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Abstract 

A larger number of games for health were developed over the past two decades to provide an 

engaging way of health care and behavior change intervention. However, many problems with the 

design of these games, as well as with the methodologies used to evaluate them emerged: the 

games were generally designed without the consultation or direct involvement of a professional 

game designer, and created without the guidance of a proper game design framework; the health 

messages delivered in the games were mostly simple and knowledge-oriented and not crafted 

based on theories from behavioral medicine; and the evaluation studies were also poorly designed.  

To solve these problems, I define the DraGuNa (Drama-Guided Narrative Health Game) framework, 

a methodology that uses drama theory and sound principles from behavioral medicine to guide 

games for health design to solve the current problems in games for health. The dissertation 

introduces a methodology of game design, specifically developed for games for health, which 

addresses two key constructs: engagement ï ensuring users stick with the game for the duration 

of the intervention; and adherence ï ensuring users perform those actions in the game 

hypothesized by behavioral medicine theories to lead to health behavior change.  The dissertation 

also provides a methodology to develop interactive narrative-based games based on existing story 

media, which also suggests a new path of research for the intelligent narrative community. Finally, 

the dissertation describes an experimental framework for testing the effects of a game on the two 

fundamental dimensions of player involvement in the intervention ï engagement and adherence ï 

and tests the relative contributions of each on health outcomes. 
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Chapter 1. Introduction 

The leading cause of death in the United States and in the world today is chronic disease (Yach et 

al. 2004), and lifestyle health behaviorsðsuch as physical activity, diet, and smokingðare the most 

prominent contributors to these diseases and other causes of death (Mokdad et al. 2004, Mokdad 

et al. 2005, Schroeder 2007). Changing lifestyle health behaviors is a difficult, long-term process 

and often requires education regarding the behavior and help from counselors. However, not 

everyone has access to counselors at the time and place they are needed. To address this, there 

have been many attempts to develop computerized health behavior change interventions, which 

offer wide accessibility and low cost relative to human counselors. However, several studies have 

shown that these interventions suffer from disuse and automated longitudinal interventions suffer 

from high attrition rates (Bickmore et al. 2009, Vardoulakis 2013). Computer games may solve 

these problems by providing a particularly engaging medium that keep usersô attention for extended 

periods of time.   

The research on the use of game elements to promote health behavior change began two decades 

ago. Studies that aimed to use video games to improve childrenôs diabetes management (Brown 

et al. 1997) and to increase a playerôs self-efficacy in safe sex negotiations (Thomas et al. 1997) 

date back to the 1990s. However, this area of research blossomed into its own field in the early 

21st century, when the concept of ñgames for healthò became an independently important area of 

research. The establishment of the Games for Health Conference in 2004, the release of the Wii 

Sports games in 2006, and the launch of the Games for Health journal in 2012 brought public 

attention to the term, and the amount of research and investment in this new discipline of science 

increased steadily. 



 

 

Figure 1.1. Earlier games for health: Packy & Marlon (left), a game that aims to improve diabetes 

management, and Wii Sports (right), an active game that promotes physical activity. 

As a larger number of games for health were developed over the past two decades, studies were 

conducted to evaluate these games, and a vast majority of them yielded positive results. However, 

many problems with the design of these games, as well as with the methodologies used to evaluate 

them emerged: the games were generally designed without the consultation or direct involvement 

of a professional game designer, and created without the guidance of a proper game design 

framework; the health messages delivered in the games were mostly simple and knowledge-

oriented and not crafted based on theories from behavioral medicine; and the evaluation studies 

were also poorly designed (Kharrazi et al. 2012). In recent years, research on games to promote 

physical activity in naturalistic settings suggest that these games are not effective in changing 

playersô physical activity behavior over the long term (Baranowski et al. 2012). The research in this 

area will be discussed further in Chapter 3. 

Another recent trend is the use of game elements in many kinds of serious applications to engage 

users in otherwise uninteresting tasks: so-called ñgamification.ò Many applications of games for 

health can be considered a type of gamification: using game mechanics and game-like storytelling 

to engage users in behavior change or learning health-related knowledge. There has been much 

debate on whether gamification is an effective technique, or whether it actually hurts consumers as 

well as businesses (Bogost 2011). This damage is often caused by a shallow understanding of 



 

game mechanics or inappropriate use of game elements that encourage unintended behaviors 

(Groh 2012).  

It is the state of the current games for health research that motivated this dissertation. In this work, 

I define the DraGuNa framework, a methodology that uses drama theory and sound principles from 

behavioral medicine to guide games for health design. The framework is general enough to fit any 

behavior change program using a unified theoretical framework. In terms of game design, it 

encourages the use of rich narrative to engage the player and is rooted in widely-accepted drama 

theory and emerging interactive drama technologies.  This dissertation also provides as an example 

a prototype game created using the DraGuNa framework and existing story media: Adventures of 

the Atomic Submarine. Through the discussion of a study designed to evaluate this prototype game, 

I also propose a better way of designing evaluation studies for games for health. 

Throughout this dissertation, I have used physical activity promotion as my example health 

behavior of interest. While the techniques and theories I describe are applicable to most health 

behaviors, physical activity is especially important for its positive impacts on almost every system 

in the body, its universality (almost everyone should perform some physical activity (Pate et al. 

1995)), and the existence of many validated measures to evaluate intervention outcomes. 

The contributions of this dissertation are three-fold. First, the dissertation introduces a methodology 

of game design, specifically developed for games for health, which addresses two key constructs: 

engagement ï ensuring users stick with the game for the duration of the intervention; and 

adherence ï ensuring users perform those actions in the game hypothesized by behavioral 

medicine theories to lead to health behavior change.  Second, it provides a methodology to develop 

interactive narrative-based games based on existing story media, which is important for several 

reasons. Finally, the dissertation provides an experimental framework for testing the effects of a 

game on the two fundamental dimensions of player involvement in the intervention ï engagement 

and adherence ï and tests the relative contributions of each on health outcomes.  



 

The rest of this dissertation is organized as follows: Chapter 2 discusses the health behavior 

change theory that is used as the foundation of the DraGuNa framework. Chapter 3 discusses 

related work, including research in games for health, drama theory, and developments in interactive 

drama. Chapter 4 discusses the DraGuNa framework and its two facets: engagement and 

adherence. The chapter explains theories and techniques that can be used to enhance player 

engagement to a game and maintain a userôs adherence to a health intervention, as well as an 

intelligent narrative system to facilitate tailoring and reinforcement. Chapter 5 describes Adventures 

of the Atomic Submarine, a prototype game promoting physical activity developed using the 

DraGuNa framework, covering the story used in the game, which was adapted from a 1950s comic 

book, and the technical details of the gameôs implementation. Chapter 6 explains an evaluation 

study that compares the prototype game to alternative interventions that promote physical activity. 

Chapter 7 discusses the results from the study as well as possible improvements to the game. 

Chapter 8 reviews the findings in this dissertation and explores the future directions to extending 

the DraGuNa framework and strengthening games for health research. 

 

  



 

Chapter 2. Health Behavior Change 

Psychologists in the field of Behavioral Medicine have spent the last several decades developing 

measures, psychological constructs, and theories that describe how individuals change their health 

behavior (Glanz et al. 2008). Studies have demonstrated that health interventions informed by this 

theory lead to more powerful effects than interventions designed without reference to specific health 

behavior change theory (Ammerman et al. 2002, Legler et al. 2002). For example, the Health Belief 

Model (HBM) was developed to explain why people accept preventive health services and why 

they do or do not adhere to other kinds of health care regimens (Hochbaum 1958, Rosenstock 

1974); the Theory of Reasoned Action (TRA) and the Theory of Planned Behavior (TPB) attempt 

to chart the rational decision-making process behind behavioral intentions and behavior change, 

suggesting that attitude towards a behavior, subjective norm, and perceived control influence the 

outcomes of behavior change (Ajzen 1991, Ajzen and Fishbein 1980, Fishbein and Ajzen 1975); 

the Self-Determination Theory (SDT) indicates that three psychological needs must be fulfilled for 

optimal change to occur: competence (the urge to control outcomes), autonomy (the urge to be the 

master of oneôs life and to act in consistency with oneôs will), and relatedness (the want to interact 

and be connected to others); and the Precaution Adoption Process Model (PAPM) suggests that 

health behavior change is composed of several stages, leading from lack of awareness about a 

precaution to decision making, and in some cases, to adoption of the recommended precaution, 

initiation and maintenance (Weinstein 1988, Weinstein and Sandman 1992).  

Among these theories, the Trans-Theoretical Model (TTM) has received the largest amount of 

empirical evidence to date.  The TTM was constructed by integrating models of leading theories of 

psychotherapy and behavior change (Prochaska et al. 2002). A recent survey shows that the 

majority of tailored print communication health interventions use the Trans-Theoretical Model 

instead of other behavior change models (Noar et al. 2007). The Trans-Theoretical Model posits 

that individuals who successfully change their behavior go through a series of well-defined stages 

(the ñStages of Changeò):   



 

1. Precontemplation is the stage in which individuals do not intend to take action in the near 

term, usually measured as the next six months. Individuals in this stage may be uninformed 

or under-informed about the consequences of their behavior, or they may have tried to 

change a number of times and become demoralized about their abilities to change. 

2. Contemplation is the stage in which individuals intend to change their behaviors in the 

next six months. Individuals in this stage may be more aware than precontemplators of the 

pros of changing but are also acutely aware of the cons. 

3. Preparation is the stage in which individuals intend to take action soon, usually measured 

as the next month. Individuals in this stage typically have a plan of action, and may already 

have taken some signiýcant step toward the behavior in the past year. 

4. Action is the stage in which individuals have made speciýc, overt modiýcations in their 

lifestyles within the past six months. 

5. Maintenance is the stage in which individuals have made speciýc, overt modiýcations in 

their lifestyles and are working to prevent relapse. Individuals in this stage are less tempted 

to relapse and are increasingly more conýdent that they can continue their changes. 

The core idea in this theory is that individuals at different stages of change need different things in 

order to progress to the next stage, thus health messages and interventions will be most effective 

when tailored to an individual's stage to be maximally effective. 

Numerous studies have shown the effectiveness of the Trans-Theoretical Model in guiding behavior 

change interventions. A meta-analysis of TTM-based smoking cessation interventions concluded 

that the majority of the studies yielded positive results in terms of the participantsô change in Stage 

of Change, although many of these studies ignored the other measures in the TTM, which calls for 

future designs to adopt a more theory-based approach (Spencer et al. 2002). In one of the smoking 

cessation studies, Prochaska et al. compared a smoking cessation intervention to a control group 

with over 4,000 participants, where participants in the intervention group received intervention 

materials tailored to their Stage of Change three times within a six-month study period, and 

participants in the control group received smoking assessments only. Participants in the 



 

intervention group had mean point prevalence abstinence of 25.6% and mean prolonged 

abstinence of 12%, 30%, and 56% greater than the control condition respectively (Prochaska et al. 

2001). Bock et al. conducted an intervention to promote physical activity, where the intervention 

group received feedback reports tailored to their Stages of Change, and the control group received 

self-help booklets developed to promote physical activity by the American Heart Association. At the 

conclusion of the six-month study, participants in the intervention group performed nearly twice as 

much physical activity per week as participants in the control group (Bock et al. 2001).  

The Trans-Theoretical Model also classifies the hundreds of specific behavior change techniques 

that have been developed into ten Processes of Change. Processes of change are the covert and 

overt activities individuals use to progress through stages. Processes of change provide important 

guides for intervention programs, as they provide a description of the activities individuals need to 

engage in to move from one Stage of Change to the next. Ten Processes of Change have received 

the most empirical support to date. These Processes of Change are defined below (Prochaska and 

Velicer 1997), with examples drawn from a physical activity (PA) promotion intervention.   

Consciousness Raising: Seeking information and raising awareness of target behavior. For 

physical activity, Consciousness Raising may include research on the pros and cons of exercising 

and paying attention to messages related to physical activity on the TV or the Internet.  

Counter Conditioning: Replacing problem behavior with alternative behavior. For physical activity, 

Counter Conditioning can be using self-convincing arguments to exercise when one feels tired, 

stressed out, or simply not wanting to exercise.   

Dramatic Relief: Experiencing and expressing feelings about problem behavior, such as through 

role-playing. For physical activity, Dramatic Relief may include thinking about oneself, people in 

oneôs social circles, or oneôs favorite TV character or game character, and imagining their life with 

and without regular physical activity.   

Environmental Reevaluation: Assessment of the problem behaviorôs impact on the physical and 

social environment. For physical activity, Environmental Reevaluation can mean looking at the 



 

society as a whole and examining the potential benefits of individualôs physical activity behavior on 

society.   

Helping Relationships: Seeking help from family, friends, or other caring individuals or 

organizations to change problem behavior. For physical activity, Helping Relationships may include 

seeking advice or help from a friend or family member, and finding time to work out with such friend 

or family member.   

Reinforcement Management: Rewarding oneself or being rewarded by others for making 

progress in changing problem behavior. For physical activity, Reinforcement Management can 

mean giving oneself tangible rewards after meeting an exercise goal, or paying attention to positive 

changes in oneôs mood after a workout.   

Self-Liberation: Realizing change is oneôs own choice and making commitment to change problem 

behavior. For physical activity, Self-Liberation may involve the commitment to develop the habit of 

exercising and realizing that any difficulties in the process can be overcome with enough effort and 

determination.   

Self-Reevaluation: Emotional reevaluations of one-self in problem behavior and in alternative 

behavior. For physical activity, Self-Reevaluation can include thinking about the positive change to 

oneôs emotions and lifestyle when regular physical activity becomes a habit.   

Social Liberation: Increasing awareness of social acceptance of alternative, better behavior. For 

physical activity, Self-Liberation may involve observing friends or neighbors performing physical 

activity, checking out gyms or community centers within oneôs neighborhood, and asking friends 

and family about their feelings of physical activity.   

Stimulus Control: Controlling stimuli and cues that might trigger problem behavior. For physical 

activity, Stimulus Control can involve keeping workout clothes clean and at a convenient place, 

associating exercise with pleasant things such as music, and using a calendar to schedule regular 

physical activity.   



 

The exact relationship of ideal processes of change to move forward from any given stage of 

change is different for each health behavior. For physical activity, a common mapping between the 

two constructs is illustrated in Figure 2.1.   

 

Figure 2.1. Alignment between Ideal Processes of Change and Stage of Change for Physical 

Activity 

 

  



 

Chapter 3. Related Work 

The framework described in this work is inspired by numerous research efforts on automating 

health behavior change interventions and interactive narrative systems. Some of the automated 

health interventions take the form of internet-based expert systems (Velicer et al. 1993), and a 

systematic review has shown that internet-based health interventions can promote significant 

health behavior change through more or less interactive features (Webb et al. 2010). Research in 

embodied conversational agents has also been applied to health behavior change interventions, 

and studies have shown that these virtual agents are capable of promoting behavior change 

through building relationships with users (King et al. 2011, Schulman et al. 2011). The research 

that is most closely related to this thesis is games for health, a review of which will be provided in 

this chapter. This thesis also builds heavily upon the use of narrative in health games, and two 

sections will be dedicated to narrative in health care and state of the art interactive narrative 

technologies applicable to game design. 

3.1. Games for Health 

Computerized ñseriousò games that are designed to promote some positive attitude, knowledge, or 

behavior change in the user have received an increasing amount of attention in the last few years. 

The general objective in these efforts is to use the engagement of computer games to increase 

retention and cognitive engagement of users, and use the game as a medium to provide information 

and behavior change counseling to players. Games designed to change user health behavior have 

also received a great deal of attention recently. For example, there is now an annual ñGames for 

Healthò conference held in Boston. However, the games that have been developed suffer from a 

number of problems, including a lack of engaging mechanics, a lack of theoretical support from 

behavioral medicine, and poorly designed evaluations. Table 3.1 lists a total of 49 health games 

released between 1983 and 2014 that I have studied. Note that this is not an exhaustive list for it 

excludes games created only for competitions such as the Global Game Jam, and it excludes 

games without a name, as well as other experiences such as virtual-reality simulations that are 

considered to be games by some developers but do not really possess game elements. 
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Early games for health often took on the form of ñplatformers,ò a genre popularized by the Nintendo 

game Super Mario Brothers. These games, such as Packy & Marlon (Brown et al. 1997), allow 

the player to control a character who travels in a vertically-scrollable environment, where the player 

character is allowed to perform a limited number of actions, including walk, run, jump and interact 

with objects. Figure 3.1 is a screenshot of Packy & Marlon. As 3D technology became widely used, 

games for health also began to take on the action genre. For example, Re-Mission, a third-person 

shooter, has the player character float in a cancer patientôs blood vessels and shoot cancer cells 

(Kato et al. 2008). Some games take on a more narrative-based approach, where storytelling takes 

up the majority of the game, and mini-games or puzzles are used to increase the gameôs 

interactivity and keep players engaged, as is done in Escape from Diab (Lu et al. 2012). Games 

for health are typically created by modeling other commercially successful games. For example, 

Re-Mission was created to simulate the structure of Indiana Jones and the Emperorôs Tomb using 

a typical third-person shooterôs mechanics. Although the game was evaluated in comparison to its 

model game on children with cancer (Kato et al. 2008), no evidence suggests that the game is 

more engaging than, or as engaging as, its model game through the eyes of an average player. 

Another example thatôs been mentioned, Escape from Diab, is essentially a compilation of mini-

games that have been published before, and the mechanics of these mini-games have nothing to 

do with the story line. The state of the art of health games seems to be replicating the mechanics 

of an existing game and adding health information to the game, which is neither theoretically 

supported or evidently engaging. 



 

 

Figure 3.1. Screenshot of Packy & Marlon gameplay (Brown et al. 1997). 

Evaluation  

Some early games for health have been empirically evaluated, but the results were not compared 

to other types of intervention. For example, Carmenôs Bright IDEAS is an interactive game 

designed to teach mothers stress coping strategies (Marsella et al. 2000). In the game, players 

take on the role of a counselor working with a troubled mother, and must try to help the mother 

through her stressful situations through the smart conversational choices. Figure 3.2 is a 

screenshot of Carmenôs Bright IDEAS. An evaluation study was conducted with sixteen mothers in 

an eight-week intervention. During the intervention, the mothers interacted with Carmenôs Bright 

IDEAS and clinical research assistants to learn stress coping techniques. Participantsô feedback 

indicates the story of Carmenôs Bright IDEAS is believable and convincing, and that the game helps 

them memorize and understand the stress coping techniques.  However, the results are not 

compared with a control group (Marsella et al. 2003). Life Challenge is a video game designed to 

advocate safer sex. In a quasi-experimental evaluation study with more than three hundred 



 

participants, it was shown that the game resulted in significant increases in playersô knowledge and 

self-efficacy in avoiding high-risk sexual behaviors, although these changes were not compared to 

a control group (Thomas et al. 1997).  

 

Figure 3.2. Screenshot of Carmenôs Bright IDEAS gameplay (Marsella et al. 2000) 

Several studies were conducted comparing games for health to other video games. The video 

game Packy & Marlon was designed to improve the self-efficacy, self-care, knowledge and social 

support of children with diabetes. A six-month intervention study with 59 participants was conducted 

comparing Packy & Marlon to a pinball game. The results show children playing Packy & Marlon 

had significantly higher improvements in social support and self-care than children playing the 

pinball game, but not in knowledge, self-efficacy, engagement and their number of visits to the 

doctor (Brown et al. 1997). Re-Mission, a computer game designed to improve cancer patientsô 

knowledge and efficacy on cancer, was designed by following the game structure of the computer 

game Indiana Jones and the Emperorôs Tomb. An evaluation study was conducted on 371 children 

with cancer, where the intervention group was given Re-Mission and the control group was given 

Indiana Jones and the Emperorôs Tomb. At the end of the three-month study, participants playing 



 

Re-Mission showed a significantly greater increase in cancer-related knowledge and cancer-

specific self-efficacy than participants playing Indiana Jones. In particular, after three months, 

participantsô mean self-efficacy in the intervention group increased from 155.9 to 164.1 (n=164), 

while participantsô mean self-efficacy in the control group increased from 156.6 to 158.8 (n=139). 

The intervention group also maintained significantly higher chemotherapy metabolite levels over 

time than the Indiana Jones group  (Kato et al. 2008). 

A few other games have been evaluated in comparison with other types of health interventions, but 

these evaluations each have their own flaws. In a randomized controlled trial of the Watch, 

Discover, Think and Act game, a health game aimed at improving asthma management among 

children, children using the game-based intervention in addition to their regular clinical sessions 

had significantly fewer hospitalizations than children without the game, but this effect is limited to 

children under 12 and does not show for older children (Bartholomew et al. 2000). The evidence 

also does not suggest the game outperforms regular clinical visits, because in the intervention 

condition, the game is given in addition to, not instead of, clinical visits.  Asthma Control, a 

computer game designed to teach children about asthma and its management, was evaluated 

through a controlled trial study with 137 children, where children in the intervention condition 

received Asthma Control and parents in the control condition received asthma knowledge by 

reading materials. Although children who played the game had a significantly better knowledge 

gain on asthma, there were no significant differences in hospitalizations across the two groups. 

Because the control group children were not given direct access to asthma information, the study 

design made the conveyance of knowledge unfair across the two conditions (Homer et al. 2000). 

Another asthma self-management education game, Bronkie the Bronchiasaurus (Figure 3.3), 

was compared to an asthma education videotape in an evaluation study with 14 asthma patients 

ages 8 to 13. Asthma knowledge improved equally for the two groups after a 30-minute study 

session, and participants playing Bronkie the Bronchiasaurus reported higher levels of enjoyment 

and increased self-efficacy in asthma management. However, participants in the videotape group 

reported decreased self-efficacy in asthma management. This makes the quality of the videotape, 

and thus the quality of the study design, questionable (Lieberman 2001). Other studies revealed 



 

less positive outcomes. Fantastic Food Challenge, a game-based intervention to promote healthy 

diets, was compared to print-based and Internet-based nutrition interventions, and the game 

underperformed both other media (Silk et al. 2008). SPARX (Figure 3.4), a fantasy role-playing / 

puzzle-solving game to combat depression, yielded lower rates of treatment compared to other 

monotherapies and smaller improvements on childrenôs depression rating compared to drug-based 

interventions (Merry et al. 2012). 

 

Figure 3.3. Screenshot of Bronkie the Bronchiasaurus gameplay (Lieberman 2001) 



 

 

Figure 3.4. Screenshot of SPARX gameplay (Merry et al. 2012) 

Overall, many health games have been evaluated in one way or another, and a lot of these games 

have been evaluated in controlled trials. In almost all of these evaluations, these health games 

significantly improved participantsô knowledge on target behavior or promoted desired behavior 

among participants. Iôve collected information on 49 games for health through continued efforts of 

research between 2012 and 2015, summarized in Table 3.1. Only 7 of the 49 games (14.2%) have 

been compared to an alternative intervention, excepting Nanoswarm and Escape from Diab, both 

of which were compared to similar game-based interventions and not more conventional 

interventions. Some of these games underperformed alternative, more conventional interventions, 

and some others had questionable study designs. 

There are also several recognized problems in the design of health games that must be addressed 

and can be tested in well-constructed evaluation studies. In games for health, game designers 

frequently sacrifice fun to make way for health messages, or the other way around. Many of these 

games are nonsensical, meaning their game mechanics are not related in any way to the health 

information they deliver. Most problematic games contain an overt display of serious content. These 



 

problems quickly alienate players, who will disengage from the games, and consequently fail to 

receive the health intervention intended for them (Sinclair et al. 2007). 

Exergames: Games to Promote Physical Activity 

In recent years, commercial games and game platforms have been created to improve playersô 

physical activity. The use of video games in an exercise activity has been referred to as exergaming. 

Graves et al. conducted a study to compare the energy expenditure among traditional video games, 

exergaming and real sports. Their study shows children playing the Wii Sports bowling, tennis and 

boxing spend significantly more energy (700-750 kJ per hour) than children playing a sedentary 

XBOX game (Project Gotham Racing 3, 450 kJ per hour), although this amount cannot match the 

energy expenditure of bowling, tennis, or boxing in real life (800-2410 kJ per hour) (Graves et al. 

2008). iAthlete is a game designed for a dance pad, a device that tracks the playerôs foot locations 

on the floor to allow for sprinting and jumping movements. Masek et al. tested the game on fifteen 

adult participants and measured their heart rate as a percentage of their maximum heart rate. The 

study shows the participantsô average heart rate increased from 58.7% to 67% of their maximum 

heart rate through a 10 minute session playing iAthlete, although statistical significance is not 

evaluated (Masek et al. 2009).  

More recent studies have demonstrated that exergaming may not lead to health benefits when 

played at home. For example, Mhurchu et al. compared children playing an exergame with children 

playing a conventional video game and found that children in the exergame group became more 

physically active during the 12-week intervention. However, they also played the game less than 

those in the conventional video game group (Mhurchu et al. 2008). Owens et al. conducted a three-

month Wii Fit study in naturalistic settings and found a lack of significance in the participantsô 

change in their health outcomes at the end of the study, and a significant drop in their use of the 

Wii Fit over time (Owens et al. 2011). Graves et al. designed a peripheral device to encourage 

step-powered gaming on multiple games and found no significant results in their participantsô 

physical activity after a 12-week intervention (Graves et al. 2010). Baranowski conducted a 13-

week intervention with 84 children, and no statistical evidence was found indicating a difference in 



 

physical activity between children given exergames and children given sedentary games to play, 

although children reported both types of games equally enjoyable (Baranowski et al. 2012). 

Maloney et al. conducted a comparison study with 60 children during a 28-week period, where the 

intervention group was given a Dance Dance Revolution game and a dance pad at Week 0, and 

the control group was given the same game and the dance pad at the end of Week 10. The study 

found no significance between the two groupsô physical activity level at the end of Week 10, 

although a significant difference was discovered between the two groupsô sedentary screen time 

(SST). Childrenôs SST decreased significantly in the intervention group from Week 0 to Week 10 

and childrenôs SST increased in the control group (Maloney et al. 2012). On the other hand, 

Maddison et al. conducted a study to evaluate the effect of exergaming on children in New Zealand. 

A total of 330 children were enrolled in the study. Half of the participants (the intervention group) 

were given a selection of exergames to play over a period of 24 months and the other half (the 

control group) continued to play their own sedentary games. Results show childrenôs Body Mass 

Index and weight increase over the 24 months are significantly lower in the intervention group than 

in the control group. Both groups experienced a reduction in percentage of body fat, but children in 

the intervention group had significantly higher body fat reduction than children in the control group 

(Maddison et al. 2011). Warburton et al. compared participants exercising on a bicycle machine 

while playing video games on a PS2 system to those exercising on the same bicycle machine 

without any entertainment. Results of the study indicate that participants who exercised while 

playing video games attended training approximately 30% more often than those in the control 

group. Participants in the intervention group also had a significantly higher increase in their aerobic 

power and a significantly greater reduction in resting systolic blood pressure after a six-week 

training program (Warburton et al. 2007).  

Recent studies have taken a closer look at the existing research and revealed several difficulties 

faced by the current games for health research. First of all, most existing games for health were 

not designed following sound health behavior change theories. Kharrazi et al. conducted a literature 

review of games for health and found only 18.8% of the publications surveyed applied an 

established behavioral change theory in the game design, while this number is less than 5% for 



 

exercise-related games (Kharrazi et al. 2012). This makes it difficult to isolate the mechanisms that 

previous games have used to change behavior. Also, although a large number of studies have 

been conducted to test the impact of games for health, most of these studies were conducted on 

children. How games affect adultsô behavior change are yet to be investigated on a large scale.  

In exercise-related games, three major problems exist. First, the majority of the games focus on 

getting the player to exercise as soon as they start playing, which may work efficiently with 

individuals already physically active, but less so with individuals resistant to exercise. Due to the 

lack of health behavior change theory in both the design of the games and the design of the 

evaluation experiments, the effectiveness of existing games for health on populations in different 

Stages of Change is difficult to evaluate. Second, many of the active games require players to 

exercise while playing the game, thus the game may be simply a distraction to the user, serving a 

similar function as a music player during exercise. A focus group conducted by Simons et al. reveals 

that adolescents whoôs played these active games find them less preferable than non-active games, 

mainly due to the lower quality of active games in terms of graphics, storyline, diversity of games, 

controls and technique (Simons et al. 2012). The potential of games as a motivation to exercise 

has not been systematically explored. Finally, the ultimate goal of games that promote exercise is 

to aim at the naturalistic setting rather than the laboratory. More than 70 percent of games for health 

studies are conducted in lab environments (Kharrazi et al. 2012). Studies conducted to test games 

for health in a naturalistic setting over a long term produce more meaningful results. 

3.2. Using Narrative for Health Behavior Change 

Many definitions of the word ñnarrativeò exists, and for the sake of clarity, I will review a few widely 

used definitions. The Dictionary of Narratology defines narrative as ñ[t]he representation (as product 

and process, object and act, structure and structuration) of one or more real or fictive [events] 

communicated by one, two, or several (more or less overt) [narrators] to one, two, or several (more 

or less overt) [narratees]ò (Prince 2003). The Cambridge Introduction to Narrative offers a simpler 

definition: ñthe representation of an event or a series of eventsò (Abbott 2008). In the context of 

health behavior intervention, narrative may not merely be a representation of events. Polanyi 



 

distinguished the concept of ñstoryò from ñnarrativeò by claiming ñin recounting a story, a teller 

describes events which took place in one specific past time world in order to make some sort of 

point about the world which teller and story recipients shareò (Polanyi et al. 1985). This definition, 

however, constrains the narrative to events that have occurred in the past, ruling out events that 

are otherwise possible. In narrative-based health interventions, narrative is most likely presented 

as a story, making a point. In this work, I refer to narrative as a representation of an event or a 

series of events that have occurred or are possible to occur, which makes a point about the world 

that the narrator and the audience share. 

Narrative is crucial in learning: recipients of stories typically experience three steps in narrative 

learning: hearing a story, telling a story, and recognizing a story, i.e. realizing that the audience 

themselves are narratively constituted and narratively positioned in their environment (Clark and 

Rossiter 2008). In addition, Self-Efficacy theory points out that there are four major sources of 

information that may increase an individualôs self-efficacy: performance accomplishments, 

vicarious experience, verbal persuasion, and emotional arousal (Bandura 1977), where narrative 

belongs to vicarious experience, the second most effective information channel to improve self-

efficacy next to a personal success experience. It is clear that narrative, when used correctly, may 

facilitate the learning of new information and improve self-efficacy, both of which are essential for 

promoting health behavior change. Therefore, it is no surprise that, in the field of health behavior 

change, more research has been done on narrative-based interventions in recent years. 

Researchers have started evaluating the effectiveness of narrative in promoting health behavior 

change in the past two decades. Houston et al. collected stories from hypertension patients and 

tested the impact of these stories on reducing blood pressure in patients. 299 patients were 

randomly assigned to the intervention group, where they were given DVDs containing video stories 

collected from hypertension patients, or the comparison group, where they received an attention 

control DVD. The results show significant blood pressure reductions in the intervention group 

throughout the nine-month study period, and no significant difference in the comparison group 

(Houston et al. 2011). Slater and Rouner conducted a study testing the persuasiveness of different 



 

types of messages regarding alcohol use. Their findings suggest that messages with statistical data 

are more persuasive than narrative-based messages when the evidence is congruent with the 

participantôs value, but narrative evidence is more persuasive than statistical evidence when the 

evidence is incongruent with the participantôs value (Slater and Rouner 1996). Greene and Brinn 

conducted an experiment comparing the effectiveness of narrative and statistical evidence to 

persuade college women against tanning-bed use. They found narrative was rated as more realistic 

while statistical evidence was rated to have higher information value, although no difference was 

found between the two conditions in mental effort or reflections on the message (Greene and 

LAURA 2003). Hinyard and Kreuter have conducted thorough research on using narrative as a tool 

for health behavior change, and suggest that narrative may be viewed as more personal, realistic, 

believable, and memorable than non-narrative forms of communication (Hinyard and Kreuter 2007). 

However, Slater et al. have noted that using a non-narrative summary after a narrative 

communication is considered more effective than using narrative alone (Slater et al. 2002). Lu et 

al. has concluded that narrative-based health games can, through immersing the player in the story 

world, positively affect the playerôs attitude, observational learning, emotional arousal, self-efficacy, 

subjective norms, and intrinsic motivation, which may lead to health behavior change outcomes (Lu 

et al. 2012). 

There have been many models of successful storytelling (Brandt and Weiss 1998). One model that 

is widely accepted in popular culture explains a frequently used, recurring pattern in successful 

stories throughout history, including the Odyssey and Star Wars: the Heroôs Journey (Campbell 

2008). In the Heroôs Journey, the hero of the story must go through twelve different stages before 

the story reaches its end. Figure 3.1 illustrates the process (Vogler 1998):  



 

 

Figure 3.1. The Heroôs Journey 

1) The Ordinary World: The hero, unaware of his or her fate, is introduced sympathetically so 

the audience can identify with the situation or dilemma. 

2) The Call to Adventure: Something changes the heroôs situation, so the hero must face the 

beginning of change. 



 

3) Refusal of the Call: The hero feels the fear of the unknown and tries to turn away from the 

adventure. 

4) Meeting with the Mentor: The hero comes across a seasoned traveler of the worlds who 

gives him or her training, equipment or advice. 

5) Crossing the Threshold: The hero commits to leaving the ordinary world and entering a 

new world with unfamiliar rules and values. 

6) Tests, Allies and Enemies: The hero is tested and seeks allies in the new world. 

7) Approach: The hero and new allies prepare for the major challenge in the new world. 

8) The Ordeal: The hero enters a central part of the new world and confronts death or his or 

her worst fear. 

9) The Reward: The hero seizes the treasure won by his struggles. There is still danger of 

losing it. 

10) The Road Back: The hero is driven to leave the new world to ensure the treasure is brought 

home, but new dangers arise. 

11) The Resurrection: The hero is severely tested once more on the threshold. The hero 

experiences another moment of death and rebirth. By the heroôs efforts, the forces that 

were in conflict at the beginning of the story are finally resolved. 

12) Return with the Elixir: The hero returns home or continues his journey, bearing some 

element of the treasure capable of transforming the world. 

Vogler summarized the Heroôs Journey to inform screenwriters, and when doing so, he has 

suggested that the Heroôs Journey not only serves as a model of story writing, it is also a guide to 

overcoming obstacles in a personôs life. Each of these twelve stages also marks the heroôs personal 

growth, referred to as the Heroôs Inner Journey (Vogler 1998), also shown in Figure 3.1. Voglerôs 

statement suggests the Heroôs Journey may be particularly valuable when integrated into a 

narrative aimed at promoting behavior change. Although other models exist and may be useful to 

game design, the Heroôs Journey model can serve as a starting point for creating stories for new 

narrative games for health. 



 

3.3. Intelligent Narrative Technologies 

Interactive narrative is a game genre that has received much attention in recent years. The creation 

of Façade  (Mateas 2002), among other interactive dramas, marks an era of significant progress in 

using intelligent narrative technologies to tell dynamic and tailored stories. A key invention in the 

field of intelligent narrative technologies is the drama manager. A drama manager is an algorithm 

incorporated in a game which generates dynamic narrative content to meet the playerôs preferences 

or to give feedback to the playerôs behaviors in the game.  

The HAP architecture (Loyall 1997), aimed at creating believable drama characters, laid the 

foundations for the development of drama managers. The HAP architecture dictates that agents in 

an interactive drama must be reactive and responsive, modifying their behaviors as a goal becomes 

successful or the preconditions of a goal are no longer met. The first drama manager, MOE, was 

created to support an interactive drama: Tea for Three (Weyhrauch and Bates 1997). Tea for Three 

is a short interactive fiction story with sixteen critical phases. Each time the player takes an action, 

MOE assesses the current state of the interactive drama and a number of possible future scenarios 

to determine the next move the game should take, which includes letting a character in the story 

take an action or revealing a clue to the player. MOEôs evaluation function will determine the best 

future scenario that leads to the most dramatically engaging game ending based on the writerôs 

aesthetics. MOE will then generate narrative content according to this best future scenario 

(Weyhrauch and Bates 1997). The drama manager in the interactive drama Mirage adopts a user 

model to generate future content and improve engagement. Mirage extends HAPôs behavior 

representation to include a trigger, a priority, preconditions, postconditions, and sub-problems for 

each drama unit, i.e. beat. Mirage also infers the playerôs indecisiveness using the amount of time 

it takes the player to make choices in the game (El-Nasr 2007). Instead of generating content based 

on the storywriterôs aesthetics, the drama manager created for the game Façade  generates content 

to increase tension in the story. In Façade , the player is required to solve the mystery of the 

collapsing marriage of his or her two friends. Tension is the degree to which the stress in the 

coupleôs marriage is visible, and the degree to which buried problems are coming to the surface. 

The drama manager in Façade  also generates story content in the form of beats, basic drama units 



 

that contain a few turns of dialogue. The drama manager adds more features to the HAP agent 

architecture, including preconditions, effects (similar to Mirageôs postconditions), a weight and a 

priority for each drama beat, estimates each possible future beatôs influence to the storyôs tension 

level, and calculates each beatôs weight and priority based on the desired tension level in the near 

future. The drama manager then randomly selects a beat with the highest priority (Mateas 2002). 

Mimesis is a drama manager created to generate and maintain coherent stories in a 3D virtual 

world. In particular, Mimesis attempts to detect and respond to situations where a user performs 

an action that seriously conflicts with the storyline. Mimesis resolves the conflict by having 

characters or the game environment perform actions to prevent the user from performing the 

unexpected action, or by allowing the unexpected user action to take place and restructuring the 

remaining story plan (Young 2001). PaSSAGE (Player-Specific Story via Automatically Generated 

Events) is a drama manager that generates story content based on the playerôs preferences. The 

player is required to make several choices at the beginning of the story. The PaSSAGE drama 

manager extracts information from the playerôs answers to form a player model. The drama 

manager uses this player model to determine what type of story arc to present to the player (Thue 

et al. 2007).  

Several studies have been conducted to assess the user experience when interacting with systems 

driven by drama managers. Mirage has been evaluated using qualitative interviews with five theater 

and film professionals. After a ten to fifteen minute session playing Mirage, participants described 

characters in Mirage as more responsive and alive than typical video games without a drama 

manager (El-Nasr 2007). Knickmeyer and Mateas evaluated Façade  with eight participants. After 

up to twenty minutes of game play, six of the eight participants reported they enjoyed the 

experience and would like to play the game again, even though all players expressed frustration 

toward the characters when their actions were not coherent due to the dynamic nature of Façadeôs 

drama manager (Knickmeyer and Mateas 2005). Milam et al. evaluated Façade  by asking eleven 

participants to read descriptions of Façade  and to watch a YouTube video of the game before 

having them play it. Participants were interviewed after playing the game. In the interview, 

participants indicated the game progressed too fast, they were not sure whether they have control, 



 

and the game did not support certain actions they would like to take (Milam et al. 2008). There is 

no definitive answer to whether drama managers can create enjoyable interactive experiences, but 

existing research indicates that if the algorithm is carefully designed to maintain coherence and a 

proper pace, drama managers have the potential to maintain engaging player experiences. 

Besides the drama managers mentioned above, there are other research projects that aim at 

generating coherent stories using computer algorithms. Lebowitz developed UNIVERSE, which 

creates characters in a story world by defining their name, stereotypes, individual traits, individual 

goals, interpersonal relationships, marriages and history step by step to maintain consistency and 

coherence of the story (Lebowitz 1987). Bringsjord and Ferrucci created BRUTUS, a narrative 

generator that forms story plots by generating actions for each character in the story world. The 

system first generates the charactersô proactive behavior, which triggers reactive behavior from the 

characters on the receiving end (Bringsjord and Ferrucci 1999). Turner created MINSTREL, a 

computer model of storytelling, based on knowledge of the specific domain of King Arthur (Turner 

1994). MINSTREL employs a top-down approach to storytelling, first generating author-level goals 

based on a drama premise, then dividing the goals into sub-goals, which the system will solve by 

altering solutions already stored in its knowledge database (a.k.a. stories surrounding King Arthur). 

MINSTREL also adopts several modules to ensure the consistency of the generated story and 

apply dramatic techniques to make the stories engaging, including suspense, tragedy, 

foreshadowing and characterization. MEXICA, developed by Pérez and Sharples, does not solely 

rely on intrinsic knowledge to generate story structures. Instead, MEXICA requires the user to input 

story knowledge and write several stories that the system will later analyze, based on which the 

system will generate new stories (PÉrez and Sharples 2001). Young et al. created Crossbow 

(Young et al. 1994), where the algorithm plans the course of a story by 1) deriving causal chains 

toward a goal and 2) decomposing higher level actions into lower level steps and 3) resolving 

conflicts that may undermine the goals during the narrative generation process. Similarly, his 

Mimesis (Christian and Young 2004, Young 1999, Young and Riedl 2003) conducts narrative 

planning by reacting to user actions that potentially break the consistency of the story. Riedl later 

proposed narrative mediation, a technique that attempts to predict the possible user actions that 



 

may break a storyôs consistency before intervention to change the narrative (Riedl et al. 2003, Riedl 

and Young 2006, Young et al. 2004). The agents intervene the playerôs actions to ensure the 

narrative proceeds. Hills proposed a narrative generation framework where a story world is 

constructed using templates and user-input rules, where a story line is formed by creating a causal 

path in this story world (Hills 2010). Mott and Lesterôs narrative planner U-Director plans the 

narrative using generalized Bayesian networks that include utility and choice nodes as well as time-

varying attributes, which takes into account the playerôs goals and beliefs when deciding what story 

to tell (Mott and Lester 2006). Faircloughôs OPIATE operates by maintaining a world view 

containing the state of the story world and the state of the characters in it. The system uses a k-

nearest neighbor algorithm to evaluate the suitability of potential scenarios to present (Fairclough 

2007). The Marlinspike Interactive Drama System uses pre-authored scenes, dramatic units 

similar to beats in Faça de, to construct unified stories, discovering necessary objects in the story 

and reincorporating them into the story context by picking scenes consistent with the process 

(Tomaszewski 2011, Tomaszewski and Adviser-Binsted 2011, Tomaszewski and Binsted 2009). 

Other researchers, such as Horswill, are concerned with the communityôs fixated attention on 

classical drama and have created narrative generators capable of telling stories of other genres 

such as farce (Horswill 2012). Li et al. used crowdsourcing to collect plot events, find the events 

and causal relationships among these events that are agreed upon, and presents these events as 

interactive stories (Li et al. 2012). 

There has been some attempt to formalize the models that drama managers use. The drama 

manager employed in Façade  is a declarative optimization-based drama manager (DODM), 

meaning the search for a dramatic beat is conducted using a Markov Decision Process (MDP) 

(Nelson et al. 2006, Nelson et al. 2006). A variant of the MDP model is the Targeted Trajectory 

Distribution MDP (TTD-MDP) model, where the repeated play of the story generation process will 

match a target distribution closely. Robertsô evaluation-based model is an example of TTD-MDP 

(Roberts et al. 2006). Cantino et al. extended TTD-MDP by providing good story prototypes and 

evaluating generated stories using a distance measured defined between the new story and the 

good prototypes (Cantino et al. 2007).  



 

In addition to these narrative generation systems, many researchers focus on specific problems 

related to aspects of user experience and genres in the intelligent narrative domain. Mani created 

a system to evaluate readerôs positive and negative empathy toward characters in a story through 

user annotations and aim to predict reader responses toward certain types of incidents by using a 

training set (Mani 2010). Tanenbaum et al. used cognitive hyperlinks to form connections between 

different objects involved in a story, creating the Reading Glove, a tangible user interface used for 

ensuring the consistency of stories told in a random order (Tanenbaum et al. 2010). Niehaus and 

Young investigated the generation of stories that can prompt reader inference (Niehaus and Young 

2010). Their system takes into account two types of user inference: causal inference, where the 

reader infers what happened in the story as the cause of evidence they observe, and intentional 

inference, where the reader infers a characterôs intention by understanding the state of the 

character. McCoy et al. describe Prom Week, a collection of social games played between the 

player and NPCs, where agents in the game act upon a knowledge database built on social facts, 

cultural knowledge, their social networks, social status rules that dictate certain relationships can 

be fulfilled, and personality descriptions to form goals, shape intents, and negotiate their roles 

(McCoy et al. 2012, McCoy et al. 2010). Sullivan et al. designed the GrailGM framework, which 

represents quests, NPCs, player actions and dialogues in a video game with a set of rules so that 

quests can be decomposed to sub-quests (Sullivan et al. 2010). By improving the clarity of quests 

in a game, GrailGM aims to improve player agency and hence player engagement. Giannatos et 

al. used a genetic searching algorithm, with three fitness functions of location flow, thought flow 

and motivation to add extra states to a story plan and, by changing the story structure with the new 

state, improves the storyôs quality (Giannatos et al. 2011). Lee et al. used a dynamic Bayesian 

network algorithm to learn to simulate the drama directing behaviors of a real human, using data 

collected through Wizard-of-Oz experiments in the Crystal Island game (Lee et al. 2011). Li and 

Riedl designed an algorithm that generates fictional gadgets in a generated story world by 

projecting properties from prototype objects to generated gadgets (Li and Riedl 2011). Shoulson et 

al. described the concept of selecting agents of different personalities and behaviors to fulfill certain 

roles in a story world in an attempt to accumulate character value and to facilitate the transition of 



 

a character from the storyôs ambient background to the forefront interaction with the player 

(Shoulson et al. 2011). Giannatos et al. specifically investigated how to increase suspense in a 

story generated by a story planner (Giannatos et al. 2012).  

Other research takes on a character- or agent- centered approach. Instead of generating narrative 

based on a premise or author goal, Cavazzaôs character feeling based model (Cavazza et al. 2002, 

Pizzi and Cavazza 2007), FearNot! (Aylett et al. 2005, Figueiredo et al. 2006), and Magerko and 

Lairdôs Interactive Drama Architecture (IDA) (Magerko 2005, Magerko and Laird 2003, Magerko 

et al. 2004, Magerko and Laird 2005) let each character in the story act upon their own goals, 

knowledge, and intentions. Riedl also attempted to compare the emergent story approach and the 

character-centered approach and create a hybrid system that takes advantage of both methods 

(Riedl 2010). Work in this area will not be elaborated upon in this dissertation. 

The main problem that intelligent narrative technologies try to solve is creating interactive stories 

with a quality close to what is scripted by a professional storywriter. The current focus in this 

research area is to create small systems that fulfill a particular function. Despite the large amount 

of research available on intelligent narrative systems, little research has been conducted to explore 

the use of intelligent narratives for ñgames for healthò or other serious games. One example of 

applying intelligent narrative to practical use is Maths4Kids, created by Alexandre et al., a 

collection of mini-games aimed at improving 5-7 year old childrenôs math skills (Alexandre et al. 

2010). Maths4Kids uses narrative to introduce children to the game world. The game generates 

intermittent narrative dynamically to give children feedback on their performance in each mini-game. 

However, no evaluation study is conducted to test the gameôs efficacy in causing improvements in 

math skills. 

 

 

  



 

Chapter 4. DraGuNa: Drama-Guided Narrative-Based Health Game Design 

Although recent games for health research has placed a heavy emphasis on narrative, very little 

research has been conducted to incorporate sound narrative theories and techniques in the design 

of games for health. In addition, as described in Chapter 3, the majority of games for health are not 

based on any theoretical health behavior change model, which makes it less likely they will be 

effective at changing health behavior.  

The framework I propose will fill these two gaps by adopting theories and techniques from drama 

to streamline the game design process and incorporating the Trans-Theoretical Model in the 

behavior change intervention that is part of a health game. The framework is named DraGuNa: 

Drama-Guided Narrative-Based Health Game Design. In this Chapter, I will discuss the two 

components of the DraGuNa framework. The first component aims to promote the playerôs 

adherence to the programôs recommendations by providing incremental challenges based on the 

Trans-Theoretical Model and using motivating messages to encourage the players to make 

progress in their behavior change. The second component is focused on enhancing the playerôs 

engagement with the program by creating an appealing story with practical drama techniques and 

giving the player freedom to explore the story world through the use of intelligent narrative 

technologies. 

4.1. The DraGuNa Framework  

Following the Transtheoretical Model, this framework assumes that a given health behavior change 

intervention requires that a user perform a series of activities over time to incrementally increase 

their stage of change until they are in ñmaintenanceò, as detailed in Chapter 2. The specific activities 

are informed by the Transtheoretical Model, as instantiations of the processes of change 

appropriate for a userôs current stage of change for the desired behavior. The framework further 

assumes that most of these activities (e.g., going for a walk) must be performed outside of 

gameplay sessions, and are thus referred to as ñhomeworkò exercises.  



 

The DraGuNa framework divides the design process of a health game into two processes, 

engagement and adherence. In game design, there is significant disagreement on the definition of 

ñengagementò, despite attempts made to create a unified definition (Brockmyer et al. 2009). 

However, for the longitudinal health games that the DraGuNa framework is designed for, the 

important function of game mechanics is to keep the player interested in the game for a prolonged 

period of time, so that the player is exposed to the most intervention content and homework 

exercise assignments. Therefore, in this work, I define engagement as the degree to which 

participants are willing to continue playing a game. Within behavioral medicine, ñadherenceò has 

been defined as the degree to which an individual is committed to a specific treatment and actively 

demonstrating desired behaviors (Meichenbaum and Turk 1987). When translated to the context 

of homework-based health games, adherence can be considered as the degree to which a player 

completes assigned homework activities. 

The DraGuNa framework recommends that the game designer begin the game design process by 

clearly defining the boundary between engagement and adherence, considering them as two 

separate processes at the beginning of the design. Several techniques are recommended to be 

considered by the game designer in each process, to create engaging game mechanics and an 

integrated intervention. Once a game is created with basic game mechanics and a fully developed 

health intervention (the basic game), designers of the game are encouraged to answer further 

questions in the gameôs context so as to combine the game mechanics and the intervention system 

into an integral experience. The overall DraGuNa framework can be illustrated by Figure 4.1, below. 



 

 

Figure 4.1. The DraGuNa Framework Diagram 

At the end of the illustrated pipeline, an ñintegral gameò is expected to have formed. However, this 

is not the final game. Numerous user tests must be performed to eliminate usability issues and to 

improve the gameôs playability and enjoyableness. 

4.2. Promoting Adherence 

The majority of games for health require players to perform all the activities associated with health 

behavior change while they are actually playing the game, but in recent years, health games with 

sound behavior change theoretical foundations have started to use ñhomeworkò as a means to 

achieve health outcomes. Here, I define ñhomeworkò to be activities the user takes outside of 
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gameplay that are intended to be instrumental in their health behavior change. For example, 

SpaPlay (also known as IgnitePlay), an online social game where the player manages a spa and 

constructs utilities to attract visitors, uses homework by allowing players to perform health-related 

tasks (called sparks and quests) in real life to gain virtual currency to boost their performance in 

the casual games implemented on the platform (El-Nasr et al. 2011). It must be noted that the 

designers of SpaPlay defined adherence differently than I did in Section 4.1. In SpaPlay, adherence 

is defined as a composition of engagement, i.e. the number of log-ins, mean intervals between 

successive log-ins, and the standard deviation of days between log-ins (Durga et al. In Press). 

Super Better, an online game to help individuals to recover from illnesses and injuries, and to help 

physically healthy individuals to cope with stress, uses homework by requiring players to assign 

themselves homework in several categories, and rewards the players with experience points when 

they complete the tasks (https://www.superbetter.com/). 

As pointed out earlier, less than 20% of health games, and less than 5% of exercise-related games, 

have their designed based on a theoretical framework (Kharrazi et al. 2012). Sound behavior 

change theories and techniques can be used to improve a playerôs adherence to a health game, 

as is the one of the goals of this work. In this section, I explore a range of methods to implement a 

homework-based intervention system in games, and a list of techniques that can be applied to 

improve adherence. 

4.2.1. Methods for assigning homework from a game 

A game designer following the DraGuNa framework is encouraged to implement a homework 

system, serving as the essential part of the health intervention meant to be integrated into the game, 

because many activities encouraged by health behavior change theories are impractical while 

playing games, and because the assignment of homework mirrors the treatment given by good 

clinicians. The Trans-Theoretical Model posits an individual must go through a variety of changes 

to complete a cycle of health behavior change, and some of these changes must be achieved 

through social support and long-term habit forming, which cannot be done without some activities 

outside the game world.  



 

One intuitive approach is to employ a quest system in a game, where the player can pick a 

homework assignment from a variety of tasks. This is in line with the design principles of the several 

existing health games. These games are designed so that the content of the quests are related to 

the premise of the game. In SpaPlay, for example, quests include performing yoga or going jogging, 

whereas in the game the player manages a spa resort, where the playerôs customers will be doing 

the same. This is an intuitive approach for a homework-based game. Another approach to giving 

homework is by simply assigning the player one homework or a set of homework at the end of each 

session, based on the playerôs stage of change. This simple homework approach may lack 

relevance to the interactive content of the story, and may therefore appear incoherent to the user. 

To improve the coherence of this approach, the homework can be given in the context of the story, 

so that the user is led to believe they are performing tasks for or as the characters in the story, and 

that they are doing the homework to move the plot forward. 

The DraGuNa framework recommends one of two ways to assign a homework to the player, which 

also integrates the quest system in the gameôs narrative: narrator quest, where the user receives 

homework through a narrator that exists outside the story, who requests the user perform a task to 

achieve some goal in the story, and character quest, where the user receives homework through 

one of the characters in the story, which directly requests the userôs action by talking from the 

storyôs world to the user. To illustrate how each of these quest systems works, I will use examples 

from commercially successful games.  Figure 4.2 is a screenshot from a popular online game, 

Game of Thrones: Ascent. The game uses a narrator quest system which fits well with the gameôs 

strategy-based mechanics. Figure 4.3 shows a character quest system employed in Elder Scrolls 

V: Skyrim, which suits the game due to its heavy role-playing nature. The character quest mode 

of homework may work better for a game where the player plays a character through first-person 

perspective and role-play is heavily emphasized, whereas the narrator quest mode of homework 

may work better when the player character is perceived through a third-person angle. 



 

 

Figure 4.2. Narrator quest system in Game of Thrones: Ascension 

 

Figure 4.3. Character quest system in Skyrim 

For behavior change to occur, it is necessary to make the player understand that the homework 

assignments are not meant for the player character, but for the player themselves. This requires 

the gameôs story to communicate directly with the player, past the player character. One particular 



 

technique developed for this purpose and adapted in many genres of literature, including drama, 

comic books and video games, is breaking the fourth wall. 

The ñfourth wallò is a term used to describe the invisible barrier between a play and its audience, in 

addition to the left, right and back walls in theatrical building sets. Breaking the fourth wall is a 

technique used in ancient Greek theater and Shakespeare alike, where characters in the play 

directly address the audience and acknowledge their own fictional nature. The technique has been 

used in many different genres. For example, in the 2013 TV show House of Cards, the main 

character Francis Underwood often turns his head to the camera and speaks out his concealed 

plots and true opinions of other characters to the audience; in the movie Kick Ass, the protagonist 

discusses superhero tropes with the audience as they come up, and warns the audience that he 

might not survive just because he is narrating the story; a famous comic book example exists in 

the Marvel series Deadpool,  in which one of the protagonist Deadpoolôs superpowers is to talk to 

the reader directly, and he constantly refers to the ñyellow boxesò where his thoughts and speech 

appear; and in the video game series Metal Gear Solid, characters repeatedly speak to the player 

directly to provide instructions to playing the game, and in certain places in the series, the player 

will be led by the gameôs instructions to perform real-life tasks, such as switching their game 

controller from one port to the other, in order to win a battle. 

Breaking the fourth wall can be used to address the playerôs health behavior change in a health 

game without breaking the suspension of disbelief. A possible approach is one much similar to the 

style used in Metal Gear Solid, where characters directly refer to the fact that the player is playing 

a game, and that the player has access to the environment in the real world, thus capable of 

performing tasks in it. However, a fine line must be drawn between breaking the fourth wall and 

throwing health interventions directly at the player. 

4.2.2. Techniques to improve adherence 

Using the DraGuNa framework, the game designer is required to use techniques to improve the 

playerôs adherence to the intervention part of the game. Three high level approaches are 

recommended: motivation, reinforcement and tailoring. 



 

Motivation 

According to the Trans-Theoretical Model, individuals in the Pre-Contemplation and Contemplation 

stages do not have enough motivation to engage in health behavior change. Physical activity 

homework for these individuals needs to focus on helping them realize exercise has practical 

benefits, is not burdensome, and can be fun, and that not exercising does long-term harm to their 

life. However, in addition to this, the homework itself needs to be presented in a way to motivate 

the user. Roberts, et al. have identified six principles of influence from years of research in social 

psychology and behavioral finance: 1) Reciprocation: give and take; when someone does 

something for us we feel obligated to return in kind. 2) Consistency: we have a near-obsessive 

desire to appear consistent with what we have already done or said. 3) Social proof: we look to 

others, especially those similar to us, to determine the appropriate action to take. 4) Liking: the 

more we like someone, the more willing we are to acquiesce to her requests. 5) Authority: we have 

a deep sense of duty to authority. 6) Scarcity: something that, on its own merit, holds little appeal 

to us will become decidedly more enticing if it will soon become unavailable to us. Roberts et al. 

implemented the principle of scarcity in an interactive game developed by piecing together Youtube 

videos. In a controlled trial, participants influenced by scarcity reached a specific story state 

intended by the researchers significantly more than those in the control condition (Roberts et al. 

2009). 

Reinforcement 

Operant conditioning is the behavioral process where the addition or removal of a stimulus is used 

to maintain the frequency of a behavior. Operant conditioning can be divided into reinforcement 

and punishment, where reinforcement is used to encourage a desired behavior, and punishment is 

used to discourage an undesired behavior (Skinner et al. 1972).  

Users may also be encouraged to perform their assigned homework through proper reinforcement. 

Negative reinforcement and punishment will not be employed in the study. Constraints and 

punishment can cause participants to withdraw from the study instead of achieving the desired 



 

behavior change outcomes. Positive reinforcement can be integrated into the system to reward 

users when they complete homework or when they make a proper choice for the story, the latter 

being part of agency. Intermittent reinforcement has rarely been tested in a health behavior change 

setting, but may be more effective at behavior change than positive reinforcement alone (Kendall 

1974). 

Positive reinforcements have been widely used in story-based video games already. One of the 

earliest and still most well-known role-playing games, Dungeons & Dragons introduced the 

concept of character experience and character level. By killing enemy monsters and, sometimes at 

the game masterôs discretion, finding creative solutions to advance the story, the playerôs character 

gains experience, which will cause the character to level up at intervals and become more powerful. 

This increases the player characterôs survivability and capability in the story world, at least from the 

playerôs perspective. The experience model has been prevalent to this day, but many games have 

replaced it with new approaches. In Assassinôs Creed, for example, the player character Altair gains 

an improvement in his health and additional assassination tools each time the player finishes a 

section of the story.  

Reinforcements in the intervention can manifest in a number of ways. The program can present 

the user with a physical reward of monetary value, such as a gift card (Vardoulakis 2013), or simply 

cash (Bickmore et al. 2010), and instead of rewarding the user for using the system, as was done 

in the cited work, these rewards can be given for completion of homework assignments. 

Alternatively, the program can offer the user a virtual asset related to the game they are playing, 

such as extra satellite stories surrounding the main theme, hidden background stories of the 

protagonist, or wall papers featuring the game characters. Another way thatôs appropriate if the 

user role-plays a character in the story is letting the userôs character receive an in-story reward. 

These rewards must have a purpose in the story that may materially impact the story progression. 

The in-story reward is also a design opportunity to improve the playerôs engagement through 

increased agency, as the player would feel their actions have an impact in the game world, to be 

further explained in Section 4.2.3. There are also multiple ways to facilitate intermittent 



 

reinforcement. Physical rewards and virtual assets can be offered to the user randomly or following 

a schedule the pattern of which is not perceivable by the user. Physical rewards can also be given 

periodically based on a random drawing, as in the study of Vardoulakis (Vardoulakis 2013). 

Alternatively, the program can provide the user with tokens of different design. Each of these tokens 

can unlock a particular type of reward. A complete set of these tokens may redeem a final reward. 

However, extra caution must be taken when giving out tokens, badges and the like. Although these 

rewards are common in gamification, successfully implementing them requires meaning to be 

attached to these rewards. Games on major game platforms, such as XBOX, Playstation and 

Steam use badges to motivate players to exhaust possibilities in the games they play, but that 

assumes that the player is already engaged with playing the game. 

Tailoring 

ñTailoringò is the method of creating communications in which information about a given individual 

is used to determine what specific content he or she will receive, the contexts or frames surrounding 

the content, by whom it will be presented and even through which channels it will be delivered, a 

process aimed at enhancing the relevance of the information presented and thus producing greater 

desired changes in response to the communications (Hawkins et al. 2008). Tailored messages 

have been shown to outperform non-tailored messages in promoting health behavior change (Noar 

et al. 2007), and tailoring health messages to the user has been shown to improve adherence to 

the program (Kreuter et al. 1999, Strecher 2007). Tailoring is becoming a common practice in health 

behavior change interventions, and therefore is recommended to be incorporated into health games. 

Chapter 2 discussed homework assignments to promote physical activity based on Stage of 

Change and Processes of Change. Constructs such as Stage of Change provide an important 

opportunity for tailoring: individuals should receive interventions tailored to their specific Stage of 

Change. Besides these Trans-Theoretical Model-based factors, an intervention can be tailored to 

many other aspects of an individual: age, ethnicity, culture, profession, personal capabilities, family 

influence, etc. There is a large and blooming area of research on tailoring, and this thesis will only 

focus on TTM-based tailoring, but a game designer using the DraGuNa framework is encouraged 



 

to study the target audience, understand the factors that are important to each individual in the 

audience crowd, and apply appropriate tailoring to both the gameôs story and the homework.  

4.2.3. Additional questions for the designer 

As a game designer decides on the method of implementing a health intervention in the game and 

employs the above techniques to improve player adherence, and after the designer applies the 

engagement techniques discussed in the following section, a prototype game will slowly come into 

shape. Once this basic game is finished, a few more questions must be reviewed to help the 

designer understand the combined impact of the engagement and adherence techniques and make 

informed improvements to the intervention: 

1. How is the player expected to perform homework in real life? 

2. In what way is the homework assigned? 

3. How is the player motivated to perform homework? 

4. How is the player reinforced when they complete homework? 

5. How is the homework tailored to the player? 

Each of these questions must be answered within a specific gameôs context, with both engagement 

and adherence techniques initially employed. The answers to these questions can help the game 

designer anticipate player behavior, thus making adjustments to the adherence strategies to 

enhance the player experience. I will discuss the process of answering these questions, and in 

Chapter 5, I will offer further explanations in a sample game context. 

Question 1: How is the player expected to perform homework in real life? 

A Trans-Theoretical Model-based intervention typically takes months if not years to complete, and 

a small number of assessments and feedback are usually given to each individual going through 

the intervention. This differs from the horizon that a typical computer or video game spans across: 

Unlike a TTM-based expert system, a health game usually only sustains the playerôs engagement 

for a few days or weeks, and unlike an expert system whose primary purpose is to provide feedback, 

a health game is a platform to take an active role in promoting health behavior change. Therefore, 



 

the DraGuNa framework recommends a health game to trigger TTM-based feedback as the player 

progresses to certain points in the game, but a means to assess the playerôs health behavior 

change is needed, and feedback alone may not be enough to incur a significant amount of behavior 

change. The use of homework assignments pertaining to the various Processes of Change and 

Stages of Change solves both problems: it is an active way of helping the player progress toward 

the next stage in their exercise behavior, and the playerôs completion of the homework serves as 

an indicator of how they progress toward their next stage of change. Other types of report 

mechanism, such as data from a pedometer or sensory input are also encouraged for assessing 

the playerôs progress from time to time. 

Another important question that arises here is whether the player should perform the homework 

assignments during his or her game play, such as in Wii Sports, or perform the tasks between 

game sessions? When using the DraGuNa framework to design a narrative-heavy health game, 

introducing behavior-based work within the story, if not handled well, may break the magic circle, 

hence reducing the playerôs engagement. Therefore, the game designer is strongly encourage to 

employ homework assignments between game sessions instead of within. 

Question 2: In what way is the homework assigned? 

For homework to be assigned as part of a game, I recommend the game designer to create 

homework assignments that make sense in the game setting, otherwise it can potentially break the 

believability of the game. It is also the presumption of most health games that the health message 

must make sense in the game setting, be it cancer cells in Re-Mission, or Diab, the town filled with 

junk food in Escape from Diab. Therefore, a basic story of why the player needs to perform these 

homework assignments must be weaved into the main story. 

For a behavior change to make sense in a gameôs story, the behavior change can be directly or 

indirectly associated with the story. In a story with which a behavior change is directly associated, 

the protagonist or the gameôs main non-player characters may need to change the target behavior 

to achieve a grand goal, and the player must make his or her character work hard to achieve 



 

behavior change, or try to help other characters to achieve the behavior change. This is the 

approach used in Escape from Diab. However, this approach can come out as too obtrusive and 

may repel players who find the intervention being thrown to their face. In a story with which a 

behavior change is indirectly associated, the player may start the game engaged in a task 

completely irrelevant to the behavior change, but as the game progresses, the player may be 

required to engage in the behavior change as a side quest, which helps the player achieve a better 

outcome in the story. 

Question 3: How is the player motivated to perform homework? 

The playerôs continued completion of their homework is the quintessential factor of adherence as 

defined in this work. An important purpose of the game and the DraGuNa framework presented in 

this thesis is to motivate the player to complete their homework over a prolonged period of time. 

The motivation techniques described in this chapter must be properly combined with reinforcement 

and tailoring methods within the gameôs context to achieve player adherence.  

Typically, when a player receives a homework assignment, the player has two options: accept it or 

reject it, unless the game forces the player to accept. When a player returns to the game, there are 

typically two outcomes of the playerôs previous homework assignment: the player completed it or 

failed it. Therefore, motivation techniques can be used in two places: to increase the chance that 

the player will accept a homework assignment, and to increase the chance that the player will 

complete a homework assignment. The designer must decide which of the two places to apply the 

motivation techniques discussed earlier in this chapter, if not both, and how to integrate the 

message into the story.  

Question 4: How is the player reinforced when he or she completes homework? 

In a health game, when a player completes a mission, the player expects to be rewarded in some 

way that encourages him or her to continue completing missions in the future. I explored several 

different ways of rewarding the player in this chapter, including rewards with real monetary value 



 

and extra features related to the game. The game designer must decide which reinforcement 

methods are appropriate for a particular game.  

It is also important to ensure that the rewards the player receives build up to a higher goal, or the 

player may feel the rewards are meaningless, just like poorly-designed badges in a gamification. 

Narrative-heavy commercial games build a complicated reward system by replicating a reward 

system recursively, allowing the player to accumulate smaller rewards to unlock rarer ones. For 

example, in Personal 4 Golden, a role-playing game with visual novel elements, the player is 

encouraged to spend time with non-player characters in his spare time. By spending time with 

NPCs, the player character forms ñsocial linksò with them, which unlocks certain abilities in the 

playerôs team members, making them stronger in combat, or provides benefits such as discounts 

toward a particular service in the game. When the player spends enough time with one of the NPCs 

(usually ten times given the player makes every choice in the NPCôs favor), the player and the NPC 

will form an unbreakable bond, and may enter into a relationship if the NPC is a female character 

(the player character is fixed to be male). This unbreakable bond will allow the NPCôs supernatural 

powers to evolve, granting bonuses as a reward. As another example, in Danganronpa 2, a highly 

successful suspense visual novel, the player is encouraged to spend time with the 15 non-player 

characters in the game. Every time the player character spends time with an NPC, the two 

characters will grow closer, and the player will gain a piece of ñhope fragmentò. With enough hope 

fragments, the player can purchase skills from a special NPC that can be used in the next ñclass 

trialò (which is the action-heavy portion of the game). However, spending time with NPCs does not 

just stop here. If the player character talks to any particular NPC five times, the player will earn 

enough trust from the character to learn his or her past secrets, upon which time the player will 

learn a unique skill that can only be unlocked by completing the NPCôs story arc. These unique 

skills are often more powerful than the skills purchased using hope fragments, thus giving the player 

incentive to complete as many charactersô story arcs as possible. 



 

The approach taken by the aforementioned commercial games is a feedback loop, as illustrated in 

Figure 4.4. A game designer can easily apply this approach in a health game, as long as all the 

rewards are consistent with each other and make sense in the gameôs context. 

 

Figure 4.4. Feedback loop of narrative-heavy commercial games 

Question 5: How is the homework tailored to the player? 

Homework assignments can be tailored to the player in a variety of ways and on a variety of levels. 

Homework assignments can be tailored by Stage of Change, where players in different Stages of 

Change receive different homework assignments; they can also be tailored to Processes of Change, 

where players lacking in particular Processes of Change receive homework assignments targeting 

these Processes of Change specifically; homework can also be tailored based on the playerôs 

preferences, such as whether they prefer to perform an activity alone or with other people. For 

example, a player who prefers to exercise alone may benefit less from a homework assignment 

that encourages the player to work out with friends. 

In an ideal case, tailoring is done continuously during game play. As the player progresses in the 

game, days and weeks will pass. The player may be influenced by the game experience and start 

changing his or her behavior. For example, a player may begin playing a health game in the 

Contemplation stage, and after finishing a few missions, the player may feel ready to start making 

a change. In this case, it is reasonable to reassess the playerôs Stage of Change and, upon 

detecting a change in the playerôs behavior, adjust the homework assignment scheme.  
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4.3. Promoting Engagement   

Traditional storytelling has produced many techniques to improve the audienceôs engagement, and 

many of these techniques have been prevalent in commercial games. When transforming a story 

to an interactive game, these techniques can still be employed to generate engaging experiences. 

As part of the DraGuNa framework, a few of these engagement techniques commonly employed 

in drama are recommended to be carefully applied in a health game (Egri 2007, Turner 1994). Also 

recommended are a series of principles used in video game design to improve player engagement. 

These techniques will be explained in the next few sub-sections. 

4.3.1. Engagement techniques in drama 

Suspense: Suspense is common among all forms of storytelling. A simple way to improve 

engagement of a game is through constant suspense. In Danganronpa, a visual novel best known 

for its breathtaking story, suspense is constantly applied across the entire game: the player is first 

given the puzzle of how he and another 15 high school students, all of whom have lost their 

memories, ended up in a twisted killing game, and as the game progresses, the antagonist will 

intentionally give the player a hint in every chapter, which would cause the player to delve deeper 

into the puzzle, yet uncovering only more questions than answers. In an interactive game 

expanding across multiple reading sessions, it is necessary that suspense is created at the end of 

each session to keep the users coming back. 

Characterization: Characterization is the traits displayed by characters in a story. Freeman has 

introduced a technique of creating memorable characters in Emotioneering (Freeman 2004). 

Following Freeman, a character can be created by developing a trait diamond, where a characterôs 

personality can be described by three to five traits. To make a character memorable and relatable, 

these traits are recommended to be non-stereotypical. The relationships between these traits can 

also be seemingly conflicting, but if deeper motives or the personal history of the character are 

revealed, the traits will likely make sense to the player. When expanding on an existing story, it is 

the authorôs job to distinguish each significant characterôs trait diamond. These traits can then be 



 

used to model how the characters would each treat the player and what type of interactions the 

player can have with these characters outside the framework of the existing story. 

Tragedy: In drama, tragedy occurs when a character that the audience relates to and sympathizes 

with encounters ill fate. This usually results in said character losing something dear to her, being in 

pain, or dying. Tragedy is not necessary in all types of drama. It is dependent on the genre and the 

message being delivered. In an interactive game, tragedy can be employed to motivate the player 

to achieve certain goals because they want to help or avenge the characters to whom tragedy has 

occurred. However, given the story used in this work, tragedy will not be applied to the story in a 

dynamic fashion. 

Transition: Transition is the process that describes the growth of a character, or the growth of the 

relationship between multiple characters. Transition is the essential force that drives a story to 

progress, as it is the critical process of character growth as well. For example, the heroôs journey 

describes a type of transition where a character becomes mature and powerful through the course 

of a story (Campbell 2008). In the video game Assassinôs Creed, Desmond Miles does not 

understand the assassinôs discipline even though he was born an assassin. As he gets to learn his 

ancestorsô struggles against the Templars, his character transitions and he begins to work with 

other assassins and to atone with his father. Good transitions invite the audience to invest 

emotionally in a story and are part of the engagement of a game.  

Foreshadowing: Foreshadowing is the technique where the author uses a threat to prepare the 

reader for a major conflict. In the visual novel Ace Attorney, the story introduces the protagonist 

Phoenix Wright and his old friend turned foe prosecutor Miles Edgeworth. The story tells the 

complicated relationship between the two, making it clear that Phoenix and Miles are men with 

different ideals, but they are the same in defending what they hold true. This relationship serves to 

signal the later part of the story where Edgeworth was prosecuted and he asked Phoenix Wright to 

be his lawyer. In a long serial story where the playerôs role transitions over time, foreshadowing can 

be used to prepare the player for this change. The playerôs relationship with each character in the 



 

story may start from one pole and transition to the other end towards the end of the game, and the 

non-player characterôs attitude change toward the player can foreshadow this transition. 

Movement: Movement describes the process of a well-written conflict: the most engaging type of 

conflict is that which is moving back and forth, where one side attacks and the other counterattacks. 

In the popular detective visual novel Danganronpa 2, the player character and the antagonist are 

competing to sway fate to their favor: the antagonist, Junko, plots to kill several of her disciples in 

a computer simulation, upon the death of whom, Junkoôs personality will be uploaded to the dead 

discipleôs body and rise to bring destruction to the world, whereas the player character, one of 

Junkoôs disciples, not knowing Junkoôs plot, struggles to survive in the computer simulation, where 

he and the other 15 disciples are forced to kill each other. In the game, the disciples are trapped 

on an island, where certain sections of the island are blocked by mono-beasts, powerful machines 

that prevent the player character from venturing further. However, after each class trial, where two 

or three fellow disciples would die, their powerful ally, Monomi, would defeat a beast and unlock a 

portion of the island, where the player learns new secrets of Junko. Each chapter of the game is 

composed of loss of several characters, furthering of Junkoôs plot, and the unlocking of the island, 

pushing the player character closer to defeating Junko, thus forming movement. In the example, 

not only does movement itself increase engagement, it also provides suspense and creates cliff-

hangers. 

4.3.2. Engagement techniques in games 

Narrative-heavy video games have developed an additional set of engagement techniques to aid 

the delivery of drama. In the Mechanics, Dynamics and Aesthetics (MDA) framework, a formal 

approach to game design and research, Hunicke et al. proposed eight significant elements that 

engage players on the aesthetics level: sensation, fantasy, narrative, challenge, fellowship, 

discovery, expression and submission (Hunicke et al. 2004). In a typical role-playing game such as 

Final Fantasy, fantasy, narrative, challenge, discovery, expression and submission are the key 

elements that keep players engaged. Besides narrative, which has been discussed extensively in 



 

this thesis, each of the five other elements deserves to be examined for its applicability in a game 

within the constraints of this work. 

Fantasy: Many role-playing games tell stories in a sci-fi (e.g. Mass Effect) or fantasy (e.g. Dragon 

Age: Origins) setting. The fantasy element is often an obvious element that determines whether a 

player will attempt to play the game. Fantasy exists in some visual novels too, such as the game 

Fate / Stay Night, which tells the story of sorcery wielders in modern Japan, and Myst, in which the 

player is transported to a surreal island through the magic of a book. However, fantasy is not a 

necessary element in visual novels. Many successful visual novels feature stories in a real-world 

setting, such as Ace Attorney and Katawa Shoujo.  

Challenge: Challenge overlaps heavily with the concept of hard fun in Lazzaroôs fun factors model 

(Lazzaro 2004). A typical role-playing game challenges the player with stronger foes that the player 

character has to fight against as they progress and gain powers through the story. This approach 

alone is perceived as insufficient in the modern era. Advancements in video games have introduced 

many different ways to challenge the player. For example, in each Final Fantasy game, there are 

boss fights that the player has to win by employing unusual strategies. These boss fights are 

completely optional but highly rewarding. In many western role-playing/action games nowadays, 

game designers interweave action challenges and other types of challenges. For example, in God 

of War, a combat sequence usually leads to a puzzle, and at the end of a puzzle, the player is 

usually welcomed with a more challenging combat sequence. Similarly, in Assassinôs Creed, a 

combat sequence is usually followed by a stealth mission, such as eavesdropping, assassination 

or thievery. Players are also challenged to adapt to new game mechanisms in most modern games. 

In the games Tomb Raider and The Last of Us, as examples, the player characters will acquire 

new weapons and unlock new abilities of these weapons. Using these weapons is usually 

necessary for finishing the game, but each of these items requires practicing to be used efficiently. 

Except for the Danganronpa series, where the player is rewarded skills that may give the player 

an advantage in class trials each time the player completes a characterôs side story, it is not 

common for a visual novel to employ challenges in the methods above, but in a similar way, visual 



 

novels usually reward players with key items or information that will help them resolve puzzles in 

the story. This technique will be used in this work to improve player engagement. Some visual 

novels also limit how long the player can take to choose an option, such as The Walking Dead 

and Sakura Wars. This creates tension and challenges the player to pay attention to the game and 

respond in a timely manner.  

Discovery: Discovery corresponds to the concept of easy fun in Lazzaroôs fun factors model 

(Lazzaro 2004). This includes the discovery of a location or a culture: when the player discovers 

Shamballa following Nathan Drakeôs treasure map in the game Uncharted 2, the experience of an 

astounding view and an unexpected civilization adds to the gameôs engagement. Discovery can 

also be the revelation of new ideas. Many visual novels rely on an idea or a philosophy to keep the 

player engaged. Take a recognized visual novel, Never 7, as an example: the player is required to 

play the game multiple times to complete it. In the first game play, the player is lead to believe the 

playerôs summer camp team is trapped in a time loop, where a tragic event is bound to happen 

over and over again, repeating a week-long cycle. In the next few game plays, the player tries 

different ways to get out of the time loop. After all the possible attempts, the player discovers the 

entire summer camp is an experiment conducted to investigate a phenomenon where two believersô 

delusion can spread among several individuals and eventually become reality. The player will 

realize that the experiment started with two NPCs believing the player character has déjà vu, but 

soon evolved into the group believing the player character has the ability to time travel. The entire 

game is built upon a puzzle of several things to be discovered, which makes the player eager to go 

from one plot point to another. Discovery can also be about new abilities or items at the playerôs 

disposal, especially if these abilities and items introduce new strategies to win the game. One 

example is Final Fantasy VII, in which the player characters pick up magic stones with a variety of 

powers called materia when they travel the world. As the player progresses through the story, they 

will discover materia with more powerful spells. In addition, these materia can be used in connected 

slots in the charactersô equipment to produce effects many times stronger than they are used alone. 

These combinations will also have strong effects against certain types of enemies and weak ones 

against others. This requires the player to try out different combinations of materia when they 



 

discover a new one. Discovery of items, abilities and new sites can be implemented in a visual 

novel as described in this dissertation, especially as a mechanism to reward the playerôs 

involvement with the story and their performance in homework. 

Expression: Expression is self-discovery, where the player expresses their feelings or empathizes 

with the game charactersô emotional expressions. One example of this type of engagement can be 

found in the game The Last of Us. The story takes the player through a post-apocalypse world 

filled with zombie-like creatures. The player experiences the story through Joel, a middle-aged man 

whoôs lost his daughter to the apocalypse. The player character is forced to take on a job to escort 

a little girl Ellie, who happens to be about the age of Joelôs daughter when she died, to a 

revolutionistsô camp. Joel forms an emotional bond with Ellie during the journey, and at the end of 

the trip, Joel risks his life and the chance to find a cure to the zombie virus for Ellieôs survival. Joel 

ends up making hard decisions, killing revolutionists who want to retrieve an anti-virus from Ellieôs 

body and lying to Ellie about his many murders. The game reaches an emotional climax at the end 

of the story. This level of engagement is difficult to achieve even with scripts written by professional 

screenwriters through years of effort. As a result, this thesis will not be concerned about expression, 

and rely on the story chosen to deliver the emotional impact that the author is capable of. 

Submission: Submission is pass-time, where a player is enchanted to engage in a behavior for a 

prolonged period of time. Submission means that a game provides a player with something to do 

over and over again when the player has no other important engagements. Even though role-

playing games and visual novels are centered on the quality, rather than length, of a pre-scripted 

story, number of hours of game play is still a significant measure of a commercial gameôs worth. 

Therefore, story-heavy games typically employ several techniques to expand the types of things a 

player can do. For example, Final Fantasy series always offers a list of hidden quests that the 

player can engage in. These quests will reward the player with very powerful or very interesting 

items or abilities, which will help the player conquer even more hidden quests. In order to finish 

these quests, the player must also spend hours leveling up their characters, which typically involves 

finding the most rewarding monsters and repeatedly beating these monsters. Assassinôs Creed 



 

also offers a number of side quests. These side quests reward the player with wealth and items 

required to upgrade their weapons. They also act as part of a collection. When players finish all 

side quests of the same kind, they are rewarded a trophy visible by their friends through console-

based social networks. Bioshock Infinite does not have a side quest system. Instead, the game 

allows the player some level of freedom on the game map, so that the player can walk around 

picking up additional loot, or go back to an old scene when they have acquired a key to unlock a 

previously locked safe. The rewards are usually minimal, but as large sums of such rewards 

accumulate, the players feel an impact in their characterôs progression, and may consider it worth 

their time. Visual novels typically use a considerable amount of story to extend the length of game 

play. Some visual novels do allow the player to wander in different places as part of the process of 

advancing the story, such as in Ace Attorney, where the player is required to arrive at different 

scenes in different orders to acquire evidence to present to the court. The mechanism of allowing 

the player to investigate different scenes in a visual novel can be applied to an existing story with 

minimal effort on expansion. Thus this technique will be employed in this work. 

Agency: In addition to the MDA framework mentioned above, there are other theories developed 

to guide towards an engaging game experience. Among these theories, the concept of agency has 

been considered an important goal of modern game design (Murray 1997). There are two types of 

agency: local agency means a game responds to every player action with an immediate feedback, 

such as making the playerôs spaceship shoot a laser beam whenever the player presses the right 

button; global agency means a game alters later parts of the game based on major decisions the 

player makes early on, such as in many visual novels where each choice the player character 

makes will lead to a different path of the story. When combining a game with a health intervention, 

local agency can be achieved by allowing users to make choices for characters in the story or by 

providing feedback to the userôs homework completion status, and then altering the immediate 

storyline to reflect the userôs choices or homework performance. Achieving global agency will 

require the game to be arranged in such a way that reflects the userôs choices within a large time 

scope, potentially several days or weeks. Games with multiple choices typically branch into different 

paths based on player choices in the story. This can be as small as the player acquiring a resource, 



 

or as grand as the player engaging an alternative route and ending of the game. Here, a few 

possible approaches to branching is recommended: 

Local branching: At a point of branching, based on player choice or, as in the prototype game in 

this dissertation, the playerôs homework performance, characters in the story can be awarded an 

item, granted an ability, or given guidance to a solution. This temporary solution may have a small 

impact on the story immediately, so that the character can achieve whatever goal theyôre trying to 

achieve easier or better. Once the solution has had its impact, the item or ability will be eliminated 

from the story. For example, in the visual novel Never 7, the player must play the game multiple 

times to beat it. During each of these walkthroughs, the player will make several choices. The 

playerôs choices will affect the relationship between the player character and the NPCs, affecting 

the charactersô mood and altering how the story progresses on a small scale. This is local branching. 

At a later point in the walkthrough, the player characterôs relationship with other characters will be 

analyzed to determine which ending the player will receive. This is an example of global branching, 

as explained below. 

Global branching: At a point of branching, the user choice or homework performance will influence 

whether characters in the story will be given an item, a solution or an ability that has a long-lasting 

impact. As an example, in Dragon Age: Origins, the playerôs decision regarding what to do to their 

potential allies will determine what type of reinforcements they have when they eventually face the 

villain. 

Choose your own adventure: Choose your own adventure is a type of story that is highly 

customizable based on the playerôs choices. Each player choice can potentially lead to a story 

completely unrelated to the stories that would be presented had the player chosen otherwise. An 

example in the form of video game is A Duck Has an Adventure, an Android app featuring the story 

of a duck with many player choices. This type of video games is difficult to develop due to the strong 

requirement for content development.  



 

4.2.3. Methodology for Incorporating engagement techniques in a health game 

One problem unique to narrative-based games for health is how to integrate the health intervention 

into the gameôs story coherently. The majority of games for health have chosen to develop stories 

featuring characters with problems in the health behaviors in questions. For example, PlayForward, 

a visual novel type of game with minigames integrated aimed at providing young teens with the 

knowledge and skills necessary to avoid engaging in behaviors that increase their risk of 

contracting the HIV, contains several chapters of stories featuring young teens battling a variety of 

problematic behaviors at school, such as cheating in an exam, and refusing peer pressure (Duncan 

et al. 2014). As another example, QuitIT, a game aimed at enhancing coping skills for smoking, 

uses several short stories where the player character must help themselves or others resist the 

urge of smoking (Krebs et al. 2013). The stories in these games serve an inoculation therapy of 

sorts, providing the players opportunities to rehearse possible scenarios, where the player can 

develop coping strategies in a safe environment.  

This approach of story writing has two major issues. First, players rehearsing a behavior in a virtual 

environment may not carry the behavior to the real world. For example, a player may enjoy running 

miles in a game world, if the gameôs mechanisms makes running in the virtual environment fun, 

while the player may be willing to perform no physical activity in the real world. This is especially 

true toward the later phases of behavior change in the Trans-Theoretical Model, where the 

individual has acquired sufficient knowledge on the subject matter and must actively engage in 

behavior change. Second, stories developed only for the purpose of discussing a behavior may 

lack a well-defined premise. A premise is a storyôs purpose, moral, or theme, which is a 

philosophical idea that holds true across cultures and times (Egri 2007). A storyôs premise is 

reflected throughout the story in different places, and it is difficult, if not impossible to engage a 

broad population with a story that does not have a sound and interesting premise. Determining the 

premise is often the first step of story writing, and it is important that story writing for health games 

follow this approach, if one aims to create engaging stories for these games. 



 

Therefore, instead of creating a story surrounding the theme of health behavior change, in this work 

I propose a different approach to story writing in games for health, specified in the following three 

key steps. 

Step 1: Writing the basic story. 

The game writer starts writing a story because they have an idea to express, and they would like 

to deliver the message through a story. Thus the story is written as if it is for a commercial game, 

delivering a premise that the player can resonate with. Methods to come up with good premises 

can be found in the play writing literature, such as (Egri 2007). The game designer can also choose 

a story written by an external source, as I have done in the game described in Chapter 5, in which 

case the story may or may not have a sound premise. The game designer must make a judgment 

of, or conduct research to find out, whether the story has a good premise. If not, the game designer 

must modify the story so that a good premise can fit it. The methodology for adapting an existing 

story will be covered in more detail in Section 4.5. 

Step 2: Weaving behavior change into the basic story. 

Once the gameôs basic story has been formed, the intervention for the target health behavior 

change needs to be integrated into the story: the player may be asked to engage in behavior 

change to advance the story or as part of the plot, and the connection between the playerôs behavior 

change and the story progression must be logically coherent, or the storyôs believability can be 

damaged quickly, and the player will lose interest in the story. The premise of the basic story can 

be revised to make way for an easier integration of health behavior change, and if so, the game 

designer can revise the basic story accordingly as well. 

Step 3: Anticipating player behavior. 

In a health game developed for long-term behavior change, the playerôs stage of change may or 

may not change during the course of the game play, and if it changes, each playerôs speed of 

progression may be different. The game designer may choose to take into account the possible 

change or stagnancy of the playerôs health behavior change, and consider how the gameôs story 



 

should be adjusted in response to different patterns of player behavior. This is an optional step, but 

it may help the player to perceive the impact of their real-world behavior in the story, thus serving 

as reinforcement to the playerôs game play, making the player more engaged in the game and 

adherent to the intervention.  

4.3.4. Further questions for the designer 

The above techniques of engagement answer the critical question of how to make a health game 

enjoyable to the player. However, a few critical questions must be answered in the specific context 

of the gameôs story and setup, as both a review of legitimacy of the choices to apply or not apply 

each engagement, and as an opportunity to further immerse the player in the game world. The 

DraGuNa framework therefore recommends that a game designer create a basic game following 

these guidelines of engagement and incorporate the intervention part into the game, before 

revisiting the following questions and making final decisions of the engagement techniques to 

employ. 

1. What is the playerôs role in the game? 

2. What drama techniques are used in the game, and how is each technique integrated in the 

game? 

3. How is branching achieved in the game, if any? 

I will discuss the answers to these questions here, and offer more explanations in an example 

gameôs context in Chapter 5.  

Question 1: What is the playerôs role in the game? 

Since the basic story should have been written at the point this question is asked, the playerôs role 

in the story should already be more or less determined, but the game designer must still consider 

how to implement the role in the game. This typically entails two generic questions: 

1. How does the player character interact with other characters? 

2. How does the player character interact with major goals, objects and forces in the story? 



 

A typical game mechanic involving interactions in a game is to let the player control the flow of his 

or her conversation with the different characters in the story, and to determine the kind of power 

the player has by his or her relationship with these characters. The implementation of this mechanic 

will involve allowing the player to make choices during certain interactions with non-player 

characters and other objects and forces, and scripting meaningful feedback based on these player 

choices. Essentially, this approach requires a system that affords branching: the method of 

recording every important player choice and using conditional clauses to determine the story 

immediately following the player choice or some time further into the story. In order for the 

branching to be engaging, the choices that the player makes must lead to meaningful 

consequences in the story, and considering the two key questions that I seek to answer, in my 

prototype, Iôve chosen to let the playerôs homework progress affect the way he or she interacts with 

the characters and atomic energy. 

To make things simpler and easier to manage, the game designer can also choose the use a low-

interaction approach in a game. The approach is prevalent in visual novels, where the player 

typically clicks through the story. The story can still be engaging if done right, but to do so requires 

much more experience in both story-writing and game design. Eventually, deciding how the player 

interacts with the gameôs environment is a matter of agency: how much local and global agency 

does the game afford is determined by the types of interaction the player is allowed in the game. 

Question 2: What drama techniques are used in the game, and how is each technique 

integrated in the game? 

For a story to be successful, the writer must be able to command as many drama techniques and 

use them as properly as possible. Earlier in this chapter, I have listed several drama techniques 

that are commonly used and have been applied in intelligent narrative systems. All of these 

techniques can be applied methodically through the story in the writing stage, but some techniques 

can be applied dynamically, based on the playerôs behavior in and outside of the game. 



 

In Section 4.4, I will discuss an algorithm that applies two drama techniques dynamically. This can 

serve as a starting point for game designers who wish to integrate drama into their health games 

in a way that depends on the playerôs behavior and potentially reinforces desired behaviors. 

Question 3: How is branching achieved? 

A most basic branching mechanic, used in the majority of commercial games, is for the game to 

allow the player to make multiple choices and choose a pre-determined path of story progression 

based on the choice. In a health game, a good reason for employing branching is to allow the player 

to make an impact on the story based on whether he or she completed the homework, and creating 

both local and global agency. In a commercial game, a likely approach is to set a ñflagò after a 

player completed or abandoned each homework, and the flag will be used to determine if a certain 

branching path should be selected by hard-coded scripts. To create global agency, earlier flags will 

influence the later stages of the game, and multiple flags may interact to branch into distinctive 

story paths. Under this approach, the amount of content needed increases exponentially as the 

number of player choices increases. This method also suffers from the low probability of each story 

path being experienced by a player, and thus it is hard to argue that the amount of effort spent on 

writing the branching scripts is worth the while. Game designers on large projects tend to keep the 

number of critical branching small, so that the amount of writing does not grow exponentially. Game 

designers can also focus more on local agency and ignore global agency until the very end of the 

game, which is an approach taken by the Dragon Age series. Under this approach, the main story 

line remains linear, and the player still achieves a sense of control.  

4.4. Achieving engagement and adherence using intelligent narrative 

In Section 4.2, I discussed that motivation techniques and reinforcements can be tailored to each 

player, and in Section 4.3, I discussed different ways to achieve branching in a story, and the 

possibility that drama techniques can be applied to a story dynamically, based on a playerôs actions 

in the game or on their homework progress. As part of the DraGuNa framework, I explain the use 

of a piece of intelligent narrative technology, a Narrative Selector, to implement these methods. 



 

To explain the mechanics of the Narrative Selector, let us examine an important concept in this 

algorithm: a satellite story. A satellite story is a chunk of story that is related to the main story but 

is not necessary for the story to progress. Satellite stories are used in many commercial games to 

prolong the game-play, and in some games, to reveal additional information that the writer would 

like the audience to receive. A satellite story is the basic drama unit that the Narrative Selector 

manipulates, similar to a beat in the Façade drama manager. A satellite story is longer than a beat, 

in that a beat is usually one exchange of conversation, while a satellite story can entail multiple 

exchanges of conversation, and a number of advancements in the story. I chose to work with 

satellite stories as the basic drama unit because it is quite easy to maintain the integrity and 

consistency of the story by inserting satellite stories compared to manipulating smaller units such 

as beats. Multiple satellite stories on the same topic can be used to build a satellite story line, 

where the dramatic tension increases with each satellite story told. 

The primary function of the Narrative Selector is, as its name suggests, to select a satellite story at 

certain spots of a game. These spots can be when a motivation technique is needed or when a 

reward needs to be given to a player, and these satellite stories can serve the purposes of applying 

drama techniques, and to branch the story thus achieving agency. The following algorithm, 

AddStory, describes the mechanics of the Narrative Selector. 

Algorithm AddStory: 

1. toFollow = the type of satellite story requested at the current position, depending on the 

playerôs actions in the game or progress in their homework assignments. 

2. keys = current conditions that must be met. 

3. storySet = find all satellite stories whose category matches toFollow. 

4. chosenStory = find satellite story in storySet that meets all requirements in keys and has 

highest priority. (priority is determined by the progress already made on each satellite story 

line: the more a story line has progressed, the higher the priority) 

5. priority of chosen satellite story line += 1. 

6. return chosenStory. 



 

This algorithm leaves a lot of space for a game designer to customize his or her own Narrative 

Selector. For example, a game designer may decide that only a playerôs homework performance 

influences the choice of toFallow, or the designer may require that a certain character must be 

present around the player character when a satellite story surrounding that character can be 

presented. As another example, the algorithm also allows for the construction of a feedback loop 

as illustrated in Figure 4.4, above, where the completion of a character arc leads to a more 

significant reward. This can be achieved by assigning satellite stories further along a satellite story 

line a higher priority, and changing a condition required for a significantly rewarding satellite story 

at the end of a satellite story line.  

In summary, this algorithm can be used to function as a central mechanic to be triggered whenever 

a satellite is needed. A typical homework-based health game session using the Narrative Selector 

can be illustrated by Figure 4.5. 

 

Figure 4.5. A typical homework-based health game session using the Narrative Selector 

In Chapter 5, this algorithm will be reviewed in the context of an example game to demonstrate the 

customization process. 
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4.5. Methodology for Adapting Existing Serial Stories for the DraGuNa Framework 

Although game designers may want to write new stories for narrative games for health, there are 

many situations in which developers may want to design their game around an existing story or 

serial, for example, to brand a game with an existing commercial series, or to minimize the time 

and cost of game development. Before delving into the development of an example game, I will 

discuss a methodology for re-purposing existing story content for a narrative-based health 

promotion game. Let us review the details of the process of using a third-party story in the DraGuNa 

framework. The chapters that follow will be centered on a game created in the manner elaborated 

here. The procedure recommended in this work follows three steps: choose the story, adapt the 

story, and incorporate intervention. 

Step 1. Choose the story 

When a game designer decides to adapt a story, he or she may begin with a relatively large 

repertoire of stories to choose from. The story may take on a variety of forms: novels, comic books, 

videos, or even existing video games, as long as the designer has a way of reusing the materials 

in the new game. Robertsô study is a good example of reusing videos to create a game for research 

purposes (Roberts et al. 2009). It is the game designerôs job to determine what medium to look at 

and how to make use of the materials from the medium. The easier it is to reuse materials from a 

medium, the more original work is required to create a playable game from these materials. For 

example, stories from novels are relatively easy to adapt, but original art work, sound effects, and 

possibly music and voice casting are required before a playable game takes form; on the other 

hand, existing games can be used for a study immediately, because these games are already in 

playable format, but to change the story even slightly requires access to the gameôs code, or some 

way to extract the various art and sound files and rearranging them using a re-written game 

architecture. 

Although the majority of games for health chose to use a story closely tied to the health behavior, 

this approach may be more effective towards players in later Stages of Change. If an individual 

voluntarily plays a health game without prior knowledge of the health intervention, especially if the 



 

individual is in earlier Stages of Change of the target behavior, it is advisable to choose a story 

unrelated to the health behavior so that the health message remains unobtrusive (Slater et al. 2003). 

However, to remain relevant to the behavior change intervention, the story may contain one or 

more characters that exhibit the behavior, who also play important roles in the story.  

When choosing the story, the designer must also pay attention to the length of the story, the quality 

of the story, and the size of the target audience who has already read the story. It is difficult to find 

a story that is both well-written and unknown, for well-crafted stories tend to receive attention and 

become wide-spread. If a gem truly remains hidden, the designer has to be lucky enough to be 

introduced to the story in some way. In some cases, using a well-known story does no harm to the 

gameôs purpose, and perhaps may even increase the playerôs engagement with the game, but 

otherwise, I recommend looking for a story with relatively high quality and less well known to the 

general public so as not to bore the audience. 

Step 2. Adapt the story 

Once a story is chosen, the designer can read through the story several times to understand the 

storyôs structure and each major characterôs progression throughout the story. The first step of 

adapting the story for the purpose of the game is to construct a background story for each main 

character. These background stories should be self-consistent, and should help justify the actions 

and choices of each character in the original story. For instance, if a game designer were to adapt 

the story of Batman: Dark Knight Rises (2012), the designer must rewrite a major part of Batman 

Begins (2005) and the small portion of Batman: The Dark Knight (2008) that relates to the death 

of Rachel and Harvey, because only with the prior stories can Batmanôs actions in the final chapter 

of the trilogy be justified. 

The game designer can then edit the story to make it suit the gameôs context better. This includes 

adding details that are relevant to the storyôs premise, removing segments of the story that are 

irrelevant, and editing the length of the story and deciding the length of an average game session 

to fit the desired length of the health behavior intervention, etc. The purpose of the editing is three-



 

fold: 1) it can increase the playerôs engagement with the game, 2) it can smoothen the integration 

of the behavior intervention, and 3) it can help the designer define the role that the player character 

plays in the game and make the playerôs relationship with the game more interactive. Once these 

background stories are developed and carefully edited, the game designer can draw satellite stories 

from these background stories. The satellite stories can be reflections of the past, or non-player 

charactersô confessions, regrets, or inspirations related to their past. 

Once all editing is in place, the designer ought to also identify potential places that can relate to the 

health behavior change intervention. As mentioned in Step 1, if some of the characters exhibit the 

problem behavior or are exemplars of a desired behavior, these characters can easily serve as a 

pivot to deliver the intervention messages. If the player character can perform certain tasks in the 

game that relate to the health behavior, an emphasis may be placed on the player characterôs role. 

Step 3. Incorporate the intervention 

At this point, the game designer should have a behavior change intervention ready to be integrated 

into the game. The intervention can take on the form that is used in this dissertation, namely a daily 

homework system, or some other form that can be proved to work. The game designer then defines 

how the player will be involved in the intervention, and how the playerôs actions will impact the 

progress of the story. 

In the following chapter, I will discuss a prototype game designed using the DraGuNa framework. 

The story of the game is adapted from a 1950s comic book, by following the three steps listed 

above.  

 

Chapter 5. Example Game: Adventures of the Atomic Submarine  

In this chapter, I discuss a computer game I developed following the above methods to promote 

physical activity. The game has a heavy emphasis on narrative, following the DraGuNa framework, 

to improve the playerôs engagement with the story and adherence to the homework, and the 



 

Narrative Selector has been adapted to the gameôs context to serve the purpose of providing 

tailored stories, reinforcement and engagement. The intervention part of this game was created 

based on the principles of Trans-Theoretical Model, using homework assignments to promote 

physical activity described in Appendix A. A list of the Processes of Change, their corresponding 

Stages of Change for physical activity interventions, and a sample homework assignment for each 

Process of Change, developed for the intervention in this thesis, are listed in Table 5.1.  

Process of Change Stages of 
Change 

Sample Homework 

Consciousness Raising PC, C Search for online articles about the pros and cons 
of physical exercise. 

Dramatic Relief PC, C Reflect on movies or TV shows youôve seen and 
think of one character who could benefit from 
exercising. 

Environmental Reevaluation PC, C How would the society change if more people 
exercise regularly? 

Social Liberation PC, C Ask two friends about their opinions of exercise. Do 
they know that exercise is good for them? 

Self-Reevaluation C, P Imagine that you are exercising regularly. Will that 
make you happier? 

Self-Liberation P, A Think about an exercise goal you want to reach by 
the end of the year. Make it a New Yearôs 
resolution. 

Helping Relationships P, A, M Find someone you can trust. Ask them whether 
they can play the following game with you: at the 
beginning of each week, tell this person your 
weekly exercise goals and give them a small 
amount of money that you would feel bad if you 
lost. At the end of the week, if you meet your 
exercise goals, you may take the money back. 
Otherwise, your trusted person will keep the 
money. 

Counter Conditioning P, A, M In the afternoon or after work, when you feel tired, 
take a walk instead of taking a nap. See if that 
makes you feel better. 

Reinforcement Management A, M If you meet your walking goal for the week, treat 
yourself with a frozen yogurt, cook yourself 
something nice, or get yourself a gift that you 
wanted to have for a long time. 

Stimulus Control A, M Put on special clothes suitable for exercising when 
you go for a walk. Put these clothes in a place 
where you can easily see and access. 

Table 5.1. Sample Homework Assignments for Physical Activity Promotion 

5.1. Story Choice 

The game, Adventures of the Atomic Submarine, is adapted from Commander Battle and the 

Atomic Sub, a cold-war-themed comic book series considered to be created by Richard E. Hughes 



 

and Sheldon Moldoff and published by American Comics Group in 1954 and 1955. The comic book 

genre was chosen because it is a balance between ease of reuse of materials and ease of story 

modification: the frames of a comic book can be cut off and rearranged, and the texts from the 

comic can be edited to give the story a new meaning. The particular comic book was chosen 

because it is a balance between quality and fame: for a story not well-known to the public, I chose 

public domain comic books as a main source of search, and among the public domain comic books 

available, Commander Battle and the Atomic Sub was one with relatively good quality, whose writer 

would later create Marvelôs Dr. Strange, and whose artist would later become a ghost artist for 

Batman. 

To create this game, the original comic book was modified to create a new story. A game interface 

was created so that it becomes easy for the player to go through the comic book on a computer, 

that homework assignments related to physical activity can be assigned to the player, and that 

players can report their homework progress in the game. An underlying algorithm was also 

developed to apply several engagement and homework adherence techniques discussed above in 

the game. Figure 5.1 is a snapshot of the main menu of the game. 

 


































































































































































































































































































































