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ABSTRACT 
In the ActivAbles and STARR projects we have developed 
interactive training tools for stroke survivors. A prototype system 
includes an interactive balance foam pad, feedback lamps and a 
step counting game app which all connect to a central server. The 
feedback is designed to be inclusive - designs are multimodal, and 
the setup is flexible and can easily be adapted. We describe the 
system and report results from a feasibility study with 10 stroke 
survivors who used the system for a longer period in the home.  
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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 
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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].  
 
Exercises, however, 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. 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]. 
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The present paper presents a system of interactive prototypes 
designed to support the continuation of balance rehabilitation at 
home, and report on results from a feasibility study. The user 
studies leading up to the current designs are described in  [11] and  
[12]. 

2 INTERACTIVE PROTOTYPES 
In this section we describe the final version of our prototypes. 
Earlier designs, as well as the early design process is described in 
[13] (balance pad) and [14] (step counting game).   
 
Foam pad, ActiveFOAM. ActivFOAM is based on a standard 
foam pad used for balance rehabilitation, which was made pressure 
sensitive by the addition of conductive and resistive materials. The 
pad was covered with a sandwich design of pressure-sensing fabric 
material (FlexTiles [15], Figure 1). ActivFOAM connects to an 
android tablet USB port, and it is the android tablet that shows the 
visual feedback and connects via WiFi to a local OpenHab server 
running on a  Raspberry Pi (Figure 2, left). Sounds are currently not 
played by the tablet, but by the server. ActivFOAM comes with a 
selection of interactive activities; you can play music from a music 
player, you can play a couple of PureData music pieces and 
soundscapes interactively, you can play games (an audio game, 
pong and a game where you avoid obstacles on a course) and you 
can also use only the visual pressure feedback to see the pressure 
distribution and center of balance. 

 

 

 

 

Figure 1: Pressure sensor matrix cover for ActivFOAM.  

 

 

 

 

 

 

Figure 2: The final ActiveFOAM setup. 

Both the pressure sensitivity, and how sensitive the interactive 
foam pad is to changes in balance can be adjusted. The volume of 
the sounds is controlled via a slider on the screen (figure 2, right). 
ActiveFoam is connected to feedback lamps that can display the 

progress (see below) via the local server. 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. To count a 
use session, ActivFOAM registers when someone steps on and off 
the balance pad. 
 
Feedback lights. For progress monitoring, we developed several 
different prototype progress lamps (figure 3).  

 

 

 

Figure 3: Different versions of the feedback lamps. 

Depending on the use case, you may want to monitor progress on 
one or several activities, and lamps with a single row of LED-
lamps, as well as a lamp with branches for three activities were 
developed. The tree-shaped lamp  (figure 3, right) can monitor a 
single activity (the whole tree fills up gradually), or up to three 
different activities where each branch reflects a different activity.  
 
Step counting game. The design of this game is built on short mini 
games which appear in a semi-random fashion during a walk. The 
game has settings that allow customization – games can increase in 
difficulty, or stay the same, and it is also possible to completely 
remove the games leaving only the step progress screen (Figure 4, 
left). The app has two different graphical themes, stars (figure 4, 
middle) or dog (figure 4, right). 
 
 
 
 
 
 
 
 
 

 

Figure 4: Three screens from the game.  

The mini games are physical in nature, you are challenged to walk 
a little faster, to turn around and point the phone to a specified 
direction to catch a star or help the dog pee (Figure 4, middle and 
right), to tilt or shake the phone etc. The game can connect to the 
feedback lamps through the local server. The user can specify both 
game goals (how long should a walk be), and day goals (how much 
you walk during a whole day). These goals can be specified either 
as steps, distance or active time. The game connects to the server 
vis Bluetooth LE and the progress towards the goals is also shown 
on the lamps. 

  

Figure 1: FlexTiles is a thin, flexible, stretchable and form-fitting pressure-sensitive tactile input sensor for sensing com-
plex 3D shapes (a-c). It also enables the measurement of large areas like a couch in real-time (d-e). 

Introduction 
Tactile-sensing technology became popular over 30 
years ago and it is still evolving [7]. Recent work 
[2,5,6,8] shows exciting new developments and appli-
cation areas. However, most of those sensors have lim-
ited deformability, and may even break when 
stretched.  

In this demonstration, we present FlexTiles, a flexible 
tactile sensor, which consists of three layers of stretch-
able fabric, which is not changing its sensing behavior 
while stretched (see Figure 1). Its ductility and form-fit-
ting ability enables a wide range of novel use cases, 
such as input techniques on complex or deformable, 
underlying shapes.  

Contribution 
� Design and implementation of a highly stretchable, 

formable pressures sensitive tactile input sensor with 
real-time, interactive performance. 

� Engineering of three sandwich layers, including 
measurement electronics and sensing hardware. 

� Three prototype applications that demonstrate the 
versatility of this sensor for scalability, form-fitting, 
and integration with deformable objects.  

Implementation 
The sensing material consists of two layers of zebra fab-
ric with one layer of EeonTexTM LG-SLPA in-between (as 
depicted in Figure 2).  

 

Figure 2. FlexTiles consists of a sandwich design of two elec-
trode layers and a force sensitive layer in between. 

The two layers of fabric are oriented orthogonal to each 
other to form a matrix layout. The force sensitive mate-
rial has to be placed at intersections of the electrodes. In 
[2], the force sensitive material was printed only in-be-
tween the intersection points. In this case the surface re-
sistivity of the force sensitive layer was irrelevant, be-
cause there was no connection in-between two adjacent 
electrodes. In FlexTiles, however, we used one con-
sistent sensing layer for the entire size of the sensor due 
to the reduced fabrication complexity. 

HITEC	Zebra

Eeonyx
EeonTex
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3 FEASIBILITY STUDY 
The feasibility study of ActivABLES (balance pad, lamps, activity 
game app) was conducted in Iceland in the spring of 2018 using 
mixed methods. We had 10 stroke survivors with slight to moderate 
disability after stroke (Modified Rankin Scale 2-3) using 
ActivABLES for four weeks in their own home with support from 
their caregivers. All the stroke survivors tested ActivFOAM with 
the balance exercises and four used the Walking STARR 
application. Before the test, participants were given pedometers, to 
get a baseline of how physically active they were. Before and after 
the 4-week use, we performed some quantitative functional 
measures, including Berg Balance Scale (BBS) on balance [16]. 
Wilcoxon signed rank test was used to analyze changes between 
pre- and post-measures with the significance level of p<0.05 After 
the 4-week use we took individual qualitative interviews with each 
stroke survivor and each caregiver. Feasibility had the 
predetermined codes  of acceptability, demand, implementation 
and practicality [17] and subcategories were analysed for each 
code.  

4 RESULTS AND DISCUSSION 

4.1 Feasibility study results 
In general, the participants were impressed with ActivFOAM and 
reported interest in further use for themselves as well as for future 
stroke survivors. The stroke survivors did significantly better on the 
balance measures after the 4-week use (see Table 1) and both stroke 
survivors and their caregivers reported noticed functional 
improvements, especially on the balance. They also said they were 
more stable while walking and relied less on their assistive devices. 
Both stroke survivors and caregivers described the importance of 
instant feedback while doing exercises and majority of participants 
thought the feedback in forms of light were encouraging. The 
stroke survivors reported the excitement of collecting scores while 
exercising. At the same time, they express the need for more variety 
of exercises/games. About half of the stroke survivors did use the 
possibilities for progression of the exercises (by making the paddle 
and the circle smaller) and they thought that was a good option. The 
stroke survivors were mostly independent in using ActivFOAM 
and did not get a lot of support from their caregivers. 
 
The four stroke survivors that tested the step counting game, were 
most delighted with the step counts and thought it was encouraging 
to see the steps taken and what to aim for. They had problems with 
the games and were not very interested in trying them out. One 
stroke survivor said the activities with the dog were too childish. 
Depending on the participant, the app has been used for short walks 
indoors (4-8 min) or longer, outdoor, activity. 

3.4 Discussion 
It is encouraging to see that already such a short home intervention 
as four weeks can generate significant results. It has been shown 
that four weeks of supervised balance training for 20 minutes a day 
at a rehab center will generate significant results also in the chronic 

phase of stroke [18]. In our case is that the training was 
unsupervised, on a comparatively low cost device and done in the 
home - thus having to be integrated in the daily activities of the 
participants. The pedometer use before the intervention generally 
indicated quite a low activity level, something which shows the 
importance of developing these kinds of designs and interventions. 

Table 1. Participants and balance measures 

*was not able to take part in the post-testing 
 

 pre-test* post-test* p 
BBS (0-
56) 

43.5 (39-
47.3) 

46.0 (43.0-
48.0) 

0.013 

*median (1st and 3rd quartile) 
 
Compared to the Wii balance board, our balance pad is soft, 
potentially safer since you are not standing on a raised hard 
platform and can also show the pressure distribution over the 
surface. The REHAP balance tiles [5], which are designed for 
supervised training allow the creation of different step exercises, 
respond to pressure at specific points. Our setup is designed for 
unsupervised training, and the games and other feedback are also 
designed for our user group; for stroke survivors it is important to 
limit the amount of information the user has to process. 
Additionally, our pad is part of a system – through the server it is 
possible to link additional devices, apps and potentially also 
embedded sensors to feedback lamps or other feedback devices as 
well as to games. Although the variety provided by our proof of 
concept games and activities was appreciated, more elaborate 
software feedback will be needed in the long run eg. time spent 
training, high score in games, qualitative feedback on balance as 
well as level support.  
 
The lamps have been generally well appreciated and seeing the 
lights change has been felt to be encouraging. Still, the lamps as 
they are now, are a proof of concept and future developments 
should involve artists/designers to create designs that are both 

gender age time since 
stroke 

side of 
hemiparesis 

pre-
BBS  

post-
BBS 

f 63 23 years left 42 43 

f 55 9 months right 49 54 

m 71 15 months left 33 39 

m 79 5 months right 48 49 

m 66 26 months right 31 X* 

m 74 19 months left 45 46 

m 67 8 months left 48 48 

f 73 30 years left 38 42 

f 78 4 years, 
3 months 

left 43 44 

f 72 14 months right 44 48 



Even page header More text 
 

4 
 

aesthetically pleasing and useful. A potential advantage of the step 
counting game connecting to the lamps, is that you can see your 
progress without constantly having to monitor your phone.  
 
A major challenge in turned out to be the charging of devices. Our 
current solution is to keep the system connected to a power outlet, 
but since we use existing standard technology when possible (eg 
tablets) designed for charging, this isn’t an ideal solution. Although 
products aimed at facilitating charging are beginning to reach the 
market, charging is still a challenge that needs to be considered in 
any system intended for use in the home by our user group.  
 
While the ActiveFOAM setup has been generally successful, it is 
clear from the test results that the step counting game requires re-
design. Since we have had earlier users who thought the mini-
games were fun (especially our first beta tester used the app 
extensively), we have decided to keep the mini games as one 
possibility, but add two completely new games: one game where 
you automatically pick up keys and chests with treasure which can 
later be unlocked; and one version which is less of a game – each 
completed exercise moves you forward in a journey through a 
landscape. This new version of the app will be tested during 2019.   
 
To support users with different perceptual abilities, we have 
included activities using both sounds, visual feedback and haptic 
feedback (vibrations) in our designs. 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.  
 

4 CONCLUSIONS 
Our test results confirm our designs with regards to the interactive 
balance pad and the feedback lamps. The participants in the four 
week feasibility test significantly improve their balance, and also 
generally appreciate the pad and the lamps. What remains to be 
developed is the interaction and feedback – more games and 
activities, better game mechanics and improved overview of long 
term results. We have confirmed that ActivFOAM has a design that 
is stable and quite robust. The foam pad itself is also quite flexible. 
One can stand on it, but it is also possible to sit on it. The direct 
activity feedback provided by the lamps has been appreciated, but 
also the lamps need further development with regards to both 
functionality and aesthetics. For the step counting game, the picture 
is less clear. Although some elements of the design got positive 
feedback for some of our users, clearly further development and 
testing is needed.  
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