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ABSTRACT

A HYBRID AI SYSTEM FOR THE EDUCATION OF CHILDREN WITH
CEREBRAL PALSY

ARCA ÖZKAN

COMPUTER SCIENCE AND ENGINEERING M.A. THESIS, JULY 2024

Thesis Supervisor: Prof. Dr. ESRA ERDEM

Keywords: Cerebral Palsy, Serious Games, Personalized Adaptation of Games,
Data Analysis, Performance Evaluation, Information Visualization

Cerebral Palsy (CP) is a disorder affecting kinetic functions and limiting activity,
with symptoms like muscle weakness and spasticity which can make the life of a
child extremely challenging if left untreated. Serious games are one of the most
common treatment methods of CP. However, designing a serious game has certain
challenges. The games need to motivate children and include adjustable parame-
ters to fit their needs while enabling children to do the intended motions correctly.
With this motivation, we have designed and developed a game suite (called Uzay
Macerası) that includes three serious games to address the following special needs
of children with CP: For a personalized adaptation of a game for a child, we have
developed an Artificial Intelligence method, based on Bayesian optimization that is
sample efficient. To analyze and visualize the progress of children over these games
(considering the smoothness, efficacy, temporal efficiency and accuracy of motions),
we have implemented an interactive system (called SG Hub) to aid the educators
and the therapists. The whole system has been built in collaboration with Spastic
Children’s Foundation of Turkey (TSCV), and has been tested and evaluated by
children, educators and therapists at TSCV and other medical institutes, leading to
positive feedback.
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ÖZET

SEREBRAL PALSİLİ ÇOCUKLARIN EĞİTİMİ İÇİN HİBRİT BİR YAPAY
ZEKA SİSTEMİ

ARCA ÖZKAN

BİLGİSAYAR BİLİMİ VE MÜHENDİSLİĞİ YÜKSEK LİSANS TEZİ, TEMMUZ
2024

Tez Danışmanı: Prof. Dr. ESRA ERDEM

Anahtar Kelimeler: Serebral Palsi, Ciddi Oyunlar, Oyunlarda Kişisel Adaptasyon,
Veri Analizi, Performans Değerlendirmesi, Enformasyon Görselleştirme

Serebral Palsi (SP), kas güçsüzlüğü ve spastisite gibi semptomları olan, kinetik
fonksiyonları etkileyen ve aktiviteyi sınırlayan bir hareket bozukluğudur. Tedavi
edilmediği takdirde hastanın hayatını son derece zorlaştırabilir. Ciddi oyunlar,
SP’nin en yaygın tedavi yöntemlerinden biridir. Ancak bir ciddi oyun tasarla-
manın çeşitli zorlukları vardır. Oyunların çocukları motive etmesi ve çocukların
amaçlanan hareketleri doğru bir şekilde yapmalarını sağlarken ihtiyaçlarına uy-
acak şekilde ayarlanabilir parametreler içermesi gerekir. Bu motivasyonla, SP’li
çocukların aşağıdaki özel ihtiyaçlarını karşılamak için üç ciddi oyun içeren bir oyun
paketi (Uzay Macerası) tasarladık ve geliştirdik: Oyunların çocuklar için kişisel
olarak ayarlanması için Bayesian optimizasyonuna dayanan verimli bir yapay zeka
yöntemi geliştirdik. Çocukların bu oyunlar üzerindeki ilerlemelerini analiz etmek
ve görselleştirmek için (hareketlerin düzgünlüğü, etkinliği, zamansal verimliliği ve
doğruluğu göz önünde bulundurularak), eğitimcilere ve terapistlere yardımcı ola-
cak etkileşimli bir sistem (SG Hub) oluşturduk. Sistemin tamamı Türkiye Spastik
Çocuklar Vakfı (TSÇV) ve diğer tıp enstitülerindeki çocuklar, eğitimciler ve ter-
apistlerle işbirliği içinde oluşturuldu ve onlar tarafından test edilip değerlendirilerek
olumlu geri bildirimler alındı.
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1. INTRODUCTION

Cerebral Palsy is described as a group of permanent disorders caused by disturbances

in the brain of a fetus or an infant. It a�ects the development of kinetic functions

and limits activity. It is the most common cause of disability in children (Hallman-

Cooper & Rocha Cabrero, 2024). Cerebral Palsy has various levels, each varying in

functional and movement capabilities. For instance, a level 1 Cerebral Palsy patient

can walk without limitation and handles objects easily, while a level 3 patient has

to walk with hand-held mobility device and has some di�culty handling objects.

Meanwhile a level 5 patient has to be transported in a wheelchair manually and can't

handle objects (Patel, Neelakantan, Pandher & Merrick, 2020). Common symptoms

of Cerebral Palsy include muscle weakness, abnormal or absent re�exes, spasticity

and incoordination (Hallman-Cooper & Rocha Cabrero, 2024). These symptoms

can make the life of a child extremely challenging if left untreated or unmanaged.

They will need special therapy sessions according to their needs and CP stage.

There have been various treatment methods for children with Cerebral Palsy. These

treatments are mainly divided into two, somatic and mental. Cognitive treatments

can focus on areas like math, memory, attention (Lopes, Magalhães, Pereira, Mar-

tins, Magalhães, Chaleta & Rosário, 2018) and pattern recognition. Meanwhile,

physical treatments aim to recover or maintain the patients motor and sensory

functions (Vieira, Ferreira da Silva Pais-Vieira, Novais & Perrotta, 2021). This usu-

ally involves guiding the patient into performing a set of movements, depending on

the needs of the patient. The task of performing these sets of movements can be

given to the patient directly, but especially if the patient is a young child, it would

be boring, and they can have trouble completing the required tasks. In order to

prevent this issue, these treatments are incorporated into di�erent sorts of video

games, each developed with the idea of helping the patient complete a speci�c task.

These are called serious games, and they are used for the treatments of children with

various disabilities, including Cerebral Palsy, throughout the world. Seriousness of

the problem and challenges to be overcome are combined with the experimental and

emotional freedom of games (Abt, 1987). Since the child feels like they are playing a
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game rather than getting therapy, they are likely to be more focused and interested.

Serious games can cover a wide range of tasks, both cognitive and physical. But they

also come with several challenges that need to be addressed carefully. Development

of cognitive serious games have their own di�culties, but making sure the child

performs the intended set of movements while playing the game is one of the major

challenges in serious game development. To ensure this, many parameters need to

be considered; such as the smoothness of the motion, the limb used for the motion,

the angle, and the time it takes to perform a move (Ferreira, Oliveira & Postolache,

2017). The child does not directly receive the task of a set of movements, so it is

up to the developer to guide the player into performing the intended movements

correctly.

Another signi�cant challenge in serious game development is to adjust several pa-

rameters of the game according to the child's needs. If a child could not keep up

with the pace of the game; it needs to be slowed down, but not so much since the

game still needs to be engaging and challenging for the child. Therefore, the game

needs to be adjusted during or after each session of play, individually for each child.

Incorporating this AI into the game to calculate the parameters automatically can

take a signi�cant load of work from the therapists' hands. Deciding on the parame-

ters and score value to optimize and �ne tuning the AI algorithms to be used are the

greatest challenges of AI in serious games. Since it needs to be done individually for

each child, many exception cases may occur. These need to be covered well so that

the game would be inclusive to everyone with a certain disability. The parameters

used in the AI algorithm are usually quantitative. However, qualitative feedback

from the children or therapists can also be used to optimize the game. This needs to

be done very carefully, since the children can give irrelevant or inaccurate feedback.

Another challenge is that serious games are usually played in a set, meaning several

games are played one after another. When these games have di�erent user interfaces,

report screens and parameter adjustments; performing analysis on each game and

making comparisons becomes a more challenging task.

Finally, the analysis of game reports need to focus on improvement, along with

individual session results for a more bene�cial evaluation.

There are some other studies addressing the challenges discussed above, but inte-

grating AI into the �eld of Cerebral Palsy treatment via serious games is an area of

research which has only gained popularity recently (Brisson, Pereira, Prada, Paiva,

Louchart, Suttie, Lim, Lopes, Bidarra, Bellotti, Kravcik & Oliveira, 2021). Adap-

tation of di�culty and quantitative evaluation are two of the most popular areas

2



where AI is integrated in serious games.

Figure 1.1 An overview of the system architecture of SG Hub.

In this thesis, our contributions are as follows:

ˆ Uzay Maceras� Game Suite focusing on functional reaching, color recognition

and arithmetic. The only equipment needed to play is a simple camera, en-

abling the games to be played at home after some assist from therapists.

ˆ Automatic parameter adjustments via Bayesian optimization. It is performed

in order to make sure that the game di�culty is neither too easy nor impossible

for the child. The games also include other adjustable parameters such as voice

assist or brightness to improve accessibility and enable the games to be played

by a larger target group.

ˆ Quantitative experimental evaluations to test the usefulness of personal adap-

tation of games.

ˆ Evaluation of each motion with respect to four metrics; smoothness, e�cacy,

temporal e�ciency and accuracy to gather detailed data about all motions of

3



a child in a session.

ˆ Data analysis performed via linear regression in the reports and analysis screen,

focusing on the improvement percentage of each evaluation metric throughout

several sessions of a child.

ˆ A common interface called SG Hub with an incorporated AI system, to gather

information from several serious games and the game sessions recorded in

each game in a single software. This will make data analysis and comparison

between each session, child or game easier.

ˆ Qualitative evaluations of SG Hub by children and therapists.

In Section 2, the overall architecture of the AI system consisting of these features are

explained in detail. Section 3 covers the design and development of the three games

in Uzay Maceras�. The evaluation metrics of each game and how they are calculated

are also explained in detail in Section 4. Game setup, which means customizing pa-

rameters according to the child's needs is covered in Section 5 along with the design

of the AI System, SG Hub. Parameter optimizations using Bayesian optimization

via Gaussian Process algorithm and an experiment to test it's usefulness is discussed

in Section 6. Quantitative and qualitative evaluations are discussed in Sections 7

and 10. Quantitative evaluation is done by performing data analysis using linear �t

algorithm for each evaluation metric and drawing a scatter graph using data of vari-

ous gameplay sessions. Likewise, qualitative evaluations are performed by gathering

feedback from children and therapists as well as an interview with two therapists

and a manager. The databases are presented in detail in Section 8, along with the

reasons why these data are stored. Finally, related work about serious games using

AI are discussed in Section 10 and the summary of the contribution of the project

is provided in Section 11 along with future work to improve the project further.
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2. A HYBRID AI SYSTEM FOR CHILDREN WITH CP:

OVERALL ARCHITECTURE

Let us �rst describe the overall architecture of the serious game platform (called SG

Hub, depicted in Figure 2.1) before we present the detailed contributions.

SG Hub is designed with three goals in mind: The �rst one being, to provide an

interactive report screen and improvement analysis for di�erent metrics for each child

and each game. Second, the optimization of parameters to provide a personalized

experience that will enhance performance of children with CP. Finally, to gather all

features and all data from several games under a single application in a standardized

format to increase the ease of use and understanding for the therapists.

SG Hub consists of the following components:

ˆ interactive UIs to select and play a game, to set up the game parameters, to

visualize the analysis of game sessions;

ˆ a portfolio of serious games (including Uzay Maceras�) for children,

ˆ an AI module that consists of methods to allow personalized adaptation of

games and evaluation of the game sessions, and

ˆ relevant databases and knowledge resources.
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SG Hub considers two types of end users: children (and their caretakers) and their

educators (including physical therapists). Therefore, SG Hub two types of interac-

tive user interfaces (UIs).

In the patient interface as seen in Figure 2.2, a child can choose a game from the

list of games. Children can play these games with the guidance of a therapist or

parent, and also on their own. The parameters for each game are con�gurable in the

therapist interface (as shown in Figure 2.3) before the game starts. For each game

session, these settings and measurements recorded during the game are kept in the

game sessions database.

Figure 2.2 A snapshot of a game selection screen for the child.

Figure 2.3 A snapshot of game setup in therapist interface.

It is important to note here that, after several game sessions, the game parameters

are adapted for the next game session of the child, thanks to the AI module of SG

Hub. The AI module also includes methods for the analysis of the processed game

data, and the visualization of these results via the interactive UIs for therapists (cf.

Figure 2.4).
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Figure 2.4 A snapshot of data visualization of Kurtarma Görevi.

SG Hub maintains the sensitive patient information in a patient database on a local

server, and the anonymized and processed outcomes of the evaluations of game

sessions on a game database on the cloud. The information stored in the databases

allows to answer useful queries, such as, "Which children under age 10 have an

accuracy score above 0.5 in Uzay Maceras�: Kurtarma Görevi?".

SG Hub is built on top of Uzay Maceras� � a portfolio of serious games we designed

and developed for children with CP. The architecture of SG Hub is designed in such

a modular way that further games can be added to the game portfolio. For instance,

Z�rhl� Küçük (Figure 2.5) is a game focused on the balance skill of the child. It has

two parameters, the complexity of the level and the intensity of gravity along with

several evaluation metrics (Soylu, Yalç�nkaya & Sezgin, 2023). As long as the game

has at least one parameter and one evaluation metric, it can be integrated into SG

Hub.

Figure 2.5 A screenshot from the game: Z�rhl� Küçük.
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3. A PORTFOLIO OF SERIOUS GAMES FOR CHILDREN WITH

CP: UZAY MACERASI

Uzay Maceras� is a game suite consisting of three games, each aiming to improve

a unique set of skills for the treatment of children with CP: Meteor Yolculu§u,

Kurtarma Görevi and Roket Karma³as� (Table 3.1). Each game of this suite is a

serious game because they are designed for a speci�c audience, children with CP,

with a speci�c goal in mind to bene�t their treatment.

In the game Meteor Yolculu§u, depth perception is a cognitive skill to explore,

while Kurtarma Görevi focuses on color recognition and matching. Finally, Roket

Karma³as� includes the player solving arithmetic operations, to improve their basic

math skill. All three games focus on functional reaching and wrist extension, and

they are played with an open hand facing towards the camera to control the character

with 2D hand movements. The camera hand detection makes use of the cvzone and

mediapipe libraries of Python3. Camera is chosen for these games as a controller

because the games are designed to be played at not only at the rehabilitation center

but also at child's home.

Meteor Yolculu§u Kurtarma Görevi Roket Karma³as�

Description

Gather incoming
aliens and bring

them back to
the spaceship.

Grab aliens
and bring them
to the planet

of the same color.

Grab aliens
including an

arithmetic operation
and bring them

to the rocket
with the

correct result.
Cognitive Focus Depth Perception Color Matching Arithmetic

Character

Encourages the
player verbally

after each
completed motion.

Guides the child
towards the

correct planet.

Guides the child
on which operator

to use verbally.

Table 3.1 A summary of the serious game suite Uzay Maceras�.
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3.1 Purpose and Design

In Meteor Yolculu§u (Figure 3.1, top), the player controls a character of their choice

and tries to save aliens coming towards the screen by collecting them and moving

them back to the spaceship. So for each motion, the child does a functional reach-

ing from the initial point (bottom middle part of the screen where the spaceship is

located) towards the location of the alien, which is random, but can be manipulated

to match the needs of the child during game setup. Then, the child's hand needs

to move back to the starting point to complete the task and start a new one imme-

diately. After successfully performing a motion, the character encourages the child

with words of motivation.

The second game, Kurtarma Görevi (Figure 3.1, middle) is more about cognitive

skill of color recognition. There are four planets of di�erent colors in each corner,

and the player tries to grab the alien spawning in the middle of the screen and drag

it to the planet matching its color. Then, the colors are rerolled, out of six colors in

total, and a new alien appears in the middle of the screen. The child grabs it once

more by moving their hand back to the middle, completing a functional reaching

task which is similar to the one in the �rst game: Meteor Yolculu§u. How long the

player has to keep their hand steady to grab an alien can be changed by a parameter

during game setup to potentially also focus on improving the child's stability skill.

The design of the third game, Roket Karma³as� (Figure 3.1, bottom), is quite similar

to the second game Kurtarma Görevi. The main task is to grab the aliens spawning,

each with an arithmetic operation on them, and move them to the rocket which has

the correct answer of the operation written on it. So the game is designed to improve

functional reaching and arithmetic along with wrist extension and stability of the

hand to a lesser extent.

In all three games, the player can choose between the characters "Ardacan" and

"Ecesu". The child controls the character they chose in game or the character ver-

bally assists the player with instructions and motivational phrases. Since the target

audience of the games will be children, these characters are designed as funny, cute

and entertaining to increase engagement of the players. In Kurtarma Görevi, the

character also helps by shouting the color of the planet that matches the grabbed

alien and moving towards the planet. This setting can be turned o� for older or

more capable children.
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