures.
In sum, the authors concluded that angry and fearful faces and bodies attract more attention than
happy expressions, suggesting a preferential way in focusing the attentional resources to potentially
dangerous stimuli. In this regard, an interesting explanation is provided by the motivated attention
theory (Lang et al., 1997; Bradley et al., 2003). Moreover, the recognition of facial and bodily
expressions is enhanced when they are emotionally congruent, demonstrating how they could exert
a reciprocal influence, in both directions (Kret et al., 2013a).
The same authors, to confirm previous behavioural results suggesting a better recognition of
emotional bodily postures when presented in an emotionally congruent social context (Kret et al.,
2010), measured physiological responses (electromyography, eye movement and pupil size
recordings) to face-body-scene combinations. They aimed to investigate two questions:

1) “How are face and body expressions processed when presented simultaneously?”

2) “How are body expressions processed when presented in a social emotional context?”
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In a first experiment they asked participants to freely explore images depicting face-body
compound stimuli expressing congruent or incongruent emotions (anger, happiness, fear).
Considering gaze data to the body, the kind of the emotion influenced how participant explored the
body: they attended more to angry and fearful than to happy bodily postures. Testing the interaction
with faces, results showed that longer fixations were made to bodies when they were incongruent
with a happy facial expression. When looking at faces, a congruence effect emerged only when they
were accompanied by angry than by happy or fearful bodies.

In a second experiment participants were asked to categorize the bodily emotion situated in a
congruent or incongruent emotional context. Results showed that, when the context was neutral,
participant made longer fixations to angry than to happy bodies.

In the last experiment, the task was the same as the second, but the presentation times of the stimuli
were different, forcing participants to adopt faster recognition mechanisms. As previously
demonstrated, accuracy was higher when bodily postures and context were emotionally congruent.
Taken together, these results showed that the perception of and the reactions to facial and bodily
expressions are influenced by the surrounding natural context. In particular, confirming results of
the previous study and in line with the motivated attention theory (Lang et al., 1997; Bradley et al.,
2003), the attention and the reactions of the observers are captured when the emotional information
conveyed by such stimuli is about threat and anger, both suggesting incoming dangerous situations

(Kret et al., 2013b).
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1.5 Time course of EBL processing: EEG studies.

Regarding the temporal dynamics of visual body processing, electrophysiological literature showed
that the structural visual encoding of human bodies and body parts, as for faces, is indexed by a
negative component (the N170) at occipitotemporal electrodes peaking in a range between 140 and
230 ms after stimulus presentation (e.g. Bentin et al., 1996; Stekelenburg and de Gelder, 2004;
Meeren et al., 2005; Peelen & Downing, 2007).

Stekelenburg and de Gelder (2004), for example, conducted an electrophysiological investigation to
study whether the body inversion effect, as a demonstration of the configural strategy of stimulus
processing, was reflected in the N170, at that time thought to be specific for face structural
encoding. They used as stimuli pictures of bodies (without head, fearful or neutral), faces (fearful or
neutral) and objects, half of which were presented upright while the other half were presented
inverted. Participants were asked to categorize each stimulus as upright or inverted. Results showed
that the N170 was equally modulated by both inverted bodies and faces, as indexed by higher
amplitude and longer latency. This, with a similar distribution on the scalp, suggested the possibility
to consider the N170 component as an index of the early structural encoding of both faces and
bodies. With regard to the influence exerted by the emotional content of the stimuli, results revealed
a different pattern of amplitude modulation: while for faces there was an effect on the N170 and on
other two early components (occipito-temporal P2 and fronto-central N2), fearful bodies modulated
the vertex positive potential (VVP) on frontal sites and a sustained fronto-central potential at longer
latency (Stekelenburg & de Gelder, 2004). Authors’ opinion was that this difference was due to the
absence of the head in the bodily postures, which made these stimuli harder to recognize and more
ambiguous, requiring a prolonged attention to such stimuli for a correct elaboration. However,
looking at the bodily stimuli employed by Stekelenburg and de Gelder, the first thing catching the
eye is the difference between neutral and fearful bodily postures in terms of their implicit

movement: while neutral bodily postures were almost static, fearful ones were on the contrary
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dynamic. This implied the doubt that the emotional effect “may have resulted from the difference in
perceived implicit movement, instead of the presence of emotion per se.”, as stated by van
Heijnsbergen and colleagues (2007). Hence, they set up a new ERP study aiming to disentangle this
possibility. They used as stimuli static images taken from dynamic videos showing actors executing
an instrumental action, with or without fearful expression, and a scrambled version of the same
stimuli, to verify if low-level properties could provoke differences in the amplitude of another early
component, called P1, responsive to the physical characteristics of the stimulus. Results showed that
both realistic and scrambled images elicited an occipito-temporal P1, while the N170 and the VVP
emerged only in response to realistic images. In addition, P1 and VVP were modulated by the
emotional content of realistic bodily postures, as indexed by faster latency in response to fearful
bodily postures as compared to neutral ones. In conclusion, P1 and VVP, the positive counterpart of
the N170, but not the N170, were sensitive to the expressed fear, indexing a rapid and preferential
elaboration mechanism for fearful content conveyed by bodies, reasonable from an adaptive point
of view (van Heijnsbergen et al., 2007).

To date, whether the N170/VPP and P1 are modulated in terms of latency and amplitude by the
emotional content of bodily postures (not only fear-related), it has to be still clarified.

Recently, Bohrani and colleagues (2015) used as stimuli images depicting static bodily postures
(without movement or emotional content), bodily postures with implicit movement, and bodily
postures with both implicit movement and emotional content (happy or fearful). Their aim was to
investigate whether the early stage of structural processing could be influenced by motion and
emotion information conveyed by bodily postures. Furthermore, by means of the lateralized
presentation of the stimuli (to the left or to the right with respect to the central fixation point), they
explored also the different contribution of each hemisphere in bodily postures elaboration.
Participants were asked to categorize each stimulus as non-emotional (static or neutral) or
emotional (happy or fearful). Results showed that the stage of structural encoding of the stimulus,

indexed by the N190, was modulated by both kinds of content. With regard to the lateralization
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effect, it emerged that on the right hemisphere the N190 was modulated by both motor (higher
amplitude in response to dynamic stimuli) and emotional information (higher amplitude in response
to fearful bodily postures); on the other side the left hemisphere showed only motor modulation.

Authors measured also an additional negative component, the Early Posterior Negativity — EPN,
recorded at occipito-temporal sites around 150 ms, but better defined between 250 and 300 ms after
stimulus onset, which is typically elicited by emotional negative stimuli and it is considered as an
index of the attentional involvement caused by salient stimuli (Calvo & Beltran, 2014; Friihholz et
al., 2011; Olofsson et al., 2008). It was of higher amplitude in response to fearful bodily postures on
both the hemispheres, indexing an increased processing of motivational and adaptive relevant
stimuli. Hence, these results are a first demonstration of how, during an early phase of bodily
postures visual encoding, it is possible to distinguish between bodily postures conveying motor
information and bodily postures expressing emotional information. In conclusion, the authors
hypothesized that this information are rapidly extracted from visual stimuli and that they carry out a
fast top-down modulation on neural processing mechanisms reflecting the structural encoding of

such stimuli (Bohrani et al., 2015).

Concerning the stage of processing of semantic information conveyed by bodies, previous ERP
studies investigated the time course and the neural correlates underlying elaboration of action’s
meanings, intentions and rules of execution by means of N400 modulation.

The N400, a negative component peaking around 400 ms after a meaningful stimulus onset, was
first discovered by Kutas and Hillyard (1980), in response to semantically anomalous words at the
end of a sentence, and from that time on, the characteristics of this component in the language field
have been deeply investigated.

So far, two main views have been developed to explain the N400 effect: the integration view and
the lexical view (Lau et al., 2008). The first one postulates that the N400 effect is elicited by a

process of semantic integration of a target word with the context (combinatorial process), hence
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N400 amplitude is higher in response to semantically inconsistent sentences because the integration
process is harder than in congruent contexts. The lexical view assumes, instead, that the N400 effect
reflects the preferential activation of representations stored in long-term memory and associated
with a lexical item: anomalous sentences are more difficult because it is harder to recall from
memory unpredictable words in context. Anterior and posterior temporal cortices, together with the
inferior frontal cortex seem to constitute the anatomical framework for semantic processing (Lau et
al., 2008). While posterior temporal cortices, with the Middle Temporal Gyrus, are hypothesized to
be involved in storage of lexical representations, the anterior temporal cortex would sustain
combinatorial operations and semantic integration processes with the context. Finally, the IFG
seems to be the best candidate for semantic processing (Lau et al., 2008).

It is noteworthy that the N400 is not only sensitive to semantic and linguistic processing (e.g. Kutas
& Federmeier 2000; Lau et al., 2008; Forgacs et al., 2015), but also to communicative gestures (e.g.
Fabbri-Destro et al 2014; Proverbio et al., 2015), to perception of anomalous or incongruent images
with context and expectations, or to violations of world-knowledge of the observer (e.g. Sitnikova
et al., 2003; Reid & Striano, 2008; Proverbio & Riva, 2009; Proverbio et al., 2010; Proverbio et al.,
2012).

Only recently, a study from Proverbio and colleagues (Proverbio et al., 2014) investigated the time
course and the neural correlates underlying the comprehension of EBL, by analysing the
electrocortical indexes recorded during an image categorization task. ERPs were recorded in 30
participants while viewing 280 full-body pictures of actors displaying a particular mood or
emotional state, which could be congruent or incongruent with an immediately preceding verbal
description. The results showed that incongruent images elicited an anteriorly distributed N400
(380-460 ms) reflecting the recognition of incongruent affective body language, starting as early as
300 ms post stimulus. The analysis of the inverse solution swLORETA applied to Incongruent
minus Congruent difference wave in the time window corresponding to the anterior N400, showed

the activation of the right rectal gyrus (BA11) of the ventromedial orbitofrontal cortex, the bilateral
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uncus (limbic system) and the cingulate cortex (BA 23), the cortical areas underpinning face and
body processing (STS, FFA and EBA) and PMC (BA®6), which is involved in action comprehension
and representation. Of note, these findings remind us of the three networks proposed by De Gelder
(de Gelder, 2006) and are in accord with recent neuroimaging findings (de Gelder, 2009; Kana &
Travers, 2012).

In this case, stimuli were full-body images: i.e. face was shown as a part of the whole body. Even
though we usually perceive human bodies and faces as a whole, integrating them in a unified
percept, they should be considered as two different categories of stimuli, since they are underpinned
by neural networks that, although strictly linked, seem to be distinct (Peelen & Downing, 2007).

So far, a large amount of electrophysiological studies investigated the temporal characteristics and
the neural correlates of face processing and of emotional facial expression comprehension (e.g.
Balconi & Pozzoli, 2003; Batty & Taylor, 2003; Williams et al., 2006), while few of them explored
the time course and the neural correlates of EBL (e.g. Proverbio et al., 2014; Bohrani et al., 2015),
and even less investigated the characteristics of the integration process between affective
information conveyed by both face and body (e.g. Meeren et al., 2005; Gu et al., 2013;).

With regard to the integration process between affective information conveyed by both face and
body, Meeren and coworkers (Meeren et al., 2005) studied the influence of EBL on the perception
of facial expressions by using as stimuli face-body compound images displaying the same or
different emotional expressions. They analysed the early electrophysiological indexes recorded
while participants attended to the face and performed an emotional expression categorization task.
Behavioural results indicated an improvement in the task when face and body expressed the same
emotion, while when there was an incongruence participants showed a bias in judging emotional
facial expression toward the emotion displayed by the body, demonstrating that an integration of
affective information took place. ERPs results, showing an higher amplitude of the occipital P1
component in response to incongruent stimuli, suggested that the integration process could happen

very early.
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In a more recent study, Gu and coworkers (Gu et al., 2013) investigated the same process adding a
further question about the role of attention. ERPs were, indeed, recorded while participants
observed face-body compound stimuli in two different experiments: in the first one they had to
categorize the emotion expressed by the face, while in the second they had to categorize the bodily
expression. Here too, results showed that the integration of emotional information conveyed by face
and body starts early, and that the attention biased it only during later stage of processing.

These studies, however, focused their attention on the modulation due to the integration process of
affective information conveyed by faces and bodies, of early ERP components, and did not explore

which were the neural generators involved.
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2. STUDY 1

Visual exploration mechanisms during the categorization of emotional

facial and bodily expressions.

In the light of the background exposed in the first chapter and considering the lack of previous eye-
tracking studies focused on the visual mechanisms subtending visual exploration of bodies and

EBL, the aims of the present study were manifold:

1) To investigate the patterns of visual exploration during the observation of facial and bodily
expressions, clarifying the characteristics of the visual mechanisms during Emotional Body
Language processing.

2) To investigate the influence of the gender of participants on these mechanisms.

3) To validate stimuli (facial and bodily expressions) to be used in a further EEG experiment.

2.1Materials and methods

2.1.1 Participants

33 participants took part to this study (14 female), age range between 20 and 35 years (M=24.2,
Standard Deviation — SD = 4.04), composed by two experiments.
During the first experiment we presented only bodies and the final sample was composed by 21
participants (11 females) (M=23.7, SD = 3.3); during the second experiment we presented only

faces and the final sample was composed by 24 participants (11 females) (M=24.9, SD = 4.5).
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All participants had normal or corrected to normal vision. Their handedness was assessed by the
Edinburgh Inventory Questionnaire (Oldfield, 1971), reporting right-handedness in all participants.
Ocular dominance of all participants was also assessed by a means of a practical test. The study has

been conducted according to the principles expressed in the Declaration of Helsinki.

2.1.2 Stimuli

Stimulus materials were generated by taking ecological pictures of emotional faces and body
postures. Eight semi-professional actors (4 males and 4 females), age range 23-34 years, were asked
to display happiness, sadness or a neutral condition. Actors were asked to wear black clothes (t-shirt
and trousers) without drawings or writings which could have been potential distractors.

We obtained 338 pictures of faces and bodies (172 (86 females, 84 males) and 166 (82 females, 84
males), respectively) (Fig. 1 e Fig. 2). Photographs were taken in a classroom while the actors stood
in front of the camera in a black hall in light-controlled conditions. A set of standardized
instructions was given to each actor indicating that they should spontaneously express happiness,
sadness and a neutral condition, getting 51 neutral (26 females), 60 happy (31 females) and 61 sad
faces (29 females), and 55 neutral (30 females), 53 happy (24 females) and 58 sad (28 females)
bodies. The pictures were processed with Adobe Photoshop to remove the head from the body and
to ensure homogenous grey background (R:128, G:128, B:128), faces size and bodies sizes.

Stimuli had the final dimension of 615 x 800 pixel for bodies (17 x 22 cm) and of 1024 x 768 pixel

for faces (28 x 20 cm), in order to fit well with the screen resolution (1280 x 800 pixel).
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Figure 1: example of face stimuli displaying sadness, happiness and a neutral condition, respectively.
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Figure 2: example of body stimuli displaying sadness, happiness and a neutral condition, respectively.
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2.1.3 Apparatus

For eye movement recording, we used Tobii X50 with 50 Hz of sampling frequency and 0,5° of
accuracy. During tracking it uses near infra-red light emitting diodes (NIR-LEDs) to generate
lighting and reflection patterns in the eyes of the subject. (Tobii Technology AB, 2006).
ClearView 2.7.1 was used to collect number and duration of fixations and to manually created
Areas of Interest (AOIs). For faces we based on the existing literature and on the inspection of the
visual scan-path (e.g., Guo e Shaw, 2015; Guo, 2012; Eisenbarth & Alpers, 2011; Vassallo et al.,
2009).
To make Tobii X50 properly work, some physical parameters of configuration needed to be
defined; this was possible by filling geometrical information (screen dimension, angle between the
camera axis of the eye tracker and the imaginary calibration plane, perpendicular distance from the
calibration plane to the front edge of the Tobii X50) (Tobii Technology, 2006) in a specific tool of

configuration (see Fig. 3).
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Figure 3: Tobii XS0 Configuration tool.
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We created six AOIs: forehead, corrugator, eye left, eye right, nose and mouth. To draw each AOI
we adopted consistent criteria in order to guarantee similar AOI dimensions among participants,
taking into account variations due to different facial expressions.

Specifically, the eye region included the eyes, eyelids, and eyebrows; the corrugator region
included the glabella; the forehead region extended from the hairline to the brow ridge; the nose
region included nasion, rhinion, naris and columella; the mouth region consisted of the main area of

the mouth (from the philtrum to the middle of the chin) (Fig.4).

Figure 4: AOIs created for face stimuli.

To create the AOIs for bodies, because of the small number of previous studies, we adopted an
explorative approach, following the inspection of the visual scan path and creating seven AOIs:
hand left, hand right, upper left, upper right, lower left, lower right and face.

We also drew the AOI for the face region, although there was no head in our stimuli, in order to
investigate if our participants needed in any case the information from the face to better
comprehend the emotion expressed by the body.

We adopted consistent criteria in order to guarantee similar AOI dimensions among participants,

taking into account variations due to the different bodily structures of the actors.

32



Specifically, the hand region included all the fingers and it extended to the wrist; the upper regions

included neck, shoulders, chest, torso and arms; the lower regions included legs and feet (Fig. 5).

Tracking by Tobii

Figure 5: AOIs created for body stimuli.

To be more specific, the reader should know that with the terms left and right we refer to the left
and right from the point of view of the observer (i.e. left and right visual field) and not to the left
and right of the stimulus.

We used a double monitor configuration: one for the experimenter (20,5 cm X 33 cm) to control
and evaluate the accuracy of the experimental procedure, and the other one (29,5 cm X 47 cm) for
stimuli presentation to the participants, both connected with Tobii X50, and with screen resolution

of 1280 x 800 pixel.
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Participants were seated 60 cm from the monitor where Tobii X50 was placed. After that, we
evaluated their correct position in front of the Tobii eye-tracker by means of the “track status
meter”.

To calibrate eye movement signals, a small blue fixation point was displayed randomly at one of 5
positions across the monitor. This procedure is necessary for an accurate estimation of the
participant’s gaze point (Tobii Technology, 2006).

A fixation was regarded as an eye position remaining within a 37-pixel area (calculated using the

degree to pixel fixation radius converter, www.pitt.edu/~tol7/res/research/deg-to-pix/ ) for 100 ms

or longer. In this way we modified the suggested parameters by Tobii Technology (2006) to define
fixations when using as stimuli mainly images (fixations radius: 1.6°; duration: 200 ms). We based
our choice on more recent literature recommending to adopt a spatial value between 0.7° and 1.3°,
and a minimum duration value between 100 and 200 ms (Blignaut & Beelders, 2009; Blignaut,
2009; Manor & Gordon, 2003; Salvucci & Goldberg, 2000).

Blinks were defined as loss of ocular data for tree or more sample in a sequence.

The number and duration of fixations reflects the time spent processing visual information at an

AOL

2.1.4 Procedure

For each experiment we created two different presentations (A and B for faces, C and D for
bodies), in each of which stimuli were randomized. Hence, to each participant were shown two
experimental sequences, one for each experiment (i.e. one for faces and one for bodies). The order
of experiments’ presentation was counterbalanced among participants, and we did the same for the
sequences within each experiment (A vs. B for faces, C vs. D for bodies).
Participants sat on a comfortable chair at a distance of 60 cm from the screen. They could wear
glasses or contact lenses during the recording because they do not interfere with eye-tracking

activity (Tobii Technology, 2006). In order to maintain light-controlled conditions and to help the
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eye recording, the experiment was conduct in a dark room, with only one light on, coming from the
back.

We recorded eye movements while participants carried out an emotion categorization task, paying
attention to naturally explore each image avoiding eye blinks during stimulus presentation. They
could blink during a 1 second grey background between each stimulus (Inter Stimulus Interval).

For each stimulus, presented for 3 seconds on the screen, they had to respond aloud as accurately
and quickly as possible whether the expression was happy, sad or neutral. Besides these labels we
added another one, “none of these”, in order to avoid that the choice for a particular option would
have been due to the proposed form of answers (Frank & Stennet, 2001; Tracy et al, 2009).
Meanwhile, the experimenter wrote down the answers. These behavioural data were used to
evaluate the emotional recognition accuracy of both facial and bodily expressions.

At the beginning of the sequence there was a black fixation cross of 2000 ms duration (Green et al.,

2005; Horley et al., 2004) (see Fig. 6).

2000 ms

2000 ms

3000 ms

Figure 6: Experimental paradigm for the two experiments.
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2.2 Eye movements analyses

In order to run the analyses on the visual scan path that participants adopted for each of the three
emotional categories to be recognized, we analyzed fixation distribution at local facial and bodily
regions for individual expressions using data only from accurate categorization trials.

Since sometimes the actors crossed their hands to display the requested emotion with their body, we
decided to discard the related stimuli for the eye movements analyses in order not to confound any
lateralization effects. As a consequence, the final number of body stimuli used for the analyses, for
each category, was as follows: 43 Sad, 49 Neutral, 50 Happy.

Eye movement data recorded during the first stimulus presentation, were not included in the
analyses to avoid influences of the initial fixation cross position (Guo, 2012; Kret et al., 2013a;
2013b).

We analyzed normalized data: number and duration of fixations directed at each feature was
normalized to the total number and total duration of fixations of each trial for each participant.
Different Repeated-measure ANOVA were conducted to analyze data including as WITHIN -
Factors: Emotion (3 levels: Neutral, Happiness, Sadness) and AOI (6 for faces, 7 for bodies), and as
BETWEEN- Factor the Gender of the participants (2 levels: Male or Female).

To compare total number and total duration of fixations between bodies and faces (obtained by the
sum of number and duration, respectively, of all fixations made on the stimulus by each participant,
and for each emotion), we considered as WITHIN — Factors: Emotion (3 levels: Neutral, Happiness,
Sadness) and Stimulus (2 levels: Face or Body), and as BETWEEN — Factor the Gender of the
participants (2 levels: Male or Female).

Multiple comparisons of the means were performed with Newman-Keuls test.

If data violated sfericity assumption, we reported Greenhouse-Geisser (€ <.75) or Huynh-Feldt (€ >

.75) corrected values.
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We performed Correlation analyses between total duration and total number of fixations within
each emotion, for both faces and bodies. If data violated normality assumption, we ran Spearman’s

correlation analysis instead of Pearson’s.

2.3 Results

2.3.1 Faces

Duration of fixations

The ANOVA revealed a significant main effect of AOI (Fig. 7) (F(2.4,529=23.453; p = .000):
participants spent longer time viewing eye left, eye right and nose, not significantly different from
each other (M=24%, SE=.03; M=28% ms, SE=.03; M=22%, SE=.02) but significantly different

from the other AOIs (mouth, corrugator, forehead) (p < .0004).
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Figure 7: Faces — Duration of fixations. Main Effect of AOI

(please see longer durations to eye left, eye right and nose).

Please note that values on Y axis are expressed in percentages.

The asterisks indicate the main differences for the purposes of our discussion. Error bars are SE.
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Number of fixations

More fixations were made to eye left, eye right and nose, as indicated by the significant main
effect of AOI (F3, s0.8) =27.054; p = .000); there was no significant difference in the number of
fixations made among them (M=25%, SE=.03; M=27%, SE=.03; M=23%, SE=.02) but only with
the other AOIs (p <.0002) (Fig. 8).

The mouth AOI (M=9%, SE=.02) was significantly different from all the other AOIs (p <.04).
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Figure 8: Faces — Number of fixations. Main Effect of AOI

(please see longer durations to eye left, eye right and nose).

Please note that values on Y axis are expressed in percentages.

The asterisks indicate the main differences for the purposes of our discussion. Error bars are SE.
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Correlation between total duration and total number of fixations
The results showed a significant correlation for Neutral (r = .41, p= .04), for Happiness (r =
41, p = .04) and for Sadness (r = .41, p = .04): the longer the duration, the higher the number of

fixations and vice versa.

2.3.2 Bodies

Duration of fixations

The ANOVA revealed a significant main effect of Emotion (F(; 45,275=6.235; p = .01): longer
fixations were made to Neutral and Sad stimuli (M=13%, SE=.006; M=13%, SE=.005) followed by
Happy (M=