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Abstract: Poor health behaviours established in adolescence can have lasting consequences in later life, such 
as obesity and sedentary behaviour. Interventions aimed at changing health behaviour typically have poor 
results. Serious video games have the potential to offer an intervention grounded in a fun and engaging world. 
Currently, there is no standard design tool used to help guide developers through the process of designing a 
serious video game to provoke healthy behaviour change. This paper will review behaviour change techniques 
(BCTs), discuss game design tools and why there is no current standard and will introduce a card-based design 
tool that was developed as a result of this analysis. This PhD project has implications for both serious game 
developers and behavioural psychologists as the design tool will allow stakeholders in game design and 
behavioural psychology to communicate more effectively in order to realise game-based health interventions. 
The outcome will be an alternative way to visualise and map behavioural theories in the early-stage 
development of serious games for healthy behaviour change. 

Keywords: serious game development tool, serious games for health, behavioural psychology, behaviour 
change techniques, behaviour change game, behaviour change game tool. 

1. Background 

Poor health behaviours established in adolescence, between the ages of 10 and 19, can lead to a reduced level 
of physical activity and coronary disease in adult life (Pulgaron, 2013). Behavioural psychology attempts to 
understand why individuals behave the way they do and to change poor health behaviours through behaviour 
change techniques (BCTs). Health interventions aimed at changing behaviour tend to be multi-faceted and 
incorporate several BCTs as the effect of a singular BCT is typically not significant, as behaviour is resistant to 
change (Michie et al, 2018). Thompson et al (2010) argue that health interventions aimed at addressing poor 
health behaviour in adolescents such as low physical activity and poor diet, usually result in limited 
participation due to these interventions not being fun or engaging. Video games provide an engaging and 
exciting world and their popularity among adolescents is rapidly growing. In 2018 a survey by Johnson (2019) 
found that 3-15 year olds in the United Kingdom spent almost 14 hours a week playing video games and this 
was typically on a handheld device. Adolescents play video games to socialize, engage in challenging and 
reward-based experiences, although motivations can vary depending on the individual (Thomson, 2012).   
Serious video games differ from video games as their primary design objective in not pure entertainment, fun 
is not their primary purpose. Serious video games may offer a potential solution to the lack of participation in 
health interventions as they can be, by their nature, exciting and entertaining. Despite this potential the field is 
comparatively new, and more research is needed to identify how to design serious video games in order to 
facilitate beneficial health behaviour change. This difficulty arises from the core problem surrounding the 
design of serious video games for behaviour change, there is no standard tool that can be used to help guide it. 
Before a serious video game for behaviour change can be developed, the BCTs that should be applied to its 
design must be chosen and should have a substantial evidence base.  

1.1. Behaviour Change Techniques 

1.1.1 Goal Setting  

Bailey (2017) describes goals as mental representations of the wanted outcome and goal setting allows 
individuals to identify specific behaviours that they want to change and how to change them. Goal setting 
allows an element of self-monitoring which can increase self-awareness and familiarity with factors that are 
linked to the behaviour that an individual wants to change (Bailey, 2017). There are several goal characteristics 
to consider when using goal setting as a BCT. Table 1 below details these characteristics as well as their 
definition, their importance and how they could be applied within a serious video game. 
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Goal 

Characteristic 
Definition Importance Example of use 

within a video 
game 

Conclusions 

Approach Allows individuals to 
move towards 
wanted outcomes. 

Results in more positive 
emotions, thoughts, self-
evaluation and better 
psychological well-being. 

“Today I will eat 
an apple with my 
lunch” 

Approach goals 
should be used. 

Avoidance Allows individuals to 
move away from 
unwanted outcomes. 

Linked with less positive 
thoughts and more 
negative emotions. 

“Today I’m not 
going to eat 
chocolate as a 
snack” 

Avoidance goals 
should not be used. 

Performance Evaluation of ability 
and directly linked to 
outcomes 

Good in short term but 
may undermine long-
term performance. 

“Lost 5 pounds in 
2 weeks” 

Performance goals 
should not be used 
without mastery 
goals. 

Mastery Improving current 
ability and learning 
new skills. 

Risk of failure may mean 
an individual views it as a 
failure of their abilities. 
Evidence base of 
increasing an individual’s 
confidence to perform 
actions and knowledge.  

“Here is a recipe 
for a healthy, 
filling meal” 

Mastery goals 
should complement 
performance foals 
to encourage long 
term motivation. 

Goal Difficulty Degree of ability, 
time, commitment 
and effort needed to 
achieve a certain 
goal. 

Difficult or challenging 
goals produce enhanced 
results when compared 
to easy goals. Challenging 
goals tend to be 
intrinsically motivated 
(driven by internal 
rewards). 

Provide an 
upward increase 
in goals and their 
difficulty.  

Goal Difficulty is 
influenced by 
commitment to the 
goals, motivation 
and perceived 
ability to complete 
the goal. 

Action 
Planning 

Determines when, 
where and how goals 
are implemented and 
allows individuals to 
plan their actions for 
achieving larger 
goals. 

Allowing individuals to 
identify a goal, create a 
plan to achieve the goal 
and rate their confidence 
for completion is an 
effective way to change 
behaviour consistent with 
their action plan. 

A journal that 
allows players to 
determine action, 
objective, 
timeline and who 
is responsible. 

Planning actions 
can predict the 
performance of 
healthy behaviour.  

Coping 
Planning 

Foresee potential 
barriers that might 
interfere with action 
plans and plan how 
to overcome these 
barriers. 

Increases likelihood of 
goals being successfully 
achieved. 

If the weather is 
bad, provide an 
option to 
complete an 
exercise video 
rather than a jog 
outside. 

Coping planning 
should be used in 
tandem with action 
planning.  

Table 1: Goal characteristics (Mann, de Ridder and Fujita, 2013; Bailey, 2017). 
 
Goal setting is not without its limitations. Lunnenburg (2011) argues that by setting a goal on a small subset of 
measurable performance elements, aspects of performance that are difficult to measure may be ignored. 
Further, by combining goals with tangible rewards, it may encourage individuals to choose the easy goals as 
opposed to difficult ones (Lunnenburg, 2011).  

1.1.2 Motivation 

Motivation is the energy that directs behaviour and a key approach identified in the literature is self-
determination theory (SDT) which is grounded in the belief that individuals have inherent growth tendencies 



 
 

and innate psychological needs that influence their self-motivation (Ryan and Deci, 2000; Rodgers and Loitz, 
2009). SDT encompasses both intrinsic and extrinsic motivation. White (1959) defines intrinsic motivation as 
the engagement in behaviours for their own sake and extrinsic motivation as engaging in behaviours for some 
other outcome (e.g. a reward or social acceptance). Intrinsic motivation mirrors goals that are internal to an 
individual such as personal growth and extrinsic motivation mirrors goals that are external such as wealth, 
fame and image. (White, 1959). 
A study by Kasser & Ryan (1996) comparing intrinsic and extrinsic motivators, discovered that when an 
individual places primary emphasis on extrinsic motivators, they have poorer physical wellbeing and display 
riskier health behaviours. In comparison, when an individual prioritizes intrinsic motivators, they have a variety 
of more positive outcomes (Weinstein, Przybylski and Ryan, 2009). There is a substantial body of evidence for 
the effectiveness of interventions based upon SDT across various health domains including environmental, 
tobacco dependence, healthcare treatments and physical activity (Gillison et al, 2019). SDT argues that 
developing a sense of autonomy, competence and relatedness are the way through which an individual self-
regulates and sustains behaviours linked to health (Ryan et al, 2008). 
Ryan et al (2008) defines autonomy as the need of an individual to experience behaviour as voluntary and to 
feel like they have control over what they do. Typically, health related behaviours such as increasing physical 
activity or stopping smoking are not inherently motivating or enjoyable and if these behaviours are to be 
executed and maintained outside of an intervention setting, an individual must value and endorse the 
importance of them (Hardcastle et al, 2015). Research suggests that to foster autonomy and ensure an 
individual personally identifies with the importance of a new behaviour, relevant information and meaningful 
reasons for change should be provided (Williams et al, 2006). 
Competence is another psychological need, this is when an individual needs to experience their behaviour as 
being effectively enacted and to feel confident in their capabilities (Ryan et al, 2008). This is linked to self-
efficacy and personal mastery, by successfully implementing the behaviour change it provides a source of self-
efficacy within turn increases the opportunity for experiencing mastery (Fortier et al, 2007). Fortier et al (2007) 
posit that individuals must observe the behaviour being performed successfully and be given instruction on 
how to perform the behaviour to encourage competence. Relatedness is the final need postulated by SDT 
which is the ability to feel connected to others and have a sense of belonging, to meet this need, individuals 
must feel valued and important to others in their space (Trépanier, Fernet and Austin, 2013). This need can 
also be fostered through a sense of being respected, understood and cared for and relatedness has been 
linked to the likelihood of complying with new behaviours and goals (Halvari and Halvari, 2006).  

1.1.3 Feedback 

Feedback has the potential to be an effective tool for advocating healthy behaviour change as it can provide 
important information, create a sense of relationships and can increase engagement and motivation 
(DiClemente et al, 2001). Supporting this argument is a body of research looking at feedback within video 
games themselves, feedback has been associated with competence needs and to an extent, autonomy as 
without consequences or feedback choices become irrelevant (Burgers et al, 2015). Feedback can take several 
forms in video games, for example, visual cues, in-game voice, rewards and positive feedback when 
completing correct actions (Uysal and Yildrim, 2016). However, feedback also has its limitations as if it is too 
vague or presented too late it can have a detrimental effect on player experience (Uysal and Yildrim, 2016).  

1.1.4 Consequences 

Consequences can influence an individual’s attitude towards a behaviour and changing an individual’s attitude 
towards a behaviour can be achieved through informing about health consequences, social and environmental 
consequences and the emotional consequences (Connell et al, 2019). Connell et al (2019) argue that an 
intervention designed to change behaviour should include consequences related to health, social and the 
environment in order to successfully reframe the behaviour for an individual. 

1.1.5 Tailoring 

When information is personalised, it tends to generate greater behaviour change than non-personalised 
information (Kreuter and Skinner, 2000). Kreuter et al (1999) state that tailoring involves designing an 
intervention intended to reach one specific person or group based on their unique characteristics, related to 
their outcome of interest and has been concluded from individual assessment. Studies have demonstrated 
that a tailored intervention is more effective than generic interventions that do not take the characteristics of 



 
 

those it’s targeting into account (Kreuter et al, 1999). Typically, serious games tend to be created for a specific 
group of individuals rather than the general public and so tailoring the experience more significantly has 
potential. By asking what the target audience value through interviews, focus groups or surveys, gameplay 
elements such as NPC personality and available customizations can be mapped on to these values in order to 
provide a level of tailoring. Due to typical time or money constraints, an extensive in-depth look at everyone 
the game is targeted at is arguably not feasible. However, research suggests that even a basic level of tailoring 
will be more effective than having none, therefore mapping tailoring on to a serious game-based intervention 
is valuable no matter what level it is done at (Lutkenhaus, Jansz and Bouman, 2019).   

2. Serious Game Development 

Much of the existing literature suggests that although serious games can promote improved physical activity 
and provide knowledge on healthy behaviour, these behaviour changes are typically only short-term and are 
not sustained (Haaranen et al 2014). This may be the case due to serious game developers having to become 
experts on behaviour change theory with little to no practical tools in order to achieve a fit-for-purpose game. 
While many serious video game interventions are a result of a multi-disciplinary team encompassing 
behavioural psychologists, dieticians, artists, programmers and developers, problems still arise through 
communication and little guidance on how to bridge the gaps between professionals. Arguably much of the 
challenge of designing a serious video game is a result of the onus of the design upon the game development 
team, who are typically not experts in behaviour change theory. They are guided by the experts on their team, 
but largely left to design the game mechanics, aesthetics, gameplay and story with little real practical tools to 
determine how to apply BCTs. This could potentially explain why some serious video games are more effective 
than others. It is clear then, that a standard tool for serious video game that can produce a fit-for-purpose 
behaviour change game could be invaluable. 

2.1 Existing Game Design Tools and Frameworks 

2.1.1 Frameworks for behaviour change 

Baranowski et al (2013) put forward a guide to develop serious video games for behaviour change in the form 
of a substantial body of text guiding a developer through the application of behaviour change theory and how 
to break down the components of a game. Although innovative and with important insights, in the real world it 
is not practical. Typically, game developers use a process of brainstorming when creating games, rarely would 
a body of text be read and used in the development process. This framework also provides a functional 
diagram that developers could follow as it breaks down the intervention, mediators and outcome components 
and applies behaviour change elements to each one. This is shown below in Figure 1: 
 

 



 
 

Figure 1: Behaviour Change Framework- Video Games (Baranowski et al, 2013). 

2.1.2 Frameworks for educational games 

Due to the limited availability of framework/tools for the application of BCTs to serious video games, existing 
frameworks with a focus on educational or learning elements of serious games were reviewed. A conceptual 
framework for educational game details a more practical guide for developing an educational game as seen 
below in Figure 2: 

 
Figure 2: Conceptual framework for educational games (Yusoff, Crowder, Gilbert and Wills, 2009). 
 
Each component of this framework is expected to be used as a guide to ensure that learning will take place 
when playing the game. It provides a basis for developers and learning practitioners to explore if a game will 
facilitate learning. By ensuring that each component is accounted for during game development, the authors 
propose that learning should occur. 
Another framework that focuses on the relationship between the designer and the player is the “Design, Play 
and Experience” framework that highlights where the designer should focus to guide the actions to the player. 
This is at a glance also reasonably practical in nature as seen below in Figure 3. 
 

 
 
Figure 3: The Design, Play and Experience Framework (Salen and Zimmerman, 2004). 
 
This framework aims to provide a common language, a methodology to analyse serious games and a process 
to design them. It is a formal process that serious game developers can follow as they develop a game and it 
allows them to see how each component (learning, storytelling, gameplay, user experiences) relates to the 
design, play and experience.  



 
 

Accompanying each of these frameworks shown in Figures 1 -3 is a large body of text breaking down each 
component and how they can be used to create serious games. It can be argued then, that they are not 
practical for game developers since they cannot be used immediately or in a practical and quick way as 
developers must know the authors intended meaning behind each component. Although the images of the 
frameworks break down elements of game design, they are not understandable without the accompanying 
information attached to them. The complicated nature of these frameworks may explain why there is still no 
standard used by developers.  

2.1.3 Frameworks for commercial games 

A newer framework that allows for a more practical application, is called the Gameplay Loop, a player activity 
model for game design and analysis (Guardiola, 2016). This focuses on the creation of a specific kind of 
experience in the form of gameplay and it considers the loop as the potential state of the player and is one of 
the few existing models to take player actions outside of the game space into account. The Gameplay Loop as 
a formal tool details what the player does by two kinds of actions, an in-game action that is an activity that is 
represented within the game and an out-game action that mobilizes perceptive and cognitive capabilities.  
The second classification it uses is the duration of the action, an event action (e.g. spot an object) or a 
continuous action (e.g. search the object). By using this gameplay loop, it has the potential to help guide the 
early stages of production as it the core loop can be extended around ideas. Guardiola (2016) found that the 
loop helps to facilitate brainstorming sessions, its methodology was quickly adopted, it was a tangible way to 
visualize game play and provided a focus on what the player engages in. He also posits that the tool itself can 
be used within the field of serious game design, to identify if an action supports a specific goal. Figure 4 
illustrates a simple gameplay loop: 

 
 
Figure 4: Gameplay loop formalization of a few actions from a game “Pure Hidden” (Guardiola, 2016). 
 
Another newer framework that has potential is the Desk of Lenses (Schell, 2019). Arguably this approach is one 
of the few that considers the need for any tool for the design of games to be practical and usable in the real 
world. This approach has a considerable body of text taking an in-depth look at game design and draws on 
existing literature to reach its conclusions. The practicality of it comes from its accompanying Deck of Lenses: a 
card-based game development tool where developers can pull any card from the deck and it will prompt them 
to ask questions about their game design using short question-based sentences. Card-based design tools are 
becoming increasingly popular as they can communicate research insights and make them usable in the design 
process and designers can browse and organise the cards quickly (Yoon, Desmet and Pohlmeyer, 2016). 
Therefore, this could be a practical solution as it allows for the communication of complicated ideas through 
careful and deliberate wording on the cards. A direct result of reviewing this framework was that cards were 
chosen as the method of delivery for the new development tool. Additionally, as the Deck of Lenses 
encourages creativeness through questions, prompt cards were created to take advantage of this potential 
and questions were used throughout the cards designed to facilitate brainstorming. 

3. Card-based development tool 

The solution proposed in this paper brings together the inherent complicated nature of serious video game-
based frameworks with the quicker and more practical frameworks of commercial game design. This is a card-
based development tool, to catch the design process as it begins and help guide it to produce better 
interventions. This tool is a way to visualise complex information in practical, small bitesize chunks. The cards 
can be used to apply BCTs throughout the design of a serious video game in an easy to pick up and read format 
and no prior knowledge of BCTs is required. Cards are first sorted into their respective sections, different 
sections were developed due to the incorporation of both game design and BCT principles. Each team or 
individual would take cards, read them and brainstorm then replace the cards and take new ones. By the end 



 
 

of the session, they will possess a better understanding of how to apply BCT to game design principles as well 
as ideas for differing parts of their intervention.  
The cards are spilt into three key sections, firstly Game Design with sub sections: Narrative, User Interface, 
Aesthetics, Technology, Gameplay Loop and Playtesting. These were structured following key and common 
existing game design principles, with the addition of the Gameplay Loop. By adding the Gameplay Loop, it is 
hoped it will help developers visualise how to apply BCTs as well as allow them to see if they have successfully 
implemented a BCT through a particular element of the game. The Game Design cards are intended to be used 
as a starting point.  
The second section is BCT with the sub sections: Goal Setting, Tailoring, Autonomy, Competence, Relatedness, 
Knowledge and Rewards. The structure for the BCT cards was developed through an extensive literature 
review. A list was drawn up of existing BCTs which was further refined by focusing on the evidence base of 
their use within health-based interventions. From this refined list each BCT was then represented by a card. 
Therefore, the cards are not an exhaustive account of BCTs but rather carefully chosen ones. This is to ensure 
that developers are not overwhelmed by the information presented to them and that they are provided with 
evidence-based principles. It should be noted here that Rewards was chosen to represent Feedback. Typically, 
developers are already aware of the role of feedback within game design, so a more detailed approach was 
used for this card (Rewards), rather than a more generalised one (Feedback) in order to directly link it to 
behaviour change. Consequences was also not represented as its own card, instead Knowledge was used. This 
allowed for the learning about consequences to be illustrated as well as providing knowledge on new 
behaviours. The BCT cards can be worked on in any order after the Game Design cards have been reviewed.   
The third and final section is Prompt cards with the subsections: Goal Setting, Tailoring, Autonomy, 
Competence, Relatedness, Knowledge and Rewards. These cards were developed to act as a safety net, each 
prompt card supports the corresponding BCT card. They are intended to prompt developers on their design to 
check if they have successfully implemented a BCT. Figure 5 below shows two Game Design cards, specifically 
the cards on Narrative (i.e. the story and character dialogue): 
 

 
 
Figure 5: Game Design cards on Narrative. 
 
Figure 6 below demonstrates an example of the BCT cards on Relatedness: 
 



 
 

 
 
Figure 6: BCT Cards on Relatedness. 
 
Figure 7 below shows an example of the Prompt card linked with Relatedness: 
 

 
Figure 7: Prompt Card on Relatedness.  
 
Summation 
 
This research has implications for the design of serious video games for health by the creation of a card-based 
development tool that serious video game developers can use to create interventions. This tool will attempt to 
bridge the gap between game designers and behavioural psychology through its practicality. It can be used by 
all members of a design team while developing a serious video game for beneficial behaviour change. By using 
evidence based BCTs and game principles to design the cards, it is hoped that the resulting game informed by 
them should provide long-term, effective and sustained healthy behaviours. Future work over the next year 



 
 

involves testing the efficacy of the card-based tool and continuously iterating upon it. This will be done by 
gathering data from professionals within serious game design, behavioural psychologists and scientists using 
workshops and interviews. 
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