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Abstract
This thesis explores the development of an
interactive application with games for the
rehabilitation of individuals with hemi-
plegic partial cerebral palsy, focusing on
children aged 5 to 10 years. Rehabilita-
tion aims to maximize the functionality
of the a�ected limbs, and serious games
present an innovative approach to achiev-
ing this goal. Traditional solutions often
pose challenges such as high costs, com-
plex setups, and usability issues for young
children. This study proposes the use of
bi-manual interaction games on o�-the-
shelf tablets to enhance the accessibility
and e�ectiveness of rehabilitation.

A comprehensive analysis of the cur-
rent literature and existing rehabilitation
technologies was conducted, revealing the
gaps that this project seeks to address.
The study involved de�ning the speci�c
needs and preferences of the target user
group, followed by the development and
implementation of prototypes. The usabil-
ity of the �nal prototype was evaluated
with children, ensuring that the applica-
tion is engaging, intuitive, and bene�cial
to improve motor skills.

Keywords: hemiplegia, cerebral palsy,
serious game, game for tablet

Supervisor: Ing. Miroslav Macík, Ph.D.
Praha,
Resslova 9,
E-424

Abstrakt
Tato diplomová práce zkoumá vývoj inter-
aktivní aplikace s hrami pro rehabilitaci
jedinc· s hemiplegickou £áste£nou mozko-
vou obrnou, zam¥°enou na d¥ti ve v¥ku 5
aº 10 let. Cílem rehabilitace je maxima-
lizovat funk£nost postiºených kon£etin a
váºné hry p°edstavují inovativní p°ístup k
dosaºení tohoto cíle. Tradi£ní °e²ení £asto
p°iná²ejí problémy jako vysoké náklady,
sloºité nastavení a problémy s pouºitel-
ností pro malé d¥ti. Tato studie navrhuje
vyuºití bimanuálních interak£ních her na
b¥ºn¥ dostupných tabletech pro zvý²ení
dostupnosti a efektivity rehabilitace.

Byla provedena komplexní analýza sou-
£asné literatury a existujících rehabilita£-
ních technologií, která odhalila mezery,
které tento projekt chce vyplnit. Studie
zahrnovala de�nování speci�ckých pot°eb
a preferencí cílové skupiny uºivatel·, ná-
sledovaný vývojem a implementací pro-
totyp·. Pouºitelnost �nálního prototypu
byla hodnocena s d¥tmi, aby bylo zaji²-
t¥no, ºe aplikace je poutavá, intuitivní a
prosp¥²ná pro zlep²ení motorických do-
vedností.

Klí£ová slova: hemiplegie, mozková
obrna, váºná hra, hra pro tablet
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Chapter 1
Introduction

Healthcare and quality of life issues are becoming increasingly relevant in
modern society. One of the important areas that requires special attention
and innovative approaches is the rehabilitation of people with hemiplegic
partial cerebral palsy (CP). This category of patients, who face limitations in
the mobility and functionality of their limbs, requires e�ective rehabilitation
methods to achieve maximum recovery and improve quality of life.

This work aims to develop and implement an application with interactive
games designed for the therapy of people with hemiplegic partial cerebral
palsy. The main goal of these games will be to maximize user involvement in
two-handed interaction using modern devices such as tablets. This approach
provides a unique opportunity to improve the results of rehabilitation and
make it more accessible and attractive to children. The goals of the thesis
are outlined as follows:..1. De�ne Speci�c Needs and Preferences of Target Users: Identify

the speci�c requirements and preferences of children with hemiplegic CP
to ensure that the developed games are engaging, intuitive, and bene�cial
for motor skills improvement...2. Conduct Comprehensive Analysis of Current Technologies: Per-
form a detailed review of existing rehabilitation technologies to identify
gaps and opportunities for improvement in current methods...3. Prototype Development and Implementation: Develop and imple-
ment game prototypes that are speci�cally tailored to the rehabilitation
needs of children with hemiplegic CP...4. Usability Evaluation: Conduct usability testing with children to
ensure the �nal prototype is e�ective and user-friendly.

The goal of this work is to create an innovative solution that can improve
the rehabilitation process for hemiplegic partial cerebral palsy, making it
more a�ordable and motivating primarily for children.

3
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Chapter 2
Cerebral Palsy

In this chapter, cerebral palsy will be discussed in more detail. The key clas-
si�cation systems used to assess di�erent aspects of cerebral palsy, including
topography, gross motor function, manual ability, communication function,
and the ability to eat and drink, will be explored. In addition, various physical
therapies aimed at maximizing hand function and overall functionality in peo-
ple with cerebral palsy, such as constraint-induced movement therapy (CIMT),
bimanual training, context-focused therapy, and goal-directed training, will
be examined.

2.1 Overview

Cerebral palsy is a term that encompasses a group of neurological disorders [7].
These disorders, which manifest in infancy or early childhood, permanently
a�ect body movement and muscle coordination. The root cause of CP is
damage or abnormalities within the developing brain, which disrupt the
brain's ability to control movement and maintain posture and balance.

CP is not a rare condition; it occurs in approximately two to three out
of every 1,000 live births [8, 9, 10]. The causes of CP can vary. In some
cases, the brain areas responsible for muscle movement do not develop as
they should during fetal growth. In other cases, the damage is due to an
injury to the brain that occurs before, during, or after birth. According to [ 8],
approximately 92% of cases of cerebral palsy are traced to the perinatal
period.

Although, indeed, there is currently no cure for cerebral palsy, a wide
range of supportive treatments, medications, and surgical interventions can
signi�cantly improve the quality of life of those a�ected. These therapies can
help many individuals improve their motor skills and the ability to interact
with the world around them.

2.2 Classi�cations of Cerebral Palsy

In the following paragraphs, key classi�cation systems used to assess di�erent
aspects of cerebral palsy will be explored, including topography, gross motor

5



2. Cerebral Palsy....................................
function, manual ability, and communication function.

2.2.1 Topographic Classi�cation

The topographic classi�cations of CP are hemiplegia, diplegia, and quadriple-
gia. These terms describe spasticity, depending on the a�ected limbs [10, 11]...1. Hemiplegia is a condition caused by brain damage or spinal cord injury

that leads to paralysis on one side of the body (either the left or the
right). In spastic hemiplegia, the arm is typically a�ected more than
the leg. Children with spastic hemiplegia may have associated sensory
de�cits. These sensory de�cits are re�ected as poor muscle mass on the
a�ected side and do not correlate with motor de�cits. In addition, they
may have associated intellectual impairment and behavioral problems,
such as anxiety, oppositional de�ance, and speci�c phobias. However,
most children with spastic hemiplegia have normal cognitive abilities, can
maintain independent ambulation, and have a high level of functional
abilities...2. Diplegia is a symmetrical paralysis that usually a�ects either the arms
or the legs. Thirty-�ve percent of children with CP have spastic diplegia,
which is the most common clinical phenotype of CP. Most children with
spastic diplegia have normal cognitive function and a good prognosis for
independent ambulation...3. Quadriplegia is the most severe form involving all four limbs, and
the upper trunk limbs are more severely involved than the lower limbs.
Spastic quadriplegia is associated with signi�cant functional limitations,
cognitive de�cit, epilepsy, visual impairment, and other associated con-
ditions. Children with spastic quadriplegia have a poor prognosis for
independent ambulation.

2.2.2 Gross Motor Function Classi�cation System

GMFCS � E & R (Gross Motor Function Classi�cation System Expanded
and Revised), the most widely used evidence-based tool, focuses on gross
motor function, speci�cally self-initiated movements and, in particular, sitting
and walking. It classi�es these functions according to �ve levels, from Level 1
= independent movement to Level 5 = complete assistance. Each level of the
GMFCS � E & R provides functional descriptions for �ve age groups: 1 to 2,
2 to 4, 4 to 6, 6 to 12, and 12 to 18 years [12, 13, 14]. However, there is also
a generalized description that does not depend on age, which can be seen in
Table 2.1.

6



............................ 2.2. Classi�cations of Cerebral Palsy

Level I Level II Level III Level IV Level V
Walks with-
out Limita-
tions

Walks with
Limitations

Walks Using
a Hand-Held
Mobility De-
vice

Self-
Mobility
with Limita-
tions; May
Use Powered
Mobility

Transported
in a Manual
Wheelchair

Table 2.1: General headings for each level of GMFCS � E & R, from [4]

2.2.3 Manual Ability Classi�cation System

MACS (Manual Ability Classi�cation System): evaluates how children with
CP can use their hands when handling objects in daily activities by pointing
out the child's typical manual performance, not the child's maximal capacity,
and the use of both hands together [12, 13, 15]. It consists of �ve levels,
which can be seen in Table 2.2.

Level I Level II Level III Level IV Level V
Handles ob-
jects easily
and success-
fully

Handles
most objects
but with
somewhat
reduced
quality
and/or
speed of
achievement

Handles
objects with
di�culty;
needs help
to prepare
and/or mod-
ify activities

Handles
a limited
selection of
easily man-
aged objects
in adapted
situations

Does not
handle ob-
jects and has
severely lim-
ited ability
to perform
even simple
actions

Table 2.2: Functional levels of MACS, from [5]

2.2.4 Communication Function Classi�cation System

CFCS (Communication Function Classi�cation System): classi�cation was
designed to assess the ability of people with CP to communicate with familiar
and unfamiliar communication partners in di�erent environments to establish
shared understandings [12, 13, 16]. Its levels can be seen in Table 2.3.

7



2. Cerebral Palsy....................................
Level I Level II Level III Level IV Level V
E�ective
sender and
receiver with
unfamiliar
and familiar
partners

E�ective
but slower
paced sender
and/or re-
ceiver with
unfamil-
iar and/or
familiar
partners

E�ective
sender and
receiver with
familiar
partners

Inconsistent
sender
and/or re-
ceiver with
familiar
partners

Seldom e�ec-
tive sender
and receiver
even with fa-
miliar part-
ners

Table 2.3: Functional levels of CFCS, from [6]

2.3 Physical Therapy

As mentioned above, there exists a broad spectrum of supportive treatments,
medications, and surgical interventions that can signi�cantly improve the
quality of life of those a�ected. Since the primary goal is to create a tablet
game that supports bimanual interaction, this chapter will exclusively focus on
physical therapies, as they are particularly bene�cial in maximizing available
hand function [9].

2.3.1 Constraint Induced Movement Therapy

Constraint-induced movement therapy (CIMT) involves restraining one limb
of the body to promote increased movement and the use of the opposite limb.
In the context of cerebral palsy, CIMT is commonly used to increase the use
of an individual's a�ected arm by restricting the una�ected arm [17].

Many individuals with cerebral palsy may bene�t from CIMT, as it was
designed to treat upper limb de�cits in individuals with neurological conditions.
It is ideal for those with hemiplegia or monoplegia when only one arm has
motor impairments. It can be used for individuals of any age [17].

How does CIMT work?

According to [17], CIMT involves two key components:..1. The una�ected arm must be restrained using a splint, glove, mitt, cast,
or sling. This promotes the use of the a�ected arm, as it is more readily
available for use...2. The a�ected arm must undergo intensive therapy to learn to move and
function accurately. By encouraging the use of the a�ected arm, you are
stimulating the brain to strengthen associated movement pathways.

8



................................... 2.3. Physical Therapy

2.3.2 Bimanual Training

Bimanual training, often known as intensive bimanual training, is a therapeu-
tic approach used for children with cerebral palsy, especially those diagnosed
with hemiplegia. It involves repetitive task training that requires the use of
both hands. The goal of this therapy is to improve the use and coordination
of both hands [18, 19, 20].

How does bimanual training work?

Bimanual movements are de�ned as both hands working together to achieve
a goal. They are more complex than unimanual movements, as they involve
coordination of both upper extremities, coupling the amplitude of movement
and the direction of both hands [20].

In bimanual training, children perform one to �ve bimanual tasks in labo-
ratory settings, mainly activities of daily living or game scenarios. Examples
of these tasks include crossing the midline. Training is often home-based,
with parents providing support during training [18, 20].

2.3.3 Context Focused Therapy

Context-focused therapy in terms of Cerebral Palsy is about adapting the
environment and tasks to improve the functional performance of the individual,
rather than only focusing on changing the individual's movement abilities.
It is part of a larger shift in therapeutic interventions towards improving
participation, activity, and environment [21].

How does Context-focused therapy work?

As suggested in [21], the objective is to modify the task or the environment
to enhance functional e�ectiveness. A potential method could be outlined as
follows:..1. Identi�cation of motor-based tasks a child was initiating, trying to modify,

or showing an interest in...2. Identi�cation and analysis of constraints in the task through analysis of
task performance together with parents, child, and therapist...3. Treatment is focused on changing the environment or the task, ideally in
a natural environment (school, home, etc.).

2.3.4 Directed Functional Training

Directed functional training, also known as goal-directed training (GDT),
focuses on activities based on the goals set by the child, using a motor learning
approach.

Research [22] shows that GDT works very well if the child wants to learn a
new gross motor skill, use their hands, learn a new self-care skill, or achieve
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2. Cerebral Palsy....................................
a functional goal. It can also be used to support thinking, learning, and
communication.

How does GDT work?

Here's a detailed explanation of GDT, according to [22]:..1. Goal Selection: The child and their caregivers choose a goal that
is important to them. This could be everyday skills such as pressing
buttons, walking upstairs, or eating with a knife and fork...2. Active Participation: The child is active in performing the movements
associated with the goal...3. Real Task Practice: The child practices their goal by doing real tasks
and activities. For example, they will learn to use a knife and a fork
when they are having a meal...4. High-Intensity Practice: Practice needs to be high intensity, which
means a lot of repeated practice in a set period1...5. Feedback: Feedback from a therapist helps the child to know what they
are doing well and what else they can try...6. Home Practice: Home practice is an important part of GDT. It will
help the child do the amount of practice needed to change the way their
brain works.
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Chapter 3
Target User Group Analysis

The speci�c needs and characteristics of the target user group must be
understood to develop e�ective therapeutic applications. This chapter explores
the concept of neuroplasticity, examining how the brain's ability to adapt
and change can in�uence the timing and e�cacy of therapeutic interventions.
Critical periods of brain development and their implications for therapy are
analyzed to identify the optimal age range to initiate interventions. In addition,
topographic classi�cation and classi�cation system levels are discussed to
tailor the application to the unique needs of children with hemiplegia.

3.1 Neuroplasticity of the Brain and Age. When
Might Therapy Be Most E�ective?

Neuroplasticity is the ability of the brain to change its structure and function
in response to experience and learning. It exists throughout a person's
life, but its character changes with age. Neuroplasticity plays a critical
role in the e�ectiveness of rehabilitation therapies, especially in individuals
with hemiplegic partial cerebral palsy. The characteristics of these changes
in neuroplasticity at di�erent ages make the timing of therapy initiation
strategically important.

3.1.1 Critical Periods of Brain Development

According to the study [23] by Chugani and Harry T., which refers to the
critical period of brain development, glucose utilization in the human brain
varies signi�cantly with age:..1. Birth up to the age of 4 years: The study found a rapid increase

in glucose utilization from birth until about the age of 4 years. At this
stage, a child's cerebral cortex uses over twice as much glucose as that
of an adult. This high rate of glucose consumption is likely due to the
intense growth and development occurring in the brain during these early
years...2. Age 4 to 10: The very high rates of glucose consumption are maintained
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3. Target User Group Analysis..............................
during this period. This aligns with signi�cant cognitive and physical
development in children...3. Age 10 to 16-18: After the age of 10, there is a gradual decline in the
rate of glucose consumption. By the age of 16 to 18, glucose metabolic
rates reach adult values.

The study [23] also discusses the correlation between glucose utilization rates
and synaptogenesis, the formation of synapses. Synapses are crucial for
learning and memory, as they are the junctions where neurons communicate
with each other.

The high rates of glucose consumption and synaptogenesis during early
childhood suggest that this is a period of high brain plasticity, or the brain's
ability to change and adapt as a result of experience. This has implications
for recovery from brain injury, as well as for understanding when the brain is
most capable of learning, referred to as 'critical periods'.

3.1.2 Strategic Therapy Approaches for Children with
Cerebral Palsy

Based on the research [24] by Wittenberg and George F., early interventions
(from birth) for children with CP should focus on improving the survival
of crossed corticospinal tract axons. The corticospinal tract, a part of the
nervous system that transmits signals from the brain to the spinal cord to
control movement, crosses over from one side of the brain to the opposite
side of the body. In CP, these axons can be damaged, so therapies aim to
improve their survival and function.

As for later therapies, they should address the imbalance between intact
and damaged motor representations. Motor representations, which refer to
how movement is mapped in the brain, can exhibit imbalances in children with
CP because some brain regions operate e�ectively while others are impaired.
The goal of these therapies is to correct this imbalance to improve movement.
Since bimanual therapy will help to solve problems with uneven functioning
of healthy and damaged parts of the motor system, these data help to more
accurately determine in which period the application being developed will be
most useful. In addition, according to [10], physiotherapy and occupational
therapy at 4 to 5 years of age are relatively more e�ective than if started at a
later age.

3.1.3 Conclusion: Age Restrictions

Based on the above facts, the most suitable age group for a tablet game
designed to provide bimanual interaction is children aged 4 to 10 years.
This is due to their high brain plasticity, signi�cant cognitive and physical
development, and the e�ectiveness of early interventions and therapies during
this period. However, it was decided to limit the minimum age to 5 years, as
younger children will have great di�culty using tablets. Thus, the application
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being developed is mainly focused on children aged 5 to 10 years but is not
limited to this group and can be used by people of any age.

3.2 Selecting Appropriate Topographic
Classi�cation and Classi�cation Systems Levels

The target audience of an application developed for the treatment of cerebral
palsy can be e�ectively classi�ed using the systems mentioned in Section 2.2,
namely topographic classi�cations - hemiplegia, diplegia, quadriplegia, as well
as GMFCS - E & R, MACS, CFCS. These classi�cations allow therapeutic
approaches to be more precisely tailored to the individual characteristics and
needs of users.

3.2.1 Topography

In the development of this therapeutic application for cerebral palsy, the
topographic classi�cation of hemiplegia was speci�cally chosen as the primary
target. Hemiplegia, a condition that a�ects one side of the body, aligns with
the main focus of the application on bimanual interaction. This means that
the application is designed to involve both hands in coordinated activity,
which is particularly bene�cial for individuals with hemiplegia. Having a focus
on this group, the application can provide a tailored and e�ective therapeutic
approach that addresses the unique challenges faced by individuals with
hemiplegia, improving their motor skills and overall quality of life. The use
of such a precise topographic classi�cation allows for a more personalized and
e�ective treatment approach, catering to the speci�c needs and characteristics
of the users.

3.2.2 Classi�cation systems

The listed classi�cation systems for children with cerebral palsy (GMFCS -
E&R, MACS, CFCS) were analyzed and, as a result, only some of their levels
were selected as suitable for describing the target audience of application.

ˆ From GMFCS - E&R, it was decided to select levels I to IV. Although
this classi�cation is based on independent movement with an emphasis on
sitting, transferring, and mobility, the ability of young people belonging
to GMFCS - E&R group �ve to maintain an anti-gravity head position
and torso and control the movements of arms and legs is limited. This
makes tablets di�cult to use and imposes signi�cant restrictions on
application development.

ˆ From MACS, it was decided to select levels II to IV. The �rst level was
excluded since people belonging to the �rst level require more complex
and intensive approaches, which are almost impossible to implement
using just a tablet. As for the last level of classi�cation, it was excluded
because people who do not handle objects and have a severely limited
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3. Target User Group Analysis..............................
ability to perform even simple actions will not be able to use devices
such as tablets.

ˆ From CFCS, it was decided to select levels I to IV. The �fth level was
excluded since people belonging to this level are described as seldom
e�ective senders and receivers even with familiar partners, which signi�-
cantly complicates the application since they will not be able to use it
e�ectively.

3.3 Conclusion: Target User Group Insights

In conclusion, the target user group for the application includes children aged 5
to 10 years with hemiplegia, falling within GMFCS-E&R and CFCS levels I to
IV, and MACS levels II to IV. The application aims to provide a personalized
and e�ective therapeutic approach through bimanual interaction, catering to
the developmental and therapeutic needs of children with hemiplegia within
this age range.
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Chapter 4
Reference Solutions

The analysis of reference solutions proved to be quite challenging because
most serious games designed for cerebral palsy therapy use rather complex
technologies. The use of VR devices or narrowly focused gadgets signi�cantly
complicates therapy, making it inaccessible to a large number of individuals.
This inaccessibility may arise from the di�culty of using such devices or their
cost. The use of devices such as tablets aims to alleviate these shortcomings.
After an extensive analysis of articles, solutions that employ touchscreen
devices for the rehabilitation of children with cerebral palsy were eventually
found. This chapter will analyze such games, identifying their shortcomings
and advantages, which ultimately contributed to the development of the
concept of the game proposed in this work.

4.1 Accessible Entertainment Tools for People
with Special Needs

This section is based on a study [25] by M. I. J. Ferreira, L. Alves et al., the
main idea of which is to explore how digital games can facilitate communica-
tion among nonspeaking children with severe oral communication disabilities
due to cerebral palsy. Although the games in this study were developed for
other purposes, the main advantage is that they were speci�cally designed
for children with cerebral palsy.

4.1.1 Sustainable City Game

The Sustainable City Game is designed to teach children the importance of
selective trash collection and environmental conservation. Here is a breakdown
of how the game works:

. Objective: The player's primary goal is to maintain a clean and unpol-
luted environment by correctly sorting and disposing of various types of
garbage that appear in the river.. Gameplay: The game presents three scenes representing di�erent en-
vironmental conditions: polluted, moderately polluted, and unpolluted.
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4. Reference Solutions..................................
Initially, the player is presented with an unpolluted environment. Trash
items (metal, paper, glass, and plastic) start appearing in the river.. Trash Collection: The player must actively collect the garbage items
as they �oat down the river. Each type of garbage needs to be placed in
the appropriate container for its material (e.g., paper goes in the paper
bin, glass in the glass bin, etc.).. Environment State: A scroll bar at the top of the screen indicates the
state of the environment. It re�ects the player's performance in trash
collection. If the player successfully sorts all items, the environment
remains unpolluted, and the bar stays completely green.. Winning Condition: If the player manages to keep the environment
unpolluted by correctly sorting and disposing of all garbage items, they
win the game. A plus sign or similar indicator appears to signify their
success.. Visuals: The game environment includes elements like buildings, clouds,
and a river, creating a visually appealing and immersive experience. The
trash items are visibly di�erent, making it clear which type of garbage
needs to go where.

4.1.2 Public Safety Game

The Public Safety Game is an interactive puzzle game designed to educate
children about environmentally friendly behaviors and safety. Here is an
overview of how the game works:

. Objective: The player's objective is to solve a puzzle depicting en-
vironmentally friendly and safe behaviors. They start with an image
showing environmentally unfriendly actions, and by completing the puz-
zle, they transform it into an image showcasing correct attitudes toward
environmental conservation.. Gameplay: The game consists of multiple screens. Screen 1 displays an
initial image of a dirty city with garbage on the ground, a pedestrian
walking in the street, and a car parked at a pedestrian crossing. This
scene sets the stage for the player to recognize the need for environmental
conservation and safety.. Transition Screens: Screens 2 and 3 provide transitions to convey the
idea of transitioning from an unsatisfactory environment to a clean and
safe one. Screen 2 shows a child thinking about a clean and organized
environment, while screen 3 depicts the child appearing sad, possibly in
response to the environmental degradation seen in screen 1.. Puzzle Selection: In screen 4, the player is presented with an image
of a clean environment, with three squares in the center indicating the
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.... 4.2. Upper Extremity Rehabilitation Using Accelerometer Feedback on a Multitouch Display

number of puzzle pieces available (four, nine, and sixteen). The player
can choose the level of di�culty by selecting the desired number of pieces
for the puzzle.

. Puzzle Solving: Upon clicking one of the squares, screen 5 appears
with the clean environment image in the top left corner. The rest of
the screen contains a frame with the image in puzzle form. The player
must put the puzzle together, using the reference image as a guide. To
manipulate the puzzle pieces, the player can click on the turn icon and
then click on the desired piece to rotate it into the correct orientation.

. Winning Condition: Once the player completes the puzzle, a plus sign
appears to indicate that they have won the game. They can then choose
to proceed to the next challenge (with a greater number of puzzle pieces)
or exit the game.

4.1.3 Conclusion

These games serve as an excellent example of therapeutic games for children.
They feature a user-friendly interface, simple tasks, and motivating gameplay.
In addition, they incorporate more complex interaction systems than just
pressing a button, which positively impacts the rehabilitation of children's
hand motor skills. However, a drawback of these games is that they do
not require the child to use both hands, which is not suitable for bimanual
therapy.

4.2 Upper Extremity Rehabilitation Using
Accelerometer Feedback on a Multitouch Display

This section is based on a study [1] by Dunne et al., which describes the
development of a system for upper extremity rehabilitation in children with
cerebral palsy.

The system comprises three main hardware components: a multi-touch
display, inputs for tangible objects, and a wearable accelerometer. The
multitouch display, a Microsoft Surface, is equipped with �ve internal cameras
that detect re�ections from infrared light on its 30� display, allowing for
recognition of physical objects, �nger-touch input, and specially designed
�ducials or 'tags'.

The system utilizes Bluetooth to connect the Surface platform to a small
accelerometer, which is integrated into a custom-made vest that the patient
wears. This accelerometer measures trunk rotation, speci�cally focusing on
trunk �exion, which indicates if a patient is leaning forward to compensate for
the limited range of movement in the elbow and/or shoulder. The complete
system used can be seen in Figure 4.1.
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Figure 4.1: The complete system in use. The user is wearing the accelerometer
and using tangible inputs while playing the �Butter�y� game, from [1]

4.2.1 Rehabilitation Games

The article [1] presents a variety of innovative rehabilitation games designed
to engage and motivate children through interactive and therapeutic gameplay.
These games are crafted to address speci�c motor and cognitive skills, provid-
ing a fun and e�ective way for children to participate in their rehabilitation.
Below is an overview of the games featured in the article:

Find the Bone

Find the Bone is a fun and interactive game designed to engage children while
also providing therapeutic bene�ts. Here is an overview of how the game
works:

. Objective: The primary goal of the game is for the child to maneuver a
bone to a dog using their �nger, navigating through the game landscape.
The challenge lies in avoiding other characters and obstacles scattered
throughout the environment.. Scoring System: Points are earned by collecting stars that are randomly
placed on the screen. The therapist can set constraints to dictate the
placement of these stars, ensuring that they are positioned in a way that
encourages the child to move and explore the entire game landscape.. Customization and Adaptability: One of the key features of this
game is its adaptability to the motor ability of each child. Using tangible
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objects, such as hedges, the therapist can customize the location of
obstacles in the game landscape. This allows the game to be tailored
to the speci�c needs and abilities of each child, ensuring that it remains
engaging and challenging without being overwhelming.

Spelling

In this spelling game (see Figure 4.2), the player's task is to correctly spell
out the name of an animal shown in a bubble on the screen. Here is how the
game works:

. Objective: The main objective is for the player to spell out the name
of the animal displayed in the bubble using letter tiles scattered across
the playing surface. The player must do this as quickly and accurately
as possible.

. Scoring System: Points are awarded based on how quickly the player
correctly spells the words and how many animals they spell within a
certain time limit. This encourages the player to improve their speed
and accuracy with each attempt. A scoreboard displayed after the game
motivates the child to beat their previous scores and allows progress
tracking over time.

. Interaction Methods: The game o�ers two di�erent methods of
interaction:

ˆ Tap with Wand: Players can select the letter tiles by tapping them
with a "Wand" input tool, possibly a stylus or a designated touch
tool.

ˆ Toss Gesture: Alternatively, players can throw the letter tiles at
the onscreen target using a tossing gesture. This adds a physical
and interactive element to the gameplay.

. Therapeutic Bene�ts: The game not only helps improve spelling
skills but also encourages motor control and hand-eye coordination. By
o�ering di�erent interaction methods, the game accommodates various
abilities and preferences, making it accessible to a wide range of players.
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Figure 4.2: A screenshot of the Spelling game, from [1]

Catch the Butter�ies

This game (see Figure 4.3) is speci�cally designed to address the rehabilitation
needs of patients with paralysis on one side of the body. Here is how the
game works:

. Objective: The main goal of the game is for the patient to capture
butter�ies in a virtual jar using bimanual input, requiring coordination
of both hands. This activity helps in exercising and strengthening the
a�ected side of the body.. Gameplay: The patient controls a foam ball using their weaker hand,
while the "wand" input tool, likely controlled by the stronger hand, is used
to touch the butter�ies and capture them. The patient must position
the jar just below the moving butter�ies and touch them with the wand
to capture them.. Bimanual Coordination: By requiring coordination of both hands, the
game promotes the integration and synchronization of motor movements
on both sides of the body, which is particularly bene�cial for patients
with hemiplegia.. Challenges and Feedback: If the patient leans forward too much, the
wearable accelerometer sensor triggers, causing the butter�ies to �y away.
Additionally, if the foam ball loses contact with the screen for too long,
the captured butter�ies escape from the jar. These challenges provide
feedback to the patient and encourage them to maintain proper posture
and focus on controlling the ball.. Therapist Customization: Therapists have the �exibility to modify
game parameters during the session to suit each patient's needs and
abilities. For example, they can adjust the sensitivity of the accelerometer
or alter the speed and location of the moving butter�ies to provide an
appropriate level of challenge.

20



.................................... 4.3. Virtual Reality

Figure 4.3: A screenshot from �Catch the butter�ies�, from [1]

4.2.2 Conclusion

These games serve as a great example of therapy using a touchscreen device.
Additionally, the example of bimanual interaction in these games will be
utilized in the concept of a co-created application in this project. However,
despite all their strengths, these games are designed for a speci�c device and
involve the use of more complex equipment, which is a signi�cant drawback.

4.3 Virtual Reality

Virtual reality is widely used in the therapy of people with cerebral palsy; an
example of such use will be discussed in this chapter, based on the study [2].

In this study, participants were tasked with picking up and moving virtual
objects to a speci�ed location using both hands simultaneously (see Figure 4.4).
The scenario and tasks were designed to simulate food preparation, such as
placing a hotdog on a bun, meat on a dumpling, rice onto nori, and shrimp
into a sushi roll.

Here is how the task was structured:

. Task Variation: To prevent boredom from the repetitive nature of the
task, the objects were randomly varied every 5th, 7th, and 8th trial. This
variation kept the participants engaged and maintained their interest
throughout the task.. Bimanual Interaction: Participants used both hands simultaneously
to perform the task. When hovering over a food item with both hands,
two "interaction spheres" were highlighted, representing the area in which
their virtual hands could pick up the object using the controller's gripper
buttons. This setup ensured that participants could interact with the
virtual objects e�ectively and intuitively.. Grasp Control for Hemiplegic Participants: For participants with
hemiplegia, who may su�er from loss of grasp control, a grasp action
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for each hand was automatically detected when the space of the virtual
hand coincided with the interaction sphere of the object. This feature
ensured that the object was not released until both hands reached the
end goal position, allowing hemiplegic participants to complete the task
successfully and comfortably.

Figure 4.4: Orthographic view of the virtual scene as seen in the development
environment, from [2]

This study is a good example of how serious games can be used in bimanual
therapy, but the key problem with this solution is that it requires expensive
and complex equipment to be used.

4.4 Conclusion

The examination of current therapeutic games for children with cerebral
palsy reveals both strengths and limitations in existing solutions. Although
touchscreen-based games o�er accessibility and educational value, they often
lack bimanual interaction crucial for comprehensive motor rehabilitation.
More sophisticated systems, such as those that utilize multitouch displays
and wearables, provide customizable gameplay but su�er from high cost
and complexity. VR solutions show promise in o�ering immersive therapy
experiences, yet their expense and technical requirements pose accessibility
challenges.

In conclusion, while existing solutions contribute valuable insights, there
is a clear need for more accessible, cost-e�ective, and engaging therapeutic
tools. The proposed solution in this work aims to address these shortcomings
by developing a game that prioritizes a�ordability, ease of use, and bimanual
tasks to enhance the rehabilitation experience for children with cerebral
palsy.
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Chapter 5
Engine Selection

The prototype of the game was developed using .NET Multi-platform App UI
(MAUI). Later, a decision was made to change the development environment,
which led to the �nal application being developed using the Unity engine. This
chapter will provide a more detailed rationale for the choice of development
environment, as well as describe the advantages of Unity.

5.1 .NET MAUI

Based on the o�cial Microsoft web page [3], .NET MAUI is a multi-platform
interface for creating native mobile and desktop applications using C# and
XAML.

.NET MAUI enables the development of applications that can be run on
Android, iOS, macOS, and Windows using a uni�ed codebase (see Figure 5.1).

Figure 5.1: .NET MAUI supported platforms, from [3]

With .NET MAUI, you can create multi-platform applications using a
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single project, but if needed, you can add platform-speci�c source code and
resources. One of the key goals of .NET MAUI is to enable the implementation
of as much of the application logic and user interface layout as possible in a
single codebase.

The .NET MAUI interface provides an API for various platforms for
accessing native device functions. Examples of functions provided by the
.NET MAUI interface for accessing device functions include:

. Access to sensors such as accelerometer, compass, and gyroscope on
devices.. Ability to check the device's network connection status and detect
changes.. Retrieve information about the device on which the application is running.. Copy and paste the text into the system clipboard between applications.. Select one or more �les from the device.. Securely store data as key/value pairs.. Utilize integrated modules for text-to-speech conversion to read text
from the device.. Initiate authentication �ows based on a browser listening for callbacks
to a speci�c registered URL of the application.

5.1.1 Problems of .NET MAUI

The initial choice of .NET MAUI was not random. In one of the semesters,
I needed to develop an application on this platform as part of the semester
project for the implementation of user interfaces subject (B4B39IUR). It was
decided to combine the semester project with a bachelor's project. As a result,
the prototype of the app for children with CP was created. As a result of
the development of the prototype, the disadvantages of this platform were
identi�ed, which contributed to the use of Unity in further development.

Main disadvantages:. Graphics: .NET MAUI is not primarily designed for game development,
so it lacks a built-in, powerful game engine.. Community and Resources: Compared to some other game devel-
opment platforms, the community and resources speci�cally for game
development with .NET MAUI are less abundant. Which leads to slower
problem-solving and development.. Limited Game Development Features: .NET MAUI is not designed
for game development. Therefore, it lacks some of the advanced game
development features that specialized game engines provide, such as
physics engines, particle systems, or built-in AI tools.
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. Personal reasons: My limited experience with .NET MAUI signi�cantly
slows the development process and makes it considerably more di�cult.

5.2 Unity

Subsequent work on developing the application took place using the Unity
game engine. As written on the o�cial website of the engine [26], Unity's
real-time 3D development engine allows artists, designers, and developers
collaborate to create amazing immersive and interactive experiences. Using
Unity, it is possible to work on Windows, Mac, and Linux. As .NET MAUI,
the Unity engine enables the development for Android, iOS, macOS, and
Windows. Unity has a built-in Visual Studio integration with the C# API.

5.2.1 Advantages of Using Unity

After the development process was shifted to Unity, it became faster and more
engaging, allowing us to focus not only on coding but also on creating more
captivating visuals for the games. Here are the key advantages of developing
using the Unity engine:

. Community Support: Unity boasts a large and active community of
developers, artists, and educators, providing access to forums, tutorials,
documentation, and online resources for learning and troubleshooting.

. Visual Editor: Unity has a visual editor, which is a user-friendly
interface for designing scenes, placing objects, adjusting properties, and
creating animations without extensive coding knowledge. This empowers
developers to prototype and iterate quickly.

. Rich features and tools: Unity provides a wide range of built-in tools
and features for game development, including physics engines, animation
tools, rendering capabilities, and more. These features help to create
high-quality games with relatively less e�ort.

. Personal reasons: I have already developed several games using this
engine, and based on my experience, I can say that for me, the use of
Unity signi�cantly speeds up the game development process and makes
it enjoyable.

5.3 The Unity Advantage: A De�nitive Conclusion

In summary, transitioning from .NET MAUI to Unity was a good decision.
While .NET MAUI o�ered initial promise, its limitations hindered the ability
to create an engaging gaming experience.

The switch was driven by practicality and personal preference. In summary,
Unity not only addresses the shortcomings of .NET MAUI but also elevates
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the project, enabling it to deliver an immersive gaming experience. Therefore,
Unity emerged as the superior solution for the project's development.
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Chapter 6
Concept

This chapter introduces the concept of a rehabilitation application with a game
designed for children with hemiplegic partial cerebral palsy. The application
aims to leverage tablet technology to provide an enjoyable and e�ective
platform for pediatric rehabilitation. The user pro�les include primary users,
rehabilitation professionals, and parents/guardians. The domain description
covers pediatric rehabilitation and the promotion of bi-manual interaction.
The requirements, both functional and non-functional, outline the key features
and characteristics of the application. Finally, an early prototype of an
application showcasing a bimanual interaction game is presented, along with
its evaluation using a cognitive walkthrough.

6.1 Application Overview

The following section provides an overview of the application, outlining its
purpose, domain, and target user audience...1. Purpose: The purpose of this application is to encourage young children

to engage in bi-manual interactions using o�-the-shelf devices like tablets.
This application will consist of games, whose purpose is to increase the
availability of rehabilitation options for children with motor impairments,
providing them with an enjoyable and e�ective means to improve their
motor skills...2. Application Domain: The application domain of this project lies at
the intersection of rehabilitation technology and interactive gaming. It
leverages the accessibility and familiarity of tablets to create a user-
friendly platform for pediatric rehabilitation exercises...3. Target User Audience: The target user audience primarily consists of
children aged 5 - 10 years who may require rehabilitation interventions
for various motor skill challenges. Additionally, this application can be a
valuable tool for healthcare professionals, such as pediatric therapists
and caregivers, who are involved in the rehabilitation process. The
application's user interface should be intuitive and engaging to ensure
that it is accessible and enjoyable for the intended age group.
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6.2 User Pro�le

This section outlines user pro�les for the rehabilitation application, including
primary users aged 5-10 years with limited tablet experience and speci�c motor
challenges, rehabilitation professionals, and parents/guardians committed to
supporting their child's rehabilitation journey through e�ective and accessible
activities...1. Primary Users:

ˆ Age: 5 - 10 years

ˆ Technical Pro�ciency: Limited experience with tablets

ˆ Motivation: Improve �ne motor skills, coordination, and dexterity

ˆ Physical Condition: Hemiplegic cerebral palsy

ˆ Preferences: Engaging and visually stimulating content, responsive
interfaces, and intuitive controls...2. Rehabilitation Professionals:

ˆ Profession: Physical therapists, occupational therapists, or related
healthcare professionals

ˆ Technical Pro�ciency: Moderate to high pro�ciency in operating
tablet devices and familiarity with rehabilitation techniques

ˆ Motivation: Looking for innovative tools to enhance therapy out-
comes for children with motor impairments..3. Parents/Guardians:

ˆ Role: Facilitators and supervisors of the rehabilitation sessions

ˆ Technical Pro�ciency: Basic to moderate pro�ciency in operating
tablet devices

ˆ Motivation: Committed to supporting their child's rehabilitation
process and looking for e�ective tools and activities.

6.3 Domain Description

The domain description refers to a detailed explanation or overview of the
speci�c areas or �elds that are relevant to a project or study. Here is the
domain description of the described application:..1. Pediatric Rehabilitation: The domain of this project encompasses

pediatric rehabilitation, focusing on children aged 5 to 10 years. This age
group represents a critical developmental stage in which interventions can
have a signi�cant impact on motor skill development. The game takes
advantage of standard devices, such as tablets, to create an accessible
platform for participating in rehabilitation exercises. It incorporates
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elements of interactive gaming to make the rehabilitation process enjoy-
able and motivating for young users. The games would o�er a variety
of exercises designed to enhance coordination, �ne motor skills, and
cognitive development. In addition, the application will provide features
for progress tracking, allowing healthcare professionals and parents to
monitor...2. Bi-Manual Interaction: Bi-manual interaction refers to the use of
both hands in a coordinated manner to perform tasks or activities. In the
context of this project, the games would encourage children to interact
with the tablet using both hands, promoting bilateral coordination and
motor skills development.

6.4 Requirements

The application requirements came from an analysis of the needs of children
aged 5 to 10 years who faced motor skill challenges. Designed to promote
bi-manual interaction, the speci�cations aim to create an engaging rehabilita-
tion application. They cater to individual user pro�les, o�er various games
with immediate feedback, track progress visually, and provide customiza-
tion options. The non-functional requirements prioritize usability, seamless
performance, and engagement for a user-friendly experience.

6.4.1 Functional Requirements

Functional requirements describe the speci�c behavior, functionality, and
operations that the system must perform...1. User Management and Authentication:

ˆ F1.1 The application must allow users (children, therapists, and
parents) to create and manage individual pro�les with names.

ˆ F1.2 Therapists and parents should have the ability to monitor
multiple child pro�les...2. Game Functionality and Feedback System:

ˆ F2.1 Present a list of available games.

ˆ F2.2 Enable interactive tasks and challenges that encourage bi-
manual interaction.

ˆ F2.3 The application should provide immediate feedback during
gameplay to guide the user's movements and actions.

ˆ F2.4 The game should include various interactive elements (e.g.,
buttons, targets, puzzles) that respond to the child's touch or
gestures.

ˆ F2.5 A virtual reward system should be implemented to motivate
and reinforce positive behavior.
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6. Concept.........................................3. Progress Tracking:

ˆ F3.1 Track and display user progress in a visual format.

ˆ F3.2 Therapists and parents should be able to access progress
reports for each child...4. Bi-Manual Interaction:

ˆ F6.1 Games shall be designed to require bi-manual interaction,
utilizing both hands for activities like tapping, dragging, and tracing.

6.4.2 Non-Functional Requirements

Non-functional requirements de�ne characteristics, attributes, and constraints
that determine how a system should behave, including issues such as perfor-
mance, reliability, security, and usability...1. Usability:

ˆ NF1.1 The user interface should be intuitive and easy for children
aged 5 - 10 to navigate.

ˆ NF1.2 The application should provide clear visual cues and feedback
during gameplay.

ˆ NF1.3 The game's graphics and interactions shall be engaging and
visually stimulating...2. Performance:

ˆ NF2.1 The application should run smoothly on tablets with standard
hardware con�gurations.

ˆ NF2.2 The application must adapt to the tablet's screen resolution.

ˆ NF2.3 Response times for user interactions should be almost instan-
taneous...3. Engagement and Motivation:

ˆ NF3.1 Games shall incorporate elements (such as positive rein-
forcement, animations, and rewards) to keep children engaged and
motivated throughout the rehabilitation sessions...4. User Guidance and Experience:

ˆ NF4.1 All interactions should be designed to be easily accessible
for users with varying levels of motor abilities.

ˆ NF4.2 The game interface should be intuitive and visually engaging,
with clear instructions for the child to understand how to interact
with the game.
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6.5 Prototype

Based on the requirements as part of the semester project for the implemen-
tation of user interfaces subject (B4B39IUR), a prototype of the application
was developed. It was developed mainly for Android devices using .NET
MAUI. It was tested using the cognitive walkthrough method to identify
weaknesses, which allowed further development of the application.

6.5.1 Overview

The main goal of this prototype was to create a game concept that would
primarily encourage children to use both hands while playing. Additionally,
it was necessary to create a menu that would allow adding user pro�les so
that multiple children could use the application using their pro�les. As a
result, the application consists of four parts:

Main menu

The main menu can be seen in Figure 6.1. By pressing the button labeled
"Select child pro�le" (see Figure 6.1 (A)), one is directed to the selection
menu. It is also possible to exit the game, by pressing the "Exit" button (see
Figure 6.1 (B)).

Figure 6.1: Screenshot of the main menu of the prototype application. A) Button
to move to the user pro�le selection menu. B) Button to exit the application.

User pro�le selection menu

The user pro�le selection menu is shown in Figure 6.2. It allows one to
move back to the main menu, by pressing the "Back button" (see Fig-
ure 6.2 (A)), add a new user pro�le, by pressing the button with the plus
sign (see Figure 6.2 (B)), change existing pro�les by pressing user's name (see
Figure 6.2 (C)) and �nally start playing using existing pro�le, by pressing
the "Play" button (see Figure 6.2 (D)).
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Figure 6.2: Screenshot of the user pro�le selection menu of the prototype
application. A) Back button. B) Button to create a new user pro�le. C) Button
to change existing user pro�le. D) Button to start playing using existing pro�le.

User pro�le creation menu

The user pro�le creation menu is depicted in Figure 6.3. It allows one to
go back to the user pro�le selection menu, by pressing the "Back button"
(see 6.3 (A)). The user pro�le can be saved by pressing the "Save" button (see
Figure 6.3 (E)) and deleted by pressing the "Delete" button (see Figure 6.3 (F)).
Before saving the user pro�le, it is necessary to �ll in some �elds, namely the
input �eld for the user's name (see Figure 6.3 (B)), birthday selection �eld
(see Figure 6.3 (C)) and gender selector (see Figure 6.3 (D)).

Figure 6.3: Screenshot of the user pro�le creation menu of the prototype
application. A) Back button. B) Input �eld for the name. C) Birthday selection
�eld. D) Gender selector. E) Button to save pro�le. F) Button to delete pro�le.

Game

As mentioned above, the primary goal of the game is to encourage the child
to use both hands while playing. The developed game, depicted in Figure 6.4,
e�ectively achieves this objective. The game aims to connect �gures of the
same color (see Figure 6.4 (D)) at a single point, and new �gures appear
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on the screen every two seconds. It is not simply a matter of gripping one
�gure and transferring it to another; to register a connection, the child must
simultaneously grasp both �gures, thereby compelling them to utilize both
hands during gameplay. At this stage, there was no emphasis on creating
an attractive design, hence the game consists of primitive shapes without
distinctive graphical elements. However, despite this simplicity, the game
incorporates animation: upon successful connection of �gures, they subtly
enlarge and gradually become increasingly transparent, eventually fading
away entirely. This subtle visual cue enables the child to understand that
they are performing correctly.

Figure 6.4: Game of the prototype application. A) Back button. B) A label
that displays how many shapes need to match to win. C) A label that displays
how many shapes are on the screen. D) Two squares of the same color that need
to be matched.

In addition, the game features two labels to monitor progress. The �rst
label (see Figure 6.4 (B)) shows how many �gures have been connected and
how many more need to be connected to achieve victory. The second label
(see Figure 6.4 (C)) indicates the current number of �gures on the screen and
the total allowed. If the child connects the required number of �gures, the
game concludes with an appropriate victory message (see Figure 6.5 (B)).
In contrast, if the number of �gures on the screen exceeds the limit, the
game ends and displays a message indicating defeat (see Figure 6.5 (C)).
Following either outcome, the child is presented with three options: return
to the user pro�le selection menu (see Figure 6.5 (A)), replay the game (see
Figure 6.5 (D)), or exit (see Figure 6.5 (E)).
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Figure 6.5: Screenshot of lose and win menus of the prototype application. A)
Back button. B) Label that says you have won the game. C) Label that says
you lost the game. D) Button to start a new game. E) Button to exit the
application.

6.5.2 Evaluation

Since it was not possible to test the game in the target group of users,
another testing method was chosen, namely the cognitive walk-through,
which according to [27], is a structured approach to evaluating the usability
of a product. It involves the tester, who is not a user, asking four simple
questions about how a speci�c user journey is conducted.

A cognitive walkthrough starts by identifying the speci�c tasks that users
are expected to perform. These are the tasks that will be analyzed for usability
in the cognitive walkthrough. The assessor then performs each action in any
given task process and asks the four questions for each action:

ˆ Q1: Will users try to achieve the right result?

ˆ Q2: Will users notice that the correct action is available?

ˆ Q3: Will users associate the correct action with the result they are trying
to achieve?

ˆ Q4: After the action is performed, will users see that progress is made
toward the goal?
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After formulating tasks and questions, the assessor tries to simulate di�erent
users' behavior and predict their answers. Finally, by analyzing all of these
answers, the strengths and weaknesses of the application are identi�ed.

According to these steps, two parts of the application were tasted, namely
the menu and the game.

Scenario: Parent / Guardian creates a new user pro�le, tries to
change and starts the game..1. Task: Add new user pro�le.

ˆ Q1:

- "No, user does not have any instructions."

ˆ Q2:

- "No, because plus sign for adding new pro�le is relatively
small and unnoticeable"

ˆ Q3:

- "Yes, plus sign means something will be added."

ˆ Q4:

- "Yes, as new menu will appear."..2. Task: Change created pro�le.

ˆ Q1:

- "No, user does not have any instructions."

ˆ Q2:

- "No, user will not understand that it is necessary to press the
username, since it does not look like a button"

ˆ Q3:

- "No, the action is not obvious."

ˆ Q4:

- "Yes, as new menu will appear."..3. Task: Start the game.

ˆ Q1:

- "Yes, because play button is on the screen."

ˆ Q2:

- "Yes, because play button is big enough."

ˆ Q3:

- "Yes, action is obvious."

ˆ Q4:

- "Yes, as new game will start."
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Scenario: Child playing a game..1. Task: Identify and touch shapes with the same colors.

ˆ Q1:

- "No, because the game does not have any tutorial."

ˆ Q2:

- "Yes, �gures are big enough and clearly seen."
- "No, because there are �gures on the screen with slightly
di�erent colors, which is very di�cult to notice."

ˆ Q3:

- "Yes, the action is obvious."

ˆ Q4:

- "Yes, because after this action the user can move the �gures."
- "No, more visual instructions needed."..2. Task: Connect �gures.

ˆ Q1:

- "No, because the game does not have any tutorial."

ˆ Q2:

- "Yes, as the user can move the �gures."

ˆ Q3:

- "Yes, the action is obvious."

ˆ Q4:

- "Yes, because after connecting the �gures the game gives
feedback in the form of animation."..3. Task: Estimate the number of pieces needed before achieving victory.

ˆ Q1:

- "No, because the game does not have any tutorial."

ˆ Q2:

- "Yes, since this information is written on the screen."
- "No, the user cannot read and does not know numbers."

ˆ Q3:

- "No, more visual instructions needed."

ˆ Q4:

- "Yes, as this information is constantly updated depending on
user actions."
- "No, the user cannot read and does not know numbers."
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6.5.3 Conclusion and Key Recommendations

Based on the cognitive walkthrough evaluation, it is evident that, while the
prototype application has potential, there are signi�cant areas for improvement
to enhance the user experience, particularly for children with limited tablet
experience and speci�c motor challenges. Here is a summary of the key
takeaways and recommendations, which were taken in a count in further
development:

. Instructional Guidance: Incorporate tutorials or guides within the
application to provide clear instructions for each task or feature.. Clarify Interactions: Ensure that all interactive elements are intu-
itively designed and distinguishable as clickable or touchable items.. Reduce Dependency on Reading and Numbers: Minimize reliance
on textual instructions and numerical information, especially for tasks
aimed at younger users.. Consistent Feedback and Reinforcement: Implement consistent
feedback mechanisms throughout the application to reinforce user actions
and provide positive reinforcement.
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Chapter 7
Final Application Design

Based on the requirements outlined in previous chapters, as well as the
shortcomings identi�ed during prototype testing, the �nal version of the
application for children with hemiplegic cerebral palsy has been developed.
In this version of the application, the design has been completely changed to
enhance interaction, making it more intuitive and visually appealing to chil-
dren. Additionally, the application operates in landscape mode, maximizing
the width of the screen, thus enhancing the user mobility in the �rst game.
It is assumed that children's initial gaming experience will occur under the
supervision of parents or guardians, enabling them to ful�ll tasks presented
to them during gameplay.

This application comprises three navigational menus, and a user pro�le
creation menu, and also incorporates two games along with a menu that
provides statistics for each of them. In subsequent sections, a more detailed
description of these elements is provided along with the changes implemented
compared to the prototype.

7.1 Menus

The application consists of three navigation menus and a user creation menu
(see Figure 7.2), all of which allow to return to the previous one by pressing
the arrow in the top left corner. To provide a more intuitive understanding
of each button's action, a Diagram 7.1 has been created using the draw.io
platform [ 28]. In this diagram, circles represent the various menus of the
application, while rectangles symbolize buttons. The arrows visually depict
the transitions between menus upon pressing the corresponding buttons,
o�ering a clearer illustration of the application's navigation �ow.
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Figure 7.1: Diagram of navigation between di�erent application menus

Almost all of the buttons in the application feature a consistent design,
appearing as yellow rectangles of various sizes. In addition to the text, visual
elements have been added to explain what pressing the button will lead
to. The sizes and colors of all elements are carefully selected to ensure that
they are distinguishable. However, it is still expected that younger users
will engage with the application along with their parents or guardians as
some elements require reading and writing skills. In addition, the language
of the text has been changed to Czech to better align with the target user
group. Here are all the changes, made in menus, compared with the prototype
application:

Main Menu

Unlike the prototype, the main menu of this application (see Figure 7.2 (A))
consists of three buttons. This change is due to the addition of a feature that
allows users to access their game statistics by pressing the "Statistics" button.
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