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	0. Introduction


Our social mental skills enable us to successfully retrieve the mental contents of others. Sometimes we miss-represent them, henceforth misunderstanding others. Most of the time, though, we are pretty good at understanding what is the goal of others’ behavior, why the goal was set, and on the basis of which previous elements it was set as such. We are doing it effortlessly and continuously during our daily social interactions. How is that accomplished? The dominant view in cognitive science is to put most efforts in clarifying what are the formal rules structuring a solipsistic mind. Much less investigated is what triggers the sense of social identity that we experience with the multiplicity of “other selves” populating our social world. 

As human beings, we do not only mentally entertain an “objective” account of the behaviors constituting the social world in which we live. Beyond phenomenally experiencing the external, objective nature of an observed action, and viewing it as something displayed and acted by an external biological object with distinct qualities, we also experience its goal-directedness or intentional character, similarly to when we experience ourselves as the willful conscious agents of our ongoing behavior. From a first-person perspective, our dynamic social environment appears being populated by volitional agents capable to entertain, similarly to us, an agentive intentional relation to the world. We experience ourselves as being “intentionally attuned” to other individuals. This “intentional attunement” allow us to experience others as directed to certain target states or objects, similarly to how we experience ourselves when doing so. 

The same dual perspective is at work when witnessing the emotions and sensations experienced by others. We can provide an “objective” description of these emotions or sensations. When explicitly asked to recognize, discriminate, parameterize, or categorize the emotions or sensations displayed by others, we exert our cognitive operations by adopting a third-person perspective, aimed exactly at objectifying the content of our perceptions. The overall goal of these cognitive operations is the deliberate categorization of an external state of affairs. 

Though, when we are involved on-line with social transactions, we experience a totally different attitude toward the objects of our social perceptions. There is actually a shift of the object of our intentional relation. We are not anymore directed to the content of a perception in order to categorize it. We are just attuned to the intentional relation displayed by someone else. Our social mental skills are not confined to a declarative third-person perspective. We are not alienated from the actions, emotions and sensations of others, because we entertain a much richer and affectively nuanced perspective of what other individuals do, experience, and feel. What makes this possible is the fact that we own those same actions, emotions, and sensations.

To naturalize social intentionality we should therefore follow an alternative route: a bottom-up characterization of the non-declarative and non-propositional contents of social cognition. It consists of investigating the neural basis of our capacity to be attuned to the intentions of others. By means of intentional attunement, “the other” is much more than a different representational system; it becomes a person, like us. The advantage of this epistemological approach is that it generates predictions about the intrinsic functional nature of our social cognitive operations that cut across, and neither necessarily depend on, nor are subordinate to any specific cognitive mind ontology, folk psychology included.

Neuroscientific research has unveiled the neural mechanisms mediating between the multi level personal experiential knowledge we hold of our lived body, and the implicit certainties we simultaneously hold about others. Such personal body-related experiential knowledge enables our intentional attunement with others, which in turn constitutes a shared manifold of intersubjectivity. This we-centric space allows us to directly experience the meaning of the actions performed by others, and to decode the emotions and sensations they experience. An implicit form of "experiential understanding" is achieved by modeling the behavior of other individuals as intentional experiences on the basis of the equivalence between what the others do and feel and what we do and feel. This modeling mechanism is embodied simulation. Mirror neurons are likely the neural correlate of this mechanism.

This deliverable will be structured as follows. After having clarified the sense and the use made here of the notion of embodied simulation, the general properties of the mirror neurons systems for actions will be reviewed, both in macaque monkeys and humans. The second part focuses on the first- and third-person experience of emotions and sensations, and their neural underpinnings. It will be shown that the same neural circuits involved in the first person experience of emotions and sensations are also active when witnessing the same emotions and sensations of others, respectively. It will be concluded that the functional mechanism at the basis of the double activation pattern of those neural circuits is embodied simulation.

In the last part of the paper new experiments on the role of premotor area F5 in the coding of action goals will be summarized.

	1. Embodied simulation


The notion of simulation is at present employed in many different domains, often with different, not necessarily overlapping meanings. Simulation is a functional process possessing a certain content, typically focusing on possible states of its target object. For example, an authoritative view on motor control characterizes simulation as the mechanism employed by forward models to predict the sensory consequences of impending actions. According to this view, the predicted consequences are the simulated ones. 

In philosophy of mind, on the other hand, the notion of simulation has been used by the proponents of Simulation Theory of mind reading to characterize the pretend state adopted by the attributer in order to understand others’ behavior (see Gordon 1986, 1995, 1996, 2000, 2005; Goldman 1989, 1992a, b, 1993a, b, 2000).

The Oxford English Dictionary provides three different definitions of “simulation”:

1. The action or practice of simulating, with intent to deceive; false pretence, deceitful profession.

2. A false assumption or display, a surface resemblance or imitation, of something.

3. The technique of imitating the behavior of some situation or process (whether economic, military, mechanical, etc.) by means of a suitably analogous situation or apparatus, esp. for the purpose of study or personnel training.

The first two definitions convey the idea of simulation as of something fake, something supposedly aimed to deceive, by pretending to be similar to what really differs under many respects. The third definition conveys a different meaning; namely, it characterizes simulation as a process meant to produce a better understanding of a given situation or state of affairs, by means of modeling it.

The third definition of simulation appears to be closer than the previous ones to the etymology of the word. Indeed “to simulate” comes from the Latin “simulare”, which in turn derives from “similis”, which means “like”, “similar to”. The third definition of simulation, incidentally, also defines the prevalent epistemic approach of the classic Greek-Roman western world: knowledge is conceived of as a process in which the knower assimilates what he/she is supposed to know (e.g., see the Latin expression similia similibus, or the Greek verb homologhêin). 

The term embodied simulation will be adopted here in a way that is close to the third definition given above, that is, as an obligatory, unconscious and non-propositional functional mechanism, whose function is the modeling of objects, agents, and events to be controlled. Embodied simulation, as conceived of in the present deliverable , is therefore not necessarily the result of a willed and conscious cognitive effort, aimed at interpreting the intentions hidden in the overt behavior of others, but rather a basic functional mechanism of our brain. However, because it also generates representational content, this functional mechanism plays a major role in our epistemic approach to the world. It represents the outcome of a possible action, emotion, or sensation one could take or experience, and serves to attribute this outcome to another organism as a real goal-state it tries to bring about, or as a real emotion or sensation it is experiencing.

Successful perception requires the capacity of predicting upcoming sensory events. Similarly, successful action requires the capacity of predicting the expected consequences of action. As suggested by an impressive and coherent amount of neuroscientific data (for a review, see Gallese 2003a; see also Gallese and Lakoff 2005), both types of predictions seem to depend on the results of unconscious and automatically driven neural states, functionally describable as simulation processes. According to the use here made of this notion, embodied simulation is not conceived of as being confined to the domain of motor control, but rather as a more general and basic endowment of our brain. It is mental because it has content, but it is sensory-motor because its function is realized by the sensory-motor system. It is “embodied” - not only because it is neurally realized, but also because it uses a pre-existing model of the body in the brain, and therefore involves a non-propositional form of self-other representation.

	2. Action Understanding


Our social world is inhabited by a multiplicity of acting individuals. Much of our social competence depends on our capacity of understanding the meaning of the actions we witness. These actions basically pertain to two broad categories. The first is the category of transitive, object-related actions, like grasping a coffee mug, picking up a phone, biting an apple, or kicking a football. The second category of social actions is that of intransitive, expressive or deictic actions, like sending kisses, uttering words, or pointing to a person or location in space. What makes our perception of both types of actions different from our perception of the inanimate world is the fact that there is something shared between the first- and third-person perspective of the former events; the observer and the observed are both human beings endowed with a similar brain-body system making them act and perceive alike (Gallese, 2001).

The discovery of mirror neurons has triggered new perspectives on the neural mechanisms at the basis of action understanding. Transitive actions will be dealt with first.

2.1 The understanding of object-related actions

About ten years ago in the macaque monkey brain a class of premotor neurons was discovered that discharge not only when the monkey executes goal-related hand actions like grasping objects, but also when observing other individuals (monkeys or humans) executing similar actions. We called them “mirror neurons” (Gallese et al. 1996; Rizzolatti et al. 1996a; see also Gallese 2000, 2001, 2003a,b, 2005). Neurons with similar properties were later discovered in a sector of the posterior parietal cortex reciprocally connected with area F5 (PF mirror neurons, see Gallese et al. 2002a).

The observation of an object-related action leads to the activation of the same neural network active during its actual execution. Action observation causes in the observer the automatic simulated re-enactment of the same action. We proposed that this mechanism could be at the basis of a direct form of action understanding (Gallese et al. 1996; Rizzolatti et al. 1996a; see also Gallese 2000, 2003b, Gallese et al. 2002a,b).

The relationship between action understanding and action simulation is even more evident in the light of the results of two more recent studies carried out in our laboratory. In the first series of experiments, F5 mirror neurons were tested in two conditions. In the first condition the monkey could see the entire action (e.g. a hand grasping action); in the second condition, the same action was presented, but its final critical part, that is, the hand-object interaction, was hidden. Therefore, in the hidden condition the monkey only “knew” that the target object was present behind the occluder. The results showed that more than half of the recorded neurons responded also in the hidden condition (Umiltà et al. (2001).

These results seem to suggest that predictions – or, to use a mentalistic term – inferences about the goals of the behavior of others appear to be mediated by the activity of motor neurons coding the goal of the same actions in the observer’s brain. Out of sight is not “out of mind” just because, by simulating the action, the gap can be filled.

Some transitive actions are characteristically accompanied by a specific sound. Often this particular sound enables us to understand what is going on even without any visual information about the action producing the sound. The perceived sound has the capacity to make an invisible action inferred, and therefore present and understood.

We showed that a particular class of F5 mirror neurons, “audio-visual mirror neurons”, discharge not only when the monkey executes or observes a particular type of noisy action (e.g. breaking a peanut), but also when it just listen to the sound produced by the action (see Kohler et al., 2002).

These “audio-visual mirror neurons” not only respond to the sound of actions, but also discriminate between the sounds of different actions. The actions, whose sounds maximally trigger the neurons’ discharge when heard, are those also producing the strongest response when observed or executed. The activation of the premotor neural network normally controlling the execution of action “A” by sensory information related to the same action “A,” be it visual or auditory, can be characterized as simulating action “A”.

The multi-modally driven simulation of action goals instantiated by neurons situated in the ventral pre-motor cortex of the monkey, instantiates properties that are strikingly similar to the symbolic properties characteristic of human thought. The similarity with conceptual content is quite appealing: the same conceptual content (“the goal of action A”) results from a multiplicity of states subsuming it, sounds, observed and executed actions. These states, in turn, are subsumed by differently triggered patterns of activations within a population of “audio-visual mirror neurons”.

The action simulation embodied by audiovisual mirror neurons is indeed reminiscent of the use of predicates. The verb ‘to break’ is used to convey a meaning that can be used in different contexts: “Seeing someone breaking a peanut”, “Hearing someone breaking a peanut”, “Breaking a peanut”. The predicate, similarly to the responses in audiovisual mirror neurons, does not change depending on the context to which it applies, nor depending on the subject/agent performing the action. All that changes is the context the predicate refers to (Gallese 2003c; Gallese and Lakoff 2005).

The general picture conveyed by these results is that the sensory-motor integration supported by the premotor-parietal F5-PF mirror matching system instantiates simulations of transitive actions utilized not only to generate and control goal-related behaviors, but also to map the goals and purposes of others’ actions, by means of their simulation. This account doesn’t entail an explicit declarative format. It is meaningful, implicit, and direct.

What is the import of these data for our understanding of human social cognition? Several studies using different experimental methodologies and techniques have demonstrated in humans also the existence of a similar mirror system, matching action perception and execution (see Fadiga et al. 1995; Grafton et al. 1996; Rizzolatti et al. 1996b; Cochin et al. 1998; Decety et al. 1997; Hari et al. 1999; Iacoboni et al. 1999; Buccino et al. 2001). In particular, it is interesting to note that brain imaging experiments in humans have shown that during action observation there is a strong activation of premotor and parietal areas, the likely human homologue of the monkey areas in which mirror neurons were originally described (Grafton et al. 1996; Rizzolatti et al. 1996b; Decety et al. 1997; Decety and Grèzes 1999; Iacoboni et al. 1999; Buccino et al. 2001). 

2.2 The understanding of intransitive actions

The macaque monkey ventral premotor area F5 also contains neurons related to mouth actions. These neurons largely overlap with hand-related neurons, however, in the most lateral part of F5, mouth-related neurons tend to be prevalent. We recently explored the most lateral part of area F5 where we described a population of mirror neurons mostly related to the execution/observation of mouth related actions (Ferrari et al. 2003). The majority of these neurons discharge when the monkey executes and observes transitive object-related ingestive actions, such as grasping, biting, or licking. However, a small percentage of mouth-related mirror neurons discharge during the observation of intransitive, communicative facial actions performed by the experimenter in front of the monkey (“communicative mirror neurons”, Ferrari et al. 2003). These actions are lip-smacking, lips or tongue protrusion. A behavioral study showed that the observing monkeys correctly decoded these and other communicative gestures performed by the experimenter in front of them, because they elicited congruent expressive reactions (Ferrari et al. 2003). It is therefore plausible to propose that communicative mirror neurons might constitute a further instantiation of a simulation-based social heuristic.

A recent brain imaging study, in which human participants observed mouth actions performed by humans, monkeys and dogs (Buccino et al. 2004), further corroborates this hypothesis. The observed mouth actions could be either transitive, object-directed actions, like a human, a monkey, or a dog biting a piece of food, or intransitive communicative actions, like human silent speech, monkey lip-smacking, and dog barking. The results showed that the observation of all biting actions led to the activation of the mirror circuit, encompassing the posterior parietal and ventral premotor cortex (Buccino et al. 2004).

Interestingly, the observation of communicative mouth actions led to the activation of different cortical foci according to the different observed species. The observation of human silent speech activated the pars opercularis of the left inferior frontal gyrus, the premotor sector of Broca’s region. The observation of monkey lip-smacking activated a smaller part of the same region bilaterally. Finally, the observation of the barking dog activated only exstrastriate visual areas. Actions belonging to the motor repertoire of the observer (e.g., biting and speech reading) or very closely related to it (e.g. monkey’s lip-smacking) are mapped on the observer’s motor system. Actions that do not belong to this repertoire (e.g., barking) are mapped and henceforth categorized on the basis of their visual properties.

The involvement of the motor system during observation of communicative mouth actions is also testified by the results of a TMS study by Watkins et al. (2003), in which they showed that the observation of silent speech-related lip movements enhanced the size of the motor-evoked potential in lip muscles. This effect was lateralized to the left hemisphere. Consistent with the brain imaging data of Buccino et al. (2004), the results of Watkins et al. (2003) show that the observation of communicative, speech-related mouth actions, facilitate the excitability of the motor system involved in the production of the same actions. Again, we have evidence that embodied simulation mediates the decoding of social meaningful actions.

	3. Experiencing the actions of others as embodied action simulation


When a given action is planned, its expected motor consequences are forecast. This means that when we are going to execute a given action we can also predict its consequences. This prediction is the computational result of the action model. Through a process of "equivalence" between what is acted and what is perceived, given its shared and overlapping sub-personal neural mapping, this information can also be used to predict the consequences of actions performed by others. This equivalence—underpinned by the activity of mirror neurons—is made possible by the fact that both predictions (of our actions and of others' actions) are simulation (modeling) processes. The same functional logic that presides over self-modeling is employed also to model the behavior of others: to perceive an action is equivalent to internally simulating it. This enables the observer to use her/his own resources to penetrate the world of the other by means of an implicit, automatic, and unconscious process of motor simulation. Such simulation process establishes a direct link between agent and observer, in that both are mapped in a neutral fashion. The agent parameter is specified, but not its specific filler, which is indeterminate. Mirror neurons constitutively map an agentive relation; the mere observation of an object not acted upon indeed does not evoke any response. It is just the agentive relational specification to trigger mirror neurons’ response. The fact that a specific agent is not mapped doesn’t entail that an agentive relation be not mapped, but simply that the agent parameter can either be oneself or the other.

As we have seen, in humans as in monkeys, action observation constitutes a form of embodied action simulation. This kind of simulation, however, is different from the simulation processes occurring during visual and motor imagery. Action observation automatically triggers action simulation, while in mental imagery the simulation process is triggered by a deliberate act; one purposely decides to imagine observing something or doing something. An empirical validation of this difference comes from brain imaging experiments carried out on healthy human participants. By comparing the motor centers activated by action observation with those activated during voluntary mental motor imagery, it emerges that only the latter leads to the activation of pre-SMA and of the primary motor cortex (see Ehrsson et al. 2003). 

That said it appears nonetheless that both mental imagery and action observation are kinds of simulation. The main difference is what triggers the simulation process: an internal event, in the case of mental imagery, and an external event, in the case of action observation. This difference leads to slightly different patterns of brain activation. However, both conditions share a common mechanism: the simulation of actions by means of the activation of parietal-premotor cortical networks. I submit that this process of automatic simulation also constitutes a basic level of experiential understanding, a level that does not entail the explicit use of any theory or propositional representation.

	4. The body of Emotions


Emotions constitute one of the earliest ways available to the individual to acquire knowledge about its own state, thus enabling her/him to reorganize this knowledge on the basis of the outcome of the relations entertained with others. This points to a strong interaction between emotion and action. We dislike things that we seldom touch, look at or smell. We do not "translate" these things into motor schemas suitable to interact with them, which are likely “tagged” with positive affective-hedonic values, but rather into aversive motor schemas, likely “tagged” with negative affective-hedonic connotations.

The coordinated activity of sensory-motor and affective neural systems results in the simplification and automatization of the behavioral responses that living organisms are supposed to produce in order to survive. The strict coupling between affect and sensory-motor integration appears to be one of the most powerful drives leading the developing individual to the achievement of progressively more "distal" and abstract goals (see Gallese and Metzinger 2003; Metzinger and Gallese 2003).

Such a coupling between emotion and action is indeed highlighted by a study of Adolphs et al. (2000), where over 100 brain-damaged patients were reviewed. This study showed that the patients who suffered damage to the sensory-motor cortices were also those who scored worst when asked to rate or name facial emotions displayed by human faces. As emphasized by Adolphs (2002, 2003), the integrity of the sensory-motor system appears to be critical for the recognition of emotions displayed by others, because the sensory-motor system appears to support the reconstruction of what it would feel like to be in a particular emotion, by means of simulation of the related body state.

Before addressing the role of embodied simulation in the understanding of emotions, it is necessary to clarify what exactly we refer to when we speak of emotions. There are many different ways to experience an emotion. Emotion is a word that designates and refers to a multidimensional aspect of our life. To experience an emotion can be described as subjectively experiencing “inner body states” of varied intensity and amplitude that can surface, with a variety of degrees of explicitness, as ostensive behaviors, often localized to specific body parts, like the face.

Under both first- and third-person perspectives of emotion experience, a complex state of the organism is accompanied by variable degrees of awareness and meta-awareness, variously indicated as “appraisal”. It is common experience being asked by people we know questions like: ”Why are you so angry at me?” without having realized until the very moment in which the question was asked that we were indeed expressing the emotion of anger. We can be in a given emotional state, and express it ostensibly with our body, without fully experiencing its content as the content of a particular emotion. Lambie and Marcel (2002) have distinguished two levels of emotion appraisal; a first-order phenomenal state, what they call “First-order emotion experience,” and conscious second-order awareness. Both states can be either self-directed (first-person perspective) or world-directed (third person perspective). The content of the first-order phenomenal state is physical, centered on one’s body state. The content of second-order conscious awareness can be either propositional or non propositional.

It should be emphasized that it is indeed possible to witness the expression of a given emotional state displayed by someone else without explicitly relying on the propositional description of that state. It is precisely this unmediated, direct form of emotion understanding that I will be addressing here. More specifically, I will characterize the neural underpinnings of a simulation-based type of basic social emotion understanding.

A recent empirical support to a tight link between embodied simulation and our perception of the emotions of others as displayed by their facial expressions, comes from an fMRI study on healthy participants by Carr et al. (2003). This study shows that both observation and imitation of the facial expression of emotions activate the same restricted group of brain structures, including the ventral premotor cortex, the insula and the amygdala. These data show that the perception and production of emotion-related facial expressions, both impinge upon common neural structures whose function could be characterized as that of a neural mirror matching mechanism. However, one might argue that pretence, the purposive enactment of the overt body expression of an emotion, doesn’t grant its characteristic phenomenal awareness. Imitating the expression of emotions doesn’t necessarily produce the first-person experience of the emotion one is imitating. 

In a recently published fMRI study carried out on healthy human participants, we specifically addressed the issue whether the first- and third-person experience of a particular emotion are mapped by a shared neural representation. To that purpose, we scanned the brain activity of healthy participants during the phenomenal experience of disgust, by having them inhaling disgusting odorants, and during the observation of the same emotion as displayed by video clips of other individuals dynamically expressing it with their facial expression. The results of this study showed that witnessing the facial expression of disgust of others activates the left anterior insula at the same overlapping location activated by the first-person subjective experience of disgust (Wicker et al. 2003).

The anterior sector of the insula receives rich connections from olfactory and gustatory structures and from the anterior sectors of the ventral bank of the superior temporal sulcus, where cells have been found in the monkey to respond to the sight of faces (Bruce et al., 1981, Perrett et al., 1982). The anterior insula thus appears to link gustatory, olfactory and visual stimuli with visceral sensations and the related autonomic and viscero-motor responses (see also Gallese et al. 2004). Penfield and Faulk (1955) electrically stimulated the anterior insula in humans undergoing neurosurgery. During the stimulation the patients reported feeling nauseous and sick. More recently, Krolak-Salmon et al. (2003), using shorter and weaker stimulation parameters evoked unpleasant sensations in the throat and mouth.  These findings support the link between the anterior viscero-motor insula and the experience of disgust or related aversive visceral sensations and viscero-motor reactions.

Few clinical cases also show that when the anterior insula is damaged, both the subjective experience of disgust and the capacity to recognize this emotion in others are seriously impaired. Calder et al. (2000) report the case of the patient NK, who after lesions of the left insula and neighbouring structures was selectively impaired in recognising disgust in the facial expressions of others. This incapacity to perceive disgust extended to the auditory modality: he did not recognise the emotional valence of sounds typical for disgust such as retching, while easily recognising that of sounds characteristic of other emotions such as laughter. His recognition of the facial expression of other emotions, including that of fear, was normal. What is most interesting for our discussion is the fact that the multimodal perceptual deficit for disgust of NK was mirrored by an equivalent deficit in NK’s first-person experience of the same emotion. He reported having a reduced sensation of disgust, ranking almost two standard deviations below the normal score in a questionnaire measuring the emotional experience of disgust. His experience of other emotions, though, was fairly normal.

A similar pattern of deficits was reported by Adolphs et al. (2003). They described the patient B. who, following bilateral damage to the insula, showed substantial deficits in recognizing the facial expression of disgust, while preserving his recognition of other facial expressions. Patient B. incapacity to experience disgust is evident from the fact that he ingests food indiscriminately, including inedible items, and fails to feel disgust when presented with stimuli representing disgusting food items. 

Experiencing disgust and witnessing the same emotion expressed by the facial mimicry of someone else both activate the same neural structure, the anterior insula. The damage of this structure impairs both the capacity to experience disgust and that of recognizing it in others. This suggests, at least for the emotion of disgust, that the first- and third-person experience of a given emotion is underpinned by the activity of a shared neural substrate. When I see a given facial expression, and this perception leads me to understand that expression as characterized by a particular affective state, I do not accomplish this type of understanding through an argument by analogy. The other’s emotion is constituted and experienced, hence directly understood by means of an embodied simulation producing a shared body state. It is the body state shared by the observer and the observed to enable direct understanding. A similar simulation-based mechanism has been proposed by Goldman and Sripada (2005) as “unmediated resonance”.

	5. Being “in touch”


The self-modeling functional architecture of the alive body scaffolds the modeling of the intentional relations of other individuals. The multimodal dynamic model of our body as of a goal-seeking organism brings about the basic representational architecture for the mapping of intentional relations. The empirical evidence so far reviewed on action and emotion perception seems to support this line of thought. Let us focus now on tactile sensations as the target of our social perception.

Touch has a privileged status in making possible the social attribution of alive personhood to others. “Let’s be in touch” is a common clause in everyday language, which metaphorically describes the wish to keep on being related, being in contact with someone else. Such examples show how the tactile dimension be intimately related to the interpersonal dimension. In a recent fMRI experiment we have shown hat the first-person subjective experience of being touched on one’s body activates the same neural networks activated by observing the body of someone else being touched (Keysers et al. 2004). Within SII-PV, a multimodal cortical region, perhaps exceeding the limits of the traditional unimodal second somatosensory area, there is a localized neural network similarly activated by the self-experienced sensation of being touched, and the perception of an external tactile relation.

Such an activation, obtained during the perception of another body being touched, could perhaps be more parsimoniously interpreted as the outcome of the prediction of a body impact on the observer’s own body. However, in sharp contrast with what this interpretation would have predicted, the manipulation of the perspective (subjective vs. objective) under which the observed tactile stimulation was presented to participants did not modify the degree of activation of the same overlapping region within SII-PV. Thus, visual stimuli activate SII/PV in a way that is unaffected by how easily they can be integrated into our body schema. 

In a second experiment, we replaced the legs of the actors in the movies by inanimate objects: rolls of paper towels and binders. Results indicated that even seeing an object getting touched produced a significantly larger activation of SII/PV compared to seeing the object being only approached (see Keysers et al. 2004). The touching of two surfaces in the outside world is something in principle very abstract, if only visually mapped. Mapping it onto what we feel when one of the surfaces being touched is our own body, fills this abstract visual event with a very personal meaning: what it feels like to be touched.

It appears therefore that the critical stimulus for SII/PV activation is the perception of touch; be it the touch of an object, another human being, or our own legs. This double pattern of activation of the same brain region seems to suggest that both our capacity to recognize and implicitly understand the tactile experience of others, and a more abstract notion of touch (as in the case of object touch) could be mediated by embodied simulation.

	6. The shared manifold and empathy


The establishment of self-other identity is a driving force for the cognitive development of more articulated and sophisticated forms of intersubjective relations. I have proposed that the mirror matching system could be involved in enabling the constitution of this identity (Gallese 2001, 2003a, 2005). The concept of “empathy” should be extended in order to accommodate and account for all different aspects of expressive behavior enabling us to establish a meaningful link between others and ourselves. This “enlarged” notion of empathy opens up the possibility to unify under the same account the multiple aspects and possible levels of description of intersubjective relations.

As we have seen, when we enter in relation with others there is a multiplicity of states that we share with them. We share emotions, our body schema, our being subject to somatic sensations such as touch, pain etc. A comprehensive account of the richness of content we share with others should rest upon a conceptual tool capable to be applied to all these different levels of description, while simultaneously providing their functional and sub-personal characterization.

This conceptual tool was introduced as the shared manifold of intersubjectivity (see Gallese 2001, 2003a,b). It is posited that it is by means of this shared manifold that we directly experience other human beings as similar to us. It is just because of this shared manifold that intersubjective communication, social imitation, and mind reading become possible (Gallese 2003a, 2005). The shared manifold can be operationalized at three different levels: A phenomenological level; a functional level; a subpersonal level.

The phenomenological level is the one responsible for the sense of similarity, of being individuals within a larger social community of persons like us that we experience anytime we confront ourselves with other human beings. It could be defined also as the empathic level, provided that empathy is characterized in the “enlarged” way I am advocating here. Actions, emotions and sensations experienced by others become experientially meaningful to us because we can share them with others.

The functional level can be characterized in terms of as if modes of interaction enabling models of self/other to be created. The same functional logic is at work during both self-modeling and the understanding of others’ behavior. Both are models of interaction, which map their referents on identical relational functional nodes. All modes of interaction share a relational character. At the functional level of description, the relational logic of operation produces the self/other identity by enabling the system to detect coherence, regularity, and predictability, independently from their situated source. This view is similar to that proposed by Damasio and Adolphs on the understanding of emotions (Damasio 1994, 1999; Adolphs 2003). There is, however, an important difference between the “as if“ view proposed here and that of Damasio, as far as the underlying neural mechanism is concerned. According to the present proposal (see also Gallese et al. 2004), crucial for both first- and third-person experiential understanding of social behavior is the activation of the cortical sensori-motor or viscero-motor centers whose outcome, when activating downstream centers, determines a specific “behavior”, be it an action or an emotional state. When only the cortical centers, decoupled from their peripheral effects, are active, the observed actions, emotions, or sensations are “simulated” and thereby understood. 

The subpersonal level is instantiated as the level of activity of a series of mirror matching neural circuits. The activity of these neural circuits is, in turn, tightly coupled with multi-level changes within body-states. We have seen that mirror neurons instantiate a multimodal intentional shared space. My hypothesis is that analogous neural networks are at work to generate multimodal emotional and sensitive shared spaces (see Goldman and Gallese 2000; Gallese 2001, 2003a,b; Gallese et al. 2004). These are the shared spaces that allow us to directly experience and understand the emotions and the sensations we take others to experience. The neuroscientific results reviewed in the previous sections seem to suggest that my hypothesis might be not so ill founded.

	7. Current experiments


A fruitful line of research, capitalizing upon these recent developments of cognitive neuroscience, consists in investigating the neural mechanisms at the basis of intentional action in an animal model (the macaque monkey) enabling an experimental approach that can exploit the great time and spatial resolution of cortical single neuron recordings. 

There is ample experimental evidence suggesting that, in non-human primates, the role of the motor system is not restricted to the simple coding of movements. It is now clear that the motor system plays a key role even in the more subtle aspects of cognition, such as the goal of the action.

In order to provide an experimental support to this hypothesis we are attempting to dissociate the goal of an action from its required movements. To this aim, we are investigating the activity of the hand-grasping neurons from both the premotor area F5 and the primary motor cortex (area F1) in the macaque monkey. The experimental paradigm requires the monkey to grasp an object both by using its hand and by using two distinct types of pliers. The first type of pliers (normal tool) requires finger movements similar to those required for prehension with the hand. The second type of pliers  (reversed tool), on the contrary, requires fingers flexion for opening the pliers and fingers extension for its closure, namely it elicits fully reversed movements with respect to those required for grasping with the hand. 

The experimental hypothesis is that most neurons in F5 will discharge during grasping, irrespective of whether the action involves clinching or opening the fist, whereas the discharges of most neurons in F1 will be related to the type of movement to be executed, but not to the goal of the action. Preliminary results on the recordings in one macaque monkey in area F5 have been reported in Deliverable 9.2.
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