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Abstract 

 Our bodies are arguably one of the most intimate things we will ever know. But the 

comfort of our own physical boundaries can be altered in various ways. In this 

analysis, we will look at how vision contributes to the sense of owning a body by 

analysing six abnormal conditions: the rubber hand illusion, phantom limbs, 

somatoparaphrenia, the body-swap illusion, out-of-body experiences, and 

heautoscopy. Examinations of these experimental or pathological conditions has 

granted a greater understanding of body-ownership. It was discovered that vision 

plays different modulatory roles, being more intricately involved in full-body 

ownership than in part-body ownership. Vision appears to be highly connected to 

self-location and first-person perspective, which both are contributing factors in 

projecting the sense of ownership to an external location. In part-body ownership, 

however, vision can be overruled by other senses, such as proprioception. Though it 

is still able to contribute to the illusion of projecting ownership and proprioceptive 

displacement to a rubber hand. 

 

Keywords: body ownership, disownership, virtual reality, rubber-hand illusion, 

prosthetics, cognitive neuroscience
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The Role of Vision in Attributing the Sense of Part- and Full-Body 

Ownership during Anomalous Conditions 

 

 The concept of body ownership is not often talked about outside the scientific 

forum and its literature, which is quite surprising given how many fields of interest it 

touches upon. Neuroscience, cognitive science, psychology, and philosophy, all have 

at one point expressed interest in getting a grasp on the meaning of owning a body. 

Even René Descartes, who was an ardent dualist, still recognised the complexity of 

the body ownership phenomena, as this excerpt reflects: 

 

“I am not only lodged in my body as a pilot in a vessel, but that I am very closely 

united to it, and so to speak so intermingled with it that I seem to compose with it 

one whole. For if that were not the case, when my body is hurt, I, who am merely a 

thinking thing, should not feel pain, for I should perceive this wound by the 

understanding only, just as the sailor perceives by sight when something is 

damaged in his vessel. . .” (Descartes, 1641/1984, p. 56) 

 

 Somatosensation and motoric action, or lack thereof in the case of paralysis, is 

often known by the general public, with a portion of them also knowing about 

proprioception. One can argue that the sense of body ownership is so obvious, that it 

is taken for granted and hardly ever given a second thought. In a way, it is one of the 

senses that will be with most of us in full capacity until the day we die. You can 

compare it to our five most commonly known senses. A lot of people around the 

world have experienced local numbness, be it brought on either by local anaesthesia 

or by waking up in the middle of the night unable to move or feel an arm. Or during a 

cold when the sense of smell is completely absent and food appears tasteless. We can 
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also lose both our sight and our hearing to old age, or by the simple act of closing our 

eyes and plugging our ears. These are all senses that one can imagine being without 

because most people have at some point in their life been without them one way or 

another. Very few, on the other hand, have experienced a transient sense of 

disownership to something still attached to their body.  

 Body ownership in this context means the perceptual sense of which one identifies 

with the corporeal confines that houses all bodily experiences. It is within this 

perceptive field that one can experience certain physical and environmental 

fluctuations, such as pain (“my foot hurts”), temperature (“my nose is cold”), or 

proprioceptive status (“my arms are outstretched”). This system helps to demarcate 

between where the owned body ends and where the world outside, or someone else’s 

body, begins. It also grants a sense of possession, using words such as “my” as 

reflected in the examples given earlier.  

 The research on the subject of body ownership has received quite a surge in the 

last twenty-five years. Body ownership as a perceptual process has shown to involve 

multiple modalities (Tsakiris, Costantini, & Haggard, 2008; Tsakiris, 2010; Vallar & 

Ronchi, 2009), with no one definite structure being responsible for the phenomenon. 

This can be observed in the myriad of ways the sense of ownership can be distorted 

and manipulated.  

 This review sets out to look at how perceptive distortions influence the perceived 

body, and to reflect how vision is related to the condition. The reason why there is a 

focus on the abnormal conditions of body ownership is to give a wider perspective on 

the role of vision. The deeper understanding lies within contrasting vision to the 

listed conditions, which tells us that vision is not a unitary modulating function that 

only does one thing. 
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 The bulk of this text is split into two parts, with the first part addressing body-part 

illusions, such as the rubber hand illusion, the phenomena of phantom limbs, and 

the total limb disownership that is somatoparaphrenia. The second part has a similar 

layout, but a focus on the body as a coherent entity and its relation to itself. 

Subchapters include the body-swap illusion, out-of-body experience, and 

heautoscopy. Across these chapters, each phenomena will be contrasted to vision and 

the role it plays during its occurrence. In the final discussion, there will be a 

concluding reflection what role vision plays in the grand scheme of body ownership. 

It will also include a topic on whether or not it is probable to incorporate prosthetics 

to one’s own body, and if they can be considered to truly be “mine”.  

 

Limitations 

 Even though this particular field of research is a comparatively new topic of 

interest, a unified paradigm has not emerged just yet. What constitutes body 

ownership is surprisingly wide. There are several research groups that are either 

specialised on a particular aspect of it, or they are in an almost completely different 

field of research, borrowing some of the nomenclature without properly defining 

them. This leads to the field being quite fractured. For this very reason, I have been 

required to take some precautions not to stretch this review far too thin and wide, 

and to be very careful with the language used not to cause a conflict of different 

meanings. So for the sake of the reader, what follows is a short explanation what the 

words or phenomena means, and why they have not been featured more extensively. 

 

 Definitions and topics of study. One might be led to believe that many of the 

common words seen in articles all mean the same, but that is not always the case, 

which is very problematic. Terms like body-image, body-schema, and body-model 
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are, at worst, used interchangeably. de Vignemont (2010) makes a conceptual 

analysis of the terms body-image and body-schema in an effort to make a functional 

organization of the representation of the body, and it would be a good platform to 

proceed from. However, when an article uses the word body-image, when it actually 

meant body-schema, opens up for a lot of confusion when trying to organize and 

compile all the articles. Instead, I tried to look at each article individually in an effort 

to distil what was meant. In an effort to not be a part of the problem, it was decided to 

minimise the use of these words as much as possible. Although there are a few uses of 

such aforementioned phrases that are featured in this text, as they are very difficult to 

circumvent to instead use a different wording that still could adequately describe the 

phenomena. When that happens, I use the author’s own definition. 

 The examples that are used in the present review was chosen because they were 

deemed to display a good variety and a fair representation of the different 

phenomena that can occur when body ownership is disrupted. It was also considered 

important to differentiate between part- and full-body ownership, because it helps to 

give the role of vision in this review another dimension of observation. 

 

Briefly on agency. To explain the concept of agency would be to describe the 

sensation a person has when he performs a goal-directed action, such as grasping an 

object (David, Newen, & Vogeley, 2008). It is for the person to understand that he 

was behind that very action. The primary reason that agency was omitted is because it 

isn’t about body ownership per se, but shares some common areas of interest that has 

been explored. One such interest is briefly explored in this review. 

 

Peripersonal space and receptive fields.  Peripersonal space can be explained 

as the surrounding space in a person’s immediate vicinity (Maravita, Spence, & 
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Driver, 2003). It is a field of influence in which the person can reach and act. This 

field can be extended if the person holds a tool for a period of time (Maravita & Iriki, 

2004). Along with the study of peripersonal space is the discussion of visual 

receptive fields in relation to trunk and limb space (Blanke, 2012; Graziano, 1999; 

Holmes & Spence, 2004), which is, albeit relevant to the content of this literature 

review, considered to be far too comprehensive and much like the topic of agency 

would require a much greater elaboration that would ultimately subtract from the 

focus of this inquiry.  

 

Body-Part Illusions 

 This chapter aims to talk about three different perceptual anomalies to body-part 

ownership, brought on either by trauma to the brain or body, or by the induction of 

visuotactile illusions. The visual component of these illusions or delusions will then 

be examined to see whether or not vision plays an active or passive cognitive role in 

either exacerbating or ameliorating the condition. 

 What differentiates body-part ownership from full-body ownership is, as the name 

itself might imply, the ownership of a particular limb instead of the body as a unified 

coherent entity. The holistic nature of body ownership might appear axiomatic, and it 

isn’t until it is disrupted that the sense of ownership, or lack thereof, over a particular 

limb becomes apparent.  
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The Rubber Hand Illusion  

 A way to test aspects of body-part ownership is by using the so-called rubber hand 

illusion. Originally designed by Botvinick and Cohen (1998), this experimental 

procedure consists of obscuring the participant's hand from view, resting on a table. 

A rubber hand is then placed in front of the participant next to his or hers real hand, 

while the experimenter sits down on the opposite side of the test participant. Both 

hands are then simultaneously stroked in a carefully synchronised pattern using 

paintbrushes, making sure that the stroking action is mirrored as closely as possible 

on both hands. After approximately 11 seconds (Ehrsson, Spence, & Passingham, 

2004) the perceptual illusion usually arise, and the test participant often verbally 

attribute the rubber hand as being a part of themselves. It has been demonstrated 

that asynchronous stroking with the brushes completely abolishes the illusion if the 

rubber hand is placed in a congruently identical position as the participant's real 

hand (Tsakiris & Haggard, 2005). If the rubber hand is in an incongruent anatomical 

posture compared to the real hand (Tsakiris, 2010), or if the rubber hand is 

substituted with a neutral object (Tsakiris & Haggard, 2005), greatly reduces the 

strength of the illusion. Likewise, the distance between the real hand and the rubber 

hand is also taken into account. At a rather close proximity of 17.5 cm yields a rather 

strong sensation of ownership, whereas increasing the distance to 30 cm and beyond, 

deteriorates the sensation the farther away the rubber limb is placed.  

 What the rubber hand illusion on the surface demonstrates is that it is possible to 

trick the brain into believing that a foreign object similar to a real hand belongs to the 

body. This, in turn, would mean that visual information acts as an override, thus 

recalibrating the perceived position of the owned limb. The other modalities such as 

proprioception and somatosensation are still effectively intact, but are instead 

corrected by the visual input. In a theory suggested by Tsakiris (2010), he mentions 
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there to be three critical neurocognitive comparisons (see Figure 1) that are made 

that could be responsible for the rubber hand illusion. The first comparison entails 

the body-model, which is, as described by Tsakiris (2010), an abstract cognitive 

reference model of the body (Tsakiris, Costantini, & Haggard, 2008; Tsakiris, 2010). 

The body-model is compared to what is called the visual form, which is the visual 

analysis of the structural and anatomical status of the body. In the second critical 

comparison, the body posture and proprioceptive information is compared to that of 

the body-state. This means that incongruency between the seen and the felt hand will 

lead to the omitting of the visually perceived candidate. In the third and final 

comparison is then made between the sensation of being touched to that of the visual 

presentation of the touch. To tie this back to the rubber hand illusion: the first and 

third critical comparison would be accepted as the presented hand is similar enough 

for it to belong to the body, and the witnessed stroking of the brush seem to be 

identically correlated to that of the sensation of being brushed. However, in the case 

of the second critical comparison there is a noted slight displacement in regard of the 

position of the hand. If the displacement is not too severe, the real hand's position 

will be rectified and the body-state will be updated to include the observed location of 

the rubber hand instead, thus, evoking the rubber hand illusion in full.  

 Measuring how strong the sensation of ownership is, the participant is often asked 

to fill out a questionnaire which is then analysed by the experimenter (Botvinick & 

Cohen, 1998). Another way of examining the strength of the projected ownership to 

the rubber limb is to measure what is called proprioceptive drift. This is done by 
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having the participant point to the location where they feel their hand is. The offset 

from their real hand often displays a drift towards the rubber limb. However, the 

method of measuring proprioceptive drift has received some criticism.  

 

Figure 1. Tsakiris' model of critical neurocognitive comparisons. This figure describes the 

three comparisons that are made between different modalities. (1) The first comparison is 

made between body-model and visual form. (2) The second is made between posture and 

body-state. (3) The last comparison is made between the perception of touch and vision of 

touch. The sum of all the comparisons are then either discarded or incorporated to the 

holistic body-model. 

 

 Rohde, Luca, and Ernst (2011) conducted a study that demonstrated, using a 

complex array of mirrors, monitors, and force feedback apparatus aimed to shine a 

single white dot on either side of the participant's hidden left index finger, that the 
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method of proprioceptive drift in experiments using the rubber hand illusion is 

inadequate and shouldn't be solely relied on in future studies. Instead, they suggest 

other more reliable and objective methods of measurements, such as skin 

conductance response and skin surface temperature. This idea is further reinforced 

by Moseley et al. (2008), as it was found that during illusions evoked by the rubber 

hand illusions, the skin temperature of the obscured hand was substantially lower in 

one experiment (0.27 ± 0.11°C). A correlation was also discovered in regard of the 

perceived vividness of the rubber hand illusion, as a second experiment 

demonstrated that a pool of participants who all experienced a very strong sensation 

of ownership, the temperature of the obscured hand dropped even more (0.8 ± 

0.2°C). 

 

 Variations of the rubber hand illusion. Since the introduction of the original 

rubber hand illusion there has been quite a few variations of the initial experimental 

design. Ehrsson, Holmes, and Passingham (2005) tested to see whether or not vision 

is the crucial component that is required to evoke the illusion. This was done by 

having a blind-folded participant rest his or her hands on a table with a rubber hand 

placed in between them. The experimenter then moved the participants left index 

finger in such a way that it touched the knuckle on the rubber hand's index finger. 

The experimenter then simultaneously touched the participant's knuckle on the right 

index finger with his own finger, carefully making sure the movements were 

synchronised as closely as possible. This resulted in a significant proprioceptive drift 

towards the rubber hand, and the participants reporting that the hand they touched 

was their own. Looking back at the neurocognitive model presented by Tsakiris 

(2010), the first and third critical comparisons appears to be eliminated as there is no 

longer any up-to-date visual input. What is left is the second critical comparison, 
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which is the body-state vs. posture comparison, and from the original rubber hand 

illusion it was inducted that body-state could be altered to fit the second comparison. 

Thus, it is apparent that visual input of mock body parts is sufficient, but not 

necessary, for the rubber hand illusion.  

 Kalckert and Ehrsson (2012) tested to see the connection between body ownership 

and agency. In their experiment, they put the participants hand inside a wooden box 

which had a wooden hand replica on top of it. The fake hand was mechanically 

connected to the real hand in the box, so when the index finger of the participant 

moved, the fake hand mimicked the movement. The results showed that synchronous 

movement of the real and the congruently placed fake finger yielded both a sense of 

ownership and agency. In contrast, asynchronous movement of the real and fake 

finger placed in an incongruent position completely abolished both the sense of 

ownership and agency. However, double dissociation could be ascertained by further 

testing, as synchronous movements in an incongruent position withheld the sense of 

agency but eliminated ownership, while asynchronous movements in a congruent 

position eliminated agency but evoked a sense of ownership.  

 

 Neural correlates of the rubber hand illusion. With the basic and most 

commonly used methodology of the previously described framework, the rubber hand 

illusion has been subjected and closely examined in functional magnetic resonance 

imaging (fMRI), positron emission tomography (PET), and transcranial magnetic 

stimulation (TMS) based studies. Ehrsson et al. (2004) found that by using an fMRI 

they discovered significant activity in the right lateral cerebellum and the bilateral 

inferior precentral sulcus that correlated with the sensation of projected ownership to 

the rubber hand. The anterior bank of the precentral sulcus corresponds to the 

posterior regions of BA 44, while the posterior bank corresponds to BA 6, which in 
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turn is part of the ventral premotor cortex. This was later reinforced in the blind and 

tactile rubber hand illusion by Ehrsson et al. (2005), where they also eliminated the 

theory stating that body ownership is modulated by the visual representation of items 

within the peripersonal space (Botvinick, 2004). Ehrsson et al. (2004) also found a 

linear relation between the strength of the subjective sensation of ownership and the 

strength of the blood-oxygen-level dependent (BOLD) contrast signal output in the 

aforementioned areas. Makin, Holmes, and Ehrsson (2008) suggested that trimodal 

neurons in the premotor cortex and the intraparietal sulcus is the modulating areas 

responsible to the multisensory integration of visual, tactile, and proprioceptive 

information. The right posterior insula is also of special interest, as Tsakiris, Hesse, 

Boy, Haggard, and Fink (2007) reports in a PET study. Their data showed that 

activity in the right posterior insula correlates with the recalibration of hand position 

during the rubber hand illusion due to multisensory integration. During the 

induction of the rubber hand illusion, Kammers et al. (2009) discovered that the 

inferior parietal lobule is involved in the relocalisation of the limb in question, but it 

shows no activation during later stages of the illusion when the subject can verbally 

report the subjective experience of ownership. Furthermore, Wold, Limanowski, 

Walter, and Blankenburg (2014) demonstrated that the degree of proprioceptive drift 

could be augmented by a 1 Hz transcranial magnetic stimulation to the extrastriate 

body area during the rubber hand illusion. 

 

Phantom Limbs 

 The phantom limb syndrome is a perceptual illusion where the afflicted person 

senses the presence of a limb in their possession that isn’t physically there. About 90-

98% (Ramachandran & Hirstein, 1998) of patients who undergoes the amputation of 

a limb will experience a phantom limb illusion. In an estimated 50-57% (Hill, 1999) 
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of the people experiencing the phantom limb sensation report a painful quality to it, 

often likened to the limb being in an uncomfortable position or the feeling of 

fingernails digging into the would-be flesh. However, this sensation is not limited to 

the removal of external limbs, as Ramachandran and Hirstein (1998) writes that 

there are reports of patients still sensing a mastectomised breast, a penis, or parts of 

the face. There's even been reports of phantom viscera, ejaculations, and menstrual 

cramps (Ramachandran & Hirstein, 1998). Although phantom limb sensations are 

not exclusive to patients that has gone through an amputative procedure, as it has 

been demonstrated that individuals congenitally born without a limb can experience 

the phantom limb phenomena as well (Brugger et al., 2000; Hill, 1999; 

Ramachandran & Hirstein, 1998; Ramachandran & Blakeslee, 1998). It is also worth 

mentioning that the phantom limb phenomena is considered an illusion and not a 

delusion, as patients are fully aware that they lack the physical limb. 

 At first glance it would appear that the phantom limb sensation would be a 

sensation of the ownership of a limb without anything physical to actually own. One 

aspect of the visual influence on phantom limbs was conducted by Giummarra et al., 

(2010), who created an experiment where participants got to view the mirror image 

of a real or fake hand, situated in a congruently plausible manner as if it could belong 

to the participant. This evoked some sense of embodiment of the limb viewed in the 

mirror. Although it appears that the possibility of ownership of a perceived, albeit 

fake, limb would be possible, it is no guarantee that prosthetics or the like would fill 

the physical void of a missing limb. Ramachandran and Blakeslee (1998) writes of a 

young woman that was born without arms, but still had a very strong sensation of 

phantom limbs. Her phantom were, according to her, much shorter than what they 

normally would have been. When she had her prosthetics prescribed she asked the 

doctor to make them shorter to fit her phantom. The doctor, however, didn't make 
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them short enough out of aesthetic reasons. Thus, the young woman felt like her 

phantoms didn't fit the artificial arms, ending up approximately 15-20 cm shorter 

than the prosthetics. This raises the question: if she was given prosthetics of a proper 

length that would fit the phantom, would she experience a sense of ownership and 

embodiment of her prosthetics as if it belonged to her? According to Crawford (2014), 

the phantom is coaxed through visual feedback and thus brought in line with the 

prosthesis effectively giving it a physical frame for it to reside within. Though whether 

or not the phantom truly merges with the artificial limb, and the prosthetics becomes 

truly embodied past a purely semantical ownership, is still unclear. Ramachandran 

and Blakeslee (1998) tells about how phantom limbs are sometimes described as 

having telescopic properties. This means that the limbs are perceived as being rather 

short in their default resting state, but can sometimes extend or retract depending on 

the circumstances. If Crawford (2014) is correct in her conclusion that the phantom 

can be visually cued to align to a physical frame provided by the prosthesis, then why 

wasn’t this experienced in the case with the young woman presented by 

Ramachandran and Blakeslee (1998)? It is possible that the prosthetic wasn’t 

sufficiently naturally looking to trigger a visual association with the body, as its 

appearance wasn’t discussed.  

 

 Origins of the phantom limb. Why the phantom limb phenomena arises is still 

a topic of discussion. One of the old textbook explanations stated that the emergence 

of the illusion is due to scar tissue and neuromas irritating the afferent axons. This, 

however, proved rather lacking, as the administration of local anaesthesia to the 

stump did not eliminate the phantom limb illusion (Melzack, 1992). Although this 

doesn’t mean that damage to peripheral afferent axons doesn’t play a part in the 

emergence of phantom limbs. Ramachandran and Hirstein (1998) suggests four other 
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possible factors that might contribute to the illusion, and can, quite possibly in 

concert, veto the inconsistency. The other suggested sources include: (1) spontaneous 

activation from the face as a part of cortical remapping of the now unaffiliated 

regions, as proposed by Pons et al. (1991); (2) precipitative signals monitoring 

cortical motor activation; (3) a genetically pre-programmed body-image; (IV) and 

somatic memories of previous postures or distressing trauma. The relevance of the 

last point listed has been scrutinised, mostly because of the fairly prevalent 

occurrence of phantom limbs seen in individuals born without a limb. Research 

conducted by Brugger et al. (2000) examined the neural activations behind phantom 

limbs in volunteers that were born without at least one limb. They discovered 

bilateral activation of both the parietal- and premotor cortices during phantom hand 

movements. Furthermore, applying TMS on the phantom limb’s corresponding areas 

of the sensori- and premotor cortices elicited phantom limb illusions. In the same 

study there has been observations of the primary motor activations in amputees, 

giving some substance to the idea of a sensorimotor memory supporting the phantom 

limbs.  

 In summary, there is a fair amount of evidence pointing towards the emergence of 

the phantom limb illusion being controlled by a genetically pre-programmed body-

model across sensorimotor related modalities, as well as the plastic changes due to 

the remapping of the cortex. Peripheral neuromas, and perceptomotor memories 

could possibly support the illusion, but they are seemingly not required for it to 

occur. 

 

Somatoparaphrenia and Disownership 

 In the present article, different aspects of ownership has been discussed, whether 

it is by tricking the brain into projecting the sense of ownership to something 
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inanimate, or by sensing the presence of something that isn’t there. One can consider 

the phantom limb illusion to be, in essence, a mirrored version of the delusions of the 

somatoparaphrenic patient. In this condition the peripheral body integrity is intact. 

Instead, the afflicted feel as if a part of the body doesn’t belong to him or her (Vallar 

& Ronchi, 2009). What further distinguishes somatoparaphrenia is that the afflicted 

have a tendency to attribute the disowned limb as belonging to someone else present 

in the room (Blanke & Metzinger, 2009). For example, the somatoparaphrenic 

patient might say that the affected limb belongs to someone else standing close to 

them, like a nurse or a doctor. It appears that somatoparaphrenia almost exclusively 

manifests itself, with a few exceptions, on the left side of the body (Vallar & Ronchi, 

2009). For the sake of this review, attention will be on the disownership of body parts 

on the left side of the body and not focused on said exceptions.  

 Somatoparaphrenia is not an illness per se, but rather an emergent deficit 

following lesions to the contralateral right hemisphere. It shares some common 

associations with extrapersonal neglect in a way that the somatoparaphrenic cannot 

distinguish between the corporeal and the extracorporeal. It also shares an 

anosognosic quality similar to the one sometimes experienced in hemiparesis, which 

means that the patient vehemently deny that there is something wrong with the 

situation, despite being shown and having the situation explained to them. To 

illustrate this, Vallar and Ronchi (2009) quotes a patient from an old study saying 

“But my eyes and my feelings don’t agree, and I must believe my feelings. I know they 

look like mine, but I can feel that they are not, and I can’t believe my eyes.” (p. 545). 

This means that the visual field of the patient isn’t the direct target of the deficit, but 

rather the binding mechanisms of bodily experiences.  

 Although visual hallucinations cannot be excluded entirely, it is most likely not the 

cause of the condition (Richardson, 1992). However, the involvement of vision can 
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still shed light upon certain properties of somatoparaphrenia, such as the scope and 

the limitations of the condition. For example, moving the affected limb to so that it 

enters the central visual field, as a method to eliminate the chance of left visual field 

neglect of the limb, does not appear to ameliorate the anosognosia (Bisiach, 

Meregalli, & Berti, 1990). Instead, trying to evoke motor action of the affected limb 

without the patient looking at it seemed to reduce the anosognosia much more. 

However, by using mirrors, Fotopoulou et al. (2011) demonstrated that the sense of 

ownership could temporarily be reinstated. Furthermore, Daprati, Sirigu, Pradat-

diehl, Franck, & Jeannerod. (2000) conducted an experimental study which revealed 

that somatoparaphrenic patients are unable to identify the left hand displayed on a 

screen from an earlier video recording, while successfully being able to identify their 

unaffected right hand. 

 Another similarity with hemiparesis and hemiplegia is the evident paralysis of the 

affected limb. The deficit also seem to carry some disruption to the somatosensory 

and proprioceptive systems. The somatosensory impairment symptoms have, 

however, been dissociated from somatoparaphrenia, as Moro, Zampini, and Aglioti 

(2004) displayed by moving the affected left limb contralateral to the right side 

relative to the patient, alleviated some of the somatosensory deficits. Meanwhile, the 

degree of disownership remained constant.  

 Vallar and Ronchi (2009) made the conclusion that, while the somatosensory 

deficits are not a necessary component of somatoparaphrenia, it is often present 

when the phenomena is experienced. Meanwhile, impairments to proprioception 

seem to be much more closely related to somatoparaphrenia, as the estimation of 

body location and the position of body parts relative to each other, together with 

movement and motor function, appears to be necessary components.  
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 The pathology behind somatoparaphrenia. Somatoparaphrenia is a rather 

rare occurrence, and many times it is also transient and recoverable. According to 

Baier and Karnath (2008), out of 79 stroke patient with a damaged right hemisphere 

only 12 displayed hemiplegic anosognosia. Although 11 out of those 12 patients 

showed an abnormal disposition, which qualified as somatoparaphrenia, towards 

some left-sided limb. Due to the transient nature of the condition, most experiments 

take place following acute right hemispheric stroke, when the patient still can 

verbally report the apparent disownership.  

 Gandola et al. (2012) conducted an extensive study which used three experimental 

groups with patients who recently suffered a unilateral right hemispheric stroke, to 

try and get the pathological underpinnings behind somatoparaphrenia. What was 

discovered was an association with somatoparaphrenia and extensive lesions to, 

primarily, the white matter and subcortical structures. These included the superior 

longitudinal fasciculus, the superior fronto-occipital fasciculus, corona radiate, the 

body of corpus callosum, the internal capsule, and white matter inside the temporal 

pole. Also included was the putamen, globus pallidus, and caudate nucleus of the 

basal ganglia, as well as the hippocampus, amygdala, and the thalamic regions of the 

lateral posterior nucleus, the ventral posterior lateral nucleus, the ventral anterior 

nucleus, and the ventrolateral nucleus. As for damage to the lateral cortex, Gandola et 

al. (2012) also mentions the postcentral gyrus, and the middle and inferior frontal 

gyrus. With the previous mention of the postcentral gyrus together with the middle 

and inferior frontal gyrus, with the latter two corresponding to BA 44 and BA 46, 

respectively, further reinforce the importance of those regions in terms of ownership, 

as BA 44 was previously mentioned in an earlier chapter.  

 What becomes apparent is that subcortical damage is most likely behind the 

emergence of somatoparaphrenia. The thalamus and its affiliated regions listed above 
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are associated with the primary and supplementary motor cortices, as well as the 

primary and secondary somatosensory cortices. It is hypothesised (Gandola et al., 

2012) that the above mentioned subcortical structures and white matter circuits that 

carries signals to and from the neocortex all appear to play a significant role in the 

binding of a coherent map of the body. Thus, disrupting this network severs parts of 

the top-down bottom-up communications, that in turn would lead to a faulty 

perception and incorporation of the body map, known only to the left hemisphere. 

This could possibly explain why somatosensation is partially improved when the limb 

is brought into the right visual field, but still not bound and incorporated to the body 

map, i.e., the limb is disowned. Furthermore, the inclusion of damage to the 

hippocampus and the amygdala, as well as the surrounding white matter, could 

exacerbate the condition given their role in emotion and memory; the patient 

wouldn’t have any emotional disposition towards his limb (Gandola et al., 2012).  

 

Full-Body Illusions 

 The fundamental binding principles for body self-consciousness, as proposed by 

Blanke (2012), is due to the presence of three functioning parameters. The first is the 

self-identification, which is the sensation and the awareness of owning the physical 

body. The second parameter is the self-location, which can be explained as the 

location of conscious experience in three-dimensional space. This is, in most cases, 

limited to the confines within the owned body of the experiencing person. The third 

operant is the first-person perspective; the originating location of the individuals 

subjective perspective. 

 The position of self-location and the first-person perspective are under normal 

conditions occupying the same area; the world outside is outwardly perceived with a 

perspective originating from the body itself (Blanke, 2012). Even if the two might at 
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first glance appear to be ostensibly inseparable, there are reports of an apparent 

disconnect between the perceived self-location and where the body is actually 

situated. During some conditions there are even descriptions of a mismatch between 

the physical location of the body and from where the first person perspective 

emanates from. These phenomena has been given the collective name of autoscopy. 

 Autoscopic phenomena is when there is a detachment between the space of the 

body and self-localization, often paired with the sensation of external perception of 

one’s own body. This can be brought about either through neurological lapses or 

injuries, or by inducing them in a clinical experimental environment. What follows 

are three examples of different autoscopic phenomena; how they are felt, and 

ultimately, how they are perceived. 

 

The Body-Swap Illusion 

 Due to the technological advancements in immersive virtual reality technology and 

lightweight high resolution displays, scientists have been given a set of tools that are 

capable to entirely change what the test participant perceives from their first person 

perspective. One such example is the body-swap illusion, originally published by 

Lenggenhager, Tadi, Metzinger, and Blanke (2007). In this study they tested bodily 

self-consciousness and self-localisation experimentally by utilising a modified version 

of the rubber hand illusion procedure, using the person’s whole body in lieu of just a 

single hand. This was done by using a three-dimensional head-mounted display 

directly connected to a camera feed. The participant is then placed two meters in 

front of the camera with her back turned to it. What the participants now sees 

through the head-mounted display is their own back approximately two meters in 

front of themselves, or rather, their first-person perspective. The researcher then 

strokes the back of the participant for about one minute using a rod. This could be 
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done, much like in the rubber hand illusion, either synchronously or asynchronously 

by adding a slight time delay to the camera feed. During induction the participants 

also often reports a strange or weird sensation, some even expressing clear irritation.  

 The effect is then measured by asking the participant to fill a questionnaire, and 

immediately after the induction of the illusion displacing the participant and asking 

them to return to their starting position. The data presented by Lenggenhager et al. 

(2007) showed a propensity for the participant to place themselves closer to the mark 

where they perceived the virtual body along the anterior-posterior axis during the 

synchronous condition. During the asynchronous condition the effect was evidently 

smaller, and a comparison of the questionnaires showed a clear difference between 

the two conditions.  

 This model was further tested in the same study in an attempt to eliminate the 

possibility that the effect was due to a general motor bias. Using a similar setup, 

Lenggenhager et al. (2007) also added a fake body or a non-humanoid object that 

instead were put in front of the camera for some of the test groups. This made the 

participant see the new entity two meters in front of themselves instead of their own 

body. The participant and the visually presented item were then simultaneously 

stroked in a similar way as before either in a synchronous or asynchronous manner. 

The participants in the control group did not have a visual scene presented for them. 

The results showed a significant drift for the synchronous condition, and a smaller 

drift in the asynchronous condition, towards the virtual body in the groups where the 

participants was shown either the fake body or their real one. Meanwhile the non-

humanoid object showed no significant drift in the synchronous condition, and no 

drift at all if the stroking was asynchronous. Additionally, the drift was also 

completely absent in the control group. This points towards the effect of a successful 
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global self-relocalisation in extracorporeal space through the means of visuotactile 

stimulation. 

 In the wake of the study presented by Lenggenhager et al. (2007), Petkova and 

Ehrsson (2008) examined the possibility of illusory ownership of another body. 

Similar to the previous study by Lenggenhager et al. (2007), Petkova and Ehrsson 

(2008) employed visuotactile stimulation to evoke the illusion. Mounting two 

cameras, meant to simulate two eyes with a realistic interpupillary distance, on top of 

a helmet that could be worn either by a researcher or by a mannequin, Petkova and 

Ehrsson (2008) demonstrated that by projecting the first-person perspective to 

seemingly originate from another body, it is possible to generate a sense of ownership 

of the new body. The sensation appears to be so strong that the participant is even 

able to sustain it while shaking his or hers own hand by using the new body as a 

proxy. What Petkova and Ehrsson (2008) also discovered was a significant skin 

conductance response when the new body faced a physical threat, which they claim is 

a clear indication that the participant appears to be in possession of the new body. 

 

 Neural correlates of the body-swap illusion. Petkova et al. (2011) analysed 

the neural underpinnings of full body ownership during the body-swap illusion in a 

series of experiments through the use of an fMRI. In their experimental setup they 

used the body of a mannequin combined with various conditions such as synchrony 

of stroking, different visual angles, and the attachment or detachment of the arm of 

the mannequin. What was discovered was predominant activity in the left 

intraparietal cortices, left putamen, and in the bilateral ventral premotor cortex. The 

latter region is of special mention as it displayed a stronger activation when the 

mannequin arm was attached compared to when it was detached, regardless whether 

the illusion was evoked visuotactile stimulation of the abdomen or the hand. This 
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seems to indicate that the ventral premotor cortex plays a special role in compiling a 

sense of ownership of the body as a complete entity from the sum of its parts. 

(Moseley, 2011) 

 The involvement of the bilateral premotor cortex is supported by Lenggenhager, 

Halje, and Blanke (2011) with the addition of the bilateral medial sensorimotor 

cortex. They discovered a differential alpha band suppression in the premotor cortex 

and the sensorimotor cortex between synchronous and asynchronous visuotactile 

stimulation aimed to evoke ownership of a virtual body, which were absent when the 

virtual body was replaced with a neutral object.   

 Additionally, Ionta et al. (2011), using fMRI, found activity connected to the 

participant’s self-identification with a virtual body in the right middle-inferior 

temporal cortex. This region shares a partial overlap with the extrastriate body area, 

which, much like the premotor cortex and the intraparietal sulcus, is engaged in the 

computation of human bodies (Downing, Jiang, Shuman, & Kanwisher, 2001).  

 

Out-of-Body Experience 

 In the previous section, the perceived extracorporeal detachment and relocation of 

bodily self-location that is the full body-swap illusion was explained. But getting the 

illusion and the autoscopic perception to emerge necessitates the use of a head-

mounted display, cameras, and another body. During the body-swap illusion there 

are two visual perspectives in play that together form the perceived first person 

perspective. First and foremost, the test participant still has his physical eyes that still 

reside within the skull of his real body. This is the de facto receptor for all the 

incoming visual stimulus which is presented by the camera-display proxy setup. This 

extracorporeal camera that is the intermediary receiver of visual signals is a physical 

object which helps to channel and project the sensation of self-location to whatever 
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body is placed within the suggested parameters. This is quite a complicated system 

that helps scientists to displace the first person perspective and the sense of self-

location, yet the brain seem to be capable of expulsing them both by itself. 

 During the out-of-body phenomena, the person is struck by a sensation where they 

often feel like their visuospatial perspective is floating or hovering a couple of meters 

above where their body lies. They are still able to identify the location of their real 

body, but sense that their presence and perspective are somewhere else. This 

sensation isn’t particularly rare and can sometimes occur during the hypnagogic 

phase when sleeping (Kemmerer & Gupta, 2006). Episodes of out-of-body experience 

can also be induced during intensely stressful and traumatic situations such as rape 

(Sierra & Berrios, 1998) and alongside near-death experiences (Greyson, 2000). It 

has also been reported to sometimes emerge when a person partakes of certain 

hallucinogenic or psychedelic drugs such as phencyclidine (Rosse et al., 1994), 

ketamine (Hansen, Jensen, Chandresh, & Hilden, 1988), and marijuana (Overney, 

Arzy, & Blanke, 2009). 

 Blanke and Mohr (2005) presents three features that defines the out-of-body 

experience. The first is the disembodiment of the perceived bodily presence; the 

individual no longer feel like their self-location is in the same place as their physical 

body. The second feature is the changed first person perspective, as it no longer 

appear to be aligned with eyes of the person. The third is the autoscopic factor, which 

means the capacity for the person to visually perceive their own body. Yet some 

authors deem this set of criteria to be inconclusive, as they claim the presence of out-

of-body experiences is not dependent on visual content (Brugger, Blanke, Regard, 

Bradford, & Landis, 2006; Terhune, 2009). Instead, there are three additional non-

conflicting explanatory models constructed by different authors that aim to elucidate 

the mechanics behind the out-of-body experience: the synaesthetic model (Brugger et 
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al., 2000), the hypnagogic model (McCreery, 1997), and the cognitive style model 

(Amorim, 2003; Terhune, 2009). 

 The synaesthetic model (Brugger et al., 2000) proposes that the origins of the 

visual content during out-of-body experience is derived from a hyperconnectivity 

between functional cross-modal cortical complexes important for the integration of 

multimodal sensory information, often present in cases with a weak synesthetic 

experience. From this, some of the non-visual perceptions are mistakenly integrated 

and labelled as signals with a visual origin, thus leading to the person reporting visual 

content being present during the out-of-body experience. To support this idea, 

Brugger et al. (2000) also cites another study which wrote of a case where a person 

with cortical blindness reported the presence of visual content during exposure to 

other non-visual stimulations. 

 According to the hypnagogic (McCreery, 1997) model, during the hypnagogic sleep 

stage, there are intrusions of visual hypnagogic memory. This would then results in 

visual content being present during out-of-body experiences. Finally, the cognitive 

style model (Amorim, 2003; Terhune, 2009) proclaims that visual content during 

out-of-body experiences is a sign of an individual’s preferential use of the utilisation 

of visual imagery and the processing of visual information during cognition (Amorim, 

2003). Terhune (2009) speculates that the reason behind the specific visuospatial 

perspective that occurs during out-of-body experiences depends on a mental 

transformation (Blanke et al., 2005), which in turn relies upon a spatial imagery 

preference (Blackmore, 1987). In the same article, Terhune (2009) demonstrated that 

an estimated 70% of the participants experiencing out-of-body phenomena also 

reported a presence of visual perceptual features. From the data that was collected, 

Terhune (2009) suggest that visual content during out-of-body experiences is 

connected to a general cultivation and capability of cross-modal binding, such as 
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visual and non-visual perceptions, and the interrelated experience of stimulus-

consistent multimodal perceptions. 

 Ionta et al. (2011) made an observation during an experiment where the 

participant was laying horizontally in a supine position while receiving tactile 

stimulus, administered using a robotic rig, and visual stimulus from a head-mounted 

display presenting the participant with the back view of a virtual body with no 

indicator of its spatial orientation. When the full body-swap illusion emerged, it 

became apparent that some of the participants reported their perceived bodies either 

floating in a supine position, looking upwards, or floating in a prone position, facing 

downwards (see Figure 2). The upward-facing group reported a stronger sensation 

and a higher elevation when the visuotactile stimulus was synchronised, and a weaker 

sensation with a lower altitude during asynchronous presentation. In the other, 

downward-facing group, the altitude was instead perceived to be lower during the 

synchronous condition, and higher during the asynchronous condition. 

 

 Neural correlates of the out-of-body experience. Studies using brain 

imaging techniques has displayed the importance of the temporoparietal junction and 

the right angular gyrus during the out-of-body experience (Ionta et al., 2011; Blanke, 

Ortigue, Landis, & Seeck, 2002; Blanke & Arzy, 2005). Additionally, Blanke and 

Mohr (2005) conducted an aggregate study of 113 previously documented cases of 

autoscopic phenomena, including out-of-body experiences, in medical literature. 

They concluded that the phenomena is almost exclusively controlled by the right 

hemisphere, with the focal location primarily in the temporal lobe, but also in the 

parietal lobe. Blanke and Mohr (2005) also drew parallels to additional perceptual 

hallucinations, such as vestibular and auditory hallucinations, during pathologically 

evoked cases of out-of-body experiences. However, electrical stimulation to the 
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temporoparietal junction only yielded vestibular hallucinations (Blanke et al., 2002). 

No autoscopic observations or other visual hallucinations were present. This could 

possibly be attributed to the findings of Easton, Blanke, and Mohr (2009), as their 

findings indicated the importance of the fronto-parietal network being implicated in 

out-of-body experiences.  

 Ionta et al. (2011) also reported, from their findings in their experiment on the 

participants in the supine position receiving stimulation, as previously described, the 

integration of visuotactile signals together with vestibular signals. 

 

 

Figure 2. Supine and prone orientation of the virtual body-swap illusion. This illustration 

displays the two perceptual orientations of a virtual body reported by the participants that 

was discovered. By altering the synchrony of the visuotactile stimulation, the experimenters 

was able to manipulate the perceived altitude of the participant. In the supine group, the 

altitude of the illusion appeared to be higher during synchronous rather than asynchronous 

stimulation. In the prone group the results were reversed, showing a lower perceived altitude 

in the synchronous condition, and a higher altitude during the asynchronous condition. 
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Heautoscopy 

 The word “autoscopy” roughly translates into “seeing the self”. In this context it 

means seeing your own body either real or as a hallucination. During an autoscopic 

hallucination the individual can see a mirror-image copy of their own self, but their 

self-location and first-person perspective is unchanged (Blanke & Metzinger, 2009; 

Blanke & Mohr, 2005; Blanke, Landis, Spinelli, & Seeck, 2004). In the previous 

section, the out-of-body experience was described as an autoscopic phenomena, since 

the perceiver is sometimes able to see his or her own body from outside their somatic 

boundaries. When this occurs, the observer is promptly able to identify and report an 

incongruency and a detachment of their viewed physical body from the sensation of 

self-location and their first-person perspective. In other cases, however, it is not as 

clear.   

 Heautoscopy, also known as the doppelgänger experience, is in the simplest terms 

a combination of both the out-of-body experience and autoscopy as its own 

phenomenon (see Figure 3) (Blanke et al., 2004; Blanke & Metzinger., 2009). The 

person is able to see a second identical body, but it is also possible for them to see 

their own real body from the doppelgänger’s perspective, or from both perspectives at 

the same time (Brugger, Agosti, Regard, Wieser, & Landis, 1994). The sense of self-

location is also affected in a similar manner, which often leads to a state of confusion 

where the patient is unable to identify which one of the perceived individuals is the 

real person (Blanke & Metzinger, 2009; Blanke & Mohr, 2005; Brugger et al., 1994). 

This confusion is further exacerbated if the doppelgänger illusion features 

echopraxia, which is the mirror imitation of movements. When the heautoscopic 

uncertainty of belonging and self-location is present, the sensation is also often 

accompanied with vestibular illusions, a sense of detachment, and a general lightness 
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of the body (Brugger et al., 2006). Heautoscopy can last from just a few seconds to 

several hours, and it can occur in healthy individuals, albeit very rarely. 

 

 

Figure 3. Autoscopic phenomena. The black figure indicates the known physical location of 

the body. The grey figure indicates an either visually hallucinated body, or the perceived self-

location. The arrow shows what the first-person perspective can see. (A) During an 

autoscopic hallucination, the perception of self-location and first-person perspective still 

reside within the physical body. The patient can see an additional extracorporeal body, but is 

still aware of his location in space and which body he belongs to. (B) In out-of-body 

experiences the perception is altered. The patient instead sees his real physical body from a 

first-person perspective belonging to a hallucinatory perceived self-location just above the 

real body. (C) In heautoscopy, the patient perceives an additional extracorporeal body, but is 

unable to distinguish between which of the perceived bodies is the real person. First-person 

perspective and self-location can belong to either of the bodies, occasionally alternating 

between them.  

 

 Brugger et al. (2006) also writes about polyopic heautoscopy, in which the 

hallucination changes from a comparatively simple form of perceived body 

duplication, to instead take the form of a complex body multiplication. The patient 
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instead sees a multitude of copies of himself. In some cases the hallucinations are 

interacting with each other or the patient, and the amount of clones can reach up to a 

dozen or more. Brugger et al. (2006) exemplify this by mentioning a 19th century 

study, in which an exhausted professor returns home from work and find himself 

standing in a room with 15 other people, all recognised as being duplications of 

himself at different ages, wearing clothes fitting that period of his life.  

 

 The pathology behind heautoscopy. The underlying mechanism of 

heautoscopy can be triggered by one of many different causes, such as migraine, 

neoplastic growth, necrosis induced by hypoxia, infections, schizophrenia, anxiety, 

depression, or other dissociative disorders. However, heautoscopy is most often 

associated with epilepsy (Brugger et al., 1994; Brugger et al., 2006; Devinsky, 

Feldmann, Burrowes, & Bromfield, 1989). Unfortunately, even if heautoscopy has 

been documented for a very long time, there is a distinct lack of published literature 

on its neural underpinnings. Most publications revolves around case studies, such as 

Brugger et al. (1994) who writes about a young man who developed partial seizures, 

primarily propagating from the left temporal lobe. Initial computer tomographic 

scans showed a hypodense 2 cm lesion of the mesiobasal temporal lobe, which later 

turned out to be multicystic by closer inspection using magnetic resonance imaging. 

Before the patient was admitted to remove the tumour, he ceased taking his 

medication and drank several glasses of beer. This appears to have triggered a severe 

heautoscopic episode which ended with the patient attempting suicide. Injuries to the 

left insula has also been indicated to evoke heautoscopic phenomena (Brugger et al., 

2006), as well as the temporo-occipito-parietal junction in related autoscopic 

conditions (Blanke et al., 2002; Blanke et al., 2004). 
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 Since heautoscopy also is rooted in psychological conditions such as schizophrenia 

and depression, it is difficult to differentiate the network behind the syndrome. 

Brugger et al. (2006) conducted an aggregate study compiling 14 case studies of 

polyopic heautoscopy published between 1912 and 1995, although the etiology of the 

studies is comparatively superficial and doesn’t go beyond the general lobe 

structures. Of the reported studies it wasn’t possible to discern a bias to a certain 

hemisphere, as lesions or infarcts to both hemispheres were featured in the report. 

Thus, it can be assumed that heautoscopy can emerge by trauma to either 

hemisphere, primarily in the temporo-occipito-parietal junction (Blanke et al., 2002; 

Blanke et al., 2004) or the insular regions (Brugger et al., 2006) as previously 

described. It is not entirely clear if heautoscopy emerges from a disrupted multimodal 

binding process or from something else. 

 

Discussion 

 In a way, the present study sets out to see if the idiom “seeing is believing” holds 

any ground within the science of body ownership. With a better general 

understanding of the six presented conditions and phenomena, it is hard to draw a 

definite conclusion whether visual perception is necessary for part- and full body 

ownership or not. Initially, the rubber hand illusion would suggest that vision would 

be necessary to evoke the illusion, since the test participant is required to look at the 

rubber hand during the stimulating brush strokes. However, Ehrsson et al. (2005) 

showed us that it was possible for the rubber hand illusion to emerge in a blindfolded 

participant by using a more somatotactile approach. Thus it can be dictated that 

vision is sufficient, but not necessary for the illusion to occur.  

 This train of thought can be tied to the discussion about the phantom limb illusion 

and somatoparaphrenia. Starting with the phantom limb illusion, it was described as 
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the patient being able to feel the presence of a limb that isn’t there. It can either be as 

a result of a congenital birth defect or a necessary amputation. Nevertheless, the 

patient still has the sensation that a limb is still present. Whether you can actually call 

this ownership is up for debate, as it would be hard to justify ownership of something 

immaterial. But then again, the personal ownership of dreams or even phenomenal 

consciousness itself is seldom disputed. However, the terminology of the science of 

body ownership could use a more precise definition, as the linguistic overlap of words 

such as “embodiment”, “presence”, or “ownership”, can at times appear quite 

confusing (de Vignemont, 2011). Does the presence of a phantom limb qualify as 

ownership? Even though the phantom limb is immaterial in nature, it appears that it 

can be modulated by visual processing to some degree, as described by Crawford 

(2014) where a phantom limb could, to some extent (Ramachandran & Blakeslee, 

1998), align to the three-dimensional frame granted by a prosthetic limb. 

 In somatoparaphrenia, the ownership of a limb diminishes to the point of non-

existence. Even if the patient is visually presented by the physical nature and 

attachment of the disowned limb to the body, the patient is still in disagreement. 

Facing this predicament, the patient often confabulates that the limb must belong to 

someone else, even if it would be logically and spatially impossible. The lack of 

somatosensation could be improved if the limb was brought inside the ipsilesional 

visual field, however, the level of disownership remained unchanged (Moro et al., 

2004). This would suggest that vision as a modulating process of body ownership has 

some degree of involvement, but it can be overruled by other participating 

mechanisms. That would also explain why people either born blind or those who 

loses their sight later on in life still retains their sense of body-part ownership. If this 

wasn’t the case, and if visual perception was paramount to the sense of body-part 

ownership. It would imply that humans would lose their sense of body-part 
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ownership as soon as a limb escapes the visual field, which would include closing 

your eyes or during night when it is pitch black, which would be unfeasible and 

probably counter-productive to the species’ survival. 

 In paraplegics, where the processing of afferent signals is severely diminished or 

completely absent, they still retain a perceived ownership of their limbs, even if they 

are unable move or feel anything touching them. Vallar and Ronchi (2009) mentions 

that proprioception may play a pivotal role, as it is a higher-order component which 

is often affected in somatoparaphrenics, which may explain why paraplegics still feel 

like they own their limbs. Their deficiencies are often affiliated with irreparable 

damage to the peripheral nervous system or the spine, and not with lesions to 

cerebral structures. 

 The full body illusion presented by Lenggenhager et al. (2007) taught us that a 

person could be sufficiently immersed in the visual presentation granted by a head-

mounted display, that the sense of ownership and first-person perspective is no 

longer anchored to their physical location but instead projected to another body. The 

full-body detachment present in the body-swap illusion is similar to the rubber hand 

illusion in that it can be evoked in a methodologically similar visuotactile manner. 

But instead of obscuring the part of the body receiving stimulation, the participant is 

instead given another view of the stimulated area. The key difference between the two 

experiments is that the body-swap illusion requires a change of first person 

perspective, thus indicating that the illusion is focally dependent on vision. The 

results from the body-swap illusion would argue that, contrary to the rubber-hand 

illusion, vision is necessary, but not sufficient, for full-body ownership.   

 As seen in out-of-body experiences, autoscopy, and heautoscopy, it is possible for a 

person to visually experience their own body in external space. Granted, the 

experience itself appears to be rooted in a hallucinatory ordeal, as the actual 
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mechanism of sight is fixed to the eyes, which in turn abides the universal law of 

optics (Fenner, 1875). 

 The out-of-body experience has for a long time had strong spiritual and mystical 

connotations, often been regarded as a proof of the existence of the soul according to 

some dualist (Persinger, 1983; Blanke et al., 2005; Bering, 2006). This is not 

surprising given the historical prevalence of the Abrahamic religions, and other 

systems of beliefs, pertaining the dogmatic view of the soul as a separate entity 

residing within the body being the root of the conscious mind (Descartes, 1641/1984). 

Thus, it is not difficult to understand that when an out-of-body experience occur, the 

person in question would often attribute the whole ordeal to the soul having 

temporarily left the body. This conviction is stronger when the out-of-body sensation 

arises during a near-death experience. It also appears that there is a group of people 

who are more prone to experience the dissociative symptoms of out-of-body 

experience during near-death experience. Greyson (2000) discovered that individuals 

who express non-pathological dissociations during stress are more likely to having 

near-death experiences, contrary to the assumption that a latent or a key psychiatric 

disorder was the underlying factor. 

 Furthermore, to witness your own body through autoscopic phenomena has for a 

long time been considered a harbinger of death, especially during the doppelgänger 

experience that is heautoscopy (Brugger, et al., 1994). The heautoscopic double has 

often been associated with madness (Wigan, 1844), and has been portrayed in 

literature multiple times throughout history. In Edgar Allan Poe’s short story 

“William Wilson”, the protagonist attempts to stab his double, ultimately killing 

himself instead. Furthermore, in Oscar Wilde’s “The portrait of Dorian Gray”, 

Friedrich von Gerstäcker’s “Der doppelgänger”, and Franz Werfel’s “Spiegelmench”, 

all had their protagonists escape the horror of being haunted by their doubles by 
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committing suicide. The connection between heautoscopy and suicide or suicidal 

contemplation can also be observed in Guy de Maupassant’s “Le horla” and Fjodor 

Dostoyevsky’s “The double”. It is known that some of the aforementioned authors 

suffered from epilepsy, and even their own heautoscopic experiences (Brugger, et al., 

1994). As previously mentioned, the two of which has shown a close association with 

each other (Devinsky et al., 1989; Brugger et al., 1994; Brugger et al., 2006). Although 

it is unknown to what degree the portrayal of suicidal thoughts in their literature has 

been injected by their own personal experience of the phenomena. Though it 

wouldn’t be surprising, as some of the reported experiences by patients can prove to 

be quite harrowing for the afflicted (Brugger et al., 2006). One example of polyopic 

autoscopy given by Brugger et al. (2006) was of a depressed woman back in the 

1920’s, who reported seeing a crying copy of herself. After closing and re-opening her 

eyes, the room would often be filled with multiple doubles, all crying.  

 Given the bizarre characteristics of many of the reported heautoscopic episodes, it 

takes no leap of imagination to get a perspective of experiences and the distress it can 

cause. During out-of-body experiences and ordinary autoscopic disorders, the patient 

still understands where the real body feels like it is located and/or where the real 

body is situated in space, visual hallucinations notwithstanding. However, during 

heautoscopy, the hallucinations of seeing your own body in external space and the 

detached sense of first-person perspective is paired with a disrupted sensation of 

where in space you actually are located; which one of the perceived bodies is the real 

you. The coherent sensation of ownership of a body, which in itself is incredibly 

intricate and private, thus dissipates and cannot properly be pinpointed by the 

patient, leading to much distress and anxiety (Brugger et al., 1994). This would point 

towards a critical importance of consistency in the sense of spatial location and first-

person perspective in regards to the holistic experience of full-body ownership. But 
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whether or not the suicidal tendencies is due to mental exhaustion, or if it is because 

certain higher-order areas of the cerebrum are damaged, is still unclear. 

 

Technology and the Body – Prosthetics and Virtual Reality 

 As technology forges ever onwards, humanity has moved away from relying on 

wooden peg legs and iron hooks as prosthetic replacements. The 19th- and the 

beginning of the 20th century saw a great improvement in anatomical design of 

prosthetics, but they still were mostly rigid and fairly cumbersome. The aesthetics 

and anatomical likeness appears to be playing a certain role in the fusion of man and 

machine. In the example given by Ramachandran and Blakeslee (1998) with the 

young woman with phantom limbs who she felt was too short for the prosthetic she 

was given. According to Crawford (2014), it is possible to coax a phantom limb to 

accommodate the prosthetic. I would suggest further research on cases described by 

Ramachandran and Blakeslee (1998), and see if the phantom could be extended over 

time by gradually increasing the length of the prosthesis. 

 One leading question is whether or not a prosthetic limb can truly be owned per se. 

What are the boxes that needs to be ticked before an auxiliary piece of medical 

equipment can be incorporated into the cognitive sensation of ownership? This 

question is something that is yet to be tackled on a larger scale. There’s already been a 

double dissociation between ownership and agency, as described by Kalckert and 

Ehrsson (2012), which would suggest that motor-control is not directly necessary for 

an integrated sense of ownership. The first electrically supported prosthetics, using 

hydraulic and pneumatic control of the limbs, saw its first light in the mid 1990’s. The 

limbs were now able to move and work like their original counterparts to some 

extent. Most of them received electric feedback expressed by adjacent muscles when 

the patient flexed, granting rudimentary control of the limb. Recent studies have been 
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made on leading the electrodes through the prosthetic’ abutment anchored to the 

bone at the end of the stump, as well as the bone itself so that they can be fastened 

directly on the muscles (Ortiz-Catalan, Håkansson, & Brånemark, 2014). This greatly 

improves motor resolution and control, as well as providing insulation for the 

electrodes from unwanted electromagnetic interference. The design of Ortiz-Catalan 

et al. (2014) further enables a gateway of closer access to the nervous system. In his 

experiment, after having connected three electrodes to the ulnar nerve of a patient 

using the aforementioned gateway-method, the patient reported having felt a 

sensation of phantom fingers 4 and 5 immediately post-surgery. The practice of 

restoring sensory feedback is nothing new (Scott, 1990; Lundborg & Rosén, 2001; 

Pylatiuk, Mounier, Kargov, Shulz, & Bretthauer, 2004), but the design itself is useful 

in bringing prosthetics closer to being as life-like as possible by reducing the need for 

additional external apparatus. However, as was demonstrated by Moro et al. (2004) 

where they were able to restore some sense of somatosensation in a patient with 

somatoparaphrenia, there is an apparent dissociation between ownership and the 

sense of touch.  

 This eliminates both agency and somatosensation as intrinsic factors of ownership. 

Though it is possible that the two in concert, together with visual observation of 

somatotactile feedback, could help promote the sensation of ownership of a 

mechanical limb. Vallar and Ronchi (2009) further concludes that proprioception is 

of extra importance to be able to claim ownership of a limb. Additionally, it is also 

seemingly possible to artificially evoke a phantom limb sensation, as demonstrated by 

Ortiz-Catalan et al. (2014). Although it is unclear whether or not the patient had a 

previous history of phantom limbs prior to the procedure; if the phantom was present 

and the fingers just felt stimulated, the sensation of ownership having dissipated over 

time to later re-emerge, or if it was a completely new experience. 
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 An interest in virtual reality technology has surged in recent years, with companies 

such as Oculus VR spearheading the consumer business. Their initial prototype is a 

platform offering the user a three-dimensional display showing two parallel images. 

It also featured high-resolution head-tracking, able to trace the user’s head 

movements in two dimension, looking up-down and left-right. Later versions features 

a better screen and another vector of tracking, able to trace when the user moves his 

head backwards and forwards or from side to side. It is able to grant its user a new 

sense of immersion in virtual reality. This technological leap has slowly been making 

its way into the hands of research groups around the world.  

 Virtual reality and head-mounted displays has thus far been an effective tool in 

exploring the neurological machinations of self-location, first-person perspective, and 

other aspects of body-ownership. Martini, Perez-Marcos, and Sanchez-Vives (2014) 

explored the modulation of pain during virtual body ownership, and found that the 

projection of ownership to a virtual body increased the threshold of heat-induced 

pain in the test participants. Piryankova et al. (2014) found that the felt body-

dimensions could be distorted by imposing ownership on a virtual body who is either 

considerably larger or smaller than the participant’s real body. These examples are 

further indications of the multimodal nature of full-body ownership, and the 

importance of visual feedback in modulating the sum of all perceptions. 

 

Conclusion 

 This meta-analysis on the aspects of body ownership during abnormal conditions 

has shown that vision plays different roles in modulating the coherency of the body. 

Both part- and full-body ownership are highly multimodal in nature, utilizing 

somatosensation and proprioception to a great degree. These senses has been 

dissociated from each other, but their relation and hierarchy is yet to be fully 
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mapped. In body-part ownership, the role of vision is a minor modulating function, 

shown to be sufficient, but not necessary, in projecting ownership to a fake limb. 

However, the visual feedback can be overruled by the other senses, as seen in patients 

possessing phantom limbs or suffering from somatoparaphrenia.  

 In contrast, full-body ownership seem to be much more dependent on vision, as 

ownership is often associated with first-person perspective and the sense of self-

location. In extreme cases, such as during heautoscopic phenomena, the boundaries 

of singular ownership breaks down, and the patient is not sure which of the perceived 

bodies is the real one. In contrast to the out-of-body experience, where the person is 

still able to identify their real body and its physical location, despite having their first-

person perspective and felt self-location detached from it. Thanks to the introduction 

of virtual-reality technology and head-mounted displays, it is now possible to do 

clinical experiments on full-body ownership, projecting the first-person perspective 

and self-location to another body or a virtual avatar. 

 Much more research is needed both on part- and full-body ownership, and the 

relation between the two. Thanks to the distortions of ownership, induced either 

clinically or pathologically, we have been granted a greater understanding of 

individual mechanisms, such as proprioception, projected ownership, and first-

person perspective. However, the holistic nature of body-ownership is yet to be 

explained, as ownership seem to be much more than just an amalgamation of limbs 

that a person identifies as his own.  
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