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ABSTRACT 

 
Children with motor disorders have difficulties wi th fine and gross motor skills, which 

make it harder for them to perform a moderate -vigorous physical activity. Because  

it requires a lot of effort , children avoid doing physical activities outside of their 

rehabilitation sessions . Instead, they prefer to play video games, which are easier 

to master and make them feel competent. However, an increase in physical 

activity can help the children to overcome the difficulties associated with their 

disorder and improve their quality of life.   

 Within this research two interactive playground games have been designed  

ð a single player game and a multiplayer game . The games can be used in 

pediatric physiotherapy sessions as a tool to encourage patients with motor 

deficiencies to be phys ically acti ve while playing , even outside the scope of the 

rehabilitation . Both games are inspired by and include the elements of the well -

known rock -paper -scissors game. Since the aim is also to inspire the children to 

play without technolog y, the multiplayer  intera ctive playground  game  is 

transferable to  a  real -life setting.  

 The games were tested in order to evaluate how successful they are in the 

context of promoting physical activity . The multiplayer interactive playground 

game was evaluated also for  the value i t gives to the real -life play. The results 

showed that the single player game trigger s different physical movements like 

running, jumping and sliding on the floor. The multiplayer game , on the other hand,  

was not fully successful due to limitations in its implementation and the technology 

of the interactive playground . However, a  between -subject experiment with 

experimental and control groups showed that the interactive playground game 

influences the play of the real -life game  as it gives insights to the players for 

additional rules and game elements.     
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1. INTRODUCTION 
The introduction  chapter of this report will describe the motivation for the project  

along with the  goal of  it. Guiding research questions will be  discussed, as well.  

1.1. Motivation  

Considering the presence of the attractive video/computer games, motivating 

children to be physically active is a challenging task. If it is difficult for ordinary 

children to get active, what about the ones with a motor deficiency, who get 

frustrated and lose interest every  time they attempt to be active?  Around 350 

children every week go for a treatment in Roessingh 1 ð a rehabilitation center in 

Enschede, the Netherlands. Usually , they have a sedentary lifestyle as they prefer 

to sit on the couch and play  attractive video games instead of participating in 

physical interactions like playing in the park  (Allard Dijkstra, personal 

communication, February 2018) . 

It is usual for children with a motor disorder to have a lower l evel of fitness due to 

(their condition and) the fact that completing simple exercises is most of the time 

extremely challenging for them. As a result, they are demotivated and no longer 

have a desire to participate.  Nevertheless, being physical ly active  is essential for 

the health benefit of these children. Involving them in physical activities improves 

the overall well -being as it promotes social engagement and trains the muscles 

and minimizes deconditioning [1 5]. 

1.2. Project background  

This project is assigned by Roessingh ð a rehabilitation center located in Enschede. 

Roessingh has treatment programs for all kinds of diagnostic groups. Depending on 

their condition the patients are treated differentl y. There are departments for 

adults, for kids and for people  with pain. The clinical rehab ilitation for children is 

complex . It includes multidisciplinary  specialists as a general practitioner , who 

coordinates the medical care, a physiotherapist, who is responsible for assessing 

and treatment of motor functions, an occupational therapist,  who is responsible for 

treatment of arm function , a speech therapist,  who helps with the speech, eating 

and swallowing,  music  and drama therapist s, who deals with psychologic and 

emotional problems , and a social worker, who helps  parents and family with the 

care of the child.  The rehabilitation process is complex and aims to help children 

and parents to be as independent as possible.  

The Roessingh pediatric department offers a ten -week intervention program for the 

children in  a  motor detrimental situation. The problem , which the rehabilitation 

specialist s encounter , is that the children in this p rogram are living sedentarily - they 

prefer to play the attractive computer games over the physical activities like 

walking or playing in  the park. The Re-play project is based on this intervention and 

                                                 
1 "Roessingh Centrum voor Revalidatie", Roessingh Centrum voor Revalidatie, 2018. 

[Online]. Available: https://www.roessingh.nl/ . [Accessed: 19- Apr - 2018]. 

https://www.roessingh.nl/
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aims to stimulate physical (re)conditioning in children in rehabilitation programs 

with the help of mobile coaching and game elements.  The initial  project consists 

of two parts:  one that foc uses on self-management and an other t hat focuses on 

physical activity . The project, subject of this paper,  Re-play ð interactive 

playground games to motivate playing  is built on the second part.   

1.3. Goal  

In the context of the project , devoted t o motivating  children with motor deficiency 

to remain physically active on daily basis outside the scope of their reha bilitation, 

interactive playground  games  will be created . Game s wherein the player needs to 

perform some kind of physical activity as walking, running , jumping in order to 

proceed with the game.  

              It should be kept in mind that the target group is not limited to a specific 

diagnosed group and it is impor tant that the game is suitable or adjustable  for 

diverse profiles of players. Moreover, t he game will be a part of  rehabilitation 

sessions, meaning that it must evolve over time and meet the new needs of the 

young patients and their therapist.  Achieving the goal of this project would mean 

that the children are inspired to  continue playing  the interactive playground 

games  but without the technology.  

1.4. Research question  

The primary purpose of this project is creating a game , which fulfils the goal stated 

above . In order to do this, a set of demands needs to be taken into consideration. 

First, the game  should be suitable for the target group ð children w ith motor 

deficiency. Second, the game  should be compatible with the interactive 

playground. Third, it should p romote physical activity. And finally, it should be 

possible for the children to play a version of the game without the interactive floor.  

Based on these demands, the initial research question is formulated as follows:  

 

 

 

 

The main research question is supported by sub -questions, which serve as 

guidelines for the research  phase of the project:  

What are the components enhancing childrenõs motivation to be active?  

What game design elements can be used to trigger behavior change?  

Which game mechanics motivate children to be physically active?  

  

How to design an interactive playground game which encourage s 

physical activity among children with motor deficiencies and gives 

them insights how to play outside the boundaries of the playground?  
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1.5. Report o utline  

In the next pages  of this report, the steps that lead to the answer to  the  main  

research question are described in detail.  

 

In the following  section , Chapter 2: State of the Art , a background research is 

presented , including an analysis of the targ et group ð description of the disorders,  

importance of physical activity, triggers that motivate children to be physically 

active and game elements can support these triggers.  The back ground research is 

followed by  a review of related work and  an  interview  with the client of this 

project.  

In Chapter 3, the research approach, composed of three phases, is introduced. 

Each phase is briefly described in this chapter. These phases are the ideation, 

design specification and realization , which are each chapter  on their own. 

Chapter  4: Ideation , gives a full description of the ideation phase . During  the 

ideation phase , 10 game design ideas are generated and described. These ideas 

are then evaluated and the most promising one is chosen. Chapter 5: Design 

Specificatio n, gives a detailed description of the chosen game concept based on 

the game elements ð story, mechani c s, aesthetics and technology . Chapter 6: 

Realization  sets the end of the research approach. This chapter depicts the 

implementation of the chosen game as the general choices of game design 

elements are justified and pictures of the end results are provided.  

After that, Chapter  7: Evaluation  focuses on the t esting of the final game. In this 

chapter , the testing protocol is first described in detail. Then the actual 

performa nce of the testing is reflected  until at the end the results are reported and  

analyzed . 

The next chapter, Chapter 8: Discussion, presents a review of the conducted 

research with its limitations and suggestions for improvement and future work.  

The report ends with Chapter 9: Conclusion , where an answer to the research 

question is given.   
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2. STATE OF THE ART 
The State of the Art chapter contains, first, a description of the physical disorders 

that the children from the target group have and how physical activity can 

improve their situation. Then, a review of existing  scientific papers and works , 

relevant to the proj ect , is made.  

2.1. Definition of the disorders  

The focus is mainly on two physical disorders, namely ð Developmental 

coordination disorder (DCD) and Cerebral palsy (CP). A brief description of both 

the conditions will be provided in order to get insight s of the  limitations they cause 

and the benefits of physical activities.  

2.1.1. Developmental coordination disorder  

Developmental coordination disorder (DCD) is a neurodevelopmental disorder 

with unknown etiology. It is characterized by poor motor skills, which causes 

c oordination difficulties. Even though the disorder does not affect the intellectual 

abilities, it has a negative impact on the academic progress, social integration 

and emotional development [ 1]. Children with DCD are likely to be socially 

isolated, be exc luded from group play activities, have a low perception of self -

worth and experience symptoms of anxiety and depression  [8]. Moreover, motor 

activities, important for the normal development of fitness and overall health, such 

as running, jumping, walking require a lot of effort and practice to be performed 

by children in such a condi tion 2. Children  diagnosed with DCD have troubles in 

learning and performing common everyday tasks which negatively affects the 

quality of life.  

2.1.2. Cerebral Palsy   

Cerebral palsy i s a disorder caused by brain damage, which may occur either 

before or after a babyõs delivery. It affects muscle tone, movement, and motor 

skills3.  Affected children have symptoms like muscle tightness or spasms because 

of which patients take abnormal pos tures, difficulty with gross motor skills such as 

walking, running and stabilizing, difficulty with fine motor skills such as writing, 

grasping/releasing objects, poorly coordinated movements[ 22]. According to the 

part of the brain affected, there are 3 di fferent types of CP.  

 The first type is called spastic cerebral palsy and it is characterized by 

having really tight or stiff muscles causing patientsõ movements to look convulsive. 

This type of CP is caused by an abnormality in the upper motor neurons, m aking 

the muscles over -excited (hypertonia).    

                                                 
2 "Developmental Coordination Disorder | CanChild", Canchild.ca, 2018. [Online]. 

Available: https://www.canchild.ca/en/diagnoses/developmental -coordination -disorder . 

[Accessed: 19 - Apr - 2018]. 

3 L. Hirsch, "Cerebral Palsy", Kidshealth.org, 2015. [Online]. Available: 

https://kid shealth.org/en/parents/cerebral -palsy.html . [Accessed: 19 - Apr - 2018]. 

 

https://www.canchild.ca/en/diagnoses/developmental-coordination-disorder
https://kidshealth.org/en/parents/cerebral-palsy.html
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 The second type of cerebral palsy is dyskinetic and involves damage to 

basal ganglia, which is a part of the brain initiating and preventing certain 

movements. As a result of the damage, patients can have in voluntary movements 

in limbs or trunk ð out of their control.  

 The third type of CP is called ataxic and is caused by damage to the 

cerebellum, which helps with coordination and fine movements. The diagnosed 

patients have clumsy or unstable movements and p oor balance when doing 

something like walking or picking something up.  

        There is no cure for CP, but the disorder is non -progress ive, meaning that it 

does not get  worse over time and the symptoms can be improved with the help of 

medicines and physic al therapy.  

 

2.1.3. Importance  of physical activity  

Reversing deconditioning, optimizing physical functioning and enhancing overall 

well -being are only a few of the many  benefits of physical activity among people 

with disabilities. In comparison to  typical children, children with disabilities have 

lower fitness, lower muscle strength and prompt to an obesity and health 

conditions associated with it  [11]. Rimmer [5] explores  how the physical limitations 

of patients diagnosed with cerebral palsy can b e minimized and concluded that 

physical activity is very beneficial because it helps to control or slow the progress 

of a chronic disease and improve overall health and functioning.  òPhysical 

consequences of inactivity for person  with disabilities include reduced 

cardiovascular fitness, osteoporo sis, and impaired circulationó [15, p.1058]. 

Moreover, physical inactivity can be a reason for decreased self -esteem  and 

lower social acceptance. People with disabilities are usually dependent on others 

for daily li ving, but they can become more independent if exercise regularly.  

Dykens, Rosner and Butterbaugh [4 ] cl aim that p hysical activity can also heighten 

the psychological well -being of children with disabilities as it provides opportunities 

to make friendships .That is why physical activity, especially among children with 

different disorders, must be increased.  

 

2.2. Motivational theoretical models  

There are several theoretical models that can give insight s what are the factors 

that can motivate physical activity. Kosma, Cardinal and  Rintala [ 12] make an 

overview of several models that can be used as a tool for identifying strategies for 

motivating physical a ctivity participation. T he most important theories discussed in 

the study are Achievement Goal Theory  (Nichol ls, 1989), Competence 

Motivational Theory  (Harter, 1978), and Movement Confidence  (Griffin & Keogh, 

1982).  

        First, according to the achievement goal theory , the use of specific 

motivational strategies depends mainly on how the individual is oriente d. In the 

scope of this theory, a person can be task or ego oriented, or both task and ego 

oriented  [12]. A task -oriented individual wants to self -improve and master a 
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particular skill so they tend to choose a challenging task which requires maximum 

effort . They experience positive affect when accomplishing the hard task and 

continue doing it because they want to improve. While for the ego -oriented 

individual it is important to outperform the others. In this case, a challenging task, 

which requires maximum effort, will have positive affect onl y when  winnin g is the  

outcome.  

        Second, the competence motivational theory  developed by Harter in 1978 is  

reviewed.  Kosma, Cardinal and  Rintala [ 12] explain that it is characterized by an 

initiation of mastery a ttempt in particular domain and a development of 

achievement behaviors such as perception of performance control, perceived 

competence, and positive affect. When a person successfully perform challenges 

(s)he will exhibit high levels of perceived competenc e and will be more likely 

encouraged by family and friends. Experiencing this positive affect will result in an 

intrinsically motivated person who uses internal criteria to evaluate success. In such 

a way motivation in more mastery attempts will be trigger ed.  

        Lastly, movement confidence  is presented in order to help with the 

identification of strategies to motivate physical activity among people with 

disorders. The factors defining the movement confidence are movement 

com petence and movement sense. The movement competence is the perceived 

ability of the skills someone has for a certain activity and  the  movement sense is 

the perceived positive or negative sensation towards physical activity 

participation. Increased movement confidence is an important element of 

motivation. However, if a person has a bad experience from physical activity 

participation such as negative attitudes from peers or unsuccessful attempts this 

will lower the movement competence and create a negative movement 

sensation  [12]. This is why environments that reinforce successful experience, social 

skills development and enjoyment should be provided.  

Combining the above -mentioned theoretical models, it can be concluded that 

each person has different value and enhancing motives that wor k for one may not 

provide  a  positive result for others. However, there are conventional factors that 

enhance physical activity. For e xample providing social support,  setting realistic 

goals and expectations will increase childrenõs belief that they are competent 

enough to participate in different sport s activities. In the same way , if the kids 

receive positive attitudes towards their performance and are given equal 

opportunities for success, they are going to be more confident and experience 

positive sensat ions associated with physical activities.  

 

2.3. Components enhancing childrenõs motivation to be active 

Motivation can be separated into two different types depending on what triggers 

it. Acco rding to Stuntz and Weiss [ 3], the form of motivation can be categori zed as 

self-determined or controlli ng . Self-determined motivation is intrinsic and is 

triggered by internally driven reasons as interest and enjoyment in the task itself. In 

contrast, controlling motives are extrinsic, meaning that a person does an activit y 
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because (s)he feels obliged to. Usually , controlling forms of motivation include 

participation because of guilt, pressure or simply to avoid pun ishment.  Stuntz and 

Weiss [3] conclude that c hildren who have self -determined motives for being 

physically act ive will persist participating for longer and will indicate higher self -

esteem than children who a re led by controlling motives. Thus, it is important to 

focus on nurturing high self -determined (or intrinsic) motivation in youth. Their desire 

to be active is triggered by an enjoyment of the activity itself and consequently, 

they are more likely to remain physically active in long term.  

There are four components, based on psychological and social predictors of 

activity behavior, which should be considered in  order to trigger self -determined 

motivation. The first component pointed out by Stuntz and Weiss [3] is a  feeling of 

competence. In order to feel motivated to participate in physical activities , youth 

has to believe in their abilities and capabilities to accomplish the task. The 

competence motivation theory and the achievement goal theory mentioned in 

the previous section support the importance of believing in your qualities in order 

to increase physical activity motivation. Children who show higher percei ved 

physical competence also show higher levels of self -determined motivation  [3]. 

Sources such as feedback  from parents, teachers, peers;  self-referenced , sources 

as emotions or goal achievements;  and outcome sources  as external rewards or 

finishing place are affecting the children õs perception of their abilities.  

        Another component important for the intrinsic motivation in children is 

supportive relationships. According to Weiss [14] parents, teachers,  and pe ers have  

a  vast impact on childrenõs perception of a physical competence, self -esteem, 

enjoyment of physical activity and motivation. The parents, for example, provide 

and influence  the  physical experience for their children. If the parents exhibit 

positiv e attitudes towards sports activities, their role model influence the children 

and they as well express motivation to be active [3]. In the same way , teachers 

and coaches in the path of sport influence childrenõs attitude towards activity with 

the way , they  provide feedback. Childrenõs relationship with their peers is another 

factor that can affect the physical activity enjoyment and the belief of physical 

competence. However, the peer relationships can have a negative impact if the 

children experience teasi ng, mockery or criticism by the same -age fellows (Kunesh 

et al., 1992  as cited by Stunt z and Weiss, 2010).  

        The last two components mentioned by Stuntz and Weiss [3] are the 

perception of choice or autonomy and, of course, enjoyment of participation . The 

feeling of having choice and autonomy influence the physical activity motivation. 

In order to have a positive influence, the children must be provided with choices, 

rationales, collaborative decision making . Lastly, it was stated that the enjoyment 

of physical activity is one of the strongest factors predicting participation. òYouth 

who genuinely enjoy participating in an activity beca use it is fun, challenges their 

skills, or satisfies interests and desires will be motiva ted to continue their physica l 

activity involvement.ó [3, p.435]  
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Overall enhancing self -determined motivation ensures prolonged participation in 

physical activities. In order to achieve this, physical activities should be enjoyable, 

optimally challenging and emotionally pleasant. It  is important to provide 

opportunities for the children to feel capable of doing sports, connected to peers 

and encouraged my meaningful figures as parents or teachers.  

2.4. Game design supporting motivation  

In this section, game design elements that can be used to fulfill the psychological 

needs for motivation are discussed together with design requirements and 

principles relevant to the formation of physical habits . First, Sailer et al. state that 

there are seven game design elements that can have an impact  on the self -

deterministic needs of competence, autonomy and social relatedness, explained 

in the previous section of this paper. These elements are points, leaderboards, 

badges, performance graphs, avatars, meaningful stories , and teammates . In [13] 

it is examine d  how the psychological needs and game design elements can be 

matched. Results concluded that the need for  competence  can be addressed by 

points, performance graphs, badges and leaderboards. The  need for social 

relatedness can be supported  by  meani ngful stories,  teammates  and avatars. The  

need for autonomy  is separated into two different aspects ð experiences of 

decision freedom, and experiences of task meaningfulness.  The hypothesis of Sailer 

et al.  [13] suggests that decision freedom  can be addres sed with avatars and task 

meaningfulness - with the game element of meaningful stories.  However, this 

hypothesis was not supported by the conducted experiment. The tests showed 

that the autonomy in regards to task meaningfulness can be increased by points,  

performance graphs, badges and leaderboards, while the autonomy of decision 

freedom may increase when multiple meaningful stories are incorporated into the 

game.  

 

Figure 2.1: Game design elements supporting self -deterministic needs (based on Sailer et al. [13] 

findings)   
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         Second, in stead of building on existing theories,  Campbell, Ngo and  Fogarty 

[19] indicate a few game design principles for the formation of physical  habits. 

From the existing literature relevant to the games promoting fitness and physical 

activity, the above -mentioned authors derived the following game design 

principles: core mechanics, micro goals, marginal challenge, social play and fair 

play. Core mechanics are the rules of the game and the possible interactions that 

a player does during a play. Easy challenge makes the game fun and since the 

mechanics of the games are the most repeated actions they are a good way to 

influence physical habits. Ano ther game design principle that needs to be 

considered in order to make the players feel their progress is micro goals. These are 

short-term goals which are easier to achieve in comparison to long -term macro 

goals. Campbell, Ngo and Fogarty [19] state that a chieving little goals can 

motivate the player by providing a path for achieving the big goal of the game, 

which otherwise seems overwhelming. Yim and  Graham [ 7] also agree that 

providing short and long -term goals enhances playerõs belief of  competence and 

ability to control events and complete goals. Usually overcoming challenges 

makes the games entertaining and significant so the principle of a marginal 

challenge is important for the formation of physical habits. It is essential that the 

challenges are neither too easy nor too hard but at the margin of playerõs ability. 

òIf done correctly, marginal challenge is one of the most crucial pieces to invoke a 

fun and meaningful experienceó [19, p.250] .  Lastly, the social play and the fair 

play we re specified. The social interactions in games can be internal or external. 

Internal roles come from the rules and structure of the game itself, while the 

external roles are brought into the game from real -world relationships with friends 

or relatives. C am pbell, Ngo and  Fogarty [19] state  that utilizing internal roles can 

help in establishing new external relationships and develop strong social play. 

Making friends through games can ensure long -term play as the same works for 

physical activity participation . Similarly, Yim and Graham  [7] declare  that people 

prefer to be physically active together with friends, thus, it is important that games 

provide mechanisms that help players to find partners to play with or provide an 

opportunity for a group of friends t o play together. òSocial play re quires a level 

playing field in which all players have an equal chance of winning ó [19, p.251].This 

requires establishing of fairness in the rules and the core mechanics of a game. In 

such a way, competitiveness can be enhan ced.  

To sum up, the studies used different approaches to indicate what a game should 

include in order stimulating physical activity. However, there are two important 

intersection points. First, all the authors support the claim that the players need 

const ant feedback on how they are performing and what progress they made. 

This can be supported by  game design elements as points, badges, leaderboards, 

and performance graphs. Second, the three papers emphasized the importance 

of social support for motivating long -term participation in physical activities. Game 

design elements as teammates can influence this together with correctly 

implemented social and fair play game design principles.  
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2.5. Related work  

In this section, existing works related to the  Re-play ð interactive playground games 

to motivate playing  project are reviewed. They  serve as an exa mple and 

inspiration of what can be achieved with interactive playgrounds and how 

different game design elements can be implemented on them.   

2.5.1. AIRplay - Asthma game  

 

AIRplay  is a project focused on 

improving the physical well -being 

of children diagnosed with 

asthma. It combines mobile  

application  combined with a fitbit 

for  monitoring the  daily physical 

activity  of the children and an 

interactive playground game, 

where both children without the 

disease and children with  the 

disease can play together. The 

idea is that the application shows 

the progress of the children in achi eving their goal and creates a ranking list 

accordingly (and ranks them according to the percentage of the progress). In 

such a way the users will be motivated to be physically active and to achieve the 

goals set by the application. When the goals are achi eved, as a r eward, the 

children can play new versions of the  interactive playground game. This 

playground, consists of an interactive floor projection of about 5 by 5 meter, that 

responds to players positions as measured by top -down Kinects  [16]. Such a system 

allows users to walk in and play without additional calibration or devices . 

 

2.5.2. Interactive tag playground   

 

The interactive tag playground  is 

inspired by the well -known tag 

game. In the case of the project a 

contact free sensing technology is 

used , the same one u sed in Air -

play project (See 2.5 .1). When the 

user is inside the boundaries of the 

playground a circle around 

him/her is projected.  According to 

the color of the circle the player is 

either a tagger (red circle) or a 

runner (blue circle).  The tagger 

can tag other players by 

Figure 2.2: AIRplay in use É Gijs van Ouwerkerk 

Figure 2.3: Interactive tag playground in use É Hetty de 

Vries 
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Figure 2.4: Interface of the different interactive 

LED floor games É Silke ter Stal 

approaching their circles as when this happens the runner becomes a tagger. By 

adding power -ups, adaptive circl es sizes, arrows pointing to the closest runner and 

other mechanisms, the games attempts to steer the players behavior  [17] . 

 

2.5.3. Gait Rehabilitation Games on an Interactive LED floor & Padwalk  

 

The aim of  Gait Rehabilitation Games on an 

Interactive LED floor  is to create games on  an  

interactive LED floor, which are suitable for gait 

rehabilitation sessions and hereby i mprove 

patientsõ experience  during  the  sessions. One of 

the created games is called Padwalk and the 

concept  is very similar to the well -known game 

Floor is lava.   The key element is that the player 

should reach the finishing line of the game by only 

stepping on platform -like objects  which protect 

her/him from  the deadly surrounding. In the case 

of Padwalk, the theme is completely new and 

different (if compared  to  the  Floor is lava). The environment is a pool of water , on 

which a human being is unable to walk , and the òsafeó platforms are lily pads, as 

the name suggests. The game s require  flexible and adjustable features which  fit 

the needs of the patients in the different  stages of their rehabilitation. That is why 

Padwalk has two different game  modes ð a  normal one and  a  random one as the 

difficulty of both can be manually adjusted. Each of the modes has different 

explicit and implicit goals. The normal game mode helps tr aining the step sizes, 

walking rhythm and walking speed, while the random game mode involves 

training of the balance, coordination, attention, speed of thinking and pushing 

boundaries [ 20].  

Three other games had been 

implemented on the LED floor for  the 

purpose of  gait rehabilitation  ð 

Gatenkaas , SchatJacht and CrazyObject  

(Figure 2.4). Each game trains different 

gait rehabilitation domain.  Moreover, the 

games difficulty can be adjusted 

according to the patient with a web 

interface that the therapist can access 

with a tablet or  a  phone  [18]. 

 

 

 

Figure 2.5: Padwalk in use É LedGo 



 
12 

2.5.4. User-tracking Mobile Floor Projection  Game System for Paediatric Gait & 

Dynamic Balance Training  

 

The Mobile Floor  Projection  uses a 

system composed by an optical infra -

red motion capture system  (MOCAP) 

to trac k userõs 3D position and an 

ultra -short throw projector hanged on 

a  belt driven  linear motor  to  create a 

position -adjustable floor projection  

(Figure 2.6). The set-up is a 10 meters 

by 3 meters walkway and  is used to 

create an interactive floor projection 

game for  a  pediatric gait and 

balance training  [10]. The system 

allows the user s to undergo the rapy in 

the  usual  conditions , while  

experienc ing  the interactive floor  environment . In order to precisely track usersõ 

movements, markers are put on each foot. Two games are designed for the 

system ð Hop Hop Frog and Bubble Pop . 

In Hop Hop Frog, a frog and  footprints behind 

it are projected on the floor.  The player 

needs to follow the frog by jumping on the 

footprints as with every jump made by the 

player, the frog jumps further. To make it 

more entertaining the frog moves forward in 

different patterns ð it rotate s randomly when 

hopping . With this game it can be tracked if  

the player landed on a  single foot or on both 

feet after hopping. This information is crucial 

for the therapist to keep track on the 

patientsõ progress. 

The other game ð Bubble Pop targets both 

legs and hands.  In this game crabs 

burrowing out of the sand are projected on 

the floor. When out of the sand, t he  crabs are 

blowing bubbles.  The  task for the player is to 

pop the bubbles so the crabs can burrow 

ba ck into the sand. In order to pop the 

bubbles the user should either step on them 

with their feet or to touch them with their 

hands . The total number of bubble popped 

and the time taken are kept track on to 

monitor the progress of the patients.  

Figure 2.7: Child plays Hop -Hop Frog on 

User-tracking Mobile Floor [10] 

Figure 2.8: Child play Bubble Pop on User -

tracking Mobile Floor  [10] 

Figure 2.6: User-tracking Mobile Floor Projection 

System [10] 
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2.5.5. iGameFloor - A Platform for Co -Located Collaborative Games  

The iGameFloor is an interactive floor platform that  uses a 12m 2 glass surface with 

bottom projection  and four  camera for tracking  limb movements  [9]. The setup 

provides opportunity for real -time sensing and feedback ð the platform can track 

more than 10 users at the same time. This project  has been established with an 

intention to explore the potential of the physical computer game platform in 

stimulating collaborative gaming among children in sch ools. For this purpose 3 

games were developed ð Pong, iFloorQuest, Stepstone .  

The well -known Pong game was implemented 

on the platform. The mechanics of the original 

game were kept, so on the interactive floor 

version two players are standing in the opposite 

sides and each of them is controlling a òbató 

with which to repel the ball. A counter is keeping 

track on the score and the first player, who 

scores 10 points, wins the game.  

 

 

 

iFloorQuest  is a floor game in which the 

players need to answer a set of displayed 

questions. The game is intended for four 

players, but more can participate as well. 

There are two modes ð one where all the 

playe rs play against each other and 

ano ther where the player s form teams and 

collaborate within their team.  

          

 

The other game created for the 

iGameFloor is Stepstone . This is a game 

where the participants need to answer 

to a posted question by placing their 

limb on a òstoneó containing the correct 

answer. The challenges given are for 

example to construct a sentence, 

recognize a pattern, an object or a 

sound. For compl eting successfully the 

challenges, the players need to react 

and move quickly.  

 

Figure 2.9: Children playing Pong 

game on the iGameFloor  [9] 

Figure 2.10: Children playing iFloorQuiz on 

the iG ameFloor  [9] 

Figure 2.11: Children playing Stepstone on the 

iGameFloor  [9] 
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2.5.6. Bean Floor 4 

Beam  Floor (developed by EyeClick  

Ltd.) is an interactive playground 

system which tracks body -movement 

within  a  defined area. The 

documentation of how the system 

works is not accessible due to the fact 

that the product i s used for 

commercial purposes.  On t he 

playground,  children can play 

numerous motion -activated games 

which are engaging the full body. 

Some of the games are Cheese Heist, 

where the player needs to catch the 

rats which are eating the cheese (see  

Figure 2.12), Recycle, where the player 

needs to sort the paper, plastic, glass 

and metal materials into the correct 

corners (see Figure 2.13), Balloons, 

where the player needs to pop the 

balloons coming from all the sides and 

be careful not to step on the dynamite 

(see Figure 2.14). Children can play 

football on the Bean Floor, too (see 

Figure 2.15). 

                                                 
4 "Beam Interactive Floor Games, Table Games, Best Projector For Gaming", BEAM By 

EyeClick, 2018. [Online]. Available: https://joinbeam. com/the -games/ . [Accessed: 17 - May - 

2018]. 

Figure 2.12: Cheese Heist game being played on 

the Beam Floor É EyeClick Ltd. 

Figure 2.13: Children play Recycle game on the 

Beam Floor É EyeClick Ltd. 

Figure 2.14: Child òpopsó balloons 
on the Beam Floor É EyeClick Ltd. 

Figure 2.15: Children play Football on the Beam Floor É 

EyeClick Ltd.  

https://joinbeam.com/the-games/
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2.5.7. Relevance  

Gamification of a rehabilitation process is not something new neither are  the 

interactive playground systems as mentioned in the work above . All of these 

projects and systems are relevant to Re -pla y in diffe rent ways .  

        The concept of the AIRplay project is very similar to the Re -play project . The 

similarity between both is not only  in the technolog y of the interactive  playground  

but also  in the fact that games are used for serious motives  in the scopes of the 

projects . Even though  the target group of AIRplay  is children suffering from asthma, 

while Re -play focuses on children with different motor deficiencies, they both have 

one very important intersection ð helping childr en to overcome their disabilities by 

making the rehabilitation a fun and enjoyable activ ity. 

 A good example of a system th at is used to create  game s on an interactive 

floor for a pediatric gait and balance training  is the User-tracking mobile floor 

projection system . A similar motive can be found in Gait Rehabilitation Games on 

an Interactiv e LED floor. The project has no focus on children and uses different 

technology for the playground, but has a goal  to enrich the rehabilitation 

experience of the patients  with the use of games, which is a point for the Re -play 

project as well.  

 Re-play has  a number of practical constrictions to fulfil . The most significant 

are to steer childrenõs behavior into physical activity and to design a game, 

suitable for the interactive playground, but which can be played withou t any 

technology, as well. The I nterac tive tag playground project gives good examples 

for both . First, it gives insights on  how  play can steer childrenõs behaviour and, 

second, it show s how the mechanics of a famous physical game as the tag game 

can be incorporated into the interactive playgro und.  

 The iGameFloor and BeamFloor are  other  installations that intend to 

stimulate collaborative play among children by the use of motion -activated 

games.  These games served as inspirations for the Re -play project. Overall all the 

works presented in this section served as examples of what kind of games can be 

incorporated into  different types of  interactive playground s.   

 

 

2.6. Input from the client   

In order to understand more in depth the situation of the children from the target 

group and the clientõs requirements and needs, a meeting  with a physiotherapist  

was organized . Allard Dijkstra is a physiotherapist at the Roessingh rehabilitation 

center and he is the primary client of this project. During the session with him it was 

possible to observe how  a rehabilitation session takes place and how  the child ren 

diagnose d  with DCD behave during it. Af ter that there was a discussion, where the 

client answered questions about  important aspects concerning the limitations and 

needs of the target group.  
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During the  discussion, Dijkstra explained that the rehabilitation sessions are usually 

individual, but sometimes patients with similar conditions are put together in order 

to make the session more interactive. For th e purpose of the R e-play project , it was 

clarified  that the mixed sessions consist of 4 patients at most and the main focus is  

on children diagnosed with DCD , and  some  mild forms of CP  which are 

characterized with symptoms  identical to  the  Developmental Coordination 

Disorder . 

Furthermore it was discussed and observed that the children from the target group 

do not ad apt easily to the given  exercises . They do not learn from  previous 

unsuccessful tries to accomplish the task unless they a re given  proper feedback . 

Moreover, the young patients get easily distra cted, which makes keeping their 

attention a very difficult task. The children cannot organize a game because it is 

hard for them to focus on one thing and as a result their play gets very chaotic.  

Dijkstra emphasized on the fact that there are improvements  in the condition of 

the children but a lot of repetitions and exercises are needed. The problem is that 

the children are not highly active; when they are at home, they are usually playing 

on the smartphone/tablet or computer. The client wants to use inter active 

playground platform games during the rehabilitation sessions to enrich childrenõs 

experience and inspire them how to play a physical game s outside  the scope of 

the rehabilitation.  

Requirements for the Re-play  - interactive  playground games to motiv ate playing  

project assigned by the client  are : 

¶ Create a transition between the IPP game(s) and physical activity in real life  

¶ Include movements like running & jumping  

¶ Attract childrenõs attention 

¶ Match for children with different skills and abilities so they can play together  

¶ The difficulty of the game must evolve over time in order to keep 

challenging the children.   
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3. RESEARCH APPROACH 
In order to answer the research question of this project, it is important to establish a 

research approach. This chapter g ives a brief description of the research 

approach and its phases ð ideation, design  specifications , realization and 

evaluation.  

3.1. Ideation  

The ideation phase is the phase in which  the  ideas  generation is  happening. I t is 

important to s et some constraints  whi ch  serve as a  guide line for  the  process. The 

first two chapter s of this report gi ve a foundation for t he ideation phase as they 

serve as an input to create criteria for viable game concepts. With these criteria in 

mind, a numb er of diverging game ideas are  first generated and then evaluated. 

The game concepts are  presented to the client in order to get feedback. Based 

on the evaluation and the input from the client, the  most promising game concept 

is chosen.   

3.2. Design  Specifications  

During the design phase , the chosen game concept is further elaborated. 

Definitive decisions, associated with the game elements and design, are made. 

The final idea of the game is clearly explained in order to proceed to the 

realization phase.  

3.3. Realization  

In the realization phase  of this project , the final concept for the game is 

implemented. The realization  is made in parallel with quick tests on the playability 

of the still -in-progress game, which gi ve directions of what needs to be changed 

for the completed version.  

3.4. Evaluation  

During the evaluation phase, user testing of the final version of the game s is 

performed.  An observation of  participants while playing the game s with and 

without the interactive playground and interviewing them after their experience 

allows for extracting a valuable fe edback f or future improvements.  This feedback 

together with a description of testing methods and protocols can be found in the 

chapter of this report devoted to the evaluation phase.  
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4. IDEATION 
In this chapter the ideation phase of the project  will be described. First, brainstorm 

and mind map were created considering different game mechanics including 

physical activities. Then, game concepts were  generated . At the end of the 

ideation phase,  a decision based on a play test and discussion with the client is 

made  in order to continue with the realization phase of this project.  

4.1. Mind mapping and idea  generation  

Before starting with the brainstorming, first, the criteria for this project was clea rly 

set to ònavigateó the free thinking and idea producing.  

The criteria for this project are:  

1. Game mechanics including physical activities  

2. Re-playability of the game without the technology of the interactive 

playground  

3. Single player & multiplayer / diffi culty adjustment  

4. Fun 

 

Game mechanics including physical activities  

Game mechanics are the rules of the game that requ ire some kind of interaction 

from the  side of the  player in order to progress in the game. The primary aim of Re -

pla y project is the creation of  a game (or set of games) t hat promotes physical 

activities; therefore, game mechanics to get children to jump, run, walk or dance 

are the most important element.  

Re-pla yability without the technology  

The interactive playground g ame(s) will be p resented to children with motor 

deficiency  during extensive rehabilitation sessions where and when the young 

patients will be able to play the games . However, being physically active only 

with in the scope of the rehabilitation sessions is not enough. In or der to improve 

their condition, the children from the target group should keep themselves active 

on daily basis. Therefore, an i mportant requirement for the game(s) is to  also be re -

playable outside  the scope of the rehabilitation and  without the need of t he 

interactive playground technology . 

Single & multiplayer /difficulty adjustment  

The game is desi gned to meet the needs for a 10 -week intensive rehabilitation 

program. Usually , the sessions are individual, but in o rder to diversify patientsõ 

experience , there are group sessions involving 4 children at most. That is why the 

single player an d multiplayer modes are preferred . Additionally, an option for 

adapting the difficulty level of the game for the needs of the different patients is 

wanted.  
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Fun 

As already discussed in the state of the art chapter, intrinsic motivation is stronger 

than extrinsic motivation. A child that is involved in physical activity because they 

enjoy it is the goal of this project. Therefore , the game should be fun for the 

child ren to play - they should not feel obliged to play it only because it is a part of 

the rehabilitation session  bu t because it amuse s them . 

 

Based on the criteria, first, a  mind map was created.  

 

 

 

 

 

 

  

Figure 4.1: A mind map of different game mechanics including physical activities  



 
20 

4.2. Game concepts   

Based on the criteria and the mind map , several game concepts were generated . 

For each concept, the game goal and game explanat ion are given. Then both a 

real -life version and a playground version and their single player and multiplayer 

modes are described when applicable. Technical difficulties and possibilities for 

difficulty adjustments are mentioned where they are relevant.  

4.2.1. Concept 1 : Rock Paper Scissor s 

Goal of the game  

The goal of this game is to prevent the opponents from approaching your area by 

beating them in a rock paper scissors battle.  

Concept explanation  

This game concept is inspired by the famous rock paper scissors game. In the 

game , the player needs to run towards the enemies and repel them from a certain 

area indicated on the ground (as shown in figure 4.2 ) by beating them in  a  rock -

paper -scissors game. With every lost battle , the enemies get closer to the 

protected area. The game e nds if the enemies reach  the indicated area.  

 

Real- life version ð multiplayer*  

The real -life version of this game is not suitable for a 

single player ð at least four players are required. 

The players form two teams of two players. Each 

team protects their area and tries to invade the 

opponentõs one. The players run towards each 

other and at t he meeting point , they play rock 

paper scissors. The winner can take one step 

forward , while the l oser needs to go back and pass 

over the turn to his/her teammate. The players play 

rock paper scissors  battles  until someone 

approaches the opponentõs area.  

 

Playground version  

The playground version of the game is suitable for 

a single player and multiple players. In the single -

player mode , randomly generated rock, paper or 

scissors enemies are moving from the upper 

corner of the playground towards the lower 

corner where the playerõs area is located. The 

player needs to select  a  proper response to 

enemies and run towards each of them in order 

Figure 4.2: Real life version of Rock 

Paper Scissors game ð multiplayer*  

Figure 4.3: Rock Paper Scissors Single 

player game on the interactive 

playground  
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to destroy them. For example, if the enemy is a rock, the player needs to select 

paper as a response and run towards the enemy before it approaches the 

protected area.  

 

Multiplayer option:  The playground version of 

the game can be played with teams of two 

players per team.  The idea is similar to the 

real -life version ð the opponents meet at 

some point and play rock paper scisso rs. 

However, there are slight differences due to 

the fact that the technology cannot know 

how the rock paper scissors battle goes and 

which team is the winning one. That is why in 

this version the players first choose an element 

(rock, paper or scissors) b efore the battle is 

happening. At the meeting point , it becomes 

clear who the winner of the rock paper 

scissors battle is. The winner needs to freeze 

for 3 seconds, giving time to t he loser , who  

needs to tag his/her teammate to pass over 

the turn . Now the losing team knows which 

element to select in order to destroy the 

opponentõs one but fast reactions are 

required since meanwhile , after the advance 

time of 3 seconds,  the winner can move 

forward. The game ends when a team 

approaches the opponentõs area. 

 

Difficulty adjustment  

To increase (or decrease) the difficulty of the game:  

¶ Increase (decrease) the number of enemies òfallingó towards the players 

area simultaneously ; 

¶ Accelerate the speed with which the enemies are moving .  

  

Figure 4.4: Interactiv e Playground version 

of RPS - multiplayer  
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4.2.2. Concept 2 : Tic Tac Toe and Co nnect the dots  

Goal of the game  

Fill the grid with as many as possible combinations of at least 3 consecutive 

characters/colors of your team (either i n rows or in columns).  

Concept explanation  

This game concept is inspired by the tic -tac -toe, connect the d ots and match -

three puzzle games. The idea is that two opponents are filling up a  n-by -n grid with 

their character (either X or O). Each player strives to place/draw at least 3 

consecutive X or O as many times as possible. The game ends when the grid is 

filled and the winner is the one who has more combinations of 3 (or more) 

consecutive charact ers in rows/columns. (Figure 4.5 ) 

Real- life version ð multiplayer*  

The real -life version of this game can be played outside and would require a chalk 

with which the grid can be drawn. The game is not suitable for a single player ð at 

least four players are needed ð two players per team. The players need to define a 

starting point for each team ð this can be a few meters away from the grid. When 

the game starts one player of each team runs to the grid and puts the teamõs 

symbol in a chosen square. Then the players need to go back to the starting point 

and pass the turn to their team mates. The game ends when the grid is filled and 

the players need to count the combinations of 3 consecutive characters to see 

which team is the winner.  

Playground version  

The interactive playground version of this game can be played by one player and 

the computer (CPU) as an opponent. In order to keep the physical activity 

element, the player would need to run back to the starting point to get òchargedó 

with an element, which can be  placed in a chosen box of the grid. Placing of the 

character would happen as follows:  

1) The player cho oses a box of the grid and steps on it  

2) The player squats or crouches to place their symbol in the box  

Multiplayer option:  Similarly to the real -life version, the playground version of the 

game can be played by multiple players.  

Difficulty adjustment  

To increase (or decrease) the difficulty of the game:  

¶ Make the grid bigger (smaller).  
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Figure 4.5: A player from each team places the teamõs symbol in a chosen box and pass the turn to 

their teammate; at the end the team with most consecutiv e (at least 3) characters wins.  

 

Technical difficulties  

There might be technical difficulties associated with the game mechanics for 

òplacingó the teamsõ symbols on a chosen box on the grid. This would require 

squatting in order for the tracking system to differentiate this action from the 

others. However, the tracking might not work so well, which can cause bugs in the 

game and be annoying for the player.  
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4.2.3. Concept 3 : Wooden sticks  

Goal of the game  

The goal of the game is to  create a 

fire by  collect ing  all the wooden sticks 

and bring ing  them to the fireball .  

 

Game explanation  

The player stands on the start position 

and after the countdown , a timer 

starts running . The player has a certain 

amount  of seconds to collect the 

wooden sticks and bring  them to the 

fireball  in order to create a fire . The 

rule is that the player can collect only 

one stick per time.  

 

 

 

 

Real- life version  

The real -life version of the game requires wooden sticks or branches (other objects 

to collect can also do the job) , a timer and relatively extensive space for playing. 

Before playing  the game , the player needs to define a field (start position, fireball 

position and position of the woo den sticks) , as shown in Figure 4.6 .  

Multiplayer option:  The game can be played with multiple players.  They all stand 

on the  start position as the first player runs to collect a wooden stick, brings it to the 

fireball and runs back to the start position to give a  high  five to the next player, so 

(s)he can start playing. The players can  as well  form teams and compete on who  

complete the fire first (collects the wooden sticks quickest).  

 

 

Playground version  

This version does not require any extra equipment as the wooden sticks and the 

timer are digitalized and the path is already assigned.  

Multiplayer option :  The playground  version of this game can as well be played by  

multiple players. The id ea is the same as with the real -life version, only this time 

instead of giving a high five to the next player, the current one needs to tag them 

by getting close enough to their cir cle (this is the avatar of the player ).  

Figure 4.6: The player starts at the st art position and 

runs to pick up a wooden stick and bring it to the 

fireball  
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Difficulty adjustment  

To increase (or decrease) the difficulty of the game : 

¶ increase (decrease) the number of wooden sticks which need to be 

collected ; 

¶ decrease (increase) the timer;  

¶ randomly change the position of the wooden sticks during play;  

¶ randomly change the posit ion of the fireball during play.  
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4.2.4. Concept 4:  òDrunk carrotó 

Goal of the game  

Catch all the enemies and do not let them go to the other side of the field.  

Concept explanation  

This concept is inspired by  a game that is played by at least three players . One of 

them stands  in the middle and is given the nickname òdrunk carrotó, the rest of the 

players throw a ball above  him/her . If the  player in the middle  catches the ball, 

(s)he chan ges places with the player who has throw n the ball.  

 

 

 

 

 

 

 

 

 

 

 

In this case, the field is di vided by 3 (as shown in Figure 4.7 ) - the middle part is for 

the player. The player is attacked from both sides by the enemi es and his/her aim 

is to prevent  the enemies go t o the other side of the field.  

Real- life version ð mu ltiplayer*  

The real -life version of this game requires 4 players. Two of the players are 

positioned on  both sides of the field and the other two stay in the middle. The 

players standing in the sides are from one team and one of them (thrower) has 10 

balls which (s)he needs to pass to his/her teammate (catcher), who is standing on 

the opposite side of the field. The catcher player needs to catch balls in order to 

score points ð each caught ball is equal to one point. The players in the middle 

(defenders) are  the other team ð they need to catch the balls to prevent the 

opponent team from scoring points. When all the 10 balls are being thrown the 

teams change their p laces and the defenders become thrower and  catcher and 

the other way around. The game ends when one of the teams scores 10 points.   

Figure 4.7: The player is the drunk carrot and needs to catch/tag all the enemies 

and prevent them from going to the other side of the field  
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Playground version ð single player*  

The playground version of this game is suitable for a single player. The player stands 

in the middle part of the field and enemies from both sides are trying to pass 

through the middle part to get to the other side of the field. The player needs to 

destroy the enemies by stepping on them. If one of the enemies reaches the other 

side, the game is over. If the player manages to destroy all the enemies (s)he can 

continue to the next level.  

Difficulty adjustment  

To increase (or decrease) the difficulty of the game:  

¶ Increase (decrease) the number of enemies that the player needs to repel;  

¶ Accelerate the speed with which the enemies are moving.  
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4.2.5. Concept 5: H opscotch  

Goal of the game  

Jump onto the blocks of the hopscotch  grid  in the correct order . 

Concept explanation  

This game concept is identical to the well -known hopscotch game. The difference 

is that instead of jumping on the blocks in the correct order of numbers, the play er 

has to remember a certain sequence and repeat it. For example, first jump to 2 

then 1,3,5,4,6,9,8,7,10 and then back in the same order.  

Real- life version  

This game can be played 

either inside or outside. The 

player can be creative with 

the dra win g of the hopscotch 

(see figure 4.8 ) and with the 

sequences of numbers. If the 

player makes a mistake in 

between, (s)he needs to start 

from the beginning.  

Multiplayer option:  Each 

player suggests a sequence, 

which (s)he needs to do first 

and then the other player(s) 

should repeat it. If the other 

player(s) mak e(s) a mistake, a 

point goes to  the player who 

suggested the sequence.  

 

Playground version ð single player  

In the playground version of this game the hopscotch blocks light up in a certain 

sequence, which the player needs to repeat in order to score a point.  

Difficulty adjustment   

To increase (or decrease) the difficulty of the game:  

¶ Add distance between the blocks;  

¶ Increase (decrease) the number of the blocks ; 

¶ Make the sequence of blocks that the player needs to follow longer (with 

repeating block numbers);  

¶ Arrange the blocks randomly.  

Figure 4.8: Hopscotch varieties  
























































































