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1. Introduction

Use of virtual reality (VR) has been developing rapidly in the rehabilitation field. The
efficacy and efficiency of VR application in either an immersive or a non-immersive type,
has been demonstrated for different client groups during the last few decades. This book
chapter provides a review of “what, how and why” of virtual reality application for neuro-
rehabilitation, with a focus on cognitive rehabilitation. Examples of technology transfer to
VR-assessment (such as retrospective and prospective memory assessment) and -
intervention for persons with special needs (for examples, everyday memory, community
living skills and vocational training skills) will be highlighted. The client groups include
persons with stroke, traumatic brain injury, schizophrenia, older adults with mild cognitive
impairment and dementia. Ecological validity of VR-test will be discussed in terms of
transfer ratio from training to real-life task. Hints in better designing, structuring the content
in virtual environment (VE) for navigation, interaction, presence and immersion functions
will be outlined. New development including tele-VR rehabilitation, artificial intelligence
(AI) application in cognitive rehabilitation in neurological patients and vocational
rehabilitation for schizophrenic trainees will be introduced.

2. What is the problem?

Virtual reality has been considered as a cutting-edge technology. Its development is
sporadic and can possibly be used in rehabilitation for persons with neurological conditions
and those with long-hauled cognitive problems. It is clear the VR has its strengths and
“room for expansion”, its limitations should not be under-estimated. We need to be
cognizant of VR’s development in terms of technology advancement, as well as its working
mechanism in order to develop evidence-based practice. To a certain extent, the above
question has been partially answered, but a lot more to be explored. This chapter may serve
as a bridge between what we knew, we know and we will know.

3. What is virtual reality (VR)?

It is a cutting-edge computer technology which has its origins in visually coupled system
(Kalawksy, 1993) and formed the basis of the first flight simulator. VR is a computer
generated environment. It was based on computer simulation and real-time visual, auditory
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and touch feedback (Katz et al., 2005). Schultheis and Rizzo (2001) defined it as a way for
humans to visualize, manipulate, and interact with computers and extremely complex data.
VR could also be viewed as an advanced form of human-computer interface that allowed
users to “interact” with and become “immersed” in a computer-generated environment in a
naturalistic fashion (Riva, 2002). Characteristics of virtual reality systems include navigation
(exploring, orientating), interaction (opportunities to engage in virtual environment or VE),
presence (subjective feeling of being present in a simulated environment) and immersion
(objective measure -VR platform, technology-based) (Aguinis et al., 2001; Vince, 1998). VR is
now being widely applied in many fields including engineering, architecture, design,
medicine, education and training. The potential of virtual environments (VEs) in the field of
neurological rehabilitation has been noted (Rose et al., 1998).

4. “How VR works?”

Virtual reality can be of two types, immersive and non-immersive. In its immersive form the
visual and auditory aspects of the computer generated environment are delivered to the
user via visual display units and speakers situated in a head mounted display while tactile
sensations can be delivered via data gloves or a body suit. In the non-immersive form of VR
the visual aspects of the environment are presented to the user on a PC monitor (or
projected onto a large screen) and the auditory array is presented through speaker. Through
VR’s capacity to control dynamic 3-dimensional, ecologically valid stimulus environments
within which behavioral responding can be recorded and measured, it offers clinical
assessment and rehabilitation options that are not available with traditional methods
(Schultheis, 2001). VR has several advantages including cost- effectiveness and a good match
between the current capabilities of VR technology and generalization issues (Rizzo et al.,
1997; 1998). In studying the relative advantages of immersive and non-immersive type of
VR, it was commented that immersive VR (IVR) applications might cause some side-effects
such as motion sickness. It is believed to occur when there is a conflict between perceptions
in different sense modalities, e.g., auditory, visual, vestibular, or proprioceptive (Rizzo et al.,
1997; Galimberti et al., 2001). Morganti and associates (2006) also suggested the benefits and
challenges in VR neurological rehabilitation (See Figure 1).

VR can only work well according to good guidelines in development (Castelnuovo et al., 2003;
Munro et al.,, 2002; Tarr & Warren, 2002). Fidelity, target client characteristics and purpose of
assessment or treatment are closely considered. Observers must be able to move freely, and
the VR system can respond to his/her actions on close to real time. They will be provided with
significant portion of visual view for a sense of “embeddedness”, viewing multiple 3D objects
with realistically shaded and textured surfaces. Thus accurate representation of the real world
(physical fidelity) should be provided. Factors contributing to the users’ sense of presence has
also been proposed (Weiss et al, 2005). Apart from users’ characteristics (age, gender,
immersive tendencies, prior experience, and disability), the VR system characteristics (e.g.
dimensionality, representation, multimodality, and encumbrance) and VR task characteristics
(meaningfulness, realism, and interaction) also contribute to presence (also see Figure 2).

5. Why VR works?

May be it is more important to provide answers to the key question on “Why VR works?” In
recent years, several papers on VR efficacy have been published in which the effects of
exposure to VR on the activity of the nervous system have been discussed (Pugnetti et al,
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VR Application

Benefits

Challenges

Neuro-muscular

Improve compliance
Fine time resolution
Rehabilitation at home
On-line data gathering

Equipment cost
Technical expertise
Safety at home
Network bandwidth

Post-stroke

Engaging/motivation
Repetitive intensive

Clinical acceptance
Technical expertise

e Adaptable to patient | ¢  Abnormal limb
education configuration
e  Usable in chronic phase e Upper functional
e Activities of daily living population
applicability
e  Cognitive load
Cognitive functions e More realistic assessment e  Equipment cost
¢  Reduced therapy cost e Safety at home
e Increased safety e  Psychological factor

e Learning transfer

Fig. 1. Benefit/challenges in VR neurological rehabilitation (Adapted from Morganti, 2006 )

Key questions Possible answers

1. Are virtual environments (VEs) useful,
effective and efficient in clinical
applications?

Evaluations of possible advantages and
limits , cost-benefit analysis

2. Do VEs reproduce the physical and
perceptual characteristics of real
environments?

Attentions to graphics and technical
characteristics.
Focus on realism and technical issues

Attention on cultural and social aspects.
Focus on interaction, importance of
relationships and context

3. Do VEs allow users to function in an
ecologically valid way?

(Adapted from Castelnuovo et al., 2003)

Fig. 2. Possible issues to consider in designing virtual environments (VEs) (Adapted from
Castelnuovo et al., 2003)

1998). Positive effects in functional outcome, transfer of skills and fMRI studies have been
shown (Bertella et al., 2001; Mcgeorge et al., 2001; Rose et al., 1998; Zhang et al., 2003). One
possible explanation would be brain plasticity resulted from environmental stimuli and
essential for therapeutic strategies development and for many cerebral disorders. For
examples, virtual-reality training environment was suggested to induce cortical
organization and associated locomotor recovery in chronic stroke (Sung et al., 2005). VR-
based program was used to conduct motor training of affected upper limb in people with
hemiparetic stroke. Functional improvements in affected limb were showed in VR group,
but not in control group. Cortical reorganization was found in the primary sensorimotor
cortex under MRI examination. These findings supported that the effect of VR exposure
was not limited to functional gains, but also in the activities in nervous system.
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The high training effectiveness of VR in neurological (e.g. Burke et al., 2009; Grealy &
Heffernan, 2001) and cognitive rehabilitation (e.g. Dou et al., 2006; Pascoe, 2010; Yip & Man,
2009) had been explained by “environmental enrichment” (EE; Kolb, 1999) that
environmental effect was very important to patients’ recovery from brain injury. From
animal studies, enriched VR environments might stimulate neuroplastic change in the
cerebral cortex, enhance learning and problem-solving, and reduce cognitive impairment
caused by brain-damage (Rose et al., 1998).This was further evidenced by neuro-imaging
studies and psychophysiological studies (McComas & Jayne, 1998). Relatively complex and
stimulating environment had better training effect than impoverished environment
(Johansson, 2004; Kolb, 1999). Virtual environment thus could offer rich and vivid visual
and auditory stimulations. Better training effects were expected as compared to other
training strategies on which the application of visual and auditory stimulation was not
focused. In addition, the “naturalistic” training environment created by VR matched the
principle of learning such as contextual learning (Gordon et al., 2006). The focus on training
in real life situation and day-to-day problem had been found to be more effective than
training isolated cognitive skills. While real life training may impose potential hazard to
both patients and therapists, virtual environment was a good substitution. This is supported
by studies that training in virtual environment yielded equivalent training effect as training
in real environment (Brooks et al., 1999). Moreover, modern functional imaging technology
indicated the activation of hippocampus under functional imaging during virtual navigation
(Astur et al., 2005). It means that virtual environment or tasks may produce a similar
stimulation to corresponding neural structure just like the real environment does. On the
same “learning theory” vein, constructivist therapy for theory of VR learning also suggested
that people could learn through first-person, non-symbolic experience. VR allows them to
construct knowledge from direct experience by the “perceptual illusion of non mediation”
between themselves and the computer. People assimilate knowledge more effectively when
they have the freedom to move and engage in self-directed activities within their learning
context. VR facilitates the active process of making sense of new information, by creating
their own version of reality instead of simply receiving others’ view (Mantovani, 2001).
Another possible explanation would be the “transfer of skills to real world”. It was
suggested that training established association between physical aspects of the task and
cognitive organization learnt during task performance resulting in a learnt cognitive
response to the task. Thus visual picture may result in more autonomic real world
performance, due to possible freeing up cognitive capacity to deal with interfering tasks
(Rose et al., 2000). In addition, training skill transfer should be best when training mimics
performance as closely as possible virtual reality fulfills the principles for generalization
(Lathan et al.,, 2002). During the design phase, generalization is already a key issue of
programming: identification of naturalistic reinforcement, selection of appropriate transfer
measurement, use of sufficient examples and repetitions, stimuli common to both the
training environment and the example of repetition (Rizzo & Buckwalter, 1997).

When applying VR to cognitive rehabilitation, VR was proposed to be able to reduce the
required attentional resource and prevent overload by simplifying the tasks (Grealy et al.,
1999). In the learning process, the virtual environment can reduce brain’s work load by
easier recognition of objects, spatial ordering, large-size environment (Seidel & Chatelier,
1997). Using VR in training may reduce cognitive load by eliminating the need for a trainee
to convert two-dimensional training materials into three-dimensional representation, thus
enable them to utilize more cognitive resources on learning the task (Johnson & Hyde, 1997).
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Last but not the least, use of VR may serve as a motivational factor. Usability and
motivational factors seem to be an important reason for the success of computer-based
rehabilitation. VR is considered as the more advanced evolution of the relationship between
man and computers. VR designers typically aim to create a convincing, engaging,
environment in which sense of presence has to be recreated (Priore et al., 2003)

6. VR for assessment and treatment

Presence of an “e-supervisor” through VR may provide a more valid, reliable and less-
threatening assessment situation, and may better reinforce/ structure the disabled
individual's residual self-management skills in a somewhat familiar, simulated
environment. For instance, executive function deficits are revealed only when the individual
is alone, or fails to maintain awareness when left unsupervised, but being observed by the
VR program. In VR training, responsibility for the activities will be transferred to the
patient, including the generalization to the environment of daily life and sustain training
efforts and bringing about behavioral changes (Trepagnier, 1999). In the context of cognitive
rehabilitation, virtual environment may be valuable when assessment and training in “real-
life” situations is made difficult. For instance, brain injured patients’ sensory, motor and
cognitive disabilities may not allow them to threatening real-life situation, or cause danger
by “pre-mature” exposure. It is also suggested that VR-based tests overcome several
limitations of traditional paper-and pencil tests, and are at least as sensitive to target
cognitive impairments, while providing a richer range of opportunities for measuring
behavior (Pugnetti et al., 1998). VR can thus be a useful tool for assessment and treatment in
neurological and cognitive rehabilitation. Moreover, different cognitive rehabilitation
approaches rest upon the assumption that what is learnt in training transfers to the
equivalent real world task. There have been preliminary findings that a clear positive
transfer effect from virtual and real training suggests that the cognitive strategy elements
and cognitive loads of the training is broadly equivalent (Rose et al., 2000). Moreover, VR
has been used in conjunction with traditional therapeutic techniques to promote cognitive
and visual perceptual functioning (Cunningham & Krishack, 1999). Virtual reality has
proven useful in enhancing human perceptions and thus resulting behaviors, psychological
health and well being (Thomas et al., 1996).

6.1 More examples to illustrate

The potential for VR applicable in neuro-rehabilitation and cognitive rehabilitation has been
found to be great. For instances, VR has been used in unilateral neglect and hemineglect in
stroke (Myers & Bierig, 2000; Tsirlin, et al., 2009), brain injury assessment and rehabilitation
(Pugnetti et al., 1998; Rizzo et al., 2000; Rose et al., 2005), physical rehabilitation in stroke
(Saposnik, et al., 2010) and spinal cord injury (Kizony et al., 2003), functional evaluation and
training (Lee et al., 2003), as well as tele-rehabilitation (Tam et al., 2003; Rizzo, et al., 2004).
There are also precedents for use of VR in memory rehabilitation (Brooks & Rose, 2003),
executive dysfunction (Mendozzi et al., 1998), perceptual disorders and learning difficulties
(Wann et al.,, 1997). VR has also been proposed for the relearning of community living skills
(Christiansen et al., 1998; Gourlay et al., 2000), as VR environments are precisely controlled,
entirely safe environments within which patients” learning outcome and behaviours can be
minutely monitored.
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More specific examples include the assessment of children with attentional deficits through
a virtual classroom (Rizzo, et al, 2002), spatial and episodic memory of brain damaged
patients through a virtual town (Spier et al, 2001), prospective memory assessment of stroke
through a virtual four-room bungalow (Brooks, et al, 2004), and acquired brain injury
through a virtual shopping mall (Man et al., 2010a, under review), evaluating brain injured
patients’ daily living skills through a simulated kitchen (Zhang et al., 2003).

Recently, there has been memory training in older adults with mild cognitive impairment
(MCI) using a virtual model home and a convenience shop (Man et al., 2010b, under
review), community living skill training (room crossing, bus-taking, shopping, use of bank
services and meeting friends) through a virtual city and a supermarket (da Costa et al., 2000;
Tam et al., 2005 Yip & Man, 2009), motivation of stroke survivors through VR leisure
program (Reid & Hirji, 2003), virtual play in children with cerebral palsy (Reid, 2004),
driving skills training for persons with brain injury (Schultheis & Peterson, 2000).
Application to persons with schizophrenia for vocational training using a virtual boutique
has also been noted (Tsang & Man, in preparation).

6.2 Artificial intelligence-based virtual reality program

The innovative use of artificial intelligence (Al) techniques such as Case-Based Reasoning has
been proposed (Yip & Man, 2010, under review) to develop the VR system allows some
flexibility to facilitate individual learning. The main advantage in integrating VR systems with
embedded Al software can be the ability of providing instant analysis of the user’s behavior.
Therefore, immediate feedbacks and assistance can be given to the users in the forms of
additional clues and objects in the virtual world. This will allow for individual styles of
learning and their relative stages of recovery. A recent development would be an Al based VR
system for prospective memory training for shopping skills (Yip & Man, 2010, under review).
By altering three parameters, namely number of items in a shopping list (S), number of
prospective memory task (P) and level of assistance (A). After gathering the training
performance of each trial/session, Al system can plan the level of difficulty in the next session.

7. Conclusion

It is optimistic that application of VR is wide-spreading and feasible for neurological and
cognitive rehabilitation. VR can be especially valuable when training in real life situations
will be impractical, dangerous, logistically difficult, unduly expensive, and too difficult to
control (Rose et al., 2000). VR has the capacity, and greater flexibility, to simulate a greater
range of situations and environments as compared to other simulation-based techniques
(Aguinis et al., 2001). VR holds people’s attention for a longer period of time than other
methods because it is immersive, interactive, imaginable and interesting (Albani et al., 2002).
Limitations of VR might result in a decreased sense of presence due to heavy and
cumbersome headsets, low spatial resolution, narrow field of view that may presently be
available in the headsets, primitive methods of force and tactile feedback, inappropriate
time lags in tracking performance, induction of stimulator/motion sickness/cyber sickness
(Gaggioli, 2001; Priore et al., 2003). Further development depends how we resolve these
problematic issues and reduce the technological and financial demand. The initial
demonstration of VR using commercial games such as Wii game technology in stroke
rehabilitation (Sapnosnik et al., 2010) might be an alternative way to provide VR
rehabilitation in motor recovery and possibly more in rehabilitation arena.
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