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The main criticism Pfeiffer advances in his commentary is that our proposal is too narrow. Embodied simulation (ES), in his view equated to motor resonance, is not a sufficiently primary mechanism on which we can base a unified neurobiological theory of the earliest sense of self and others. According to Pfeiffer, motor resonance needs to be complemented by other more basic and primary mechanisms. Hence, as an alternative to our proposal, he suggests that multisensory spatial processing can play this role, primarily contributing to the earliest foundation of the sense of self and others. In our reply we stress on the one hand that identifying ES only with motor resonance is a partial view that may give rise to fallacious arguments, since ES also deals with emotions and sensations. We also show, on the other hand, that ES and multisensory integration should not be seen as alternative solutions to the problem of the neural bases of the bodily self, because multimodal integration carried out by the cortical motor system is an instantiation of ES. We conclude by stressing the role ES might have played in the transition from bodily experience to symbolic expression.
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1 An overview of Pfeiffer’s criticisms
We would like to thank Christian Pfeiffer for his very well-articulated commentary on our paper “The paradigmatic body: Embodied Simulation, Intersubjectivity, the Bodily Self, and Language” (Gallese & Cuccio  this collection). His comments and criticisms offered us the opportunity to further reflect on some of the ideas proposed in our piece. The aim of our paper was to discuss the role of the body in the constitution of the earliest and primary sense of self and others and, also, to emphasize the constitutive role of the body in a specifically human modality of intersubjectivity: language. To be more precise, we identified a biological mechanism, embodied simulation (ES), as a primary source of intersubjectivity, the sense of self, and language. The mechanism of ES is widely described in the paper and its role in human cognition is explained by also resorting to the Aristotelian notion of paradeigma.
The commentary offered by Christian Pfeiffer is focused on a partial aspect of our much wider proposal. In fact, the author only discusses the constitutive role motor resonance has for the sense of self and for social cognition. However, motor resonance is just one dimension of the mechanism of ES. As argued in our paper and elsewhere (see Gallese & Sinigaglia 2011a; Gallese 2014) the mechanism of simulation is widespread in the brain and it also characterizes the nervous structures involved in the experience of emotions and sensations. All these dimensions of ES should be taken into account. To identify ES only with motor resonance is a partial view that may give rise to fallacious arguments. 
The main criticism Pfeiffer advances in his commentary is that our proposal for the constitutive role of motor resonance is too narrow. ES, in his view equated to motor resonance, cannot be the primary neurobiological mechanism at the basis of both the sense of self and others. According to Pfeiffer, motor resonance needs to be complemented by other more basic and primary mechanisms. Hence, as an alternative to our proposal, he suggests that multisensory spatial processing can play this role, primarily contributing to the earliest foundation of the sense of self and others. To support this claim, he provides theoretical arguments and presents empirical data structured in three different sections. Each of these sections supposedly provides evidence of the role of multisensory spatial processing in the foundation of a bodily sense of self and others.
 In the first section Pfeiffer addresses the issue of intersubjectivity and presents the Attention schema theory (AS). In his proposal, our ability to understand others is primarily based on a mechanism more primitive than ES-as-motor-resonance: spatial coding of attention. AS predicts that we understand the current state of awareness of our conspecifics by means of schematic representations of their states of attention (Pfeiffer this collection, p. 4). In other words, according to AS, by using a representation of the spatial relationship between the individual we are observing and the spatial focus of her/his attention we can likely predict his intentions and, as a consequence, his actions. Pfeiffer (this collection, p. 4) also discusses recent empirical findings on the neural structures underlying the AS. It seems that the neural structures for the spatial coding of attention are based in the right temporo-parietal junctio (TPJ) and in the superior temporal sulcus (STS). These neural structures do not overlap with the neural circuits involved in ES.
In the second section Pfeiffer addresses the issue of the bodily foundation of the sense of self. The experience of being a bodily self can be decomposed into four different aspects (Pfeiffer this collection, p. 5): body ownership, self-location, first-person perspective, and agency. According to Pfeiffer, motor resonance can account only for body ownership and agency, directly contributing to these (non-spatial) aspects of the bodily self. However, for the two spatial components of the bodily self we need a different account. In fact, according to Pfeiffer, empirical evidence suggests that these spatial aspects of the bodily self, which imply multisensory spatial representations, are encoded in a brain region, the TPJ, not characterized by motor resonance. Hence, motor resonance, while being still necessary for the bodily foundation of some basic aspects of the self, is not a sufficiently primary mechanism, since different neural structures are also needed for the bodily foundation of the self. In support of this claim, Pfeiffer discusses data from neurological patients with out-of-body experiences and other kinds of altered states. 
Finally, in the third section the constitutive role of the vestibular system to the bodily foundation of both the consciousness of self and others is discussed. It is proposed that this system, which encodes gravity and head motion and is associated with multisensory spatial processing, significantly and primarily contributes to our ability to distinguish between motions of our own body and motions of other people’s bodies, in this way contributing to both the foundation of the sense of self and social cognition. Empirical studies are reported to support these claims. In addition, empirical data showing that the vestibular cortical network overlaps with neural structures underlying the bodily foundation of both the sense of self and others, as discussed in the two previous sections, are presented.
In the light of the empirical evidence discussed in his commentary, Christian Pfeiffer concludes that ES-as-motor-resonance is not a sufficiently primary mechanism on which we can base a unified neurobiological theory of the earliest sense of self and others. In the next section we answer these criticisms.



2 Responses
First, we would like to point out that ES is not confined to motor resonance of others’ actions, like that instantiated by macaques’ mirror neurons, as in humans ES also encompasses the activation of somatosensory areas during the observation of others’ tactile experiences, the activation of pain-related areas like the anterior insula and the anterior cingulate cortex during the observation of others’ pain, and the activation of the anterior insula and limbic structures like the amygdala during the observation of others’ emotions like disgust and fear (see our paper, p. 9 and Gallese & Sinigaglia 2011a). Thus, motor resonance only describes one partial aspect of ES. 
Two distinct arguments can be used to explain why we do not think that AS constitutes a valid alternative to ES, as argued by Pfeiffer. We certainly agree with Pfeiffer that shared attention, that is, the capacity to direct the gaze to an object gazed by someone else, is a basic ingredient of social cognition. Indeed, as maintained by Colwyn Trevarthen (1977), shared attention marks in human infants around 9 months of age the transition from primary to secondary intersubjectivity. However, shared attention constitutes only one aspect of intersubjectivity and social cognition, thus AS at best only covers a partial aspect of social cognition and therefore appears to be more limited than ES in this respect. Furthermore, and most importantly, shared attention can be linked to motor resonance. Shepherd, Klein, Deaner, and Platt 2009) discovered in macaques a class of mirror neurons in the lateral intraparietal (LIP) area involved in oculomotor control, signaling both when the monkey looked at a given direction in space and when it observed another monkey looking in the same direction. These authors suggested that LIP mirror neurons for gaze might contribute to the sharing of observed attention. This evidence shows that shared attention is not divorced from motor resonance, but actually requires it.
A further argument in our opinion demonstrates that ES and AS should not be seen as alternative solutions to the problem of social cognition. Multisensory integration is a pervasive feature of parieto-frontal centers involved in sensory-motor planning and control. Indeed an influential theory about attention, the “Premotor Theory of Attention” (see Rizzolatti et al. 1987; Rizzolatti et al. 1994) states that spatial attention results from the activation of the same “pragmatic” circuits that program oculomotor behavior and other motor activities, even if such activation does not produce any overt motor behavior, thus qualifying as motor simulation. 
We would like to emphasize even more strongly than we did in the paper that a crucial role of the cortical motor system is precisely that of integrating multiple sources of body-related sensory signals, like tactile, visual and auditory stimuli (see our paper, pp. 10–11; see also Gallese & Sinigaglia 2010, 2011b; Gallese 2014). The ventral premotor cortex (vPMC) might represent one of the essential anatomo-functional bases for the motor aspect of bodily selfhood, specifically because of its role in integrating self-related multisensory information. This hypothesis is corroborated by clinical and functional evidence showing the systematic involvement of vPMC with body awareness (Ehrsson et al. 2004; Berti et al. 2005; Arzy et al. 2006). This evidence demonstrates a tight relationship between the bodily self-related multimodal integration carried out by the cortical motor areas specifying the motor potentialities of one’s body and guiding its motor behavior and the implicit awareness one entertains of one’s body as one’s own body and of one’s behavior as one’s own behavior.
The vPMC is anatomically connected to visual and somatosensory areas in the posterior parietal cortex and to frontal motor areas and for this reason it is plausible to assume that vPMC activity reflects the detection of congruent multisensory signals related to one’s own body parts: this mechanism could be responsible for the feeling of body ownership. The motor aspects of the bodily self-enable the integration of self-related multimodal sensory information about the body and about the world with which the body interacts, as epitomized by the properties of macaques’ premotor neurons in area F4 (see Fogassi et al. 1996; Rizzolatti et al. 1997) and the analogous functional properties displayed by the human homologue of area F4 (see Bremmer et al. 2001). The same neurons controlling the movement in space of the head or of the upper limb also respond to tactile, visual, and auditory stimuli, provided they are applied to the same body part, like tactile stimuli, or they occur in the body-part-centered peri-personal space, like visual and auditory stimuli. Thus, we think that ES and multisensory integration should not be seen as alternative solutions to the problem of the neural bases of the bodily self, because multimodal integration carried out by vPMC is an instantiation of ES. We agree with Pfeiffer, however, that other brain areas, like TPJ, might contribute to a coherent sense of one’s own body. It must be added that TPJ is part of a network (including the posterior parietal cortex, and the premotor cortex) implicated in multisensory integration during self-related and other-related events and experiences. Indeed, as shown by Ebisch et al. (2011), the observation of others’ affective tactile experiences leads to the activation of observers’ vPMC and second somatosensory area and to the inactivation of observers’ posterior insula. Functional connectivity revealed a significant interaction between the posterior insula, right TPJ, left pre-central gyrus, and right posterior parietal cortex during the observation of other’s affective touch. These data suggest that TPJ might be involved in mapping the self–other differentiation, by means of lower-level computational mechanisms for generating, testing, and correcting internal predictions about external sensory events.
Last, we agree with Pfeiffer that the vestibular system might contribute to the bodily foundation of both the consciousness of self and others and we thank him for having pointed this out, thus integrating our perspective.



3 Conclusions
It seems that the data discussed in the previous section allow us to come to the conclusion that ES is the primary and earliest mechanism contributing to the foundation of the sense of self and others. That said, in conclusion, we would like to stress again the issue of the cognitive role ES has in relation to language. Though the aspect of the relation between ES and language was not addressed in Pfeiffer’s commentary, this was a central point of our proposal. The relation between ES and language is two-sided. On the one hand, empirical evidence has shown the role ES plays in language comprehension. These data (for an overview see Gallese & Cuccio this collection, p. 13) suggest that the bodily, sensory, and motor dimensions play a constitutive role in language, both ontogenetically and phylogenetically. On the other hand, being linguistic creatures, we humans are the only living species able to fix and relive specific aspects of our bodily experiences by means of symbols. Words or other forms of symbolic representations such as art, for example, allow us to activate and relive our bodily experiences.  In this way, by means of symbolic representations, we can share our bodily experiences, enacted by ES, even with people far away from us in time and space. As argued in our paper, ES is a model of our own experiences and its defining features are best explained by resorting to the Aristotelian notion of paradeigma. ES-as-paradeigma (and not just as motor resonance) provides a neurobiologically-based new perspective on human social cognition and ultimately on the very definition of human nature. 
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   TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION



   1. Definitions.



      "License" shall mean the terms and conditions for use, reproduction,

      and distribution as defined by Sections 1 through 9 of this document.



      "Licensor" shall mean the copyright owner or entity authorized by

      the copyright owner that is granting the License.



      "Legal Entity" shall mean the union of the acting entity and all

      other entities that control, are controlled by, or are under common

      control with that entity. For the purposes of this definition,

      "control" means (i) the power, direct or indirect, to cause the

      direction or management of such entity, whether by contract or

      otherwise, or (ii) ownership of fifty percent (50%) or more of the

      outstanding shares, or (iii) beneficial ownership of such entity.



      "You" (or "Your") shall mean an individual or Legal Entity

      exercising permissions granted by this License.



      "Source" form shall mean the preferred form for making modifications,

      including but not limited to software source code, documentation

      source, and configuration files.



      "Object" form shall mean any form resulting from mechanical

      transformation or translation of a Source form, including but

      not limited to compiled object code, generated documentation,

      and conversions to other media types.



      "Work" shall mean the work of authorship, whether in Source or

      Object form, made available under the License, as indicated by a

      copyright notice that is included in or attached to the work

      (an example is provided in the Appendix below).



      "Derivative Works" shall mean any work, whether in Source or Object

      form, that is based on (or derived from) the Work and for which the

      editorial revisions, annotations, elaborations, or other modifications

      represent, as a whole, an original work of authorship. For the purposes

      of this License, Derivative Works shall not include works that remain

      separable from, or merely link (or bind by name) to the interfaces of,

      the Work and Derivative Works thereof.



      "Contribution" shall mean any work of authorship, including

      the original version of the Work and any modifications or additions

      to that Work or Derivative Works thereof, that is intentionally

      submitted to Licensor for inclusion in the Work by the copyright owner

      or by an individual or Legal Entity authorized to submit on behalf of

      the copyright owner. For the purposes of this definition, "submitted"

      means any form of electronic, verbal, or written communication sent

      to the Licensor or its representatives, including but not limited to

      communication on electronic mailing lists, source code control systems,

      and issue tracking systems that are managed by, or on behalf of, the

      Licensor for the purpose of discussing and improving the Work, but

      excluding communication that is conspicuously marked or otherwise

      designated in writing by the copyright owner as "Not a Contribution."



      "Contributor" shall mean Licensor and any individual or Legal Entity

      on behalf of whom a Contribution has been received by Licensor and

      subsequently incorporated within the Work.



   2. Grant of Copyright License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      copyright license to reproduce, prepare Derivative Works of,

      publicly display, publicly perform, sublicense, and distribute the

      Work and such Derivative Works in Source or Object form.



   3. Grant of Patent License. Subject to the terms and conditions of

      this License, each Contributor hereby grants to You a perpetual,

      worldwide, non-exclusive, no-charge, royalty-free, irrevocable

      (except as stated in this section) patent license to make, have made,

      use, offer to sell, sell, import, and otherwise transfer the Work,

      where such license applies only to those patent claims licensable

      by such Contributor that are necessarily infringed by their

      Contribution(s) alone or by combination of their Contribution(s)

      with the Work to which such Contribution(s) was submitted. If You

      institute patent litigation against any entity (including a

      cross-claim or counterclaim in a lawsuit) alleging that the Work

      or a Contribution incorporated within the Work constitutes direct

      or contributory patent infringement, then any patent licenses

      granted to You under this License for that Work shall terminate

      as of the date such litigation is filed.



   4. Redistribution. You may reproduce and distribute copies of the

      Work or Derivative Works thereof in any medium, with or without

      modifications, and in Source or Object form, provided that You

      meet the following conditions:



      (a) You must give any other recipients of the Work or

          Derivative Works a copy of this License; and



      (b) You must cause any modified files to carry prominent notices

          stating that You changed the files; and



      (c) You must retain, in the Source form of any Derivative Works

          that You distribute, all copyright, patent, trademark, and

          attribution notices from the Source form of the Work,

          excluding those notices that do not pertain to any part of

          the Derivative Works; and



      (d) If the Work includes a "NOTICE" text file as part of its

          distribution, then any Derivative Works that You distribute must

          include a readable copy of the attribution notices contained

          within such NOTICE file, excluding those notices that do not

          pertain to any part of the Derivative Works, in at least one

          of the following places: within a NOTICE text file distributed

          as part of the Derivative Works; within the Source form or

          documentation, if provided along with the Derivative Works; or,

          within a display generated by the Derivative Works, if and

          wherever such third-party notices normally appear. The contents

          of the NOTICE file are for informational purposes only and

          do not modify the License. You may add Your own attribution

          notices within Derivative Works that You distribute, alongside

          or as an addendum to the NOTICE text from the Work, provided

          that such additional attribution notices cannot be construed

          as modifying the License.



      You may add Your own copyright statement to Your modifications and

      may provide additional or different license terms and conditions

      for use, reproduction, or distribution of Your modifications, or

      for any such Derivative Works as a whole, provided Your use,

      reproduction, and distribution of the Work otherwise complies with

      the conditions stated in this License.



   5. Submission of Contributions. Unless You explicitly state otherwise,

      any Contribution intentionally submitted for inclusion in the Work

      by You to the Licensor shall be under the terms and conditions of

      this License, without any additional terms or conditions.

      Notwithstanding the above, nothing herein shall supersede or modify

      the terms of any separate license agreement you may have executed

      with Licensor regarding such Contributions.



   6. Trademarks. This License does not grant permission to use the trade

      names, trademarks, service marks, or product names of the Licensor,

      except as required for reasonable and customary use in describing the

      origin of the Work and reproducing the content of the NOTICE file.



   7. Disclaimer of Warranty. Unless required by applicable law or

      agreed to in writing, Licensor provides the Work (and each

      Contributor provides its Contributions) on an "AS IS" BASIS,

      WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or

      implied, including, without limitation, any warranties or conditions

      of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A

      PARTICULAR PURPOSE. You are solely responsible for determining the

      appropriateness of using or redistributing the Work and assume any

      risks associated with Your exercise of permissions under this License.



   8. Limitation of Liability. In no event and under no legal theory,

      whether in tort (including negligence), contract, or otherwise,

      unless required by applicable law (such as deliberate and grossly

      negligent acts) or agreed to in writing, shall any Contributor be

      liable to You for damages, including any direct, indirect, special,

      incidental, or consequential damages of any character arising as a

      result of this License or out of the use or inability to use the

      Work (including but not limited to damages for loss of goodwill,

      work stoppage, computer failure or malfunction, or any and all

      other commercial damages or losses), even if such Contributor

      has been advised of the possibility of such damages.



   9. Accepting Warranty or Additional Liability. While redistributing

      the Work or Derivative Works thereof, You may choose to offer,

      and charge a fee for, acceptance of support, warranty, indemnity,

      or other liability obligations and/or rights consistent with this

      License. However, in accepting such obligations, You may act only

      on Your own behalf and on Your sole responsibility, not on behalf

      of any other Contributor, and only if You agree to indemnify,

      defend, and hold each Contributor harmless for any liability

      incurred by, or claims asserted against, such Contributor by reason

      of your accepting any such warranty or additional liability.



   END OF TERMS AND CONDITIONS



   APPENDIX: How to apply the Apache License to your work.



      To apply the Apache License to your work, attach the following

      boilerplate notice, with the fields enclosed by brackets "[]"

      replaced with your own identifying information. (Don't include

      the brackets!)  The text should be enclosed in the appropriate

      comment syntax for the file format. We also recommend that a

      file or class name and description of purpose be included on the

      same "printed page" as the copyright notice for easier

      identification within third-party archives.



   Copyright [yyyy] [name of copyright owner]



   Licensed under the Apache License, Version 2.0 (the "License");

   you may not use this file except in compliance with the License.

   You may obtain a copy of the License at



       http://www.apache.org/licenses/LICENSE-2.0



   Unless required by applicable law or agreed to in writing, software

   distributed under the License is distributed on an "AS IS" BASIS,

   WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or implied.

   See the License for the specific language governing permissions and

   limitations under the License.




