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Abstract

This thesis presents a multimodal 3D serious game named "ADDventur-
ous Rhythmical Planet”. The goal is to exploit the bene ts of music and
rhythm helping children diagnosed with Attention De cit Hyperactivity Dis-
order (ADHD) to overcome their psychosocial challenges. Those children often
face challenges regarding their social interactions at school and at play due
to the characteristics of inattention, impulsivity and hyperactivity that may
occur in their behaviour. That may lead to isolation, low self-esteem and even
depression.

Additionally, music is shown to signi cantly help children maintain focused
attention as well as o er a timed structure around their actions, involving
melody and tempo. Music can also aid the development of cognitive ability,
self-con dence and promote limits and rules. Through music, children can
learn how to control their impulsivity, learn to pause and wait for their turn
and apply such social skills to their every-day life.

In this thesis, the advantages of music are exploited using a tin drum.
This drum is used by the player to produce rhythm. The drum is connected
through a board named Makey Makey to the computer. This board sends each
drum knock as mouse click signal to the computer. Using that, the player tries
to reproduce a given beat, and subsequently synchronize with another player,
and cooperatively produce an expected beat. That creates the connection
between the real and the virtual world of the game.

The virtual world takes place in space at a musical planet and the main
hero is an alien. The alien has crushed on the planet with its spaceship and
needs to go around the planet to gather tools to x the spaceship, to continue
its journey. In order for the alien to progress in the game, the player uses the
tin drum to reproduce the rhythms that are requested from him/her. The
completion of each level results in a virtual award, which is acquiring a tool
in the player’s virtual suitcase. After completing the single-player mode, the
player moves on to the multi-player mode. In this mode, the two players will
have to hold hands and use the tin drum to collaboratively reproduce the
requested beat.

The development platforms used to ful | the needs of this thesis, were
the Unity Game Engine, and the Blender graphics software. For the input
management and comparison of rhythms, a novel algorithm was implemented
in cooperation with an expert musician who established the rules and restric-
tions of this issue. This algorithm takes the beat created by the player and
compares it to the expected beat. The outcome of the algorithm is for the
player to complete the level if the rhythms were similar enough or that the
player will have to try again to achieve a more similar beat to the expected. In
each case, the player receives a visual representation of the beat that he/she
played showing the correct knocks and the false ones.

In conclusion, this game brings the children together in a friendly and fun
environment and creates favorable conditions that motivate them to socialise
and cooperate. The aforementioned game is innovative as it combines the
use of multi-player mode, with the bene ts of music and rhythm in order to
enhance social skills and collaboration.
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1 Introduction

This thesis is implemented along the lines of the undergraduate degree for the School
of Electrical and Computer Engineering in the Technical University of Crete.

1.1 Motivation

To begin with, serious games already exist in education and are showing promising
results the past few decades. Specically the use of sound, picture and instant
feedback can provide an e ective learning experience. These types of games, are also
shown to be helpful for children with special needs and more speci cally children
with ADHD. The existing games, however, aim mainly on improving the symptoms
of children with ADHD, while this thesis aims in improving the psychosocial issues
that these children face, and adds the factor of rhythm which creates a completely
innovative description of a game.

The main purpose is to create a 3D serious game for children diagnosed with
Attention De cit Hyperactivity Disorder (ADHD) of 8-12 years old, aiming to im-
prove their social collaborative skills using rhythm and music. This game is played
by children with ADHD and non-ADHD children with the aim for inclusion and
collaboration between the two. This idea came up from the increasing awareness
regarding ADHD and from witnessing the results of using rhythm as a learning
method during a rhythm related seminar. Simultaneously, music therapy, an es-
pecially rhythm seems to be a very e ective mean for the improvement of di erent
skills in special education. Due to impulsivity and hyperactivity, those children tend
to have poor collaborative skills such as the tendency to interrupt and not wait for
their turn. This game's purpose is to improve those abilities.

The design process that was followed consisted mainly of numerous brainstorm-
ing sessions as well as counselling by psychologists, special education teachers, and
the musician Mr John Papatzanis who is an expert on musical rhythm and sug-
gested to employ rhythm as the main form of user input in the game. The main
idea is that children will produce rhythm patterns using drums. Such actions will
be translated to game play progression in the game environment. This idea was
based on the material that Mr John Papatzanis employed during extensive rhythm
seminars that he has taught to educators in relation to how to incorporate rhythm
in their classroom teaching activities. The educators applied rhythm practices in
their classes without digital material and have reported positive results in relation
to enhancing collaboration, learning and a sense of fun in the class. These Rhythm
related practices are integrated in the presented game using playful and fun ways
and will be followed by Pilot testing in schools.



1.2 Contribution

This game, The "Addventurous Rhythmical Planet”, takes place in space, where the
main character of the game is an alien, who's spaceship crashed on a musical planet.
The crush resulted in the pieces of the spaceship scattering and falling inside the
craters of the planet. The aim of the game is for the player to help the alien nd and
retrieve the pieces of the spaceship, to repair it and continue its journey. The users
tools are a tin drum, which will be used to create the music that the craters will
request in order to give the alien each item. The other tool is a bracelet that makes
this communication possible, without which, the craters cannot hear the music from
the tin drum.

When starting the game (Figure 1), the main hero provides a small story and
instructions to the player via a pop up dialogue. Then, either a new player needs
to be created by completing a name, year of birth and if there is ADHD diagnosed,
or an existing player can be chosen from a list. There is also a menu in which
the instructor can change the rhythm motif that will be asked from the player.
After choosing a player, the player chooses whether to play in single-player mode
or multi-player. It is advised for the player to rst complete the single-player mode
to get better acquainted with the environment and the rhythm and then go to the
multi-player. After choosing mode, the player sees a panel that shows what color
is the crater that corresponds to each level. The player needs to go to the chosen
crater, using the arrows of the keyboard, to enter this level. This creates a sense of
adventure and interaction with the player even before the game has started. When
the player gets to the crater, the corresponding scene of the game loads and the
player receives instructions as to how to play the game.



(a) Main Scene of the Game

(b) Level 3 - Multi-player scene

Figure 1. The Main Scenes of the Game

After the instructions are given, the game plays the requested beat, using sound
and glowing small craters. Proceeding that, it is the player's turn to try and play
the beat using the tin drum. Afterwards, the game decides whether the e ort gets
accepted or not by show in the result in a result panel with colored circles that
represent each requested knock. When a circle is cyan, that means that it is an
accepted knock, and when it is orange, it isn't. There should also be noted that a
set of buttons exist allowing for the player to return to the previous scene, hear the
expected beat again, hear the beat that he has created and try again on command.
Apart from this panel and buttons, a pop up dialogue also shows up telling the
player if he completed the level or needs to try again. If the player needs to try
again, the requested beat will be heard again and then will be the player's turn
again. If, however the level is completed, the main hero acquires an object at
his/hers suitcase, which happens by the object lighting up in the color of the crater



of the level. That is the reward given to the player on each level, an tool or part of
the spaceship.

When the player acquires them all, the spaceship can be xed and the alien can
continue its journey to other planets. After the player gets the item, he/she returns
to the main scene to go to the next level and continues playing the rest of the levels.
When on multi-player mode, two players need to collaborate to create a given beat.
A panel named "Who Plays What" decides which knocks will be played by which
player and indicated by using colors in a similar way as the result panel setting a
color to each player. This mode of the game continues as the single-player mode as
well. The players receive a uni ed result making this a team collaborative e ort.

All the models of the game are original and were created in Blender and for the
implementation of the game, the Unity platform was used. The board that takes
the tin drum's beat and sends it to the game, was Makey Makey, a board that uses
closed loop electrical signals to send the computer the signal of a mouse click. An
important part of the algorithmic process was the comparison between two rhythms
and the decision whether those rhythms were similar enough. The criteria used for
this algorithm were given by the musician John Papatzanis.

This game was created to help children with ADHD become more collaborative
with their peers. In the rst level children get familiar with the game environment
and the use of rhythm in the game. The second level promotes collaboration through
interactive techniques. That way, children learn to wait for their turn, help his/ her
playmate and accept guidance from him/her in order to complete the levels and win
the game.

Finally, a pilot evaluation took place to review and check the rst impressions
of children 8-12 years old and teachers. This evaluation showed that the children
were very impressed with the environment, and very excited to play the game.
The majority faced no particular di culties and they were all motivated to play
the multi-player mode. They also gave some suggestion for improving the game.
Adding to that, no children dropped out, they all stayed and nished the game,
which means that they all remained focused for at least twenty minutes. In regard
to the teachers, they too were intrigued by the environment and noted that the
children would be attracted and engaged by the game. Also, they considered that
the multi-player game could promote collaboration in an original and entertaining
way. The di culty of the game was deemed of medium level. Finally, the educators
o ered suggestions and ideas for improving the game and expressed their interest in
using the game in the classroom.



1.3 Thesis Structure

This thesis is divided in 7 Chapters. The rst Chapter is the Introduction that
contains a brief summary of this thesis explaining that it is the implementation of
a game for children with ADHD aiming to promote collaboration using rhythm. It

is also mentioned how Mr Papatzanis' vision was formed into a game. Also briey
explains the story of the game placed in space and how the tin drums are used in
the game. This Chapter also contains the present Chapter.

The second Chapter, is the Theoretical Background that this thesis was based on.
It explains the de nitions of ADHD, Music therapy, serious games and how they
are connected to this work. Also, this Chapter showcases other games aiming to
children with ADHD and how they di er from the present one.

Afterwards, there is Chapter Chapter 3, the Software & Hardware Architecture and
Development. This analyzes the software platforms used such as Unity platform,
the Blender software and their basic characteristics. Also, it explains the boards
and sensors used for this project and how they are associated to the game.

Then comes Chapter 4, the User's Experience, which explains everything a used
would like to see and know about the game. Starting that this game takes place in

a planet with an alien as the main hero, also how rhythm is used. Also it gives a

clear view of the ow of the user interface and how craters are used as a portal to

the levels and also the process of playing the game with a tin drum.

Chapter 5 is the Implementation of the game, which analyzes in detail how the
Addventurous Rhythmical planet was created from the beginning. Starting with
the input of the game and how the sensors where used to how the craters of the
game are used as a portal for the levels. Also explains using diagrams the algorithms
of how the rhythms are received, used and compared, and everything related to how
this game's single-player and multi-player mode were constructed..

After that, follows Chapter 6, a Pilot Evaluation of the tool, where two ques-
tionnaires where given in children and educators. Every lled out questionnaire
is recorded and explained. Finally, the questionnaires are analyzed and the rst
impressions of the experiment participants are analyzed.

Finally, there is Chapter 7, the conclusion of this thesis. This Chapter draws the
conclusion of the current work, and how this thesis is considered a successfully imple-
mented game. Moreover, the future work that is suggested to be done is addressed
in terms of further implementation, an extensive evaluation and alternative envi-
ronments for the game to take place in. After those, are the Acknowledgements,
Bibliography and Appendix of the thesis.
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2 Theoretical Background

This Chapter is going to analyze the theories in which the creation of this game
was based upon. More speci cally the de nition of ADHD, Music therapy and its
bene ts, as well as that of Serious Games, will be decomposed. Concluding this
Chapter, there is a brief presentation of the recent work that had been published
related to this work.

2.1 De nition Clari cation
2.1.1 Attention De cit Hyperactivity Disorder

Attention De cit Hyperactivity Disorder (ADHD) is de ned as a behavioral disorder
with a wide range of symptoms that can appear from the age of 7. Taking that into
regard, the game refers to children from the age of 8. There are three types of
ADHD: Inattentive, Hyperactive, and Combined [1] [2] [3]. The Inattentive type's
main problems are limited attention span, forgetfulness and distractability. The
Hyperactive type's problems focus on the inability to sit still for a certain period of
time appearing restless. The Combined type's issues are the combination of the two
previous types.

In order for a child to get diagnosed with ADHD, it is required that is has six or
more of the DSM IV symptoms [4], persistent for at least six months. In detail, those
symptoms need to originate from the complex of symptoms of the Attention De cit
section, in order for the diagnosis to be Attention De cit Disorder, and respectively
for the hyperactivity disorder section. The severity of the symptoms vary to each
person.

2.1.2 ADHD in children

Since ADHD can be diagnosed from the age of 7, there are many issues that originate
from this disorder and can be managed with the aid of specialists and educators.
These issues cause problems not only at school but also at home as well as during the
child's social interactions. For example, the child cannot sit still at the class, or pay
attention at what the teacher is saying. Their social relationships are challenging
because they tend to interrupt their peers before they nish what they are saying in
order to add or say something irrelevant that came to their mind [5] [6]. Additionally
children with ADHD cannot comply with limitation and boundaries, sometimes have
low performance at the school environment and even face di culties with their social
relationships. Sometimes, due to their hyperactivity and impulsivity, they may show
aggressive behaviour which leads to con icts with their peers. [7]. Thus, the present
study focuses on the reinforcement of the social skills of children with ADHD and
particularly in improving their skill of collaboration. [8].

Emotion management, behavioural management, self control, self regulation and
inclusion are some of the most popular intentions of people who deal with people
with ADHD [9]. Thus, the game that is analyzed in this thesis aims to help children
with ADHD collaborate with other children, on a playful ground, using the bene ts
of rhythm and music. This thesis was inspired from these seminars, which open up
a path for collaboration with Mr Papatzanis using the same element and principles
that are applied there.
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2.1.3 Rhythm for Learning

Rhythm doesn't have a generally accepted de nition, however, it can be described
as "the order in the movemenit [10]. Rhythm is a vital part of music, and on its
own is considered be of great importance in improving attention and learning in
both adults and children [11].

As an educational concept, rhythm is inextricably linked to man, as well as to
a large extent to modern pedagogical and professional innovations in a number of
elds, which consider musical rhythm a bene cial element for increasing professional
performance and productivity, as well as the spirit of cooperation, when applied as
a seminar training [12], [13].

The methodical and targeted participation in processes of promotion an culti-
vation of rhythm is considered to contribute to the development of motor skills,
coordination and synchronization skills and the development of active listening to
music (musical education). This also leads to improvisation, which is quite im-
portant for the cultivation of communication, expression of self and imagination.
Improvisation is especially important for the creative and psychosocial skills, when
applied in group activities such as school [14].

That is what John Papatzanis, expert musician and percussionist, endorses in his
seminars of rhythm and percussion. He considers music to be of great assistance in
the process of leaning and make a big di erence in how students perceive education.
Apart from that, Mr Papatzanis feels that there is no person that can't learn rhythm
and that it is an element fundamentally bound in our existence. By playing a beat
and learning to repeat it, there are more lessons learned than rhythm. The students
learn to listen, pay attention and wait for their turn. After personal experience of
the researcher in Mr Papatzanis' seminars, the inspiration of using rhythm to create
a game to help children with ADHD arose. The vision that this game is based on, is
Mr Papatzanis' idea to take advantage of the fact that children can easily focus and
spend time playing a video game, and by taking this aspect of video games to create
a medium that could help the parents, teachers and other children collaborate with
each other and improve their social skills and even concentration.

2.1.4 Music Therapy and How it Helps

Rhythm is a fundamental element used in music therapy. Music therapy is a sort
of a creative psychotherapy of many forms such as listening to music, learning and
playing a musical instrument and singing. Music therapy aims to improve attention,
reduce hyperactivity, externalize feelings and improve mental health [15].

It is important to point out that music is a mean of communication that is part
of our existence and gives the chance for interpersonal experiences of sharing [16].

Therapy with music and movement is very e cient with children with various
disabilities and can be used as a strategy in order to achieve well being for the
children and their families [17]. These are the grounds that this thesis is based
upon, to create a game that uses rhythm, aiming at improving social skills.

As a result of this, children diagnosed with ADHD could train their brains to
achieve higher levels of focus and self-control by listening to and interacting with
music. Self-con dence can also play a vital role during the social life of children
with ADHD because they usually compare themselves to the other students and
due to their di erences, they end up feeling inadequate or inferior to the rest. Other
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students may result in bullying practices enhancing social marginalization. So, by
acquiring self-con dence, they can express themselves, make friends and show their
talents. In relation to understanding limits and rules while learning music, they
will have to comply with a large amount of rules in order to advance in making
and understanding music. Through this process, they will grasp the necessity of
rules and later learn to understand social cues and respond accordingly to them.
Rhythm and music can also be incorporated during studying which children with
ADHD nd extremely challenging bringing great improvements in concentration, as
well [18]. Music therapy uses the elements of music such as rhythm, to improve
social, communication, cognitive, academic, emotional and behavioural skills [19].
The advantages of music therapy is that it requires no prior knowledge of music, it
does not involve the feeling of failure and it promotes creativity. Also, it is important
that the child does not have to be musically inclined in order to select this kind of
therapy. As a result, when it comes to children with ADHD, music therapy bolsters
attention and focus, reduces hyperactivity, and strengthens self-con dence and social
skills. [20] [21] [22]

2.1.5 Serious Game

Over the past decades, serious games have been proven to be an e cient way of
taking unpleasant, di cult and even boring tasks, into playful and and engaging
ones, in education, and training. There are numerous de nitions regarding serious
games, depending on the area in which they are referring to. A study that summa-
rizes the fundamental meaning of term, is that'serious games are (digital) games
used for purposes other than mere entertainmen{23]. Many researches have in-
dicated that the di erent applications of serious games can have a vast number of
bene ts for the users, both children and adults. Some of them are, learning social-
emotional skills, upper limb rehabilitation following stroke, and crisis management
training [24], [25], [26].

2.1.6 Serious Games in Education

Serious games are part of a greater term, which is the multimedia environments.
These environments use sound, image, text, and motion pictures creating an inter-
esting experience for the user. The use of sound and picture make the entire process
more fun. The motion pictures help children focus their attention while having an
active role in this process. This kinds of multimedia games, provide feedback at a
small amount of time, which can have instructional or helping content. Furthermore,
the user has control of the whole procedure [27].

Regarding the advantage of instant feedback that games provide,it seems to
be really helpful for children's learning performance [28]. For this reason a game
will have positive results to children with ADHD because they respond better to
short immediate feedback communicated continuously after short periods of time in
contrast to feedback communicated at the end of a longer task.

According to [29] serious game have dierent aims in education and can be
used to achieve various pedagogical aims. Some of these are to be ablerdwide
e ective learning experiences[29]. These kinds of games are often multi sensory
and include the elements of image, sound and movement. This way, an attractive
environment for the child is created, resulting in lower possibilities of frustration
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(defeat). Simultaneously, the chance of repetition increases the possibility of success
[27]. Given that children with ADHD have an increased level of distraction, a game
that attracts attention using audiovisual and movement, can achieve higher levels
of focus, and therefore higher chance of learning. Moreover, video games e ectively
engage players in a loop of actions during play. That loop is: understanding - taking
action - checking if rules are applied - receiving feedback [30].

Recent studies have indicated that serious games can be e ective for children
and adults with special needs. Due to their attractive characteristics, they can
result in a variety of positive results in cognitive, emotional, social and motion-
sensory abilities. Speci cally, regarding autism, the use of serious games showed
that training on emotion recognition and social skills can be achieved [31]. Another
interesting study of serious games, was one that was created in order to help people
with down syndrome adopt healthier eating habits [32]. Similarly, a serious game
of everyday life like images is very attractive to children with down syndrome [33].
Another interesting use of serious games, is identifying learning disabilities, such as
dyslexia, in early school years [34], [35].

As a result a serious games seem to be suitable for children with ADHD. The
attractive and interactive environment will gain the interest of the student. Instant
feedback will increase the child's interest and reduce the chances of drop out. It
is very important to communicate to the player what went wrong in the case of a
negative feedback, so that they can improve themselves. So, the feedback provided in
serious games is usually frequent and instant in relation to the action that the player
takes during gameplay. The control of the process..that is given to the user gives
to children with ADHD the opportunity to make mistakes and correct themselves
at their own pace without judgment. In reference to the loop of actions process
during play, it helps people diagnosed with ADHD understand what they did wrong
and focus in order to become able to get the positive feedback that they seek.
This process improves their training in speci c activities. Therefore, the need to
include that helpful loop into any game targeting training of children with ADHD
is imperative.

Having established all of the above, there is a need for a serious game for children
with ADHD , that will attempt to help improve their social collaborative skills using
rhythm as a medium, for the ages 8 to 11 years old.

14



2.2 Related Work

In the recent decades, various studies have taken place, regarding children with
ADHD. Those studies indicate that serious games make a huge di erence in their
everyday living and school attending.

Digital games for children with ADHD target either the diagnosis or the im-
provement of skills that occur due to ADHD. Such games are developed according to
children's age, usually for either 6-8 or 8-12 years old. Games targeting symptoms'
improvement usually address hyperactivity, impulsivity, inattention, and working
memory. Additionally they aim to improve cognitive exibility and inhibition con-
trol as shown below.

A relevant research has put forward an interesting game nameédédventurous
Dreaming High ying Dragon: A Full Body Game for Children with ADHD" [36].
This game consists of three mini-games that each help the child to work on di erent
problems that it is facing due to diagnosed ADHD. The rst one o ers a space to
practice attention and wants to improve the ability to focus and remember speci c
visual prompts. The second one tries to enhance gross and ne motor skills. The
third one trains the ability to hold still on one pose for a specic period of time,
aiming to control impulsivity. A game preview can be seen in gure 2. This game
requires full body engagement of the player. The idea of this game is to improve
ADHD symptoms, by inspiring goal planning and dedication.

Figure 2: Adventurous Dreaming High ying Dragon

Similarly, the game named’ANTONYMS: A Serious Game for Enhancing In-
hibition Mechanisms in Children with ADHD" [37] also includes three mini-games.
The rst two mainly help on children paying attention to details which are signif-
icant for gameplay and the other one on inhibition and control of impulses. The
ANTONYMS game, apart from its use as a rehabilitation tool, it can be also used as
an assessment tool. It is designed for a personal computer and the interaction with
the player is through a touch screen. The general goal of this game is to improve the
children's ability to keep their attention focused in their everyday lives. In gure 3, a
screenshot of the game can be seen. The preliminary results show that the activities
that are implemented in the game, address impulsivity and inattention [38].

Moreover, the "ChillFish: A Respiration Game for Children with ADHD" [39]
focuses on breathing exercises and how they can help children with ADHD to control
their stress level. Based on an engaging gameplay, it becomes easier for children to
sustain their attention throughout these exercises. ChillFish is controlled by the
player breathing into a sensor-mounted LEGO sh. A glipmse of the game can
be seen in gure 4 The player, using the puer sh tries gather as many star sh
as possible. The results of this work, where that ChillFish can aid the player in
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Figure 3: Antonyms

achieving a calm state, just like the one that the traditional breathing exercises do.

Figure 4: ChillFish

The EVO Project [40], [41] aims to help kids concentrate by thrusting them into
a world where they have to make split-second decisions. This engages the brain
and trains it to tune out distractions, thus, allowing a child to focus completely on
the task. These tasks include guiding an alien spacecraft through a canyon, among
other things. To move the ship, players need to select the red sh that appears on
the screen while ignoring blue birds and green sh appearing at the same time. The
Evo game detects the player's skill level and as the game progresses, it gradually
increases the speed of the ship and the number of objects the player must hit such
as adding blue birds to the mix. A preview of the game can be seen in gure 5
The results show that this can improve attention, working memory and inhibition in
children with ADHD. However, there seem to be positive results on executive tasks
similar to the trained tasks, but generalization to other tasks seems limited.

Figure 5: Project Evo

In addition, \Plan-It Commander" [42] is another serious game regarding chil-
dren with ADHD. This game was especially created aiming to foster behavioural
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