1Vicarious tactile sensations may almost seem unbelievable. How could one feel from the inside someone else's sensations? Interestingly, it has been repetitively shown that in any individual (with MTS or not), part of the same brain areas are activated when one experiences tactile sensations and when one observes another individual receiving a tactile stimulus [START_REF] Keysers | A Touching Sight: SII/PV Activation during the Observation and Experience of Touch[END_REF]Ebish et al., 2009[START_REF] Wood | Visuotactile empathy within the primary somatosensory cortex revealed by short-latency afferent inhibition[END_REF]. Hence, vicarious touch is not limited to individuals with MTS. It happens to any of us. It just does not normally reach the threshold of consciousness.

MTS is thus more than a marginalthough puzzlingcondition. But what is its explanation? It can be considered from two distinct perspectives, which are already revealed in the very name of mirror-touch synaesthesia. On the one hand, it is qualified as a kind of mirror phenomenon. As such, it should be understood in the same way as action mirroring. It results from the fusion between self and others. On the other hand, it is qualified as a kind of synaesthesia. As such, it should be understood in the same way as coloured audition for example. It results from the fusion between the senses, and more specifically between vision and touch.

In this chapter, I will consider both interpretations. First, I will focus on the intersubjective dimension of vicarious touch. In particular, I will examine whether it constitutes a kind of empathy. I will then argue that vicarious touch cannot be taken as evidence in favour of embodied social cognition. Second, I will focus on the intermodal dimension of vicarious touch. I will show how it differs from standard cases of idiosyncratic synaesthesia. I will then argue that it is a by-product of the multimodal nature of non-vicarious bodily experiences.

An intersubjective account of vicarious touch

These systems may be crucial for empathy because they enable the observer to simulate another's experience by activating the same brain areas that are active when the observer experiences the same emotion or state. (Banissy and Ward, 2007, p. 815) Vicarious somatosensory activity has a crucial role in empathy and social perception. (Keyser et al., 2010, p. 426) Individuals with MTS feel touch on their body although they are not touched and it is someone else who is touched. If they are simultaneously touched, then they can make mistakes in reporting where they were touched. For instance, if they are touched on their left cheek and they see another individual being touched on her right cheek, they report feeling touch either on both sides or on the right cheek, the side of their face that was not touched [START_REF] Banissy | Mirror-touch synesthesia is linked with empathy[END_REF]. These results cannot be explained away by a mere effect of attention. They make no errors if they see a visual flash on the other person's face. Nor do they make any error if they see an object or a dummy being stroked [START_REF] Holle | That's not a real body": identifying stimulus qualities that modulate synaesthetic experiences of touch[END_REF]. MTS is thus clearly related to perceiving another subject experiencing tactile sensations.

Interestingly, individuals who have MTS also display distinctive features in social cognition. They have a higher empathetic score in questionnaires than non-MTS subjects [START_REF] Banissy | Mirror-touch synesthesia is linked with empathy[END_REF]. They are better in recognition of facial expression [START_REF] Banissy | Superior facial expression, but not identity recognition, in mirror-touch synesthesia[END_REF]. Finally, they are more prone to confusion between self and others in the enfacement illusion [START_REF] Maister | Mirror-touch synaesthesia changes representations of self-identity[END_REF]. In the standard version of the enfacement illusion, the participant is seated in front of another individual and both faces are synchronously stroked. Then the participant looks at the picture of her face morphed at various degrees with the picture of the other individual's face. She has to judge when it is her face and when it is the other's face. The illusion leads to a significant increase in self-attribution of the morphed images [START_REF] Tsakiris | Looking for myself: current multisensory input alters self-face recognition[END_REF]. The experiment was done with individuals with MTS with a slightly different paradigm.

Only the face of the individual seated in front was stroked, and not the participant's face. Yet, like in the standard enfacement illusion, it led to a significant increase in self-attribution of the morphed images of the two faces [START_REF] Maister | Mirror-touch synaesthesia changes representations of self-identity[END_REF]. The observation of the other face being touched thus sufficed to induce the illusion in MTS. Consequently, it has been suggested that MTS results from abnormal self-other processing, which facilitates some social skills, including empathy [START_REF] Banissy | Mechanisms of self-other representations and vicarious experiences of touch in mirror-touch synesthesia[END_REF]. More generally, it has been argued that vicarious touch "is naturally described as empathy for touch" [START_REF] Goldman | Two Routes to Empathy: Insights from Cognitive Neuroscience[END_REF].

At first sight, the notion of empathy in the context of tactile sensations may seem more surprising than 'natural'. The folk notion of empathy classically refers to affective sharing, that is, feeling other people's emotions such as grief, happiness or fear. It is true that one talks of empathy for pain, which is a bodily sensation. But pain has a distinctive affective dimension, and evidence shows that empathetic pain is primarily driven by the affective component of pain (Vignemont and Jacob, 2011). It is true also that there can be affective touch but it relies on a different neural network than touch. Interestingly, brain areas activated in affective touch are not activated in vicarious touch [START_REF] Keysers | Somatosensation in social perception[END_REF].

However, the main issue is not so much the lack of affectivity in vicarious touch.

Rather, what is at stake here is the distinction between empathy and emotional contagion. Only some vicarious experiences qualify as empathy. Other vicarious experiences can merely be contagious states. Both contagious states and empathetic states are isomorphic to some extent to the target state and both are caused by the observation (or imagination) of signs indicating that another individual is undergoing the target state. But a contagious experience is a self-centred vicarious experience. 

Tactile empathy

The somatosensory mirror system, which matches observed and felt touch, is involved in understanding the effect of tactile stimulation on others. [START_REF] Blakemore | Somatosensory activations during the observation of touch and a case of vision-touch synaesthesia[END_REF](Blakemore et al., , p. 1581) ) The capacity to understand the tactile experience of others (…) thus appears to depend on the re-use of mechanisms that mediate our capacity to interact with the world of objects. (Wood et al., 2010, p. 30) As illustrated by these quotations, there seems to be little doubt in the literature that understanding other people's tactile experiences (hereafter tactile mindreading) depends on vicarious touch. However, I find this assumption puzzling, and this is so at two levels. First, the function of tactile mindreading is obscure. Second, one learns very little on the basis of vicarious touch.

Ascribing tactile sensations to other people seems of little interest in our general understanding of them. In the case of pain mindreading, you can learn that what causes the pain is to be avoided. You can also predict how people will react. experience and a visual experience of the tactile event. The content of a standard tactile experience carries information about (i) the relation of pressure of an object with one's body, (ii) the location on a specific part of one's body, (iii) some of the properties of the object, including temperature, shape, texture and so forth. What about vicarious touch? Unfortunately, no study has been done to investigate how finegrained the content of vicarious tactile experience is. However, on the basis of the brain activity in the somatosensory cortex, it seems that it mainly represents the pressure of the object on the body. It also sometimes represents its location, but not always: "What is being touched does not matter as long as touch occurs" (Keysers et al., 2004, p. 339). Several brain imaging studies indeed found activity only in SII, and not in SI, when participants observed another person being touched [START_REF] Keysers | A Touching Sight: SII/PV Activation during the Observation and Experience of Touch[END_REF][START_REF] Ebisch | The sense of touch: embodied simulation in a visuotactile mirroring mechanism for observed animate or inanimate touch[END_REF]. 3 Finally, one does not vicariously feel whether the object is hot or cold, rough or smooth, big or small. By contrast, the visual experience of the tactile event is highly informative. Not only does it represent the fact that an object is in contact with someone's body and where it is located, but it also represents some of the properties of the object. Hence, one learns more about what the other feels by mere vision than by vicarious touch. Since vision is anyway the necessary intermediary for vicarious touch, it is hard to see why one should add the additional cost to imagine the other person's tactile experience. There is no information that one learns that is not already carried by one's visual experience. This is not to say that vicarious tactile experience is only an impoverished version of visual experience of touch. Seeing a tactile event and vicariously feeling touch differ in one important respect. They have different modes of presentation, or format.

One may then argue that vicarious touch plays a major role for understanding other people, not so much because of the information its content carries, but because of its specific tactile format. Interestingly, it has been recently proposed that the most promising path for embodied social cognition is the hypothesis that social cognition is embodied because it exploits representations with bodily format [START_REF] Goldman | Is social cognition embodied?[END_REF][START_REF] Gallese | What is so special about embodied simulation?[END_REF]. Bodily format is a class of representational code that characterizes somatosensory, interoceptive, affective, and motor representations. It has to be distinguished from bodily content, that is, representations that carry information about the body. Some representations can have both a bodily content and a bodily format (for example, tactile representations). But one can envisage dissociations. For instance, the visual representation of one's body has a bodily content, but it is not encoded in a bodily format. Conversely, affective states are endowed with a bodily format, but they do not have a spatial bodily content.

I shall now consider three potential roles that the bodily format of vicarious touch can play. Thanks to vicarious touch, one may have a grasp of the objectivity of the world, a grasp of the subjectivity of other people, or a grasp of intersubjectivity.

Touch is traditionally assumed as the only sensory modality that gives direct access to the objectivity of the external world through feeling of resistance. One may then suggest that vicarious tactile experience differs from visual experience of tactile event in offering a first-person experience of the objectivity of whatever is in contact with the other individual's skin. But does one need vicarious experience of objectivity? It seems one could easily dispense with it since one is already in almost constant contact with the external world. Furthermore, even if vicarious touch does afford this supplementary grasp of objectivity, this will have nothing to do with mindreading and empathy.

Alternatively, one may argue that vicarious touch is not so much about objectivity than subjectivity. It grounds "the capacity to understand the tactile experience of others, and by extension to understand others as experiencing selves" [START_REF] Wood | Visuotactile empathy within the primary somatosensory cortex revealed by short-latency afferent inhibition[END_REF]. One may even extend this view and claim that one vicariously experiences the intersubjective relation that occurs between the person who is touched and the person who is touching her. However, vicarious touch can be elicited in non-social situations.

On the one hand, brain activity corresponding to vicarious touch was found even when participants observed paper rolls being stroked [START_REF] Keysers | A Touching Sight: SII/PV Activation during the Observation and Experience of Touch[END_REF]. Arguably, one does not experience the "experiencing self" of the paper rolls. It is important at this point to distinguish between two aspects of touch, the active side (touchant) and the passive side (touché). Results such as those with the paper rolls indicate that in some circumstances, vicarious touch is not induced by seeing the person receiving the tactile stimulation, but rather by seeing the stroking movement itself. As such, it constitutes a vicarious touchant experience rather than a vicarious touché experience. Keyser and coll. ( 2010) conclude that vicarious touch corresponds to the mirroring of tactile consequences of the touching movement. On the other hand, another study found that vicarious touch could be induced by observing the wind stroking another individual's arm [START_REF] Ebisch | The sense of touch: embodied simulation in a visuotactile mirroring mechanism for observed animate or inanimate touch[END_REF]. The only difference with voluntary touch was that there was no activity in SI, and the activity in SII was less intense. These results seem hardly compatible with the interpretation of vicarious touch in terms of empathy.

To conclude, vicarious touch, and more specifically MTS, have been -wronglyconceived in terms of tactile empathy. Vicarious touch suffers from two main flaws: its lack of predictive power and its informational poverty. First, it is not clear in what sense it is useful to empathize with someone's tactile experiences. Unlike pain, touch almost no direct implication for action. Hence, vicarious touch cannot be used to make specific predictions about the person who is touched. Nor does it have any function for prosocial behaviour. Second, the role of vicarious touch for mindreading, and more generally for social cognition, is minimal. This is not to say that MTS does not result from the disruption of self-other distinction, as argued by [START_REF] Banissy | Mechanisms of self-other representations and vicarious experiences of touch in mirror-touch synesthesia[END_REF]. This is rather to say that the collapse of self-other distinction is more characteristic of emotional contagion than of empathy. One catches other people's tactile experiences. But one can as well remain ignorant of the source of one's vicarious tactile experience. Vicarious touch is a self-centred experience with almost no bearing on the understanding of other people. Sharing another's tactile experience is of little interest for mindreading, and more generally for social cognition.

The case of vicarious touch illustrates a more general difficulty that theories of embodied social cognition face. Embodied theorists try to elevate the importance of the body in explaining cognitive activities. They claim that the body has a crucial significance in how and what the organism thinks and feels. In particular, in the domain of social cognition, they reject excessive cognitive sophistication. On their view, mindreading does not require a highly cognitive and interpretative strategy of understanding other people's mental states. Access to others' mental states can be direct and non propositional. It is then no surprise that embodied theorists have taken the discovery of shared neural network for touch and touch observation as evidence for the embodied view of social cognition. On their view, vicarious touch offers a direct embodied access to other people's sensations.

Our capacity to experience and directly understand the tactile experience of others could be mediated by embodied simulation, that is, by the externally triggered activation of some of the same neural network underpinning our own tactile sensations. (Gallese, 2007, p. 9, my underline) These findings suggest the existence of a visuotactile mirroring mechanism, and that the understanding of an observed touch (…) could be mediated by embodied simulation. [START_REF] Ebisch | The sense of touch: embodied simulation in a visuotactile mirroring mechanism for observed animate or inanimate touch[END_REF](Ebisch et al., , p. 1612, my underline) , my underline) In many cases reported in the literature of so-called embodied processes, it is not clear in what sense those processes are related to the body [START_REF] Goldman | Is social cognition embodied?[END_REF]. There is no such problem in the case of vicarious touch. Tactile representations have both bodily content and bodily format. Hence, the problem is not here. Rather, the problem is that vicarious touch plays no crucial role for social cognition. It is a self-centred phenomenon of the contagious type. Intersubjective situation can have a clear embodied dimension, like in vicarious touch, but this does not imply that its embodiment actually contributes to the understanding of other people.

An intermodal account of vicarious touch

At this stage, one may want to turn to the other interpretation of MTS in terms of synaesthesia. There are, however, two ways the notion of synaesthesia can be interpreted. The current dominant model refers to supplementary sensations that some people experience for specific stimulations. Almost any combination of senses can be associated. For example, auditory stimuli can induce experiences of colour.

Individuals with these peculiar subjective experiences may be as frequent as 1 in 100 [START_REF] Simner | Synaesthesia: The prevalence of atypical cross-modal experiences[END_REF]. On this interpretation, synaesthesia is a condition in which a stimulus experience, which may be perceptual, emotional or imaginative, is a sufficient automatic cause of an arbitrary, idiosyncratic experience in a sensory modality, which is the same as or different to that that the stimulus may be in [START_REF] Macpherson | Synaesthesia, Functionalism and Phenomenology[END_REF]. As I will show soon, on this definition, MTS is a misnamed phenomenon. There is, however, another interpretation of the term of synaesthesia, which does not refer to the confusion between the senses, but rather to their collaboration to achieve the most reliable rendering of perceptual properties:

It is not the case that the schema of the body has two different parts, the one optic and the other tactile. It is in essence a synaesthesia (…) The synaesthesia, therefore, is the normal situation. (Schilder, 1935, p. 38) Here I will suggest interpreting vicarious touch as a by-product of the multimodal (or synaesthetic) nature of tactile experiences. But I will first show that MTS should not be understood on the model of coloured audition.

As in coloured audition, MTS consists in an experience in one modality automatically caused by an experience in another modality. But the similarity ends there. First, it is not clear how idiosyncratic MTS is. It is true that only 1.6% of the population report consciously feeling other people's tactile sensations [START_REF] Banissy | Prevalence, characteristics and a neurocognitive model of mirror-touch synaesthesia[END_REF], but as said earlier, even non-MTS individuals partially activate the same brain areas when they experience tactile sensations and when they observe another individual receiving a tactile stimulus [START_REF] Keysers | A Touching Sight: SII/PV Activation during the Observation and Experience of Touch[END_REF]Ebish et al., 2009[START_REF] Wood | Visuotactile empathy within the primary somatosensory cortex revealed by short-latency afferent inhibition[END_REF]. The difference between vicarious touch and MTS may then be just a matter of intensity. It has been suggested that individuals with MTS consciously experience vicarious touch unlike other people because of a heightened activity in the somatosensory cortex [START_REF] Blakemore | Somatosensory activations during the observation of touch and a case of vision-touch synaesthesia[END_REF].

The second peculiarity of MTS concerns the nature of the so-called synaesthetic experience. In coloured audition, a musical note can induce the experience of any Hence, MTS differs on several points from classic cases of synaesthesia to such extent that one may wonder whether the phenomenon is not mislabelled. 4 At least, it 4 One may also say that it has been an error to call it a 'mirror' phenomenon. There are important differences between action mirroring and vicarious sensations. For one thing, action has a physical counterpart, namely the bodily movement, which can be directly seen. By contrast, sensation is exclusively internal. Arguably, one cannot directly see a tactile sensation; all one can see is the tactile stimulus. It is possible for a touch to elicit no sensation if for example one is anaesthetized. For further discussion, see Jacob and Vignemont (forthcoming).

seems clear that one cannot shed light on MTS by appealing to current theories of synaesthesia. However, the notion of synaesthesia does not necessarily mean the specific condition that affects only 1.6% of the population. It can also refer to the constant merging of the senses in bodily awareness, as suggested by [START_REF] Schilder | The image and appearance of the human body[END_REF]. I shall now argue that there is no major qualitative difference in the involvement of vision in touch, vicarious touch and MTS. Instead, it should be understood as a continuum. The argument can be articulated into three steps:

(1) The Multimodality thesis: Bodily experiences, including tactile experiences, result from the integration of vision and touch. They are constitutively multimodal.

(2) Vision can take many bodies as objects. It carries information not only about one's body, but also about other people's bodies (and other objects).

(3) Hence, visual information about other people can influence tactile experiences.

Put it another way, the multimodal nature of bodily experiences opens the door to the influence of the vision of other bodies, thus enabling vicarious bodily experiences. I will now focus on non-vicarious tactile experience and show the essential contribution of vision (for a detailed account, see Vignemont, forthcoming (a)). I will then conclude by explaining how the multimodality of tactile experiences can account for vicarious tactile experiences.

The Multimodality thesis

For a long time, most research has studied each sensory modality in isolation. This is in line with a modular conception of perception according to which the first levels of sensory processing are encapsulated, isolated from the influence of any other kind of information. However, not only do we experience the world through multiple senses at the same time, but those senses can influence each other. Information from one modality then affects information in another modality. The recent literature has thus emphasized the importance of multisensory interaction, which appears to be "beyond modularity" [START_REF] Condillac Driver | Multisensory perception: beyond modularity and convergence[END_REF]. Multisensory effects are often automatic and mandatory since they can occur very early on in sensory processing. It may even seem now that a purely unimodal experience (not affected one way or the other by information coming from a different modality) is more the exception than the rule. Multisensory effects are indeed pervasive. They can be found between most modalities, although I shall primarily analyse how touch is affected by vision. This is well illustrated by the Rubber Hand Illusion. Participants sit with one arm resting on a table, hidden behind a screen. They are asked to visually fixate on a rubber hand presented in front of them, and the experimenter simultaneously strokes with two paintbrushes both the participants' hand and the fake hand. The illusion occurs after a couple of minutes, but only if the two hands are in congruent position and synchronously stimulated [START_REF] Botvinick | Rubber hands 'feel' touch that eyes see[END_REF][START_REF] Tsakiris | The rubber hand illusion revisited: visuotactile integration and self-attribution[END_REF]. Most participants then report feeling as if they were touched on the rubber hand and as if the rubber hand were their hand. After the stroking, they mislocate their hand toward the rubber hand. Furthermore, when they see the rubber hand hit by a hammer, subjects react vividly, as if their own hand were hit [START_REF] Ehrsson | Threatening a rubber hand that you feel is yours elicits a cortical anxiety response[END_REF].

The link between bodily experiences and visual information can sometimes be so tight that the mere presence of the latter can automatically induce the former. For example, it was found that when participants saw the light from a laser pointer 'stroking' a rubber hand, more than half of them reported that they felt the touch of the laser on their skin (they said that it felt 'warm', for example), even though their own hand was not stroked [START_REF] Durgin | Rubber hands feel the touch of light[END_REF]. Those illusions illustrate how visual information about a rubber hand being stroked can alter tactile and proprioceptive signals so that one feels touch on the rubber hand and feels one's hand close to where the rubber hand is. The resolution of conflict between somatosensory information and visual information leads here to an illusory experience. But most of the time the presence of visual information improves the reliability and accuracy of bodily experiences. Vision is indeed characterized by its spatial richness and reliability. It is necessary to compensate for the flaws of the body senses.

To be aware that one is touched 'here' is one thing, and to locate where 'here' is another thing. A cross indicating "you are here" is of little interest if there is no reference point on the map. Likewise, tactile localization requires a spatial frame of reference, which cannot be provided by tactile information itself. More precisely, body senses (including the sense of touch, but also the sense of posture and the sense of balance) do not directly carry information about the shape of the various parts of the body, their size and their spatial configuration. For example, the facts that we have two arms, that they are cylinder-shaped, that they are of such 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. 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 taking into account the size of the exploratory body parts (e.g., fingers). Hence, the scope of information that the body senses directly carry is limited. For tactile sensations to get a relatively rich and accurate spatial content, raw spatial tactile signals thus need to be interpreted with the help of a topological and geometric mental map of the body. This hypothesis can be tracked back to [START_REF] Bonnier | L'Aschématie[END_REF], who first introduced the notion of schema of the body to refer to the spatial organization of bodily sensations. [START_REF] Head | Sensory disturbances from cerebral lesions[END_REF] Now one question concerns the origin of the body map. And the answer is that it is partly visual. Let us go back to the Rubber Hand Illusion. I have argued that one feels sensations within the frame of reference provided by the body map. Thus, if one can feel sensations in the rubber hand, it must be because the rubber hand has been integrated into the body map. What is interesting here is that the body map has adjusted to incorporate a rubber hand that was only seen, and only for a couple of minutes. Other studies have found that the visual distortion of the size of body parts can affect tactile experiences. For instance, if you are touched on two spots on your finger after observing the image of a smaller version of your hand, you will experience the distance between the two tactile stimuli as relatively smaller [START_REF] Taylor-Clarke | Keeping the world a constant size: object constancy in human touch[END_REF]. It is interesting to note that only vision can directly process size information [START_REF] Longo | An implicit body representation underlying human position sense[END_REF]. Vision is thus needed in order to fill in the metric details of the body map.

More generally, vision offers more reliable information about spatial properties than touch and proprioception, and it often dominates over them when in conflict. It is thus optimal to combine visual information with proprioceptive information in order to achieve the most accurate perceptual estimate of the bodily location [START_REF] Van Beers | Integration of proprioceptive and visual position information: An experimentally supported model[END_REF]. This is well illustrated by prismatic adaptation [START_REF] Welch | Immediate perceptual response to intersensory discrepancy[END_REF].

When participants wear prismatic goggles that displace the visual field laterally by a fixed amount (typically, 10-15°), the visual system carries information about the location of their hand that is incongruent with somatosensory information. After a while, the visual deviation affects not only where the participants see and judge their hand to be, but also where they feel their hand to be: the hand is usually localized closer to the visually perceived position than to the position perceived proprioceptively. The involvement of visual information in bodily experiences is not restricted to cases in which one is actually seeing one's body. It persists even after one can no longer see one's body and even after one has moved. For instance, in the Rubber Hand Illusion, we have seen that participants mislocalize their hand toward the rubber hand. Interestingly, they have no current visual experience of either hand when they are asked to make the report. Yet, their bodily experience is determined by the visual memory of location of the rubber hand. It has also been found that bodily experiences can result from the integration of current proprioceptive information and visual prediction of hand location [START_REF] Smeets | Sensory integration does not lead to sensory calibration[END_REF]. When moving in the dark, participants 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 the bodily experience, which represents the location of the hand, can be updated on the basis of visual expectation, even when one is in the dark.

According to the Multimodality thesis that I defend, those effects reveal the constitutive multimodal nature of bodily awareness. In a nutshell, bodily experiences evolved to reliably track bodily states. Their function is to afford a veridical rendering of bodily properties [START_REF] O'shaughnessy | The Will[END_REF]. It is fulfilled if and only if bodily experiences are reliably correlated with bodily states that they are designed to indicate. Vision is then necessary to the veridical rendering of bodily properties because of the limits of the body senses and the spatial 'expertise' of vision. As claimed by Stein and Meredith (1993, p. 6), "the sensory modalities have evolved to work in concert". The same can be said of vision and body senses. Their interaction improves the likelihood of detecting, localizing and identifying bodily events and properties. It is thus beneficial to combine different sources of information in order to achieve the best perceptual judgments. In other words, the more information the better. Consequently, vision has been selected by evolutionary pressure because it is required by the very nature of bodily experiences. The contribution of vision to bodily experiences is not a mere causal accident.

One may reply that bodily awareness in blind people shows that vision is not necessary to bodily awareness. But the fact is that blind individuals have bodily experiences of a different type than sighted individuals. There are fundamental differences between bodily experiences in those who see and in those who have never seen. First, blind individuals are not sensitive to the same bodily illusions, and in particular they are not sensitive to the non-visual version of the Rubber Hand Illusion [START_REF] Petkova | Rubber Hands Feel Touch, but Not in Blind Individuals[END_REF]. Second, the metrics of their body map is impaired [START_REF] Kinsbourne | Human figure representation by blind children[END_REF]. For instance, [START_REF] Helders | Early motor signs of blindness or very low vision in very young children[END_REF] reported that their torso appears to blind individuals long and very narrow with disproportionately big arms and hands.

Third, even when asked to localize their body parts and their tactile sensations with their eyes closed, the performance of sighted subjects differs from that of blind subjects [START_REF] Jones | Development of Cutaneous and Kinesthetic Localization by Blind and Sighted Children[END_REF]. There are two reasons for this. On the one hand, even in the absence of visual information, sighted individuals do not rely as much as they could on somatosensory information because their processing of bodily information has been shaped by the almost constant involvement of visual information. On the other hand, blind individuals compensate for the lack of vision by dedicating more resources to somatosensory processing, as revealed by large-scale cortical reorganisation (for review, see [START_REF] Merabet | Neural reorganization following sensory loss: the opportunity of change[END_REF]. Four, congenitally blind individuals do not exploit the same spatial frames of reference. Close your eyes and cross your hands over your body midline. If your left hand is briefly touched, and then your right hand, you take longer and are less accurate in judging which hand was touched first than if your hands are uncrossed [START_REF] Yamamoto | Reversal of subjective temporal order due to arm crossing[END_REF]. This effect has been observed both in sighted adults who have their eyes closed and in noncongenitally blind adults. The effect can be explained by the conflict between two spatial frames of bodily experiences: the frame of the body (left hand) and the frame of the external world (on the right). But it is reduced when sighted adults cross their hands in a space that is not visually accessible like behind their back (Kobor et al., 2006). And it is absent in sighted young children and in congenitally blind adults [START_REF] Röder | Early vision impairs tactile perception in the blind[END_REF][START_REF] Pagel | Change of reference frame for tactile localization during child development[END_REF]. This reveals that in their case there is no conflict between the two spatial frames. This is not to say that congenitally blind individuals and young children have no external reference frame in general. It only shows that in their case tactile information is not automatically remapped into the frame in eye-centred coordinates because of the lack of visual experiences at crucial stage in development [START_REF] Pagel | Change of reference frame for tactile localization during child development[END_REF].

To recap, whether or not one is currently seeing one's body, vision plays an essential role in delineating the boundaries of the body, in locating our body parts in 

A continuum

Vicarious touch is not radically different from touch. Both are influenced by vision. I will now argue that the involvement of vision in bodily experiences opens the door to the influence of other people. More precisely, there are two ways what happens on other people's bodies can invade us, so to speak. First, vicarious touch can find its origin in erroneous parsing of the relevant information to bind together in tactile experiences. Second, vicarious touch can find its origin in body representations shared between self and others.

Let me consider the parsing hypothesis first. Multimodal integration is of use only when the signals carry information about a particular property of the same object or event. In particular, visuo-tactile integration requires selecting the information that comes from one's body, and segregating that information from the information that concerns other bodies. This mechanism is reliable most of the time, but is not infallible, as shown by the Rubber Hand Illusion. This illusion results from the integration of visual information about the rubber hand with tactile and proprioceptive information. But this integration should not have occurred since the visual information was not about the same object as the object of somatosensory information, namely the participants' hands. We still know very little about the parsing mechanism that selects the relevant information for integration (for more details, see Vignemont, forthcoming (b)). As noted by [START_REF] Shams | Early Integration and Bayesian Causal Inference in Multisensory Perception[END_REF], this is a "difficult problem" for the perceptual system:

The problem of whether to combine two signals involves an (implicit or explicit) inference about whether the two signals are caused by the same object or by different objects, i.e., causal inference. This is not a trivial problem (...) The different senses have different precisions in all dimensions, including the temporal and spatial dimensions, and even if the two signals are derived from the same object/event, the noise in the environment and in the nervous system makes the sensory signals somewhat inconsistent with each other most of the time. Therefore, the nervous system needs to use as much information as possible to solve this difficult problem.

One hypothesis is then that vicarious touch is the consequence of the failure of the parsing mechanism. In a nutshell, what happens on someone else's body is taken to be relevant for visuo-tactile integration. In other words, vicarious touch results from a false positive error. One may further suggest that in MTS, there are more false positives due to a parsing mechanism that is less reliable than in normal individuals. This hypothesis is compatible with [START_REF] Banissy | Mechanisms of self-other representations and vicarious experiences of touch in mirror-touch synesthesia[END_REF]'s view that individuals with MTS have some abnormal self-other processing. What I suggest here is that those abnormalities interfere at the level of the parsing mechanism.

There is, however, a second possible explanation of vicarious touch, which does not assume the failure of the parsing process. Rather, it interprets vicarious touch as the collateral effect of a well-functioning process. A classic problem in the imitation literature is known as the correspondence problem: how does one map another person's movements to one's own movements [START_REF] Goldenberg | Imitating gestures and manipulating a mannikin--the representation of the human body in ideomotor apraxia[END_REF][START_REF] Heyes | Causes and consequences of imitation[END_REF]? The classic way to approach the correspondence problem has been in sensorimotor terms: how does one map visual information to motor command (e.g., [START_REF] Brass | Imitation: Is cognitive neuroscience solving the correspondence problem[END_REF])? However, one may also conceive the correspondence problem in bodily terms: how does one map the movement of another body onto one's body? Goldenberg (2005) defends an embodied approach to imitation, according to which one uses knowledge about the body to decode the other's movement and copy it. The special role of body representation in imitation is especially salient for some specific types of actions. This is the case for instance when one imitates meaningless gestures. Upon seeing a military salute, one can recognize it as such and use a stored motor schema of the salute to replicate it. But when one sees a person putting her thumb above her eyebrow, the only solution is to encode the movement in terms of the body parts that are seen and their spatial relations. In order to respect bodily congruency, one needs to exploit an interpersonal representation of the body, which indifferently represents one's body and other people's bodies. Arguably, the existence of shared body representations is not limited to the only motor system, but can also be found in the sensory domain (for review, see Vignemont, forthcoming (c)). For instance, it is well known that viewing the body part that is touched (without viewing the touching object) enhances tactile acuity. Importantly, the effect of visual enhancement of touch is as effective when seeing one's own body part as when seeing another person's body part [START_REF] Haggard | Just seeing you makes me feel better: interpersonal enhancement of touch[END_REF]. Likewise, Thomas and coll. (2006) found that participants were faster in detecting touch when they saw before a non-predictive visual cue on another person's body at the corresponding location. The authors concluded:

We believe that our results provide the first behavioural evidence in normal subjects for interpersonal body representation based on a somatotopic spatial map, at the purely sensory level. (Thomas et al., 2006, p. 328).

Hence, vicarious touch is not the only phenomenon in which visual information about other people's bodies influences tactile experiences. This can be explained by the fact that vision of other people participates in shaping the body map that structures tactile sensation. For example, [START_REF] Price | A critical review of congenital phantom limb cases and a developmental theory for the basis of body image[END_REF] suggested that phantom limbs in aplasic patients with congenital limb deficiency could be explained by the fact that they constantly see other bodies with two arms and two legs. This enables them to generate a body template, which supplements their own body map. One may also conceive that visual information about other people's bodies may supplement the representation of the configuration of our own body for body parts that are not directly visually available like the back.

It thus seems that bodily experiences, including tactile experiences, are partly based on visual information, visual information that is primarily about one's body, but that can also be about other bodies. It is then no surprise that one can experience vicarious touch.

To conclude, vicarious touch is often considered on a par with other phenomena such as action mirroring and empathy for pain within the general framework on embodied social cognition, but it is actually an oddball. Whereas action mirroring plays a role for imitation and empathy pain for understanding other people and helping them, it is not clear what role vicarious touch can play. Tactile mindreading is already of little interest. So tactile mindreading via tactile sharing is even more puzzling. Why add the extra cost of imagining tactile sensations felt by others when one has all the information on the basis of visual analysis? Vicarious touch is just a case of contagion. More precisely, I argued that vicarious touch is a collateral effect of the fundamental multimodal nature of bodily experiences. Any tactile experience is grounded in vision. Visual information is normally about one's body, but not always.

Hence, vision of other people's bodies can interfere with touch. On this view, MTS is thus both a case of intermodal confusion and intersubjective confusion. These confusions are merely taking more extreme forms in MTS than in the normal population.

  This is a chapter published in 2017 by Oxford University Press in the book Sensory blending: On synaesthesia and related phenomena edited by O. Deroy. ISBN: 9780199688289. Mirror touch synaesthesia: intersubjective or intermodal fusion? Frédérique de Vignemont Institut Jean-Nicod Watching someone eating, I would taste and feel their food in my mouth, and I struggled with weight loss because I always felt full. (The Guardian, Saturday 19 March 2011). Fiona Torrance describes here how she feels what other people feel. She catches, so to speak, other people's experiences. She presents an extreme version of what is known as mirror-touch synaesthesia (MTS). Typically, individuals with MTS report consciously feeling tactile sensations on their own body when they see another person being touched. In other words, they have what may be called vicarious tactile sensations.

  Typically, when I yawn because I see you yawning, I might think that I am tired or bored, but my yawning does not inform me about your sleepiness. Most of the time, I do not even realize that I yawn because you did. By contrast, an empathetic experience is an other-directed vicarious experience. It contributes to the understanding of the target's original experience. When I empathize with your distress, I understand what you are feeling in virtue of sharing your emotion. Empathy is intimately related to third-person mindreading. Now the question is: is vicarious touch a case of contagion or of empathy? In other words, is vicarious touch crucial for understanding other people's tactile experiences?

  colour. There is in principle nothing in common between the B flat you hear and the blue you see. But in MTS, seeing a tactile stimulus applied to on another individual's body part induces you to experience as if you were receiving the tactile stimulus on your own body on the same body part, either on the same side or on the other side (for example, seeing a left cheek being touched induces a vicarious sensation on the left or on the right cheek). The content of your experience is not arbitrary. You merely feel on your body what you see.

  also posited the existence of what they called a superficial schema, which is the model of the skin surface of the body used for localizing bodily sensations. But it is O'Shaughnessy (1980) who best argues in favour of a dual specification of the spatial content of bodily experiences. What he calls a long-term body image explains how the spatial content of all bodily experiences share the same structural shape of the body over an extended period. The long-term body image plays a structural role in spatially shaping bodily experiences. For sake of simplicity, I will use the term of body map, which is less theoretically laden. It is thanks to the body map that sensations are experienced as being at more than an isolated body point. The body map is required to spatially organize bodily experiences. It gives a spatial frame of reference to bodily experiences. The body map is the background on which bodily sensations are experienced. For example, one can experience sensations in a phantom limb thanks to the body map that still represents the amputated limb.

  space and in bridging the gap between what happens on the skin and what happens in the external world. Without vision, bodily experiences cannot fulfil their function to the same extent and in the same way. Now the question is how the Multimodality thesis can account for vicarious touch.

A state is vicarious if (i) it is caused by another person undergoing a specific mental state and (ii) it is isomorphic to some extent to the other person's state.

I take imagination here as a kind of simulation that makes an off-line use of the tactile system[START_REF] Goldman | Simulating minds[END_REF] Vignemont and Jacob, 2011).

But this analysis does not apply to MTS. Clearly, the body part that is touched does matter and activity is found in SI.