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ABSTRACT
Given the high incidence of brain injury in the population, brain damage rehabilitation is
still a relatively undeveloped field. Virtual reality (VR) has the potential to assist current rehabilitation techniques in addressing the impairments, disabilities, and handicaps associated with brain damage. The main focus of much of the exploratory research performed to
date has been to investigate the use of VR in the assessment of cognitive abilities, but there is
now a trend for more studies to encompass rehabilitation training strategies. This review describes studies that have used VR in the assessment and rehabilitation of specific disabilities
resulting from brain injury, including executive dysfunction, memory impairments, spatial
ability impairments, attention deficits, and unilateral visual neglect. In addition, it describes
studies that have used VR to try to offset some of the handicaps that people experience after
brain injury. Finally, a table is included which, although not an exhaustive list of everything
that has been published, includes many more studies that are relevant to the use of VR in the
assessment and rehabilitation of brain damage. The review concludes that the use of VR in
brain damage rehabilitation is expanding dramatically and will become an integral part of
cognitive assessment and rehabilitation in the future.
INTRODUCTION

B

has often been referred to as the
“silent epidemic.” Its high levels of incidence
are not in doubt. Frankowski et al.1 reviewed
seven major reports of the incidence of traumatic
brain injury (TBI) and reported an average incidence of 250 cases per 100,000 of the population in
the United States. By 1998, the estimated incidence of this type of brain damage had been revised downwards to 100 cases per 100,000 of the
population.2 Unfortunately, according to the Minutes of Evidence of a Select Committee on Health,
Session 2000–2001, there is a lack of reliable up-todate data in the United Kingdom on the incidence
of TBI. However, from figures published in 1991,3
RAIN DAMAGE
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the current estimate for the incidence of people
admitted to hospital with TBI in the United Kingdom is approximately 270–310 per 100,000.4 Figures for stroke cases in Western Europe indicate
an incidence of 250 per 100,000, with an even
higher incidence in Eastern European countries.5
The incidence of brain damage due to neurodegenerative diseases increases with age, with the
prevalence of dementia ranging from l% at age 65
to 30% at age 85 years and older.6 These estimates
suggest that over three and a half million people
aged 65 years of age and older are currently suffering from dementia in the European Union.
With an increasing ageing population in the western world, the size of the problem is increasing.
The implications for society in economic, social,
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and human terms are clear to see. Goldstein 7 reported that more people receive medical care in
the United States for disorders of the brain and
nervous system than for any other health problem, and it has been estimated that the direct medical costs just for TBI treatment in the United
States are $48.3 billion per year.2
Given the epidemic-like proportions of the
problem of brain damage, it is of interest that this
particular epidemic has been so “silent” in not
eliciting the acknowledgment afforded to many
other large-scale health issues. The explanation is
multifaceted. Firstly, brain damage is not a single
medical condition. Even the simplest classification would recognize developmental, traumatic,
vascular, and degenerative brain damage, and
within each of these classifications, there are
numerous ways in which conditions might be
sub-classified, all with different profiles. Brain
damage, therefore, is very different from an influenza epidemic in which there is a single cause
and a clearly defined set of symptoms. The relatively low public awareness of brain damage also
reflects the state of development of neuroscience.
Whilst neurology has a long history, the origins of
the more broadly based discipline of neuroscience,
which has provided so much of our understanding of the nature of brain damage, are relatively
recent. In this regard, it is of interest to note that
as recently as the 1960s the brain was widely believed to be “hard-wired” by the time a person
was born and that structural damage thereafter
was permanent and its consequences “incurable.”
Such a view of the brain was not conducive to the
development of active treatments for brain damage, still less to the development of rehabilitation
strategies. This did not change until we began to
understand the concept of neuroplasticity. It was
not until the 1980s that the study of brain damage
rehabilitation began to emerge as a specialist area
of neuroscience, known as restorative neurology8
or neurological rehabilitation.9

away from the strict medical model of brain
damage and to adopt a more holistic view of the
person with brain damage. Helpful in making this
transition is to view the rehabilitation process in
terms of the concepts of impairment, disability, and
handicap:
• Impairment: “any loss or abnormality of psychological, physiological or anatomical structure or
function.”11
• Disability: “any restriction or lack (resulting from
an impairment) of ability to perform an activity
in the manner or within the range considered
normal for a human being.”11
• Handicap: “a disadvantage for a given individual, resulting from an impairment or disability,
that limits or prevents the fulfilment of a role
that is normal (depending on age, sex, and social
and cultural factors) for that individual.”11
Importantly these terms define a progression of
consequences of brain damage that has been described by Rose and Johnson12:
The term “impairment” simply labels the effect of
the injury on the brain and its function. The term
“disability” assesses the impairment due to the
brain injury in terms of its effects on what would
be considered a normal profile of activities for a fit
person. Finally, the term “handicap” places the
disability within the personal context of that particular person’s previous abilities, expectations
and aspirations.12

The progression identified by these terms also
identifies a continuum along which the positions of
rehabilitation interventions can be clearly seen. We
would argue that the use of virtual environments
has potential for supporting rehabilitation at several points on this continuum.

POTENTIAL USES OF VIRTUAL
REALITY IN BRAIN DAMAGE
REHABILITATION

BRAIN DAMAGE REHABILITATION
Unsurprisingly, in view of its short history, brain
damage rehabilitation is not underpinned by a
clearly defined and agreed theoretical base. Nevertheless, those working in this field have established
principles that define a vision of what rehabilitation should seek to achieve and provide a framework
for multidisciplinary working towards objectives.10
Crucial to the rehabilitation approach is to move

We have argued elsewhere that virtual reality
(VR) has potential in addressing impairments, disabilities, and handicaps.13 The main discussions in
the literature so far have centered on the ways in
which VR might be developed to address impairments and disabilities.
Damage to the brain, in reducing a person’s
ability to interact with the physical environment,
often leads to a type of “environmental impover-
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ishment.” There is widespread agreement among
clinicians that this sort of reduction in environmental interaction is counterproductive in terms
of rehabilitation objectives. There is also an extensive animal research literature which suggests
that, if this reduction in interaction can be reversed by a process of “environmental enrichment” (effectively enforced interaction with the
brain-damaged animal’s physical environment),
the functional consequences of the brain damage
are often reduced. Helping patients with brain
damage, despite probable reductions in levels of
cerebral arousal—activation, and the restrictions
imposed by reductions in sensory, motor, attention, and other cognitive functions—presents
serious logistical problems for staff. Frequently,
staffing levels prevent these problems being adequately addressed. VR allows for the possibility
of developing specific and appropriate opportunities for environmental interaction, tailored
for the individual patient. Most importantly,
the technology of VR allows us to deliver these
opportunities for environmental interaction directly to the patient via a head-mounted-display
(HMD) or screen rather than having to rely on
the intensive rehabilitation staff input which is
needed to help patients to interact with the real
environment.
These arguments, and the underpinning neuroscience literature on which they are based, have
been extensively reviewed.14 Since then, there has
been evidence of something of resurgence in animal research on the effects of environmental enrichment on both the undamaged and the damaged
brain.15–17 Interestingly, we are also beginning to
develop ways of measuring brain activity using
fMRI during interaction with virtual environments,
which will allow us to establish whether exposure
to virtual environments can directly influence the
damaged brain.18,19 This is an extremely exciting
area of research and one that holds the promise of
conclusively demonstrating the potential of VR in
directly addressing the functional impairments
caused by brain damage.
The emphasis of the present review, however, is
the role of VR in addressing disabilities. An obvious potential use of VR is for retraining the performance of cognitive functions which, as a result of
brain damage, can no longer be perfomed, “in a
manner or within the range considered normal”
(WHO definition of disability, 1998). Virtual environments are already used extensively for training,20
and their potential for training people with brain
damage has been discussed before.21–27
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CURRENT USES OF VIRTUAL
REALITY IN BRAIN DAMAGE
REHABILITATION
The use of VR in brain damage rehabilitation is
a relatively unexploited resource at the present
time, but it has the potential to expand in the
same way as the use of VR in vocational training
has expanded in recent years. A few years ago,
the use of VR in vocational training was a rarity,
confined to large-scale and expensive virtual environments such as the flight simulator.28 Now,
virtual environments have a useful role to play in
numerous vocational training programs where
real-life training is dangerous, expensive, or difficult to monitor and control. The many diverse
occupations that currently make use of the immersive and interactive properties of VR include
drivers,29 divers,30 parachutists,31 fire-fighters,32
soldiers,33 Royal Navy submarine training,34 and
surgeons.35
The obvious advantage of using VR in cognitive
rehabilitation is its potential to simulate many reallife or imaginary situations, thereby providing the
opportunity for more ecologically valid and dynamic assessment and training. It also has the capacity to provide absolute consistency of the
environment with the potential for infinite repetitions of the same assessment or training task. It has
the flexibility to enable sensory presentations, task
complexity, response requirements, and the nature
and pattern of feedback to be easily modified according to a user’s impairments. In addition, unlike many conventional assessment and training
methods, VR-based assessment and training provides precise performance measurements and exact
replays of task performance.
The main focus of much of the exploratory research that has been performed to date has investigated the use of VR in the assessment of cognitive
abilities, but there is now a trend for more studies to
encompass rehabilitation training strategies. Where
possible, the studies are reviewed under headings of
the principal neuropsychological impairment that
they address. However, some studies address issues
which span several impairments, and these are reviewed under the heading “General.”

EXECUTIVE DYSFUNCTION
The term “executive dysfunction” refers to impairments in the sequencing and organization of
behavior and includes problems with planning,
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strategy formation, and mental flexibility. Damage
to the prefrontal cortex has been strongly linked
to executive dysfunction, and standardized neuropsychological tests have been devised to assess
whether patients with damage to this area are
susceptible to impairments. However, these tests
have been criticized as lacking ecological validity,
as some patients have been found to perform in
the normal range on neuropsychological tests, but
demonstrate impaired behavior in everyday life.36
The use of VR has the potential to present some of
these neuropsychological tests in a more ecologically valid way.
One of the earliest studies to devise a VR-based
equivalent of a neuropsychological test of executive dysfunction was conducted by Pugnetti et al.37
They used an immersive VR system to portray a
VR equivalent of the Wisconsin Card Sorting Task
(WCST).38 The task was to reach the exit of a virtual
building. The virtual environment comprised 32
rooms of variable shapes, each with a number of
rooms that lead to dead-end corridors, the next
room, or, in the case of the final room only, the exit.
The strategy was to match either the shape or the
color of the door which lead to the next room, and
the criterion was changed every seven consecutive
correct selections.
In a later study, they compared the performance
of patients with neurological impairments and
non-impaired control participants on the WCST
and their VR-based version.39 They found that
controls performed better than patients in both
tests. There was a modest correlation between the
two tests, but they demonstrated different learning curves. In the WCST, there was an almost linear increase in the number of errors up to the
fourth or fifth set, whereas in the VR test, errors
decreased sharply from the first to the second and
third categories. A clearly significant difference
between patients and controls only emerged after
the fourth category in the WCST, whereas this difference was apparent in the first category in the
VR test. The authors suggested that “this finding
depends on the more complex (and complete) cognitive demands of the VE setting at the beginning
of the test when perceptuomotor, visuospatial
(orientation), memory, and conceptual aspects of
the task need to be fully integrated into an efficient routine.” The detection of these early “integrative” difficulties may be particularly relevant
for the task of predicting real world capabilities
from test results.
A more recent study has also incorporated the elements of the WCST into a task which involves delivering frisbees, sodas, popsicles, and beach balls
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to bathers who sit under umbrellas in a virtual environment of a beach scene.40 Similar to the WCST,
the matching criterion switches from color to object
to number. In the study, non-impaired participants
performed both the WCST and the VR-based test
with the order of performance on the tests counterbalanced across participants. The VR-based test
was found to be more difficult than the WCST, but
most performance scores from the two tests were
significantly correlated. There were also order effects, indicating that participants had learned from
their experiences in the first test. The authors concluded that their test measures the same cognitive
functions as the WCST and may prove to be more
ecologically valid.
The multiple errands task is another neuropsychological test for which a virtual environment has
been devised and tested on five patients with executive dysfunction and five matched controls.41 Despite the patients not differing from normative
values on the standard executive dysfunction measure, the Behavioural Assessment of the Dysexecutive Syndrome battery,42 they were impaired relative
to controls on the real and virtual versions of the
multiple errands task. In addition, there was a significant correlation between performance in the
real and virtual tasks. The authors concluded that
virtual environments may provide a more discriminating method of assessing planning impairments
than currently available standardized tests. Such
concordance between real and virtual task performance (along with the TBI/control discrimination)
suggests that the VR method would have a pragmatic advantage for its use, since it is much easier
to administer than the real world testing while offering more systematic stimulus control and response measurement.
Another common symptom of executive dysfunction is rule breaking. A recent study by Morris
et al. used the virtual environment of a bungalow
to assess strategy formation and rule breaking of 35
patients who had undergone prefrontal lobe surgery and 35 age- and IQ-matched controls during a
furniture removal task.43 All the patients and controls were able to navigate around the virtual bungalow and perform the task, but the patients
showed less efficient strategies and increased rule
breaks compared to the controls.

MEMORY IMPAIRMENTS
An important feature of cognitive assessment is
determining whether a patient has memory impairments. However, assessing memory in the sterile
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setting of a rehabilitation ward is necessarily restrictive and may not be an accurate reflection of a
patient’s real-world abilities. Some exploratory
studies have used VR to try to assess patients’
memory in a more ecologically valid and controlled
way than would otherwise be possible.
One of the first studies that assessed memory in
non-impaired participants within a virtual environment was performed by Andrews et al.44 They compared incidental memory for objects presented on a
computer monitor in the following five conditions:
during participants’ interaction with a four-room
virtual environment; in four static displays without
any context; in the same four static displays in
which participants were required to move the cursor over each object in turn; in four static pictures
of the virtual rooms; and in the same four static pictures of the virtual rooms in which participants
were required to move the cursor over each object
in turn.
Subsequent recognition memory performance
was found to be significantly lower in the condition
where participants encountered the objects in the
virtual environment than in any of the other conditions. The researchers concluded that participants
were distracted by their interaction with the virtual
environment and that incidental memory is particularly susceptible to distraction. They also pointed
out that the interactive condition is more representative of patients’ real-world memory ability than
any of the other conditions, as real-life does not
occur as a series of static displays.
A recent study by Mathias et al.45 found that participants with TBI performed as well as controls in
an object memory task using an HMD office scenario. This scenario required participants to scan
the environment from a fixed sitting position and
later recall 16 objects that were arrayed in positions
around the office. This equivalence in performance
may suggest that the absence of distracting navigational demands along with naturalistic head-turning
used for scanning produced a test where participants with TBI could perform as well as controls.
Since impaired performance by participants with TBI
relative to controls was found on word list memory
tests for these groups, this task may actually reflect
spared visual memory ability when attentional demands are constrained during a visual object memory assessment
A further study assessed object and spatial memory of non-impaired participants using a yokedcontrol design in which active participants navigated
around a four-room virtual environment searching
for a non-existent umbrella, whilst passive participants watched their progress on a second monitor
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in an adjoining cubicle46 In subsequent tests, there
was no significant difference between active and
passive participants’ free recall or recognition of
the virtual objects, but active participants recalled
the spatial layout of the virtual environment better
than passive participants. The superior performance of active participants in the spatial layout recall test indicates that their memory was enhanced
for aspects of the environment which were directly
involved in their navigation. The authors surmised
that navigation of the virtual environment may
have been responsible for active participants encoding the spatial layout of the virtual environment in a motoric form, which resulted in their
superior recall.
A study using the same basic procedure was
performed with vascular brain injury patients and
control participants.47 Results of this study
showed that controls scored higher than patients
in spatial and object recognition tests. However,
active patients and controls again scored higher
than passive patients and controls in a spatial layout test. In an object recognition test, passive controls scored higher than active controls, whereas
there was no significant difference between active
and passive patients. Again, the superior performance of active patients and controls in the spatial
layout test was attributed to navigation of the virtual environment, resulting in the spatial layout
being encoded motorically, thereby activating an
alternative memory source. Similar results were
found when the same study was performed with
multiple sclerosis patients.48
The results of these studies are in line with those
of a previous study which found that active nonimpaired participants exhibited better spatial acquisition of a virtual environment than passive
participants, as measured by a route-finding test.49
However, they differed from two studies which
found that non-impaired active participants were
no better than passive participants in estimating
the direction in which objects they had previously
encountered in a virtual environment were located.50,51 The difference between these studies
may be attributable to the different tests of spatial
memory used. The main difference between those
studies that showed enhanced spatial memory for
active participants and those that did not was that
only the former used spatial memory tasks which
were facilitated by retracing the original route
through the virtual environment. It is therefore
possible that motoric memory traces created during
encoding were responsible for the enhanced spatial
memory of the active participants. The results of
these studies are believed to have implications for
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future strategy in memory rehabilitation. It may be
possible to promote learning in people with memory impairments within a virtual environment by
using motoric encoding to tap into spared procedural memory.
One study sought to do this by training a patient with amnesia (M.T.) in route finding around
a hospital rehabilitation unit using a PC-based virtual environment of the real unit.52 M.T. had been
in the unit for 2 months prior to her training, but
was still unable to find her own way around the
unit. Prior to training, she was unable to perform
10 simple routes around the unit, all involving locations that she visited regularly. She was trained
in the virtual environment on two of these routes
and tested at weekly intervals on all 10 routes by a
clinical psychologist who was unaware which
routes she was learning in the virtual environment. After 3 weeks, she was able to perform the
two routes she had been learning in the virtual environment, but she was still unable to perform the
remaining eight routes. For her next course of
training, she learned one of the remaining eight
routes in the virtual environment and one in the
real unit. After 2 more weeks, she was able to perform the additional route she had been learning
in the virtual environment, plus the original two
routes, but not the route she had been learning
in the real unit. Unfortunately, she was still explicitly unaware that she knew how to perform
any of the routes.
The authors offered three possible reasons for the
counterintuitive finding that M.T. learned the route
trained in the virtual environment quicker than she
learned the route trained in the real unit. First, she
performed the route very quickly in the virtual environment and was therefore able to practice it
many more times than she was able to practice the
route trained in the real unit during the 15-min
training session.
Second, she was able to practice the route in the
virtual environment without distractions. In the
real unit, she was continually being distracted by
other patients and by open doors along the route.
Third, one of the strategies used to train M.T. was
the backwards training method. This involved M.T.
moving backwards a short distance from her destination and immediately retracing her steps to her
destination. The distance she moved backwards
was gradually increased until it encompassed the
whole route. This training method was particularly
successful in the virtual environment but less successful in the real unit where she was liable to back
into other patients and wheelchairs.

ROSE ET AL.

This study showed that the use of VR in rehabilitation is not only useful as an assessment tool, but
also has the potential to offer a useful training
method and that training in a virtual environment
does transfer to improved real world performance.
In addition, it showed that VR is particularly suited
to assessing and training spatial memory. In an innovative study, Morris et al.19 used a PC-based virtual environment to investigate the brain correlates
of egocentric memory (spatial knowledge relative
to the observer) and allocentric memory (spatial
knowledge relative to cues independent of the
observer). They conducted functional magnetic resonance imaging (fMRI) of 11 control participants
and two patients with anoxic hippocampal damage
whilst they were performing egocentric and allocentric memory tasks in a virtual arena. Results
from the control participants showed a network of
brain activation associated with spatial processing
in both the allocentric and egocentric memory
tasks, but bilateral posterior hippocampal activation only during the allocentric memory task. The
two patients with anoxic hippocampal damage
showed a similar network of brain activation associated with spatial processing but no hippocampal
activation in the allocentric memory task. The use
of VR combined with fMRI in this study enabled
the network of brain activation involved in a dynamic and interactive task to be identified and directly demonstrated the neuronal effects of brain
damage. This combination of VR and fMRI provides considerable scope in the future to advance
our knowledge of the brain correlates of other
memory tasks.
One of the most disabling forms of memory impairment is the inability to remember to perform actions in the future (prospective memory failure).53
Impaired prospective memory is more likely than
any other form of memory impairment to interfere
with independent living as sufferers may forget to
switch off the stove, to light the gas, or to take medication. A realistic assessment of a patient’s prospective memory ability should therefore be a major
focus of any cognitive rehabilitation program.
Unfortunately, it is not currently possible to perform a comprehensive assessment of prospective
memory ability in a rehabilitation setting because
no standardized test is yet available. The most relevant test is the Rivermead Behavioural Memory
Test (RBMT),54 which was developed as a method
of identifying everyday memory problems. However, only two, or possibly three, items in the RBMT
relate to prospective memory ability, an insufficient
number on which to base a realistic assessment.
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VR offers the potential to assess, and possibly
train, prospective memory ability in a pseudo–realworld situation. An exploratory study has assessed
the performance of stroke patients and age-matched
control participants on three prospective memory
tasks (remembering to put “Fragile” labels on five
glass items; remembering to allow removal men access every 5 min; and remembering to close the
kitchen door to keep the cat in) whilst performing a
furniture removal task in a virtual environment of
a four-room bungalow.55 Stroke patients were severely impaired at remembering to label glass
items and to close the kitchen door compared to
age-matched controls, but they were only marginally impaired at remembering to allow removal
men access every 5 min.
Using the same procedure and virtual environment, Morris et al.43 compared the prospective
memory ability of frontal lobe patients and controls.
They found that frontal lobe patients were most impaired at remembering to allow removal men access
every 5 min compared to controls. They were also
impaired at remembering to label glass items, but
they did not show any significant impairment at
remembering to close the kitchen door. The results
of these two studies indicate that this VR-based
prospective memory task is not only capable of discriminating between patients and controls, but it
may also be capable of discriminating between the
prospective memory abilities of patients suffering
from different forms of brain damage.

SPATIAL ABILITY IMPAIRMENTS
Although spatial ability is obviously closely associated with spatial memory, there are additional
neuropsychological features involved. According
to Michael et al.56 there are three dimensions of
spatial abilities—spatial relations and orientation;
visualization; and kinesthetic imagery (ability to
determine the spatial position of an object in relation to oneself)—all of which are necessary prerequisites of independent living. According to Rizzo
et al.57 “Virtual environment technology may provide unique assets for targeting spatial abilities
with its capacity for creating, presenting, and manipulating dynamic 3-D objects and environments
in a consistent manner and for the precise measurement of human interactive performance with
these stimuli.”
A number of studies have investigated the use of
screen-based virtual environments to assess and
train spatial ability.57 For example, place-learning
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abilities in a virtual environment were found to
correlate with TBI patients’ opinions of their own
wayfinding problems.58 VR has also proved useful
in encouraging the development of spatial skills of
children whose physical disabilities restrict their
mobility.59–61
Recent research has used immersive audio virtual environments that provide auditory cues to
supplement the environment information used by
people with visual impairments.62,63 The preliminary results of a study which used this technology
to design a computer game for blind children
showed that the children were able to navigate and
interact with the virtual environment using the auditory cues.64 The children were subsequently able
to represent the spatial layout of the environment
using Lego bricks, indicating that the auditory cues
had helped them to build up their own cognitive
maps of the virtual environment.

ATTENTION DEFICITS
Problems with attention are obviously common
in children with attention deficit hyperactivity disorder (ADHD), but they have also been cited as the
major disability after TBI65 and are common in agerelated dementias. Considering that attention is a
necessary prerequisite of virtually all cognitive
functions, it is surprising that relatively few studies
have explored the possibilities offered by VR in
assessing and training attention deficits. For example, VR offers the potential for attention to be
directed towards a specific scenario without any
distractions, but to introduce distractions as and
when required.
Rizzo et al. have recognized the potential for VR
in the assessment and training of attention
deficits.66,67 They have developed an HMD-based
virtual classroom for the study, assessment, and
possible rehabilitation of attention processes. A
clinical trial of a vigilance task in the virtual classroom has been performed in which eight ADHD
male children and 10 non-diagnosed children were
required to hit a response button whenever they
saw the letter “X” preceded by the letter “A” on the
virtual blackboard. Each child completed two 10min trials, one without distractions and one with
audio and/or visual distractions, including classroom noise, movement of other pupils, and activity
outside the window. Results indicated that the
ADHD children had slower reaction times, made
more errors, and had higher overall body move-
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ment than the control children. In addition, the
ADHD children were more negatively impacted by
distraction than the control children.
The virtual classroom has considerable potential
for diagnosing, and potentially training, children
with ADHD. Similar virtual environments could be
devised for people with TBI and age-related dementias who have attention deficits.

UNILATERAL VISUAL NEGLECT
An unusual form of impairment after brain
damage that may benefit from the use of VR is unilateral visual neglect, the inability of patients with
damage to their left or right cerebral hemisphere,
often caused by a stroke, to respond to stimuli presented on the side opposite the lesion. Unilateral
visual neglect is an attentional or representational
deficit, not a visual field deficit. Potential applications for the use of VR in the rehabilitation of visual neglect were first proposed by Rushton et al.68
Since then, researchers at the Kaiser Rehabilitation
Center have developed a VR-based tracking and
cueing system, incorporating a head-mounted display, to assess and rehabilitate patients with left
hemineglect.69 The research is reported in its initial
stage, but five patients with left hemineglect had
been briefly tested and the equipment showed
that all these patients had a greater maximal angle
to the right than to the left. Another study demonstrated that a head-mounted display-based eye
tracking system used in a virtual environment was
a feasible way to assess and potentially to rehabilitate unilateral visual neglect.70,71 They found that
patients with left unilateral visual neglect only
scanned and identified objects to the right side
of the virtual environment, whereas control participants scanned and identified objects in the entire scene.

GENERAL
The majority of the above studies have been directed towards rehabilitation associated with specific impairments resulting from brain injury.
However, many studies have used VR to try to offset some of the handicaps that people experience
after brain injury.
From a person who has suffered a brain injury’s
viewpoint, one of the most disruptive handicaps

that they may experience on recovery is not being
allowed to drive. Similarly, older adults, who may
even be in the early stages of dementia, are loath to
forego the independence offered by driving their
own automobiles. Clinicians are often given the
task of deciding whether or not their patients
should be allowed to continue to drive, but their
decisions are necessarily subjective and criteria
may vary from one clinician to another.
A PC-based VR driving simulator, incorporating an HMD, with steering wheel, brake, and accelerator, was tested on 17 adults with TBI and
17 non-impaired adults, matched for gender, age,
and intelligence.72 Performance measures included
speed, steering, braking, merging with traffic, and
changing lanes. Results from the study discriminated between the two participant groups with
the non-impaired adults performing better than
the adults with TBI on most of the performance
measures. This form of driving simulator would
be a valuable addition to a brain injury rehabilitation ward where patients could initially practice
driving on a straight, deserted road and gradually
increase the complexity of the driving scenario.73
Given the importance that many patients attach
to being able to continue driving, they would be
motivated to use the simulator, which would not
only improve their driving ability, but also help
to relieve some of the monotony associated with
hours spent in a rehabilitation unit between therapy sessions.
Street crossing is another skill that could aid independent living and might be practiced safely
in a rehabilitation unit. A virtual street-crossing
environment has been devised and tested on 95
schoolchildren from two schools—a suburban
school and an urban school.74 Learning in the
virtual environment was found to transfer to improved real-world street crossing of children from
the suburban school, but not children from the
urban school. An initial study has also been performed to train two autistic children on street
crossing in a virtual environment using an HMD.75
The two children adapted well to the HMD and
were able to track moving automobiles and select
objects.
A train to travel HMD-based virtual environment for people with learning disabilities has also
been devised, one component of which is a virtual
bus ride.76 The simulated route consisted of two interconnecting bus journeys, one beginning at a stop
near the student’s home and the other ending at the
place of employment, allowing the student to learn
skills necessary to transfer from one bus to another.
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The students and their teachers found the virtual
bus route exciting and fun, and students appeared
to learn from training in the virtual environment
because they were able to control the pace and content of delivery.
A user group of 15 people with learning disabilities and a facilitator have collaborated to develop a
virtual city.77 The user group suggested what they
wanted in the virtual city, what they wanted to
learn, and how it should be designed. The virtual
city featured a house, a supermarket, a café, and a
transport system. Evaluation of the project was
concerned as much with the design of the virtual
environments and their usability, as with monitoring skill learning.78 The virtual city was found to
provide interesting and motivating learning environments that were accessible to people with learning disabilities. In addition, users were able to learn
some basic tasks, and there was some evidence of
transfer of training of tasks performed in the virtual city to real world tasks.
Other functional activities involved in independent living, such as food preparation skills, have
also been trained in virtual environments. For example, 30 patients with TBI were assessed on their
ability to perform 30 steps required to prepare soup
from a can in a virtual kitchen using an HMD.79 Auditory and visual cues were used to promote learning. The TBI patients adapted well to the HMD, and
test-retest reliability measures were encouraging.
A screen-based virtual kitchen was used to train
24 catering students with learning disabilities on
fish, meat, fruit, and vegetable preparation tasks,
hazard recognition, and fire drills.24 In the food
preparation tasks, virtual training was found to be
as beneficial as real training and more beneficial
than workbook training on subsequent real-world
performance. However, training on hazard detection in the virtual kitchen was not found to
improve real-world performance more than workbook training. One of the reasons the authors
offered for these divergent results was that only
the food preparation tasks involved learning a
number of procedural steps which benefited from
virtual training.
VR-based rehabilitation therapy may have even
more wide-ranging beneficial effects. A recent
study used background music to enhance the VRbased rehabilitation of a patient with an early
form of Alzheimer’s disease who was experiencing memory problems.80 Three 15-min rehabilitation sessions each week for 12 weeks comprised
three virtual experiences, which alternated with
three auditory experiences, with the same cycle
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being repeated every 2 weeks. In the virtual experiences, the patient wore an HMD, and was
immersed in one of three virtual environments,
allowing her to re-experience her childhood, participate in a tournament, or walk the streets of
a modern city. The patient’s ability to orient herself and recall previously completed routes was
tested during these sessions. After treatment, the
patient reported improvements in her memory for
names, her ability to use the correct word during
conversation, and her sleep patterns. In addition,
her performance in various neuropsychological
tests, including the Wechsler Memory Scale,81 an
information retention test,82 and the Stroop Test,83
appeared to have improved, but these improvements were not significant. Although this case is
only exploratory and there were no significant
results, it does indicate that there may be potential uses for VR in less conventional rehabilitation
therapy.
It is also possible that impaired memory may be
improved by physical exercise. VR has been used to
increase the motivation of people with TBI to exercise during their rehabilitation. Pedaling on an exercise bicycle enabled patients to navigate around
three flat-screen VR environments to visit various
virtual objects and locations.84 The authors hypothesized that improvements in fitness engendered by
the VR-based exercise would enhance brain activation and thereby improve cognitive processes. In
support of their hypothesis, participants who were
trained using the VR-based exercise bicycle performed better than control participants on visual
and verbal learning tasks.
Because of confines of space, we have not been
able to mention all the relevant research that has
been performed. However, Table 1 follows, which,
although not an exhaustive list of everything that
has been published, includes many more papers
that are relevant to the use of VR in the assessment
and rehabilitation of brain damage. Where similar
material has been presented in written articles or
book chapters and presentations, we have only included the written version. Unfortunately, space
dictates that many informative studies concerning
the rehabilitation of people with learning disabilities and physical impairments cannot be included.
Although the use of VR in brain injury rehabilitation is still a relatively unexploited resource at the
present time, the studies discussed here indicate
that it is expanding dramatically. There is little
doubt that the use of VR will become an integral
part of cognitive assessment and rehabilitation in
the future.
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BIBLIOGRAPHY OF VR REHABILITATION STUDIES (CONTINUED)

Author(s)

Title and reference

Wald, J.L., Liu, L. & Reil, S.

Concurrent validity of a virtual reality driving
assessment for persons with brain injury.
CyberPsychology & Behavior, 2000, 3(4), 643–654

Waller, D.

Individual differences in spatial learning from
computer-simulated environments. Journal of
Experimental Psychology: Applied, 2000, 6, 307–321

Wallergård, M., Cepciansky, M., Lindén, A.,
Davies, R.C., Boschian, K., Minör, U.,
Sonesson, B. & Johansson, G.

Developing virtual vending and automatic service
machines for brain injury rehabilitation. In: P.
Sharkey, C.S. Lányi & P. Standen (Eds.), Proceedings
of the 4th International Conference on Disability,
Virtual Reality & Associated Technologies, Veszprém,
Hungary, 2002, pp. 109–114

Wann, J.P.

Virtual reality environments for rehabilitation of
perceptual-motor disorders following stroke. In: P.
Sharkey (Ed.), Proceedings of the 1st International
Conference on Disability, Virtual Reality & Associated
Technologies, Reading, U.K., 1996, pp. 233–238

Wann, J.P., Rushton, S.K., Smyth, M. & Jones, D.

Virtual environments in the rehabilitation of
disorders of attention and movement. In: G. Riva,
B.K. Wiederhold & E. Molinari (Eds.), Virtual
Environments in Clinical Psychology and
Neuroscience: Methods and Techniques in
Advanced Patient Interaction, IOS Press,
Amsterdam, 1998, pp. 157–164

Wilson, P.N.

Virtual reality in spatial research. In: Foreman N.
& Gillett, R. (Eds.), Handbooks of Spatial
Research Paradigms and Methodologies,
Volume 1: Spatial Cognition in the Child and
Adult, Psychology Press, Hove, 1997.

Wilson, P. N., Foreman, N., Gillet, R.,
& Stanton, D.

Active versus passive processing of spatial
information in a computer simulated
environment. Ecological Psychology, 1997,
9, 207–222

Wilson, P.M., Foreman, N. & Stanton, D.

Virtual reality, disability and rehabilitation.
Disability & Rehabilitation, 1997, 19, 213–220

Wilson, P.N., Foreman, N. & Stanton, D.

Virtual reality, disability and rehabilitation:
A rejoinder. Disability and Rehabilitation, 1998,
20, 113–115

Wilson, P.N., Foreman, N. & Tlauka, M.

Transfer of spatial information from a virtual
to a real environment in physically disabled
children. Disability and Rehabilitation, 1996,
18, 633–637

Zhang, L., Abrew, B.C., Masel, B., Scheibel, R.S.,
Christiansen, C.H., Huddleston, N.
& Ottenbacher, K.J.

Virtual reality in the assessment of selected
cognitive function after brain injury. American
Journal of Physical Medicine & Rehabilitation,
2001, 80, 597–604.

13966C15.PGS

5/26/05

12:40 PM

Page 259

VIRTUAL REALITY IN BRAIN DAMAGE REHABILITATION

REFERENCES
1. Frankowski, R.F., Annegers, J.F., & Whitman, S. (1985).
Epidemiological and descriptive studies. Part I: The
descriptive epidemiology of head trauma in the United
States. In: Becker, D.P. & Povlinshock , J.T. (eds.), Central nervous system trauma status report: National Institute
of Neurological and Communicative Disorders and Stroke.
Bethesda, MD: National Institute of Health, pp. 33–43.
2. National Institutes of Health Consensus Statement.
(1998). Rehabilitation of persons with traumatic brain
injury. [On-line]. Available: <http://odp.od.nih.gov/
consensus/cons/109/109_statement.htm.>.
3. McMillan, T., & Greenwood, R. (1991). Rehabilitation
programmes for the brain injured adult: current
practice and future options in the UK. Discussion
paper for the Department of Health.
4. Memorandum by Headway (H29) to the Select
Committee on Health Minutes of Evidence. (2003).
Available: <www.parliament.the-stationery-office.co.
uk/pa/cm200001/cmselect/cmhealth/307/1031502.
htm.>.
5. Brainin, M., Bornstein, N., Boysen, G., et al. (2000),
Acute neurological stroke care in Europe: results of
the European Stroke Care Inventory. European Journal
of Neurology 7:5–10.
6. Launer, L.J., Andersen, K., Dewey, M.E., et al. (1999).
Rates and risk factors for incident dementia and Alzheimer’s disease. EURODEM pooled analyses of European studies. Neurology 52:78–84.
7. Goldstein, M. (1995). Foreword. In: Stein, D.G.
Brailowski, S., & Will, B. (eds.), Brain repair. New
York: Oxford University Press, pp. vii–viii.
8. Stein, D. (1989). Editorial. Restorative Neurology and
Neuroscience vol. no. 1.
9. Wade, D.T. (1990). Neurological rehabilitation. In:
Kennard, C. (ed.), Recent advances in clinical neurology. Edinburgh: Churchill Livingstone.
10. Wilson, B.A., & McLellan, D.L. (1997). Rehabilitation
Studies Handbook. Cambridge: Cambridge University
Press.
11. World Health Organization. (1980). International classification of impairments, disabilities and handicaps: a
manual of classification relating to the consequences of
disease. Geneva: WHO.
12. Rose, F.D., & Johnson, D.A. (1996). Brains, injuries
and outcome. In: Rose, F.D. and Johnson, D.A. (eds.),
Brain injury and after: towards improved outcome.
Chichester: John Wiley & Sons, pp. 1–20.
13. Rose, F.D., Attree, E.A., & Johnson, D.A. (1996). Virtual
reality: an assistive technology in neurological rehabilitation. Current Opinion in Neurology 9:461–467.
14. Rose, F.D., Attree, E.A., Brooks, B.M., et al. (1998). Virtual reality in brain damage: a rationale from basic neuroscience. In: Riva, G., Wiederhold, B.K., & Molinari, E.
(eds.), Virtual environments in clinical psychology: scientific and technological challenges in advanced patient-therapist interaction. IOS Press, Amsterdam, pp. 233–242.
15. Bredy, T.W., Humpartzoomian, R.A., Cain, D.P., et al.
(2003). Partial reversal of the effect of maternal care

16.

17.

18.

19.

20.
21.

22.

23.

24.

25.

26.

27.

28.

259

on cognitive function through environmental enrichment. Neuroscience 118: 571–576.
Chapillon, P., Patin, V., Roy, V., et al. (2002). Effects of
pre- and postnatal stimulation on developmental,
emotional, and cognitive aspects in rodents: a review. Developmental Psychobiology 41: 373–387.
Johansson, B.B. (2003). Environmental influence on
recovery after brain lesions—experimental and clinical data. Journal of Rehabilitation Medicine 41:11–16.
Baumann, S., Neff, C., Fetzick, S., et al. (2003). A
virtual reality system for neurobehavioral and functional MRI studies. CyberPsychology & Behavior 6:259–
266.
Morris, R.G., Parslow, D., Fleminger, S., et al. (2002).
Functional magnetic resonance imagining investigation of allocentric spatial memory tested using virtual reality in patients with anoxic hippocampal
damage. In: Sharkey, P., Lányi, C.S., & Standen, P.
(eds.), Proceedings of the 4th International Conference on
Disability, Virtual Reality & Associated Technologies.
Veszprém, Hungary, pp. 87–92.
Seidel, R.J., & Chatelier, P.R. (1997). Virtual reality,
training’s future? New York: Plenum Press.
Rose, F.D. (1996), Virtual reality in rehabilitation following traumatic brain injury. In: Sharkey, P. (ed.),
Proceedings of the 1st International Conference on Disability, Virtual Reality & Associated Technologies. Reading, U.K., pp. 5–12.
Rose, F.D., & Johnson, D.A. (1994). Virtual reality in
brain damage rehabilitation. Medical Science Research
22:82.
Rose, F.D., Attree E.A., & Brooks, B.M. (1997). Virtual
environments in neuropsychological assessment and
rehabilitation. In: Riva, G. (ed.), Virtual reality in
neuro-psycho-physiology: cognitive, clinical and methodological issues in assessment and rehabilitation. Amsterdam: IOS Press, pp. 147–155.
Brooks, B.M., Rose, F.D., Attree, E.A., et al. (2002). An
evaluation of the efficacy of training people with
learning disabilities in a virtual environment. Disability and Rehabilitation 24:622–626.
Rizzo, A.A., Schultheis, M., Kerns, K.A., et al. (2004).
Analysis of assets for virtual reality applications in
neuropsychology. Neuropsychological Rehabilitation
14:207–239.
Rizzo, A.A., & Buckwalter, J.G. (1997). Virtual reality
and cognitive assessment and rehabilitation: the
state of the art. In: Riva, G. (ed.), Virtual reality in
neuro-psych-physiology: cognitive, clinical and methodological issues in assessment and rehabilitation, Amsterdam: IOS Press, pp. 123–146.
Rizzo, A.A., Buckwalter J.G., Neumann, U., et al.
(1998). Basic issues in the application of virtual reality for the assessment and rehabilitation of cognitive
impairments and functional disabilities. CyberPsychology & Behavior 1:59–78.
Lintern, G., Roscoe, S.N., Koonce, J.M., et al. (1990).
Display principles, control dynamics and environmental factors in pilot training and transfer. Human
Factors 32:299–317.

13966C15.PGS

5/26/05

12:40 PM

Page 260

260
29. Mahoney, D.P. (1997). Defensive driving. Computer
Graphics World 20:71.
30. Fröehlich, T. (1997). Das Virtuelle Ozeanarium,
Zeitschrift Thema Forschung. Darmstadt: Technische
Universitat Darmstadt, pp. 50–57.
31. Hue, P., Delannay, B., & Berland, J.-C. (1997). Virtual
reality training simulator for long time flight. In: Seidel, R.J., & Chantelier, P.R. (eds.), Virtual reality, training’s future? New York: Plenum Press, pp. 69–76.
32. Bliss, J.P., Tidwell, P.D., & Guest, M.A. (1997). The effectiveness of virtual reality for administering spatial
navigation training to firefighters. Presence: Teleoperators and Virtual Environments 6:73–86.
33. Knerr, B.W., Breaux, R., Goldberg, S.L. et al. (2002). National defense. In: Stanney, K.M. (ed.) Handbook of virtual environments. Mahwah, NJ: Erlbaum, pp. 857–872.
34. Stone, R.J. (2002). Applications of virtual environments: An overview. In: Stanney, K.M. (ed.), Handbook of virtual environments. Mahwah, NJ: Erlbaum,
pp. 827–856.
35. Gallagher, A.G., McClure, N., McGuigan, J., et al.
(1999). Virtual reality training in laparoscopic surgery: a preliminary assessment of minimally invasive
surgical trainer virtual reality (MIST VR). Endoscopy
31:310–313.
36. Shallice, T., & Burgess, P. (1991). Higher order cognitive impairments and frontal lobe lesions in man. In:
Levin, H.S., Eisenberg, H.M., & Benton, A.L. (eds.),
Frontal lobe function and dysfunction. Oxford: Oxford
University Press, pp. 125–138.
37. Pugnetti, L., Mendozzi, L., Motta, A., et al. (1995).
Evaluation and retraining of adults’ cognitive impairments: which role for virtual reality technology?
Computers in Biology & Medicine 25: 213–227
38. Milner, B. (1963). Effects of different brain lesions on
card sorting. Archives of Neurology 9:90–100.
39. Pugnetti, L., Mendozzi, L., Attree, E., et al. (1998).
Probing memory and executive functions with virtual reality: past and present studies. CyberPsychology & Behavior 1:151–162
40. Elkind, J.S., Rubin, E., Rosenthal, S., et al. (2001). A
simulated reality scenario compared with the computerized Wisconsin Card Sorting test: an analysis of
preliminary results. CyberPsychology & Behavior 4:
489–496.
41. McGeorge, P., Phillips, L.H., Crawford, J.R., et al.
(2001). Using virtual environments in the assessment
of executive dysfunction. Presence: Teleoperators &
Virtual Environments 10:375–383.
42. Wilson, B.A., Alderman, N., Burgess, P.W., et al.
(1996). Behavioural Assessment of the Dysexecutive Syndrome Test (BADS). Bury St. Edmunds: Thames Valley
Test Company.
43. Morris, R.G., Kotitsa, M., Bramham, J., et al. (2002).
Virtual reality investigation of strategy formation,
rule breaking and prospective memory in patients
with focal prefrontal neurosurgical lesions. In:
Sharkey, P., Lányi, C.S., & Standen, P. (eds.), Proceedings of the 4th International Conference on Disability, Vir-

ROSE ET AL.

44.

45.

46.

47.

48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

tual Reality & Associated Technologies. Veszprém, Hungary, pp. 101–108.
Andrews, T.K., Rose, F.D., Leadbetter, A.G., et al.
(1995). The use of virtual reality in the assessment of
cognitive ability. In: Placencia Porrero, I., & Puig de
la Bellacasa, R. (eds.), Proceedings of the 2nd TIDE Congress. Amsterdam: IOS Press, pp. 276–279.
Matheis, R.J., Schultheis, M.T., & Rizzo, A.A. (2003).
Learning and memory in a virtual office environment. In: Burdea, G., Thalmann, D., & Lewis, J.A.
(eds.), Proceedings of the 2nd International Workshop in
Virtual Rehabilitation. Piscataway, NJ: Rutgers University, 48–54.
Brooks, B.M., Attree, E.A., Rose, F.D., et al. (1999). The
specificity of memory enhancement during interaction
with a virtual environment. Memory 7: 65–78.
Rose, F.D., Brooks, B.M., Attree, E.A., et al. (1999). A
preliminary investigation into the use of virtual environments in memory retraining after vascular brain
injury: Indications for future strategy? Disability &
Rehabilitation 21:548–554
Pugnetti, L., Mendozzi, L., Brooks, B.M., et al. (1998).
Active versus passive exploration of virtual environments modulates spatial memory in MS patients: a
yoked control study. Italian Journal of Neurological Sciences 19: 424–430.
Peruch, P., Vercher, J.L., & Gautheir, G.M. (1995).
Acquisition of spatial knowledge through visual exploration of simulated environments. Ecological Psychology 7:1–20.
Wilson, P. (1993). Nearly there. Special Children 68:
28–30.
Wilson, P.N., Foreman, N., Gillet, R., et al. (1997). Active versus passive processing of spatial information
in a computer simulated environment. Ecological Psychology 9:207–222.
Brooks, B.M., McNeil, J.E., Rose, F.D., et al. (1999).
Route learning in a case of amnesia: a preliminary
investigation into the efficacy of training in a virtual environment. Neuropsychological Rehabilitation
9:63–76.
Kinsella, G., Murtagh, D., Landry, A., et al. (1996).
Everyday memory following traumatic brain injury.
Brain Injury 10:499–507.
Wilson, B.A., Cockburn, J., & Baddeley, A. (1985). The
Rivermead Behavioral Memory Test. Bury St. Edmunds:
Thames Valley Test Co.
Brooks, B.M., Rose, F.D., Potter, J., et al. (2004). Assessing stroke patients’ prospective memory using
virtual reality. Brain Injury 18:391–401.
Michael, W.B., Guilford, J.P., Fruchter, B., et al.
(1957). The description of spatial-visualization abilities. Educational and Psychological Measurement 17:
185–199.
Rizzo, A.A., Buckwalter, J.G. & Van der Zaag, C.
(2002). Virtual environment applications for neuropsychological assessment and rehabilitation. In:
Stanney, K. (ed.), Handbook of virtual environments.
Mahwah, NJ: Earlbaum, pp. 1027–1064.

13966C15.PGS

5/26/05

12:40 PM

Page 261

VIRTUAL REALITY IN BRAIN DAMAGE REHABILITATION
58. Skelton, R.W., Bukach, C.M., Laurance, H.E., et al.
(2000). Humans with traumatic brain injuries show
place-learning deficits in computer-generated virtual
space. Journal of Clinical & Experimental Neuropsychology 22:157–175.
59. Stanton, D., Foreman, N., & Wilson, P. N. (1998). Uses
of virtual reality in training: developing the spatial
skills of children with mobility impairments. In:
Riva, G., Weiderhold, B.K., & Molinari, E. (eds.), Virtual environments in clinical psychology: scientific and
technical challenges in advanced patient–therapist interaction. IOS Press: Amsterdam, pp. 219–232.
60. Stanton, D., Wilson, P., Foreman, N. et al. (2000).
Virtual environments as spatial training aids for
children and adults with physical disabilities. Presented at the 3rd International Conference on Disability, Virtual Reality and Associated Technologies,
Sardinia.
61. Wilson, P.N., Foreman, N., & Tlauka, M. (1996).
Transfer of spatial information from a virtual to a
real environment in physically disabled children.
Disability and Rehabilitation 18:633–637.
62. Berka, R., & Slavik, P. (1998). Virtual reality for blind
users. In: Sharkey, P., Rose, D. & Lindström, J.-I.
(eds.) Proceedings of the 2nd European Conference on Disability, Virtual Reality & Associated Technologies.
Skövde, Sweden, pp. 89–98.
63. Cooper, M., & Taylor, M.E. (1998). Ambisonic sound
in virtual environments and applications for blind
people. In: Sharkey, P., Rose, D., & Lindström, J.-I.
(eds.), Proceedings of the 2nd European Conference on
Disability, Virtual Reality & Associated Technologies.
Skövde, Sweden, pp. 113–118.
64. Lumbreras, M., & Sánchez, J. (2000). Usability and
cognitive impact of the interaction with 3D virtual
interactive acoustic environments by blind children.
In: Sharkey, P., Cesarani, A., Pugnetti, L. et al. (eds.),
Proceedings of the 3rd International Conference on Disability, Virtual Reality & Associated Technologies. Alghero, Sardinia, pp. 129–136.
65. Sohlberg, M.M., & Mateer, C.A. (1987). Effectiveness
of an attention training program. Journal of Clinical
and Experimental Psychology 9:117–130.
66. Rizzo, A.A., Buckwalter, J.G., Humphrey, L., et
al. (2000). The virtual classroom: a virtual environment for the assessment and rehabilitation of
attention deficits. CyberPsychology & Behavior 3: 483–
499.
67. Rizzo, A.A., Buckwalter, J.G., & Van der Zaag, C.
(2002). Virtual environment applications for neuropsychological assessment and rehabilitation. In:
Stanney, K. (ed.), Handbook of virtual environments.
Mahwah, NJ: Earlbaum, pp. 1027–1064.
68. Rushton, S.K., Coles, K.L., & Wann, J.P. (1996). Virtual reality technology in the assessment and rehabilitation of unilateral visual neglect. In: Sharkey, P.
(ed.), Proceedings of the 1st International Conference on
Disability, Virtual Reality & Associated Technologies.
Reading, U.K., pp. 227–231.

261

69. Myers, R.L., & Bierig, T. (2000). Virtual reality and
left hemineglect: a technology for assessment and
therapy. CyberPsychology & Behavior 3:465–468.
70. Gupta, V., Knott, B.A., Kodgi, S., et al. (2000). Using
the “VREye” system for the assessment of unilateral
visual neglect: two case reports. Presence: Teleoperators & Virtual Environments 9:268–286.
71. Kodgi, S.M., Gupta, V., Conroy, B., et al. (1999). Feasibility of using virtual reality for quantitative assessment of hemineglect: a pilot study. Presented at
the American Academy of Physical Medicine
and Rehabilitation 61st Annual Assembly, Washington, DC.
72. Liu, L., Miyazaki, M., & Watson, B. (1999). Norms
and validity of the DriVR: a virtual reality driving assessment for persons with head injuries. CyberPsychology & Behavior 2:53–67.
73. Schultheis, M.T., & Mourant, R.R. (2001). Virtual reality and driving: the road to better assessment for
cognitively impaired populations. Presence: Teleoperators & Virtual Environments 10:431–439.
74. McComas, J., MacKay, M., & Pivak, J. (2002). Effectiveness of virtual reality for teaching pedestrian
safety. CyberPsychology & Behavior 5:185–190.
75. Strickland, D., Marcus, L.M., Mesibov, G.B., et al.
(1996). Brief report: two case studies using virtual reality as a learning tool for autistic children. Journal of
Autism and Developmental Disorders 26:651–659.
76. Mowafy, L., & Pollack, J. (1995). Train to travel. Ability 15:18–20.
77. Brown, D.J., Kerr, S.J., & Bayon, V. (1998). The development of the Virtual City: a user-centered approach. In: Sharkey, P., Rose, D., & Lindström, J.-I.
(eds.), Proceedings of the 2nd European Conference on
Disability, Virtual Reality & Associated Technologies.
Skövde, Sweden, pp. 11–15.
78. Cobb, S.V.G., Neale, H.R., & Reynolds, H. (1998).
Evaluation of virtual learning environments. In:
Sharkey, P., Rose, D., & Lindström, J.-I. (eds.), Proceedings of the 2nd European Conference on Disability,
Virtual Reality & Associated Technologies. Skövde, Sweden, pp. 17–23.
79. Christiansen, C., Abreu, B., Ottenbacher, K., et al.
(1998). Task performance in virtual environments
used for cognitive rehabilitation after traumatic
brain injury. Archives of Physical Medicine & Rehabilitation 79:888–892.
80. Optale, G., Capodieci, S., Pinelli, P., et al. (2001).
Music-enhanced immersive virtual reality in the rehabilitation of memory-related cognitive processes
and functional abilities: a case report, Presence
10:450–462.
81. Cimino, E. (1981). Wechsler Memory Scale: Manuale di
adattamento italiano con correlazione secondo l’età
[Wechsler Memory Scale, Italian manual with age correlations]. Firenze: OS Organizzazioni Speciali.
82. Strub, R.L., & Black, W.F. (1994). L’esame delle funzioni
cognitive in neurologia [The examination of cognitive
functions in neurology]. Transl. by Momento Medico.

13966C15.PGS

5/26/05

12:40 PM

Page 262

262
83. Comalli, P.E., Jr., Wapner, S., & Werner, H. (1962).
Interference effects of Stroop Color-Word Test in
childhood, adulthood and aging. Journal of Genetic
Psychology 100:47–53.
84. Grealy, M.A., Johnson, D.A. & Rushton, S.K. (1999).
Improving cognitive function after brain injury: the
use of exercise and virtual reality. Archives of Physical
Medicine and Rehabilitation 80:661–667.

ROSE ET AL.

Address reprint requests to:
Dr. F. David Rose
School of Psychology
University of East London
Stratford, London, E15 4LZ, UK
E-mail: f.d.rose@uel.ac.uk

