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Abstract. Purpose: The aims of the present article were the following: (i) to provide some evidence of the potential of virtual
reality (VR) for the assessment, training and recovery of hemispatial neglect; (ii) to present data from our laboratory which seem
to confirm that the clinical manifestation of neglect can be improved by using VR techniques; and (iii) to ascertain the neural
bases of this improvement.
Methods: We used a VR device (DataGlove) interfaced with a specially designed computer program which allowed neglect
patients to reach and grasp a real object while simultaneously observing the grasping of a virtual object located within a virtual
environment by a virtual hand. The virtual hand was commanded in real time by their real hand.
Results: After a period of training, hemispatial neglect patients coded the visual stimuli within the neglected space in an identical
fashion as those presented within the preserved portions of space. However it was also found that only patients with lesions that
spared the inferior parietal/superior temporal regions were able to benefit from the virtual reality training.
Conclusions: It was concluded that using VR it is possible to re-create links between the affected and the nonaffected space in
neglect patients. Furthermore, that specific regions may play a crucial role in the recovery of space that underlies the improvement
of neglect patients when trained with virtual reality. The implications of these results for determining the neural bases of a higher
order attentional and/or spatial representation, and for the treatment of patients with unilateral neglect are discussed.
Keywords: Visual neglect, rehabilitation, virtual reality, reach-to-grasp, space remapping

1. Introduction
Unilateral neglect is a common consequence of damage to the right hemisphere in humans [1]. The syndrome of neglect is characterised by a failure to respond
to stimuli in the contralesional half of space, with patients often behaving as if these stimuli do not exist.
Although neglect is most commonly seen after damage involving the right inferior parietal lobe near the
temporal-parietal junction, it may also occur after dam∗ Corresponding author: Umberto Castiello, Dipartimento di Psicologia Generale, Università di Padova, Via Venezia, 8, 35131,
Padova, Italy. E-mail: umberto.castiello@unipd.it.

age to the frontal lobes, temporal lobes, or subcortical
structures [1]. The real life implications of neglect can
be devastating, with patients failing to eat food off the
left side of the plate, only dressing the right half of their
bodies, and often being unaware of half of their world.
Understanding the functional and neurological bases of
unilateral neglect has been an imposing task and in recent years several promising advances have been made
in its treatment as reviewed by various authors within
this special issue. Further, although improvements in
unilateral neglect have been reported with a number of
patients with various lesions, it remains to be seen precisely what spared tissue could be responsible for the
recovery of space.
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Here we propose the use of virtual reality (VR) techniques as a mean for improving the visual representation of space deficits observed in hemispatial neglect
patients and to ascertain possible neural loci for recovery. As explained below the impetus for using such
techniques comes from recent VR applications which
appear to be successful as to rehabilitate neglect.
1.1. Virtual reality applications and neglect
Virtual reality entails the use of advanced technologies, including computers and various multimedia peripherals, to produce a simulated (i.e., virtual) environment that users may perceive as comparable to real
world objects and events. Users interact with displayed
images, move and manipulate virtual objects, and perform other actions in a way that engenders a feeling of
actual presence, and immerses their senses in the simulated environment. Virtual reality may be delivered
to the user via a variety of different technologies (e.g.,
computer monitor, head-mounted display) that differ in
their ability to determine a sense of immersion within
the simulated environment. Until recently, the application of VR technology was limited by the lack of
inexpensive, easy-to-maintain and easy-to-use VR systems, but recent technological developments have led
to decreases in cost and increases in ease of use and in
the availability of off-the-shelf programs.
An active area of research using VR is concerned
with its use as an intervention tool in neurological rehabilitation [19,21]. In this respect, VR has the potential
to assist current rehabilitation techniques in addressing
the impairments associated with brain damage.
An essential part of the rehabilitation process is remediation of cognitive and motor deficits in order to improve the functional ability of the patient. The ultimate
goal is to enable the patient to achieve greater independence in activities related to daily performance skills.
In this respect, VR has the potential to be used as a novel
modality in rehabilitation assessment and intervention
due to a number of unique features. For one, the ability to objectively measure behaviour in challenging but
safe and ecologically-valid environments, while maintaining strict experimental control over stimulus delivery. For another, the capacity to individualize treatment
needs, while providing increased standardization of assessment and re-training protocols. Furthermore, virtual environments can provide repeated learning trials
and offer the capacity to gradually increase the complexity of tasks while decreasing the support/feedback
provided by the therapist.

Recently, a few attempts have been made to create
VR environments which could be utilised for the rehabilitation of the neglect syndrome [13,26], but only
a few experimental studies have been conducted. For
example, Weiss and colleagues [27], see also [14] investigated the feasibility of using a PC-based, nonimmersive VR system (i.e. a system in which the user
has a reduced sense of actual presence in and control
over the simulated environment) for training individuals with unilateral spatial neglect to cross streets in
a safe and vigilant manner. A street crossing virtual
environment was programmed as to run on a desktop
computer, with successively graded levels of difficulty
that provide users with an opportunity to decide when
it is safe to cross a virtual street. The results indicated
that the VR street crossing performance of neglect patients showed the effects of training. Specifically, there
was improvement in the number of times participants
looked to the left. More importantly, most patients
made fewer accidents during the virtual street crossing. The results of this study clearly show that the VR
intervention was effective both in terms of improving
visual – spatial performance as measured in this study
and for some improvement in the ability to cross a real
street.
Kwanguk Kim and colleagues [11] deviced a virtual
environment (VE) to assess and train unilateral neglect
patients. This VE was composed by a branch road and
a ball. A calibration and a main task were administered
to patients. The patients’ subjective visual middle line
was measured during the calibration task whereas in
the main task the participants had to detect the ball
using their gaze (moving a small cross according to the
subject’s head motion). To measure the degree of visual
neglect, the ball moved to a random direction with
a specific velocity and distance. Visual and auditory
cues helped the patients to detect the ball. The degree
of difficulty was adjusted according to the result of
the patient’s achievement. The results suggest that in
the VE patients could use a wider field of view. In
particular, patients showed no difference in tracking the
ball in both the right and left visual field.
All in all the above studies show that through VR
programs it might be possibile to assess, train and rehabilitate hemispatial neglect. In the following sections we shall describe an experiment carried out with
a VR methodology developed within our laboratory [3,
8] which might be used to rehabilitate neglect and to
ascertain which brain areas might be implicated in such
recovery. We created a real-time coincidence of the
movement of the patients’ real hand with the repre-
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sentation of a virtual hand moving within a virtual environment, so that the patient could be trained to use
the virtual image of their hand to guide their real hand
in the neglected space. The results indicate that after
a period of training the patients coded in an identical
fashion stimuli presented within the preserved and the
neglected space.
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2. Methods
2.1. Subjects
Subjects were six patients with left visual neglect
following right hemisphere stroke (Table 1). Patients
were classified on the basis of neurological assessment,
behavioural observation, and standard clinical tests (Table 1). All patients were right-handed and had normal or corrected-to-normal vision with no signs of severe gaze palsy, dementia, or previous neurological illness. Lesions were confirmed by CT scan. Lesions
were plotted (Fig. 1) using the template of Damasio and
Damasio [4]. On the basis of lesion location we divided
the patients into a dorsal fronto-parietal group (FP) and
a ventral temporo-parietal group (TP). In addition three
neurologically healthy control subjects were included.
One-way analyses of variance (ANOVA) revealed that
there was no significant difference (F (2,2) < 1, ns) between the mean ages of the neglect patients for the FP
group (69 years), the TP group (73 years) and the controls (73 years), or for the mean days after stroke for
the FP and the TP neglect patients [FP: 59; TP: 58;
F(1,2) < 1, ns]. All subjects gave informed written
consent before testing began.
The two groups of patients with neglect were well
matched for degree of neglect (see Table 1). For example, on the star cancellation test the FP patients found
a mean of only 17 targets (range, 12.2–21.2) out of 54,
all on the right side of the sheet. Similarly, the TP
patients found a mean of 13 out of 54 targets (range,
8–20), again all on the right side of the sheet.

Fig. 1. Reconstruction of lesion location in the frontoparietal (FP)
(top) and the temporo-parietal (TP) (bottom) patients who took part
in this study.

object (white polystyrene sphere 8 cm in diameter),
resting on the table at a distance of 30 cm from a starting position located 20 cm in front of the subject, or
b) a virtual object presented on the computer screen.
The virtual object was an exact replica of the real object; its size was manipulated such that it had the same
appearance as the target object for each given distance.
2.3. Virtual reality devices and movement recordings
A data glove (Virtual Realities: Fifth Dimension
Technologies, Irvine, CA) allowed the subjects to control the virtual hand that moved in real time within a
computer-generated environment. The sampling rate
was 200 Hz. All devices were operated via PC. We
were able to resolve issues of real-virtual compatibility that can arise when the glove is worn by different
subjects with different-sized hands. Reaching movements were recorded using a magnetic sensor placed
on the wrist (Flock of Birds, Ascension Technology).
Recordings of marker position were taken at 100 Hz,
and stored in the computer for analysis offline. Following the testing, movement trajectories were computed
from the stored data.

2.2. Apparatus
2.4. Procedure
The apparatus consisted of a monitor placed on top
of a hollow box into which the subjects could reach
(see Fig. 2). The computer screen was located approximately 50 cm from the subject’s eyes. Vision of the
reaching limb within the box was occluded by means of
a black partition between the reaching limb and eyes.
The targets for grasping consisted of either a) a real

Subjects sat at the table and reached to grasp either
the real or the virtual object. As per Fig. 2, the real and
virtual objects could be located either centrally (midsagittal plane), or 30 ◦ to the left or right of midline. The
experiment was carried out in three sessions within the
same day, one in the morning and two in the afternoon.
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Table 1
Demographic and clinical data for the neglect patients who participated in the Experiment
Patient no.

FP patients
1
2
3
TP patients
1
2
3

Age

67
69
71

77
70
73

Sex

M
M
F

M
M
F

Lesion

FP
FP
FP

TP
TP
TP

Visual
field

Post
stroke
(days)

Normal
Normal
Normal

56
64
58

Normal
Normal
Normal

Line bisection
test (mm)

Clinical tests
Albert’s line
Star cancellation
test (/36)
test(/54)

Mean

12.2
17.3
21.2
16.9

15
34
26
25

13
24
14
17

Mean

10.8
13.4
18.7
14.3

22
36
32
30

8
20
13
13

59
55
61

Notes. FP: fronto-parietal; TP: temporal-parietal.

2.4.1. Session 1: Baseline task
Subjects performed one of two types of task within
either the real or virtual environment. An object (or its
virtual counterpart) was presented in one of the three
positions (midline or +/−30 ◦ laterally), and in the
‘sensory’ task subjects were required to report the location in which the object appeared (left, right, or center).
In the ‘motor’ task subjects had to reach out and grasp
the object. Each participant performed four blocks, one
of each combination of real/virtual and sensory/motor.
The baseline task consisted of 10 trials at each location
in each of four blocks. The total number of trials in
the baseline task was thus 120. The experimental tasks
were preceded by a block of randomly-determined 20
practice trials. Stimulus presentation was counterbalanced across participants.
2.4.2. Session 2: Training task
Subjects were required to reach for the real object
located at one of the three locations within the real environment while simultaneously viewing the real-time
virtual representation of the hand. While moving towards the real object, subjects observed the virtual hand
moving toward the virtual object. This task consisted
of two types of trial: a) congruent trials in which the
real and virtual objects were spatially congruent (Fig. 3,
top panels), or b) incongruent trials in which the real
and virtual objects occupied different spatial locations
(Fig. 3, lower panels). Crucial to the present study
were the left incongruent trials (Fig. 3, panels f and g),
in which the target was located to the left within the
virtual environment whereas the real object appeared
to the right or middle. We choose to give particular emphasis to this type of trials because we reasoned that the
match between the ‘good’ proprioceptive input coming from the movement performed towards the object

located in the preserved parts of the visual field (i.e.,
right and centre) and the visual input coming from the
virtual hand moving towards the ‘bad’ portion of the
visual field (i.e. left) would create a novel association.
This novel association could be used later on to reach
towards the ‘bad’ portion of space during the ‘congruous left’ trials and those incongruous trials in which
a movement towards the real stimulus located on the
left was required. Subjects performed 240 trials, 20
per each location/trial combination. Order of object
presentation was counterbalanced. In order to avoid
fatigue effects participants were given a 5 min. rest
every 60 trials.
2.4.3. Session 3: Post-training sensory task
Subjects were required to perform the ‘sensory’ task
in virtual and real conditions as in Session 1 to measure
the effect of the training on performance of the sensory
task.
2.4.4. Criteria for accuracy
Accuracy was analysed in the sensory and motor
tasks (Sessions 1 and 3). Performance in the sensory task was considered correct when subjects successfully reported the location in which the object appeared within four seconds of its presentation. A correct movement was considered to be one in which the
subject completed a successful reach and grasp, closing
their hand around the target within four seconds of its
appearance.
3. Results
3.1. Baseline tasks
For the baseline session (Session 1), the percentages
of trials in which the object was successfully detected
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Fig. 2. Schematic of the experimental setup.

(sensory task) and in which the reaching movement was
successfully carried out (motor tasks) were analyzed
using ANOVA. The between-subjects factor was group
(TP, FP, controls). The within-subjects factors were
type of task (sensory, motor), environment (real, virtual), and location (left, middle, right). Post-hoc contrasts were performed using t-tests. Bonferroni corrections were applied (Alpha level, p < 0.05). For this
analysis, the interaction group by location was significant (F(1,2) = 43.21, p < 0.0001). Post-hoc contrasts
revealed that both the FP and TP patients showed a clear
inability to respond to leftward targets when compared
to control subjects (p s < 0.01). However, the performance for the neglect patients and the control subjects
to targets presented to the right and to the centre in both
the baseline sensory task and the baseline motor task
was similar (ps > 0.5). Similarly, for the right and
the centre targets no differences in performance were
found between the two neglect groups and the control

groups (p s > 0.05). These results confirmed the presence of similar severe unilateral neglect in both groups
of patients prior to training with VR (see Fig. 4).
3.2. Training task
During the training task subjects were exposed to
the spatially congruous and spatially incongruous trials (see Fig. 3). An ANOVA was carried out to test
the effect of the left-incongruous trials (see Fig. 3f
and 3g) on the performance for the left-congruous trials (see Fig. 3a) and the center-incongruous and rightincongruous trials (see Fig. 3d, 3e). In these latter
two types of trials a movement towards the real stimulus located on the left was required. For this analysis the data for left-congruous trials and for centerincongruous and right-incongruous trials were divided
based on occurrence (before or after) relative to the leftincongruous trials. Though the exact number varied,
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Fig. 3. Schematic of the various trial types in the training task. Virtual targets are shown as black circles, real targets as white circles. The top
three panels represent congruent trials in which the location of real and virtual targets matched. The bottom six panels represent incongruent
trials in which the locations of real and virtual targets did not match. The crucial left incongruent trials are represented in the third and fourth
panels from the left – bottom row.

Fig. 4. Performance of patients and controls in baseline sensory and motor response tasks, real environment only. Percentage of correct responses
is plotted as a function of group, location and task.

all subjects experienced at least 8 left-incongruous trials before the left-congruous, center-incongruous, and
right-incongruous trials. Here, the between-subjects
factor was group (FP, TP, controls) and the withinsubjects factors were type of trial (congruous, incongruous), occurrence (before training vs. after training),
and location (left, middle, right). Post-hoc contrasts
were carried out using t-test. Bonferroni’s corrections
were applied (Alpha level = p < 0.05). The interaction
between group, occurrence and location was significant (F(1,2) = 23.18, p < 0.0001). Post-hoc contrasts
revealed that there was a clear dissociation in perfor-

mance for the training tasks for the FP and the TP patients (see Fig. 5). That is only the FP group show a significant improvement in their responses to leftward targets after training (p s < 0.01). The lack of interaction
between the main factor type of trial and the other measures signifies that the increase in percentage of correct
responses for left trials was similar for both congruous
and incongruous trials. In contrast, the TP group failed
to show any signs of improvement after having experienced the left-incongruous trials (p > 0.05). Figure 5
shows that patients in the TP group hardly move at all
towards the leftward target whenever it appeared on the

C. Ansuini et al. / Virtual reality applications for the remapping of space in neglect patients

left in virtual space, and failed to attain the leftward
target even when it appeared in the central location in
virtual space. The administration of right – and centre – incongruous trials did not bring to any sign of
improvement on the performance for subsequent leftwards trials (congruous and incongruous; p s > 0.05).
Post – hoc analysis revealed also that there were no
differences in the performance for the control group
between congruous and incongruous trials, regardless
of whether they experienced the incongruous left trials.
3.3. Post-training sensory task
In order to verify that an improvement also occurred
for tests that did not require a motor response, in a third
session FP and TP patients were asked to repeat the
sensory task performed in the first session within the
real space. This took place 1–2 hours after the training
session. An ANOVA with group (FP, TP) as between
subjects factor and session (first and third) and location
(left, centre and right) as within-subjects factors was
performed. The three way interaction group by session
by location (F (1,2) = 24.12, p < 0.001) revealed that
the percentage of correct responses for the left trials was
significantly greater for the third session than for the
first session only for the FP group (F (1,2) = 24.12, p <
0.001; 5% vs. 83%). No improvement was noticed for
the TP group (4% vs. 5%; p > 0.5). This suggests that
exposure to left-incongruous trials also had an effect on
the perceptual component of neglect, but only for the
FP group (Fig. 6).

4. Discussion
We examined the effect of VR manipulation in patients with left neglect. After being exposed to a certain
number of trials in which the virtual object was located
to the left within the virtual environment and the real
object appeared to the right or in the middle in the real
environment (i.e., left-incongruous trials), neglect patients were subsequently able to reach toward objects
located to the portion of space of which they were previously unaware (i.e., the left hemifield). These results
show an active process stimulated by VR resulting in
the recalibration of visuomotor coordination and the
ability to act on the organisation of high levels spatial representations such as those usually impaired in
patients with visual neglect.
Further, the present study addressed the issue of the
neurological bases of space recovery in unilateral ne-
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glect. We observed that patients with fronto-parietal
lesions (the FP group), sparing the posterior inferior
parietal and superior temporal regions, were able to
acquire the ability to respond into the left visual field.
However, this benefit did not accrue to patients with
damage involving the posterior IPL and superior temporal lobe (the TP group). We now discuss these results
in terms of the putative representational functions of
areas of the posterior half of the brain.
To address this issue, it is worthwhile to consider
what processes are required in the recovery of space and
to examine what regions of the brain might subserve
these processes. Bearing in mind that recovery of space
can also occur after vestibular [2] and somatosensory
stimulation, the most likely candidate would be a region
that represents space in a multimodal fashion. At least
two such areas are known to exist in the human brain,
namely the prefrontal cortex and the posterior parietal
cortex. Yet, only the latter area was affected in any of
the patients studied here.
The inferior parietal lobes in humans acquire multimodal information from all of visual, somatosensory,
and auditory senses and have been hypothesised to represent a region of higher order spatial representation [5,
12,17]. This region thus seems uniquely poised to perform a major role in the function of recovering space.
Note also that in both the present and past studies, the
recovery of space effected through a motor task has
transferred rather easily to other, more sensory-based
tasks (e.g., verbal response). This supports the contention that the recovery of space is at an attentional
or representational level rather than a purely motor or
purely perceptual level.
A second alternative explanation might be that damage to cells in the IPL region of the TP group remotely
affected the functioning of cells in the SPL as a consequence of the intimate connectivity of these two regions [15,25]. This in turn may have impaired the SPL
in what might be its normal function. Indeed, it is
well known that naturally occurring brain damage can
have effects on brain areas outside of the lesion [10].
However, if one accepts this contention then it becomes
difficult to explain why damage to the premotor cortex
in the FP group did not also lead to such a disruption,
given that it also possesses strong connections with the
SPL [16]. Further, both groups of patients showed intact on-line monitoring and control of their movements
once initiated, a function ascribed to the SPL [7,9,18,
22], suggesting that at least one major function of the
SPL remained intact. Thus, we are also confident in
dismissing this argument.

438

C. Ansuini et al. / Virtual reality applications for the remapping of space in neglect patients

Fig. 5. Performance in the motor task prior to and after training. Correct responses to targets presented on the left, in the center, and on the
right are plotted in the baseline (white bars) and post-training (black bars) sessions for individual patients in the FP (left column) and TP (right
column) groups.

We suggest that the regions damaged in the TP group
may play a crucial function in the specification of a
target for an upcoming action in conjunction with attentional processes. In neglect, attention is typically
diverted to the ipsilesional visual field and stimuli in the
neglected field are ignored as targets for action. When
these same stimuli are made to appear in central space,
however, the attentional premotor requirement of target selection is enabled, allowing for the stimuli to be
coded as the target of an upcoming action. However,
when the inferior parietal/superior temporal regions are
damaged, the result is an inability to recruit a motor

plan for acting in the left side of space, despite the fact
that the stimulus is now present in central vision.
The results of the present study suggest that attempts
to treat unilateral neglect may be much more beneficial
to those patients whose lesions spare the posterior IPL
and possibly the superior aspects of the temporal lobe.
A concern with this claim relates to the findings of previous studies involving attempts to improve unilateral
neglect using prism adaptation [6,20,23]. In those studies, involving a similar shift in the perception of space
as we engendered with our VR paradigm, some patients
with temporo-parietal lesions did show improvements
following training. Of those studies, precise localisa-
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Fig. 6. Performance in the sensory task prior and after training. Conventions as in Fig. 5.

tion was only reported in Frassinetti et al. [6], however, in that case two of three patients whose lesions
included the IPL did improve following training with
prisms. One reason for the discrepancies across studies may have been the difficulty of the motor tasks involved (pointing in the prism studies versus reaching
and grasping in the present study), or some more basic difference between the two techniques themselves.
It would be beneficial to test our findings using larger
samples of neglect patients, as well as to examine patients with varying lesion locations, and using different
techniques, for the purpose of further clarifying these
issues.
The question may also be raised as to why the VR

training only led to improvement for leftward targets
and not for targets presented in the center or right side of
space. We suggest that the improvement in the former
case resulted from the requirement to make movements
into the previously neglected left side of space. Conversely, movements to the center or right side of space
were not a novel occurrence, and so did not affect the
ability to respond to these targets. Along these lines,
it might be hypothesised that the VR training created
a coincidence of the movement of the real hand and
the hand’s virtual image, allowing us to ‘train’ the patient to use the virtual image to guide their real hand in
neglected space. This would presumably result in the
formation of novel neural circuitry governing a novel
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mode of visuo-proprioceptive integration.
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The study was funded by the National Health and
Medical Research Council (UC).
The presented data are part of a data set which has
been published in full elsewhere (see [8]).

We here tested the ability of patients with unilateral
neglect to recover space with the aid of virtual reality. The results of the present study suggest that spacerecovery techniques such as virtual reality may lead to
at least temporary relief for patients suffering from unilateral neglect. However, the usefulness of these techniques may depend, at least in part, on the integrity of
structures in the inferior parietal/superior temporal lobe
of the right hemisphere that may play a critical role in
higher order attentional and/or spatial representation.
Whereas FP patients showed a dramatic improvement
in both motor and perceptual performance following
training with virtual reality, TP patients did not benefit from the very same training. These results suggest
that the recovery of space required for the recalibration
of motor and perceptual responses into a neglected visual field may depend on the integrity of a multimodal
attentional and/or spatial representation region in and
around the right inferior parietal lobe. As the present
study represents the first attempt to localise the areas
responsible for the recovery of space, any conclusions
reached must be cautious ones. Future studies using
techniques such as virtual reality and prism adaptation
will undoubtedly be needed to shed more light on both
the treatment of neglect and the neural substrates responsible for its efficacy.
An important question is whether the improvement
in the patients who took part in the current studies is
transient or sustained. Various rehabilitation procedures using single applications of a variety of methods
(caloric stimulation (e.g. [24]), neck vibration (e.g. [2]),
optokinetic stimulation) have resulted in improvements
lasting only a few minutes. Conversely, prism adaptation techniques can lead to improvements ranging from
2 hours to 5 weeks [6,23]. The patients of this study
were given a pause ranging from 1 to 2 hours between
the crucial second VR session and the final session in
which the adaptation effects were still evident. Thus,
we can be quite confident that the period of improvement produced by our VR manipulation lasted at least
as long as the shortest period reported following prism
adaptation and longer than the few minutes reported using other techniques. This suggests that VR techniques
can potentially lead to long-lasting improvements in
neglect patients, although the exact length of the amelioration will require further investigation.

References
[1]

[2]

[3]

[4]
[5]

[6]

[7]
[8]

[9]

[10]
[11]

[12]
[13]

[14]

[15]

[16]
[17]

E. Bisiach and G. Vallar, Hemineglect in humans, in: Handbook of Neuropsychology, (Vol. 1). F. Boller and J. Grafman,
eds, Elsevier: Amsterdam, 1988, pp. 195–222.
S. Cappa, R. Sterzi, G. Vallar and E. Bisiach, Remission of
hemineglect and anosognosia during vestibular stimulation,
Neuropsychol 25 (1987), 775–782.
U. Castiello, D. Lusher, C. Burton, S. Glover and P. Disler,
Improving left hemispatial neglect using virtual reality, Neurology 62 (2004), 1958–1962.
H. Damasio and A.R. Damasio, Lesion Analysis in Neuropsychology, New York: Oxford University Press, 1989.
J. Driver and P. Vuilleumier, Perceptual awareness and its loss
in unilateral neglect and extinction, Cognition 79 (2001), 39–
88.
F. Frassinetti, V. Angeli, F. Meneghello, S. Avanzi and E.
Ladavas, Long-lasting amelioration of visuospatial neglect by
prism adaptation, Brain 125 (2002), 608–623.
S. Glover, Separate visual representations in the planning and
control of action, Behav Brain Scie 27 (2004), 3–28.
S. Glover and U. Castiello, Recovering Space in Unilateral
Neglect: A Neurological Dissociation Revealed by Virtual
Reality, Journal of Cognitive Neuroscience 18 (2006), 833843.
H. Grea, L. Pisella, Y. Rossetti, M. Desmurget, C. Tilikete, S.
Grafton, C. Prablanc and A. Vighetto, A lesion of the posterior parietal cortex disrupts on-line adjustments during aiming
movements, Neuropsychologia 40 (2002), 2471–2480.
B. Kolb and I.Q. Whishaw, Fundamentals of human neuropsychology, Freeman: New York, 2003.
K. Kwanguk, K. Jaehun, K. Jeonghun, K. Deog Young, C.
Won Hyek, S. Dong Ik, L. Jang Han, K. In Young and S. Kim,
A virtual reality assessment and training system for unilateral
neglect, Cyberpsychol Behav 7 (2004), 742–749.
E. Ladavas, Functional and dynamic properties of visual
peripersonal space, Trends Cogn Sci 6 (2002), 17–22.
R.L. Myers and T.A. Bierig, Virtual reality and left hemineglect: A technology for assessment and therapy, CyberPsychol
Behav 3 (2000), 465–468.
Y. Naveh, N. Katz and P.L. Weiss, The effect of interactive virtual environment training on independent safe street crossing
of right CVA patients with unilateral spatial neglect. Proceedings of the 3rd International Conference on Disability, Virtual Reality and Associated technologies, Alghero, Sardinia,
September, 2000.
D.N. Pandya and E. Yeterian, Architecture and connections
of cortical association areas, in: Cerebral Cortex Association
and Auditory Cortices, (Vol. 4), A. Peters and E. Jones, eds,
1985, pp. 3–62. New York: Plenum Press.
R.E. Passingham, The frontal lobes and voluntary action, Oxford University Press: Oxford, UK, 1993.
F. Pavani, E. Ladavas and J. Driver, Auditory and multisensory
aspects of visuospatial neglect, Trends Cogn Scie 7 (2003),
407–414.

C. Ansuini et al. / Virtual reality applications for the remapping of space in neglect patients
[18]

[19]

[20]

[21]

[22]

[23]

L. Pisella, H. Grea, C. Tilikete, A. Vighetto, M. Desmurget,
G. Rode, D. Boisson and Y. Rossetti, An automatic pilot for
the hand in human posterior parietal cortex: Towards reinterpreting optic ataxia, Nat Neurosci 3 (2000), 729–736.
A.A. Rizzo, M.T. Schultheis, K. Kerns and C. Mateer, Analysis
of assets for virtual reality in neuropsychology, Neuropsych
rehab 14 (2004), 207–239.
G. Rode, Y. Rossetti and D. Boisson, Prism adaptation improves representational neglect, Neuropsychologia 39 (2001),
1250–1254.
F.D. Rose, B.M. Brooks and A.A. Rizzo, Virtual reality in
brain damage rehabilitation: review, Cyberpsychol Behav 8
(2005), 241–262.
Y. Rossetti and L. Pisella, Several ‘vision for action’ systems:
A guid to dissociating and integrating dorsal and ventral functions, in: Attention and Performance XIX: Common mechanisms in perception and action, W. Prinz and B. Hommel, eds,
2002, pp. 62–119. Oxford University Press: Oxford, UK.
Y. Rossetti, G. Rode, L. Pisella, A. Farne, L. Li, D. Boisson

[24]
[25]

[26]

[27]

441

and M.T. Perenni, Prism adaptation to a rightwards optical
deviation rehabilitates left hemispatial neglect, Nature 395
(1998), 166–169.
A.B. Rubens, Caloric stimulation and unilateral visual neglect,
Neurology 35 (1985), 1019–1024.
B. Seltzer and D.N. Pandya, Further observations on parietotemporal connections in the rhesus monkey, Exp Brain Res 55
(1984), 301–312.
P. Tripathi, K. Kahol, L.C. Baxter, T. McDaniel, A. Baker and
S. Panchanathan, Rehabilitation of patients with hemispatial
neglect using virtual – haptic feedback in virtual reality environment, accepted for publication at International Conference
on Human – Computer Interfaces to be held in Las Vegas,
2005.
P.L. Weiss, Y. Naveh and N. Katz, Design and testing of a
virtual environment to train CVA patients with unilateral spatial neglect to cross a street safely, Occup Ther Int 10 (2003),
39–55.

