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Abstract. Computer-mediated, augmented environments endow the real physical surroundings with additional properties or
information. We present two augmented environment systems developed at the largest paediatric rehabilitation hospital in Canada.
One enables children with motor impairments to create music while the other facilitates the relearning of community mobility
skills in adolescents with acquired brain injury. We describe system features, results of preliminary studies with selected client
populations and argue that further investigation of augmented environments as assistive technologies for paediatric rehabilitation
is warranted.
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1. Introduction potential to improve social participation and enhance
specific motor skills in children, while maintaining in-
In recent years, there has been considerable interestterest and motivation [7]. Part of their appeal as an
in the use of computer-mediated environments as assis- assistive technology lies in their unprecedented preci-
tive technologies for paediatric rehabilitation. Much of ~ Sion in controlling complex stimuli within a test envi-
this interest has revolved around virtual reality systems, fonment [12], their ability to provide varying levels of
a type of computer-mediated environment that gener- envanmental interaction [6], and the early evidence
ates artificial environments within which the user inter-  Of Skill transfer to real world tasks [15].
acts. While not necessarily immersive, virtual systems 1 NiS paper focuses on a different type of computer-
typically plunge the user into a virtual milieu where mediated environmentfor rehabilitation, known as aug-

he or she can manipulate virtual objects. Some recent Mented envwonm;nts (AE). Unh(lj(e virtual elnvwontf.
examples include role-playing virtual environments for ”_‘elms’ augrg_ente bertwwtohnmentst:;]not S'Imlrj]ate alrtl -
adolescents with autism spectrum disorders [9], virtual cial surroundings, but rathangment the real physica

reality play interventions [8,11] and spatial training [1] environment with add|t|ona_ll visual imagery, acoustic
. ) . . response, or other useful information or cues [4,13].
for children with cerebral palsy, multimodal environ-

. L . These augmentations may be encapsulated in the form
ments for cognitive rehabilitation [3], a virtual maze for : . o ;
: . ... of virtual objects within the real environment or as the
the assessment of spatial knowledge in teenagers with ", . .
mobility impairments [14] and a virtual acoustic space endowment of additional properties upon real physical
yimp S : . Pg objects [10]. Figure 1 depicts the differentiation among
for sensory rehabilitation of children with congenital

blind 51 Th . tsh d irated real, virtual and augmented environments. Note thatin
indness [5]. These environments have demonstrate the augmented environment one can have both real and

virtual objects. While augmented environments have
*Address for correspondence: Tom Chau, Bloorview Research seldom been reported in the rehabilitation literature, we

Institute, 150 Kilgour Road, Toronto, Canada. Tel.: +1416 4256220 argue th_at they possess potentialities worthy of further
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Fig. 1. Conceptual difference among real, virtual and augmented environments. The objects in the environments are labeled as R and V for real

and virtual objects, respectively.

Particularly, in the next section, we introduce a novel
augmented environment developed for paediatric reha-
bilitation. We then exemplify its specialization to two
different areas of rehabilitation, namely, therapeutic
music playing and topographical orientation training.
We present some empirical results from small studies
conducted at a rehabilitation hospital in Canada. The
paper closes with remarks about the perceived poten-
tial of augmented environment systems in paediatric
rehabilitation.

2. Theaugmented environment system

The main components of the augmented environ-
ment system are depicted in Fig. 2. The computer re-
ceives input about the environment and the user’s ac-
tivities through a USB web camera. The received im-

ages are processed by custom software within the com-

puter. Movement detection, tracking and filtering are
deployed as necessitated by the particular application.
When the perceived user activities meet certain crite-
ria, such as intersection with a virtual object, the soft-
ware sends out appropriate visual and acoustic feed-
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Fig. 2. Main components of augmented environment system for
paediatric rehabilitation.

consists of the components outlined above. In this
particular realization, the child sees an image of him
or herself on the visual display, superimposed with
coloured circles representing different musical notes.
These circles are the virtual objects or augmentations

back which is presented to the user via a large screen within the real environment. When the child interacts

visual display and audio speakers.

3. An augmented environment for music playing

The virtual music instrument is a realization of the

with one of these virtual notes, through movement of
fingers, hands, arms, head or body, the note becomes
transparent on the visual display and the appropriate
tone is sounded in the likeness of a selected music
instrument. The technology is non-contact in that the
child does not need to touch any physical devices, but

above augmented environment that addresses issues ofsimply moves through the surrounding space.

physical access. It allows children with poor motor
control such as in cerebral palsy (CP) or those with
hypotonia such as in spinal muscular atrophy (SMA)
type 2, to make music via bodily movements, both as a
structured educational activity and an unstructured play
activity. As portrayedin Fig. 3, the assistive technology

The virtual objects, i.e. notes, can be completely
configured by a therapist or parent for each individual
child and piece of music. The colour, volume, timbre,
tone, spatial position, size and multiplicity of the vir-
tual notes are adjustable. Additionally, the sensitivity
of each note to movement and on and off dwell times
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Fig. 3. Left panel: Components of the virtual music instrument. Note that the virtual notes are completely configurable. Right panel: A child

with cerebral palsy playing with the virtual music instrument.

can be individually adjusted. These dwell and sensi-
tivity variables allow the technology to filter out spo-
radic involuntary movements, and accommodate both
fast and slow movements simultaneously. The config-
urable position and size of the activation regions facil-
itates successful activation regardless of one’s range-
of-motion or location of bodily control site. For each
virtual note, the volume of the auditory feedback in-

=+ 2.8), demonstration (7 4 5.2) and hand-over-hand
cues (14.A# 6) than verbal (72.4t 9.6) cues per 25
minute session. This finding implies that the technol-
ogy is liberating in the sense of minimizing physical
dependency on the caregiver while playing music. In
terms of task complexity, all children started with only
simple cause and effect activation knowledge. By the
last session, all children could do a matched spatial ac-

creases as more of the note’s area is activated. Notestivation task (i.e., locating a virtual object in a space)

can be held for different temporal values by sustained
movement within the region of activation. Hence, this

augmented environment not only provides access to
musical tones, but also offers control of volume and

timing of the feedback, much akin to a conventional

instrument.

At Bloorview Kids Rehab, the Canadian rehabilita-
tion centre where the AE was developed, we have used
the virtual music instrument in music education, occu-
pational therapy and music therapy, with over 50 chil-
dren between the ages of 3 and 12, the majority with
either spastic cerebral palsy (quadriplegia), or a neu-
romuscular condition such as spinal or peroneal mus-
cular atrophy. While most children access the device
using the upper extremities, head, finger, foot and torso
have also been employed by some children. The visual
display has also ranged from a large screen television
used by most children to a video image projected on
the ceiling for those who need to use the device in a
supine position due to poor trunk control.

In a pilot music education study consisting of 6
weekly sessions with 6 primary school children (aged
4.4+ 1.3 years) with either CP or SMA, the technology
engaged children for significantly & 0.05) increasing
durations of free play, between first and last sessions.
The sessional mean was £810.4 minutes of free play.
Additionally, interaction with the technology required
on average significantly(< 0.05) fewer physical (5.4

while two-thirds were facile with matched colour acti-
vation tasks (i.e., associating colour with spatial loca-
tion of the virtual object). This result suggests that the
augmented environment may promote the development
of targeted visuo-perceptual and motor planning skills.

Future development of this assistive technology will
include the automatic initial placement of notes around
a child based on demonstrated range-of-motion.

4. Augmented environment for community
mobility rehabilitation

Using a client-centred approach that involved input
from and pilot testing with 15 adolescents with ac-
quired brain injury, we have developed a second aug-
mented environment, specifically for the rehabilitation
of community mobility skills in adolescents living with
the effects of acquired brain injury. In this case, the
augmented environment addresses difficulty with judg-
ments relating to topographical orientation, personal
safety, personal preference, and money management.
To this end, the AE creates a sequence of scenes, each
representing a decision point along a community out-
ing to a local shopping complex. Each scene contains
several virtual objects, representing different decision
alternatives. Figure 4 depicts a sample scene sequence.
For example, Fig. 4(b) is a scene portraying the choice
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Fig. 4. Example of scene sequence in shopping mall trip. Here the user has selected to buy a CD from a music store. All subsequent decisions
must be consistent with this activity selection. The scenes are: (a) Upper level mall directory; (b) Navigating the mall to the music store; (c) Store
selection on target path; (d) Navigating within music store to new releases section; (e) Choosing type of music; (f) Choosing a specific artist.

between two different paths within the upper level of
the shopping mall. Once the correct choice is made

15.7 4+ 2.5 years, all with moderate to severe acquired
brain injuries. In addition to their regular therapy, par-

at a given scene, the user would then proceed to the ticipants engaged in up to three nominally 20-minute

next scene, i.e. Fig. 4(c), representing the next deci-
sion along the way. Oftentimes, the correct choice is
the one which is logically consistent with the previous
selections.

Similar to the virtual instrument, the user interacts
with the virtual objects simply by pointing or gesturing
in the desired direction of navigation. However, the
feedback provided upon activation of the virtual ob-
ject can be more varied. Visual feedback in the form

training sessions per week with the augmented environ-
ment. Mediated by an occupational therapist or a child
life specialist, each session consisted of a sequence of
real-life scenarios encountered on an outing from the
rehabilitation hospital to the local shopping mall. Com-
mon to every session were the scenes relating to travel
from the hospital to the shopping mall via the public
transit system. Once they reached the mall, the indi-
viduals could choose different sequences of activities

of a text message may be presented to the user, suchamong sessions, for example, buying clothes versus

as, “Good choice” or “Try again”. Alternatively, the
chosen object may move or rotate as appropriate. An

buying a hamburger.
Over the training period, the average time per de-

auditory message or an appropriate sound effect may cision across the group decreased significanily=

also be played. For example, if the user chooses to
go through the turnstile the wrong way, the sound of
someone grunting is played.

In addition, realistic background sounds may further
augment the environment, to modulate the level of cog-
nitive distractions. For example, at a busy intersection

0.0053) from 35.6 &+ 6.4 seconds at the initial session
to 25.6 + 2.5 seconds by the final session. The error
rate also decreased significantly £ 0.0495) drop-
ping from over 5% to less than 1% between first and
last sessions. All participants progressed from simple
dichotomous decisions (e.g., stairs versus escalator) to

scene where the user needs to decide when it is safe tomultiple choice selections at the mall where they chose

cross the street (red light versus green light), one can
selectively add sounds of vehicular traffic, birds chirp-
ing, and a dog barking to raise or lower the level of
distractions.

With this augmented environment we conducted
a 10-week study with 7 adolescent inpatients aged

among various activities, products and food items.
The experimental group was compared to an age-
matched control group of 7 adolescents with similar
brain injury severities who only received conventional
physical and occupational therapy related to commu-
nity mobility and topographical orientation. We found
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that despite the additional training received through the References

use of the augmented environment, there were no sig-
nificant differences between the two groups on physi- [
cal (p = 0.32) and cognitive f = 0.61) scores on the
community mobility assessment measure [2]. In fact,
the failure rate on the safety component of the measure
was the same in both groups. The lack of differencesin [2]
this preliminary study may be due to the limited dura-
tion and intensity of the augmented environment inter- 3]
actions. It is also likely that the real world challenges
were far greater than those presented in the simple aug-
mented environment. This suggests that the augmented
environment could be further developed into a wear-
able system, whereby real-time augmentations relating [5]
to orientation or environmental cues could be relayed
to the user during an actual community outing.
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with the augmented environment, grasping the visuo-
spatial relationships among virtual objects and the [6]
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practical relevance of the tasks, the natural movement-
based interface and the realism of the visual and au-
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comparing community mobility training via a wearable
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ing via therapist accompaniment, both during actual
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A fundamental goal of augmenting one’s environ-

mentis to re-establish a balance among individual func-
tional ability, demands of the occupational task at-hand [12]
and physical requirements of the environment. This
goal philosophically resonates with the World Health
Organization’s biopsychosocial model of disablement,
where context plays a pivotal role in defining health and
function. In this framework, modulating the environ-
ment, for example via an augmented environment sys- 14
tem, is arguably more important than “changing” the
individual. We have presented two differentaugmented
environments for paediatric rehabilitation. While our
studies have involved a small number of children and
youth with disabilities to date, the flexibility, simple
access alternative, multimedia appeal, and task-specific
customizability of augmented environments suggest
that their potential as an assistive technology should be
further explored.
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