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Analysis, design and prototypical
implementation of a Serious Game, entitled
Reha@Stroke, to support rehabilitation of stroke
patients with the help of a mobile phone
René Baranyi, Pawel Czech, Stefan Hofstätter, Christoph Aigner and Thomas Grechenig
Abstract—Stroke is affecting different age groups worldwide with tremendous consequences. Most stroke survivors suffer from motor
impairment, where rehabilitation helps to regain lost abilities. Rehabilitation is a long process that focuses on repeating exercises,
which are monotonous and time-consuming. As a consequence, patients loose interest and motivation. Serious games offer the
possibility to deliver rehabilitation exercises in combination with entertaining and motivating aspects. A variety of serious games using
additional hardware is available to support stroke patients. The authors propose a new and innovative serious game, which rely only on
integrated sensors of a smartphone. Development was based on a user-centred design approach divided into 2 phases. In phase 1
requirements were identified in cooperation with a therapist and 13 stroke patients. The developed serious game included different
levels of difficulty for movement, gesture and touch exercises. Additional feedback and requirements from therapists and medical
doctors were included in phase 2, which resulted in an advanced solution with additional levels. Gathered feedback showed a positive
attitude towards the proposed solution.
Index Terms—Stroke, Serious Game, Mobile Application.
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I NTRODUCTION

T

HIS paper is an extension of a previously published
article, which was initially presented at the IEEE Serious
Games and Applications for Health conference in Kyoto,
Japan and can be found in [1]. The previous work focused
on the initial phase (phase 1) of the development of a
new serious game supporting the movement, gesture and
touch rehabilitation for stroke patients. The here presented
research describes the evolution of this solution, which contains a more comprehensive evaluation with therapists and
medical doctors which ended up in additional requirements
and levels. These aspects will be outlined here and are part
of phase 2.
The origin of a stroke is the interruption of the blood
supply to the brain [2]. Brain cells are starved of oxygen
and as a result brain tissue is damaged. There are different
types of strokes [3], [4]. The types are ischemic stroke,
which happens when the blood flow of an artery to the
brain becomes blocked, hemorrhagic stroke, which happens
when an artery in the brain is ruptured and the blood puts
pressure on it and transient ischemic attacks (which are
classified as a warning and are also called a mini-stroke),
where the blood flow to the brain is blocked for a short
period of time [5]. The reason for blocked blood vessels can
be fatty deposits or blood clots [6].
In the last decades a decrease of stroke incidence, mor-
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tality, and disability-adjusted life-years has been achieved
in high-income countries, which is most likely a result of
improving primary and secondary prevention, acute stroke
treatment and neuro-rehabilitation [7]. However, stroke remains the second-most single cause of death in Europe, with
405.000 death in men and 583.000 death in women every
year. Additionally, 17.1 million disability-adjusted life years
were lost to strokes in Europe in 2015 [8]. Worldwide stroke
is the second most common cause of death and the third
most common cause of disability [9]. Globally the burden
of a stroke has increased substantially over the past few
decades due to expanding population numbers and aging,
as well as the increased prevalence of modifiable stroke risk
factors, especially in low- and middle-income countries [7].
Risk factors associated with cardiovascular diseases are
smoking, high blood pressure, unhealthy diet, low physical activity levels and alcohol consumption above recommended limits [6], [10].
According to [11] the main symptoms of a stroke are
remembered by using the word ”FAST”, which correlates
to:
•
•

•
•

Face - problems within the face area occur, like the
impossibility to smile or the face drops on one side.
Arms - it might not be possible to lift one or both
arms and/or weakness or numbness in one arm
might occur.
Speech - problems with speaking might be present
like not being able to talk at all.
Time - if any symptoms are seen, immediate help
should be sought.
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One of the biggest problems after suffering from a stroke
is motor impairment, which results in loss or limitation of
muscle control or movement. The loss of control for face,
arm and leg movement on one side of the body is affecting about 80% of stroke patients. As a result therapy and
rehabilitation of stroke focuses on the recovery of impaired
movement and associated functions [12]. Full recovery to
a point where participation in everyday life and physical
functioning is possible again, is achieved by only 25% of
patients [13].
Stroke rehabilitation is a long and complex process. It
focuses on enabling to improve the patients current state
(i.e. reach their optimal physical or cognitive levels). People
suffering from a stroke often require rehabilitation for persisting deficits like spasticity or upper and lower extremity
dysfunction. Recovery and completing rehabilitation often
occurs within the first three months after a stroke, but it
may also last for a much longer period of time, even years
after the stroke happened [14].
There is a wide range of interventions available, especially for motor recovery after, suffering from a stroke.
Langhorne et al. [12] identified 19 different categories
like electrostimulation, repetitive task practice, and highintensity training. Based on literature research, they identified that the last two categories seemed to be the most
promising.
Serious games are applications that deliver other benefits
to the users rather than mere entertainment, while also
employing mechanics often found in interactive media like
video games [15]. These games might also be used within
the rehabilitation process of stroke patients. It was already
shown, that patients want the support of game based rehabilitation systems at home and that the exercises are more
appealing and motivational [16]. The different markets were
serious games are used are very big. They can be found
in military, educational, corporate, government, political,
religious, art and also healthcare domains [17]. Within an
meta study [18] it was shown, that serious games in the area
of rehabilitation by elderly people motivate patients to fulfill
the therapeutic requirements, improve physical fitness and
reduce symptoms of diseases.
It was already presented in [19], that the usage of a
tablet computer for stroke patients to treat communication
deficits (e.g. speech) may facilitate rehabilitation interventions during the early hospitalization period following an
acute stroke. The results of their study, which included 30
participants, suggested that tablets are a feasible method to
deliver individualized communication therapy in the acute
care setting. A follow up evaluation [20] indicated that
tablet-based therapy may be challenging due to patient,
device and system-related barriers but stroke patients are
generally interested in attempting tablet-based therapy.

2

R ELATED W ORK

The here presented work focuses on supporting the rehabilitation process with movement, gesture and touch exercises
together with the use of a commercial off-the-shelf (COTS)
mobile phone. There are a lot of different serious games
in the area of stroke rehabilitation focusing on different
exercises. Most of them use different integrated sensors and
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devices in the rehabilitation process, whereas solutions only
using a mobile device are scarce. Therefore solutions, which
are considered as State of the Art, for all of these areas will
be described in more detail in this section. To the authors
knowledge, there is no similar solution covering all of the
here presented aspects (e.g. using gestures with one and two
hands, combination of different categories, and rotation of
objects, etc.) usable in a COTS mobile device solution. In [21]
a systematic review of home-based rehabilitation systems
was conducted, where out of 25 looked into solutions only
2 mobile (i.e tablets and PC (personal computer) based
systems) solutions were identified. Another paper [22] identified 16 articles, where Apple iPads were used in stroke
rehabilitation but mostly for speech and language therapy.
The here presented solution only requires a mobile device, using its integrated sensors and focuses on movement,
gesture and touch exercises. One goal of the here presented
research was to deliver an easy to use (out of the box)
rehabilitation possibility for stroke patients, which is also
usable at home in addition to their conventional therapy.
Additional aspects like training of cognitive tasks could
also be included and will be briefly described here as well.
Therefore the following sections contain related work to
movement, gesture, touch, cognitive aspects and all other
related solutions (e.g. state of the art solutions focusing on
more than one category).
2.1

Movement

In [23] a serious game for movement therapy after a stroke
was developed and evaluated together with 8 stroke patients in a pilot study. Their system contains different virtual
reality games like ”catch-the-orange”, where virtual falling
oranges need to be caught with a basket. The game is
controlled by a real basket in the hands of the user, where a
sensor is attached and therefore its position is recognized
within the game. These games are also adaptable to the
patients needs (e.g. size and gravity). Their findings of this
study support the effectiveness of serious games in the
rehabilitation of stroke patients with hemiplegia.
Another solution by Cheng et al. [24] describes the
development of an upper extremity rehabilitation gardening
game with the usage of a Microsoft Kinect sensor. Three
difficulty levels (e.g. picking up seeds and watering) were
created and tested with 10 stroke patients. Results showed,
that this game increased patients’ treatment motivation.
The serious game described by Trombetta et al. [25],
called Motion Rehab AVE 3D supports the Kinect motion
sensing input device and contains six activities which are
done with hands, upper limbs, lower limbs, and trunk
movement. The pilot study together with 10 older healthy
participants showed good acceptance.
Dömök et al. describe a serious game for stroke patients
called ”break the bricks” in [26]. This game is controlled
by an Android mobile device connected to a PC. A block is
controlled by moving the phone in the hand of a patient and
keeping a bouncing ball from falling down while all present
bricks need to be broken by this ball.
The research conducted by Song et al. [27] showed
the improvement of motor performance on stroke patients
with the usage of VR (virtual reality) serious games. Their
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solution consisted of three different games for cellphones.
The phone is attached to the hand and the patient can
interact with the games by moving the arm within a threedimensional space containing virtual targets on the screen
of the device.
Another research focusing on the usage of different
sensors (Kinect, Myo, and FootPedal) and input devices
by Esfahlani et al. [28] describes a serious game with
four scenarios, like collecting fruits, were players control
an avatar, that mirrors the upper limbs of the patients.
The complexity of the levels is adapted through a Monte
Carlo algorithm and an initial evaluation with 23 volunteers
showed motivating and positive impacts on players.
The association game for rehabilitation (AGaR) - a serious game with virtual reality and natural interaction [29]
was developed to support stroke patients. The authors
used a Kinect device and the Unity engine for a game
were the patient needs to associate matching pictures (e.g.
complementary meaning) and drag the fitting one to a given
picture. An initial evaluation with therapists showed that it
might be used in rehabilitation as well.
Another serious game was designed [30] which supports the rehabilitation of upper limbs of stroke patients
by combining biofeedback and mirror-neurons. The patients
movement is captured with a Kinect device to collect fruits
from a tree.
The rehabilitation of the hand by a VR System is described in [31]. Ten different exercises within a ”Alice in
Wonderland” themed game can be conducted by stroke
patients. Movement is captured by magnetic trackers positioned on the wrist and head. The system was also evaluated
with 6 stroke survivors and showed a significant increase
in performance of the conducted VR tasks whereas clinical
improvements were only slightly present.
RehabJim [32] is a virtual reality application and uses
a Kinect controller for motion tracking. The focus of the
serious game is rehabilitation of the upper limbs for poststroke patients. The authors used a hybrid immersive reality
system, which provides a 320-degree panoramic environment for information display. The position in space of the
user, who has to wear 3D glasses, is tracked with a 10camera optical tracking system. Interactions of the user are
conducted with voice recognition or a wand controller.
ARMStrokes [33] is a mobile application developed for
iOS and contains elbow and shoulder exercises. The integrated sensors (accelerometer, gyroscope, and the device
orientation sensor) of the smartphone capture the patients
movement and are transferred to two different metaphors a monkey who is picking bananas or an astronaut in space.
They rotate or jump to reflect the detected movement. The
app was also designed to be very customizable. An initial
pilot study with 10 stroke patients already showed positive
outcomes including possible upgrades to the application
[34].
A solution from Friedrich et. al [35] contains different
mini games for stroke rehabilitation. They used a Kinect to
capture the movements from patients. Two of the proposed
games (archery and fishing) have been implemented. In
archery the patient has to draw an arrow for shooting with
a bow. In the fishing game the patient has to lift his hand,
when a fish bites in the hook.

2.2

3

Gesture

In [36] a serious game is presented which supports patients
with hand and motor problems. This game uses an electromyography device placed on the arms of a patient to
recognize gestures. In addition, a gesture recognition system
was developed encapsulating the detection of new gestures.
Three mini-games are present, where each of them is treating a different group of gestures. In one of these mini-games,
the player must collect eggs by opening and closing boxes.
This is accomplished by performing different hand exercises
while wearing the device (i.e. flexion, extension, abduction,
and adduction). Dependent on the hand movement different
actions are conducted within the game. This game was also
evaluated together with physiotherapists suggesting that it
is a valid option for the therapy process.
2.3

Touch

The mobile application Dexteria [37], [38] helps to increase
fine motor skills and handwriting readiness and was designed for children as well as adults. It was created together
with therapists and is supposed to speed up recovery from
injuries and stroke. There are three different hand and finger
exercises within Dexteria. The first exercise is called ”Tap
It”, where an exact technique needs to be followed with
the fingers on the mobile device. The thumb permanently
touches the same position while the other fingers are touching other shapes when they appear. The second exercise is
called ”Pinch It”, where appearing crabs need to be touched
to disappear. The last exercise is called ”Write It”, which
supports the development of handwriting skills. Appearing
numbers or letters have to be drawn with the fingers.
In the game called FINDEX [39] the assessment and
monitoring of fine finger dexterity by dragging, tapping and
stretching is evaluated with three stroke patients. Results
showed, that dexterity improved and the patients indicated,
that playing the game helped with their recovery. FINDEX
includes tasks (e.g. playing piano or dragging ingredients
on a pizza) which include household and work-related
activities, which need to be performed by the patients.
2.4

Cognitive

A serious game called Neuro-World [40], containing six
mobile games, was developed and evaluated with 12 stroke
patients. Users need to complete as many levels as possible
within 5 minutes to measure the so-called mini-mental state
examination. Results showed positive usability and willingness to adhere to play these games.
Another serious game by Adinolfi et al. [41] combines
motor- (e.g. limb-eye coordination) and cognitive rehabilitation (e.g. achieving a given goal, like putting a coffee
cup on a table). The combination of a Microsoft Kinect
device and a Microsoft Band bracelet captures movement
and physiological parameters and transform them into a
Unity engine-based game. Therapists can also customize the
available exercises.
Another solution called ROBiGAME [42] was developed
to improve motor and cognitive deficits, which uses a
rehabilitation robot to interact with the game. In terms of
cognitive aspects the patient gets a list of ingredients for a
sandwich, which have to be collected in a store counter.
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Within a usability study by Van der Kuil et al. [43] a
serious game for a computer was developed to support
cognitive rehabilitation (in the case of traumatic brain injury) where patients are placed in a 3D environment and
need to walk to a plateau as fast as possible. Their solution
was evaluated together with 30 patients and delivered more
detailed insights in terms of usability (e.g. is a mouse or
keyboard better for such a solution).
2.5

Other

MyWalk [44] uses the data collected by smartphone sensors
to analyze the gait symmetry of stroke patients. The phone
needs to be positioned in a harness to get proper data.
Patients get feedback if step-time asymmetry reaches a
defined threshold. Another solution using a haptic device
was presented in [45]. The so-called activity station contains
different games, where the user must move objects in a
virtual world. During gameplay the user holds the haptic
device in his hand to interact with the virtual environment.
The movements which are performed are measured in terms
of accuracy and pace. A camera is also included in the
system for clinical and technical support.
Improving arm and hand skills is also part of a solution
by Delbressine et al. [46]. They developed a vest to measure
the movements of the chest and shoulder. Patients can
also interact with the environment by using a monitor and
a Kinect device. Their systems is comprised of different
games to train various daily skills. For example within one
game the patient needs to reach for a target, another one
(labyrinth) helps to support relearning the skill of writing.
Another example is a knife and fork game, where the
patient is using actual cutlery to relearn those activities.
They also developed a sensor glove and a game where the
patient must fill a virtual glass, while holding a real glass,
without spilling any water. Three Games called Bridges
Game, Labyrinth Game and Gates Game were developed in
[47] and are controlled with electromyography and inertia
sensors which are connected to a smartphone. The games
are designed in such a way that it is possible for physiotherapists to have a lot of freedom to tailor the exercises to the
patients needs.
A platform for therapy targeting muscle activation and
four different serious games was described in [48] to support
stroke survivors in rehabilitation. In their solution muscle
activation patterns are trained and mapped to the cursors
location with an EMG, therefore the cursor is moving when
the user is activating different muscles. In order to play
the serious games the cursor needs to be moved across the
computer screen.
2.6

Comparison

The here proposed solution encapsulates a combination of
different aspects and requirements which are not yet present
within a single application found by the authors. A brief
overview can also be found in Tab. 1. The cognitive category
is not displayed in this table, since no final solution was proposed within this work. The other categories are abbreviated
with ”M” (movement), ”G” (gesture), ”T” (touch) and ”O”
(other).

4

Most of the presented work in the movement category
focus on motor rehabilitation with no COTS sensors or
solutions including Microsoft Kinect, Myo and FootPedal.
The only mobile application found needs a connection between an android device (as controller) and a PC. Especially
only one gesture training work was found which uses a
electromyography device placed on the arms to control the
game. Therefore a mobile solution for using gestures within
a rehabilitation setting is new in the authors results. In terms
of the touch category a similar application was found but it
does not include rotation of objects (like in our solution) and
only focus on fine motor skills. It also includes a level, where
finger calibration is needed, which is not necessary within
our solution. The second mobile application found focuses
on dragging, tapping and stretching exercises but also does
not include rotation and pinching like in our solution. New
to our work is also the necessity of using fingers of both
hands at the same time. Therefore the here proposed result
does not just combine different aspects (movement, gesture
and touch) within one single solution but also contains new
aspects not yet found in current state of the art applications.

3

M ETHODOLOGY

The methodology was divided into two phases (phase 1
and phase 2). Phase 1 was already described in [1] in more
detail, therefore only a short overview will be given. Phase
1 was based on initial research, which contained different
steps. First, extensive literature research was conducted,
looking for state of the art and additional basics in the
context of stroke and serious gaming. In parallel, a therapist
was selected for a brainstorming step, where initial ideas,
current problems, used rehabilitation exercises and methods
in the field of stroke rehabilitation were discussed. These
steps resulted in an initial idea of how a serious game
for mobile devices might look like to support stroke patients with their rehabilitation. In addition, different initial
requirements were derived based on these steps.
The second step involved the initial prototype, which
was based on a user-centered design (UCD) approach (see
[49] for a more detailed description), where the prototype
was iteratively developed and adapted with the help of the
therapists feedback. This step was concluded with a final
implemented prototype implemented on the iOS platform,
which satisfied the authors and the therapist. See [1] for
a more detailed description on the used frameworks. This
prototype then was shown to stroke patients of the therapist
to get initial feedback from them as well. The therapist also
gave feedback to these indications, which resulted in minor
adaptions of the implemented application. At the end of
this step and phase, the overall findings were concluded
and discussed. There were also different ideas and aspects
identified in there, which were intended as future work and
were later on carried out in phase 2.
Phase 2 was based on the results from phase 1 and
contains the re-evaluation of the application together with
different therapists and medical doctors to define a concept
for additional features. The phase started with finding different participants who were willing to contribute feedback
to the previous implemented prototype (from phase 1) and
additional ideas from the authors (including previously
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Name

Ref.

Cat.

COTS

Exercises

Different
Games
Gardening
Game
Motion
Rehab
AVE 3D

[23]

M

No

[24]

M

Kinect

[25]

M

Kinect

Break the
bricks
Three VR
games

[26]

M

[27]

M

Mobile Phone
and PC
Mobile Phone

Serious
game

[28]

M

AGaR

[29]

M

Kinect, Myo,
and
Foot
Pedal
Kinect

Arm
Movement
Upper
extremity
Hands,upper
/lower
limbs,trunk
movement
Hand movement
Hand/arm
movement;
phone
attached
to hand
Upper limb

VR
serious
game
VR
System
RehabJim
ARM
Strokes
Serious
games
Serious
game
Dexteria

[30]

M

Kinect

[31]

M

No

[32]
[33]

M
M

Kinect
Kinect

[35]

M

Kinect

[36]

G

Myo

[38]

T

FINDEX

[39]

T

Mobile phone
or tablet
Tablet

MyWalk

[44]

O

No

Serious
game
Different
games

[45]

O

No

[46]

O

No

Three
games

[47]

O

No

Different
games

[48]

O

No

5

Hand/arm
movement
Upper limb
Wrist
and
head tracking
Upper limb
Elbow
and
Shoulder
Hand
and
arm
Gestures
Hand and finger
Finger dexterity
Gait symmetry
Haptic device
movement
Measure the
movements of
the chest and
shoulder
multitude of
rehabilitation
scenarios
Muscle
activation
pattern

Fig. 1: Used Methodology

(a) Touch lvl 1

(b) Gesture lvl 3 (c) Movement lvl 3

Fig. 2: Example levels of phase 1

be presented and discussed in more detail here as well (for
an example of these see Fig. 2).
See Fig.1 for an overview of the before described process.

TABLE 1: State of the Art overview

identified future work) after phase 1. Different medical
doctors and therapists gave feedback to our solution during
interviews and an interview based group discussion.
Single interviews (together with one therapist/medical
doctor) and a group discussion, with different stakeholders, were conducted to get feedback of the implemented
prototype from phase 1. The current state of the concept/prototype was always presented and discussed. After
the interviews were conducted in phase 2, different new
aspects of the prototype were integrated into a concept for a
new prototype (which was not yet implemented) and final
results were concluded.
The focus of this work is phase 2 since phase 1 was
already described in more detail in [1]. Some aspects are
necessary, therefore a brief description of phase 1 as well as
different aspects of this phase not yet described there will

4

R ESULTS

Together with a therapist and feedback from stroke patients
an innovative mobile serious game was developed and
implemented in [1] to support people suffering from a stroke
with their rehabilitation. It was afterwards evaluated in
phase 2, where additional therapists and medical doctors
gave feedback to the solution. There was also a bigger group
discussion with different stakeholders. Only a few of them
are mentioned here, who provided more information about
their role and participated the most within the discussion.
These people are highlighted as ”Phase 2 - GD” (group discussion). Overall 19 named people participated throughout
the different iterations. These participants are described in
more detail in Tab. 1. The results of phase 2 consists of
several requirements (which are outlined in Section 4.1), and
more details on the final prototype (outlined in Section 4.2).

Copyright (c) 2020 IEEE. Personal use is permitted. For any other purposes, permission must be obtained from the IEEE by emailing pubs-permissions@ieee.org.

This is the author's version of an article that has been published in this journal. Changes were made to this version by the publisher prior to publication.
The final version of record is available at
http://dx.doi.org/10.1109/TG.2020.3017817
IEEE TRANSACTIONS ON GAMES (TOG) - SPECIAL ISSUE ON SERIOUS GAMES FOR HEALTH

ID

Gender

Age

Role

Phase

P01
P02
P03
P04
P05
P06
P07
P08
P09
P10
P11
P12
P13
P14
P15
P16
P17
P18
P19

Male
Male
Male
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Female
Male
Female
Female
Female
Male

33
76
72
68
67
67
73
70
69
65
69
71
71
73
49
48
60
39
45

Therapist
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Patient
Therapist
Therapist
Medical Doctor
Therapist
Medical Doctor

Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 1
Phase 2 - GD
Phase 2 - GD
Phase 2 - GD
Phase 2
Phase 2

TABLE 2: Participants

4.1

Requirements

Throughout the steps of phase 2 different requirements were
identified, removed or changed in comparison to phase
1. One aspect, which was suggested during phase 2 was
the target group for the application. The here presented
concept might also be usable for other groups (e.g. people
with neurological deficits), especially if cognitive tasks will
be integrated as well. The involved people delivered feedback to identified and proposed requirements, which are
described in detail in Tab. 3. Overall 37 requirements were
identified and integrated into a concept for enhancing the
initial prototype.
Requirements from phase 2 will be described in more
detail within the following paragraphs. Requirements from
phase 1 are also outlined within the following table but are
not described here any further. A more detailed description
of them can be found in [1]. During the evaluation it was
mentioned, that the description of the levels should be
written more clearly (R10) and also contain audio (R20) and
video (R21) instructions because it was not always clear
what to do, especially how the mobile phone should be
placed in the hand or the usage of gestures and fingers.
Within a video, such aspects could be displayed for example
how the application should be used in the context of each
level. The application should also be available in different
languages (R22). One thing, which was added to the levels
is the possibility to mirror the game area to play with the
other hand (see R14). Level 1 in phase 1 contained the task
to fill a glass of water, which could only be accomplished
by using the left hand. After adding a feature to mirror all
objects, the task can now also be accomplished with the right
hand. Regarding Feedback, the usage of vibrations (R24)
and sounds (R25) should be integrated into the game design
as well. The initial prototype of phase 1 did not contain any
sound or vibration effects. These requirements should make
it more clear when an exercise is done or an obstacle is hit.
When a level is completed, feedback in form of stars (one
to five) should be given to indicate how they performed
(R30). Signal colors should also be used to indicate if a task
was (partly) completed (see R23). Regarding the progress

6

of a user by playing different levels a few aspects should
be included. An overall progress should be calculated and
contain different levels (e.g. overall user experience level is
8). When a user plays a level and is able to finish it, this
user is awarded points (R29) and they are added to the
overall experience progress level of the user (R32). The user
should not play forever when using the application, therefore, a daily limit of points should be included (R33), but
when these limits are reached other rewards (e.g. badges)
should be awarded to the user as well (R34). For all points
and different aspects regarding the levels, statistics should
provide a comprehensive overview (R36) - e.g. how often
did the player accomplish each level or how much time
was spent with the whole application. Precision when doing
tasks should also be integrated (R28), which is difficult
to achieve and differs from level to level. The precision
should give an indication of how good the task was done
independent of scores or points) - e.g. how much water
was spilled during level 1 of the movement task, when
trying to fill a glass of water. These numbers might be
presented as percentage values or used for statistical evaluations like precision performance over a defined period of
time. Stroke patients will not always be able to enter text
or use the navigation within an application, therefore the
solution should contain input help, like speech to text, for
entering text (R19). Other functional aspects to be included,
which were mentioned during feedback was the integration
of a step counter (R11) which could also be used as an
indication for stroke patients to increase their movement
and the inclusion of cognitive tasks as another category
(R12). A possibility for communication with therapists (R13)
was also mentioned and should be integrated. In addition to
the defined three levels within each category from phase 1
(movement, gesture, and touch) an additional endless level
(R37) should be integrated. After a user finishes all three
levels each category offers an endless level, which can be
played indefinitely.
4.2

Prototype

The here presented serious game was entitled Reha@Stroke,
which represents a combination of modern technologies in
the context of supporting stroke patients with their rehabilitation exercises. The serious game only uses a mobile phone
for capturing movements of patients and is divided into the
following categories:
•

•

•

•

Movement: Levels in this category are controlled by
using the gyroscope of the smartphone (i.e. moving
the smartphone while holding it in one hand).
Touch: Levels in this category are controlled by the
interface of the touch screen on the smartphone (i.e
moving fingers while touching the screen).
Gesture: Levels in this category are controlled by
making gestures with the fingers on the screen on
the smartphone. (e.g. pinch gesture)
Cognitive: Levels, which feature cognitive tasks
might be added here. Within this prototype, there
is no level present, and the category is used as a
placeholder for future work. Some of these aspects
are described in the conclusion section.
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ID
R01
R02
R03
R04
R05
R06
R07
R08
R09
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26
R27
R28
R29
R30
R31
R32
R33
R34
R35
R36
R37

Description
The game includes several categories
Movement rehabilitation should be included
Touch rehabilitation should be included
Gestural rehabilitation should be included
Different levels have to be implemented
Different movement patterns
Positioning of the device on surfaces
Positioning on the floor
Simultaneous use of both hands
Detailed descriptions on tasks
A step counter should be implemented
Cognitive rehabilitation should be included
Include communication with therapists
Levels should be symmetrical/mirrored
Font should be readable
Integrate tolerance of movement
Detailed descriptions of tasks
Intuitive Design
Input help for text input
Auditory descriptions to be included
Video descriptions to be inserted
Descriptions in several languages
Signal colours for completed tasks
Vibrations should be used as feedback
Sounds should be used as feedback
Rewards for users should be included
Time needed for a level is to be measured
Precision of levels should be measured
Integration of points
Evaluation in the form of stars (max. 5)
Progress is to be measured with levels
Completing a level brings level progress
Daily limit for points
Rewards for reaching the point limit
Bad results should deliver recommendations
Statistics should be available
Endless Levels should be integrated

Phase
Ph1
Ph1
Ph1
Ph1
Ph1
Ph1
Ph1
Ph1
Ph1
Ph2
Ph2
Ph2
Ph2
Ph2
Ph1
Ph1
Ph1
Ph1
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2
Ph1
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2
Ph2

TABLE 3: Requirements
See Fig. 2 for an example for each of these categories
from phase 1. Fig. 2a represents an exercise, where cards
need to be sorted in the correct order. To accomplish this
goal a free place is available to temporarily move cards
there. The exercise is conducted by touching the mobile
phone display and using one finger to drag and drop
cards. The exercise in Fig. 2b focuses on making gestures
to accomplish the level. To do so the mobile device needs
to be put on a table and the object needs to be rotated and
scaled with two fingers (one of each hand) to fit the white
border. Fig. 2c shows a level, where the mobile device lays
in one hand and needs to be moved by moving the hand so
that the objects fits the black border.
When the application is started the patient gets an
overview of his current overall experience user-level (Fig.3a
top left), can see if there are any new messages from the
therapist (Fig.3a top right), can start a new game, can view
his scores or view information about the application. In
addition language or sound can be selected. If the user
taps on the current level a more detailed view is displayed
(Fig.3b). The user can see his daily steps and his achieved
points for each level. Each of these numbers count towards
a new overall experience user-level, to show progress and
deliver additional motivational aspects. The user is also
able to view and write new messages (Fig.3c) within a
chat-like communication system. The patient can select if

(a) Menu
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(b) Progress

(c) Chat

Fig. 3: Application Overview - Phase 2

he wants to write a message for a specific level (L1, L2,
etc.) or add predefined smileys to represent his feelings
within the exercises. The user can also add manual text or
activate speech to text if he is not able to write with his
fingers. When starting a new game the user can select which
category should be trained. In addition to three different
levels an endless level for each category of phase 1 was
designed, which can be selected by the patient. This level
can be played endlessly until the player loses all available
lives. The number of lives depend on the current experience
user-level. If a certain experience user-level is reached an
additional life is awarded. It is planned to add one extra
life for every 10 experience user-levels. More details of each
category are described within the next sections.
4.2.1

Movement

Level 1 (see Fig.4a) represents the task of pouring water into
a glass by moving the mobile phone while holding it in one
hand. The user has to deviate the wrist to keep pouring the
virtual water into the corresponding glass. If the rotation
is not correct (too big or too small) the glass will not be
properly filled. In addition to phase 1 it is possible to mirror
the task, by clicking the arrows below, so it can be done
with the other hand as well. Level 2 was untouched from
the transition of phase 1 to phase 2. The user needs to stitch
virtual buttons with a needle (which are shown on screen
including the correct path) by using the radial and ulnar
deviation of the wrist to move the needle left and right and
supination and pronation of the wrist to move the needle
up and down. Level 3 (see Fig.4b) contains a shape, which
must be moved to fit in a corresponding hole. Supination
and pronation are used for up and down movement, ulnar
and radial deviation to rotate the shape. Movement to the
left and the right is conducted by the extension and flexion
of the wrist. In addition to phase 1 the object must be placed
sequentially in two sides and signal colours were included
to see which side is already finished. The endless level (see
Fig.4c) contains a triangle shape, which needs to be navigated without touching rectangular grey obstacles. Stars
can be captured with the triangle, which give points when
collected. When the user moves up the screen, new obstacles
and stars are displayed. When an obstacle is hit, one life
is lost. When the user has no lives left, the endless level
is finished and he can start over again. The user controls
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(a) Level 1

(b) Level 3

(c) Endless Level

Fig. 4: Movement Levels - Phase 2
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(a) Level 1 - Begin (b) Level 1 - End (c) Endless Level

Fig. 5: Gesture Levels - Phase 2

the rectangle by using the radial and ulnar deviation of the
wrist, supination and pronation of the wrist to move it up
and down.
4.2.2

Gesture

This category is responsible for the rehabilitation of finger
gestures with pinch like movements. Level 1 (see Fig.5a)
contains a white square, which needs to be zoomed to fit
the corresponding grey square (zoom in). To accomplish
this task two fingers of one hand need to be placed on
the screen to do this pinch gesture. The exercise should
be done without lifting fingers or pausing. If this is the
case, the user has to start from the beginning. In phase 2
an additional ready button was included, which needs to
be pressed before a counter is starting, which displays how
much time has passed. When the rectangle fits the cube,
an additional counter was included to show the user, that
he needs to hold this position for 3 seconds (see Fig.5b).
The exercise is finished, if he also accomplishes holding the
position for three seconds.
The endless level (see Fig.5c) is played with one or
two hands, where one finger needs to be placed on one
side of a white bar and another finger on the other side
of the white bar. The bar needs to be navigated through
different obstacles represented by grey squares. The user
should collect stars to gain additional points. The exercise
should be done without lifting fingers or pausing. If this
is the case, the user has to start from the beginning. When
the user moves up the screen, new obstacles are displayed.
When an obstacle is hit, one life is lost. When the user has
no lives left, the endless level is finished and he can start
again.
4.2.3

Touch

Within this category, users have to tap on the screen and
perform different movement tasks with their fingers. Level
1 contains two different shapes and two holes and is unchanged from phase 1. A cube and a triangle have to
be placed in the corresponding holes by tapping on the
screen, keep the screen touched and move the finger on the
screen to drag the shape in the corresponding hole. After a
match, the fingers have to be pulled off the screen to save
the position of the shape. When the shapes are positioned
correctly, the level is completed. Level 2 (see Fig.6b) also

(a) Level 3

(b) Level 2

(c) Endless Level

Fig. 6: Touch Levels - Phase 2

stays unchanged in comparison to phase 1. It contains 4
spots to place cards and an additional free space below to act
as a temporary placeholder for a card. The cards need to be
sorted in ascending order. Users have to use the temporary
space to move one card there, and then move another card
to the correct place above. The user has to tap with his finger
on the screen to move a card. If the card is positioned in the
right spot, the user can lift the finger. When all cards are
ordered correctly, the level is completed. Level 3 (see Fig.6a)
contains the number eight and a black round shape inside
it. The user must follow this shape in different directions.
When the center of the eight is reached, the direction which
must be followed next is displayed. The finger should not be
lifted during this exercise, otherwise, the level will restart.
After a defined period of time, the level is finished. This
level was also unchanged in comparison to phase 1. The
endless level (see Fig.6c) contains an oval white shape and a
black round shape inside it. The user must move this shape
in different directions. Inside the white oval is a grey square,
which also contains grey borders, moving in and out. These
grey borders also cross the oval and are considered obstacles
which need to be avoided by pausing or increasing the
movement of the finger. The user should collect stars to
gain additional points. The exercise should be done without
lifting fingers. If this is the case, the user has to start from
the beginning. When an obstacle is hit, one life is lost. When
the user has no lives left, the endless level is finished and he
can start over again.
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4.2.4 Cognitive
During the evaluation of phase 2 one additional aspect
to integrate into the application, was a new category for
cognitive tasks. This aspect was considered for integration
but it was decided by the authors to postpone this topic
because of its complexity and the fact, that it was not
initially in the scope of the project. Therefore this category
was not implemented in the current prototype. Level 2 of
the touch levels (card sorting) is also considered a cognitive
task and might be integrated here as well at a later time.
The authors think, that adding this category and delivering
additional tasks might be beneficial for the users - therefore
(from an architecture and user interface design perspective)
the category itself was added without concrete levels. Some
ideas regarding this category are described in the following
section.

5

C ONCLUSION

The here proposed serious game is intended to support
people suffering from a stroke with their daily rehabilitation
process in the area of movement, gesture and touch exercises. Through two different phases (and different iterations
within them), including therapists, doctors as well as people suffering from a stroke, requirements were identified,
which support the rehabilitation process through different
categories and game levels. Some of these requirements
were implemented in phase 1 and some were proposed as
a concept within phase 2 for future work. In each category
(except cognitive) there are three different levels, which can
be solved within a short period of time and an additional
unlimited level, which can be played for a much longer
duration. This unlimited level is intended for advanced
users who managed to successfully finish all other three
levels within that particular category. The authors think that
this type of level might be especially challenging for stroke
patients.
There was a lot of positive feedback regarding the here
proposed solution, although there was no real evaluation
with patients over a longer period of time. The authors
think that this solution has a lot of potential for stroke
patients especially in addition to their current different
daily exercises. Therefore, a larger and longer evaluation
with patients should be conducted to identify the positive
effects on stroke patients. Also a control group should be
integrated into the process to see the effectiveness of the
authors solution (planned as phase 3). Within this evaluation different technical aspects regarding sensors (i.e. how
accurately they are working) should also be evaluated. In
addition to technical aspects usability should also be looked
into further. Although there were already feedback from
stroke patients in phase 1, the additional levels and changes
should also be evaluated accordingly.
Within the cognitive category no specific levels were
included, therefore different possibilities should be further
looked into regarding tasks to train executive functions.
One possibility might be the inclusion of a serious game by
Baranyi et al. [50], which focuses on such training exercises.
Within this game, different tasks need to be conducted in the
correct order (e.g. making coffee). This concept might easily
be integrated into the here presented solution, although
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it was intended for people suffering from traumatic brain
injury. There are also a lot of other ideas that could be used
for this category (e.g. a memory game, creating a shopping
list, etc.), which need to be evaluated further in future work.
The here presented application also does not contain
checks if a particular exercise was done correctly. It would
be possible to successfully finish a level without holding
the mobile phone correctly or doing an exercises differently
than intended. One possibility to reduce such effects are
detailed and good descriptions (text, audio and video) on
how exercises should be done and why they are done in
a certain way. Using the device-integrated or additional
sensors to some extent might also help, but this was not
looked into any further within this research and might also
be included in phase 3.
Another aspect, which is currently looked into, is the integration of different serious games (i.e. for stroke patients)
into a rehabilitation framework. Other games focusing on
different aspects of the rehabilitation process like balance
training for stroke patients (see [51] for such a solution)
should be used together with the here proposed solution
for an overall support of different areas of the body with the
help of serious games and gamification aspects.
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