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CLOSE your eyes and ask yourself: 
where am I? Not geographically, but 
existentially. Most of the time, we 

would say that we are inside our bodies. 
After all, we peer out at the world from a 
unique, first-person perspective within 
our heads – and we take it for granted.

We wouldn’t be so sanguine if we knew 
that this feeling of inhabiting a body is 
something the brain is constantly 
constructing. But the fact that we live 
inside our bodies doesn’t mean that our 
sense of self is confined to its borders –  
as these next examples show.

Your self feels anchored in your body, but it’s  
surprisingly flexible, says Anil Ananthaswamy
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Get out of hand
Stroke someone’s hand while they watch a 
rubber hand being stroked in the same way, 
and the contours of their self shift to include 
the fake hand instead

FAKE HAND

REAL HAND 
HIDDEN FROM 

VIEW

sleight of (rubber) hand 
By staging experiments that manipulate 
the senses, we can explore how the brain 
draws – and redraws – the contours of 
where our selves reside.

One of the simplest ways to see this in 
action is via an experiment that’s now 
part of neuroscience folklore: the rubber 
hand illusion. The set up is simple: a 
person’s hand is hidden from their view 
by a screen while a rubber hand is placed 
on the table in front of them. By stroking 
their hand while they see the rubber hand 
being stroked, you can make them feel 
that the fake hand is theirs (see diagram, 
below left). 

Why does this happen? The brain 
integrates various senses to create 
aspects of our bodily self. In the rubber 
hand illusion, the brain is processing 
touch, vision and proprioception – the 
internal sense of the relative location of 
our body parts. Given the conflicting 
information, the brain resolves it by 
taking ownership of the rubber hand. 

The implication is that the boundaries 
of the self sketched out by the brain can 
easily expand to include a foreign object. 
And the self’s peculiar meanderings 
outside the body don’t end there. 

Trading places
Ever wish you had someone else’s body? 
The brain can make it happen. To show 
how, Henrik Ehrsson at the Karolinska 
Institute in Stockholm, Sweden, and 
colleagues transported people out of 
their own bodies and into a life-size 
mannequin. 

The mannequin had cameras for eyes, 
and whatever it was “seeing” was fed into 
a head-mounted display worn by a 
volunteer. In this case, the mannequin’s 
gaze was pointed down at its abdomen. 
When the researchers stroked the >
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Leaving the body
By manipulating the way the brain integrates the senses, some people 
can be induced to feel they are �oating above their body

Some people reported feeling that they were �oating above their body, but 
it was now face down so they could watch their own back being stroked

A person’s back is stroked while 
they watch a video of somebody’s 
back being similarly stroked

Roller pulled along 
length of the torso

“ volunteers felt they were 

floating and a few experienced 

a particularly strange effect”

Into thin air 
Your self even can be tricked into 
hovering in mid-air outside the body.  
In 2011, Olaf Blanke at the Swiss Federal 
Institute of Technology (EPFL) in 
Lausanne and colleagues asked 
volunteers to lie on their backs and via  
a headset watch a video of a person of 
similar appearance being stroked on the 
back. Meanwhile, a robotic arm installed 
within the bed stroked the volunteer’s 
back in the same way.

The experience that people described 
was significantly more immersive than 
simply watching a movie of someone 
else’s body. Volunteers felt they were 
floating above their own body, and a few 
experienced a particularly strange effect. 
Despite the fact that they were all lying 
facing upwards, some felt they were 
floating face down so they could watch 
their own back (see “Leaving the body”, 
left). “I was looking at my own body from 
above,” said one participant. “The 
perception of being apart from my own 
body was a bit weak but still there.”  

“That was for us really exciting, because 
it gets really close to the classical out-of-
body experience of looking down at your 
own body,” says team member Bigna 
Lenggenhager, now at the University of 
Bern in Switzerland. Further support 
came by repeating the experiment inside 
an MRI scanner, which showed a brain 
region called the temporoparietal 
junction (TPJ) behaving differently when 
people said they were drifting outside 
their bodies. This ties in neatly with 
previous studies of brain lesions in people 
who reported out-of-body experiences, 
which also implicated the TPJ.

The TPJ shares a common trait with 
other brain regions that researchers 
believe are associated with body illusions: 
it helps to integrate visual, tactile and 
proprioceptive senses with the signals 
from the inner ear that give us our sense 
of balance and spatial orientation. This 

abdomens of both the volunteer and the 
mannequin at the same time, many 
identified with the mannequin’s body  
as if it was their own. 

In 2011, the team repeated the 
experiment, but this time while 
monitoring the brain activity of 
volunteers lying in an fMRI scanner. They 
found that activity in certain areas of the 
frontal and parietal lobes correlated with 
the changing sense of body ownership. 

So what’s happening? Studies of 
macaque monkeys show us that these 
brain regions contain neurons that 
integrate vision, touch and 
proprioception. Ehrsson thinks that in the 
human brain such neurons fire only when 
there are synchronous touches and visual 
sensations in the immediate space around 
the body, suggesting that they play a role 
in constructing our sense of body 
ownership. Mess with the information 
the brain receives, and you can mess with 
this feeling of body ownership.

Yet while Ehrsson’s study manipulated 
body ownership, the person “inside” the 
mannequin still had a first-person 
perspective – their self was still located 
within a body, even if it wasn’t their 
own. Could it be possible to wander 
somewhere where there is no body at all?
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provides more evidence that the brain’s 
ability to integrate various sensory 
stimuli plays a key role in locating the 
self in the body.

According to philosopher Thomas 
Metzinger of the Johannes Gutenberg 
University in Mainz, Germany, 
understanding how the brain 
performs this trick is the first step to 
understanding how the brain puts 
together our autobiographical self – the 
sense we have of ourselves as entities that 
exist from a remembered past to an 
imagined future. “These experiments  
are very telling, because they manipulate 
low-level dimensions of the self: self-
location and self-identification,” he says. 
The feeling of owning and being in a body 
is perhaps the most basic facet of  
self-consciousness, and so could be the 
foundation on which more complex 
aspects of the self are built. The body, 
it seems, begets the self.  n

Anil Ananthaswamy is a consultant for  
New Scientist
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THE first time a baby smiles, at 
around 2 months of age, is an 
intense and beautiful moment 

for the parents. It is perhaps the first 
sure sign of recognition for all their love 
and devotion. It might be just as 
momentous for the baby, representing 
their first step on a long road to identity 
and self-awareness.

Identity is often understood to be a 
product of memory as we try to build a 
narrative from the many experiences of 
our lives. Yet there is now a growing 
recognition that our sense of self may be 
a consequence of our relationships with 
others. “We have this deep-seated drive  
to interact with each other that helps us 
discover who we are,” says developmental 
psychologist Bruce Hood at the 
University of Bristol, UK, author of The 
Self Illusion (Constable, 2012). And that 
process starts not with the formation of  
a child’s first memories, but from the 
moment they first learn to mimic their 

parents’ smile and to respond 
empathically to others.

The idea that the sense of self drives, 
and is driven by, our relationships with 
others makes intuitive sense. “I can’t have 
a relationship without having a self,” says 
Michael Lewis, who studies child 
development at the Robert Wood Johnson 
Medical School in New Brunswick, New 
Jersey. “For me to interact with you, I have 
to know certain things about you, and the 
only way I can get at those is by knowing 
things about me.”

There is now evidence that this is the 
way the brain works. Some clues come 
from people with autism. Although the 
disorder is most commonly associated 
with difficulties in understanding other 
people’s nonverbal social cues, it also 
seems to create some problems with self-
reflection: when growing up, people with 
autism are later to learn how to recognise 
themselves in a mirror and tend to form 
fewer autobiographical memories. 

You’re so vain, you probably think your self 
is about you, says Michael Bond

WhY are You?
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