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Abstract. In the ActivAbles and STARR projects we are developing interactive
training tools for stroke survivors. As our initial user studies pointed to balance
being a key ability, one of the developed tools is an interactive balance mat. While
balance equipment is common, interactive balancing equipment for persons with
poor balance is less common. Equipment exists for persons with good balance (eg.
Wii), but most games and exercises are less suited for many stroke survivors. The
development process has been done in close collaboration with stroke survivors.
We have used both creative workshops and individual iterative testing in the
development, and have currently a prototype that is being tested in the home of 12
stroke survivors. This prototype is based on a foam mat which incorporates
pressure sensing, and which allows you to see the pressure distribution as you
exercise, but also allows you to play music or play different games. The feedback
is designed to be inclusive - designs are multimodal (visual and auditory), and the
setup is flexible and can easily be adapted. Initial test results show that the overall
design is promising and works well (is robust, motivating and used). Problems
identified are connected to the fact that we use main stream tablets for feedback,
which adds complexity for the user both with interaction and charging. We are
currently working on solving these problems, and expect to end up with a balance
mat well suited for a wide range of users - not only stroke survivors.
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1. Introduction

Stroke is the leading cause of long-term disability in western countries [1] resulting in
life-altering changes for both the stoke survivor and their closest family. Loss of
balance is common among stroke-survivors [2]. Difficulties with posture and balance
make it difficult for persons to walk, and thus to leave the home to socialize or perform
other outdoor tasks. After intensive rehabilitation in a dedicated rehabilitation setting,
the majority of stroke survivors with residual impairments are discharged and then rely
on informal caregivers (frequently close family members) [3]. Effective rehabilitation
of stroke survivors is required to help them accomplish daily activities (cooking,
washing, etc.) and lead an independent life. After discharge, most of this rehabilitation
occurs at home, through performing different types of exercises and activities, such as
training in activities of daily living, strength training, cardio-vascular training, balance
training, gait training and postural control [4]. However, training exercises can be
difficult to integrate into the existing lives of stroke survivors. Exercises can be
repetitive and difficult to perform correctly, and may also be considered boring. This
leads to stroke survivors losing confidence and giving up on rehabilitation, and losing
the benefits it could provide. Thus, it is important to investigate how to better support
the continuation of rehabilitation at home. Donker et. al. [5] used interactive tiles for



balance training during stroke rehabilitation sessions. They showed that providing real
time visual feedback improved motivation and was helpful for balance rehabilitation.
Auditory feedback via sonification is also helpful for improving motoric skills [6].
Stienstra et. al. [7] studied how movement sonification improves proprioception during
speedskating, if it is latency-free, and the richness of data details generated by the
movement are preserved in the richness of sound parameters, such as dynamics,
loudness, tempo, pitch and timbre. Other relevant work has proven the benefits of
movement sonification on proprioception and awareness [8,9]. Moreover, music and
rhythm therapy are proven to help stroke survivors increase the feeling of being
connected to their own body. A study by Thornberg et. al. [10] shows that music and
rhythm exercises were considered positively challenging for stroke survivors, while
facilitating motor planning and coordination. Music is also a significant motivation
factor while training which can give emotional pleasure [10]. Pleasant sounds tend to
persuade the user into behavioural change [7].

The present paper presents different interactive prototypes designed to support the
continuation of balance rehabilitation at home. The goal is to provide a more enjoyable
experience when performing balance rehabilitation exercises. We present early results
from the testing of our prototypes.

2. Design Process

In both the ActivABLES project and the STARR project, development started with
user studies in order to get design requirements for our designs. These studies included
interviews, focus groups and co-design workshops. Results from the studies in
ActivABLES has been published in [11], while a STARR co-design workshop is
reported in [12]. Initial design recommendations for the developments were [11]:

e  Support the user in keeping a good balance between activity and rest.

e Exercises need to have a purpose/meaning, and should be embedded in
activities.

o Safety & security needs to be considered

e  The system should provide reminders, and support the user remembering and
getting started.

e  Activity goals should preferably be broken down into sub goals, to allow the

stroke survivor to “win many small victories”.

Feedback and awareness on activity and progress should be provided.

Provide a sense of accomplishment and empowerment.

Designs should be easy to use, but not childish.

Social use and the social context should be considered.

The technology should support patient — family - professional communication

Motivation is key; designs need to be either useful and/or fun

Indoor and outdoor use should be considered.

Designs need to support different speeds and should be adjustable,

personalizable and multimodal to allow use by persons with different sensory

abilities.

e Avoid excluding users with aphasia.



e Designs should be flexible, easy to move and allow users to re-appropriate the
technology.

e To support different skill levels, it needs to be possible to adjust a suitable
level of challenge.

A part of these initial studies was to find out what kind of activities to target in our
developments. We found that activities involving balancing, standing up/sitting down,
walking and activating the weak or paralyzed side of the body would allow us to reach
a wide range of stroke survivors. Balance is particularly important, since balance is a
pre-requisite for walking, and walking is important both for health (physical activity)
and for the ability to participate in different activities (social inclusion). Thus, it was
decided that one of the developments in the projects should be an interactive device for
balance training. A series of prototypes were developed and tested. We started off with
an interactive BOSU ball (figure 1 left), but quickly realized a BOSU ball was very
challenging for many of our users, especially for persons with poor balance.

Figure 1. Left: Stroke survivor using the interactive bosu ball, leaning slightly to the right. Therefore the
right hand lights are lit up. Right: The pedals. These pedals are linked together with a rubber sheet, and the
same safety handle bars as in figure 1 were used.

In order to design a device that was slightly easier to use, we explored a pedal like
design, which limits the range of movement of the platform tilt (figure 1 right), but this
design turned out to be harder, instead of easier to use, because each foot tilted
separately. Our final, successful, prototype (ActivFOAM) was an interactive balance
foam which provides a soft standing surface that challenges balance but does not tilt
(figure 2) [13]. ActivFOAM comes with a selection of interactive activities; you can
play music from a music player, you can play a couple of music pieces and
soundscapes interactively, you can play games (an audio game, pong and a game where
you avoid obstacles on a course, figure 4) and you can also use only the visual pressure
feedback to see the pressure distribution and center of balance (figure 3). Both the



pressure sensitivity, and how sensitive the mat is to changes in balance can be adjusted.
The volume of the sounds is controlled via a slider on the screen.

The mat is connected to feedback lamps via a local server that can display the
progress. This server can be used to set a daily goal for balance training, e.g. 10 or 20
minutes per day. Training can be divided into several sessions per day. ActivFOAM
registers when it has been stepped onto and stepped off, and counts a use session that
way.
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Figure 2. The balance foam, together with the feedback devices — a tablet for the visual presentation, and
loudspeakers for sounds.

A first version of this prototype was pilot tested by 7 testers (4 women, 3 men, age
range between 68 and 81). Of these 4 persons had had a stroke (2 men and 2 women,
age range 68 - 81). The stroke survivors all had problems with balance. Additional
problems were: right side of the body affected, brain fatigue, lack of stamina, tinnitus,
aphasia, difficulty understanding the need for training. The persons who had not had a
stroke had arthritis and scoliosis, and one of these persons uses a walker.
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Figure 3. Left: The basic interface where you see the pressure on the mat (blue) and the center of balance
(white circle). The orange circle shows the goal area for the center of balance. Right: The menu interface.
Volume to the right, the different activities in a drop down menu. Additionally you can adjust the size of the
orange ring, and the balance and pressure sensitivity.

The pilot testing led to the identification of a few problems; the initial setup used
commercial devices (tablets, loudspeakers, a mobile phone as a remote control) that all
needed to be charged, and charging turned out to be a problem for our users since the
mat was connected to the tablet via USB port, which is also used for charging. E.g.,
users forgot to disconnect the mat and connect the charger to charge the device and
when they wanted to use it, it was out of power. There were also smaller user interface
(UI) problems (font sizes, colours, contrast, placements and text used). This led to a
second version of the prototype with an updated UI, and with a setup where all devices
involved are constantly connected to a power outlet. The new setup was also connected
to a music player that unlocks 5 new songs per day (a functionality which could unlock
other things like TV shows in the future).
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Figure 4. The “race course” game. The goal is to control the centre of balance (blue circle) so that you avoid
hitting the blocks.

This second setup is currently being tested in Iceland at stroke survivors’ homes

for a period of four weeks of daily usage, and preliminary results are promising. All

testers have problems with balance and some have other additional problems eg. hand



spasticity, aphasia. Our tests so far have confirmed the design, the setup works, is being
used, and has been reported to be motivating. At the same time, we also see that there
is more to do. In the project, focus has been on building the hardware, and the software
was implemented to test different design ideas for the interaction. Thus, the current
prototype lacks more elaborate game & feedback designs (leveling, activity feedback
etc). The feedback to date, indicates that the different design ideas are all appreciated
(users prefer different ones, but there is no obvious failure — no game/activity that no-
one likes), but that more elaborate feedback eg. time spent training, high score in
games, qualitative feedback on balance as well as level support is needed. The pong
game is currently silent, and we have had requests on adding sound. One problem we
discovered was that it was hard/tiring to operate the tablet when you are sitting in a
wheelchair and are using the balance mat (the current design assumes you are standing
when using the mat and the tablet). This could potentially be solved by using a
different stand for the tablet, and it is something we will consider in future re-design.

3. Discussion & Future Work

One guiding principle for our design has been that the interaction should be flexible to
allow users with different perceptual and cognitive abilities to use the mat. Thus, we
have included activities using both sounds and visual feedback in our design. It is
possible to use the mat with only sound feedback, with only visual feedback as well as
with a combination of sound and visual feedback. This comes with two issues: 1) too
much simultaneous information may overwhelm the user. It is common for stroke
survivors to have brain fatigue, which makes multimodality a potential problem. 2) to
avoid overwhelming the user, one could use settings. But settings in themselves run the
risk of overwhelming the user. So far, we have opted for multimodality as our basic
approach, but added a limited number of settings (Figure 3).

The mat itself is quite flexible. One can stand on it, but it is also possible to sit on
it. A problem has been the stand for the tablet — for a person in a wheelchair, the stand
needs to be lower to allow interaction with the tablet.

The development of the feedback lights showed the importance of testing in the
home, cf. [14]. Our first prototypes, which looked ok in our lab environment, turned
out to give too strong light to work in a home environment, and we had to dim them
substantially.

As has already been stated, our tests so far appear to confirm our basic design. In
the pilot tests, persons who were not stroke survivors (eg neighbour, spouse), but who
wanted to train their balance also tried out the mat, and the positive feedback from
these persons indicate our design would work for quite a wide audience. Although we
need to complete and analyse our current tests, preliminary results indicate the
ActivFOAM itself has a design that is stable and quite robust. What remains to be
developed is the interaction and feedback — more games and activities, better game
mechanics and improved overview of long term results.
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