Developmental Neurorechabilitation, August 2009; 12(4): 224-238

SUBJECT REVIEW

informa

healthcare

Virtual reality in paediatric rehabilitation: A review

THOMAS D. PARSONS!, ALBERT A. RIZZO!, STEVE ROGERS?, & PHILIP YORK?

Institute for Creative Technologies, University of Southern California, CA, USA and *Psychology, Westmont College,

Montecito, CA, USA

(Received 19 April 2009; accepted 22 April 2009)

Abstract

Objective: To provide a narrative review of studies regarding the outcomes of Virtual Reality (VR)-based treatment and

rehabilitation programmes within the paediatric population.

Methods: Studies related to the use of VR across a number of paediatric areas (e.g. cerebral palsy, autism, foetal alcohol
syndrome and attention deficits) were identified and summarized.

Results: Outcomes from the studies reviewed provide preliminary support for the use of VR.

Conclusion: VR may be an effective treatment method for specific disorders, although the generalizability of this literature
is hindered by several methodological limitations, such as small samples and the absence of appropriate control participants.
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Introduction

Children with neurocognitive impairments may
experience decreased functioning in multiple
domains including: attention, self-awareness,
memory, reasoning and judgement. Such impair-
ments represent significant obstacles to the child’s
activities of daily living. Neurocognitive rehabilita-
tion has become an integral component of paediatric
rehabilitation. Within neurocognitive rehabilitation,
the child may perform systematically presented and
functionally-oriented therapeutic activities that are
based upon an assessment and understanding of the
child’s brain-behaviour deficits [1]. From a clinical
perspective, neurocognitive rehabilitation typically
connotes methodical intervention intended to aide
the child impacted by cognitive and/or behavioural
deficits. In general, the goal is to enable children to
increase their ability to perform activities of daily
living [2].

Therapeutic interventions occurring within neu-
rocognitive rehabilitation often aim at the achieve-
ment of functional changes through reestablishing
previously learned behaviour patterns or establishing
new patterns of cognitive activity or compensatory

mechanisms [1]. Other approaches focus upon
increasing activities of daily living by systematically
evaluating current performance and reducing
impairment by equipping the child with success
strategies from a range of settings [3-5]. Tradition-
ally, these approaches to treatment and rehabilita-
tion of the cognitive, psychological and motor
sequelae of central nervous system dysfunction
have relied upon assessment devices to inform
diagnosis and to track changes in clinical status.
Although typical assessments employ standard
paper-and-pencil psychometrics and training meth-
odologies for impairment assessment and rehabilita-
tion, these approaches have been criticized as limited
in the area of ecological validity, that is the degree of
relevance or similarity that a test or training system
has relative to the real world and in its value for
predicting or improving daily functioning [6—8].

A further common method applied in the rehabil-
itation sciences employs behavioural observation and
ratings of human performance in the real world or
via physical mock-ups of functional environments
[9]. Activities of daily living within mock-up
environments (i.e. kitchens, bathrooms, etc.) and
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workspaces (i.e. offices, factory settings, etc.) are
typically built, within which persons with motor and/
or neurocognitive impairments are observed while
their performance is evaluated. Aside from the
economic costs to physically build these environ-
ments and to provide human resources to conduct
such evaluations, this approach is limited in the
systematic control of real-world stimulus challenges
and in its capacity to provide detailed performance
data capture.

Virtual reality (VR) has now emerged as a prom-
ising tool in many domains of therapy and rehabil-
itation [9-11]. The unique match between VR
technology assets and the needs of various clinical
application areas has been recognized by a number
of authors [5, 11-16] and an encouraging body of
research has emerged [5, 10]. Continuing advances
in VR technology along with concomitant system
cost reductions have supported the development of
more usable, useful and accessible VR systems that
can uniquely target a wide range of physical,
psychological and cognitive clinical targets and
research questions. What makes VR application
development in the assessment, therapy and reha-
bilitation sciences so distinctively important is that
it represents more than a simple linear extension of
existing computer technology for human use. VR
offers the potential to create systematic human
testing, training and treatment environments that
allow for the precise control of complex, immersive,
dynamic three-dimensional (3-D) stimulus presenta-
tions, within which sophisticated interaction, beha-
vioural tracking and performance recording is
possible. Virtual environments (VEs) can be devel-
oped to present simulations that can assess, treat and
rehabilitate human functional performance under a
range of stimulus conditions that are not easily
deliverable and controllable in the ‘real-world’.

This article will review results pertaining to the
effectiveness of various virtual reality scenarios for
the treatment and rehabilitation of children.
Through an evaluation of these studies, ideas are
generated for future research into the development
of virtual environments for paediatric rehabilitation.
With current advances and continued cost reduc-
tions in both the hardware and software tools needed
to use VR for clinical applications, a case will be
made for the idea that significant benefits are
looming on the horizon for the further integration
of this form of simulation technology in the mental
health and paediatric rehabilitation sciences.

Method

This qualitative review describes studies that
have used VR in the rehabilitation of specific
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paediatric disabilities. This was not meant to be a
comprehensive or exhaustive review of all the pos-
sible studies in this area, but to instead capture a
representative sample of the existing literature. To
accomplish this, a search was performed of the
MEDLINE, PubMed and DPsychlnfo electronic
databases using the search term ‘virtual’ in combi-
nation with the terms ‘child’, ‘paediatric’, ‘rehabili-
tation’ and ‘adolescent’. Studies were excluded if
they exclusively assessed adults, if they did not
examine some form of explicit rehabilitation or if
they did not include some form of outcome
evaluation. The reference section in each of the
included articles was then assessed for additional
studies relevant to this review. The final sample was
comprised of 34 studies assessing rehabilitation for
paediatric forms of cerebral palsy, pain distraction,
autism spectrum disorders, foetal alcohol syndrome,
attention deficits and visual and perceptual
impairment.

Results
Cerebral palsy

Cerebral palsy (CP) has been the target population
for a number of VR treatment studies conducted by
Denise Reid at the University of Toronto’s Virtual
Reality Laboratory [17-21]. This research has
focused upon investigating the effects of VR on
feelings of self-efficacy, upper-extremity control,
postural control and feelings of control and compe-
tency. Each of these studies immersed children in a
series of interactive VR games involving a projected
image of the child into a virtual setting that
responded to the child’s movements (Table I). In
the first of three controlled studies [17], interviews
and performance measures were used to determine
the effects of this immersion on children’s self-
efficacy. Findings indicated that this immersion
allowed the children to participate in activities that
were within their physical capacity, thus creating a
sense of mastery of the activity and increased feelings
of self-efficacy compared to pre-test patient reports.

Findings from two follow-up studies were mixed.
In a control study of upper-extremity efficiency [18],
tests of motor skills were used to examine the effects
of the same virtual environments on children’s
abilities. Although results were inconclusive, a
slight general improvement was found when com-
pared to the control group. Contrariwise, results
from research investigating the effectiveness of these
virtual environments on postural control [19] were
more definitive. Children who participated in the VR
treatment displayed improved postural control and
alignment than did those in the control group.
Additionally, two of the children in the experimental
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group demonstrated improvement in proximal sta-
bility and postural tone and one of these also showed
improvement in balance. No improvements were
observed in the control group.

In a non-controlled study of the effects of VR on
children’s feelings of competency and control [20],
children previously involved in regular VR treatment
were interviewed to determine their opinions of the
therapy. Although no standardized tests or ques-
tionnaires were administered, Reid reported
that children expressed generally positive and flow-
like experiences associated with the VR therapy,
similar to Reid’s earlier findings. Collectively, this
research found that children with CP generally
enjoyed their experience with VR, although the
results were not always significant for the variables
investigated.

Using the same procedures documented above,
Reid [21] later investigated the influence of VR on
the playfulness of children with CP. She found that
the virtual environments that allowed children to be
creative and challenging (without being overly
difficult) proved to be motivating for participants.
In a similar non-controlled study, Harris and Reid
[22] used the Paediatric Volition Questionnaire to
determine how VR impacted children’s motivation
and volition. Overall, VR treatment was determined
to be a positive environment for fostering volition.
Relatedly, Miller and Reid [23] conducted interviews
with 19 children with CP who were then currently
involved in a VR rehabilitation programme. Most of
the children reported difficulty with typical play
activities, but enjoyed the interactive aspect of
VR and the control they had over the experience.
VR seemed to help many participants develop a
more positive self-image.

A study by Akhutina et al. [24] was completed to
determine whether spatial functioning in children
with cerebral palsy could be improved through
immersion in a virtual environment. Twelve children
with CP received VR therapy and were compared to
a control group of nine children with CP who did not
receive the VR treatment. Using a battery of virtual
environments related to spatial functioning exam-
inations, such as clown assembly and a virtual maze,
experimenters found that those who participated in
the VR treatment did not uniformly benefit from the
therapy relative to the control group. A few higher
functioning children in the experimental group,
however, did show some improvement. The lack of
overall improvement was attributed to the finding
that the children involved in the control group did
not suffer from conditions as severe as those in the
experimental group, which may have allowed them
to achieve improved spatial functioning outside of
virtual reality treatment.
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In a 2005 case study investigating whether VR
could induce cortical reorganization, You et al. [25]
immersed an 8 year-old boy with hemiparetic CP in
several interactive virtual environments to enhance
motor functioning. The use of the impaired hand
improved significantly. Furthermore, VR enhanced
active movement control, reflex activity and coordi-
nation in upper extremity movement. Results from
fMRI revealed that movement of the affected limb
activated previously unused contralateral SMC, M1
and S1 in the same way that they would have been
activated prior to hemiparesis. In a related study,
Stansfield et al. [26] investigated the effects of a
virtual reality game (VRG) on upper-extremity
movements in children with motor impairments.
Some of the 24 children had CP, although it is not
clear whether all the children had this condition. In
general, the children indicated high motivation to
play the game, described it as fun and expressed
interest in playing it again. Although there was no
aversive effect related to the game, no significant
differences were found in proprioceptive or motor
tests between pre- and post-intervention.

Bryanton et al. [27] report on a study in which 10
children with CP and six healthy children were
divided into either a VR therapy group or a standard
therapy group to increase strength and flexibility of
participants’ ankles. The VR therapy engaged the
children in the same exercises, but in an interactive
way. Researchers measured the children’s range of
motion, as well as contraction-hold-time and VASs
for participant ratings. Children in the VR group
displayed greater range of ankle movement,
increased control of active ankle dorsiflexion and
reported a higher level of enjoyment from the
treatment than those in the control group.

Conclusions. Virtual reality treatment appears to be an
effective rehabilitation tool for use with children with
CP. These results may reflect VR’s capacity for
making otherwise impossible or uninteresting activ-
ities to be accomplished in an engaging, challenging
environment. Nevertheless, more research is needed
to give a broader perspective on the benefits and
limitations of VR in this population.

Pain distraction

Some of the most conclusive research has been in the
area of VR as a method of pain distraction for
paediatric patients (Table II). One of the first
reported studies was done by Holdenet et al. [28]
in 1999. They administered an online interactive
game (Starbright World) on a desktop computer to
nine children hospitalized for various painful medical
conditions, such as paediatric cancer. Compared to
baseline individual and medical treatment, these
children displayed significantly less pain intensity
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and pain aversiveness while engaged in the virtual
reality game (VRG). They also exhibited non-
significant, but decreased scores on a test of anxiety.

In the following year, Sullivan et al. [29] gathered
a group of 30 children going through two dental
reconstruction procedures. They projected that the
children would benefit from administration of a
5-minute VR video during anaesthetic injection. The
children (half receiving the VR during the first
procedure and half during the second) completed a
test of human figure drawing before and after each
procedure. They also had their heart rate monitored
and their behaviours recorded and rated by obser-
vers. Although results revealed no statistically sig-
nificant differences in anxiety or behaviours in either
condition, heart rates were significantly lower during
the VR administration.

Another VR procedure was used in a pair of
controlled case studies with paediatric patients
suffering from burn wounds [30]. VR in an inter-
active environment called Spiderworld was adminis-
tered during routine wound care, when the burns
were unwrapped and rewrapped. Using pain and
presence ratings, along with VAS for perceived pain,
this study provided evidence that VR can help
distract from pain during burn wound care, even
when compared to a video game control condition
(Nintendo 64). Patients showed a dramatic reduction
in time spent thinking about the pain during the VR
condition and Patient 1 in their study reported
dramatically less sensory pain, affective pain and
anxiety during VR. Presence was also rated highly
during VR and remained high for three immersions
in one patient, who showed no signs of habituation.
Two other studies examining burn wounds report
similar findings. Das et al. [31] administered the
Faces Pain Scale (FPS) to seven children with burn
wounds. Compared to a control condition, they
found that all but one of the children reported a two-
point decrease in pain while playing a VR game
based on the video game Quake. Hoffman et al. [32]
examined both child and adult participants who
suffered from severe burn wounds to determine
whether the magnitude of pain reduction tapered
over time. In the experimental condition, the
participants were administered either Spiderworld
VR or SnowWorld VR (where the patient experienced
the illusion of flying through the snow world). Using
VAS for pain, they found that the magnitude of pain
reduction from the baseline condition to the VR
conditions did not significantly reduce over three
sessions. This suggests that the efficacy of VR cannot
be limited to its initial novelty and intrigue, which
would wear off over time.

In a non-controlled study [33], 11 children who
were undergoing chemotherapy were immersed in
several different VREs (Magic Carpet, Sherlock Holms
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Mpystery and Seventh Guest) and could go back and
forth between each virtual environment during the
entire procedure. Afterwards, children went through
an open-ended evaluation to determine their feelings
about the treatment. Relative to previous interven-
tions, a majority (82%) of the children reported that
the VR helped with pain control. The same percent-
age of children reported that the HMD was easy to
use, although only 45% felt that it was comfortable.

In 2003, Steele et al. [34] examined whether VR
would be helpful for reducing pain in a child with CP
who was going through physical rehabilitation after
a single-event, multi-level surgery. A first-person
shooter environment was created as the VR and
outcome measures included the FPS and interviews
with parents and physiotherapists. Based on these
measures, the participants reported a 41.2% decrease
in perceived pain compared to the non-VR control
group. Observers also reported lower levels of per-
ceived pain and anxiety among the children partici-
pating in the VR therapy.

Gershon et al. [35, 36] examined differences in
the effectiveness of pain distraction between two
forms of VR, namely HMD and presentation on a
desktop screen (Virtual Gorilla). A total of 59
children with paediatric cancer were assigned to
the experimental (HMD) group, a desktop display
group or a control group. Using standardized tests
for anxiety and pain ratings, as well as heart rate
monitoring, the researchers found that the heart rate
of participants were significantly lower during the
HMD condition relative to the other conditions.
Similarly, when participants and observers were
asked to rate the participants’ pain and anxiety, the
ratings decreased in each condition, with
HMD having the lowest ratings. The authors
concluded that HMD is more effective in reducing
anxiety, pain and heart rate because it is more
immersive than a similar environment on a desktop
display (i.e. the children cannot see the procedure in
their peripheral vision or by turning and looking
directly at it).

The final two studies on pain distraction focus on
children undergoing a port access procedure [37]
and IV placement [38]. Both studies found that
children reported significantly reduced levels of pain
while in the VRD condition with analgesic proce-
dures, as opposed to the control condition of
standard analgesic procedures. Wolitzky et al. [37]
reported significantly lower CHEOPS scores and
heart rate during VR, similar to the studies
previously mentioned. Gold et al. [38] also found
that the control condition had a four-fold increase in
reported pain relative to pre-procedure ratings, but
there was no significant increase in pain among those
in the experimental condition.
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Conclusions. Treatment using VR has been found to
be an efficient and beneficial analgesic component to
pain distraction during a variety of painful medical
procedures among children. Overall, it has been
reported that VR, paired with standard pharmaco-
logical analgesics, is extremely effective in reducing
a child’s perception of pain. An important aspect of
effective virtual reality distraction is the level of
immersion that the treatment allows; therefore, all
but one of the studies used an HMD.

Autism

Two case studies of autistic children have been
conducted to determine the utility and efficacy of VR
technology among children with the autistic spec-
trum disorder (ASD) [39, 40]. The general findings
indicated that the children interacted well with the
virtual environments and followed most of the
experimenter’s  instructions. The  children’s
responses suggested that VR could be an effective
learning tool when applied to children with autism
(Table III).

Max and Burke [41] conducted a controlled study
aimed at determining the effects of VR on two
particularly difficult challenges for children with
ASD: distractibility and time spent on a task.
Relative to baseline levels, in the children with
ASD group results revealed less distractibility and
more time spent on a task during VR than in those
within a non-ASD control group. This was accurate
despite the fact that the virtual environments
contained high levels of multidimensional stimula-
tion that may generally be distracting to children.
The children with ASD also displayed a high level of
interest in the VRE.

In recent controlled studies on children with ASD,
Parsons et al. [42, 43] matched children with ASD
with two groups of children without ASD. One
group was matched for verbal IQ (VIQ) and the
other was matched for performance IQ (PIQ). Both
studies recorded scores on a measure of dysexecutive
syndrome (BADS), as well as the general number of
errors and time required to complete each VRE
exercise. In the first study, the children with ASD
and PIQ control group showed trends of improve-
ment after immersion in a virtual environment,
whereas the VIQ group showed no signs of improve-
ment after immersion. An additional finding of
interest was that the children with ASD group
displayed more errors related to bumping into or
walking too close to virtual persons. Therefore, the
second study used a similar method, but recorded
socially appropriate behaviours. Unfortunately, the
results were inconclusive because the children did
not consider socially appropriate behaviours to be
within the realm of the virtual environment, even if

they could understand how the behaviour would not
be appropriate in the real world.

Conclusions. It appears that VR holds promise for the
rehabilitation of certain skills in children with ASD.
Even so, it is unclear what symptoms of autism could
be improved through the use of VR. Research of the
effects of VR on children with ASD has faced
difficulties inherent within the disorder. Children
generally cannot participate in sessions longer than
5 minutes, may have difficulty cooperating with the
use of VR headsets and struggle to understand and
stay attuned to the tasks. Nevertheless, more atten-
tion is beginning to be devoted to the important
contributions that the controlled environment (pro-
vided by VR) may offer.

Foetal alcohol syndrome

The authors were only able to find one study
examining the effectiveness of VR for children
diagnosed with foetal alcohol syndrome (FAS)
(Table IV) [44]. Using a within-subjects controlled
study, a group of five students with FAS were
exposed to a virtual game that taught fire safety
skills, such as the appropriate steps to take in the
event of a fire. Before the intervention, none of the
children could describe appropriate actions when a
fire occurred. After the intervention, however, the
children reached 100% accuracy rates on safety
questionnaires. Even 1 week later, the children were
still able to perform well on a real-world generaliza-
tion of what they had learned.

Conclusions. This study points to the possible value of
VR for children with FAS, however one of the main
weaknesses is that no educational alternative to VR
was evaluated. Therefore, more research is necessary
to determine whether VR is more effective than other
possible treatments.

Attention deficits

In a study by Cho et al. [45] VR rehabilitation was
applied to attention deficits. Thirty participants were
assigned to a VR group with an HMD, a desktop
equivalent training group or a control group (the
virtual environment was that of a classroom where
participants performed training sessions). After
attention training in one of the two experimental
groups or no training in the control group, partici-
pants’ attention abilities were assessed by completing
a continuous performance task (CPT) that required
responding to specific target stimuli presented for
only 250ms. Those in the VR group had signifi-
cantly elevated rates of correct responding and
decreased perceptual sensitivity and response bias.
Furthermore, the participants who had the oppor-
tunity to use both the HMD and the desktop
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Table IV. Foetal alcohol syndrome.

Reference Condition(s) n compl. »n drop Sessions Dependent variables Outcome (effectiveness)
[44] 2 (within subjects) 5 0 2 Verbal inquiry and Children were able to generalize fire safety concepts
VRE and baseline Picture arrangement  they had learned in VR to the real world, though
some had difficulty generalizing to the picture
arrangement task.
Table V. Attention deficits.
Dependent
Reference Condition(s) n compl. n drop Sessions variables Outcome (effectiveness)
[45] 3 (between subjects) 26 6 8 CPT Increased correct responses and

VRE [HMD], equivalent desktop
display or control group

decreased perceptual sensitivity

and response bias for those in the

VRE group than the equivalent desktop
group and the control group.

Dependent variables: CPT = Continuous Performance Task.

Table VI. Visual impairments.

Reference  Condition(s) 7 compl. #n drop Sessions

Dependent variables

Outcome (effectiveness)

[48] 1 VRE (auditory 9 0 4
and visual)

[47] 1 VRE 6 0

EUQ, PIE, PSU

7-15 (M =11.3) Glasgow LogMar
crowded acuity
card test

Blind children were able to create mental repre-
sentations of the virtual audio space. Both the
blind children and those with residual vision were
able to orient themselves in the virtual world and
navigate efficiently through the environments.
Although children with residual vision reported
slightly higher levels of motivation for using the
VRE, blind children did report high levels of
motivation.

No statistical measures were run.

Dependent variables: EUQ = End user questionnaire; PIE = Prototype interface evaluation; PSU = Problem-solving understandability.

equivalent reported that the desktop equivalent was
more boring and less motivating than the HMD.

Conclusions. This study provides preliminary hope
and promise for VR as a form of rehabilitation for
attention deficits. Rizzo et al. [46] appear to be
making progress toward establishing more controlled
studies in this area (Table V).

Visual impairments

Two studies assessed different aspects of rehabilita-
tion in children with visual impairments (Table VI).
The first study [47] investigated the effectiveness of
VR in treating amblyopia (a common refractive
error) in children. In the pilot study, three children
who had not received previous treatment were
compared to three children who had received pre-
vious treatment, but had not benefitted from it. The
researchers developed a system that displayed videos

and games in a 3D virtual environment where the
child could view stereo images on a monitor with a
fixed viewing window. The key aspects of the
environments were only displayed to the amblyopic
eye in order to increase visual acuity in that eye
without neglecting the good eye. Each participant
went through several sessions until their vision
remained stable with no more improvement.
Compliance with the therapy was high and research-
ers suggested that there was ‘rapid improvements in
the vision of five of the six children following only
minimal treatment’ (p. 377). However, no statistical
analyses were conducted because the authors felt the
sample was too small to warrant such calculations.
The second, non-controlled study [48] was
designed to determine whether VR can be effective
among a sample of blind and nearly blind children.
Five children with low vision and four children with
complete blindness participated in four sessions of
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Table VII. Perceptual auditory impairments.

Reference Condition(s) n compl. n drop Sessions Dependent variables Outcome (effectiveness)
[49] 3 (between subjects) 44 Deaf and HH 0 12 Circles sub-test to  After the intervention, a clear
VRG (3D tetris), 16 normal hearing measure flexible difference was found between
Conventional 2D thinking (before the Deaf and HH experimental
Tetris or no game. and after) and control groups and a smaller
difference was found between
the experimental and normal
hearing groups in flexible
thinking tests.
[50] 2 (between subjects) 44 (21 VR, 23 control) 0 12 KFAT, FRT After intervention the children in

VRG (3D tetris) or
conventional 2D
tetris

the VR group showed
significantly greater ability in the
spatial rotation tests than the
children in the 2D tetris game.

Treatments: VRG = Virtual reality game.
Participants: HH = Hard of hearing.

Dependent variables: KFAT = Kuhlman-Finch Aptitude Test; FRT = Feuerstein and Rand test.

VR immersion with 3D-orienting auditory cues,
which allowed participants to navigate around the
multilevel environment. Following each session,
participants completed a series of questionnaires
relating to problem-solving understandability, inter-
face evaluation and end-user ratings. Results indi-
cated that children with blindness were able to
create mental representations of the virtual audio
space. Both the children with complete blindness
and those with residual vision were able to orient
themselves in the virtual world and navigate effi-
ciently through the environments. Both sets of
children reported high levels of motivation, but the
ratings of motivation were slightly higher for those
with residual vision.

Conclusions. VR may be an effective method of
rehabilitation for children with visual deficits.
However, more controlled studies and strict statis-
tical analyses are needed to determine the effective-
ness of VR for these children.

Perceptual auditory impairments

Passig and Eden [49, 50] conducted a pair of studies
which investigated the effects of VR for children with
perceptual auditory impairments (Table VII). In the
first, they divided 44 children with deafness and hard
of hearing (HH) into an experimental group that
played a 3D VR version of Tetris and a control group
that played a normal 2D version of the same game.
Sixteen children with normal hearing (NH) served as
an additional control group. Each child was then
administered the Circles sub-test to assess his or her
ability to engage in flexible thinking. The results
suggest that, prior to intervention there was no
significant difference in flexible thinking between
the two children with deafness and HH groups. As
expected, there was a considerable difference

between these groups and the children within the
normal hearing control group. After the intervention,
however, children in the experimental group demon-
strated significantly improved ability to think flexibly.
A smaller difference was found between the experi-
mental and normal hearing groups. The second test
divided 44 children with deafness and HH into a VR
Tetris or 2D Tetris group to determine whether the
VR version helped the children in their visual-spatial
abilities, specifically their spatial rotation skills. Using
two tests of spatial rotation ability, the Kuhlman-
Finch Aptitude Test and Feuerstein and Rand test
(KFAT and FRT, respectively), they found
that children in the VR group showed significant
improvement compared to the non-VR Tetris group
after 3 months of training (one session per week).

Conclusions. These studies suggest that VR may be an
effective method for improving flexible thinking and
visual-spatial abilities among children with percep-
tual auditory deficits. It would be beneficial for
future studies to incorporate a non-virtual method of
training for these cognitive abilities to use as controls
against VR.

Discussion

Virtual reality (VR) is a recently emerging form of
rehabilitation therapy. While this novel treatment
approach has exciting implications for neurocogni-
tive rehabilitation, little has been done to review the
studies applying VR rehabilitation of children. This
review provides a qualitative review of studies that
implement VR as a rehabilitation implement for
children suffering from various conditions, which
provides an evaluation of VR’s effectiveness and
limitations. The studies reviewed focused upon
children experiencing cerebral palsy (CP), pain
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distraction, ASD, foetal alcohol syndrome (FAS),
attention deficits, visual impairments and perceptual
auditory impairments. Across almost all of the
studies, a common finding was that children
reported enjoyment of their experience within virtual
environments and that the virtual environments
provided them with high levels of motivation, inter-
est and intrigue. Even among children who had
difficulty with typical play activities, there seemed to
be enjoyment resulting from the interactive elements
of VR and the control children had over their
experience. This frequently translated into an
increasingly positive self-image. Whether or not
this enjoyment translated into greater -efficacy
seems to depend on the domain of rehabilitation
that was assessed.

The effectiveness of VR seems most conclusive as
a method of dealing with the symptoms of CP and as
a distracter for painful and anxiety-provoking pro-
cedures. Among children with CP, VR seems to be
effective in elevating self-efficacy, volition, playful-
ness and motor functioning, including proximal
stability, postural tone and even greater range of
ankle movement. Much of its efficacy seems related
to its ability to allow children to perform actions
within a controlled setting that are otherwise difficult
to achieve (due to safety and motivational issues).
There is little uniformity, however, in the variables
studied and more research is needed to provide a
clearer understanding of the facets of VR that are
most beneficial to these children. One commonly
reported challenge in using VR among children with
CP is the difficulty associated with integrating an
apparatus that is both immersive and not physically
overwhelming for the child. Therefore, many of the
studies that were evaluated did not use any form of
head mounted display (HMD) and only two of the
studies [24, 26] used some form of additional input
device for the patients (hand-held joystick and
computer mouse, respectively). Recent improve-
ments in the technology of HMDs, making them
lighter and more maneouverable, may allow children
with CP to participate in a more immersive and
engaging VR experience.

When paired with standard analgesics, VR has also
proven to be an effective tool in the reduction of
perceived pain and anxiety among children under-
going various procedures, including burn wounds,
paediatric cancer and dental reconstruction. In most
cases, it also represents a way to manage and control
the child’s heart rate. Unlike studies among children
with CP, researchers in pain distraction were able to
implement HMDs, which increased the immersive
nature of the treatment and increased the effective-
ness. Despite the established efficacy of VR as a
method of pain distraction, it would be beneficial for
future studies to include a non-VR control group that

does not permit subjects to see or hear the procedure
taking place. Many children reported experiencing
pain related to the visual and auditory perception that
the procedure was taking place, which may have
confounded their subsequent pain ratings.

It may be that part of the efficacy of VR in CP and
pain distraction is because both areas have consid-
erably more research than other domains, which has
allowed researchers to investigate a number of
different aspects and symptoms of each arena. For
example, the effectiveness of VR as a pain distractor
has been not only tested against the standard
procedures, but has also been tested against alternate
forms of distraction, such as comparable desktop
scenarios. Furthermore, the fact that VR appears to
be more engaging and immersive than previous
forms of treatment in CP and pain distraction seems
to be paramount to its effectiveness. Research seems
to suggest that the more immersive the VR, the more
effective it will be in a number of different settings.

To date, only limited preliminary research has
been conducted in the other areas of paediatric
rehabilitation. Although there have been some
studies investigating the effectiveness of VR among
children with autistic spectrum disorders, there has
not been significant research to determine which
specific symptoms could be treated through the use
of VR. Reductions in distractibility, time on tasks
and executive difficulties have all been associated
with VR, but the efficacy and utility of VR has been
questioned because children with autistic spectrum
disorder generally cannot participate in sessions
longer than 5 minutes, may have difficulty cooperat-
ing with the use of VR headsets and struggle to
understand and stay attuned to the tasks. Future
studies should be designed to better determine the
ways in which these complications may be prevailed
over and to partition the specific benefits of VR in
rehabilitation of children with ASD.

There has been only one study assessing the
effectiveness of VR as a rehabilitation device for
children with foetal alcohol syndrome (FAS) [44].
This study showed that VR could be used as an
educational device in assisting children to learn fire
safety skills; however, the study did not compare VR
to an alternative educational method, making it
unclear if VR is superior to existing approaches.
Similarly, the one study examining attention deficits
[45] suggests that VR is effective in increasing
attention and response accuracy in children with
ADD and ADHD, but the absence of replicating
research or the use of measures other than contin-
uous performance tasks suggests that the optimism
about this approach should be guarded.

There is reason for interest in studies of VR for
treating children with visual and auditory impair-
ments. Research among children with deafness and



hardness of hearing suggests that VR may be helpful
in improving certain cognitive abilities like flexible
thinking and spatial rotation. A study among chil-
dren with amblyopia suggests that VR can foster the
creation of mental representations of virtual audio
space, which can aid orientation and navigation
through the environments. Yet, none of these studies
incorporated a non-virtual method of training
for these cognitive abilities to use as control
conditions, so the relative or comparative benefit is
uncertain.

Methodological considerations and
recommendations for future research

As these findings suggest, VR rehabilitation in
children seems like a promising field, although not
without its limitations. Interpretation of the VR and
paediatric rehabilitation literature is hampered by
several methodological problems that limit its inter-
nal validity, conclusions and generalizability.
Perhaps one of the main limitations is a lack of
rigour in creating and defining control groups.
Several of the studies chose not to compare VR to
any alternative at all or opted to compare VR against
therapeutic alternatives that were not the most
effective alternatives available. It would be beneficial
to measure the effects of VR against the prominent
non-VR therapies available. If effective rehabilitation
can occur outside of the costly VR scenario and in an
analogous amount of time, it is less certain that VR
would be the most beneficial option. In many cases,
this has not been determined.

Another limitation is whether or not the expected
behaviours or actions that are being measured can be
expected to generalize into a virtual environment.
Although children may be engaged in realistic
environments that include virtual persons, it may be
that children will not behave the same way in this new
environment that they would in a real world scenario.
This is particularly true in cases like autism, where
the measurement of certain behaviours, like social
interactions, is confounded by their inability to
perceive how these behaviours could be consistent
with the virtual world environment. Current research
has yet to determine the degree to which real world
behaviours, intentions and personalities can be
directly mapped onto a virtual environment.

Heterogeneity in sample characteristics also obfus-
cates conclusions to be drawn from these initial
studies. First, there is variability in patient selection
techniques and inclusion/exclusion criteria used.
Further, several studies reported on overlapping
patient samples. Thirdly, ~85% of the studies
reviewed included less than 30 participants with
sample sizes in all studies ranging from 1-58
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participants. Small samples limit researchers’ ability
to detect post-treatment changes or significant
group differences (i.e. increased risk of committing
a Type II error). The typically large number of
statistical tests carried out in small sample studies also
heightens Type I error probability. Increasing the
number of participants will strengthen the statistical
power, complexity and robustness of these research
findings [51-55].

A related issue is whether post-treatment changes
are reliable and/or of clinical significance. Several
different statistical procedures exist to assess the
clinical significance of changes in test scores, includ-
ing effect sizes, individual change scores, reliable
change indices and various regression formulae
[56-59]. Such analyses are particularly relevant to
the study of outcomes after virtual reality treatment
given that myriad factors other than VR might
explain differences between pre- and post-treatment
test scores (e.g. practice effects, poor test-re-test
reliability, floor and ceiling effects, the duration of
test-re-test interval and/or individual patient char-
acteristics [59]). Unfortunately, none of the studies
reviewed reported effect sizes and many had limited
reporting of descriptive statistics. Furthermore, none
utilized a reliable change index or comparable
regression formula. To more carefully examine the
clinical significance of VR findings, it is recom-
mended that investigators report appropriate group
means, individual change scores, statistical analyses
of change and effect sizes whenever possible.
Researchers are encouraged to carefully consider
which combination of these statistical procedures is
most appropriate to their particular research design,
dependent variables and sample size.

It is also uncertain how the varying levels of
severity in children’s conditions impacted their
overall rates of improvement. There is a certain
level of cognitive skill required to participate in VR
rehabilitation, which may restrict the largest benefit
to those children who are at the higher end of the
spectrum of functioning. At the same time, it seems
equally likely that those who are higher functioning
have more resources external to VR and therefore are
less likely to immediately benefit from this approach
relative to their lower functioning peers. These
possibilities have been hinted at by some of the
studies that were examined, but very few explicitly
examined the interaction between symptom severity
and VR effectiveness.

Conclusion

The findings from this review of VR treatment within
paediatric rehabilitation suggest that the field of VR
rehabilitation is still in an early phase of development
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characterized by successful ‘proof of concept’ sys-
tems, encouraging initial research results and a few
applications that are finding their way into main-
stream use and clinical practice. Rizzo and Kim [60]
have pointed to a number of VR strengths to provide a
justification for evolving existing applications and
creating new ones. As they have noted, while
weaknesses exist (e.g. interface and display technol-
ogy), these do not threaten the viability of the field in
light of recent thoughtful system design targeting
clinical and research applications that are well
matched to current technology assets and limitations.
Although there are areas that need improvement,
the reviewed studies have provided some essential
information that should be considered for future
research. First, the level of engagement is crucial.
Children, especially with disorders such as attention
deficits, autism and CP, seem to respond well to
programmes that are creative and challenge them,
without being overwhelmingly difficult. The VR
interaction cannot be boring, but it cannot be out of
the reach of the child’s abilities. Secondly, as
previously mentioned, the equipment does make a
difference. From a number of studies, it seems clear
that there are benefits to implementing some form of
HMD in cases where it is applicable [19, 20, 33, 34].
Overall, VR has been shown to be a novel and
effective form of rehabilitation for children dealing
with a number of disabilities. It appears to be
intrinsically exciting and motivating to children
and, although the research is still relatively limited
and warrants cautious optimism, the majority of the
effects are positive and promising. There is much
more to be determined regarding the application of
VR to specific rehabilitation scenarios and its efficacy
in comparison to other viable options. As the number
of studies dealing with this topic grows, VR research-
ers will develop a better picture about which children,
struggling with which conditions and under what
circumstances will most clearly benefit from VR.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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