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ABSTRACT 

When interacting with others, we often use bodily signals to communicate. 
Among these signals, pointing, whether with the eyes or the hands, allows 
coordinating our attention with others, and the perception of pointing 
gestures implicates a range of social cognitive processes. Here, we review 
the brain mechanisms underpinning the perception and understanding of 
pointing, focusing on eye gaze perception and associated joint attention 
processes. We consider pointing gesture perception, but leave aside 
pointing gesture execution as it relates to a distinct area of cognitive 
neuroscience research. We describe the attention orienting effects of 
pointing and the neural substrates for the perception of biological cues. 
We consider the multiple high-level social cognitive processes elicited by 
pointing gesture perception and examine how pointing gestures are 
related to the general taxonomy of gestures. We conclude by emphasizing 
that pointing is a social phenomenon and that a full account of pointing 
will require an integrative approach taking into account the distinct 
perspectives from which this phenomenon can be investigated. 
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Introduction 

In cognitive neuroscience, social cognition refers to the processing of 
information related to conspecifics. It encompasses an array of different but 
overlapping cognitive processes, among which social attention appears as a 
linchpin phenomenon. The study of social attention has benefited from the 
junction of distinct disciplines and from the recent advances in brain imaging. 
Here, we will review distinctive neurocognitive aspects of social attention. 
Most of this research has focused on eye gaze perception, viz. pointing with the 
eyes. However, pointing gestures, e.g. pointing with the hands, are equally 
important and will also be considered. Social attention involves multiple, 
intimately intricated, cognitive processes. The current approach has examined 
these processes separately, but efforts are now taking place to conceive a more 
realistic model that considers the complexity and richness of social behavior. 
The first section describes the attention orienting effects of eye gaze and 
pointing gestures perception. Next, we review some evidence of brain systems 
dedicated to the perceptual analysis of biological cues. Finally, we describe 
high-level socio-cognitive processes, such as joint attention, associated with 
pointing gesture processing, and we relate pointing to gesture comprehension. 
We conclude that the cognitive neuroscience approach must be tied together 
with other disciplinary approaches in order to give a full account of pointing as 
a social phenomenon. 

1. Attentional effects of eye gaze and pointing gestures 

Behavioral aspects of attention orienting 

Attention orienting entails selectively allocating cognitive resources to detect 
and process a given aspect of the environment. Current neurocognitive models 
suggest that different types of attention involve distinct, although overlapping, 
brain regions. These models distinguish top-down processes that are driven by 
knowledge, expectations, and goals, from bottom-up processes that are driven 
mainly by the properties of the stimulus and its sensory context. Top-down 
factors are held to elicit endogenous (or voluntary) attention because they 
imply knowledge activation to elicit attention orienting (e.g. orienting to 
arrows implies – in principle – knowing the symbolic, directional meaning of 
arrows). By contrast, attention orienting induced by the sensory properties of 
stimuli (e.g. a sudden peripheral flash of light) are said to be exogenous (or 
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reflexive) and to be related to bottom-up processing (for reviews see Corbetta 
et al., 2002; Raz & Buhle, 2006). 
 When interacting with others we automatically detect and almost 
systematically follow their focus of attention (Frischen et al., 2007, Klein et 
al., 2009; Nummenmaa et al., 2009). Attention orienting elicited by the 
perception of others' attentional focus has been studied using faces as cues to 
orient an observer's attention in variations of the classical attention cueing 
paradigm of Posner (1980). Typically, a face cue with its eyes directed to one 
side of the display is presented centrally. A target requiring a speeded response 
then appears to the left or right side of the display. Targets items elicit more 
rapid responses when they appear in a location congruent with the direction of 
the eye gaze rather than in the opposite location. This occurs even when eye 
gaze direction is unpredictive (Friesen & Kingstone, 1998) or 
counterpredictive (Driver et al., 1999; Downing et al., 2004; Friesen et al., 
2004) of target location, thus disclosing its reflexive nature. However, this 
attentional effect is not purely exogenous. Indeed, exogenous attention 
orienting is usually associated with an “inhibition of return” (IOR) effect: 
When the time interval between the cue and the target stimulus (viz. the 
stimulus-onset asynchrony, SOA) exceeds a few hundreds of milliseconds, the 
responses to the congruent targets become slower (instead of faster) than those 
to the incongruent targets, reflecting a sort of refractory period of attention at 
the previously cued location, which is known as the IOR effect and considered 
as a hallmark of exogenous attention. The IOR effect was not found following 
attention orienting by eye gaze (Friesen & Kingstone, 1998; Driver et al., 
1999; Frischen & Tipper, 2004) and some studies demonstrated independent 
and co-occurring effects of attention orienting by eye gaze and IOR (Friesen & 
Kingstone, 2003). These findings suggest that eye gaze does not elicit a 
typical exogenous orienting effect. 
 Moreover, the contribution of endogenous attention to the orienting effect 
elicited by eye gaze has been investigated by comparing eye gaze cues and 
symbolic cues such as arrows. Although there is some evidence that arrows may 
elicit some form of reflexive orienting (Muller & Rabbitt, 1989; Tipples, 
2002), this latter type of cues is held to elicit mostly endogenous orienting. 
Indeed, insofar as a symbol is something that represents or stands for 
something else — usually by convention or association (Mehu et al., 2012), 
decoding the directional meaning of an arrow relies on previous knowledge of 
what it represents. When the orienting effects of arrows and eye gaze are put 
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into competition with voluntary orienting, orienting to arrows is abolished 
whereas orienting to eye gaze direction persists (Friesen et al., 2004). This 
study also showed that both voluntary attention and orienting to eye gaze can 
co-occur, suggesting that attention orienting triggered by eye gaze may not be 
simply an over-learned form of voluntary orienting either. 
 In sum, the available evidence suggests that attention orienting associated 
with eye gaze perception may be subtended by a distinct system from that 
subserving endogenous and exogenous attention, thus emphasizing the 
singular nature of the attentional processes elicited by perceiving eye gaze. 
 Gestures are another important source of attentional information from 
others (Kendon, 1994). Some authors suggest that understanding pointing 
gestures may require cognitive developmental changes related to the 
understanding of symbols (Butterworth, 1995), for instance, changes in 
representational thinking (see De Loache, 1991). This will be further 
developed later. If pointing gestures require symbolic decoding, they should 
elicit different attention orienting effects in comparison to eye gaze because 
additional stages of processing are involved. However, pointing gestures elicit 
rapid attention orienting similar to that triggered by eye gaze (Fischer & 
Szymkowiak, 2004; Belopolsky et al., 2008; Sato et al., 2009). Furthermore, 
interference studies have shown that pointing gestures and eye gaze share 
some attentional properties. There are mutual interference effects elicited by 
the perception of pointing gestures and of eyes/head gaze orientations on the 
processing of directionality (Langton & Bruce, 2000). However, it has been 
shown that at least some pointing gestures, such as thumb gestures, may not 
bear an intrinsic directional meaning. When participants are asked to 
categorize thumb gestures as thumbs-up or thumbs-down, there is no 
interference of the gaze orientation (conveyed by the eyes and head) on the 
requested categorization; this suggests that gaze orientations and thumb 
gestures bear independent meanings, the former being intrinsically directional 
while the latter is dependent on task demands (Langton & Bruce 2000). This 
suggests that pointing gestures can elicit fast attention orienting effects but 
these are dependent on the interpretation of these gestures as directional. 
 Overall, the attention orienting effect elicited by pointing gestures do not 
seem as ‘irrepressible’ as the one elicited by eye gaze although additional 
studies are required to further clarify the differences between the attentional 
effects of eye gaze and pointing gestures. 
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Neural aspects of attention orienting 

Current neurocognitive models state that attention is underpinned by the 
dynamic interaction of two partially segregated brain systems: One system is 
centered on the dorsal posterior parietal and frontal cortices; it involves the 
selection of sensory information and responses, thus underpinning 
endogenous attention processes. The other system is largely lateralized to the 
right hemisphere and centered on the temporo-parietal and ventral frontal 
cortices; it is recruited during the detection of behaviorally relevant sensory 
events, particularly when they are salient and unattended; it is thus involved in 
exogenous attention (for a review see Corbetta et al., 2000). Exogenous 
orienting also implicates a mesencephalic structure of the brain, the superior 
colliculus, that may be responsible for the IOR effect (e.g. Sapir et al., 1999). 
 Attention orienting elicited by eye gaze involves an extensive brain network 
encompassing the endogenous and the exogenous systems, with the respective 
contribution of each system still to be clarified. The absence of gaze cueing 
effects in patients with frontal lobe damage (Vecera & Rizzo, 2004) and brain 
imaging studies (e.g. Nummenmaa et al., 2010) suggest that voluntary 
attention contributes to the attention orienting triggered by eye gaze. Yet, the 
attentional effects of gaze seem to be rooted in a different neural organization 
from that subtending endogenous orienting by symbolic cues. Eye gaze 
perception activates a more reflexive attentional system than the one activated 
by arrow perception (Hietanen et al., 2006, 2008; Engell et al., 2010). 
Furthermore, it has been shown that orienting by eye gaze and exogenous 
orienting engage similar cortical mechanisms (Greene et al., 2009). On the 
other hand, neuropsychological studies have shown that reflexive orienting 
induced by eye gaze shift depend more on cortical than subcortical 
mechanisms (Kingstone et al., 2000; Ristic et al., 2002), thus suggesting that 
eye gaze perception activates an atypical type of exogenous attention system. 
In sum, although this needs confirmation, it seems that the specificity of 
attention orienting effects induced by eye gaze perception may lie in the 
relative strength with which the endogenous (Tipper et al., 2008; Brignani et 
al., 2009) and exogenous attention (Nagata et al., 2012) networks are 
engaged.  
 Attention orienting by eye gaze selectively activates the superior temporal 
sulcus (STS), a major sulcal landmark in the temporal lobe (Kingstone et al, 
2004). This structure may be involved in the processing of biological 
information (see section 2). Both eye gaze and pointing gestures elicit 
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activation in the STS when they are perceived as directional cues (Materna et 
al., 2008). Furthermore, the perception of eye gaze, arrows and pointing 
gestures compared to their non-directional counterparts, elicits similar cortical 
activations (Sato et al., 2009). In this study, STS activation was, however, less 
robust for pointing gestures than for eyes and arrows. Event related-potential 
(ERP) studies show similarities in the neural architecture subtending the 
attentional effects of eye gaze and pointing gestures. The ERP patterns 
associated with congruent and incongruent pointing gesture and eye gaze cues 
are closely similar, and they may involve the STS (Gredebäck & Melinder, 
2010). Conversely, there is also evidence that suggest there are distinct neural 
substrates for eye gaze and pointing gesture processing. For instance, a 
repetition-suppression paradigm demonstrated that responses to eye gaze 
shifts could not be suppressed by pointing gestures (Bayliss et al., 2011), 
suggesting that attentional changes induced by pointing gestures were not able 
to modify the neural responses to eye gaze. Thus, although the directional 
processing of pointing gestures and eye gaze relies on a partly common neural 
network, involving in particular the STS (Puce & Perrett, 2003), there seems 
to be some neural specificity of attentional processes associated with eye gaze 
(Wheaton et al., 2004). 
 It is conceivable that social attentional processing relies not only on a 
specialized attentional system, but also on general attentional mechanisms that 
receives particularly rapid or dominant inputs from sensory regions processing 
social (as compared to non-social) signals (see Heyes, 2003 for an analogous 
view). Our exquisite sensitivity to signals from others seems to be reflected by 
the activation of specific brain regions at the very early stages of processing. In 
other terms, the specificity of pointing may originate from the involvement of 
specific brain regions attuned to detect biological cues. 

2. Visual processing of eye gaze and pointing gestures 

In the early neuroscientific era, researchers evaluated the neural responses to 
visual stimulations with the idea that if neurons responded selectively to certain 
categories of visual stimuli, then they should represent something of the 
perceptual categorical meaning of these stimuli. In the 60's and 70's, seminal 
studies of Charles Gross and colleagues described cortical cells selectively 
activated by faces and hands (Gross et al., 1969, 1972), supporting the 
concept of ‘the grandmother cell’ – a neuron (or a small group of neurons) 
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responding only to a specific, complex, and meaningful stimulus (Gross, 
2002). The idea that perceptual experience could be rooted in the activity of 
such small neuronal assemblies has been fairly criticized. However, current 
evidence supports the notion that some specialized brain regions play a major 
role and may contribute directly to the meaningful experience of perception. 
Abundant evidence from human brain lesion data, non-human primate data as 
well as brain imaging indicates that the human brain is particularly sensitive to 
biological cues such as the human body and its parts. 
 An ongoing debate in neuroscience is whether the brain represents and 
processes information in a modular or in a distributed fashion. Many studies 
seem to indicate there is visual brain specialization for specific categories of 
stimuli. A circumscribed region in the visual occipital lobe has been identified 
as responding selectively to the sight of bodies or body parts (Downing et al., 
2001; Grossman & Blake, 2002). The so-called extrastriate body area (EBA) 
seems to be responsible for the identification of other people’s bodies, and it 
also allows perceiving the position of one’s own body during the guidance of 
action; it has been related to planning, executing, and imagining one’s own 
movements (Astafiev et al., 2004). Additional evidence in favor of a modular 
theory of brain functioning comes from studies on the fusiform gyrus (FG), a 
ridge on the inferior surface of the temporal lobe. A sub-region of the FG has 
been called the fusiform face area (FFA) because it is consistently activated 
during face perception; the FFA would particularly be involved in the 
perception of the invariant aspects of faces (Hoffman & Haxby, 2000; Haxby 
et al., 2002). Furthermore, lesions to the FFA can be associated with deficits 
of face recognition (e.g. Meadows, 1974). 
 The implication of visual brain regions such as the EBA and the FFA should 
however be interpreted with caution. These regions could constitute one 
component of a larger set of brain regions attuned to process social signals. 
For instance, the STS is the putative host for many cognitive functions ranging 
from speech perception to social attention. STS responds to biological motion 
(for a review see Allison et al., 2000) including eye gaze, hand movements, and 
gestures (Bonda et al., 1996; Calder et al, 2007; Grèzes et al., 1999; 
Nakamura et al., 2004; Thompson et al., 2007). Yet, its functions are known 
to go beyond biological cue detection, because STS is sensitive to contextual 
information. STS cells in monkeys respond to the sight of reaching actions 
only when the agent performing the action is seen to attend the target position 
of the action (Jellema et al., 2000). Similarly, STS responses to eye gaze are 



210    Humana.Mente – Issue 24 – July 2013 

modulated if eye gaze is directed toward an object (Pelphrey et al., 2003). 
Thus, in concert with other brain regions, the STS may integrate multiple 
information allowing decoding the meaning of biological cues (Hein & Knight, 
2008). Another key structure involved in the processing of social information 
is the amygdala. This complex of nuclei located in the anterior part of the 
medial temporal lobe has been associated with socio-emotional processing 
(LeDoux, 2000; Adolphs, 2010), including face and eye gaze perception 
(George et al., 2001), and it has been more generally involved in relevance 
appraisal processes (Sander et al., 2003; Ousdal et al., 2008). The multiple 
functions of the amygdala can be directly related to its extensive connectivity 
with numerous other brain regions (Pessoa & Adolphs, 2010). Overall, it 
seems that the brain regions crucial to social perception owe their functionality 
and versatility to their broad connectivity with other regions as well as to some 
degree of functional specialization. 
 How is the visual processing of eye gaze and pointing gestures related to 
the other types of processes elicited by these stimuli? In particular, how is it 
related to the social cognitive processes elicited by the perception of eye gaze 
and pointing gestures such as attention orienting, joint attention and social 
coordination? The human brain is exquisitely sensitive to social cues and there 
is convincing evidence that the processing of these cues involves a distinctive 
pattern of brain activity in a set of specific, distributed regions, already from 
initial perceptual analysis stages. These regions would feed into later stages of 
processing and contribute directly to the understanding of social signals. 
Furthermore, present neurocognitive models acknowledge that perceptual and 
interpretative (viz. meaning decoding) stages of stimulus processing are tightly 
interrelated and hardly dissociable (Hochstein and Ahissar, 2002; Kveraga et 
al., 2007). 

3. Social processing of eye gaze and pointing gestures 

Sensitivity to social cues seems to be present from birth in human beings 
(Farroni et al., 2000), but many skills associated with the processing of these 
cues are acquired through experience, as can be seen by the developmental 
trajectory of eye gaze perception, from gaze contact and mere gaze following to 
sophisticated social understanding (Emery, 2000). Humans are experts at 
interpreting signals from their conspecifics. To interpret and make sense of 
these signals entails to interpret gestures as produced by minded agents, i.e. by 
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individuals that can feel and act according to their own thoughts (Waytz et al., 
2010). Thus, seeing eye gaze and pointing gestures not only involves 
attentional orienting, it also prompts further high-level social cognitive 
processes engaging people into a dynamic and coordinated inter-action that 
allow making sense of others. 
 What are the social cognitive processes involved in eye gaze and pointing 
gesture processing? We will not attempt to provide an exhaustive list of these 
processes here, but rather underline some of these processes that are relevant 
to the understanding of pointing. Making sense of others means to be able to 
explain and predict others’ behaviors. The ability to attribute mental states has 
been termed "theory of mind" (ToM), which postulates that we formulate a 
psychological theory of the mental states of others (Fodor, 1992). Distinct 
regions of the prefrontal cortex (PFC) seem to subtend different functions in 
relation with mindreading. The ventromedial PFC has been proposed to play a 
role in the decoding of the affective meaning of sensory stimuli (Grossman et 
al., 2010; Roy et al., 2012), indicating some common neural substrates for 
mindreading and affective processing. The dorsomedial PFC is engaged when 
a subject experiences the sense of self, thus allowing self/other distinctions 
and enabling the understanding of triadic relationships between the self, other 
agents, and external objects (Schilbach et al., 2006), as typically instantiated in 
pointing. In addition, the processing of the self, as elicited by calling a 
subject's own name or by gazing directly at the subject, elicits changes in 
frontal as well as parietal brain areas (Kampe et al., 2003). The activation of 
the temporo-parietal junction (TPJ) has been associated with the sense of 
agency, or the capacity to experience the self as the cause of an external or a 
sensory event. TPJ is also associated with theory of mind, empathy, and 
attentional orienting (Decety & Lamm, 2007), emphasizing the tight links 
between these processes.  
 Intention attribution, an aspect of mindreading, may be also important to 
make sense of pointing. Motion is a key attribute that evokes the ascription of 
intentions. For instance, participants attribute mental states to simple 
geometric shapes on the basis of their observed characteristic movements 
(Heider & Simmel, 1944). This mental state attribution is associated with 
activity in frontal brain areas (Castelli et al., 2000). This tendency to attribute 
intentions to animated agents may explain the involvement of intention 
attribution during the perception of pointing gestures and eye gaze. Moreover, 
understanding pointing (with the eyes or the hand) implicates the 
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understanding of actions, an intense topic of study within social cognitive 
neuroscience. Action understanding is essential to coordinate our actions with 
others. Some authors have proposed that a direct link between observing 
others’ actions and ascribing mental states may exist. A simulationist 
hypothesis of social cognition argues that the understanding of others could 
involve simulating others’ mental states. The discovery of ‘mirror neurons’ that 
respond to performing as well as to observing others’ actions (e.g. di 
Pellegrino et al., 1992, Rizzolati et al., 1996) has led to the hypothesis that 
simulating others’ mental states would be done through the motor neural 
system (Gallese & Goldman, 1998). The precise mechanism by which the 
mirror system may contribute to social processing has not been fully clarified 
and its role continues to be highly debated (e.g. Jacob, 2008; Goldman, 
2009). Yet, it is interesting to note that mirror mechanisms have been 
proposed as general mechanisms for the understanding of others. 
Furthermore, Shepherd and cols (2009) recently reported the existence of 
gaze mirror neurons in monkeys. They proposed that these neurons could 
directly contribute to gaze following behavior and that they may participate in 
attention mirroring mechanisms that would be involved in joint attention. 
 All the processes mentioned above contribute in concert to making sense of 
others. Consequently, they are involved to some degree in making sense of 
others’ eye gaze and pointing gestures. Further research is however needed to 
know precisely how processes like the self, mindreading, inference of others’ 
actions, and intention attribution contribute to decode the meaning of 
pointing gestures. 

4. Specific aspects of eye gaze versus other pointing gestures 

Making sense of eye gaze and pointing gestures implies understanding the 
referential nature of these cues. Eye gaze and pointing gestures may not bear 
an intrinsic meaning; rather they serve to orient the perceiver’s attention to 
specific contextual information (Tomasello, 1995). Rather than being encoded 
in the signal, the relevant information has to be inferred by the perceiver from 
contextual cues and from shared knowledge about the context (Mehu et al., 
2012). Both eye gaze and pointing gestures may bring something to notice, 
but an important difference between these two types of pointing cues is that 
the referential function of the eyes arises as a secondary consequence of the 
primary function of seeing. We look at objects, persons, or locations when we 
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are planning to perform actions in the corresponding direction or because our 
attention has been attracted toward these stimuli. Moving our eyes primarily 
allows us to see, whether in solitude or in the presence of others. In the latter 
case, eye gaze reveals to the fellow observers our attentional focus even if we 
are not willing to do so. Thus, our eye movements convey meaningful 
information about the environment and ourselves, even if they are not 
intentionally communicative. 
 Furthermore, eye gaze perception is intrinsically and strongly associated to 
facial expression perception. Many studies show the mutual influence of eye 
gaze and emotion perception at behavioral (Adams et al., 2003; Sander et al., 
2007, see Graham and Labar, 2012 for a review) and neural levels (Hietanen 
et al., 2008b; Hadjikhani et al., 2008; N’Diaye et al., 2009; Ulloa et al., in 
press). It is perhaps as a result of this mutual influence that eye gaze perception 
is frequently - if not systematically - ascribed with affective meaning. An 
interesting consequence of the affective ascription to eye gaze is that affective 
valuations spread from the gazer to the observer. It has been shown that objects 
that are looked-at by someone else are preferred relative to objects that are not 
looked at by others (Bayliss et al., 2006). This suggests that not only we tend 
to ascribe affective meaning to the gaze of others, we also tend to mimic what 
we interpret as affective attributions of others. Linking a social partner and the 
target of his/her attention in this way means to conceive eye gaze as an 
intentional device, representing a basic level of social attention conveyed by 
the eyes (Shepherd & Cappuccio, 2011), which may be specific to eye gaze as 
compared to other types of pointing phenomena. 
 Eye perception may also be essential to the understanding of pointing 
gestures. Contextual information associated to pointing gestures incorporates 
eye gaze information in the form of eye contact. We may thus consider the 
perception of eye gaze as bearing two aspects: there is a natural tendency to 
attribute meaning to eye movements (as detailed above), and there is a 
communicative stance engendered by eye contact (Kleinke, 1986; George & 
Conty; Senju & Johnson, 2009). In human interactions, eye contact signals an 
explicit communicative intention to the beholder and sets up a common social 
ground of shared intentionality, i.e. the intention to share a mental state 
(Tomasello & Carpenter, 2007). Eye contact is highly salient and triggers 
differentiated neurocognitive effects relative to other gaze directions (Conty et 
al., 2010a, b), perhaps enabling its communicative function. Pointing gestures 
have a clear intentional communicative dimension insofar as they are displayed 
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in explicit communicative contexts. This communicative context is established 
by an indicator of communicative intent: a verbal cue or eye contact (Emery, 
2000). Thus, the occurrence of eye contact sets the communicative stance of 
behaviors involving eye gaze and pointing gestures.  
 Moreover, the combination of eye contact with gaze following provides the 
basis for joint attention. Joint attention is the shared focus of attention of two 
individuals onto an object; it is achieved when one individual signals an object 
to another individual by means of eye gaze and/or pointing gestures. Joint 
attention is more than a geometric phenomenon of visual attention alignment, 
because it requires that the individuals know that they are attending to 
something in common (Tomasello, 1999). Former studies, as detailed above, 
have examined the perception of eye gaze and highlighted its attentional 
effects. Subsequent studies have shown that following others’ eyes elicit brain 
activity related to mindreading (Calder et al., 2002; Williams et al., 2005; 
Conty et al., 2007). Further steps are now being undertaken by developing 
paradigms that approach real-life situations of dynamic interactions. Recent 
studies show that joint attention involves extensive activation of the attentional, 
mindreading (Saito et al., 2010; Redcay et al., 2012) and reward-related 
(Schilbach et al., 2010) brain systems. Recently, a study using a real-life face-
to-face paradigm revealed the contributions of mutual attentiveness, attention 
mirroring, and inter-personal coordination to joint attention (Lachat et al., 
2012). In sum, through joint attention mechanisms, eye gaze perception 
activates rich social cognitive processes. 
 Pointing gestures have perceptive and attentional features that have been 
partly identified. The study of pointing gestures needs to be undertaken in the 
context of real-life human interactions, but to date, there is no study combining 
joint attention paradigms with pointing gestures. Just recently, some incipient 
studies have attempted at setting up ecologically valid paradigms by 
manipulating eye gaze and pointing gestures together. For instance, Conty et 
al. (2012) investigated the integration of directional cues from gaze, conveyed 
by eye and head orientation, and pointing gestures, revealing the involvement 
of brain regions associated to attention and motor processing in the early 
stages of the processing of these cues. 
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5. The processing of gestures 

To capture the meaning of pointing gestures we may distinguish distinct levels 
of intentions in the individual performing the pointing (viz. the pointer) 
(Tomasello et al., 2007). These distinct levels of intentions constitute the 
context wherein the pointing gesture is deployed and any model of pointing 
should aim at understanding how they contribute to decode the meaning of a 
pointing gesture. Among contextual elements, the communicative intentional 
stance is often, but not exclusively, conveyed by eye contact. Another 
important element is the social – or interpersonal – intention. The motive of 
directing someone’s attention toward some particular location can be 
informative, requestive or expressive (see Tomasello et al., 2007 for more 
details). The social intention behind a pointing gesture is often associated to 
some form of emotional facial expression present in the pointer, thus involving 
emotion-related neural systems (a description of these systems can be found 
elsewhere; see e.g., George, 2013). This converges with the notion that joint 
attention is intimately linked to emotion processing (Schilbach et al., in press). 
Furthermore, what is most immediately grasped by a beholder is the referential 
intention, which is the first and necessary step to decode the meaning of a 
pointing gesture. As detailed above, the neural substrates subtending the 
decoding of the referential information associated with eye gaze are known to 
involve an extended perceptual and attentional network. 
 Understanding pointing gestures may require some sort of symbolic 
decoding. Pointing gestures are stimuli (e.g. a hand) that stand for something 
else, namely a direction or point in the surrounding space. By contrast, eye 
gaze may be considered as holding a more ‘natural’ meaning because its 
significance is not explicitly learned, rather, it is directly perceived: When a 
person directs his/her eyes toward an object, this behavior becomes directly 
significant for an observer, allowing this observer to ponder putative 
underlying motives on the basis of such behavior. Such intentional states are 
not re-presented elsewhere, because there is no distinction between what 
represents and what is represented. The intentions expressed by the 
interactants are directly recognized and mapped by the beholder in terms of 
his/her own bodily dispositions. This perception is direct and does not require 
a symbolic model (Cappuccio & Wheeler, 2011). In other terms, the eyes do 
not stand for a direction or point in the surrounding space, rather they induce 
attentional changes in the beholder. This behavior may be implicitly learned 



216    Humana.Mente – Issue 24 – July 2013 

during ontogeny as humans learn that the eyes are useful to predict others’ 
behavior and then equate eye movements to intentions and goals (Tomasello et 
al., 2005). In contrast, pointing gestures are conventionalized and culturally 
standardized symbols that are representative in nature because their meaning 
go beyond their physical nature. To what extent, embodied and representative 
dimensions of pointing gestures contribute to the understanding of these 
gestures by beholders is an intriguing and stimulating, yet unexplored, issue in 
neuroscience. The study of the neural substrates of gesture comprehension has 
just recently begun and it might encourage the inquiry about pointing 
gestures. 
 There are different types of manual gestures. Deictic gestures draw 
attention to something in the environment. Conventional gestures or emblems 
use a standardized form to convey a culturally specific meaning. 
Representational gestures capture aspects of an action, object, or idea either 
iconically as in pantomimes or metaphorically as in gesticulations representing 
abstract ideas (for a review, see Cartmill et al., 2012). Deictic gestures do not 
bear an intrinsic meaning like conventional or representational gestures do. 
Instead, the function of deictic gestures is to orient attention. In this sense, the 
meaning of pointing gestures is more pragmatic than the meaning of other 
gestures. Another type of manual gestures is the sign language, a codified 
system in which hand signs are used to communicate. According to the 
Kendon’s continuum (McNeill, 1992) there is a decreasing presence of speech 
and an increase in language-like features from gesticulations to pantomimes, to 
emblems, and to sign languages. The first type of gestures could be sought as 
manual movements with an abstract meaning that depends heavily on speech to 
make sense whereas the last type represent movements with more concrete 
meaning that could dispense from speech since they themselves possess a 
language structure. Brain mechanisms coding gestures might rely more on the 
brain systems for action with regard to the first type of gestures and more on 
the brain systems for language with regard to the last type of gestures.  
 A strong and recurrent relationship between gestures and action has been 
shown. This relationship seems to concern mostly representational gestures, 
since they can be regarded as a type of simulated action. Accordingly, these 
types of gesture have been associated to activity in the mirror neuron system 
(for reviews see Cartmill et al., 2012; Willems & Hagoort, 2007). On the 
other extreme, the perception of sign language has been consistently reported 
to elicit activity in perisylvian regions such as the inferior frontal gyrus and 
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posterior temporal cortices that belong to the classical language network 
(Willems & Hagoort, 2007). For example, the perception of emblems has 
been related to neurophysiological markers of lexical-semantic processing 
(Gunter & Bach, 2004). Interestingly, even gestures approaching the ‘action’ 
side of the gesture spectrum, such as pantomimes and emblems, activate the 
perisylvian network, when compared to spoken words (Xu et al., 2009). In 
another study, brain activity was investigated for the perception of emblematic 
and deictic gestures as compared to linguistic stimuli – viz. words; every type 
of stimuli were presented in a communicational context and compared to their 
non-communicative counterparts (Enrici et al., 2011). Linguistic stimuli were 
shown to recruit a perisylvian network while gestures seemed to recruit a 
sensorimotor network, and both linguistic stimuli and gestures activated an 
intention processing network. It is important to note that Broca’s area and the 
putative mirror neuron system in humans are both located in the inferior 
frontal gyrus. So, although subserving language, this region is also associated 
to action observation, and to other putative functions such as hierarchical 
processing (e.g. Koechlin & Jubault, 2006). In this respect, it is not surprising 
that language and action recruit some overlapping parts of the brain. Some 
authors have even proposed that the information that characterizes conceptual 
knowledge is available at neural level in the sensorimotor system (Tettamanti et 
al., 2005; Gallese & Lakoff, 2005). 
 Gesture comprehension cuts across distinct cognitive domains. Pointing 
gestures seem to occupy a privileged position in this gesture spectrum because 
they have a conventional deictic meaning, which, as described before, depends 
crucially on joint attention. Further studies should provide a framework to 
combine the study of gestures and joint attention. 

Conclusions 

The neurocognitive account of pointing is still in progress. Here, we have 
examined commonalities and differences between eye gaze and pointing 
gestures. These biological signals elicit attentional changes in the beholder, 
and they distinctively engage an extended socio-cognitive brain network. The 
understanding of pointing gestures is intimately linked to eye perception. In 
order to clarify how pointing gestures are perceived and understood, efforts 
should be made to bring together the knowledge about gestures and social 
cognition. Furthermore, the neurocognitive models of pointing should benefit 
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from the current tendency in social neuroscience to move toward integrative 
and dynamic approaches of social behavior in close-to-real-life situations. 
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