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Abstract—We introduce a novel rehabilitation tool to treat more recently, “Psychomotor Disadaptation Syndrome” [4],
Post-Fall Syndrome (PFS) in older adults: a serious game, called which consist in acute motor disorders.

Virtual Promenade, combined with a haptic chair imitating the The symptoms of PFS can resolve spontaneously or develop
hips movements of human walk. We report on the user-centered . t f f falli EOE) [51-[71 in the followi th
design of our prototype, following “living lab” principles, which into a fear of falling ( ) [51-{7] in the following months,

was well received by our test participants. This system aims at causing behavioral disorders and limiting autonomy. FOF,
addressing the psycho-motor consequences of older adults' falls; according to this de nition, has been recently analyzed in the
they are often neglected in current post-fall care practices. We |ight of the de nition of post-traumatic stress disorder (PTSD),
rst checked for feasibility and tolerability of such interventions. according to the fth edition of the Diagnostic and Statistical

We then applied a living lab participatory design approach, . .
involving health care professionals and older adults, to build Manual of Mental Disorders (DSM V) [8], as substantial

the Virtual Promenade prototype. We found that patients with ~ Similarities can be found. Indeed, for PTSD to occur, the
PFS tolerated the system well and that there were no major subject must have been the victim of a traumatic event and
obstacles to feasibility. We also report that the aesthetics of the his or her response must include intense fear, helplessness
virtual environment is an important motivational factor for older . feeling of horror. There is, in this de nition, a subjective

adults and discuss our results in searching for the most suitable t of the intensity of the t d the f .
game controller for this type of patients and game. Finally, we 2SS€SSment of the intensity of the trauma, and the tocus IS

observed that the chairs' movements improved the immersion in ©On the patient's response, which allows for the possibility of

the game. de ning a fall as a traumatic event [9]-[11].
Index Terms—Ergonomics, falls, haptics, living lab, older By distinguishing this speci ¢ method, we are in a position
adults, patient rehabilitation, virtual reality to propose rehabilitation adapted to the speci ¢ situation of

each patient after a fall. If these psychological symptoms
can be compared to PTSD, a worthwhile approach would be
Falls, in older adults, are now widely recognized as a seriotgs explore the potential of Virtual Reality Exposure (VRE)

public health issue, as they may result in dramatic compliceeatment, since it has been shown to be a useful therapeutic
tions that can affect patients' quality of life and autonomy. Swol to improve motor rehabilitation in combat-related PTSD
far, works on rehabilitation after falls have mostly focusefl2]. VRE has also been shown to be a useful therapeutic
on patients who have post-fall fractures because they daol for the motor rehabilitation of patients after a stroke [13]
cause various degrees of disability and expose the patientpresenting walking disorders in chronic diseases, such as
to a highier risk of falling again [1]. However, not payingParkinson's disease or multiple sclerosis [14], [15]. Several ex-
attention to the psychological consequences of falls may periments have also been conducted with VRE to treat various
prejudicial, as these symptoms make motor rehabilitation mgeeychological disorders such as acrophobia, arachnophobia,
dif cult. In addition, people who suffered falls may be afraidaviophobia, claustrophobia or social phobias [16].

of going out and tend to isolate themselves, impacting theirWe propose a novel rehabilitation tool for older adults
mood and cognitive abilities. In 1982, Murphy and Isaaasith PFS: a virtual strolling system composed of a serious
[2], rstintroduced the term “Post-Fall Syndrome” (PFS) tagame and a haptic chair that mimics the hips movements of
identify the speci c association of the motor and psychologicdluman walk, called Virtual Promenade. Our system is meant
symptoms related to falls in older adults. PFS is a diretd provide physiotherapists and psychomotricians with a safe
consequence of a fall and is de ned by the presence of threeated activity, which would be used prior to standing motor
symptoms, including anxiety, a worry of repeated falls angthabilitation, to treat patients who suffered a fall. We believe
what is called “Psychomotor Regression Syndrome” [3] othis system will help reduce FOF in patients, while stimulating

I. INTRODUCTION



their psycho-motor cognitive scheme, thanks to the movemetesnpowering” [23] older adults, by involving them from the
of the haptic chair and mirror neurons activation by the sigideation phase of the project, to maximize usability, acceptance
of the game avatar walking. In addition, this activity couléind adherence to the rehabilitation program.
be performed by patients who have fractures and can not yefnother work by Prof tt and Lange focused on the user-
participate in standard motor rehabilitation activities, whicbentered design of exercise games for older adults to prevent
may shorten their treatment and increase their chancesfafs [26]. To design a new exercise game, they rst performed
recovery. a focus group to inform the design. The implementation
To adapt the system's design to the special needs of olddrthe game was then done iteratively, in a user testing-
adults, who may be frail or have cognitive impairment, wanplementation cycle. Following this method, they also pro-
adopt a living lab design approach. It is based on involvinguced a design that older adults enjoyed and found easy to
all stakeholders (patients, physicians, physiotherapists) in thee.
design process, to produce a truly adapted design that con©ther authors have studied the design constraints of games
siders both human factors and care environment constraifus muscle strength and balance rehabilitation to prevent suc-
[17]-[19]. cessive falls. In [27], the authors have evaluated three stepping
The remainder of this paper is organized as follows: rstlygxergames for fall prevention with a group of 14 older adults.
we review some of the works on serious games for post-fail this study, Skeejreet al. proposed an evaluation method
rehabilitation; secondly, we present the haptic chair systdmsed on 7 game elements and 5 movement characteristics to
and the principles of living lab design; thirdly, we reporprovide design insights for such exergames. Lastly, Egtiail.
on a preliminary study conducted to check for feasibilitthave worked on the design and evaluation of a fall risk self-
acceptance and safety of the system; fourthly, we descridgsesment system including inertial sensors and a Microsoft
the system and show how older adults' involvement drove tl@nect sensor [28]. The evaluation was done in ecological
design; lastly, we conclude and propose ideas for future wodonditions (the system was installed in people's homes). The
study involved 62 participants in 3 countries over 4 months.
The observations showed feasibility of such a system but the
Rehabilitation is more effective if the prescribed exercisesuthors reported shortcomings, which, we believe, could have
are performed on a regular basis, over a long time peridsken avoided by using a co-design approach.
In this regard, the patients’ motivation to perform their reha- To the best of our knowledge, all efforts to develop serious
bilitation activities for as long as necessary is a key succegsmes or systems relying on game technology tackling the
factor. Many authors have studied the use of game mecharnigsue of falls in older adults have focused on muscle strength
to increase patients' motivation to perform rehabilitation taskand balance for rehabilitation after a fall or for prevention.
such as works in [20] or [21]. A literature survey was don®ur approach to this problem is original as it addresses
by Regoet al, who proposed a classi cation of rehabilitationthe psychological consequences of falls and not the physical
games [22]. Due to the large body of literature on the subje@sues. In addition, other works have focused on people who
we focus here on recent works related to falls. live independently at home whereas our system targets clinical
Uzor et al. have worked on the participatory design of applications.
post-fall rehabilitation game for older adults [23]. The authors
propose a design methodology that involves older adults in !l CO-DESIGN APPROACH FOR A HAPTIC CHAIR
the concept stages of the design process. The methodologin this section we present the haptic chair and the living lab
consists of conducting design workshops in small groups ¢8-design methodology we adopted.
or 4 participants at a time). The workshops are organized in 4 . )
phases: discussion of past experiences, scenarios and persghadhe haptic chair
a game session and user sketches. Thanks to this method, tlighe moving seat system was originally created, by the
key factors that limit adherence to the currently used at-horBackWell company [29]. It aims to prevent lumbago back
rehabilitation tools could be identi ed. In addition, they couldain in workers who sit at their desk all day, by mobilizing
help people from the target user group coming up with gantlee upper-body muscles through the movement of the seat,
design ideas for a set of rehabilitation activities. In a followactivated periodically, say 5 minutes every half-hour. The chair
up work, the same team has used their ndings to implemehas a mechanical system moved by a single motor to mimics
and test a serious game for fall rehabilitation [24]. They fourttie movement of the hips during walking. The motor and
that the resulting design overcomes the major limitations attuators are placed under the chair's seat. An animation can
standard care and is usable by and acceptable for the end usgerseen on the manufacturer's website [29].
Finally, in a third paper, Uzor and Baillie studied the long-term Combining this chair with our virtual strolling program
use of their exergame in ecological conditions, with people thiads two interests: rstly, it may enhance the virtual strolling
suffered one or several falls. They show that it yields bettexperience by adding proprioceptive sensations to the visual
adherence to the rehabilitation program than the standard canel auditory sensations of the game secondly; the walk-
tools [25]. This work is a very good example of what we woultlke movement stimulates the motor scheme (brain activities
like to achieve in this project. It stresses the importance fvolved in motor control) . We chose this chair because it

Il. RELATED WORK



to ensure it by “repurposing” easily available, moderately

priced parts (a chair designed to treat back pain, consumer
grade game controllers, free software etc.). Our system
is thus affordable and easy enough to repair to be

deployed and maintained in many contexts, from small

rural rehabilitation of ces to large city hospitals.

This paper describes the rst phases of this iterative, par-
ticipative process, starting with harmlessness study.

IV. ACCEPTANCE AND FEASIBILITY STUDY

We started our design by conducting a single-center,
community-based cohort survey to explore the patients' ac-
ceptance and tolerance of VRE and of the moving seat. The
secondary goal of this study was to evaluate the technical
and organizational feasibility of the kind of intervention we
propose to treat psycho-motor consequences of falls through
is an affordable and easy to repurpose solution, as speed safe, seated activities.
easily be controlled by varying the the motor's input voltage. The study involved 8 patients, 4 males and 4 females. All
A picture of the chair and the whole Virtual Promenade systepatients were hospitalized in our geriatric acute or subacute
is presented on Figure 1. care units. The participants' ages ranged from 81 to 94 (mean
= 874 4:17) and their Mini Mental State Examination
(MMSE) scores ranged from 20 (mild cognitive impairment) to

Itis now well accepted in the game-design community thay (normal cognitive functioning). The patients had a MMSE
iterative design practices with early, extensive playtesting agore of 25:8 3.5, on average. Five of the participants
essential to make a good game [30]. Moreover, co-desigiorted a fear of falling; six had a history of repeated falls;
approaches involving all relevant stakeholders are strongly regid two were depressed. Lastly, all of them had a moderate or
ommended for the creation of tools for people with disabilitiegeyere gait disorder (5 moderate, 3 severe). All subjects gave

[31]. Finally, thorough scienti ¢ evaluation at multiple stageg, written informed consent to participate in the study.
in the design process is essential in healthcare-oriented appli-

cations, to ensure harmlessness and ef cacy. The living |4 The moving seat

methodology [17], which combines these three components,1) Protocol: To test the moving seat system, participants

thus appeared most suitable to design our system, a medigate simply asked to sit on the equipped chair, for 5 to 20

game for people with temporary or permanent disabilities. minutes per session. Each participant had between three and

The living lab approach rests on ve basic principles:  ve sessions on the chair; speed varied across sessions. All

Openness:We took care to involve as many partiegested three speeds: slow walk (37.5 cycles per minute), normal
as possible in the design process, including patientgalk (50 to 70 cycles per minute) and fast walk (100 cycles
caregivers, experts, and anyone who expressed genumee second). The reason why some patients did not have all
interest. ve sessions (3 had three sessions and 1 had four) is because,
In uence: Each opinion was recorded and taken intduring the study, their care schedule was not compatible with
account on equal footing with others, to avoid ovetthe activity sessions schedule, they were too tired or sick or
emphasizing “expert” recommendations over end-usesere not willing to proceed to the session.
feedback. The evaluation was performed by administrating a satisfac-
Reality: We tested our solution often and in the mostion questionnaire to the participants after each session.
realistic setting possible, with actual patients of Broca 2) Results:All participants except one gave a positive (very
hospital in Paris, France and eld healthcare practitionepositive for 2 of them) global feedback about the chair. All
with “normal” knowledge of such tools (as opposed to thparticipants felt safe and said the seat's movement felt good.
rehabilitation technology experts involved in the earliesdnly one out of eight patients did not enjoy the activity.
stages). Finally, all but one (the one who did not enjoy the activity and
Value creation:We were careful to systematically checkhad a negative impression) said they were willing to continue
that any technological upgrade, new feature or other maiihe activity after each session.
i cation did increase value for one or more stakeholders, The seat's movement did not cause pain to any of the
in order to avoid technological push. Note that we megrarticipants; neither did it cause them nausea. These results
value as de ned by the stakeholders, which therefore doskow a strongly positive feedback of the participants and good
include, but is not limited to, commercial value. acceptance and tolerance. Lastly, all participants favored the
Sustainability:Although the project is in its early stagesmedium speed and one of them said the fast speed made her
and sustainability is not really an issue yet, we took stefesel like she was running.

Fig. 1. Picture of thevirtual Promenadesystem setup.

B. The living lab design approach



staying in place while the environment moved in the opposite
direction.

Five of the subjects reported that performing this activity
gave them an impression of walking. The same patrticipants
answered that they were satis ed by this activity. However,
none of the subjects reported that this activity triggered
anguishing feelings, linked to their fear of falling. Lastly, all
participants thought the joystick was easy to use.

Regarding the traveled distances, the average over
three sessions increased frof287 30:8 m (mean
standard deviation) at the rst session tal400 5:8 m
at the third session. This representd®?2 58 m (8.7%)
increase. However, we did not nd any signi cant correlation
between the performance of the subjects and their initial fear
of falling, nor did we nd signi cant differences related to
cognitive status or gender. This shows that the software and
controls are easy enough for use by people with mild cognitive
impairment.

Fig. 2. Screen capture of the software used for the preliminary study

B. Virtual reality training C. Observations

1) Protocol: The same patients also participated in an eval- During this preliminary evaluation, we attempted to identify
uation of the virtual reality exposure. The equipment for thechnical, procedural and organizational factors that could
sessions consisted of a standard computer, a video projectgh @ence the use of our system in a hospital rehabilitation care
ight simulator-like joystick and 3D game software developegnit. Regarding the technical factors, the main issue is related
using the Unreal Engine. They were asked to use the joystigkleg fractures: people who suffered such injuries cannot stand
to control a virtual avatar walking in a very long corridoryp or lay their foot on the ground. However, hospitals are
They had to reach the end of the corridor. The avatar COL{L@ua”y equipped with people lifters, used to transfer people
only walk forward or backward. The subject had 5 minutefom a bed to a wheelchair, and the chair's height can be
to make his or her avatar walk as far as possible; if theyjusted so that the patient's feet do not touch the ground.
achieved the goal, by traveling the maximum distance, theRegarding the protocol, the main issue we observed is
session ended before the time was up. To increase dif culjatients being tired or not motivated. The fatigue issue can
and attempt to provoke fear of falling, the corridor widened afe addressed by having breaks during the activity_ The mo-
the avatar traveled through it, to start with a Seemingly Safﬁl}ationai issue may be addressed by improving the content
environment, as the walls are close, and progressively makefitthe activity using game mechanics, as it was shown that
more plausible to fall, with the walls being further from thehey may improve intrinsic motivation in rehabilitation-related
avatar. A screen shot of the software is presented on Figurgsgks [21].

At the conclusion of each session, the participants lled a Lastly, organizational issues are linked to fatigue of patients,
satisfaction questionnaire and the travel distance was recordgfte schedules and incontinence of some patients. The rst
The distance traveled, its evolution across sessions and e issues are easily solved by including the VRE activities
number of sessions to achieve the goal are as many objeciiveéhe care schedule. This is eased by the automated nature
evaluation criteria of the task's dif culty. The questionnairesf the system; a therapist could handle more than one patient
inform about subjective acceptance. at the time if equipment and room are suf cient. Incontinence

2) Results:7 out of 8 subjects gave positive feedbacks oissues are not an obstacle to feasibility, as they are very com-
the activity and only one found it rather unpleasant. The sarm®n in geriatric care, and already integrated in the standard
ratio was observed regarding the visual aspect of the virtyaiocedures.
environment; only one of the participants found it unpleasant, Overall, both main elements of the system, the moving seat
the same that did not appreciate the activity. However, foand the software, were evaluated positively, are well tolerated
participants expressed frustration that they could not moaed accepted by the patients. In addition, there does not seem
their avatar sideways to freely stroll in the environment artd be any serious obstacle to deployment in a rehabilitation
that they would appreciate an outdoor location more. One cdire context.
the participants even expressed anxiety because of the wall§Ve observed that people were quite sensitive to the environ-
being too close at the beginning of the simulation. In additioment's design and that it could impact people's impression on
two of the subjects complained about the lack of realisrthe game and motivation to continue the activity. In addition,
They said that the character walked too fast, that it walkewbne of these activities provoked fear of falling in the subjects.
backwards instead of turning around when they pulled thecording to the specialists, fear of falling arises mostly when
joystick and that it gave the impression that the character wasople go outside their home. Both issues may be addressed



programmable laboratory power source. The goal is to syn-

chronize the speed of the chair's seat movement with the

player's avatar in the virtual strolling game. This is achieved

through TCP client-server communication between the game

and the power control program, which, in turn, sends voltage

control commands to the power source through serial-over-
Fig. 3. TheVirtual Promenadesystem. USB communication.

at the same time by offering outdoor virtual environment%
Moreover, this led us to work on synchronizing the haptic chair

with the game and addin_g sounds to improve presence, \{vhich:or our fast prototyping purposes, the game was designed
was shown to play an important role in provoking anxietysing the Unity integrated game development environment.
feelings in VRE [32]. This is described in the followingThis tool combines the advantages of being quite comprehen-
section. sive, user-friendly, cost-effective and of having multi-platform
V. THE VIRTUAL PROMENADE SYSTEM release capabilities. Our character models were designed using

L . utodesk Character Creator, a tool allowing to quickly create
Our approach consists in treating the traumas due to fa]J S gloq y

L . i ) ady-for-use character models. The walk animations and the
similarly to PTSDs, as explained before, using a serious ga y

: : . . fvironment models were downloaded for free or purchased
with proprioceptive sensory feedback. To avoid unnecessaly ihe Unity Asset Store, a community-based content sharing
work and reduce costs (which is essential for future deploy; '

: . latform provided by Unity. Lastly, the sound effects were
ment), we used commercially available elements, so we co %v

nloaded on free sound effect exchange platforms.
focus solely on the game and movement sensory feedbac . . .
design. The game is quite simple. The player controls a human

We adopted a user-centered living lab design approaﬂ*(,atar' whose appearance can be selected among 8 models, and
as described in Section IlIl-B. The early version \dftual as to stroll through a virtual environment. The strolling can
' be either free or guided through the instructions of a therapist,

Promenadeonly consisted in a virtual outdoor environment, , -
a model of a modern city, in which the player controlled qr through objects (large blinking cubes) that the player has

virtual character to stroll freely in a third-person view modé® coIIeCt.hWhen cfollhecta_ble ﬁbjlectslare lnvolc\j/er(]i, aS’_D greben
We chose a city environment for three reasons: cities oW at_t er;mpd(') t _eV|e\]£v he PS pays_rs nd ello Jects by
particularly stressful environments; the users asked for BRINUNG in the direction of the next object to collect. Once

outdoor environment in the preliminary study; and, accordirfg® P'ayer has picked-up a cube, the next cube appears. If
to the experts, the fear of falling mostly arises when old&n€ Player follows the path correctly, the next cube appears in

adults go outside, whereas they usually feel safe at home.s'gh: frorr]n th_e Iocatlotr; of tTe onde he or she has just 09”3‘“62‘-
To increase immersion, we connect the game to the chhﬁ_‘s(; y, the view can be selected among rst-person view an
with the moving seat described earlier. The goal of our wofRI'd-PErson view at any time. . .
being to propose a seated activity to reduce fear of falling The game starts Wlth an interactive tutorial and has three
in elderly patients who suffer post-fall syndromes, we delibelevels with increasing dif culty:
_ately ch_ose to useaclassi_c game_control_lerfor human-mach_ine The tutorial takes place in an outdoors empty space
interaction rather than an interaction device that would require  \ith sand-like oor and a few far trees (to give visual
the user to perform physical tasks. We experimented with  qrjentation cues). It explains how to control the character,
several types of game controllers, as detailed in sections V-C  {he mechanics of the game when pick-up objects are
an‘IthIIV' | p q ) d of involved and how to switch between rst and third-person
e Virtual Promenade system Is composed of a game jews. The instructions are given in text bubbles.
controller, the virtual strolling game, the haptic chair, a pro-  The st level takes place in an autumn forest path
grammable power source (connected to the motor, to control ; \which the player can stroll freely. The purpose of
o o g oo 1 CF ) o s L1 oL mosty o e e lyer some me o g
' Y5 acquainted with the controls without goal constraints.
to the power source through a serial-over-USB protocol. This  The second level is a park. This time, the player has to
setup is represgnted in Figure 3. A picture. of the system is stay on a paved path with turns and collect the cubes.
prese.nted in Figure 1. In .the three fo!lowmg sections, We  The |ast level is a city environment. This level also
describe the key elements in more detail. has collectable cubes and introduces cars, spawning ran-

A. Controlling the armchair from the game domly, in the player's vicinity, following the roadways,
as moving obstacles.

The virtual strolling game

As described in Section IlI-A, the moving seat system is
lead by a voltage-controlled electrical motor. The motor's A screen capture of the game in the Park environment is
input voltage is regulated thanks to a Velleman PS3005Wesented on Figure 4



participated in another activity at the living lab. In the last
trial session, participants had to Il a satisfaction questionnaire
with 15 questions in blocks of 5. The rst block was about
the tutorial and the ease of use of the controls; the second and
third blocks were about the environments and the feeling of
immersion.

The remainder of this section sums-up our observations and
highlights the design choices we made in the design phase.

A. Virtual environments, avatars and view

We started off with only one environment, a model of a
Japanese city, as a city environment was recommended by
the experts and we had noted in the feasibility study that
gnqople asked for an outdoor environment. Only one of the 4
participants that tried the city environment liked it. The others
said that it felt cold and unwelcoming. The participant who
liked this environment said it was only because, as an urban
resident, she could relate to this environment. We thus added
two environments: an autumn forest and a park full of trees
and owers. All of the 5 participants who tried the game with
these environments were very satis ed with them and said they
were realistic enough.

Regarding the avatars, we only had one character model at

Fig. 5. Pictures of the game controllers we experimented with. rst, a thin lady with gray short hair. Participants in the rst
trial complained that they did not identify with this character
C. The game controllers because its body shape looked nothing like a real elderly
[Rerson. We thus added 7 new character models. Our models

|Xclude 5 female characters and 3 male. We made them so

older adults who are not familiar with this type of device. W(tehat their body shape was more realistic, according to what

thus experimented with several, commercially available game . . .
controllers: olr participants recommended. All subjects seemed satis ed

. , ) L , with the choice of character models. One person even said she
a Logitech  ight simulator-like joystick; identi ed well with the character she chose.
a May ash arcade game conTroIIer, Lastly, we experimented with two views: rst-person and
a S(_)ny Playstation controller; third-person. In the rst trial, we only had the third-person
a Nintendo 64 cgntroller. ] view. The subjects complained that the camera was too close
The only controls in use during the game are the analgg {he character, which made it harder for them to see where
stick and one button to change the view from thwd-pers_on fﬂey were going. We changed the camera's position to be
rst-person and back. We rst experimented with the ighthigher and further from the character. We did not have other
simulator joystick but it had aws, as described in Sectiogomplaints in the other trials. We also added a rst-person
VI-B. We then experimented with the other controllers showe,y, \we observed that people performed better in controlling
on Figure 5. Characters for the avatar and levels can BRir aqvatar in rst-person view, but 4 out of 5 subjects said
selected by a researcher or a therapist, so they can keep conffg they preferred the third-person view because it was more
on the sessions' progress. reassuring. We think that keeping both options is interesting
VI. DISCUSSION because the third-person view is reassuring and the rst-person
I%/iew yields better immersion, and may elicit increased anxiety,
%ich could be useful in the later stages of VRE therapy.

Fig. 4. Screen capture of the Virtual Promenade game in the Park envir
ment.

During the design phase, we mostly tested with healt
older adults, as a proxy to our target users, and one patient
was hospitalized after a fall. The participants were recruit Game controllers
on a voluntary basis. Some are “expert users” who frequently
participate in activities of our living lab. All participants were The ight-simulator joystick did not turn out to be adapted
women over 80 years old. In total, 8 people participated in the rst trial. The subjects said it was too hard to maneuver,
the trials, but one of them did not want to try the systerand it required a table to put it on, which was not practical.
herself and only gave her opinion based on observing tMmdeed, the addition of two control axes and the use of a
other participants play. heavier joystick (for more stability) made the use of this type

We had three formal trial sessions but also a few informaf controller more dif cult. In addition, in the preliminary
trials with one or two participants at the time, after they haghase, the game and the haptic chair were mostly tested



separately, which prevented from identifying the problero its applicability in a hospital care environment. We then
regarding joystick placement. built a prototype of a virtual strolling system, following a
The Sony Playstation game controller was too dif cult taiser-centered co-creation methodology. Thanks to that design
use as it required ne motor control of the thumbs and oldepproach, we came close to a truly adapted design, though
adults are not used at all to that kind of device. Walkingome improvement are still required.
in a strait line turned out to be particularly dif cult for our In our test sessions, we observed that older adults are
participants. sensitive to the visual layout of the game and we identi ed
The arcade controller was quite promising and had two mainas an important motivational factor. We observed that the
advantages: it can be put on the user's lap and it is big enouggmbination of visual, auditory and proprioceptive sensations
so the user can rest his or her arm on it. In addition it has byields a good level of immersion, especially when using rst-
buttons that users successfully used to navigate the instructipesson view. However, we could not nd the ideal controller
in the tutorial. However, it has a major aw: the directionafor older adults.
stick is made with all-or-nothing switches, which doesn't allow To improve our design, we would like to try using a motor-
the player to control the speed of the avatar. ized wheelchair joystick, because we could tie it to the armrest
Lastly, the Nintendo 64 controller was used successfully. df the chair and its ergonomics has already been thoroughly
is lightweight and practical, as the player can hold the handieudied. We would also like to add a city environment that
in the middle with one hand and use the analog stick with theeople would appreciate, with non-playable characters and
other hand (which the participants did), by grabbing the stidars, to raise the level of dif culty and yield anxiety in people
between the thumb and the index nger. The analog stick alsého have PFS.
has a guide that helps going straight. However, this deviceln our future work, we will attempt to improve the game
is obsolete and can have the same drawbacks as the Samchanics and explore the possibilities offered by the addition
Playstation controller, though it is a bit easier to use, as it stdf a virtual therapist in the game. In addition, we would like
requires ne motor control. to add a pressure sensor on the backrest of the chair, which
This issue is very important. One of the subjects evemould be used to prevent the character from moving if patients
reported spontaneously that controlling the character beipgt their back against the chair, thus forcing them to hold their
too dif cult for her hindered her experience as she could ndtack while they play. This could allow to put more emphasis
concentrate on the walking sensation. Facing this issue, a gasdthe muscular reinforcement aspects of the system. Finally,
practice is to support several controllers for adaptability to age will conduct a clinical evaluation of this system.

many patients as possible.
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