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Bodily affordances and bodily experiences

Think of the kind of practical knowledge that is possessed by a London bus driver, e.g. the knowledge that -'no, not that amount' (concretely demonstrated) -'but just this amount' (also concretely demonstrated)of movement of the steering wheel will get us through 'that aperture' (ostensively indicated). A knowledge that he is unable to 'cash' in words. Then it is such real though inarticulable knowledge of limb posture and movement that we all of us have at any moment. These are the data of 'body sense'. (O'Shaughnessy, 1980, vol I, p. 258) Since [START_REF] Gibson | The Ecological Approach to Visual Perception[END_REF], there have been extensive discussions both in cognitive neuroscience and in philosophy of the notion of affordances, which refers to the relation between an agent and specific properties of the environment. More precisely, affordances describe how the environment is arranged while prescribing how to move within this environment. For example, one may say that when one sees a chair, one sees that the chair affords a seat. But seating on the chair involves not only seeing it as affording a seat but also knowing how to seat on the chair. One may then talk of bodily affordances [START_REF] Alsmith | The concept of a structural affordance[END_REF][START_REF] Smith | Acting on (Bodily) Experience[END_REF][START_REF] Wong | On the Necessity of Bodily Awareness for Bodily Action[END_REF]. Bodily affordances describe how the body is arranged while prescribing how to move one's body. Although intuitive, the notion of bodily affordance remains quite obscure, possibly as obscure as Gibson's notion of affordance itself. The following three questions then arise. Firstly, what is the nature of the "inarticulable knowledge" of bodily affordances? More precisely, can we account for it in representational terms? Secondly, what is at the origin of the knowledge of bodily affordances? Does it exclusively arise from the body sense, as suggested by O'Shaughnessy? Or does vision also contribute to it? Thirdly, what is the role of the knowledge of bodily affordances? Is it exploited only for planning and guiding action or is it also used to shape and calibrate the spatial content of bodily experiences?

Structural and postural affordances

Before exploring the nature of the knowledge of bodily affordances, let us first specify that there are at least two kinds of bodily affordances, postural affordances and structural affordances [START_REF] Wong | On the Necessity of Bodily Awareness for Bodily Action[END_REF]. Postural affordances consist in: knowing which specific movements of those general kinds are possibilities for one here and now. If one of one's legs is, say, not bent at the knee, straightening it is not one of one's present options. (McDowell, 2011, p. 142) Knowledge of postural affordances has a very short life span. It is built up at time t, stored in working memory, and erased at time t + 1 by the next movement. Since action occurs also on a very brief time scale, one may believe that only postural affordances are of direct relevance for guiding action. However, to move one's arm, one needs to know its position at time t, but also its size, which has not changed for the last 10 years. For example, to switch on the light, you need to know the length of your arm in order to plan how far you should stretch it. Hence, one needs knowledge about long-term structural properties of the body, including bodily configuration, bodily size, flexibility of the joints and muscle strength, which have been called structural affordances: a familiarity with the possibilities for bodily acting that come with having the kind of body she has: for instance, a familiarity with the different movements that are feasible at different joints (…) for instance that the kind of joint a knee is allows a leg to be bent so as to take the foot to the rear but not to the front or the side. (McDowell, 2011, p. 142) It is thanks to the knowledge of structural affordances that one does not attempt to move in biologically impossible or painful ways. It is also thanks to it that one does not over-or under-reach when trying to grasp an object. Action thus requires information about both postural affordances and structural affordances. And this is so at different stages in the motor hierarchy. In the now classic computational framework of action, the motor system uses two types of internal models: the inverse model and the forward model [START_REF] Wolpert | Perspectives and problems in motor learning[END_REF]. The inverse model has the role of computing the motor command needed to achieve the desired state given the agent's bodily affordances. The inverse model is thus fed by information about structural and postural affordances. In parallel, the motor system anticipates the sensorimotor consequences of the movement through the forward model. The forward model predicts what the action will be like given the specific body that executes the motor command. It results in the representation of how postural affordances will be altered by the movement. It is involved in motor imagery and allows anticipatory control of movements. Finally, there is the actual sensory feedback resulting from the execution of the action that updates postural affordances.

Hence, bodily affordances are exploited by the motor system at different stages, accomplishing at least two roles: planning and online control (including predicting and checking). Action then results from the interplay of the knowledge of both structural and postural affordances.

The question now is to understand what kind of bodily knowledge can account for the planning, the guidance and the control of action. Practical knowledge, or bodily know-how, one might reply. One may further claim that it consists in what is known as the body schema.

But this is to say very little. Besides its role for action, there is little agreement about what the body schema is (for review, see Vignemont, 2011). For some, it is a subpersonal sensorimotor function [START_REF] Gallagher | How the Body Shapes the Mind[END_REF]. For others, it is a sensorimotor representation, which is available to consciousness in motor imagery [START_REF] Schwoebel | Evidence for multiple, distinct representations of the human body[END_REF]. Hence, it may appear as if the notion of body schema were just a shortcut that avoids addressing the real problems. Here I shall explore whether one can hold a representational approach to the knowledge of bodily affordances.

Bodily pushmi-pullyu representations

For the last twenty years or so, there has been a general discomfort with the classic notion of representation and its ability to account for action. By classic notion of representation, I mean conceptual representation with truth conditions. The content of such representations is not directly exploitable to guide action. It involves concepts, which need to be translated into a usable format before being able to guide action. Discomfort with this kind of classic representations has led some to repudiate the notion of representation in general [START_REF] Chemero | Radical embodied cognitive science[END_REF][START_REF] Gallagher | Are minimal representations still representations[END_REF][START_REF] Thelen | A Dynamic Systems Approach to the Development of Cognition and Action[END_REF][START_REF] Turvey | Some dynamical themes in perception and action[END_REF][START_REF] Van Gelder | What Might Cognition Be, If Not Computation[END_REF].

For example, a proponent of the anti-representationalist approach may claim that there is no need to mentally represent the body [START_REF] Kinsbourne | Awareness of one's own body: An attentional theory of its nature, development, and brain basis[END_REF]. Modifying an expression coined by [START_REF] Brooks | Intelligence without representation[END_REF], she may say that the body is "its own best model". Why would we need an internal representation of the body when we could as well retrieve the relevant information about it as and when interacting with the world? If biological systems only know what they need to in order to get their job done [START_REF] Clark | Microcognition: Philosophy, cognitive science, and parallel distributed processing[END_REF], is the body really something that the brain needs to represent in this sense? However, the limits of the classic notion of representation does not entail that one should radically change paradigm and completely delete the notion of mental representations [START_REF] Clark | Supersizing the mind: Embodiment, action, and cognitive extension[END_REF]Shapiro, 2010). In order to account for action, one can actually introduce new types of representations, including non-conceptual representations and action-centred representations [START_REF] Peacocke | A study of concepts[END_REF][START_REF] Cussins | The connectionist construction of concepts[END_REF]Evans, 1982;[START_REF] Grush | The emulation theory of representation: Motor control, imagery, and perception[END_REF][START_REF] Millikan | Pushmi-Pullyu Representations[END_REF][START_REF] Clark | Being There: Putting Brain, Body and World Together Again[END_REF][START_REF] Mandik | Action-oriented representation[END_REF][START_REF] Nanay | Action-oriented perception[END_REF]. A common asset of these various alternative types of representation is that they incorporate intuitions and objections raised by theories of embodied cognition but within a representationalist framework. The question then becomes the following one: if there are such things as action-directed representations, then what distinguishes them from other types of representation?

One possibility is that action-directed representations have a motivational force that classic representations lack.1 In Cussins's terms, the content of classic representations are cognitively cold with "no inherent activity-valence (it does not dispose us -has no intrinsic connection to a disposition -to being drawn towards or away), and no inherent motivational force" (Cussins, 2012, p. 24). It does not tell the person what must be done. By contrast, a representation is hot if it is intrinsically active, that is, if the content itself (and not additional states like request by a third-party, intentions, desire) "disposes the system to intervene actively in the environment" (ibid.). For instance, Cussins suggests that representing food as yummy is hot because it has immediate implications for action. It invites the subject to eat the food, while describing it as good: Experiencing <yummy>, the child is drawn to put more chocolate in its mouth. It is so drawn not as the result of some further cognitive or inferential step. None is needed (…) The present point is that no further cognitive step is necessary to mediate the connection between the content and the action in the case of <yummy / yucky> contents. (ibid) What matters for cognitively hot content is whether you achieve your intention on its basis, and not whether it accurately describes the external world. However, it seems that this type of representation falls into the opposite error from classic representations. Cold content focuses on the description of the world but leaves it disconnected from action, while hot content focuses on action but leaves it disconnected from the description of the world. Hence, both types of content lead to the same unfortunate consequence, namely, a disconnection between the way the world is and how to act on it. By contrast, [START_REF] Millikan | Pushmi-Pullyu Representations[END_REF] offers a mixed account of action-centred representations, which she calls pushmi-pullyu representations (hereafter PPR) and which avoids this problem. Like Dr. Doolittle's mythical animal, PPRs face in two directions. They are both descriptive states, like beliefs, and directive states, like intentions.

The content of PPRs varies as a direct function of a certain variation in some aspect of the environment that it represents and directly guides behaviour directed toward this aspect.

Consequently, they have both truth conditions (is the description accurate?) and success conditions (does one correctly achieve one's goal?). There is no need to translate descriptive information into directive information. It is constitutive of the content, which builds the command for certain behaviour into the representation itself. As such, it affords great economy in terms of response time and cognitive efforts.

The paradigmatic example of PPRs is performative act [START_REF] Millikan | Pushmi-Pullyu Representations[END_REF]. When the chairman announces 'The meeting is open', the utterance makes it the case that the meeting is open and describes the fact that the meeting is open. Other examples of PPRs are maps [START_REF] Clark | Being There: Putting Brain, Body and World Together Again[END_REF]. Maps can be accurate or not. But the function of maps is not only to depict cities or mountains. It is also to guide people when they navigate in the environment that is depicted. The map has fulfilled its function if people reach the location they were aiming at without getting lost. Hence, the map is a single representation that plays both roles. A last example of PPR, which is of special interest for us here, is the representation of affordances [START_REF] Millikan | Pushmi-Pullyu Representations[END_REF].

It is interesting to note that the telic component of PPR plays different roles in those various examples. It has more or less motivational strength. The distinction between cold and hot representations may then be too simplistic to account for the complexity of the relationship between perception and action. PPRs can be said to be imperative if they suffice to initiate or trigger action to be performed to satisfy their telic content. This is the case of performative acts. They can be said to be incentive if they play a role in the initiation of action. This is the case of affordances. They are invitations to act, and to act in a certain way, but they are not obligations to act. As [START_REF] Cussins | Environmental Representation of the Body[END_REF] says: Of course, a cognitively complex system does not always, or, in general, do that which it is drawn to do; the felt disposition in experiencing <yummy> may be overcome by other cognitive factors.

PPRs can also influence action at a later stage, once the intention to act has been formed.

They can then guide the specific type of movements that is performed like maps. One can spend hours looking at a map for a trip that may be done months later, or not at all. Once one has decided to act, then it can be used to guide the action. Finally, PPRs can be said to be coercive if they heavily constrain action planning. I suggest that this latter description corresponds to the representation of bodily affordances, which we may call bodily PPRs.

They can be accurate or not. One may take one's arm to be stretched while it is not. But they also guide the selection of the relevant motor command. They represent what the body must do to achieve the goal. They are satisfied if the action that they lead to is successful. Hence, the content of bodily PPRs is both descriptive and directive. Bodily PPRs describe the body while guiding action. They are actually more powerful than maps. You can choose or not to use a map to guide your steps. But you cannot help but use bodily PPRs to guide your action.

In this sense, they can be said to have a coercive content [START_REF] Matthen | Seeing, doing, and knowing: A philosophical theory of sense perception[END_REF].

Multimodal bodily affordances

Now that we have a better understanding of the nature of knowledge of bodily affordances we can ask about its grounds. O'Shaughnessy (1980) claims that information about bodily affordances is carried by body sense, which includes touch and proprioception. More precisely, bodily PPRs adjust slowly to changes thanks to the proprioceptive and tactile feedback that one receives when acting (the hand reaching where it could not reach before, for example). through assembling the lowest common denominator of all the acts he will undertake with his hand, we might finally manage to assemble a sort of 'practical photograph' of the hand. (O'Shaughnessy, 1980, I, p. 225) Young infants actually engage in repetitive actions on their own body and explore visualproprioceptive correspondence (Morgan and Rochat, 1997). Later in life, one can learn about the exact dimension of one's body on the basis of the sensory feedback that one receives while acting. For example, failing to reach the salt on the table indicates that one's arm is not long enough. Or hitting the shelf with one's head indicates that one is taller than the height of the shelf. Arguably, sensory feedback that one receives when acting is taken into account by bodily PPRs, especially during childhood and adolescence when the body is still growing in size and bodily PPRs needs to adjust. But the contribution of action to bodily PPRs is not limited to certain periods in life. Every day action calibrates bodily PPRs. More precisely, each time one actively uses a tool, one adjusts the representation of structural affordances to the tool, as shown by the following study. In Cardinali and coll. (2009)'s study, participants repetitively used a long mechanical grabber. When subsequently re-tested while reaching to grasp with their hand alone, the kinematics of their movements was significantly modified, as if their arm were longer than before using the grabber. What is interesting is that this effect of extension was generalized to other movements such as pointing on top of objects, although they were never performed with the grabber. This indicates that the PPR of structural affordance of the arm was modified.

Hence, there is no doubt that action shapes and calibrates bodily PPRs. But is it only thanks to the feedback from the body senses? Clearly, the body senses are important, as shown by the difficulties encountered by deafferented patients just after losing tactile and proprioceptive information when they tried controlling their movements [START_REF] Cole | Living without Touch and Peripheral Information about Body Position and Movement: Studies with Deafferented Subjects[END_REF]. 2 And it suffices to practice yoga to become aware of the importance of pain for informing us about the limits of what our body can do. So the question is not whether one can completely dispense with the body senses. Rather, the question is whether the body senses suffice. And the fact is that information carried by body senses does not exhaust what one needs to know about one's body in order to move. For example, the facts that we have two arms, that they are cylinder-shaped, that they are of a certain length, and that they are connected to the torso on one end and to the hands on the other end cannot be easily derived from the body senses. The body senses do not directly carry information about the shape of the various parts of the body, their spatial configuration and their size (Vignemont, 2014a).

Yet these various types of information are needed to localize one's body parts in space. For instance, the arms can be crossed or not with the very same joint angles depending on their size and on the width of the shoulders. It is true that one receives somatosensory feedback when acting, which can carry information about the size of the limbs. But this can give only a rough estimate. In particular, to know how far one can reach with one's hand does not indicate the respective size of one's fingers, palm, forearm, and upper arm. Active exploration of each body part by haptic touch seems to fare better and to be more specific. However, this involves complex tactile-proprioceptive processing, and that in turn requires one to take into account the size of the exploratory body parts (the fingers, for instance).

Hence, somatosensory feedback cannot be the only ground of bodily PPRs. One also needs vision, which is the sense of space par excellence. Actually only vision can directly and reliably (though not perfectly) process size information [START_REF] Longo | An implicit body representation underlying human position sense[END_REF].

Consequently, when the visual size of the effector is temporarily distorted, the planning of the subsequent movement is affected. For example, if you observe an enlarged version of your hand, you pre-shape your hand to grasp an object as if your hand were bigger [START_REF] Marino | Distorting the visual size of the hand affects hand pre-shaping during grasping[END_REF][START_REF] Bernardi | Grasping in wonderland: altering the visual size of the body recalibrates the body schema[END_REF]. Vision is thus needed in order to fill in the metric details of bodily PPRs. But vision is not needed only for structural affordances. It appears that knowledge about postural affordances also heavily relies on visual feedback. This is well illustrated by the following two studies. [START_REF] Fourneret | Limited conscious monitoring of motor performance in normal subjects[END_REF] asked subjects to draw sagittal lines on a graphic tablet while they were given a visual feedback projected from a computer screen on a mirror. In congruent trials, the line seen in the mirror exactly matched the drawn lines. In incongruent trials, a bias was introduced and subjects consistently displaced their hand in order to compensate the bias. After each trial, they were asked in which direction they thought their hand had moved. The results revealed that subjects tended to adhere to visual information rather than to efferent information or to proprioception.

Interestingly, the involvement of visual information is not restricted to cases in which one actually sees one's body. It persists even after one can no longer see it and even after one has moved. In Smeets and coll. (2006)'s study, participants were asked to move a cube between four positions with and without visual feedback from their hand movements. According to the authors' computational model of optimal integration, the hand should drift over a distance equal to the difference between the combined visual and proprioceptive estimates. The analysis of the drift allowed them to evaluate to what extent the visual estimate was taken into account. They found the following results. When the light was turned off, participants still located their hand where they had seen it, even when the current position differed. More surprisingly, when they started moving in the dark, they still used the visual estimate of their hand location, which was updated on the basis of their intention to move. It was only after several movements that participants relied less on their visual estimate because each movement of the unseen hand added uncertainty to their visual estimate. The results thus show that when one moves one's hand, one anticipates the sensory consequences of one's movements, including the expected visual location of the hand. Furthermore, they show that PPR of postural affordances can be updated on the basis of visual expectation, even when one is in the dark.

One may then wonder why vision plays such an important role for knowledge of postural affordances. One can simply reply: the more information, the better. It is optimal to combine visual information with proprioceptive information in order to achieve the most reliable perceptual estimate of bodily location [START_REF] Van Beers | Integration of proprioceptive and visual position information: An experimentally supported model[END_REF]. Their interaction improves the likelihood of detecting, localizing, and identifying bodily events and properties. This is especially true since vision offers more reliable information about spatial properties than touch and proprioception, and it often dominates over them when in conflict. For example, in prismatic adaptation, the hand is usually localized closer to the visually perceived position than to the position perceived by proprioception [START_REF] Welch | Immediate perceptual response to intersensory discrepancy[END_REF]. To some extent visual information can even compensate for the lack of body senses in deafferented patients.

After the first three months of their deafferentation, patients actually managed to control their movements quite well thanks to an extensive use of visual information.

To recap, knowledge of both structural and postural affordances is grounded not only in body senses, but also in vision (Wong, forthcoming). More precisely, it results from multisensory binding, that is, binding of information coming from different sensory modalities but taken to originate from the same source (de Vignemont, 2014ab). In this sense, it can be said to be multimodal. We can now give the following general definition of bodily PPRs. Bodily PPRs are multimodal representations that describe postural and structural bodily affordances and direct action accordingly. The question now is whether this is the only role of bodily PPRs. More precisely, to what extent, if any, do bodily PPRs play a role for the localization of bodily experiences? In other words, when something touches me on my hand, is the location of my tactile experience represented in terms of the movements that my hand affords?

Bodily affordances for bodily experiences

The intrinsic spatial content of normal bodily awareness is given directly in terms of practical knowledge how to act in connection with the bodily locations involved. The connection with basic action is absolutely not an extrinsic add-on, only to be recovered from a detached map of the vessel the subject of awareness happens to inhabit, on the basis of experiment and exploration. It is, rather, quite essential to the characterization of the spatiality of bodily sensation (…) So the subject of such awareness is necessarily an embodied agent [START_REF] Brewer | Bodily awareness and the self[END_REF]1995, p. 302) This first category of body-relative information performs two tasks. First, it is responsible for the felt location of sensations. Sensations are referred to specific body-parts in virtue of a body of information about the structure of the body.

Second, the same body of information informs the motor system about the bodyparts that are available to be employed in action (Bermúdez, 2005, p. 305, my underline) Bodily sensations, including tactile, proprioceptive and painful sensations, are experienced as being located in specific parts of one's body. I feel pain in my back, I feel your hand on my arm, I feel my legs crossed. One may then question how the body parts to which I ascribe those various sensations are represented. [START_REF] Brewer | Bodily awareness and the self[END_REF] and [START_REF] Bermúdez | The phenomenology of bodily awareness[END_REF] claim that the spatial content of bodily sensations is given in terms of action. One way to interpret their view is to say that one localizes one's sensations within the frame of reference given by the PPR of structural bodily affordances. If so, bodily sensations are felt as being located in body parts represented in terms of the movements they afford. When I feel the contact of the table on my arm, I feel it on the body part that can do such and such movements. In Cussins's terms, the localization of bodily sensations is hot. This does not imply that I will automatically perform the movements. Most bodily experiences are actually inert in the sense that they have no motor consequences. But if I were to react, and retrieve my arm for instance, I would not need to translate the location of my sensation to a motor format to plan the movement because where I feel your touch is already encoded in a motor format. The same representation would be used for bodily experiences and for action. Hence, the spatial content of my bodily experiences can be a direct input to motor control. For sake of simplicity, I shall call this view the hot conception of bodily spatiality (for a defence of such view, see also [START_REF] Smith | Acting on (Bodily) Experience[END_REF], and to some extent, O'Shaughnessy, 1980[START_REF] Mcdowell | Anscombe on bodily self-knowledge[END_REF].

Let us now test the hot conception with two types of bodily experiences for which it appears as being the most plausible: kinaesthetic experiences and pain. When I raise my arm, I do not necessarily consciously experience my arm movement. Action can indeed be performed automatically with limited awareness of the limb that moves. Nonetheless, there are situations in which I am aware of my arm raising, in learning situations for instance. One may then discuss the exact nature of kinaesthetic experiences. To what extent do they reflect afferent information about the bodily movement rather than efferent information about the intention of moving and its subsequent motor command? Most probably, they reflect both types of information. But in any case the debate about the efferent and/or afferent grounds of kinaesthetic experiences is orthogonal to the question of the format of the spatial content of kinaesthetic experiences. What matters here is that when one is aware of the raising arm, one is aware of a specific type of movement that the arm can perform. Under normal circumstances, it is actually difficult to conceive of being aware of a body part moving in a way that it is biologically impossible for it. The only case in which this seems to happen is in anosognosia for hemiplegia. Anosognosic patients are paralysed but they are unaware of their motor deficit. When asked to raise their paralysed arm for example, they can report that they have raised their arm. It thus seems that they are aware of bodily movements that they cannot perform. But the explanation is that the representation of their structural affordances has not been updated [START_REF] Schwoebel | Pain and the body schema: effects of pain severity on mental representations of movement[END_REF]. Kinaesthetic experiences in anosognosia thus inherit the inaccuracy of the representation of structural affordances. This illustrates well that kinaesthetic experiences exploit bodily PPRs. In other words, in kinaesthetic experiences one represents one's limbs in terms of the movements they afford [START_REF] Wong | On the Necessity of Bodily Awareness for Bodily Action[END_REF]. The fact that bodily awareness in action exploits action-centred body representations is actually not that surprising. The question now is whether other types of bodily experiences, or even all of them, exploit bodily PPRs. Let us consider another specific case for which this seems quite intuitive. I mean the case of pain.

Pain has an intrinsic motivational force that immediately causes us to act to prevent or stop the sensation. Because of its link to action, one may believe that the localization of pain is represented in terms of what the body can do. However, it is important to distinguish different types of pain-related movements. First, there are low-level automatic reactions of the reflex type. For example, I touch a burning pan and automatically withdraw my hand. However, these automatic responses are so quick that they are elicited before one is even aware of the nociceptive signal. Actually, it has been shown that reflexes take about 20 to 40 milliseconds to go from stimulus to behaviour, while the processing going from stimulus to percept takes 200 to 500 milliseconds: this means that we feel pain after having reacted [START_REF] Hardcastle | The Myth of Pain[END_REF].

A second type of pain-related movements corresponds to high-level complex behaviours. For example, I take an aspirin to calm down my headache. But those high-level behaviours are so cognitively demanding, requiring independent knowledge (about the antalgic virtue of aspirin, for example) that there is no direct relation between the painful experience and the subsequent action. It is only for a third type of pain-related movements, which may be called basic actions, that the question of PPRs is relevant. For example, I put my thumb in my mouth immediately after hitting it badly with the hammer. It then seems that the localization of pain should exploit bodily PPRs because they allow a direct link to action. Thanks to bodily PPRs, there would be no need to translate where I feel pain to a motor format for motor control since the localization would already be in a motor format.

It is worth noting at this stage that pain actually modifies bodily affordances. When one is in pain, one cannot perform the same movements as when one is not. Typically, I can no longer turn my head with my stiff neck in the way I could before. Several results actually indicate that pain modifies action-orientated body representation [START_REF] Schwoebel | Pain and the body schema: effects of pain severity on mental representations of movement[END_REF][START_REF] Moseley | Why do people with complex regional pain syndrome take longer to recognize their affected hand?[END_REF][START_REF] Bank | Motor dysfunction of complex regional pain syndrome is related to impaired central processing of proprioceptive information[END_REF]. The modification of the representation of bodily affordances is all the more necessary that it is especially important to know what the body part in pain can or cannot do without causing more pain. But does that show that the spatial content of pain is represented in terms of bodily affordances, even updated? If I cut myself with a sheet of paper, for instance, I feel pain just at the tip of my right index finger. The sensation of pain can be quite focal and its localization highly precise.3 By contrast, bodily affordances rarely involve only one body part, let alone a specific skin area.

As I will now argue, they rather involve several segments of the body moving together. One may then wonder whether bodily PPRs can be fine-grained enough for the spatial ascription of pain, and more generally of bodily experiences. Rather than considering specific case studies, I will now analyse the spatial rules that respectively govern bodily experiences and bodily affordances. In particular, is the segmentation of the body into parts identical for action and for bodily experiences?

Holistic bodily affordances and focal bodily experiences

According to [START_REF] Bermúdez | The Paradox of Self-Consciousness[END_REF], the spatial content of bodily experiences is structured by joints. He gives a primary role to what he calls "hinges" for the individuation of body parts.

Individual body parts are paradigmatically identified in terms of hinges. The forearm, for example, is the volume between the elbow and the wrist (…) Using hinges provides a non arbitrary way of segmenting the body that accords pretty closely with how we classify body parts in everyday thought and speech (Bermúdez, 1998, p. 156) It is a well-known effect that tactile localization is improved close to anatomical landmarks that are used as reference points like joints (Weber, 1826;[START_REF] Cholewiak | Vibrotactile localization on the arm: Effects of place, space, and age[END_REF].

Furthermore, we showed that joints affect the segmentation of the body into parts [START_REF] De Vignemont | Segmenting the body into parts: evidence from biases in tactile perception[END_REF]. Participants were asked to judge distances between two tactile stimuli, which were applied either across the wrist (on the hand and the forearm) or within a single body part (within the hand or within the forearm). We found that two tactile stimuli felt more separated if they were applied to two distinct body parts. According to the category boundary effect (e.g., [START_REF] Pastore | Categorical perception: Some psychophysical models[END_REF], discriminability is increased between categories and reduced within categories (for instance, two shades of colour seem more different if they belong to two distinct colour categories than if they do not). This indicates that the spatial content of bodily experiences is structured by a representation of well-segmented body parts that can be individuated by joints. As joints have a special significance for action, one may take these results as support for the hot conception. But if this were the right interpretation of the results, then the active use of the joints should reinforce the category boundary effect by highlighting their functional salience. However, we found the opposite effect. In the second part of the study, we asked participants to move their hand by rotating their wrist several times just before being touched (tactile stimuli were applied when the hand was still and in alignment with the forearm). One might have expected the active use of the wrist to increase its structuring role since joints have a special significance for action by allowing relative movements of two body parts. However, we found that the effect was reduced. The relative overestimation of cross-joint distances was attenuated. Action reduced the tendency to segment the body into categorical parts and to overestimate the distance between them.

Hence, the category boundary effect found when subjects did not move could not be due to the way one represents one's body for action.

Other experimental findings show that action requires a more holistic representation of the body than purely passive bodily experiences, using this time the Rubber Hand Illusion (RHI).

In the classic set-up of the illusion, participants sit with their left arm resting on a table, hidden behind a screen. They are asked to fixate on a left rubber hand presented in front of them, and the experimenter simultaneously strokes with two paintbrushes both the participant's hand and the rubber hand. Typically, after synchronous stroking, participants report feeling as if they were touched on the rubber hand and they mislocalize their hand in direction of the rubber hand (i.e. proprioceptive drift) [START_REF] Botvinick | Rubber hands 'feel' touch that eyes see[END_REF]. The whole illusion is purely passive, based on multisensory integration. But what happens if one introduces a motor component? Tsakiris and coll. (2006) compared the scope of the proprioceptive drift after a classic RHI (induced by the stroking of the index fingers) and after an active version of the RHI (induced by voluntary movement of the index finger while watching the index finger of the rubber hand moving in a congruent manner). They found that in the classic RHI, the proprioceptive drift was limited to the index finger, which was stroked, and did not extend to the little finger, which was not stroked. The effect was thus local. However, after active RHI, the proprioceptive drift affected the little finger too, showing a more holistic effect over the whole hand.

Taken all together, these results show that bodily affordances consist in integrative groupings of effectors. In other words, body parts are brought together, unified by their functional role for action. The holistic principle of spatial organization of bodily affordances can already be found at the level of the primary motor cortex (M1), by contrast to the primary somatosensory area (SI). Both SI and M1 are organized in a somatotopic manner, thus resulting into the famous Homunculus [START_REF] Penfield | The Cerebral Cortex of Man[END_REF]. But what is interesting is that the cortical map in M1 is not as well segregated and segmented as that in SI.

In particular, the motor cortex is organized in terms of action synergies and patterns of movement [START_REF] Lemon | The output map of the primate motor cortex[END_REF]. Accordingly, M1 is organized for representing muscle groups rather than individual muscles. Therefore, in M1, discrete muscles are represented in overlapping fashion [START_REF] Hlustik | Somatotopy in human primary motor and somatosensory hand representations revisited[END_REF]. Muscles are grouped together to form functionally coherent units. Actions thus impose a functional organization because of the sets of body parts that work together in movements. As [START_REF] Gallagher | Body schema and intentionality[END_REF] claims, "The body schema, on the other hand, functions in a holistic way." (p. 229, my underline).

To sum up, action requires an integrative representation of the body that bring body parts together into functional units. When I feel my hand raising, I feel not only my hand, but also my fingers, my arm, my shoulder raising. One can rarely move only an isolated body part. It always has repercussions on muscles in other parts of the body. This is actually revealed in kinaesthetic experiences: when I feel my hand raising, I actually feel the whole upper limb moving. By contrast, the location of other types of bodily experiences is generally precise.

For example, when I feel touch on my hand, I feel touch just on my hand. 4 My sensation is about my hand, and not about the adjacent body parts like my forearm. In this sense, bodily experiences can be said to be isolated from the rest of the body. How can the focality of bodily experiences be then explained by such rough-grained bodily PPRs? an ambitious theorist might construct a kind of duplex notion of the character of visual experience: a notion that involves both a relatively passive perceptual content (the perceived filling out of visual space) and the way our visual experience presents that space as an arena for fluent, engaged action (Clark, 2001, p. 514) 

  Bodily affordances are inadequate to account for precise localization of bodily experiences. It is true that joints are used as bodily landmarks for the localization of bodily experiences. But bodily PPRs represent structural affordances that are beyond joint segmentation. Hence, PPRs of structural affordances do not suffice to account for the spatial content of bodily experiences. To conclude, I have defended the view that bodily PPRs are too rough-grained for the finegrained localization of bodily experiences. But I want to add two caveats. Firstly, one should keep in mind that the failure of bodily PPRs is not always true. It actually depends on the context. When bodily experiences are triggered in a motor context (kinaesthetic experiences, for example), then they exploit bodily PPRs. Secondly, it is not because bodily PPRs are not sufficient to account for the spatial content of bodily experiences that they do not contribute at all. If we reconsider the case of pain, then it is true that the spatial focality of some pain sensations is beyond the scope of bodily PPRs. But those sensations have immediate motor consequences, which require bodily PPRs. Rather than the hot conception of bodily spatiality, I thus want to defend what Clark (2001) called a duplex notion:

This specific definition of action-centred representation is not shared by all. For instance, according to[START_REF] Nanay | Action-oriented perception[END_REF], action-oriented representations do not represent what ought to be done, but what can be done.

It is worth noting that deafferented patients had preserved knowedge of their structural affordances. Only the short-term postural affordances are affected.

This is not to say that it is always the case. Actually the localization of pain is precise when it concerns the skin surface but less so when it concerns internal organs[START_REF] Melzack | The Challenge of Pain[END_REF].

This is not to say that tactile sensation on my hand cannot influence sensations in other parts of the body.All I mean here is that the spatial content of the sensation is restricted to an isolated body part.

Likewise, one may construct a duplex notion of the character of bodily experiences that involves both a relatively passive bodily content and the way our bodily experiences present the bodily space as an arena for fluent, engaged action.