
COGNITIVE NEUROSCIENCE AND NEUROPSYCHOLOGY NEUROREPORT

0959-4965 & Lippincott Williams & Wilkins Vol 11 No 16 9 November 2000 3521

Vision and touch through the looking glass
in a case of crossmodal extinction
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When observing ourselves in a mirror, we see our body and
adjacent objects (e.g. a comb or razor) projecting the image of
distant objects. Are these recoded by the brain as re¯ecting
stimuli in peripersonal space? To address this, we exploited the
neuropsychological phenomenon of crossmodal, visual-tactile
extinction, as shown by patient BV following right-hemisphere
stroke. In such crossmodal extinction, a right visual event
impairs the perception of a simultaneous left tactile event. In
BV, the right visual stimulus (an LED ¯ash) induced more
extinction of touch on the contralesional left hand when
presented near the ipsilesional right hand, than when distant
from it. This agrees with previous data in patients and monkeys

showing that visual-tactile interactions are strongest within
peripersonal space. Crucially, we also found that an ipsilesional
¯ash produced more extinction when observed as the distant
mirror-re¯ection of an LED that lay close to the ipsilesional
hand, rather than as a distant LED ¯ash projecting an equivalent
visual image directly. This suggests that in BV, seeing his own
hand via a mirror activates a representation of peripersonal
space around that hand, not of the extrapersonal space
suggested by the distant visual image in the mirror. We discuss
the possible neural basis of interpreting mirror re¯ections.
NeuroReport 11:3521±3526 & 2000 Lippincott Williams &
Wilkins.
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INTRODUCTION
Several lines of evidence suggest that peripersonal space,
near the body, may have particular psychological signi®-
cance, and involve specialized neural representations [1±
4]. One recent source of evidence for this concerns cross-
modal spatial interactions between tactile stimuli and
visual stimuli presented close to the body, which may be
functionally important in the manipulation of objects with
body parts. Such tactile-visual interactions have recently
been uncovered neurophysiologically, psychologically, and
neurologically. The neurophysiological evidence concerns
multimodal neurons in several parts of the monkey brain,
which have tactile receptive ®elds on particular regions of
the skin surface, and visual receptive ®elds in correspond-
ing sectors of peripersonal space [2,4±8]. The visual recep-
tive ®eld may shift along with the associated body part
when the latter is moved [9]. Psychologically, recent
evidence shows that tactile-visual cueing effects arise in
humans for regions of visual space close to a tactually
stimulated body part, and that these effects also shift
correspondingly if the body part is positioned elsewhere
[10]. Finally, neuropsychological data on right-hemisphere
patients with left-sided extinction have likewise recently
uncovered crossmodal interactions between vision and
touch for stimuli close to the body [11,12].

Patients with extinction show defective report of con-

tralesional stimuli which is much worse when these are
presented together with ipsilesional ones. This can arise
crossmodally; for example, patients may show extinction of
a contralesional touch on the left hand by a concurrent
right visual stimulus (typically a brief movement of the
examiner's ®nger, not actually touching, or an LED ¯ash)
[11±14]. Recent work shows that such extinction of con-
tralesional touch is strongest if the visual stimulus is
presented close to the ipsilesional hand, in peripersonal
space [11,15]. Crossmodal extinction can be reduced either
by moving the ipsilesional hand away from the visual
stimulus (e.g. [12]) or the visual stimulus away from the
hand [11,15]. Spatial proximity between the visual stimulus
and this hand may be necessary for the visual stimulus to
activate multimodal neurons representing ipsilesional
space near that hand [9], in order to compete with and
dominate any representation of touch on the contralesional
hand, thus producing extinction.

The apparent restriction of tactile-visual interactions to
peripersonal space makes considerable functional sense. By
their very nature, tactile stimuli usually must be in close
proximity to the body surface (indeed, in direct contact
with it), falling within peripersonal space, as for most
visual objects or events that can produce associated tactile
stimulation. Moreover, the likely function for visual-tactile
interactions, namely space representation in relation to



motoric acquisition and manipulation of objects near the
body [2,5,8], also requires that the effective stimuli should
lie close to the body, so that they may be acted upon (e.g.
with the hands or mouth). Nevertheless, there is one
common situation in daily life where we act upon stimuli
which are felt close to the body, yet which project the
visual images of distant objects. This situation arises when-
ever we use a mirror, as during grooming, shaving, or
applying make-up. Mirrors have the fascinating property
of re¯ecting light-waves such that a visual object in front
of the mirror (e.g. one's own body) actually projects a
visual image as if placed behind it (through the looking
glass; see [16]). With a mirror, our body can thus be seen
as a distant visual image, yet in the mirror we may see our
own body parts being touched to produce somatosensory
input in near space that correlates with the visual input
seen distantly in the mirror.

Here, we examined such a mirror situation, for a right-
hemisphere patient who showed reliable crossmodal ex-
tinction of touch on his left-hand, by visual events near his
right hand. We had previously established [15] that this
patient shows less extinction of left touch from a right light
if that light is placed well in front of his right hand (i.e. in
extrapersonal space), rather than close to that hand (in
peripersonal space) [11]. Here we tested what would
happen with a right light seen in a mirror. The mirror was
arranged so that a light which, in reality, lay close to the
true position of the patient's right hand now projected to
his eyes the image of a light in far right space (as if behind
the mirror). In this way, we could test whether visual
images of body parts and objects in a mirror are treated as
falling in extrapersonal space (in accord with the properties
of the visual image), or instead in peripersonal space (in
accord with an interpretation of the re¯ections as repre-
senting the observer's own body and surrounding objects,
as seems to be the case during acts like grooming via a

mirror). We could thus test whether the tactile-visual inter-
actions which produce crossmodal extinction are driven
solely by physical properties of the stimulus (so that the
visual stimulus in the mirror should produce the same
effect as a distant light), or instead re¯ect a more cognitive
spatial representation of external objects, which can take
into account the nature of mirrors as re¯ecting ourselves.

MATERIALS AND METHODS
Case description: BV, a 67-year-old right-handed male,
suffered a perioperative right hemisphere stroke [15]. The
lesion fell in the territory of the posterior cerebral artery
(see Fig. 1 for MRI lesion reconstruction). At the time of
testing, 8 months after the stroke, clinical examination still
showed a complete left homonymous hemianopia, a mild
distal motor de®cit of the left limbs and a small residual
proprioceptive sensory impairment for the left arm. No
impairment of tactile sensitivity was present in the left part
of the body. In daily life, BV still under-used the contrale-
sional hand in spontaneous behaviours, often missed food
on the left side of his plate, and failed to ®nd other objects
to his left.

On neuropsychological testing at this time, BV showed
left neglect on line bisection and line cancellation [17]. He
also showed tactile extinction and crossmodal visual-tactile
extinction. On clinical confrontation, reports of unilateral
tactile stimuli on either hand were perfect. With bilateral
tactile stimulation, BV extinguished four contralesional
touches in 10 trials (60% correct). The same result (i.e. 40%
extinction) was obtained when testing for crossmodal,
visual-tactile extinction with light touch on the left hand
and brief visible ®nger movements immediately near the
right hand.

Testing for crossmodal extinction was also conducted
more formally, with computerized stimuli [15] identical to
those used in the experimental sessions reported below.

Fig. 1. (a) T-1 weighted MRI images of patient BV's brain lesion, as reconstructed with MRIcro software by Chris Rorden (http://www.mrc-
cbu.cam.ac.uk/~chris.rorden/mricro.htm ). (b) The T-1 MRI data were co-registered in Talairach stereotaxic space using the linear normalization
functions of SPM99 (www.®l.ion.bpmf.ac.uk/spm ). The damage is located in the right hemisphere within the territory of the posterior cerebral artery
and involves the calcarine area, the cuneus, fusiform, lingual, parahippocampal gyri and the pulvinar. The white numbers in (b) specify the z-coordinate of
each transverse section in Talairach space.
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Right ipsilesional visual stimuli and left or right touches
were delivered electronically (see Methods). BV had to
report the modality of any stimulus presented, and the side
of its presentation. Performance with these computerized
stimuli was ¯awless on unilateral trials (10/10 correct for
left tactile, 5/5 each for right tactile and right visual). On
bilateral tactile trials, BV extinguished 3/10 contralesional
touches (33% extinction). On bilateral crossmodal double
stimulation (i.e. right visual plus left tactile), the contrale-
sional stimulus was extinguished on 4/8 bilateral trials
(50% extinction, see Table 1). With the aim of increasing
this crossmodal extinction rate still further, we also deliv-
ered triple stimuli comprising bilateral tactile stimuli plus
the ipsilesional visual ¯ash. Again BV was asked to report
the type of stimulation (visual and/or tactile) and the
side(s) of presentation. Extinction of contralesional touch
now occurred on 13/16 trials (82% extinction). Bimodal
stimulation on the ipsilesional side can apparently thus
increase extinction of contralesional touch. Ladavas and co-
workers [11] described a logically similar ®nding, albeit
working in the opposite direction by adding stimulation to
the contralesional side. In their study, extinction of a
contralesional touch by ipsilesional vision was reduced if a
contralesional visual stimulus was added to produce bimo-
dal stimulation on the impaired side.

In previous testing using the same visual and tactile
computerized stimuli, we showed extensively [15] that
crossmodal extinction of contralesional touch in patient BV
is modulated by the distance of the visual stimulus from
the ipsilesional hand. An ipsilesional visual stimulus in far
extrapersonal space induced much less crossmodal extinc-
tion than a stimulus immediately close to the ipsilesional
hand [11,12]. In the present experiment, our aim was to
determine the effect of an ipsilesional visual stimulus on
awareness of contralesional touch, in a situation where the
patient could only observe this ipsilesional visual stimulus
(and his nearby right hand) in the distance, as a mirror
re¯ection. In the control condition, the ipsilesional visual
stimulus was presented close to a rubber hand, physically
placed at the same distant location as that apparently
occupied by the visual image of the patient's own right
hand in the mirror condition.

Experimental sessions: Two experimental sessions were
performed, after BV gave written consent. The patient sat
in a dark, soundproof chamber, with his chin on a rest,
and any direct view of his hands prevented with an
occluding cardboard shield. Computerized tactile and
visual stimuli were used. Tactile stimuli could be delivered
on either hand via electromagnetic stimulators (TransDi-

mension International Corporation, Riverside, CA, USA) to
produce a single punctate touch of 100 ms duration. One
stimulator was mounted in each of two 7 cm long plastic
sticks. The patient was requested to grip these throughout,
one in each hand. To ensure that the stick in the left hand
remained in contact, it was secured with a bandage (thus
avoiding any loss of grip due to the slight proprioceptive
de®cit). Ipsilesional visual stimuli were delivered by a pair
of red LEDs placed immediately adjacent to each other,
producing a 100 ms ¯ash with an overall luminance of
80 cd/m2.

A black cardboard box was placed 60 cm in front of the
patient's hands. In the wall of this box facing the patient, a
half-silvered rectangular mirror (20 3 40 cm) was mounted,
with its longer axis parallel to the patient's coronal plane
(see Fig. 2a). Due to the properties of the half-silvered
mirror, the scene visible when the patient observed it
varied according to the illumination; either the contents of
the black box were illuminated (in which case the half-
silvered mirror acted like a window into the box; Fig. 2b),
or just the space in front of the box (in which case it acted
like a normal fully silvered mirror; Fig. 2c). For simplicity,
we describe only the right side of the visual scene, since
the patient had left homonymous hemianopia. With direct
illumination of the patient's right hand in front of the half-
silvered mirror (mirror condition), BV saw his right hand
re¯ected in the mirror, projecting a visual image as if lying
behind the mirror (Fig. 2c). In this condition, the LEDs
which could produce ipsilesional visual ¯ashes were those
mounted on the stick held by the patient's right hand,
facing the mirror where they could be seen on the right
when switched on (thus, the LEDs were not directly
visible, only via the mirror, as an occluding surface was
placed above them). The apparent distance of the hand
and LEDs was 120 cm (as the mirror-re¯ected image of any
object has an apparent distance which is double the actual
distance of the object from the mirror). A ®xation light,
again oriented toward the mirror, was placed in alignment
with the patient's midsagittal plain at the same distance
from his body as the LEDs, thus at the same apparent
distance as the visual images of the hand and LEDs when
re¯ected in the mirror (it too was not directly visible, only
via the mirror).

When the inside of the box was illuminated instead (box
condition; Fig. 2b) the contents of the black box behind the
half-silvered mirror were now seen, and the previous
re¯ection of the patient's hand etc., was now invisible. In
this condition, BV observed a stuffed rubber hand inside
the box, placed at the same spatial location and reprodu-
cing the same posture as the mirror re¯ection of his own
right hand in the previous condition. This rubber hand
held a stick identical to that in his right hand, with an
identical LED pair mounted on it (but now facing the
patient directly). The box also contained a central ®xation
light at the same distance. The rubber hand served as a
control to ensure that any effect from the mirror re¯ection
of the patient's own hand was not only due to seeing any
hand on the right per se. Particular care was used to match
the physical appearance of the visual scene in the two
conditions (i.e. box and mirror) in order to avoid any
trivial explanation of differences in performance. Thus, the
distance of the ®xation light and LEDs within the box

Table 1. Percentage extinction for crossmodal stimuli, for baseline
(clinical) and experimental testing.

Condition Stimulus type

Double Triple Average

Baseline testing 50 82 66
Experimental testing
Mirror 33 72 52
Box 19 33 26
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exactly matched that of the mirror re¯ection for the
corresponding items in the mirror condition (i.e. 120 cm
from the patient's hands). The luminance of the ®xation
light, visual stimuli and black background were also
matched across the two conditions (by photometer).

Within each of two experimental sessions, unilateral left
or right tactile stimuli, or unilateral right visual stimuli
could be delivered. Bilateral crossmodal stimuli were also
delivered with the following possible arrangements: left
touch plus right light (double stimulation); or left and right
touches plus right light (triple stimulation). A further
condition, right light plus right touch was introduced to
preclude guessing the presence of left touch from right
bimodal stimulation. The various possible stimulus ar-
rangements were randomly intermingled in each block of
56 trials, comprising 12 unilateral left touches, plus four
trials each for right touch, right light, or right touch-plus-
light (thus equating the number of unilateral events on left
vs right overall), plus 16 trials each for the two bilateral
conditions (double or triple stimulation). Four blocks were

given per experimental session, two for the mirror condi-
tion and two for the box condition. Each block ended with
a few minutes rest, during which the experimenter ex-
plained the set-up for the subsequent block, and changed
the illumination (to highlight either the patient's hand or
the box interior) when needed, via a switch.

The patient understood that he was either viewing a
mirror, or the inside of the box. Furthermore, before each
block, the patient was asked to wave the held stick with the
LED mounted on it in his right hand, in order to reinforce
the feeling of personal belonging for the mirror re¯ection of
his own hand (where waving with the right hand produced
corresponding visual feedback in the mirror), or the func-
tional independence of the rubber hand from his own body
(for the box condition, where waving the right hand
produced no change in the seen rubber hand). BV was
reminded to ®xate the central ®xation light before each
trial. His ability to maintain ®xation in this way was
extensively tested and reinforced in previous testing ses-
sions, and the examiner checked that he kept his eyes open

Fig. 2. Experimental setup. (a) Bird's eye view; the patient's hands were concealed from direct view by an opaque cardboard shield (shown as
transparent dark grey in this ®gure). The mirror was in front of the patient (shown as a black thick line), mounted on one wall of the box which contain
the rubber hand (the top section of the box is indicated by diagonal shading in this ®gure). The patient ®xated a central point throughout, visible in the
distance only (dotted lines). The small triangle close to the left hand represents the tactile stimulus (for simplicity shown for the left hand only). (b)
Schematic sketch of the `box' condition (with contents of the box lit). For simplicity, the occluding surface above the patient's hands has been removed,
but in the experiment it was present to prevent direct view of his hands. The patient observes the contents of the box, which comprised a black
interior, a yellow rubber hand holding a stick with LEDs mounted on it, plus a ®xation light. The LEDs and ®xation light near the patient's own hand
were turned off, and no mirror re¯ections were visible. (c) Schematic sketch of the `mirror' condition (real right hand now illuminated, inside of the
box completely dark). The patient sees the mirror re¯ection of his own right hand, together with a re¯ection of the nearby LEDs (held in his hand), plus
the central ®xation point, which all faced the mirror. (Re¯ection of the patient's arm and body was prevented by a black cloth; his face was not visible in
the mirror either, due to the skewed line of sight. Only the hand, the stick with LEDs, and the ®xation light could be seen in the mirror). The positions
of the visible mirror-re¯ections exactly matched those of the equivalent items within the box. (n.b. the diagonal lines shown on the mirror were not
present; likewise no dotted lines were present within the box. These have been added to the schematic ®gure only to facilitate understanding).

(a)
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and ®xated correctly during each trial. After each trial, BV
verbally reported the side and nature of any stimulation.

In the ®rst session, block order followed an ABBA
sequence (A�mirror, B� box). In the second session, this
order was reversed (BAAB). In the latter session, the
patient wore a yellow rubber glove on his ipsilesional
hand, to match the appearance of the rubber hand in the
box exactly.

RESULTS
The results from the two experimental sessions showed the
same pattern so will be presented together. BV's ability to
report unilateral stimuli was good on either side (missed
stimuli: 6/96 left tactile trials; 3/32 right tactile; 2/32 right
tactile-visual). He occasionally missed bilateral stimulation
also (double stimulation, 6/128; triple stimulation, 1/128).
BV showed signi®cantly more extinction in the mirror
condition than in the box condition (number of bilateral
stimuli with extinction of left touch: 67/128 vs 33/128
respectively) and more extinction with triple than with
double stimuli (also 67/128 vs 33/128; see percentages in
Table 1). Data were analyzed by means of a stepwise
logistic regression, with left tactile stimuli correctly re-
ported vs extinguished as the binary dependent variable
and the stimulus arrangement (double or triple) plus vision
conditions (mirror or box) as co-variates. A series of
hierarchical models were compared using each of the co-
variates, reaching the ®nal model with a stepwise proce-
dure [18]. Each of the main effects was signi®cant, con®rm-
ing that extinction was stronger in the mirror condition
than in the box condition (÷2 (1)� 19.6 p , 0.01), and also
for triple than for double stimuli (÷2 (1)� 20.9 p , 0.01).
The interaction between these factors was not signi®cant
(÷2 (1)� 2.6 n.s.) showing that the critical difference be-
tween extinction rate in mirror versus box conditions was
found with both double and triple stimulation.

Finally, note that the extinction rate in the preliminary
baseline testing with direct vision of the hand (see earlier
case description, and Table 1) was similar to that observed
in the mirror condition (i.e. 66% vs 52%, ÷2 (1)� 2.8; n.s.),
but differed from that in the box condition (66% vs 26%, ÷2

(1)� 18.5; p , 0.01). Thus, a visual stimulus in extraperso-
nal space (within the box) produced much less crossmodal
extinction than one viewed directly close to the hand. More
importantly, a stimulus which projected a visual image as
if from the same far distance as the light in the box, but
which was known to be the mirror re¯ection of an object
actually lying close to the true position of the hand in
external space, behaved like a visual stimulus viewed
directly in peripersonal space, producing substantial cross-
modal extinction.

DISCUSSION
Stronger crossmodal extinction of tactile stimulation on the
contralesional hand is elicited by a visual event close to the
ipsilesional hand (as in the present preliminary clinical
examination) than by the same visual event when far from
the hand (as in our experimental box condition) [11,12,15].
The crucial new result is that a visual event at the same far
distance (in terms of the visual image) produced more
crossmodal extinction when known to be the mirror re¯ec-
tion of an event near the true location of the patient's

ipsilesional hand. Indeed, the effect of seeing such a ¯ash
of light (actually delivered close to the right hand, but
appearing in far visual space due to observation via a
mirror) was closely similar to that produced by a light
which was directly viewed near the hand in peripersonal
space. Spatial constraints on crossmodal extinction thus
seem to be driven by a high-level interpretation of the true
spatial source of external stimulation, rather than by low-
level stimulus properties. The physical visual image was
consistent with a visual event in far extrapersonal space for
both the mirror and box conditions, but in the mirror
condition that visual event was evidently treated as falling
close to the actual location of the patient's right hand (as it
did in reality).

Note that the present modulation of crossmodal extinc-
tion for mirror vs box conditions was obtained without
changing proprioceptive afferent signals, nor the distance
of the visual stimulus from the eyes, unlike previous work
[11,12,15]. Moreover, the difference between mirror and
box conditions remained even when their order was
reversed (sessions 1 vs 2), and when the visual appearance
of the patient's right hand was made highly similar to that
of the rubber hand in the box (session 2).

These results suggest that when someone sees their hand
re¯ected in a mirror, this activates a representation of the
space located around the real hand, and not of the space
located behind the mirror as would happen if those mirror
re¯ections were treated as directly projected images.
Knowledge of the nature of the mirror re¯ections may
allow a cognitive construction of true spatial location for
re¯ected body parts, in situations that would otherwise
give incongruent sensory afference. Crossmodal extinction
can evidently arise at such cognitive levels of spatial
representation in patient BV. Viewing his hand in a mirror
allowed the distant visual image to be considered as part
of peripersonal space, in which crossmodal extinction
predominantly arises [11,15].

A similar re-coding of far visual stimuli as near ones,
leading to an increase in crossmodal tactile-visual inter-
actions, has recently been observed in monkey single-cells,
and also in the behaviour of neurological patients, in a
somewhat different context. These observations arose when
a long tool was wielded to connect the hand with a visual
stimulus located in distant space [15,19±21]. Such situa-
tions are not equivalent to the present mirror situation, as
a long tool physically connects the hand in a purely
mechanical manner to objects that actually lie in far space
(but can now be acted upon), whereas the mirror is a very
different kind of tool (optical rather than mechanical)
which allows objects that actually lie in peripersonal space
to project visual images like those of objects in far space.
Nevertheless, a similar general principle may be at work,
since via a mirror one can act with effectors in near space
(as when grooming or shaving via a mirror) upon visual
information which projects the image of objects from far
space. Analogously, long mechanical tools allow far visual
space to be acted on with body parts that move in near
space.

It is possible that mirror effects such as those observed
here will only be found for people (or animals) with
considerable experience of using mirrors, and thus with
long exposure to the correlations that mirrors can produce
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between bodily movements, kinaesthetic or somatosensory
feedback, and distant visual images in the mirror re¯ection.
Most adults will inevitably have acquired such experience
during routine activities in daily life (grooming, etc).
Indeed, the ability to recognize one's own image in a
mirror is often considered as elementary for humans . 2
years of age [22], and even for chimpanzees [23]. However,
very little is known about the neural basis of this. It should
be fascinating to examine whether those multimodal neu-
rons recently discovered in the monkey brain, which
respond to tactile stimulation on one region of the body
and to visual stimuli in the immediately surrounding
peripersonal space [2,4±9], would respond to distant visual
images of the relevant body part in a mirror re¯ection, as if
that visual information was in peripersonal space. This
prediction follows from our ®ndings, but might depend on
the extent to which the animal has had past experience of
interacting with mirrors.

CONCLUSION
We found that crossmodal extinction of contralesional
touch by an ipsilesional light is stronger when that light is
the mirror re¯ection of an object lying close to the
ipsilesional hand, rather than a distant object projecting an
equivalent visual image directly. This suggests that seeing
our own hand via a mirror activates a representation of the
peripersonal space around the hand, not of the extraperso-
nal space suggested by the distant visual image in the
mirror. This raises intriguing possibilities for the neural
basis of interpreting mirror re¯ections.
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