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Abstract

The sense of embodiment is vital for self recognition. An examination of anosognosia for hemiplegia—the inability to
recognise that one is paralysed down one side of one’s body—suggests the existence of ‘online’ and ‘offline’ representations
of the body. Online representations of the body are representations of the body as it is currently, are newly constructed
moment by moment and are directly ‘‘plugged into” current perception of the body. In contrast, offline representations
of the body are representations of what the body is usually like, are relatively stable and are constructed from online rep-
resentations. This distinction is supported by an analysis of phantom limb—the feeling that an amputated limb is still pres-
ent—phenomena. Initially it seems that the sense of embodiment may arise from either of these types of representation;
however, an integrated representation of the body seems to be required. It is suggested information from vision and emo-
tions is involved in generating these representations. A lack of access to online representations of the body does not nec-
essarily lead to a loss in the sense of embodiment. An integrated offline representation of the body could account for the
sense of embodiment and perform the functions attributed to this sense.
� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

In this paper, I will consider a variety of types of representations of the body and attempt to determine
which one underlies the sense of embodiment. I will argue that it is an integrated, offline representation of
the body that does so. I will begin with an interpretation of anosognosia that proposes that we possess two
distinct types of representations of our bodies, these being ‘online’ and ‘offline representations’. Online repre-
sentations of the body are representations of the body as it is currently, are newly constructed moment by
moment and are directly ‘‘plugged into” current perception of the body. In contrast, offline representations
of the body are representations of what the body is usually like, are relatively stable and are constructed from
online representations. I will defend this interpretation of anosognosia from its strongest rival. I will argue that
the offline body representation must be an integrated representation, a failure to integrate leads to body integ-
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rity identity disorder. Finally, I will show that vision and emotion play crucial roles in constructing these
representations.

The sense of embodiment is phenomenologically complex. Look around. If you are in an office you will see
desks, chairs, whiteboards and the like. If you are outside you will see buildings, trees, grass and (if you’re
lucky) swans and ducks. You can also be aware of these via your other senses. One problem will never arise
for you. You won’t confuse yourself with these objects. Similarly someone bursting through your office door
may lead to a variety of problems. However, one problem would never arise. You would never confuse your-
self with that person. Similarly we don’t confuse our body parts with those of others. In a situation where one
observes many sets of hands working jointly on a task, there is no confusion as to which hands are yours.1

This may be the most fundamental aspect of your sense of self. The feeling of being distinct from other objects
and persons is one component of the sense of embodiment (Carruthers, 2007; Eilan, Marcel, & Bermudez,
1995, p. 9).

Along with this feeling of being distinct, comes the recognition that you have your own perspective on the
world (Damasio, 1994, p. 238). You experience your body ‘‘from the inside” (Martin, 1995, p. 267). That is,
you seem to be contained or bounded within your body. Hence anything outside of your body seems distinct
from you. This experience of boundedness in your body is related to the sense of having your own perspective
on the world. If you were to get kicked in your right shin there would not be a diffuse experience of pain, nor
would it hurt your left elbow, it would hurt your right shin (Martin, 1995, pp. 268–269). Any time something
impacts on your boundaries you know where on your boundary that impact occurred (Damasio, 1994, pp.
232–233). Thus in generating a sense of what and where your boundaries are you are able to generate your
own perspective. This is another component of the sense of embodiment.

What does the sense of embodiment do? I take it that this sense is used primarily for self recognition. Con-
sider what it takes to learn to recognise oneself in a mirror. It has been argued that to learn to recognise oneself
in a mirror requires one to recognise the equivalence between the movement of the image and the movement of
one’s body (Povinelli, 2001). One must recognise that what is true of one’s body is also true of one’s mirror
image. This is would be done by comparing movement of one’s body to that of the mirror image (Povinelli,
2001, pp. 84–85). For this to work, the subject must recognise that the body and the movement in question
have something to do with them. In other words the subject must recognise that the body that moves is one’s
own, that it is the body one is bounded in, and the movements that they control that are reflected in the mirror
(Carruthers, 2007). That is, mirror self recognition requires, in part, the sense of embodiment.

The claim here is not that the sense of embodiment is sufficient for self recognition. Rather that possessing a
sense of embodiment is one necessary condition for being capable of self recognition. There are (at least) two
further conditions. One of these is another kind of self consciousness. The sense of embodiment, by hypoth-
esis, cannot be used in isolation by a subject to tell whether the actions they see in the mirror are their own. To
know whether the action one sees has anything to do with oneself one must also possess a sense of agency.
That is, one must possess a sense that one initiates, controls and ends the actions one performs. Furthermore,
in order to recognise that the image in the mirror matches the movement of one’s body one must also be able
to compare visual and non-visual representations of the action. Jointly the possession of a sense of embodi-
ment, a sense of agency and the capacity to compare visual and non-visual representations will play a signif-
icant role in explaining mirror self recognition. Here my focus is on the sense of embodiment alone.

There is some experimental support for the idea that the sense of embodiment is vital for self recognition. In
one study subjects were shown an image of their own hand and an experimenter’s (van den Bos & Jeannerod,
2002). Subjects were required to perform one of a series of movements or remain still. Experimenters per-
formed either the same or a different movement to the subject. The position of the hands on the screen was
rotated to 0�, 180�, 90� left or 90� right. After each trial the screen showing the hands went blank then an
arrow pointed to where one of the hands had been. Subjects were required to judge whether or not the arrow
pointed to their own hand (van den Bos & Jeannerod, 2002, pp. 179–181). They found that the image most
consistent with the subject’s sense of where their body was (0�) produced the fewest errors. In contrast subjects
1 Thanks to an anonymous reviewer for making this point. Also note that although we may think a sense of agency would also be needed
for this specific task it should be clear that a sense of what one’s body is also plays a crucial role. As such it is worth considering here.
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made the most errors when the image of their hand was where the experimenters should be (180�) (van den Bos
& Jeannerod, 2002, pp. 182–183). This suggests that self recognition depends in part of one’s sense of what is
one’s body, a component of the sense of embodiment.

Damasio suggests that a representation (or rather a set of representations) of the body provides a natural
reference for what happens to oneself as well as a way of understanding objects external to oneself (Damasio,
1994, pp. 235). For example, if I asked you where you were on Saturday, you would naturally respond with
location of your body. How else could you respond? Additionally if I were to drop a brick on you, you could
tell the police exactly which part of your body it struck. Furthermore, you can use your body to understand
objects external to yourself. For example, when representing the category of cats you could represent that they
tend to move toward (or away from) your body, that they can be patted, et cetera.

For my purposes here, the important claim is that we use the sense of what one’s body is in order to under-
stand ourselves and the world. Damasio suggests that a set of representations of one’s body gives perspective
on experience (Damasio, 1994, pp. 238). Again suppose I drop a brick on your foot. You will not undergo a
diffuse experience of pain, nor will you experience pain in your head. You will experience pain in your foot. To
do this you first need some reference frame for identifying the location of the impact on your body. A repre-
sentation of your body surface will perform this function. That is, a map of the body surface can serve as a
reference frame for impacts on the body. This may be all there is to having a sense of perspective from inside
your body: just the sense that everything that impacts on your body does so at a particular place (Carruthers,
2007).

To perform these functions, Damasio takes it that one is able to represent one’s body as it has been lately
(Damasio, 1994, pp. 239). That is, he takes it that the representation of the body is newly constructed moment
by moment. This new representation is based largely on sensory information from the body, such as propri-
oceptive, kinaesthetic and vestibular information, as well as the senses of touch, heat, cold and pain. Below I
shall explore in some detail the role of visual and emotional information in generating this online representa-
tion of the body (Aglioti, Smania, Manfedi, & Berlucchi, 1996; Damasio, 1994). As this representation is a
newly constructed representation based on current perceptual information it is natural to refer to it as an
online representation.

Although such representations no doubt exist, I shall argue below that it is a stable offline representation
that underlies the sense of embodiment and explains its function. Offline representations of the body are to be
distinguished from online representations of the body in two ways. First in how they are generated. I propose
that online representations of the body are constructed directly from current sensory input. In contrast offline
representations of the body are not constructed directly from current sensory input; rather I propose that they
are constructed from online representations of the body. Second, and more importantly, offline representa-
tions of the body are to be distinguished from online representations of the body by their content. Online rep-
resentations have as their content what the body is like now. That is what movement the body is currently
making and the like. In contrast offline representations have as their content what the body is usually like.
For example, instead of representing what movement the body is currently making offline representations rep-
resent what kind of movements the body is capable of making.

It is important to note that this distinction is not the distinction between the body image and body schema.
The body image versus body schema distinction is stated most clearly by Gallagher (2005). For Gallagher the
body image is a set of beliefs, attitudes and perceptions that are about one’s body (Gallagher, 2005, p. 25).
This is contrasted to the body schema which is a system of functional representations involved in motor con-
trol. These are taken to be unconscious and to not involve (conscious) perception of the body (Gallagher,
2005, p. 26).2

There seems to be some similarity between this distinction and that between online and offline representa-
tions of the body. Online representations are reminiscent of the body image in that both are taken to involve
perception of the body. Similarly offline representations are reminiscent of the body schema in that neither is
constructed directly from perception of the body.
2 Although sensory input from the body does play a role in generating body schema as deficits in the senses of proprioception and touch
cause deficits in motor control (Gallagher, 2005, pp. 41–64).
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However, these similarities are superficial. Offline representations cannot be identical to those representa-
tions in the body schema. In order to be used in motor control the body schema must contain a representation
of the current position of the body, yet by hypothesis offline representations don’t represent the current posi-
tion of the body. Body schemata are never conscious, yet I will argue here that offline representations of the
body underlie the conscious sense of embodiment. Furthermore, it seems that online representations are not
identical to those in the body image. The reason for this is that the body image seems to contain both online
and offline representations. Perceptions of one’s body are online representations, however, beliefs about and
attitudes towards one’s body seem to be offline (note that in claiming this am not saying that the offline rep-
resentation that underlies the sense of embodiment is a belief or any of the other propositional attitudes). The
upshot of this is that the issue of whether or not a representation is online or offline is orthogonal to whether
that representation is part of the body image or the body schema.

Take the online versus offline distinction as a working hypothesis as to two different types of representation
of the body either of which could (potentially) feature in an explanation of the sense of embodiment. Next I
will offer an interpretation of anosognosia for hemiplegia which suggests that there are these two kinds of
body representation. Having done so, I will examine some features of these representations. I will argue that
whichever representation underlies the sense of embodiment must represent the body as a single thing. We will
see that offline representations of the body also share this feature. I will argue that visual experiences play a
role in generating online representations of the body and that offline representations of the body play a role in
generating visual experiences. Furthermore, I will argue that feelings of emotions play a role in the construc-
tion of at least one of these types of representation of the body. I will conclude by showing that it is offline
representations of the body that underlie the sense of embodiment. In what follows there will be considerable
discussion of a variety of disorders. My aim here is not to explain every feature of these disorders, but rather to
determine what these disorders tell us about the sense of embodiment.

2. Online vs. offline body representations

Anosognosia for hemiplegia (or hemiparesis) is a disorder characterised by an inability to recognise that
one is paralysed down one side (usually the left side) of one’s body (Coslett, 2005; Damasio, 1994, p. 62;
Davies, Davies, & Coltheart, 2005; Heilman, Barrett, & Adair, 1988, p. 1903; Karnath, Baier, & Nagele,
2005, p. 7134; Marcel, 1993; Marcel, Tegner, & Nimmo-Smith, 2004, p. 19; Ramachandran, 1995, pp. 22–
23; Ramachandran & Blakeslee, 1998). Patients suffering this disorder claim that their body and movements
are normal even though they are paralysed (Damasio, 1994, p. 64). They will tend to attempt bimanual tasks
in preference in uni-manual tasks when there is a differential reward, just as healthy subjects do (Ramachan-
dran, 1995, pp. 28–31). If they are asked to lift a large tray with glasses of water on it they will reach for one
side of the tray, as though to lift from either end. Of course, such patients tip the tray. However, they attribute
their failure to carelessness or, occasionally, claim to have lifted it without tipping (Ramachandran & Blakes-
lee, 1998, p. 138). Taken together these data suggest a remarkable lack of insight into the current state of the
body. However, such patients never claim that they feel disembodied. They have some sense of their body and
they feel that the edge of their body is the edge of their self. However, their understanding of the current state
of their body is mistaken.

Typically when confronted with their paralysis patients suffering anosognosia for hemiplegia confabulate
reasons for why they will not move their paralysed limb (Damasio, 1994, p. 63; Ramachandran & Blakeslee,
1998, p. 129). Confabulated reasons may be quite believable, such as one patients claim that she did not move
her arm due to arthritis pain. Other confabulations are noticeably bizarre, for example, one patient claimed
that she did not move her arms because it was her son’s arm (Ramachandran, 1995). This patients report goes
further than the normal lack of insight shown by anosognosiacs. Unlike most cases of anosognosia this patient
is denying ownership of her limb and is claiming that the limb is outside of her boundaries. As such, this exam-
ple may be better characterised as limb denial or asomatognosia.

Damasio takes it that anosognosiac patients fail to construct accurate online representations of their body
(Damasio, 1994, p. 64). If this is right then this disorder arises from a failure to generate representations that
Damasio takes to be the basis of the sense of embodiment. There are, however, good reasons to suppose that
patients suffering anosognosia for hemiplegia can form online representations of their bodies.
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The best reason for holding that patients suffering anosognosia for hemiplegia can form online representa-
tions of their bodies is that they can, under certain conditions, recognise their paralysis. There is a sense in
which they appear to be both aware and unaware of their paralysis. Consider, for example, the patient
who verbally acknowledged his paralysis, yet who still tried to get out of bed normally (Marcel, 1993). Or
the patient who wept when discussing her paralysis, yet who asked for her knitting just minutes later (Marcel,
1993, p. 177). Ramachandran (1995) reports a patient who claimed to be able to tie her shoelaces with both

hands (Ramachandran, 1995, p. 33). Why, he asks, would anyone feel it necessary to point out that they used
both hands to tie their shoes, unless they recognised that they were denying paralysis? Additionally patients
have been known to acknowledge their paralysis after repeated attempts to get them to move the paralysed
limb (Ramachandran, 1995, p. 23). However, not all patients do this and all revert back to denial soon after
the acknowledgment (Karnath et al., 2005, p. 7134; Ramachandran, 1995, p. 23).

Under what conditions will patients acknowledge their paralysis? Patients have been asked to report how
well they would perform tasks that required the use of their paralysed limb (Marcel et al., 2004). Those with
anosognosia claimed that they would be able to perform the tasks perfectly. However, when they were asked
how well the experimenter would perform the task were they in the patient’s condition, they replied that the
experimenter could not do it as the task requires the use of both hands (Marcel, 1993, p. 177; Marcel
et al., 2004, p. 33). This suggests a difference in awareness of paralysis depending on the perspective the patient
takes to the disorder.

It was also found that how examiners ask question could affect the responses patients give. If the examiner
asks say ‘does your arm ever not do what you want it to?’ in a confiding voice patients were more likely to
respond affirmatively than if the question was asked in a neutral tone (Marcel, 1993, p. 177; Marcel et al.,
2004, p. 33).

In another test patients were given a choice to perform two tasks for a reward (Ramachandran, 1995).
The tasks were either a uni-manual tasks, such as threading a screw, or bimanual, such as tying a knot.
Those who successfully performed the bimanual task received a greater reward than those who performed
the uni-manual task. Those suffering hemiplegia without anosognosia always chose the uni-manual task-
despite the lesser reward. However, those with anosognosia for their hemiplegia nearly always chose the
bimanual task, as healthy controls did. Initially it seemed that those with anosognosia were unable to learn
that they were paralysed from attempting to perform bimanual tasks (Ramachandran, 1995, p. 31). Further
studies have suggested that this is not quite true. Anosognosiac’s are able to learn from such failures. How-
ever, this learning does not have long term effects on their understanding of their bodies. As soon as 20 min
after an unsuccessful attempt to perform a bimanual task, the anosognosiac will forget their failure (Marcel
et al., 2004, p. 33).

One way for all of those suffering anosognosia to gain access to the current state of their body is via ves-
tibular stimulation with cold water. It is not clear how this process works, however, it is clear that it allows
patients to have access to the current state of their body and to recognise how long they have been paralysed
(Ramachandran, 1995, p. 34–35; Ramachandran & Blakeslee, 1998, pp. 145–146). Like learning from failure
to perform bimanual tasks, vestibular stimulation only has a short term effect on the patient’s insight. A few
hours after stimulation the patient again claims not to be paralysed.

Finally, it is common for anosognosia for hemiplegia to remit a few weeks after onset. At this time patients
come to acknowledge their paralysis. However, rather than claim that their paralysis began after the remission
of anosognosia, they correctly identify the onset of their paralysis. Often they claim to have acknowledged
their paralysis in the past when, in fact, they had claimed to have normal movements (Ramachandran & Bla-
keslee, 1998, p. 150).

This evidence suggests that there are two types of body representations that are accessed under different
conditions. The first is the online representation of the body. This is the representation of the body that
the anosognosiac accesses when they acknowledge that they are currently paralysed. This is accessed when
the patient is asked to put another in their condition, when asked about their paralysis in a certain tone of
voice, when confronted with failure at bimanual tasks and when undergoing vestibular stimulation. The sec-
ond representation of the body is a relatively more stable offline representation. This is the representation that
anosognosiac accesses under all other conditions. Ultimately I will argue that this representation underlies the
sense of embodiment.
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What is going on in anosognosia? Suppose I were to ask you if you can move. To answer you wouldn’t need
to test yourself to find out (Marcel et al., 2004). You could answer based on a generic understanding of your
body. That is, based on a stable offline representation of what your body is usually like. The anosognosiac uses
the same method. Only for them their offline representation is now out of date. For some reason new infor-
mation from the body has not updated it since the patient was paralysed. Suppose one of the above methods
(e.g. vestibular stimulation) is used to bring the patients attention to the current state of their body. They can
use this representation to judge that they are, in fact, paralysed. However, this representation fails to update
the offline representation of the body. As such when they stop paying attention to the online representation
they will lose the representation of themselves as paralysed. After an appropriate time the patient will again
deny that they are paralysed, as they will answer all such questions based on the offline representation of their
body, which is not being updated. Note, however, that the newer information about the body must not be
entirely lost; it must simply not be accessible for some time. This must be the case as during vestibular stim-
ulation and after anosognosia has remitted the patient can identify how long they have been paralysed.

Anosognosia is not the only disorder related to various representations of the body. Phantom limbs are
another. Following amputation of a limb patients often feel that the limb is still present (Ramachandran,
2003, p. 10; Sacks, 1986, p. 63). Patients can have a variety of sensations in their phantoms. These range across
experiences of touch, heat, cold, pain and movement. Phantoms most commonly occur in limbs but have also
been reported in the breast and appendix (Ramachandran & Blakeslee, 1998, p. 24).

Why might phantoms occur? One suggestion is that the experience of a phantom comes from a stable offline
representation of the body that is not updated following the amputation. The suggestion here would be that
patients experience phantoms whenever this representation of the body is made explicit.

This position is supported by the fact that phantoms occur in patients who congenitally lack limbs. Around
20% of such patients experience phantoms (Price, 2006, p. 312). These data are commonly taken as evidence
for a genetically hard wired representation of the body (Ramachandran & Blakeslee, 1998, p. 42). It is impor-
tant to note that this representation of the body must not only be genetically hard wired, it must also be largely
immune to experience. Hence it must be an offline representation of the body. A problem with this proposal is
that a patient’s experience of phantoms can be altered by their experiences post amputation.

When various parts of the body are touched, patients with phantoms will undergo strange ‘double’ sensa-
tions (Ramachandran, 2003, p. 11; Ramachandran & Blakeslee, 1998, p. 24). These experiences are elicited in
very simple yet profound experiments. First, the patient is blindfolded (the role of vision in experience of the
body will be discussed below) then touched on various body surfaces using a cotton tip. The following is a
report taken from one such experiment; the examiner (Ramachandran) first swabs the patient’s cheek:

Examiner: What do you feel?
Patient: You are touching my cheek.
E: Anything else?
P: Hey, you know it’s funny; you’re touching my missing thumb, my phantom thumb.
Examiner moves cotton tip to the patient’s upper lip:
E: How about here?
P: You’re touching my index finger. And my upper lip.
E: Really? Are you sure?
P: Yes. I can feel it both places.
Examiner touches the patient’s lower jaw:
E: How about here?
P: That’s my missing pinkie (Ramachandran & Blakeslee, 1998, p. 29).

In this patient there was a systematic mapping from various parts of his face to his phantom hand (he also
had a second map on his shoulder) (Ramachandran, 2003; Ramachandran & Blakeslee, 1998). As such it is
clear that present experiences do alter patients’ experience of their phantom. Thus, it is unlikely that the expe-
rience of a phantom comes from an experience of a stable offline body representation alone.

How can current experiences alter the experience of a limb that is not there? Ramachandran offers an expla-
nation in terms of online representations and neuroanatomy. He suggests that this occurs due to cross wiring
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in the ‘Penfield Homunculus’ (Ramachandran, 2003, pp. 11–14). The Penfield Homunculus is an area of the
somatosensory cortex, which is responsible for representations of body surface. Different regions of the cortex
are responsible for representations of different parts of the body surface. The regions of the cortex that gen-
erate representations of the face and the hands are anatomically adjacent. Perhaps when one region (say the
hand region) looses input (due to amputation), signals from adjacent regions (e.g. the face region) spread into
the now inactive area (Ramachandran, 2003, p. 14). Since this region is still responsible for representations of
the hand, the signals from the face will be misrepresented as coming from the hand. As such the patient will
experience the sensation as arising from their amputated hand. Furthermore, as the region that generates rep-
resentations of the patients face is still working normally, the patient will also experience the sensation as aris-
ing from their face.

If this model is correct, it would appear that experience of phantom limbs arise out of incorrectly represent-
ing the current state of the body. That is, they arise out of online representations of the body that are misrep-
resentations, not out of old offline representations.

However, it is still possible that offline representations play a role in the generation of the experience of
phantoms. The suggestion here would be that the offline representation underlies the experience of the phan-
tom, but that this representation is updated by erroneous online representations of the body.3 We have two
possible models here. The first makes use of online representations of the body and neuroanatomy in order
to explain the experience phantoms. The second makes use of offline and online representations of the body.
In neither case is an offline representation of the body sufficient to account for the experience of phantoms. As
such we must also posit the existence of online representations of the body to explain the experience of phan-
tom limbs.

So far a consideration of anosognosia for hemiplegia and phantom limbs has suggested a dissociation
between online and offline representations of the body. Below I will discuss the role of vision and emotion
in providing information for these two kinds of body representation. Here anosognosia and phantom limbs
will continue to be valuable sources of information. Before this I will defend the above interpretation of ano-
sognosia from a rival theory and then argue that there must be an integrated representation of the body to
underlie the sense of embodiment.
3. Two possible roles for motor control

Heilman and colleagues (1998) offer an account of anosognosia for hemiplegia that threatens the above
interpretation. They suggest that the underlying deficit in anosognosia is one of the motor control system
and not of body representations. It should be noted from the outset that there couldn’t be a sharp distinction
between accounts that focus on body representations and accounts that focus on motor control. Body repre-
sentations are after all vital for motor control and ultimately I will offer an account of the role of the motor
control system in anosognosia that compliments the above interpretation. However, this account is not that of
Heilman and colleagues, who, if they are right, will completely undermine my attempt to demonstrate that
there are two types of body representation.

Heilman and colleagues start from the assumption that one can only recognise a failure to move if one
expects to move. They suggest that the anosognosiac doesn’t detect their paralysis as they can never form
an intention to move the paralysed arm and thus they can never expect to move. This is claimed to be the case
even when the subject is explicitly asked to move (Heilman et al., 1998, pp. 1907–1908).

This model derives from recent accounts of motor control that involve a system of five types of represen-
tation delineated by content. These representations are the target state of the movement (also known as the
goal of the movement or the intended target), the motor commands (of which there are two copies), the pre-
dicted sensory consequences of the movement (derived from one of the copies of the motor commands), any
actual sensory feedback as a result of the movement and a representation of the final position of the body.
Importantly, on these models, both the actual and the predicted sensory consequences of the movement can
be used derive a representation of the final position of the body. On this model the motor control system
3 Thanks to an anonymous reviewer for emphasising this point.
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can compare the predicted and actual sensory consequences in order to improve the functioning of the system
(Coslett, 2005; Frith, Blakemore, & Wolpert, 2000; Heilman et al., 1998). Heilman and colleagues suggest that
it is by performing this comparison that we are normally able to detect failures of movement. If you were to be
suddenly paralysed, you could discover this by attempting to move and finding that you could not. They pro-
pose that the anosognosiac cannot perform this comparison because they cannot form the intention to move.
Thus, they can generate neither predicted nor actual sensory feedback. As such, the anosognosiac has no way
to detect their failure to move (Heilman et al., 1998).

If this model is correct then it poses a significant challenge to the interpretation of anosognosia offered
above. On this account anosognosia is not a failure to use online body representations to update offline rep-
resentations, but fundamentally a deficit in generating intentions to move. Furthermore, if this model is cor-
rect then the proposed distinction between online and offline body representations would be entirely
unmotivated and need to be set aside.

The question at hand is: do those with anosognosia for hemiplegia form intentions to move their paralysed
arm? There is some evidence that they do not. When squeezing an object with one hand people will contract
their pectoral muscles. When asked to do this with their good hand anosognosiacs will perform as normal,
contracting their pectoral muscles. However, when an object is placed in their paralysed hand and they are
asked to squeeze the anosognosiac doesn’t contract their pectoral muscles (Heilman et al., 1998, p. 1908). This
suggests that the patient cannot even attempt to initiate movements on their left side. This in turn suggests that
the anosognosiac cannot form intentions to move their left side.

A major problem with this model is that anosognosiacs often behave as if they expect their paralysed arm to
move normally. Recall above I discussed anosognosiac patients who would consistently choose to perform
bimanual tasks in preference to uni-manual tasks and who would reach for the end of a tray of glasses in order
to lift it. Such behaviour suggests that these patients do expect their paralysed arm to move. As such, they must
form intentions to move their paralysed arm. Furthermore, as discussed above, it is clear that anosognosiacs
can (but don’t always) use their failure on such tasks in order to gain insight into their paralysis. Again, the
problem is that they do not learn from this insight (see above and Marcel et al., 2004, p. 33). Heilman and
colleagues model fails to account for instances where anosognosiacs clearly do form intentions to move their
paralysed limb. Nor can it account for why anosognosiacs fail to learn from the insight they gain into their
paralysis under certain conditions. Given this it appears that the interpretation of anosognosia offered above
is more promising than that offered by Heilman and colleagues. As such the distinction between online and
offline body representations remains well motivated.

This is not to deny that the motor control system plays a vital role in generating experiences of those with
anosognosia and phantom limbs. Recall from the above that some patients suffering phantom limbs experi-
ence their limbs as moving and that some anosognosiacs experience their paralysed limb as moving. What
underlies these experiences? On the interpretation presented here such experiences would be of an erroneously
updated online body representation. The question is: where does the mistaken input come from? The model of
the motor control system outlined above can account for these experiences. Recall that on this model the pre-
dicted sensory consequences of a movement can influence the current online representation of the body. It is
possible that these predicted sensory experiences underlie these experiences of movement (Frith et al., 2000,
pp. 1778–1779 and 1780–1781). It is important to note that whilst this model does give a central role to the
motor control system in generating these experiences, it cannot replace the explanatory role of the two kinds
of body representations in understanding anosognosia and phantom limbs. Unlike the model offered by Heil-
man and colleges this model does not threaten to undermine the distinction between online and offline body
representations. In the next two sections I will consider some features of the representations of the body being
discussed here.

4. The need for an integrated representation

In this section, I argue that offline representations of the body must be integrated. That is, it must represent
the body as a single thing, rather than a collection of parts. This is a claim about the content of this represen-
tation. Body integrity identity disorder is a newly identified identity disorder that provides some insight into
the nature of these purported body representations. Body integrity identity disorder is characterised by a long
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standing stable desire to amputate one or more limbs (First, 2005). So far, it has proven to be unaffected by
psychotherapy and a variety of medications (First, 2005, pp. 925–926) and has only a weak sexual component.
The desire is specific to a particular limb (First, 2005, p. 923) and the vast majority of patients report no inter-
est in other kinds of disability (First, 2005, p. 925). The following is a description of a case of a patient who
was able to receive their desired amputation:
Tom has always felt that having two arms and two legs made him ‘incomplete’ and that the amputation
has, paradoxically, finally made him ‘feel complete’. Although he reports that the main reason for the
amputation was to make him ‘whole’, he reports that there is a sexual component to his desire in that
he felt more ‘sexual’ while imagining himself as an amputee, and that as an adolescent, he would become
sexually aroused when he pretended to be an amputee. He reports that prior to his amputation his left leg
did not feel any different from his other limbs nor did he perceive it to be ugly or deformed. He denies
that a desire for attention was a motivation for the amputation, noting that he always wears a prosthesis
when he is out in public (First, 2005, p. 920).
In severe cases this condition leads some patients (27%), like Tom, to attempt an amputation. Often by
attempting the amputation themselves, although in some cases patients have been able to find surgeons willing
to perform the surgery (First, 2005, p. 922). Many others explore the possibility of obtaining an amputation.

Most patients reported that their reason for wanting an amputation was to make their body fit their ‘true’
self (First, 2005, p. 922). Michael First reports patients who said things such as: ‘‘At some moment, I saw an
amputee and I understood that’s the way I should be”; ‘‘I feel myself complete without my leg. . .I’m ‘overcom-
plete’ with it”. However, it should be noted that only a minority (13%) reported that the limb they desired to
amputate ‘‘felt like it was not their own” (First, 2005, p. 924). All of those patients who were able to receive an
amputation report that the surgery had a positive effect. They report that the surgery removes the desire (it
does not shift to another limb) and that they feel better about their bodies and identity (First, 2005, p.
926). As yet the question as to the existence of phantoms following these amputations and their effects on
the patients well being has not been investigated.

What might explain the development of this desire? A clue comes from one patient who noted that con-
scious effort altered her desire for an amputation:
One female patient who wanted both legs amputated, feeling that her legs did not feel a part of her,
reported some decrease in intensity of desires which she attributed to ‘doing body work. . .focusing on
remaining connected when my legs are being touched’ (First, 2005, p. 926).
Consider this in the light of the fact that there is no indication that any of these patients fail to perceive their
limb properly nor do they perceive the limb to be deformed or have any delusional beliefs about it (First, 2005,
p. 926). Taken together this data suggests that body integrity identity disorder is a dysfunction of one’s sense
of ‘‘who one (physically) is” (First, 2005, p. 926). In particular it seems that it is a failure to include the affected
limb in a representation of what one’s body is. Patients with body integrity identity disorder get their bound-
ary wrong, erroneously representing a limb as external to the body or as a needless addition to it. This patient
seems to be able to bring her limbs into the representation of her body with some effort.

It is too early to say for sure why this failure occurs; however, it is possible that it is a failure to integrate a
representation of the limb into a stable offline body representation. The limb must be represented in part as
belonging to oneself as patients don’t deny ownership of the limb. They don’t, for example, claim that the limb
belongs to someone else (as in asomatognosia). As such, it is likely that it is not properly integrated into only
one of the types of body representation elucidated above. Furthermore, it is unlikely to be a failure to include
the limb in online representations of the body, as the limb is perceived normally. Thus, it appears that body
integrity identity disorder arises from a failure to integrate a limb to the offline representation of one’s body.
This suggests that when it comes to recognising what is one’s body one needs an integrated representation of
one’s body.

Although, for the above reasons, it seems most likely that body integrity identity disorder is a failure to
integrate the affected limb into an offline representation of the body, this is by no means certain. It is impor-
tant to keep in mind that this interpretation is based on the verbal reports of patients. There are several rea-
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sons why someone might report that a limb is not ‘really’ a part of them. First, is the above proposal that the
limb is not fully integrated into an offline representation of their body. Second, it may be a problem with rep-
resenting online that the limb is part of the body. This option is unlikely; these patients do not claim to have
unusual perceptions of their bodies (see above). A third option is harder to rule out. It is possible that these
reports are based on beliefs that are not grounded in the patient’s experience of their body at all. If so, then I
lack grounds for claiming that there is an integrated offline representation of the body.

The patient may form a belief, based on some yet to be identified pathology, that their body should have
one less limb. This belief could then be reported and elaborated into a desire to remove the limb. The (imag-
inary) proponent of this position would owe us an account of how such a belief is formed, of course. But, they
could easily reply that the advocate of the above interpretation owes an account of how a limb fails to be inte-
grated into the offline representation of the body. Either account still has considerable work to explain body
integrity identity disorder. The issue at hand is whether or not body integrity identity disorder arises out of an
unusual experience of the body or out of some other (pathological) belief system.

This is not a straight forward problem to solve. One option is to examine the reports of patients suffering
body integrity identity disorder. When taken on face value these reports do seem to reflect the experiences the
patients have of their bodies. Claims such as ‘‘I would have the identity I’ve always seen myself as”; ‘‘I feel like
an amputee with natural prosthesis”; ‘‘I feel myself complete without my leg”; ‘‘I felt like I was in the wrong
body” (First, 2005, p. 922 my emphasis) clearly appear to be claims that reflect some experience of the body.
Should we suppose that these reports are unlikely to reflect the actual experiences of these patients? It might be
argued that the very strangeness of these claims is grounds for doubting that they arise from an experience.
However, it is common to suppose that even very unusual claims arise from unusual experiences. Take the
case of monothematic delusions. The Capgras patient will typically report that a loved one has been replaced
by a replica. This is taken to arise from (at least in part) the experience of that loved one as unfamiliar (Young
& Leafhead, 1996). Similarly, the schizophrenic suffering the delusion of alien control might report that the
prime minister is moving his arm. This is taken to arise (at least in part) from an experience of their arm being
moved by some other agent (Frith et al., 2000; Spence, 2002).

Ultimately it is an empirical question as to whether any of these reports reflect experiences of the patients.
However, it seems that we must be given positive reasons in order to claim that patients’ reports do not arise
from their experiences. As no such reasons have been given in the case of body integrity identity disorder, it
seems sensible to suppose that such patients really do feel that their limb is not a part of the body. One possible
explanation for this feeling is that they fail to integrate their limb into the offline representation of their body.
As such it seems that the existence of body integrity identity disorder does provide grounds for supposing that
there exists an integrated offline representation of the body. So far we have seen that there are two types of
representation of the body and that offline representations represent the body as a single thing. Next, I will
consider the interaction between these representations of the body and visual experiences. Following this I will
consider the role of feelings of emotions in constructing these representations.
5. Two other sources of information

5.1. The role of vision

It is becoming increasingly clear that vision plays at least as vital a role as proprioception, touch, heat, cold
and pain in generating representations of one’s body. Phantom limbs provide some insight into the role that
vision plays in generating these representations.

Some phantom limb patients experience their phantom limb as movable. Ramachandran and Blakeslee
(1998) describe one such patient with a phantom hand. This patient had regular and vivid experiences of
his phantom hand moving. For example, it would wave for the check in a restaurant. This fact allowed Rama-
chandran to perform a simple, yet ingenious, test that demonstrates the extent to which vision is involved in
experiences of the body. A coffee cup was placed in front of the patient and he was asked to ‘grasp’ it with his
phantom hand. The cup was then pulled away sharply. The patient reported pain, as though a cup had been
pulled out of a real hand (Ramachandran & Blakeslee, 1998, p. 43). The only source of information the patient
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has for the cup is vision. In this case it is clear that visual information can cause an experience of pain—if that
experience is consistent with what the phantom is perceived to be doing.

Vision can also play a role in restoring movement to ‘paralysed phantoms’. Unlike the patient described
above, those with paralysed phantoms do not experience movement in the phantom limb. This usually occurs
in patients who receive an amputation for an already paralysed limb (Ramachandran & Blakeslee, 1998). In an
experiment designed to determine if visual experience could alter the experience of these phantoms, patients
place their surviving limb and their phantom limb into either side of an open topped box. A mirror in the
box creates an image of surviving limb, such that when viewed from the correct angle it will appear to the
patient that they have two limbs. Patients are then asked to attempt to move the good limb and the phantom
up and down together. This request can be met with resistance as the phantom limb is experienced as paral-
ysed. However, when patients try the movement around 50% experience their phantom limb as moving
(Ramachandran & Blakeslee, 1998, pp. 46–47). On the basis of this data it appears that vision can play a vital
role in generating online representations of the body.

The role of vision in generating online representations of the body can also be demonstrated in healthy sub-
jects. Consider the rubber hand illusion. To experience this illusion the subject is seated with one arm (say the
left arm) stretched out on a table. A screen is then placed to block the subject’s view of their arm and hand. A
rubber model of a hand is then placed in front of the subject. The subject watches the rubber hand as it and
their hidden left hand are brushed synchronously with a paint brush (Botvinick & Cohen, 1998). Subjects who
experience the rubber hand illusion report that they felt the brush touch where they saw it touch the rubber
hand, not on their obscured left hand. Many subjects also report that it felt as though the rubber hand was
now their own (Botvinick & Cohen, 1998). After experiencing the illusion subjects were blind folded and asked
to indicate the location of their left hand by sliding their right hand underneath the table until it was beneath
their left hand. Those who experience the illusion stop closer to the rubber hand than controls (Botvinick &
Cohen, 1998). This suggests that vision is used to construct online representations of the body that give a ref-
erence frame for experiences of touch and proprioception in healthy subjects.

There was a further effect of this illusion reported by some who experienced the rubber hand illusion. For
some subjects, the rubber hand began to visually resemble their own real left hand, in terms of colour for
example (Botvinick & Cohen, 1998). This suggests that not only does vision play a role in generating repre-
sentations of the body, but also that stored (and thus offline) representations of the body play a role in gen-
erating visual experiences.

Further evidence that offline representations of the body play a role in generating visual experiences comes
from anosognosia. Above I argued that anosognosia arises out of an inability to update offline representations
of the body. Using these representations as a guide, anosognosiac patients believe that they are not paralysed.
When asked why they do not move their paralysed limb patients usually confabulate a reason. However, this is
not universally the case. Some patients assert that they have in fact moved their paralysed limb. Not only do
these patients proprioceptively experience their limb is moving, they claim to be able to see their paralysed
limb moving. Ramachandran asked a patient with anosognosia for hemiplegia to touch his nose with her
paralysed hand:

E: Mrs. Dodds, are you touching my nose?
P: Yes, of course I’m touching your nose.
E: Can you actually see yourself touching my nose?
P: Yes, I can see it. It’s less than an inch from your face (Ramachandran, 1995; see also Heilman et al.,
1998; Ramachandran & Blakeslee, 1998).

For this patient it seems that the offline representation of her body as able to move influences her visual expe-
riences such that it looks to her that her arm has moved.4 It is now clear that visual experiences play a role in gen-
erating online representations of the body and can themselves be altered by offline representations of the body.
4 Note that the offline representation does not have as its content the actual movement of the body, but rather of the body as capable of
movement. The proposal here is that this acts as a kind of built in assumption about one’s capabilities.
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Obviously not everything one sees is included in one’s representation of one’s own body. Why are some
objects of vision included in representations of the body, where as others are not? A clue comes from a patient
suffering unilateral neglect—a disorder characterised by an inability to be aware of or attend to one side of
one’s body. Patient P.P shows an inability to attend to the left side of her body. When presented with a drawn
straight line and asked to mark the midpoint of the line P.P consistently marks a point to the right of the mid-
point. When asked to mark the midpoint of a line out of reach using a laser pointer she does so accurately.
However, when asked to mark the same line by reaching for it with a stick she again marks a point right of the
midpoint (Maravita & Iriki, 2004, p. 82). What is the difference between these tasks? One possibility is that
using a stick (rather than a laser) brings the line into reach. The line is now closer to her body, which has been
effectively extended by the length of the stick. P.P thus ignores the left side of the line which is now effectively
on the left side of her body (which, for her, doesn’t exist). This account depends on the stick being included in
P.P’s representation of her body. Furthermore, it also depends on the laser point not being included in her
representation of her body. Why is one tool (represented visually) included in her representation of her body
but not the other? One possibility is that some information about the stick is obtained via other bodily senses,
for example proprioception and touch, where as no information about the laser point is obtained via these
pathways. Perhaps objects of vision are included in representations of the body if they match some object
already represented as a body part via some other modality (Botvinick & Cohen, 1998; Knoblich, 2002).

This possibility receives some support from more recent work on the rubber hand illusion. A recent inves-
tigation into the conditions under which the rubber hand illusion is experienced found that the illusion only
occurs when the rubber hand is in an anatomically probable location (Tsakiris & Haggard, 2005). For exam-
ple, the illusion is not experienced for non-hand objects (e.g. a stick), a rubber hand rotated at 90� to the actual
hand or a rubber hand appearing to be contralateral to the actual hand (Tsakiris & Haggard, 2005, pp. 83–84).
This suggests that visual representations of the rubber hand do not lead it to be represented as a body part
unless the appearances matches information obtained proprioceptively about a body part already represented
as a body part. It seems that online representations of the body are constructed in part from visual experi-
ences. Offline representations, on the other hand, can play a role in constructing visual experiences. In the next
section, I will argue that feelings of emotions play a role in constructing representations of the body.

5.2. A role for feelings of emotions

Cotard’s delusion provides some evidence that emotions play a role in constructing these representations of
the body. This delusion is a bizarre monothematic delusion in which patients believe some variation on the
claim that they don’t exist or that they are dead (Butler, 2000; Davies, Coltheart, Langdon, & Breen, 2002;
Gardner-Thorpe & Pearn, 2004; Gerrans, 2002). It is often taken that this delusion arises out of a profound
feeling of detachment from the world (Butler, 2000, p. 684; Gerrans, 2002, p. 50).

Recently several models attempting to explain this delusion have appeared (Davies et al., 2002; Gerrans,
2002; Young & Leafhead, 1996). Important to each of these models is the claim that the Cotard patient lacks
emotional responses to environmental stimuli. Some models emphasise a lack of responses to faces (Young &
Leafhead, 1996), whilst others claim that the patient fails to respond to all visual stimuli (Gerrans, 2002;
Ramachandran & Blakeslee, 1998).

Consider the patient RY. RY suffered a severe brain injury and was unresponsive and entirely dependent on
others for some months (Butler, 2000, p. 685). As he progressed RY began to show signs of Capgras delu-
sion—the belief that a familiar (in this case his father) has been replaced by an imposter (in this case crimi-
nal)—and Cotard’s delusion (Butler, 2000, p. 685). RY exhibited Cotard’s delusion most strongly
immediately after he woke. At these times he claimed that all aspects of his surrounding environment were
not real, that he was dead and being detained in Hell (Butler, 2000, p. 685). He discussed his impossible
and horrifying dreams as though they were real. This delusion and feelings of unreality remitted throughout
the day, only to return when he woke the next day (Butler, 2000, p. 685).

RY’s delusion is unusual in that it followed his sleep cycle. It occurred most strongly immediately after
waking, then remitting throughout the day. Butler suggests that RY’s delusion arises from his experience
of intense and disturbing dreams. If so, then he should maintain normal emotional responses to environmental
stimuli. These appear to be enough to cause the delusion to temporarily remit. This is consistent with the
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model proposed by Gerrans (2002) which takes a lack of such responses to be sufficient for the construction
and maintenance of the delusion. Given another cause of the delusion (RY’s dreams) and lacking any other
way of maintaining the delusion, such experiences should be enough to cause the delusion to remit.

For my purposes, the important question is: why should feelings of detachment from the world cause delu-
sion about the self? Why should Cotard’s patients ever believe that they are dead, that their body doesn’t exist
or is deformed? Why don’t they only believe that there is something wrong with the world? As in Capgras
delusion where a lack of emotional responses to faces is taken to form the belief that the owner of the face
isn’t real (that is they have been replaced). Why doesn’t the Cotard patient believe that the world has been
replaced?

One possibility comes from what emotions are about. Emotions must represent at least two things. First
they must represent the object in the world about which one has the feeling. For example, the person one
is in love with. Second they must represent something else that explains why they feel so good or bad. Damasio
has suggested that these feelings are representations of body states (Damasio, 1994, pp. 131–139). Gerrans
takes a similar approach holding that emotions are based in the regulation of the body (Gerrans, 2002, p.
51). On such accounts, whenever one has an emotional reaction to an object one is representing that object
in relation to one’s body. For example, the smell of off milk is so disgusting because one is representing
the milk as bad for one’s body. Similarly one’s partner looks so good because one is representing that they
are good for one’s body. On such accounts feelings of emotions represent (actual or potential) changes to one’s
body.

The Cotard patient lacks appropriate responses to certain stimuli (say faces or anything they come into
contact with). As such, they fail to represent how their body changes and can potentially change when coming
into contact with these stimuli. I suggest that the Cotard patient thus lacks a crucial part of the representation
of their body. Namely how the body changes (or could change) when it interacts with certain stimuli. They
come to erroneously represent themselves as not interacting with the world. Thus, Cotard patients form delu-
sion about themselves, because there is a problem with how they represent themselves. This can also provide
an explanation of why RY’s delusion remits throughout the day. His delusion has an unusual cause, namely
his bizarre and intense dreams involving profound feelings of depersonalisation. During the day RY interacts
with the world as normal and has normal emotional responses to it. As such he can represent how his body
changes as he interacts with the world. This causes the delusion to remit until the next dream. The key step
here is tying the feelings of emotions to representations of the body. The Cotard patient lacks appropriate
emotional responses and thus they fail to represent their bodies properly.

6. Accounting for the sense of embodiment

So far in this paper, I have argued for the existence of two kinds of body representation. The first of these is
an online representation of what the body is currently like. This is an explicit conscious representation. The
second type of body representation is an offline representation; one that is not directly ‘plugged into’ the body.
The offline representation represents what the body is usually like. It represents that one has two arms, that
one has a weak left ankle and the like, not, for example, exactly where one’s limbs are currently. This can be a
tacit representation (stored in memory) or an explicit conscious representation.

I claim that it is this relatively stable offline representation of the body that underlies the sense of embodi-
ment. As I noted in the first section, Damasio (1994) suggests that it is a series of online representations of the
body that explain these senses. This is not the case. Above we saw that anosognosiacs misrepresent their
bodies because they cannot use online representations of their body to update the offline representation. How-
ever, anosognosiacs don’t claim to feel disembodied. They don’t claim that they are not within their body, but
they do make incorrect judgements about their bodies. Thus, bad access to online body representations does

not cause one to feel disembodied. As such online body representations cannot underlie the sense of
embodiment.

However, the offline body representation could underlie this sense. This representation could easily perform
one of the main functions of this sense, namely distinguishing one’s body from the rest of the world. For us,
‘my body’ just means that which is represented in the offline body representation. Everything else is not the
body.
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This representation must be an integrated representation of the body. It must represent the body
together as a single thing. If it did not then some parts of the body would be represented as not
‘really’ a part of the body, or as a needless addition. This is the case in body integrity identity
disorder.

This representation must also make use of two (perhaps unexpected) sources of information, these being
visual information and emotional information. The role of visual information was demonstrated by the role
the visual experiences play in generating online representations of one body in cases such as the rubber hand
illusion. On the other hand, offline representations of the body play a role in constructing visual representa-
tions. The role emotions play was demonstrated by the fact that a lack of emotional responses to the world
leads to delusions about oneself.

It is the relatively stable, integrated, offline representation of the body that includes information from the
senses of touch, proprioception, heat, cold, pain, vision and feelings of emotions that underlies the sense of
embodiment.

7. Conclusion

In this paper I have argued that an integrated, offline body representation underlies the sense of embodi-
ment. I have presented an interpretation of anosognosia and phantom limbs that support the existence of such
a representation and defend this view from its strongest rival. I have argued that this representation must be
integrated (in that it represents the body as a single object) and discussed the interaction between body rep-
resentations and visual and emotional representations.
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