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I. Abstract 

Social competence and communicative skills of children with autism spectrum disorders 

(ASD) are supported by behavioral therapy. "Serious games", especially therapeutic games 

on hybrid interactive surfaces, have been proven to serve as a useful tool for behavioral 

therapy. In this work, I describe the design process of acquiring and implementing 

requirements for such a hybrid therapy game: "Invasion of the Wrong Planet". I then use the 

game to measure collaborative behavior in two consecutive studies with 16 children without 

developmental disorders and 9 children with ASD at the University of Konstanz and a 

therapy centre in Freiburg respectively. In these studies I contrast the design principle of 

"Encouraged Collaboration" (ECC), which I derived from specific aspects of behavioral 

therapy, with the design principle of "Enforced Collaboration" (EFC), which has been used in 

recent work in this area of research. Based on the findings of these studies, I show that ECC 

in contrast to EFC leads to a higher amount of motivation, while at the same time providing a 

comparable amount of collaboration between the players. In this regard, ECC may enhance 

effectiveness of games used as a tool for behavioral therapy fostering social competence and 

communicative skills of children with ASD. To conclude this work I discuss how this design 

principle can be generalized and be applied to other fields of behavioral therapy and how 

effectiveness of serious games in general can be improved. 
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1 Introduction1 

In this chapter, the term autism and the forms of therapy are explained and summarized. 

The concept of using games as a tool for such therapy is introduced. Furthermore, it is 

depicted what hybrid games are and how they can improve effectiveness of therapy games.  

1.1 Autism Spectrum Disorders 

Autism is a complex developmental disorder. Symptoms of autism become apparent before 

the age of three. Regarding the American Psychiatric Association (2000) children with autism 

have impairments in social interaction and communicative skills and show stereotyped or 

repetitive behavior. These impairments in social interaction may include a lack of 

understanding or inappropriate use of non-verbal behavior. They also may include the 

inability to develop peer relationships or the lack of need to share interests or enjoyment 

with others. Communication skills are limited due to the incapability to initiate or sustain 

conversations. Spoken language, if present at all, is delayed. The range of interests is 

narrowed to just a few topics or activities. The preoccupation with these interests is very 

stereotyped, inflexible, and often abnormally intense. Affected children also often have poor 

motor skills and coordination as well as impairments in their cognitive skills. 

These impairments vary for each individual and can cover a wide range of manifestations, 

which is referred to as "autism spectrum disorders" (ASD). ASD can be recognized at all 

levels of intelligence. Depending on an intelligence threshold, the spectrum is often divided 

into low, medium, and high functioning autism (LFA, MFA, HFA). Children with "Asperger 

syndrome" (AS) do not demonstrate such severe limitations in their communicative skills and 

cognitive abilities and can be compared to autistic children with HFA. In addition, they often 

have extremely developed abilities in certain cognitive, mathematical or musical areas. 

Another criterion that also summarizes behavior that is seen as typical for children with 

developmental disorders like autism is described in the Theory of Mind. This theory has been 

introduced by Premack & Woodruff (1978) and refers to the ability to attribute certain 

mental states like thoughts or feelings to others. Baron-Cohen (1992) describes this ability to 

be the key aspect of social behavior. People with autism are "oblivious to the guesser's state 

of knowledge or belief. In this sense, they failed to employ a theory of mind." (Baron-Cohen 

1992: 12). This also makes it extremely difficult for an autistic person to understand thoughts 

                                                      
1
 Parts of this chapter are directly obtained from Marwecki et al. (2013). 
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and feelings that are communicated nonverbally. This includes facial expressions, gestures or 

the tone of voice, as well as irony. 

ASD are not curable. The main goals of therapy are to decrease the symptoms, help affected 

persons to accept their situation, and provide support for their families. Through behavior 

therapy, one can condition desired behaviors and develop strategies to overcome his or her 

deficits. Intervention strategies are generally very structured and support the visual way of 

thinking, which is immanent to people with autism. The Treatment and Education of Autistic 

and Related Communication Handicapped Children (TEACCH) introduced by Mesibov et al. 

(2004) is based on such behavioral therapy. Through TEACCH children and adolescents with 

ASD are taught ways of social interaction and communication. One Element that uses the 

concepts of TEACCH is the so called Soziale Kompetenz Training2 (SOKO). Developed by 

Häußler et al. (2008) SOKO introduces methods of social interaction and communication. 

1.2 Therapy Games 

There are various methods, mostly provided in a playful manner, that use the concepts of 

SOKO and TEAACH. An easy way to maintain a visual structure, which is needed for those 

therapies, is through so called "therapeutic games" or "health games". These games are a 

subcategory of a spectrum of games that is often referred to as "serious games"3. Examples 

of therapy games for autistic children and a detailed descriptions of them are given by 

Häußler et al. (2008) (Figure 1).  

   
Figure 1: Examples of current therapy games for ASD  
(From left to right: "Watte-Picken", "Smiley-Domino", "Schnipp-Schnapp") 

In current therapy games for children with ASD, multiple players who play simultaneously 

need to collaborate to achieve the goal of the game. Also these games are mostly are hand-

crafted and consist of analog components such as wood or paper.  

                                                      
2
 This can be translated as "Training of social competence". 

3
 For an overview of the broad scope of serious games, one can for example refer to Susi et al. (2008). 
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1.3 Hybrid Games 

Serious games potentially offer a high grade of intrinsic motivation and combine this 

motivation with an extrinsic gain. This gain, in this case a therapeutic effect, can be improved 

by the usage of a hybrid medium. Games on such a medium are often referred to as "hybrid 

games" (lat. "Hybrida" - mixture, combination). Hybrid games are based on hybrid 

technology, such as hybrid interactive surfaces.4 Kirk et al. (2009) define them as "interactive 

systems combining techniques of direct-manipulation multi-touch surface interaction with 

elements of tangible user interfaces" (Kirk et al. 2009: 1).  

Regarding Magerkurth et al. (2004) hybrid games have the means to blend together digital 

and analog advantages.5 In games on hybrid interactive surfaces haptic and social elements 

of analog games are combined with the audiovisual possibilities of digital games. With the 

help of digital computing power and ways of controlling the digital environment the flow, 

the "state of effortless concentration and enjoyment" (Csíkszentmihályi 1997: 1), can be 

enhanced. Routine tasks, like preparing the game, which keeps the players from 

experiencing flow and motivation, can be reduced to a minimum. The rules of the game 

become obvious through gameplay and tutorials.  

This combination of analog and digital advantages can now be used for therapeutic games 

for children with ASD. Players are motivated and feel secure in the digital setting, as found 

out by Piper et al. (2006). At the same time, the form factor allows a face-to-face 

communication between the players, which fosters social interaction, a crucial element to 

therapy approaches like TEACCH and SOKO.  

 

 

 

 

 

 

 

 

 
Figure 2: Overview of the field of research 

                                                      
4
 Please refer to Marwecki (2012) chapter 3.2.2. 

5
 Please refer to Marwecki (2012) chapter 2. 
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2 Hybrid Therapy Games - Research Approach 

In this chapter, hybrid therapy games for autistic children are illustrated by examples from 

different studies. Based on this work the research question is derived and explained. 

2.1 Related Work 

The idea of hybrid therapy games is not new. Recent studies have proven the potential of 

using hybrid interactive surfaces for therapy games to treat HFA and AS.  

Piper et al. (2006) developed a game called SIDES on the DiamondTouch6 for children and 

adolescents with HFA or AS "to supplement current social skills group therapy techniques" 

(Piper et al. 2006: 8). Players were to cooperatively lay out a path of lily pads to help a frog 

cross a pond. Each player had different lily pads so the players had to work together. The 

better the path was, the more points the players collected. This game proved to serve as a 

meaningful tool for group therapy. The digital setup in an analog context was proven to 

provide a significant benefit, as "these adolescents find comfort in the consistency of 

automated game rules, where as [sic] rules enforced by a human moderator may be more 

subjective and add challenge to an already difficult task" (Piper et al. 2006: 9). 

Gal et al. (2009) developed Story Table, in which players invent stories together. While 

players could separately decide on some images or audio snippets the story should contain, 

they had to agree on certain elements like the background image of the story. Originally 

developed for improving oral speech, it showed to be effective as a tool for group therapy 

for children with HFA and AS. This game was also implemented on the same hybrid 

interactive surface, the DiamondTouch. As with SIDES, this was done with the intention to 

refer in-game actions to the player. By this, cooperation could in certain situations be 

enforced. They named this principle "Enforced Collaboration" (EFC). 

Battochi et al. (2010) developed a Collaborative Puzzle Game in which players were also 

forced into collaborative actions, as they were to drag puzzle pieces together in order to 

move them. They also implemented the principle of EFC. 

Giusti et al. (2011) developed a set of games in order to show how games can support 

therapists in their use of Cognitive-Behavioral Therapy. In these games, children with HFA 

"were able to attain the game objective [...] only if they play[ed] collaboratively [...]" (Giusti 

et al. 2011: 4). Again, this "Join-In Suite" was implemented via DiamondTouch. 

                                                      
6
 Due to the technology of the DiamondTouch, single users can be identified and every action in the game can 

be ascribed to the specific user. For more information on the DiamondTouch, please refer to Dietz et al. (2001). 
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2.2 Deriving the Research Question 

Hybrid therapy games are an effective instrument for therapists in group therapies for 

children with ASD. They are even more effective than common analog therapeutic games, as 

they provide a higher level of motivation and involvement. In aforementioned studies, 

players were always forced into collaborative actions in order to foster social behavior and 

communication. To maintain the therapeutic goal, the games always implemented the 

design principle of EFC. Overall, EFC was proven to indeed have a meaningful therapeutic 

effect. However, it can be assumed that this design principle can be elaborated further and 

there are two reasons for that.  

The first reason for doubting effectiveness of EFC is derived from aspects of behavioral 

therapy. According to prevalent behavioral therapies, desired behavior should never be 

enforced but encouraged and rewarded, while undesired behavior is penalized. Considering 

this, there is reason to doubt whether EFC is the best possible design solution for hybrid 

therapy games which specialize in supporting therapists in behavioral therapy. 

The second reason is a question of motivation and appropriate positive feedback. In the 

games presented in the last chapter, a game level can mostly only be completed by passing a 

certain collaborative threshold. After that, the players either succeed or fail the given task in 

the game. While this certainly results in a certain training effect, players might feel a lack of 

motivation since the main principle of a game, the "Voluntary Participation" (McGonigal 

2011: 21) is violated. Players are forced to cooperate, otherwise they fail. They have no 

choice on how to best solve the game. This is a general contradiction of serious games which 

all follow a certain purpose and also care for the fun aspects. How do we maintain 

motivation without neglecting its purpose? And when does a game start to be too serious? 

There is however, a solution to this problem. In this paper, a design principle called 

"Encouraged Collaboration" (ECC) is proposed. In behavioral therapy, desired behavior is 

encouraged and not enforced. Therapeutic games are instruments of behavioral therapy. 

That being said, therapeutic games should provide the means to encourage collaboration, 

instead of enforcing it. A game that leads its players into voluntary collaborative actions may 

provide a higher level of motivation and therefore a better long-term aid in transferring 

social behavior and communicative skills into everyday life.  

Players should always feel free to choose their way to a solution of a problem in the game, 

i.e. acting or not acting together, to ensure motivation. By this, the players still act on a 
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voluntary basis. Still, the therapeutic effect should be maintained, that is to say, 

collaboration should be rewarded. This can be achieved by a more continuous feedback 

system (Figure 3).  

  
Figure 3: Reward systems of EFC and ECC 

Instead of achieving the goal of the game by passing a collaborative threshold, the game 

should reward any amount of collaboration in the process of achieving the goal of the game.  

ECC in contrast to EFC therefore differentiates between goal and purpose of a game. While 

the goal, the narrative task of the game, can always be achieved to ensure motivation, acting 

towards the purpose, the training of desired behavior, is provided with a high amount of 

positive feedback.  

The question is, whether or not this continuous positive feedback minimizes therapeutic 

effectiveness and really fosters motivation. This leads us to the following research question: 

Research Question: Does encouraged collaboration offer a better way of 

motivation than enforced collaboration while providing the same amount of 

collaborative behavior? 

The hybrid therapy game Invasion of the Wrong Planet, which was developed in order to 

prove the importance of ECC, should serve a tool for a study which answers the research 

question and provide a basis discussion on how game design for hybrid therapy games in 

general can be improved. 
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3 Development 

This chapter gives a detailed description of the iterative development of the hybrid therapy 

game Invasion of the Wrong Planet. This includes development of the first milestone, as well 

as a subsequent evaluation and development of the second milestone. 

3.1 First Milestone 

This chapter gives a brief summary of the development of the first milestone of the game. 

The way of generating and covering the necessary requirements is explained and an 

overview of the game is given. While this chapter provides an overview of the development 

work done in order to finish the project and should answer all relevant questions, it is 

strongly advised to refer to Marwecki (2013) for a detailed description of the development 

of the first milestone and to have a look at the presentation videos. Both the description and 

the videos can be found in Appendix 24. 

3.1.1 Development Tools 

The project was implemented via CSharp and WPF on the Samsung SUR40 (Figure 4) with 

Microsoft PixelSense7. Based on this hybrid interactive surface, the game provides face-to-

face communication and a possibility for social interaction within the comfortable and 

controllable digital setting.  

 

Figure 4: The Samsung SUR408 

Development environments were Microsoft Visual Studio Ultimate 2010 and Microsoft 

Expression Blend 4. Next to the .NET Framework, XNA libraries were used for the sound 

effects. The tokens were modeled with AutoCAD and Autodesk Inventor.  

                                                      
7
 http://www.microsoft.com/en-us/pixelsense/default.aspx (last access date on July 25

th
, 2013). 

8
 http://www.samsunglfd.com/upload/product/img/Surface[1294390605622product].jpg (last access date on 

July 25
th

, 2013). 
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In the design process of the interface a child of the postulated age made plasticine models of 

the tokens. Using these models, the computer model and the plexiglass model were made 

respectively (Figure 5). The tokens are provided in four different colors (red, green, blue, 

yellow) and are 115x68 millimeters in size. Detailed measures of the finished game token 

can be found in Appendix 4.  

 

Figure 5: Development of the game token 
(From left to right: Plasticine model, computer model, finished model) 

3.1.2 Requirements and Implementation 

The requirements for this project were generated from literature and interviews with user 

surrogates9. These user surrogates were two educational advisers for ASD and one therapist 

with several years of experience in the diagnosis and treatment of ASD. Appendix 1 contains 

the questionnaire for these interviews. The results derived from these interviews with the 

advisors and the therapist can be found in Appendix 2 respectively Appendix 3. Eight 

requirements were defined. In the following, these eight requirements are listed separately 

and a description of their implementation is given. 

Requirement 1.1: The game should be designed for children with either HFA or AS between 

the ages of eight and twelve years. Since the prevalence for autism is significantly higher for 

boys than for girls, the narrative structure of the game should focus on boys. 

In Invasion of the Wrong Planet, the players have the task of defending the earth (the 

"wrong planet"10) from alien invaders. In order to achieve this, each player has a token with 

the form of a spaceship (Figure 5). The players can move their ship through space by moving 

                                                      
9
 A method introduced by Constantine & Lockwood (2006). Due to the lack of real users or the incapability of 

real users to generate requirements for a project, domain experts are interviewed in order to collect all 
necessary requirements. 
10

 The name of the game is based on the term "wrong planet syndrome", an alternate description of ASD. 
Children, though possibly aware of their situation, perceive themselves as normal and their surroundings as all 
the more odd. They feel like they are on a "wrong planet".  
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the tokens across the screen. They can then shoot enemies by pressing the virtual button in 

front of their token (Figure 6). The familiarity of the setting is intentional, for it may provide 

a motivation similar to commercial games played at home on consoles or the computer. Also 

it reduces the cognitive affordance of the game contents. Nevertheless, the cognitive level is 

too high to be easily understood by children with LFA or MFA. The game serves as a 

motivator and basis for group discussions in group therapy sessions for children with HFA or 

AS. It should be mentioned that this project may only serve as a tool for group therapy; it is 

not meant to replace a therapist. 

 
Figure 6: Players controlling their tokens 

Requirement 1.2: Communication and social interaction must happen on a game-based level 

with relation to the goal of the game.  

The game consists of different levels, i.e. solar systems, from which the players are allowed 

to choose (Figure 7). Depending on the level, the players are confronted with different tasks 

best to be solved collaboratively. These tasks consist of eliminating different alien ships 

together. Each of these enemy ships (Figure 8) requires a different strategy which the group 

has to figure out through discussion. Each strategy involves the players in collaborative 

actions. When the players eliminate an enemy ship, they collect points. When the players fail 

to eliminate all enemies of one of the enemy waves, these enemies invade the earth and 

points are subtracted from the score of the players. 
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Figure 7: Choosing the game level 

Requirement 1.3: The game should encourage collaborative behavior of the players, but not 

enforce it. Collaboration on the part of multiple players should therefore be rewarded more 

than the actions of one individual player. Feedback should be provided in a timely manner 

and condition the desired behavior. 

Utilizing the concept of encouraged collaboration, all game elements encourage 

communication and social behavior. A single player can eliminate each enemy (Figure 9). 

However, players who act collaboratively will do so in less time and achieve a significantly 

higher score (Figure 10). The game provides strong visual and acoustic feedback when the 

players receive a higher score through collaboration (Figure 11, Figure 12). Due to the strong 

audiovisual feedback, players receive an immediate response to their actions and are 

motivated into collaborative behavior. 

 

Figure 8: The different elements in the game 
(From left to right: Raider, Neutralizer, Teleporter, Energy Battery, Supply Drone) 
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Figure 9: Uncollaborative approach to eliminating the "Raider" (player attacks on his own) 
Note: This is a screen image. The token was included afterwards. 

 
Figure 10: Collaborative approach to eliminating the "Raider" (players attack together) 
Note: This is a screen image. The tokens were included afterwards. 

Some ships, called Raiders (Figure 8, first from left), can be destroyed by a single player. 

However, when multiple players agree to confront the enemy at the same time, the time 

required to eliminate the ship shrinks exponentially and more points are given. 
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Figure 11: Strong audiovisual feedback is provided when players act collaboratively 
Note: This is a screen image. The tokens were included afterwards. 

 
Figure 12: Higher reward mechanisms come into effect when players act collaboratively 
Note: This is a screen image. The tokens were included afterwards. 

The Neutralizer (Figure 8, second from left) catches a player and prevents him from 

shooting. If the player asks another player for help, the Neutralizer can be defeated very 

easily. Both communication on the part of the first player and collaborative behavior on the 

part of the second player are rewarded. 
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The Teleporter (Figure 8, third from left) changes color and position. The player with the 

displayed color does significantly more damage to this enemy. Players who discuss their 

strategy will save time and gather more points. 

When a player runs out of energy to shoot, an Energy Battery (Figure 8, fourth from left) 

appears on the other end of the screen. The player can then either reach for the battery or 

can ask another player to send the battery over to him. This is done by an easy swift gesture. 

The second option is far more efficient and will lead to more points. 

Players can collect the Supply Drone (Figure 8, fifth from left) by touching it with a finger. By 

doing so, the players win additional time. Dividing tasks between the players will lead to a 

higher score. 

Requirement 1.4: The progress, structure, and goal of the game should be clear and easy to 

understand. This is best done in a visualized and structured manner similar to the TEACCH 

approach. 

The game offers the possibility of an explanation, a hint, when a new game element appears 

in the game (Figure 13). In accordance with the TEACCH approach, visual explanation was 

used wherever possible. The time remaining is visualized in a pie chart next to the score 

display. The game provides audiovisual feedback after each of a player’s actions.  

 
Figure 13: Hints are provided at the beginning of the game and before each new enemy 
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The whole game uses strong audiovisual feedback extensively, because "aesthetics are an 

incredibly important aspect of game design since they have the most direct relationship to a 

player´s experience. [...] (The aesthetics) reinforce the other elements of the game [...]" 

(Schell 2008: 41). 

Requirement 1.5: The game should not penalize players limited in playing skills, that is to say 

cognitive and motor skills. The game should never penalize the group because of the 

misdoings of one player. 

The game does not require the players to perform complex movements. The cognitive 

affordance changes slowly with each game level, but is low at the beginning. The only 

obstacles for the players to overcome are impairments in social interaction and 

communication. Thus, the difficulty of the game lies in overcoming those impairments in 

collaborative behavior. The difficulty does not lie in solving cognitive tasks like in many other 

games. The more the players wish to collaborate, the more they will be rewarded.  

Requirement 1.6: The difficulty of the game should be variable.  

To keep the players motivated, they never need to be challenged too little or too much. They 

need to be in a constant state of flow. To achieve and maintain a state of flow, the difficulty 

should be variable.  

 
Figure 14: The options menu (oriented towards the therapist) 
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The difficulty of the game lies in overcoming impairments in collaborative behavior. The 

therapist can adjust the level of required minimal collaboration in the options menu (Figure 

14). The higher this level is set, the more time is needed to eliminate the enemies on ones 

own, and the more the players need to cooperate. 

The game also seeks to reward knowledge of the game and to surprise the player with new 

elements; players not only need to be in a state of "collaborative flow" (the game difficulty), 

but also in a state of "cognitive flow" (the attractiveness of the game). This is achieved by 

offering them the choice of the game level (Figure 7), which affects the number of different 

enemies. Since the elements of the game all encourage communication and social behavior, 

the therapeutic aspect is not influenced by the number of game elements. The higher the 

game level is set, the higher the cognitive affordance. By increasing this affordance, players 

stay motivated and curious. However, players who are new to the game should always start 

with a low cognitive affordance. This may lie within the responsibility of the therapist.  

Therefore, the flow of the game is structured in two layers: the collaborative difficulty set by 

the therapist and the cognitive affordance set by the players. This “two-dimensional flow” 

allows for strong motivation and, at the same time, does not neglect the therapeutic effect. 

Requirement 1.7: The length of the game should not exceed a timespan of ten minutes. The 

therapist must have the opportunity to reflect on the contents of the game together with the 

children to provide a transfer between the game and reality. 

 
Figure 15: The players can write down their name for a record in the highscore list 
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Figure 16: Highscore list 

Every round of gameplay lasts three minutes. Taking possible explanation time into account, 

the estimated time needed to play is five minutes. After playing the game, the therapist 

should initiate a group discussion. The game provides a basis for such discussion after each 

level (Figure 15). Additionally there is the possibility for the players to fill in their name when 

they reach a highscore. By this, the players are encouraged to play again and beat their own 

score or the ones of other groups (Figure 16). 

Requirement 1.8: Dominant behavior of a single player should be prevented. Every player 

must have the opportunity to integrate him- or herself in the process of the game. 

Using cognitive tasks as gaming obstacles may lead to dominant behavior by a single player. 

When a cognitive task is solved by a single player, the other players will become a hindrance 

to him.11 He may then apply dominant behavior to speed up the game process. As 

mentioned above, the main difficulty of this game does not lie in overcoming cognitive 

obstacles, but in performing collaborative actions. Dominant and uncooperative behavior is 

penalized and discouraged because it leads to a lower score. 

                                                      
11

 For an example see Piper et al. (2006). In Sides each player has an amount of unique tiles, which makes him 
valuable to other players. The game however, can be solved analytically by a single player. In this regard, the 
other players may become obstacles by themselves, which have to be overcome in the process of obtaining the 
necessary tiles. This completely defeats the purpose of enforced collaboration. 
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3.2 Second Milestone 

This chapter explains the first evaluation of the game and describes the changes made in 

order to achieve an even more presentable second version of the game. New requirements 

are introduced and an explanation is given on how they are covered.  

3.2.1 Evaluation of the First Milestone 

After finishing the first milestone of the project, evaluation of the prototype was needed. To 

achieve this, a second round of interviews with user surrogates was conducted. The persons 

interviewed were Andreas Wacker and Andreas Targan, the therapist and one of the 

educational advisors, with whom the requirements in the first round of interviews were 

generated. In addition, a set of further expert interviews was conducted. These experts were 

Steffen Bogen, a lecturer in game analysis and professional game designer of children’s 

games and Margarita Stolarova, a lecturer in early childhood development and education. 

The interviews were of qualitative nature. The game was presented to each one of the 

interviewed persons and discussions were held freely. To those who did not attend the first 

round of interviews, a brief introduction was given. The interviews were recorded. These 

recordings can be found in Appendix 24. The results of the interviews are presented in 

appendices Appendix 6 to Appendix 9.  

3.2.2 Additional Requirements and Implementation 

Overall, the aspects of encouraged collaboration and two-dimensional flow were received 

positively. The structure and setup of the game were estimated to be easy to understand. In 

its current form, the game was deemed to be ready to be used as a motivator and basis for 

discussion at the end of group therapy sessions.  

However, while finding their requirements matched by the game, there were still issues for 

discussion and improvement. These additional requirements were generated together with 

the reviewers. As in the last chapter, eight requirements were defined. And, also parallel to 

the last chapter, in the following these eight requirements are again listed separately and a 

description of their implementation is given. 

Requirement 2.1: The performance of the game should be improved. 

After finishing the project, there were some performance issues. Solving this problem 

seemed to be mandatory. Using libraries from Expression Blend and the .NET Framework 
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resulted in a certain lack of performance. While the fixing of this issues took quite an 

amount of time, the explanation on how this was achieved should not, since the focus of this 

work is of theoretical nature and not of a technical one. In summary it can be said that the 

use of bitmap caches and the reassembly of certain user controls like game elements and 

levels into less complicated structures. The performance issue was fixed. The game now runs 

far more smoothly than before.  

Requirement 2.2: After playing the game, a basis for group discussion should be provided. 

Feedback regarding the performance of the players should be given. Players should have the 

opportunity to learn from their mistakes and communicate different strategies and 

approaches to the solution of the game obstacles. 

In order to cover this requirement, the amount of collaboration for each enemy was 

displayed in the victory screen after completing a game level. The screen displayed a 

percentage of the players acting collaboratively and offered suggestions for improvement. 

This usage of a percentage still seemed to be too abstract and too hard to be grasped by 

children, so this percentage was translated into a number of stars, which the players 

achieved (Figure 17, Figure 18). 

 
Figure 17: Each star represents an enemy eliminated collaboratively 
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Figure 18: Information on players collaborative behavior at the end of the game 

Requirement 2.3: The hints at the beginning of the game and those for new enemies should 

be provided in a more visualized way and should not contain too much detail. Text should be 

used sparingly, if at all. The visualization of the hints should be adjustable by the therapist. 

Multiple hints should be provided, if players would like to read the hints on their own. 

To provide multiple hints at the same time, an additional feature was implemented. The 

players can now pull one hint apart to copy it and read it by themselves (Figure 19). To 

reduce the cognitive affordance of the hints, the text was replaced with a storyboard. This 

storyboard consisted of two pictures which described the game element and provided 

information on how to solve the game task. This storyboard however seemed to offer too 

less information. The hints should be more explicit. One of the user surrogates argued, that a 

minimum of text can be used, roughly one small sentence for each picture. A second 

storyboard with three pictures and a minimum amount of text was created (Figure 20). 

Requirement 2.4: Players, especially children with cognitive dysfunctions, would benefit 

greatly, if enemies were easier to distinguish. 

The enemies sometimes could not be easily differentiated. To fix this issue, higher contrasts 

and more saturated colors were applied to the game elements. In addition, each enemy got 

its own way of movement. This also led to a more intuitive perception of the different game 

elements. 
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Figure 19: Pulling a hint apart creates a copy of that hint for other players 
Note: This is a screen image. Pictures of hands and arrows were included afterwards. 

 
Figure 20: The final hints of the game 

Requirement 2.5: The token should be used more often and in different contexts. Motor 

requirements can afford to be little higher. 

It was argued that the players should need to move their token more often and extensively. 

Tasks requiring touch gestures on the other hand, are not supported by the narrative 
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background and should be replaced. Players now collect the "Supply-Drone" with their 

spaceship by moving their token over it. By doing so, the players win additional time.  

Requirement 2.6: The range of the shots should be increased drastically. This could enable 

the players to develop shooting and movement strategies. 

The range of the shots have been increased. Players can now shoot targets from the other 

end of the screen.  

Requirement 2.7: Game elements should be introduced consecutively. Introducing the 

different game elements too quickly leads to a higher cognitive affordance. 

The basic elements of the game – limited time and energy – are now introduced one after 

the other in the first game level, the one with the least cognitive requirements.  

Requirement 2.8: The option menu provided for the therapist should be revised. Providing 

fewer options for the grade of difficulty and naming these options appropriately would 

simplify this task for the therapist. 

The possibility of setting the difficulty in a continuous spectrum between zero and a hundred 

percent was perceived as impractical. There are now four distinct and discrete options for 

choosing the grade of difficulty (Figure 21). 

 
Figure 21: New options menu (oriented towards the therapist) 
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Some suggestions made during the interviews were not considered in the requirements for 

the second milestone of the game. These included the issue of the amount of game 

elements which could be developed further. This would increase the need for discussing 

strategic issues. Various ideas for new enemies have been proposed. However, while a wider 

range of enemies allows for a broader scope of game levels and a higher long term 

motivation, it is not needed for the conduction of the study. When planning to form this 

game into a commercial product for therapy sessions, this thought should be reconsidered.  

3.3 Evaluating of the Second Milestone in a Pilot Study 

After finishing the second milestone of the game, an evaluation was needed before 

conducting the study. For this, three children between the age of eight and twelve were 

asked to play the different levels of the game (Figure 22). After playing for 40 minutes, the 

players were asked to comment on what they liked and did not like about the game. The 

game was received very positively and the children were eager to play the game again. 

However, while they did not have any complaints about the game, some observations 

concerning the difficulty of the different game levels, enemies and enemy waves have been 

made. Overall, this led to an adjustment of timespans to defeat certain enemies and lengths 

of game waves. All in all, not many changes have been made and the project seemed ready 

for conducting the study.  

 
Figure 22: Children playing the game in a pilot study 
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4 Research 

This chapter describes the main focus of this thesis. The research question is evaluated in 

two consecutive studies and implications of the resulting findings are discussed. 

4.1 Study Design Overview 

The research question inquires into how ECC may be useful to improve games which aim at 

fostering collaborative behavior. More specifically, it reads as follows.  

Research Question: Does encouraged collaboration offer a higher level of 

motivation than enforced collaboration while providing the same amount of 

collaborative behavior? 

It is assumed that ECC leads towards more motivation and therefore implicitly greater 

effectiveness. So instead of only focusing on children with ASD, the research question is 

applied in a broader sense. A first study was conducted to answer the research question 

with regard to normally developed children. Afterwards a study with autistic children was 

conducted to evaluate whether the findings can be applied to the actual target group of 

children with ASD. 

In a first step, measurable hypotheses and variables are defined. These variables include 

collaboration and motivation. A detailed description of these variables and hypotheses as 

well as their operationalization is given in 4.2. Since collaboration and motivation are to be 

measured, the center of this study's design is the game itself, as it can be used as a tool to 

measure collaboration and to contrast the design principles of enforced and encouraged 

collaboration. The method of collection of the necessary data through the game itself is 

depicted in chapter 4.3. After the general procedure is explained in chapter 4.4, both studies 

are described in detail. Chapter 4.5 contains all information about the first study with 

normally developed children, while chapter 4.6 provides all data on the second study 

consisting of children with ASD. These chapters describe the set-up, procedure, data 

preparation and the participant of the particular study. The results concerning the generated 

hypotheses as well as further findings follow in the next chapter. These results are then 

discussed in chapter 4.8 and implications on general game design principles for hybrid 

therapy games are outlined. 
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4.2 Operationalization 

In this chapter the dependent and independent variables are defined and the research 

question is operationalized into two hypotheses, each of which will be verified further on. 

4.2.1 Independent Variables 

To examine the different design principles, the two-factorial variable Type of Collaboration 

(IV) is needed. The two factors of IV are "Encouraged Collaboration" (ECC) and "Enforced 

Collaboration" (EFC).  

The game should measure and compare the effectiveness of IV. In order to compare these 

design principles, there are two game elements, each implementing one of the two factors 

of IV. The Raider (Figure 8, first from left) implements the design principle of ECC. As 

explained in requirement 1.3 in chapter 3.1.2, the Raider rewards collaborative behavior. 

When multiple players attack at the same time, less time is needed and more points are 

given. The Blaster (Figure 23) was created especially for this study in order to implement the 

design principle of EFC.  

 

Figure 23: The "Blaster" 

The Blaster is an exact copy of the Raider in size, sound effects, movement speed and 

behavior, with two exceptions. First of all, when a single player attacks the Blaster, no 

damage is dealt to it. In this way, the Blaster forces players to collaborate in order to defeat 

it. The second difference is that the Blaster is visually distinguishable from the Raider. In this 

way, there are two game elements allowing for their comparison with regard to the 

dependent variables defined below. 

4.2.2 Dependent Variables 

There are two dependent variables needed to measure the impact of IV on therapeutic 

effectiveness; Amount of Collaboration (DV1) and Motivation (DV2).  

DV1 is measured as the relation between the time players interacted collaboratively with a 

specific game element and the overall time of interaction between players and that game 

element. Players interact with instances of a game element by shooting at it. When they hit 
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that instance, the time it takes to fire that shot is added to the time the player interacts with 

that specific element. When this shot is fired in an interval of one second maximum after 

another player fires at that instance, the time of interaction is also added to the time 

interacted collaboratively with that game element. This ratio results in a measure of how 

much the players collaborate. Since Gentile et al. (2009) state that collaboration in games 

foster social interaction, it can be argued that this measure also represents therapeutic 

effectiveness.  

                         

                                                         

                                                 

                           

                                   

       
                                                   

                                   
 

DV2 on the other hand is measured as a rank order of the game elements. After playing the 

game, each player ranks all six game elements (Raider, Blaster, Teleporter, Neutralizer, 

Energy Battery, Supply Drone). This results in a relative measure of preference of different 

game elements, explicitly the Raider and the Blaster. These two elements differ in 

visualization and behavior. Since Andersen et al. (2009: 4) found that "[...] a minor gameplay 

modification affected player retention more than aesthetic variations [...]", it can be 

assumed that DV2 is measured with regard to the behavior, the gameplay modification IV, 

and not the visualization.  
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4.2.3 Hypotheses 

With regard to the research question and the operationalized variables, the following 

hypotheses can be itemized: 

H1: IV (Type of Collaboration) has no influence on DV1 (Amount of Collaboration) 

H2: IV (Type of Collaboration) has an influence on DV2 (Motivation) 

In other words: Encouraging Collaboration instead of enforcing it is assumed to have a 

positive influence on motivation, while it does not change the amount of collaboration. 

4.3 Data Collection 

All events of the game and all actions of the players were logged by the game itself. These 

log data included placement and movement of the game tokens, interaction with enemies 

and general game state changes. The following table gives a detailed overview of the log 

entries. 

Table 1: Description of log entries 

GameID Unique identifier for a game instance, these identifiers later were 

renamed to match the according group and iteration of game play 

LogNr. Unique identifier for the log entry regarding the GameID, 

ascending number 

TimeYear The year the log entry was logged 

TimeMonth The month the log entry was logged 

TimeDay The day the log entry was logged 

TimeHour The hour the log entry was logged 

TimeMinute The minute the log entry was logged 

TimeSecond The second the log entry was logged 

TimeMillisecond The millisecond the log entry was logged 

SettingsDifficulty The difficulty set for the game. Entries may be: 

 Low 

 Medium 

 High 

 Auto (Automatically adapting difficulty) 

SettingsDifficultyFactor The difficulty set for the game. Entries may be: 

 0.5 for low difficulty  

 0.66 for medium difficulty  

 0.75 for high difficulty  

 Value ranging between 0.1 and 0.9 for automatic difficulty 

This factor of damage dealt to enemies that is subtracted if players 
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are not acting collaboratively. The higher the difficulty, the less 

damage players deal to enemies when not acting together.  

SettingsTutorial The type of tutorial provided. Entries may be: 

 Pictures 

 Text 

 None 

LevelName The name of the level played. Entries may be: 

 Alpha Centauri 

 Beta Pegasi 

 Gamma Cassiopeiae 

 Delta Draconis 

LevelWaveNr. Ascending number starting from 0 (before the game starts), each 

level has a different amount of waves and therefore different wave 

numbers 

Actor The cause for the log entry. Entries may be: 

 Game 

 Player 

ActorAction The action performed by the actor. For the game entries may be: 

 GameStart 

 GameEnd 

 TutorialStart 

 TutorialEnd 

 WaveStart 

 WaveEnd 

For players entries may be: 

 PlacesToken 

 MovesToken 

 RemovesToken 

 HitsEnemy 

 ObjectChangedState 

ActorActionTime The time it took for the actor to perform the action in milliseconds, 

empty when no time was needed 

PlayerName The name of the player, provided the actor was a player. Entries 

may be:  

 Red 

 Green 

 Blue 

 Yellow 

The player's names were later renamed to match the according 

group. 
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PlayerPositionX The position of the player on the x-axis in pixels, provided the 

actor was a player 

PlayerPositionY The position of the player on the y-axis in pixels, provided the 

actor was a player 

GameObjectName The name of the game object, provided a game object was included 

in the action. Entries may be: 

 AmmunitionBattery 

 Blaster 

 Neutralizer 

 Raider 

 Teleporter 

GameObjectID Unique identifier for the game element, provided a game object 

was included in the action 

GameObjectState The state the game object was in, provided a game object was 

included in the action. Entries may be: 

 Default 

 Collected 

 Fled 

 Shot 

GameObjectPositionX The position of the game object on the x-axis in pixels, provided a 

game object was included in the action  

GameObjectPositionY The position of the game object on the y-axis in pixels, provided a 

game object was included in the action 

CollaborativeAction The rating whether the action was collaborative or not, provided 

the action involved a player and an enemy. Entries may be: 

 True 

 False 

ActionInitiatedBy The name of the player, provided a player initiated the action 

ScorePointsGivenOrTaken The score given or taken as a result of the action 

ScoreAcute The current sc ore of the game 

LastGameEntry The last action done by the game 

Whenever a player hits an enemy (indicated through the entry "HitsEnemy" in the field 

"ActionType"), a log entry was generated in which the player ("PlayerName") and the game 

object ("GameObjectName") were specified. From there, it was possible to compute the 

total amount of collaborative time ("ActionTime") for each player, wave or game level, as 

can be seen in Appendix 24.  
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4.4 Procedure 

To best measure the effect of a game and game designs, a very natural setting for the game 

should be ensured. The players should primarily enjoy playing the game and a study 

participation atmosphere should be minimized as far as possible. An impression of 

"Voluntary Participation" (McGonigal 2011: 21) and "The Feeling of Freedom" (Schell 2008: 

283) should be maintained.  

The study is therefore designed into two parts. In the first part the participants play the first 

level of the game. During this first round of gameplay a controlled setting for the study is 

provided. All players are by then familiar with the narrative setting of the game and the 

game controls, but have yet to play the game. The first level is divided into four enemy 

waves. In the first wave, four enemies appear, one for each player. These enemies are of the 

same type, either Raider (A) or Blaster (B). The second wave is the same as the first wave, 

but time is limited. In the third wave the enemy type changes. The fourth wave combines 

the two enemy types. This level serves as a basis for a within-subjects design, since the 

second and third wave provide both necessary enemy types. The sequence in which the 

enemies show up can also be adjusted in order to provide the means for a counterbalanced 

between-group design, in which DV1 can be measured. Since the second and third wave of 

the first level provided a controlled setting, only the log data of these waves were used to 

specify DV1. 

                                       

                                    

                                         

                                    

After completion of the first level, the players enter the second part of the study in which 

they are able to choose freely between game levels. By this they can choose the appropriate 

cognitive workload. During this time of open play the players come to know the different 

game elements and familiarize them in various contexts and constellations. Thus they are 

able to rank them after the game, which allows measurement of DV2. 
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4.5 Study with normally developed Children 

In this chapter, the research question is evaluated. For this, Invasion of the Wrong Planet 

was tested with children without developmental disorders.  

4.5.1 Set-up  

The study took place in the media room of the University of Konstanz. The Samsung SUR40 

was placed horizontally in the middle of the room. The light in the room was dimmed, 

because of the light sensitivity of the Samsung SUR40. An examiner was continually present 

during the study. Two cameras with microphones were installed in the room, one to provide 

a top down view on the screen, tokens and hands of the players and one to provide an 

overview of the players' movement around the table.  

 
Figure 24: Set-up of first study 

4.5.2 Schedule 

Following the outlined procedure, the study was divided into a controlled section and an 

open section of gameplay. However, before the participants began to play, it was necessary 

to inform the parents on the exact procedure and intention of the study. After providing all 

information, the parents were guided out of the rooms to fill out a simple questionnaire on 

relevant information about the children. After approximately half an hour of gameplay, the 

parents were again allowed to re-enter the room. Each participant then received a small gift, 

for which the parents needed to sign a confirmation of receipt. Some minutes for further 

questions and feedback from the children were scheduled to round up the study. The 

detailed schedule of the first study is outlined in the following table.  
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Table 2: Time schedule of first study 
Introduction 15 Minutes 

 Welcoming the participants (Appendix 10) 

 Letting parents sign the informed consent (Appendix 11) 

 Handing out the questionnaires to the parents (Appendix 

12) 

 Guiding the parents out of the room 

 Turning on cameras 

 Setting game options (Medium difficulty, First level) 

 Handing out Tokens 

First Part – Controlled Setting 5 Minutes 

 Letting participants play the first level 

 Providing feedback after level is finished 

Second Part – Open Play 25 Minutes 

 Multiple rounds of gameplay 

o Letting participants choose between game levels 

o Letting participants play the game 

o Providing feedback after level is finished 

Finishing the study 15 Minutes 

 Letting the children rank the game elements (Appendix 

13) 

 Letting parents enter the room 

 Letting children choose a small reward and parents sign 

confirmation of receipt (Appendix 14) 

 Answering open questions, letting participants comment 

on the game 

4.5.3 Data Preparation 

The answers to the questionnaires were digitalized manually. Together with the recorded 

logging data, they formed a single Excel file, which can be found in Appendix 24.  

The log data presented in chapter 4.3 was used as a basis to compute DV1. One time it 

occurred that a participant arrived too late for the study while the other players had already 

finished the first level. In that session, the players needed to replay the first level, in order to 

log and compute DV1 of the participant arriving later.  

The information of the rankings of the game elements by the players served as a basis to 

determine DV2 as outlined in chapter 4.2.2.  
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4.5.4 Participants 

16 participants took part in the first study (Table 3). Of these 16 participants four were 

female (25%) and twelve were male (75%). The average age was 9.63 years (SD = 1.9). One 

participant visited the first grade, two visited the fourth grade, while the second, third and 

fifth grade were each visited by three participants and the sixth by four. All participants 

except one were right-handed. Two participants had impaired sight and wore glasses. While 

all participants were assumed to have no developmental disorder, one of them did not 

provide information on it. Two participants had minor difficulties in spoken German 

language. The participants were all rather experienced with technological devices such as 

PCs and laptops as well as touch sensitive displays with each showing an average experience 

rank of 3.69 on a five-point Likert scale (SD = 1.08 respectively 1.14) with none of them 

having no experience whatsoever. 

Table 3: Information provided by parents of participants in first study 
Amount 16 

Sex 4 female (25%),  

12 male (75%) 

Age Mean = 9.63 (SD = 1.9) 

Grade 1 first grade (6.25%),  

3 second grade (18.75%),  

3 third grade (18.75%),  

2 fourth grade (12.5%),  

3 fifth grade(18.75%),  

4 sixth grade (25%) 

Handedness 1 left-handed (6.25%),  

15 right-handed (93.75%) 

Sight defects 2 with slight defects, wearing glasses (12.5%),  

14 without defects (87.5%) 

Developmental disorders 

or other deficits 

2 with slights deficits in German language (12.5%),  

13 without deficits (81.25%),  

1 without specification (6.25%) 

Experience with PCs and 

Laptops 

3.69 (SD = 1.08), ranging from 1 (no usage) to 5 (daily usage) 

Experience with touch 

sensitive displays 

3.69 (SD = 1.14), ranging from 1 (no usage) to 5 (daily usage) 
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These participants were divided in four groups of four players each (Figure 25). Therefore 

each setting of the between-group design contained two groups.  

 
Figure 25: Children without developmental disorders were divided in groups of four

4.6 Study with Autistic Children 

The game was evaluated with autistic children by applying the same study design. This study 

serves as a more qualitative approach than previous studies for comparing the design 

principles of enforced  and encouraged collaboration with regard to the actual target group. 

While collection and measurement of the data are identical, a controlled setting between 

the groups remained challenging. However, the study was conducted successfully and 

generated some reasonable findings, as explained in the following. 

4.6.1 Set-up 

The study was conducted in the therapy centre for autism in Freiburg, Germany12. A 

designated room was provided over the three days in which the study took place. The 

Samsung SUR40 was again placed horizontally in the middle of the room of which again the 

light was dimmed. In addition to two examiners, the therapists of the children were 

continually  present during the study. Furthermore, parents were present, if they so wished. 

This way, a situation closely similar to normal group sessions could be created. 

                                                      
12

 http://www.autismus-freiburg.de/therapiezentrum/index.php (last access date on July 25
th

, 2013). 
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Since the rooms ceiling was too low to install a camera above the surface, two cameras 

catching an isometric perspective were installed in two corners of the room. These cameras 

again recorded video as well as audio material.  

 

Figure 26: Set-up of the second study 

4.6.2 Procedure 

To measure the participants degree of autism, documents of the therapy centre concerning 

each child were requested. In addition, parents were asked to fill out the MBAS 13 

questionnaire beforehand to evaluate the severity of their child’s disorder. Furthermore, the 

SDQ14 was filled out by the parents and the clients’ therapist. This questionnaire also served 

as an approach to estimate the severity of behavioral issues. This estimation, derived from 

the SDQ and MBAS questionnaires, enabled a higher degree of comparison of the 

participants various degrees of autism. 

Parallel to the former study, this study was again divided into two parts – a part of controlled 

gameplay and a part of open gameplay. After approximately half an hour of gameplay the 

SDQ for children and a vocabulary test15 were filled out. The vocabulary test served as a tool 

                                                      
13

 The MBAS (Marburger Beurteilungsskala zum Asperger-Syndrom, engl.: "The Marburgs Rating Scale for 
Asperger's Syndrome") is an "instrument for screening and generating tentative diagnoses of high-functioning 
autism" (Kamp-Becker et al. 2005). A copy of the MBAS can be found in Appendix 19. 
14

 The SDQ (Strength and Difficulties Questionnaire) is intended to be a behavioral screening questionnaire. Its 
outcome provides information about abnormalities in terms of emotional, attentive or social symptoms. First 
valid findings have been proposed by Goodman (1997). The SDQ is provided in three forms: as a self-
assessment questionnaire for children, as well as for parents and teachers. Copies of these different forms can 
be found in Appendix 20, Appendix 21 and Appendix 22. 
15

 This vocabulary and numerical sequence test WS/ZF-R ("Wortschatztest und Zahlenfolgetest - Revision") is 
part of the intelligence test CFT 20-R ("Grundintelligenztest Skala 2 - Revision") to measure cognitive skills. A 
copy of the vocabulary test as a part of the WS/ZF-R is attached in Appendix 23. 
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to measure cognitive abilities and faculty of speech. After a consecutive study16 each 

participant then received a small gift. Some minutes for further questions and feedback from 

the children were scheduled to round up the study. All together the study took 60 to 90 

minutes. Variations of this timeframe were expected due to different cognitive abilities of 

the participants. The detailed schedule of this second study is outlined in the following table.  

Table 4: Time schedule of second study 
Introduction 2 Minutes 

 Welcoming the participants 

 Collecting filled out questionnaires and informed consent 

(Appendix 18, Appendix 19, Appendix 20, Appendix 21) 

 Turning on cameras 

 Setting game options (Medium difficulty, First level) 

 Handing out Tokens 

First Part – Controlled 

Setting 

5 Minutes 

 Choosing the first game level 

 Letting participants play the first level 

 Providing feedback after level is finished 

Second Part – Open 

Play 

20 Minutes 

 Multiple rounds of gameplay 

o Letting participants choose between game levels 

o Letting participants play the game 

o Providing feedback after level is finished 

Questionnaires 15 Minutes 

 Letting the children rank the game elements (Appendix 13) 

 Letting the children fill out the SDQ questionnaire (Appendix 22) 

 Letting the children fill out the vocabulary test (Appendix 23) 

Conducting further 

studies 

15 Minutes 

 Letting the children take part in an additional study consisting of 

three parts. This study was led by Margarita Stolarova and is not 

part of this work. 

Finishing the study 3 Minutes 

 Letting children choose a small reward 

 Answering open questions, letting participants comment on the 

game 

 

                                                      
16

 This test was a cooperative work done together with Margarita Stolarova, who is researching in the field of 
"Early Childhood Development and Education" at the University of Constance. Her work, though interesting, is 
not topic of this thesis.  
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4.6.3 Data Preparation 

As in the last study, the recorded logging data and the digitalized questionnaires were stored 

in the Excel file (Appendix 24). 

While DV1 was computed as before, the controlled part this time was not counterbalanced in 

regard of the sequence of enemies showing up, since the last study showed that this factor 

had no effect on the outcome of the data, as will be mentioned in chapter 4.7.1.  

DV2 as well was determined in the same way as before by letting the players rank the game 

elements and comparing how many preferred one design principle over the other. 

4.6.4 Participants 

Nine participants took part in the second study (Table 5). It is to be noted that the circum-

stances in the therapy centre did not always allow for a totally controlled setting. Two 

participants and their therapist had not had enough time to fill out all questionnaires and 

one participant abandoned the study while filling out the first questionnaire. In addition to 

that, one child failed to attend the study and two children who originally were not planned 

to attend the study unexpectedly took part. While one of them just wanted to play the game 

together with his therapist, the other one insisted in playing together with one of the dyads, 

which his therapist supported. As parents and therapists were present during the study in 

order to provide a comfortable and controllable setting, the children sometimes wanted 

their therapists to play with them. Overall, these issues resulted in groups of varying size and 

a lack of data on some participants. Not all participants specified their age and at least three 

did not provide information on the MBAS, the SDQ or the vocabulary test. Therefore this 

study cannot be a basis for comparing collaborative behavior between normally developed 

children and those with ASD. It is a case study to provide evidence for the importance of ECC 

in therapy games fostering collaboration. 

All of these participants were male. This focus on male participants was to be expected, 

since the gender ratio of ASD in general is estimated to be roughly four to one. Furthermore, 

female autistics tend to have more severe mental disabilities which makes the gender ratio 

of children with HFA or AS even more inhomogeneous. The average participant was 10.46 

years old (SD = 1.59) with three participants providing no information of their age. The 

children were all clients of the therapy centre and estimated to have a disorder in the 

autistic spectrum. Diagnoses on the participants confirmed this; on the four participants, 

who provided information on their diagnosis, four had attested childhood autism or AS. 
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Further diagnoses on these children included nonorganic enuresis and encopresis as well as 

disorders in motor function and mild mental retardations. Results of the screening 

questionnaire MBAS showed that five participants had noticeable deviations from the norm 

values, which suggests disorders in terms of AS. While three participants did not fill out this 

questionnaire, one participant surprisingly showed average values. This participant was also 

the only one who received an average result from his therapist in the SDQ. The four other 

participants who were judged by their therapists got noticeable results. However, the 

participant who did not show deviations in the MBAS and the SDQ of the therapist received 

marked results in the SDQ filled out by the parents and in the self assessment of the SDQ. Six 

participants received noticeable results in the SDQ filled out by their parents. Five children 

who did the self-assessment SDQ showed noticeable deviations, one only showed slight 

deviations. Three participants neither filled out the SDQ for self-assessment nor had their 

parents filled them out. Four clients finished the vocabulary test. While one child showed 

slight and one showed noticeable deviations in the vocabulary test, two children even 

achieved an above average score. This and the fact that these children got noticeable results 

in the MBAS and SDQ's indicates high cognitive skills which are characteristic for HFA. 

It could be argued that some of the participants did not match the prerequisites for the 

study. However, since the participants show a wide spectrum of abilities and many different 

severities of disorders, they represent the wide spectrum of autistic disorders, which 

typically can be found in such therapy centers. Therefore, data on all participants have been 

considered in the evaluation of the hypotheses. 

Table 5: Client data of participants in second study 
Amount 9 

Sex 0 female (0%),  

9 male (100%) 

Age Mean = 10.46 (SD = 1.59) 

(2 participants without specification) 

Diagnose 1 participant with ICD-10: F84.0 (Childhood autism) and ICD-10: F70.1 

(Mild mental retardation)  

2 participants with ICD-10: F84.5 (Asperger syndrome) and ICD-10:F98.0 

(Nonorganic enuresis) 

1 participant with ICD-10: F84.5 (Asperger syndrome), ICD-10: F98.0 

(Nonorganic enuresis), ICD-10: F98.1 (Nonorganic encopresis) and ICD-10: 

F82.0/F82.1 (Specific developmental disorder of motor function) 

7 participants without specification  
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MBAS 5 participants with noticeable deviations (measured value above 103) 

1 participants without deviation (measured value equal or below 103) 

3 participants without specification 

(Mean = 110.83, SD = 14.55) 

SDQ Children 5 participants with noticeable deviations from normal value (measured 

value above 19) 

1 participant with slight deviations from normal value (measured value 

above 16, but below 19) 

0 participants without deviations (measured value equal or below 16) 

3 participants without specification 

(Mean = 20.67, SD = 2.16) 

SDQ Parents 6 participants with noticeable deviations from normal value (measured 

value above 19) 

0 participant with slight deviations from normal value (measured value 

above 16, but below 19) 

0 participants without deviations (measured value equal or below 16) 

3 participants without specification 

(Mean = 22.67, SD = 3.98) 

SDQ Therapist 4 participants with noticeable deviations from normal value (measured 

value above 19) 

0 participant with slight deviations from normal value (measured value 

above 16, but below 19) 

1 participant without deviation (measured value equal or below 16) 

4 participants without specification 

(Mean = 20.60, SD = 6.58) 

Vocabulary Test 1 participant with noticeable deviation from normal value (below 40) 

1 participant with slight deviation from normal value (measured value 

above 40, but below 50) 

2 participants without deviations (measured value equal or above 50) 

5 participants without specification 

(Mean = 51.25, SD = 12.84) 

 

Originally the participants were to attend the study in dyads. However, alterations of this 

set-up were to be made due to above mentioned circumstances. Therefore the participants 

were divided into four groups of varying size (Figure 27). The first group consisted of two 

children with ASD, the next two clients played together with their respective therapist, the 

fourth and fifth group consisted of three respectively two children of which both were 

accompanied by a therapist. These alterations of group size is to be considered when 

comparing the results of the first and second study. 
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Figure 27: Children with ASD played in groups of varied size together with their therapists 

4.7 Results 

Both hypotheses from chapter 4.2.3 were evaluated in each study. The findings made during 

those two studies in regard to these hypotheses and further analysis are presented on the 

next pages. 

4.7.1 Result First Hypothesis 

The hypothesis H1 states that IV hast no influence on DV1. The method to compute the 

appropriate measure has been explicated and specified in chapter 4.2.2. The SPSS output of 

the data of the first and second study can be found in Appendix 15 respectively Appendix 16. 

Analysis of the log data of both studies led to the following results (Figure 28). In the first 

study with normally developed children the design principle EFC led to an approximate 

average value of 88.18% (SD = 7.85%), while ECC reached a average of 77.77% (SD = 18.22%). 

In the second study, autistic children achieved an average value of 83.82% (SD = 10.74%) 

when collaboration was enforced and 78.36% (SD = 15.51%), when it was merely 

encouraged. 
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Figure 28: DV1 with regard to IV in controlled setting (both studies) 

At first it was necessary to show the independence of the different group setting i.e. the 

sequence of enemies. Using a two-factorial ANOVA in the first study, this variable showed to 

have no significant effect on the outcome (p = 0.306). This outcome was expected due to the 

utilization of a counterbalanced study design.  

In the following the null hypothesis, whether there was a significant difference of DV1 in 

view of the different design principles can also be negated for both study iterations (p = 

0.077 respectively p = 0.270). EFC and ECC seem to have a comparable influence on 

collaborative behavior (Table 6). Therefore, according to this data and assuming an alpha 

value of 5%, H1 can be accepted – The Type of Collaboration has no influence on the Amount 

of Collaboration. Please note that this outcome is later discussed in chapter 4.8. 

Table 6: Outcome null hypotheses (IV has influence on DV1) 
Enforced Collaboration First study: Mean = 0.8818, Variance = 0.0062, SD = 0.0785 

Second study: Mean = 0.8382, Variance = 0.0115, SD = 0.1074 

Encouraged Collaboration First study: Mean = 0.7777, Variance = 0.0332, SD = 0.1822 

Second study: Mean = 0.7836, Variance = 0.0241, SD = 0.1551 

Degrees of freedom 1 

F-Value First study: 3.59 

Second study: 1.55 

P-Value First study: 0.077 

Second study: 0.270 

Critical F-Value First study: 4.54 

Second study: 5.59 
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4.7.2 Result Second Hypothesis 

In H2 it was assumed that IV has a positive influence on DV2. The appropriate measure has 

been presented in chapter 4.2.2. The data (Table 7, Figure 29) showed that 13 participants 

(81.25%) of the first study iteration preferred ECC over EFC, while three participants 

(18.75%) preferred the design principle of EFC. In the second iteration seven participants 

preferred ECC (87.5%), while just one participant (12.5%) ranked the enemy implementing 

EFC over the other. Two participants from the first study were excluded from the evaluation. 

One of them did not fill out the form correctly and the other misinterpreted the game 

mechanics of one game element, the Blaster, of which he thought it would intentionally fly 

over other enemies and therefore shield them from the players. In the second study one 

participant was excluded, since he could not fill out the whole questionnaire. 

Table 7: Ranking of different players (red ones are excluded from evaluation) 

(Normal) YE_g1 1 5 6 4 3 2 
(Normal) BL_g1 4 5 6 3 1 2 
(Normal) GR_g1 1 2 3 6 5 4 
(Normal) RE_g1 6 2 1 5 3 4 

(Normal) YE_g2 5 2 3 6 1 4 
(Normal) BL_g2 6 2 3 6 1 1 
(Normal) GR_g2 6 3 4 5 2 1 
(Normal) RE_g2 5 4 1 6 2 3 
(Normal) YE_g3 6 4 5 3 2 1 
(Normal) BL_g3 5 4 6 3 2 1 
(Normal) GR_g3 6 4 3 5 2 1 

(Normal) RE_g3 6 1 5 4 3 2 
(Normal) YE_g4 6 4 5 2 3 1 
(Normal) BL_g4 1 2 5 3 4 6 
(Normal) GR_g4 3 1 2 4 6 5 

(Normal) RE_g4 5 2 3 6 4 1 

(ASD) EG_p1 5 3 4 6 1 2 

(ASD) AS_p1 6 4 5 3 1 2 

(ASD) AM_p2 6 1 2 5 3 4 

(ASD) T_e 3 2 1 
 

4 
 (ASD) TS_p3 5 2 3 6 4 1 

(ASD) SR_p3 6 3 5 4 1 2 

(ASD) DR_p3 6 3 5 4 1 2 

(ASD) EE_p4 2 3 4 1 6 5 

(ASD) BK_p4 4 2 1 5 6 3 
Participant\ Neutralizer Raider Blaster Teleporter Battery Drone 
Enemy Type 
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This data was evaluated with a binomial test and showed a highly significant difference 

between these preferences in the first study and a significant difference in the second (p = 

0.0065 respectively p = 0.0352, alpha = 5%). According to this data, H2 can be accepted – the 

Type of Collaboration has an influence on the Motivation. This outcome is discussed further  

in chapter 4.8. 

  
Figure 29: DV2 with regard to IV  

4.7.3 Additional Results 

In addition to the above findings, further analysis of the available data has been made. While 

DV1 was calculated during the controlled, counterbalanced first part of gameplay, one can 

take a closer look at the second part of open gameplay. Interestingly enough, the data 

showed an even further decrease of difference between the collaboration types (Figure 30).  

  
Figure 30: DV1 with regard to IV after total game time in both studies 
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This result, while of course not totally representative since gameplay was not based in a 

controlled setting, serves to underline the fact that acceptance of H1 was correct. As a side 

note it could be mentioned that all in all, children without ASD seem to collaborate slightly 

more often. There is however no significant difference. One could assume that this 

correlates with the fact that therapists played alongside with their clients. An absence of the 

therapists might have led to an even lower amount of collaboration between children with 

ASD so that the game in this regard might even be used as a diagnostic tool. 

Going further, there seemed to be a high variance of DV1 regarding single players (Figure 31, 

Figure 32). This variance is rather marked and should be evaluated in later research. 

Additional research questions as to how game design principles might adapt to players 

behavior might be concluded. 

  
Figure 31: DV1 of each player in controlled setting (first study) 

 
Figure 32: DV1 of each player in controlled setting (second study) 
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The variance of DV1 regarding single players however seems to decrease when taking a look 

at the overall game time (Figure 33, Figure 34). 

  
Figure 33: DV1 of each player after total game time (first study) 

  
Figure 34: DV1 of each player after total game time (second study) 

 
Figure 35: DV1 with regard to the different groups of the first study 
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When comparing the different groups in the first study, a certain variance in behavior 

regarding the different collaboration types can be seen (Figure 35). Considerations on how 

these differences might occur can hardly be made due to the low amount of participants. 

However, it can be speculated that different groups might profit from varying game design 

principles. Analysis of the groups of the second study are not included here, because the 

number of therapists playing alongside with their clients might have modulated the results. 

Looking at the development of collaborative behavior, one can see that the development of 

ECC seems to be rather stable in both studies, while the value of EFC seems to decrease 

(Figure 36, Figure 37). 

  
Figure 36: DV1 with regard to IV during total game time 

  
Figure 37: DV1 with regard to IV during total game time in second study 
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Surprisingly over time the players occasionally tended to neglect the necessity of acting 

together when EFC actually forced them to act collaboratively. Looking at Figure 38, one can 

see that DV1 varies with each game level. By this one can see that additional cognitive 

workload of managing multiple enemy types influences the collaborative behavior. Details of 

this possible correlation cannot be derived from this analysis and might be subject to further 

research. 

  
Figure 38: DV1 with regard to the different game levels 

Analyzing the rank order of different enemy types led to some noticeable results (Figure 39, 

Figure 40). While the Drone got the best average ranking in both studies, most of the actual 

enemies Blaster, Teleporter and the Neutralizer received poorer results, with the Raider 

being an exception. This seems to be true for children with as well as without ASD. The 

Teleporter and the Blaster got a noticeably widespread ranking spectrum. The Neutralizer on 

the other hand was either very well or, more often, very negatively received. The latter is 

true especially for children with ASD. The results of the Battery are also very different 

between the groups. Either very negatively or very positively reviewed by children with ASD, 

it was comparably well received by children without any disorders. 

With these results, it firstly can be concluded that the Teleporter as well as the Neutralizer 

might both need some revision. Secondly, helping behavior, which is implemented by the 

game elements Neutralizer and Battery, tends to divide the minds of autistic children. 

Further research in that area might be of good use. 
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Figure 39: Ranking of enemy types (first study) 

 
Figure 40: Ranking of enemy types (second study) 
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To substantiate the fact of the game fostering social interaction, heat maps of each game 

have been drawn. These heat maps represent the movement of the game tokens during 

each round of gameplay.17  

      
Figure 41: Heat map of movement data 1st study 1st group 

      
Figure 42: Heat map of movement data 1st study 2nd group 

      
Figure 43: Heat map of movement data 1st study 3rd group 

      
Figure 44: Heat map of movement data 1st study 4th group 

                                                      
17

 The images of the heat maps are 1920 and 1080 pixels in width and length respectively. Each color (green, 
orange, blue, magenta) represents a player taking part in the game. The circles represent the time players 
remain at a specific location. The diameter of these circles ranges from 0 to 120 pixels and increases linearly 
over time, with 120 pixels being used as a maximum value when players stay 10 seconds or more. The 
transparency of the circle ranges from 0% to 100% and also increases over time parallel to the circles diameter. 
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Figure 45: Heat map of movement data 2nd study 1st group 

      
Figure 46: Heat map of movement data 2nd study 2nd group (magenta = therapist) 

      
Figure 47: Heat map of movement data 2nd study 3rd group (blue = therapist) 

      
Figure 48: Heat map of movement data 2nd study 4th group (yellow, blue = therapist) 

When comparing this movement information, interaction seems to increase over time and 

players tend to cover a wider area of the surface after some rounds of gameplay (good 

example: Figure 47). While this is certainly not sufficient to provide any verifiable outcome, 

it is enough to put even more emphasis on the fact that this game is meant to serve as a tool 

to encourage social behavior. It should be noted that the visualized heat maps are derived 

from the first and last game that was actually finished by the players. 
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4.8 Discussion and Implications 

Both hypotheses have been proven for normally developed children as well as autistic ones. 

The game seems to work as a tool in group therapy for autistic children. Regarding the data 

generated during the study, ECC seems to provide higher motivation, while maintaining a 

similar amount of collaboration. This seems to be true for both children with and without 

ASD. Nevertheless, there is reason to question these outcomes. The number of participants, 

though high for typical studies in human-computer interaction, is not necessarily adequate 

for a representative evaluation of different game design principles. Furthermore, the 

outcome of both studies cannot be compared to each other, because of the diverging group 

size and the participation of therapists in the second study. One can however find enough 

indications that current design principles of therapy games, especially those fostering 

collaborative behavior, can be improved further and that ECC might offer a good approach 

for this.  
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5 Conclusion 

After summarizing this thesis and reflecting on possibilities for improvement, a broader 

perspective on the subject and resulting future work is described. 

5.1 Summary 

This work emphasizes the importance of encouraged collaboration in therapeutic games 

which aim at fostering social interaction and communication. While a therapy game should 

always provide and maintain a high level of motivation, the game needs to focus on its main 

therapeutic goal. This has recently been done by applying a principle called "Enforcing 

Collaboration". By developing a hybrid therapy game and conducting two consecutive 

studies with children with and without ASD I have shown that this design principle can be 

improved by applying basic rules of behavioral therapy. Therapeutic games which are based 

on such behavioral therapy should encourage desired behavior instead of enforcing it. This 

leads to an increase of motivation, while maintaining a similar amount of collaborative 

behavior. Therefore "Encouraged Collaboration" may increase long-term effectiveness for 

therapy games fostering social interaction and communication, such as therapy games for 

children with autism. 

5.2 Lessons Learned 

The project was realized with WPF. When it comes to the development of digital or semi-

digital games however, the possibilities this framework offers are limited and usage of this 

framework does not lead to an optimal performance of the system. Utilization of 

frameworks actually meant for game programming purposes, like the XNA framework, 

would solve this problem. In addition, the token recognition of the Samsung SUR40, though 

sufficient for conducting the study, seems to be erratic at the most. Losing contact with the 

tokens and misinterpreting positions of them seemed to be the rule rather than the 

exception. Next iterations of the project should use other hardware solutions, if possible. 

Acquiring participants also took quite an amount of time. While a balanced group of children 

is generally hard to find, the acquisition of the autistic children was almost too time 

consuming for including the findings of the second study into this work. Providing a 

controlled setting also was rather difficult. Some children wanted or needed their therapist 

to play alongside with them, while others unexpectedly failed to attend the study. Changing 
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the measurement of desired behavior to fit case studies like these would be necessary for 

generating even more valid findings. 

5.3 Future Work 

In this work I mainly focused on measuring collaborative behavior, since I worked on the 

question how games fostering collaborative behavior could be enhanced. The presented 

findings can now be abstracted and put into a more general context; games for therapeutic 

purposes might have a higher training effect when encouraging desired behavior rather than 

enforcing it. This refers to the thoughts explicated in chapter 2.2. Differentiating between 

the goal and purpose of a serious game offers the possibility of increasing players motivation 

to play the game while conditioning desired behavior in the progress of gameplay. This 

desired behavior could also include principles of social behavior like turn-taking or helping 

others. These principles are already implemented in the game, namely through the 

Teleporter and Neutralizer. Further research could include contrasting encouragement and 

enforcement of these principles by comparing motivation and performance of variations of 

these different game elements. Since there hardly seemed to be any differences in the 

outcome regarding whether or not children have or do not have developmental disorders, 

future studies might not necessarily focus only on affected children. Taking in a broader view 

on the subject of serious games, studies should also include people of all ages. Results of 

such studies would lead to conclusions on how effectiveness of therapy games fostering 

social interaction and communication as well as serious games in general can be improved. 

This concluding thought leads me to the prospective research question for my master thesis: 

Further Research Question: Does "Encouragement of Desired Behavior" (EDB) in 

serious games offer a better way of motivation than the general approach of 

enforcing desired behavior while providing the same training effect? 
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7 Appendices 

Appendix 1 Questions for Initial Requirement Analysis (German) 

 Über welche Teilbereiche des Autismus-Spektrums klären Sie auf?  

 Mit welchen Teilbereichen des Autismus-Spektrums haben Sie vornehmlich zu tun? (Wie 
hoch ist der Grad der Erkrankung üblicherweise?) 

 In welchem Alter befinden sich die Kinder und/oder Jugendlichen, mit denen Sie sich 
beschäftigen? 

 Wie hoch sind die geistigen Kompetenzen der betroffenen Kinder und Jugendlichen? Wie 
hoch ist ihr Abstraktionsvermögen? 

 Wie gehen die Familien der Betroffenen mit der Situation um? Werden betroffene Kinder 
und Jugendliche von ihren Familien / Eltern anders behandelt? Wenn ja, wie? 

 Welche Spielzeuge und Spiele stehen Kindern und Jugendlichen mit ASS zur Verfügung? 
Welche sind digital, welche analog? (Welche Art von Konsole etc. wird verwendet?) 

 Würden Sie das Spielverhalten von Kindern und Jugendlichen mit ASS als anders 
bezeichnen? Wenn ja, warum? 

 Ab welchen Grad der Erkrankung gilt ein Kind / ein Jugendlicher als therapiebedürftig? 
Welche Art der Therapieform empfehlen Sie in welcher Situation? 

 Wie alt sind Kinder, wenn sie mit Therapien beginnen? Wie alt sind sie bei 
Gruppentherapien? 

 Entwickeln Kinder und Jugendliche mit ASS ein Bewusstsein für ihre Krankheit? Wenn ja, 
unter welchen Umständen und in welchem Alter? 

 Entwickeln Kinder und Jugendliche einen Willen zur Besserung ihrer Krankheit? Wenn ja, 
unter welchen Umständen und in welchem Alter, wie bringt sich dieser Willen zum 
Ausdruck? 

 Denken Sie, dass Spiele ein geeignetes Medium sind, um Inhalte in Therapiesitzungen zu 
vermitteln? Wenn ja, welche Art von Spielen sind das? 

 Welche Chancen sehen Sie in der Anwendung eines solchen Therapiespiels?  

 Welche Risiken sehen Sie? 

 Welche Kompetenzen und Eigenschaften sollten und könnten Ihrer Meinung nach durch 
ein solches Spiel gefördert werden? 

 Könnten betroffene Kinder und Jugendliche Schwierigkeiten im Verstehen von 
Spielszenarien haben? (Gegenüberstellung: Metaphern – Erfundene Szenarien) 

 Denken Sie, dass eine Zusammenarbeit unter den Spielern durch das Spiel erzwungen, 
oder lediglich belohnt werden sollte?  

 Wie könnte man den Transfer der geförderten Kompetenzen in den Alltag 
gewährleisten? 

 Wären bei einem Einsatz eines solches Spieles Therapeuten anwesend? Wenn ja, 
inwiefern sollten diese den Spielverlauf koordinieren? 

 Sollten Therapeuten am Spiel selbst teilnehmen? Wenn ja, welche Rolle nähmen sie ein?  

 Sollten Therapeuten Inhalte des Spiels steuern können (z.B. Schwierigkeitsgrad)? Wenn 
ja, bis zu welchem Grad?  

 Wie viel Feedback sollte vom Spiel gegeben werden, wie viel vom Therapeuten? Welche 
Art von Feedback wird vom Therapeuten gegeben und wann? 
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Appendix 2 Interview with Andreas Wacker (July 3rd, 2012) 

Summary 

 Experience: Primarily Andreas Wacker has experience with slow learning adolescents 
between the ages of 13 and 17 and with children with intellectual giftedness. In addition 
to that he led two group therapies for children with ASD which each lasted one year. 

 Diagnose: A valid diagnose of ASD can occur from the age of eight. One should strive for 
an early detection so that children can attend group therapies as soon as possible. 

 Awareness: In early years children are not aware of their situation. However, when 
children grow up, they develop such an awareness. Sometimes this can lead to a 
depression. 

 Empathy: Children and adolescents with ASD do not show any interests in other 
participants of group therapy sessions or their therapists. After one year of therapy they 
did not even know the name of their therapist. 

 TEACCH approach: Focus of this approach is improving abilities to structure ones 
thoughts and processes. This therapy is oriented towards rituals and strict procedures. 
Everything must be predictable for the children and planned beforehand. 

 Visualization: It is of advantage to visualize procedures in group therapies (e.g.  line with 
pictures). In each training session visualizations should be used in an elementary way. 

 Games used: "Time Timer" - Each participant/player draws a card of a specific coler, 
either green, yellow or red. This color indicates how much time he or her wants to have 
in order to talk about him- or herself. The remaining time of all participants is indicated 
via a slider or clock. The participants learn time perception, social interaction and 
communicative skills. 

 Analog and digital: All games in group therapy sessions as well as every tool for such 
therapy are analog. Digital tools are only used for diagnostic purposes (e.g. "digital facial 
recognition"). 

 Digital approach: Using digital tools in therapy sessions provides certain advantages, 
mainly regarding motivational aspects. Children and adolescents with ASD are often 
quite drawn to technology. 

 Physical constraints: Children and adolescents are often limited in their motoric skill set 
("Typische Tollpatschigkeit" - "typical clumsiness"). Eye-hand coordination is not 
affected. 

 Facilities: There are no particular limitations regarding the surroundings of group therapy 
sessions. 

 Length of therapy sessions: A single therapy sessions takes approximately 90 minutes. 

Game Design Conclusions 

 Structure: The therapy game itself does not need to regard principles used in TEACCH, 
since the game would just be an element of a therapy session. As a single element, the 
setting of the game is clear. Surprises in the game itself are not seen as a derivation from 
the structure of the therapy session. 

 Presentation: Children and adolescents with ASD have the same amount of experience in 
videogames than those without any disorder. A digital therapy game has to compete 
with these games and satisfy players expectations. Visualizations, though cost-free, are 
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to be well-versed. The narrative setting of the game should be easy to understand, it 
should be conceived as typical for videogames and motivate the players. 

 Length: The game would be used as a central element in group therapy sessions, so there 
would be a timeframe of approximately 30 minutes in which the game could be played. A 
round of gameplay however should be shorter than that, so that the game can be played 
a couple of times. One should aim at roughly 10 minutes of gameplay. Intervals between 
these rounds of gameplay should be used to reflect on the game and to transfer social 
competence into everyday life. 

 Transfer: The game should train social competence in a way that players can reflect upon 
their actions and transfer learned abilities into everyday life. To achieve that, involving 
the therapist into the game is mandatory. The therapist should have the opportunity to 
discuss contents of the game together with his clients. The game is not to replace a 
therapist, but to serve merely as a tool for him. 

 Control: The therapist should have control over the length the game is played. Whether 
or not the therapist should actively be involved in the process of gameplay is yet to be 
discussed. 

 Collaboration: Cooperative work between the players should be rewarded by the game. 
In doing so collaboration should not be enforced. Egocentric behavior should lead to 
obvious lack of points and positive feedback. 

 Abilities: Although progress abilities in playing the game should be rewarded with regard 
to motivational aspects, the priority should always be the conditioning of social 
competence. Players and above all the group should never be punished because of the 
motoric and cognitive impairments of another single player. 

 Conditioning: Social competence should be conditioned through rewarding specific 
actions. The game is to provide audiovisual feedback in a timely manner.  

 Motoric efforts: Odds are that  players have deficits in their gross motor skills. The game 
should not punish actions, that can be attributed to this deficits. 

 Game tokens: The tokens of the game should have a haptic value. Since there are quite 
some ambiguities regarding the sensory skills of children with ASD, there are no specific 
requirements for consistency, form or color of the tokens. However, when designing 
them one should take the low motoric performance of the children into account. 
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Appendix 3 Interview with Katharina Lilje and Andreas Targan (July 16th, 2012) 

Summary 

 Experience: Katharina Lilje as well as Andreas Targan are two educational advisors from 
the regional association "Regionalverband Bodensee e.V.". They organize and lead group 
sessions for informing affected people about ASD. During six years of professional 
experience Katharina Lilje advised teachers and pupil at schools in Constance. She lead 
single, as well as group sessions and has knowledge of all parts of the autistic spectrum. 

 Supervised Children: The regional association has approximately 60 members. At school 
in and around Constance 80 to 90 pupils are in need of advice. Usually these children 
have AS.  

 Diagnose: A diagnose of an autistic disorder should be made as soon as possible. 
Counseling usually start with homogenous groups of eight-year olds. 

 Self-perception: Children and adolescents with ASD do not perceive themselves having 
any disorders. With their altered point of view they merely perceive their surrounding 
differently und react in another way to it. In that sense they also cannot be "cured". 

 Parents behavior: Parents of affected children adapt to the behavior of their kids. The 
daily routine is strictly planned, rituals are to be kept. Disagreements between them are 
bound to occur. Vacations are hardly possible. 

 Toys: Toys and games are not different from those normally developed children use. 
Books however are mostly non-fiction. 

 In-game behavior: The in-game behavior of children with ASD is comparable to those 
without deficits. They like to play in groups or in the family. The fun aspect of most 
games is however depleted at some time and the children then fall back on computer 
games for one player. 

 Gender ratio: The ratio of boys and girls with disorders in the autistic spectrum is roughly 
eight to one. Boys are thereby way more affected than girls. 

 Structure: Structure and rituals of processes in general is important - in daily life as well 
as in therapy sessions. TEACCH offers an approach for solving this problem. 

 Need of therapy: As a result of the knowledge to have ASD children and more often 
adolescents suffer from depressions. Such depressions, but anxieties and restraints that 
emerge in the daily routine, should be subject to individual therapy. In such therapy 
children and adolescents are taught to accept their special circumstance as a part of 
themselves. Social competence in taught in group therapy. 

 Aim of group therapy: Autism is not curable and therefore cannot just vanish. Therefore 
group therapies aim at integrating affected children and adolescents into everyday life, 
help them to accept their situation and provide support for their families 

Game Design Conclusions 

 Autism Spectrum: The game should be suitable for children and adolescents with either 
HFA or AS. For children and adolescents with MFA or LFA, the complexity of the game 
might be too high. 

 Game Structure: Generally, almost every game for children of this age are appropriate 
for training of social interaction. Nevertheless, certain points have to be considered. It is 
beneficial, if the game follows a set flow of events, for example it could be turn-based. 
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 Goal of the Game: The goal of the game has to be clear at every time (game is over after 
level X or after the players reaches X points, etc.) 

 Context: The narration of the game should not leave its natural context. Communication 
and interaction must happen on a game-based level. 

 Dominance of Players: Is must be considered, that some players might apply dominant 
behavior in order to reach the goal of the game. At every time, every player should have 
the opportunity to integrate him- or herself in the process of solving the game. 

 Collaboration: Players should never be forced to work together. Players should merely be 
get a high reward, when they do. 

 Transfer: The game automatically provide the means for transferring experiences from 
the game to the real world, when they actually have fun during gameplay. The game can 
be used as a motivating tool for a following group discussion. 
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Appendix 4 Technical drawing of game token (AutoCAD)  
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Appendix 5 Questions for Secondary Requirement Analysis (German) 

 Finden Sie, dass das Interface einfach zu nutzen ist? Verstehen Sie die Menüführung und 
die Sprache? 

 Lässt sich das Programm in der Form in Therapiestunden nutzen? Wenn nein, wo liegen 
inhaltliche oder formale Fehler?  

 Was würden Sie noch ändern wollen? Was haben Sie für Verbesserungsvorschläge? 
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Appendix 6 Interview with Andreas Wacker (November 27th, 2012) 

 The hints given at the beginning of the game and those for new enemies should 
optionally be displayed for the several players at the same time. 

 The hints given should be visualized in a more direct way. For example, storyboards or 
videos could be implemented to foster understanding of the game contents. Texts 
should be displayed sparingly, if at all. 

 The way of representing of the hints could be categorized so it can be set therapist 
before the game. The same goes for the amount of hints given. 

 The performance of the game should be improved. 

 The range of the difficulty of the game is too diverse. Providing less options for the 
difficulty and naming these options appropriately would simplify this task for the 
therapist. 

 The enemies cannot be differentiated fast enough. Higher contrasts or different 
coloration should prevent that. Higher differentiation of the game objects will lead to a 
better understatement of the required gaming tasks. 

 The game should be used at the end of therapy sessions as a kind of reward. 
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Appendix 7 Interview with Andreas Targan (December 3rd, 2012) 

 The hints given at the beginning of the game and those for new enemies should not 
contain too much detail. A purposeful aid should give reason for group discussion. Too 
much help would lead to less communication. 

 The amount of help given, and the way of representing the hints should be adjustable. 

 The total amount of game elements should be increased. Due to the number of 
combinations of the game elements, there is a higher amount of tactics, the game would 
require. 

 After one round of the game (a single game level), material for discussion should be 
provided by the game. 

 It should be visible, how much the players would benefit from a higher amount of 
collaboration. E.g. the percentage achieved could be displayed. 
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Appendix 8 Interview with Steffen Bogen (December 5th, 2012) 

 Usage and metaphor of the "spaceship"-interface should be reinforced. The players 
should need to move their token more often and extensively. 

 The "Supply Drones" are collected via a single touch-gesture. That might be in contrast to 
the usage of the interface. The drones should be collected by ones spaceship, meaning 
by moving the token over them. 

 The movement of enemies should be more clear to the player. A light signal or other 
visual feedback could indicate the movement direction of the enemies, namely the 
"Raider" and the "Blaster". 

 As an additional game element there can be obstacles, which hinder the player to move 
freely. That can be understood as a cognitive task, which enhances immersion of the 
player into the game world. In the games narrative these game elements could be mines 
or some sort of fog. 

 Players might have the possibility to move their spaceship to a docking-station in front of 
them to recharge their batteries, which are needed for shooting. The "Batteries" in the 
game could increase the total amount of energy (shots) players have. 

 The range of the shots should be increase drastically. That could enable the players to 
develop shooting and movement strategies. 
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Appendix 9 Interview with Margarita Stolarova (January 27th, 2013) 

 The hints given at the beginning of the game and those for new enemies should be more 
explicit. A minimum of text can be used, roughly one small sentence for each picture. 

 Removing the token from the surface should be discouraged. 

 Game elements should be introduced consecutively. For example, the element of limited 
time can be introduced during the second wave of the first level, the element of limited 
energy for shooting in the next wave, etc. 
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Appendix 10 Parent Information First Study (German) 
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Appendix 11 Informed Consent First Study (German) 
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Appendix 12 Questionnaire Parents First Study (German) 
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Appendix 13 Questionnaire Children First Study (German) 
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Appendix 14 Acknowledgement of Receipt First Study (German) 
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Appendix 15 SPSS Results of Collaboration Values First Study (German) 

Deskriptive Statistiken 

 Mittelwert Standardabweichung N 

EFC .88183038638 .078476767614 16 

ECC .77771627963 .182248739243 16 

 

Schätzer 

Maß:   MASS_1   

IV Mittelwert Standardfehler 95%-Konfidenzintervall 

Untergrenze Obergrenze 

EFC ,882 ,020 ,840 ,924 

ECC ,778 ,046 ,681 ,875 

 

Paarweise Vergleiche 

Maß:   MASS_1   

(I)IV (J)IV Mittlere 

Differenz (I-J) 

Standardfehler Sig.
a
 95% Konfidenzintervall 

für die Differenz 

Untergrenze Obergrenz

e 

EFC ECC ,104 ,055 ,077 -,013 ,047 

ECC EFC -,104 ,055 ,077 -,221 ,139 

 

Tests der Zwischensubjekteffekte 

Maß:   MASS_1   

Transformierte Variable:   Mittel   

Quelle Quadratsumme 

vom Typ III 

df Mittel der 

Quadrate 

F Sig. 

Konstanter Term 22,033 1 22,033 1458,739 ,000 

Reihenfolge ,017 1 ,017 1,128 ,306 

Fehler ,211 14 ,015   
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Appendix 16 SPSS Results of Collaboration Values Second Study (German) 

Deskriptive Statistiken 

 Mittelwert Standardabweichung N 

EFC ,83823732000 ,107431374000 9 

ECC ,78355662689 ,155126107673 9 

 

Schätzer 

Maß:   MASS_1   

IV Mittelwert Standardfehler 95%-Konfidenzintervall 

Untergrenze Obergrenze 

EFC ,838 ,036 ,756 ,921 

ECC ,784 ,052 ,664 ,903 

 

Paarweise Vergleiche 

Maß:   MASS_1   

(I)IV (J)IV Mittlere 

Differenz (I-J) 

Standardfehler Sig.
a
 95% Konfidenzintervall für 

die Differenz
a
 

Untergrenze Obergrenze 

EFC ECC ,055 ,046 ,270 -,052 ,161 

ECC EFC -,055 ,046 ,270 -,161 ,052 

Basiert auf den geschätzten Randmitteln 

a. Anpassung für Mehrfachvergleiche: Bonferroni. 
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Appendix 17 Parent Information Second Study (German) 
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Appendix 18 Informed Consent Second Study (German) 
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Appendix 19 Questionnaire MBAS Second Study (German) 
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Appendix 20 Questionnaire SDQ Parents Second Study (German) 
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Appendix 21 Questionnaire SDQ Therapist Second Study (German) 
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Appendix 22 Questionnaire SDQ Child Second Study (German) 
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Appendix 23 Vocabulary Test WS/ZF-R (German) 
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Appendix 24 Description of attached USB Content 

Please find the following data on the attached USB flash drive: 

 Finished Prototype: The finished prototype of the game "Invasion of the Wrong Planet" 

(runs on Samsung SUR40 with Microsoft Pixelsense) 

 Presentation Videos: 

 "InvasionOfTheWrongPlanet_Presentation_V1.avi": A presentation video of the 

system with grown-ups  

 "InvasionOfTheWrongPlanet_Presentation_V2.mp4": A presentation video of 

the system with normally developed children (FOR ACADEMIC PURPOSES ONLY! 

DO NOT PUBLISH OR SHOW TO THIRD PARTIES) 

 Previous Work:  

 "Ausarbeitung Bachelorseminar_2_26_2012.docx": Analysis of the field of 

research and related work (German) 

 "Bachelorprojekt_2_4_2013.docx": Technical description of the development 

process (German) 

 "InvasionOfTheWrongPlanet_CHI2013.docx": Works-In-Progress Paper 

presented at CHI Conference in Paris 2013 

 Project Development: 

 Interviews Audio Recordings: Audio recordings from interviews with Andreas 

Targan, Katharina Lilje and Andreas Wacker 

 Interviews Questionnaire: Discussion guides for the interviews 

 Interviews Project Proposals: Two proposals for possible projects - "Krimikry" 

(detective puzzle game) and "Invasion" (cosmic shooter) 

 Token Development: Pictures of plasticine models designed by an eight-year old 

child and corresponding technical drawings of this model (AutoCAD, Inventor) 

 Study: 

 Documents: All documents needed for conduction of both studies 

 Heat Maps: Visualization of movement information from both studies, derived 

from the logging data 

 LogData: Logging data of both studies as described in chapter 4.3 

 Video Recordings: Video recordings of both studies, downscaled (FOR ACADEMIC 

PURPOSES ONLY! DO NOT PUBLISH OR SHOW TO THIRD PARTIES) 

 "Data and Results.xlsx": The Excel file for analysis of the logging data, contains 

logging data, results from questionnaires and all information from both studies 

 "Bachelorthesis_7_25_2013.docx": The digital form of this thesis 

 "Contents.txt": A description of contents 


