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Neurophysiological studies have revealed brain areas

specialized for the coding of visual space surrounding

the body, that is, visual peripersonal space. Neurons

have been reported in the putamen, in parietal and

frontal lobes that effectively respond only when

visual stimuli are located in spatial proximity to a

particular body part (e.g. face or hand). These

neurons respond to both tactile and visual stimuli,

provided that the visual stimulus is presented within

the visual receptive field (RF), which extends beyond

their tactile RF [1–4].

In particular, these bimodal cells share the

following basic functional properties: (1) visual and

tactile RFs are in spatial register, that is, visual RFs

match the location of tactile RFs on body surface;

(2) visual RFs have limited extension in depth, being

restricted to the space immediately surrounding the

monkey’ s hand, face or body; (3) visually related

activity shows a response gradient, that is, the

discharge decreases as the distance between visual

stimulus and cutaneous RF increases; (4) visual RFs

operate in coordinate systems centred on body parts;

they remain anchored to the tactile RFs of a given

body part when this is moved, and their spatial

locations do not change when the eyes move. Taken

together, these properties indicate that ventral

premotor cortex, parietal areas and putamen form an

interconnected system for integrated (visual–tactile)

coding of peripersonal space centred on body parts.

Visual peripersonal space in humans

By close analogy with monkey data, recent

neuropsychological findings have provided the

first evidence that the human brain forms

integrated visual–tactile representations of the

peripersonal space surrounding the hand and the

face [5–8]. In these studies, a crossmodal

(visual–tactile) stimulation paradigm was used in

right-hemisphere damaged (RBD) patients with

left tactile extinction. 

Extinction is a clinical sign whereby patients are

able to detect a single stimulus presented either to

the ipsi- or contra-lesional side of the body, but fail

to report the contralesional stimulus when a

concurrent stimulus is presented on the ipsilesional

side. In a recent study by Làdavas et al. on RBD

patients who suffered from reliable tactile

extinction, a visual stimulus presented near the

patients’ ipsilesional hand (i.e. near peripersonal

space) inhibited the processing of a tactile stimulus

delivered to the contralesional hand (crossmodal

visuo–tactile extinction for near space) to the same

extent as did an ipsilesional tactile stimulus

(unimodal tactile extinction) (see Fig. 1b and a,

respectively) [6]. In striking contrast, less

modulatory effects of vision on touch perception

were observed when a visual stimulus was

presented far from the space immediately around

the patient’s hand (far peripersonal space, both in

homologous and non-homologous positions; see

Fig. 1c and d).

This pattern of results is what should be expected

if an ipsilesional visual stimulus presented near the

body were processed by an integrated visual–tactile

system coding near peripersonal space, functionally

analogous to the one described in monkeys. Owing

to this sensory integration, a visual stimulus

presented near ipsilesional body parts strongly

activates the corresponding somatosensory

representation of those body parts. Because

extinction becomes manifest when there is a

competition between two or more spatial

representations, the simultaneous activation of a

somatosensory representation of the left hand by a

tactile stimulus and of the right hand by a visual

stimulus presented in near peripersonal space

produces an extinction of those stimuli in the

weaker representation, in this case that of the

left hand [9]. Instead, the same visual stimulus

presented in the far peripersonal space weakly

activates the somatosensory representation of the

right hand and thus a reduction of crossmodal

visual–tactile extinction is observed.

To examine the spatial coordinates used by this

integrated visuo–tactile system to code near

peripersonal space, a patient with tactile extinction

was asked to cross the hands such that the left hand

was in the right hemispace and the right hand in the

left hemispace [5]. A visual stimulus presented near

the right hand (in the left space) extinguished tactile

In order to code visual peripersonal space, human and non-human primates

need an integrated system that controls both visual and tactile inputs within

peripersonal space around the face and the hand, based on visual experience of

body parts. The existence of such a system in humans has been demonstrated,

and there is evidence showing that visual peripersonal space relating to the

hand has important dynamic properties, for example, it can be expanded and

contracted depending on tool use. There is also evidence for a high degree of

functional similarity between the characteristics of the visual peripersonal

space in humans and in monkeys.

Functional and dynamic properties

of visual peripersonal space
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stimuli applied to the left hand (in right hemispace).

Thus, the crossmodal visuo–tactile extinction was

not modulated by the position of the hands in space.

This finding seems to suggest that, when the hand is

moved, the visual peripersonal space remains

anchored to the hand and therefore moves with it.

This finding is at variance with unimodal tactile

extinction, which is modulated by the position of the

hands in space [10]. 

The evidence of the existence of a visual

peripersonal space anchored to the hand is consistent

with recent findings by Spence et al. [11] who

reported in normal subjects that crossmodal

tactile–visual congruency effects were significantly

larger when lights were placed near the stimulated

hand (rather than far away, near the other hand),

regardless of whether the hands were placed in an

uncrossed or crossed posture (see also Ref. [12] for

similar results on behavioural and brain ERP

responses). However, crossmodal tactile–visual

congruency effects in the crossed-hand condition

requires intact interhemispheric connections [13].

It can be concluded that neuropsychological studies

are in accordance with neurophysiological studies

showing that the visual RFs of bimodal cells remap

when the monkey’s posture is changed (i.e. the visual

RFs appear to follow the hands in space as different

postures are adopted).

One interesting question is whether visual

peripersonal space also exists for other body parts.

One body part that might be implicated in the same

mechanism is the face. Again, as for the hand, in

patients with tactile extinction, visual stimuli

delivered in the space near the ipsilesional side of

the face extinguished tactile stimuli on the

contralesional side (crossmodal visuo–tactile

extinction, see Fig. 2b) to the same extent as did 

an ipsilesional tactile stimulus (unimodal 

tactile extinction, Fig. 2a). However, when visual

stimuli were delivered far from the face,

visuo–tactile extinction effects were dramatically

reduced [8] (Fig. 2c).

Thus, these studies suggest the existence of an

integrated system that controls both visual and

tactile inputs within peripersonal space around the

face and the hand, and they show how this system is

functionally separated from that which controls

visual information in the extrapersonal space.

The relevance of visual experience of body parts for

the processing of tactile input

Hands are continually being moved in space and the

brain has to compute their spatial position to update

the visual mapping of space surrounding the hand

as the posture changes. The position of the hand in

space can be computed from the joint contribution

of at least two sensory inputs: vision and

proprioception [14]. In the monkey, visual and

proprioceptive cues about arm position converge on

bimodal visual–tactile neurons, some of which

continue to respond to peripersonal visual stimuli

even when vision of the arm is prevented to the

monkey [15]. However, when information about arm

position is provided by proprioception alone, the

bimodal cells’ responsiveness to peripersonal visual

stimuli is considerably reduced or even

extinguished, suggesting that visual information
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Fig. 1. Schematic drawings of the experimental set-up in studies of patients with unimodal tactile
extinction. The type of stimulation (tactile or visual) given to the right (R) or left (L) hand of the
patient is shown below each experimental set-up. The patient (P) was seated at a table in front of the
experimenter (E), and fixated centrally (indicated by the converging dotted lines, and filled circle on
the table). The patient’s hands rested on the table surface and were occluded from vision using
cardboard shields (gray rectangles). (a) In the unimodal tactile condition, tactile stimuli were
applied to patient’s hands. (b) In the near visuotactile condition, a tactile stimulus was given to the
left covered hand and a visual stimulus given near the right hand. In the far visuotactile condition,
the right visual stimulus could either be presented above the right hand, at the level of patient’s
eyes (non-homologous position) (c), or in a homologous location to the tactile one (d). (e) Mean
percentage correct detection of the left tactile stimulus in each experimental condition.
(Modified from Ref. [6].)



about a given body part might be more relevant

than proprioceptive information [16,17].

In agreement with this neurophysiological data,

a recent neuropsychological study by Làdavas et al.

has shown that proprioception alone is not sufficient

to activate the representation of the hand-centred

visual peripersonal space [7]. In this study, when

vision of the hand was prevented, the amount of

crossmodal extinction did not vary as a function of

the distance of the visual stimulus from the patient’s

ipsilesional hand (i.e. near versus far). In other

words, when hand position was specified only by

means of proprioceptive cues, crossmodal extinction

was not restricted to the near peripersonal space.

These results demonstrate that the additional

information provided by vision of the hand is

necessary to obtain crossmodal effects in

peripersonal space.

Recent studies have shown that visual

information about hand, besides being necessary,

can also be sufficient for mediating the integrated

processing of visual–tactile input in peripersonal

space. Graziano has found that when a monkey’s

real arm was hidden from the view with a shield,

and a realistic fake arm was visible above the shield

and placed either at the same location or at a

different location from the monkey’s own arm, many

neurons in area 5 were modulated by the sight of the

fake arm, as they would by the real arm [18]. Similar

evidence has been provided in a group of RBD

patients with tactile extinction by Farnè et al. [19].

In this study, visual stimuli were presented, firstly,

near or far from the patient’s ipsilesional real hand

(real hand crossmodal condition, as in Fig. 1b and d),

or, in a second part of the experiment, presented far

from the patient’s ipsilesional real hand, which was

placed behind their back, but near a rubber hand

that could be either visually aligned or misaligned

with the patient’s ipsilesional shoulder (rubber hand

crossmodal condition, see Fig. 3c and d). In both

situations, unseen tactile stimuli were delivered to the

patient’s contralesional hand.

The visual stimulus presented near a seen right

rubber hand induced a strong crossmodal

visual–tactile extinction, comparable with that

obtained by presenting the same visual stimulus

near the patient’s real hand. Critically, this

crossmodal effect was strongly reduced when the

seen rubber hand was arranged in an implausible

posture (i.e. misaligned with respect to subject’s

right shoulder; see Fig. 3d). These results show

that, owing to the dominance of vision over

proprioception, the mechanism that codes the space

surrounding the body can be deceived by the vision

of a fake hand, provided that its appearance and

position look plausible with respect to subject’s body.

In some circumstances, this visual capture

induces healthy subjects to perceive their hand in

the position occupied by a rubber hand [20,21].

Botvinick and Cohen demonstrated that after

subjects looked at a rubber hand being stroked with

a paintbrush, at the same time as their own hidden

hand being stroked, they reported the illusion that

the touch was located on the rubber hand, which

they felt as belonging to themselves [20]. When

required to indicate the felt position of their hidden

hand they pointed towards the position on the

rubber hand, showing that this illusion results from

distorted proprioceptive information. Interestingly,

it has been shown that a similar illusory effect

disappears when such rubber hands are seen by

subjects in an implausible position with respect to

their own body – when they are not aligned with the

subject’s shoulders [21].

The notion that visual experience of a body part

is linked with the experience of touch can also be

inferred by the behavioural responses of brain-

damaged patients with dense hemisensory loss of

the upper limb, who reported having felt a tactile

sensation on the affected hand when allowed to see

the affected hand being touched by the experimenter

[22,23]. In one patient, simply the vision on the

screen of the affected hand being touched produced

TRENDS in Cognitive Sciences  Vol.6 No.1  January 2002

http://tics.trends.com

19Review

TRENDS in Cognitive Sciences 

(a)

(d)

(b) (c)

100

Le
ft 

ta
ct

ile
 d

et
ec

tio
n 

ac
cu

ra
cy

 (
%

)

80

60

Unilateral tactile
(a)

Bilateral tactile
(a)

Unimodal

Type of stimulation

Crossmodal

Visuotactile near
(b)

Visuotactile far
(c)

40

20

0

Fig. 2. Schematic drawings of the experimental set-up in a study of peripersonal space around the
face. (a) In the unimodal tactile condition, tactile stimuli were applied to each side of the face, which
was covered by a cardboard shield that prevented a direct view of the experimenter’s hands (shown
from the side in inset). (b,c) In the crossmodal condition, a tactile stimulus was given to the left side
of the face and a visual stimulus either near (b) or far (c) from the right side of the face. The right side
of face was in the patient’s view, whereas the view of the left side of the face was impeded by the
patched left eye. This was in order to prevent the patient from seeing the tactile stimuli applied by the
experimenter which thereby might also act as a visual cue. (d) Mean percentage correct detection of
the left tactile stimulus in each experimental condition. (Modified from Ref. [8].)



reports of tactile sensation on the affected hand,

even if no real touch occurred (for similar results on

normal subjects see Ref. [24]). A related phenomenon

has been described in arm amputees who reported

vivid tactile sensations in the phantom arm when

they viewed the experimenter touching the mirror

image of their normal arm [25]. The feeling of being

touched following visual experience of the arm is

compatible with the idea that vision of the hand is

important for the activation of bimodal neurons that

integrate tactile and visual inputs from that limb.

The relevance of visual experience of body parts for

the processing of visual input

It has generally been assumed that crossmodal

spatial interactions affect only multimodal neural

structures, but recent accounts suggest that

crossmodal links can actually influence unimodal

stages of sensory processing, presumably via

feedback projections from multimodal areas [12,26].

If this is the case then we might expect that the

activation of the integrated visual–tactile system,

induced by the vision of a body part, is able to

influence levels of processing traditionally

considered ‘unimodal’, and thus producing an

enhancement of visual perception. 

The results of a recent study seem to support this

prediction [27]. In a patient with visual extinction,

detection of a contralesional visual target, presented

on a computer screen, was considerably ameliorated

when the patient placed his left hand adjacent to the

spatial location of the visual target. This effect was

not a consequence of the patient’s hand acting as a

visual or proprioceptive cue, because the

presentation of a visual cue of the same size and

shape as the hand or the occlusion of the patient’s

hand from his view did not reduce the level of

extinction for the left visual stimulus.

Dynamic properties of visual peripersonal space

An interesting question relating to peripersonal

space is whether the spatial extension of

peripersonal space representation in humans is

fixed or, rather, whether it can be rapidly modified.

In this regard, the evidence available is related to the

peripersonal space around the hand (peri-hand

space) and it has been investigated by the use of a

tool or through the image of the hand projected onto

a video screen or in a mirror.

A re-coding of far visual stimuli as near stimuli

has been observed in a monkey single-cell study

that used a long tool to connect the hand with a

visual stimulus located in distant space [3]. Visual

RFs of bimodal neurons in intraparietal cortex

were elongated after few minutes of tool use, and

contracted towards the hand after a longer delay

from the tool use, even if the monkey was still

holding the rake. Thus, tool use induced an

expansion of the visual receptive field only when

the monkey intended to use tools to retrieve distant

objects, but the modification was never induced

when just holding it as an external object. A similar

re-coding of far visual stimuli as near has been found

in a group of RBD patients with tactile extinction

[28]. In this study, crossmodal visual–tactile

extinction was assessed by presenting visual stimuli

far from the patient’s ipsilesional hand, in

correspondence of the distal edge of a rake statically

held in their hand (see Fig. 4a). The results showed
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Fig. 3. Experiments investigating visual experience of body parts. (a) Life-sized ‘female’ and ‘male’
aesthetic prostheses used in the experiment. (b) In the unimodal tactile condition, tactile stimuli
were applied to the patient’s hands, as normal. (c) In the visuotactile ‘compatible’ condition, a tactile
stimulus was given to the left covered hand and a visual stimulus was given near the prosthesis
which had the same location and orientation as the subject’s real hand. (d) In the visuotactile
‘incompatible’ condition, the visual stimulus was always given near the prosthesis, but now the
prosthesis was oriented orthogonal to the subject’s left hand. Real hand conditions were the same
as those described in Fig. 1b and d. (e) Mean percentage correct detection of the left tactile stimulus
in each experimental condition. (Modified from Ref. 19.)



that crossmodal extinction was more severe after the

patients used the rake to retrieve distant objects

(Fig. 4b and c) with respect to a condition in which

the rake was not used. The evidence of an expansion

of peri-hand space lasted for only a few minutes

after tool use. After a 5 min resting period, the

amount of crossmodal extinction was comparable

with that obtained before tool use, suggesting that

the spatial extension of the hand peripersonal space

was contracted towards the patient’s hand. Finally,

pointing movements towards distant objects

(Fig. 4d) also produced crossmodal extinction

entirely comparable with that obtained in the pre-

tool-use condition, showing that the expansion of

hand peripersonal space is strictly dependent upon

the use of the tool (but see Ref. [29] for crossmodal

extinction with a static tool), aimed at physically

reaching objects located outside the hand reaching

space, and it does not merely result from directional

motor activity.

A phenomenon related to the expansion of

peri-hand space is that recently described in a

neglect patient, who showed rightward errors in

line-bisection with a laser pointer within near but

not far space [30]. However, when bisecting lines in

far space using a long stick, her neglect returned.

Also, in this patient the remapping of the space was

apparent when the patient used the stick to reach

far objects (in this case lines).

In conclusion, these recent neurophysiological

and neuropsychological findings constitute direct
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• What are the anatomical and functional characteristics of
patients with visuotactile extinction? Not all patients with
tactile extinction show a segregation effect for near space.

• Is there a single representation of visual peripersonal space or
a multiplicity of different and discrete representations, each
centred on discrete body parts? Should we expect to find the
same amount of crossmodal extinction in peripersonal space
when homologous body parts are stimulated (i.e. left hand and
right hand) compared with different body parts (i.e. left hand
and right face)?

• What is the advantage for humans of having visual peripersonal
space centred on body parts? Are these representations used to
localize, reach and grasp objects in space?

• Is the extension of visual peripersonal space the same in all
humans or can it be permanently modified by intensive motor
experience? For example, do people who usually handle tools

in their professional life (e.g. sportspeople in tennis or fencing )
have a more extended peri-hand visual peripersonal space?

• Although the existence of a visual peripersonal space in
humans has been well documented by group studies, only
preliminary evidence based on a single-case study is available
to support the existence of a similar integrated system coding
auditory peripersonal space [33]. Moreover, the functional role
of this system has not been clarified. Does this system allow
detection and localization of non-visible objects approaching
the head from the noise they produce, before they reach the
body? Does this system help us prepare an appropriate
orienting or avoidance response to objects moving towards
the body in the dark or approaching the head from the back?

• What are the fine grained anatomical–physiological links
between multimodal processing areas coding near space and
unimodal/multimodal areas involved in space perception?

Questions for future research



evidence that the representation of peri-hand space

can be expanded along the tool axis to include its

length, and they show that re-mapping of far 

space as near space can be achieved through a

re-sizing of the peri-hand area where visual–tactile

integration occurs.

Another way to extend visual peripersonal space

has been very recently shown by Iriki et al. [31].

In this interesting study the authors trained the

monkey to recognize the image of their hand in a

video monitor. Before the training, no neuron

responded to visual stimuli presented around the

image of the hand in the monitor screen, but

immediately after the monkey learned to recognize

the self-image in the monitor, a group of neurons

become active, which had new visual RFs formed

around the screen-image of the hand. A similar re-

coding of far visual stimuli as near ones, has recently

been observed in a patient with tactile extinction

[32]. In this patient, a flash of light actually delivered

close to the right hand, but appearing in far space

owing to observation in a mirror, produced a very

similar effect to that produced by a light that was

directly viewed near the hand in peripersonal space.

Thus, seeing his own hand via a mirror activated a

representation of the peripersonal space around that

hand, not of the extrapersonal space suggested by the

distant visual image in the mirror. Thus, a mirror

can be considered as another kind of tool that allows

objects located in far space to be treated as being

close to the hand.

To summarize, tools enable human beings, as well

as other animals, to act on objects when they are not

directly reachable by hands. Acting on distant

objects by means of a tool requires sensory

information that is mainly provided by vision and

touch. An expansion of the peri-hand area whereby

vision and touch are integrated allows the possibility

of reaching and manipulating far objects as if they

were near objects.
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