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Abstract 

The main aim of this thesis was to design a persuasive and gamified version of the 
implicit association test. The goal of the mobile application is to help people adopt 
healthier eating habits. Poor diet is a major factor in many diseases and contributes 
negatively to life quality. Additionally, healthcare systems and employers are also 
affected in the form of production losses and treatment costs. The underlying research 
aim is to utilize the artefact to investigate whether exposing a user to possible cognitive 
dissonances in thinking can lead to reflection. Reflection in turn can lead to reduction of 
dissonances and in turn, behaviour change. Additionally, the application allows the user 
to rehearse responses towards different types of foods, which is accomplished by 
associating healthy foods with positive words and unhealthy foods with negative words.  

The purpose of Persuasive Systems Design (PSD) model, the main design framework 
used in this thesis, is to design behaviour change support systems. Behaviour Change 
Support Systems (BCSSs) are systems that aim to change behaviour and attitude 
without the use of any unethical means. Implicit association test (IAT) is a tool in the 
field of social psychology that is used measure implicit attitudes towards different 
concepts. Gamification can be defined as the use of game elements and mechanics in 
non-game contexts.  

The development process started with an analysis done with PSD model. Following it, 
mock-ups and a prototype based on the PSD model analysis and the original version of 
the IAT were created. After that, gamification features were designed by using a 
gamification framework. The original IAT was a strong influence in determining what 
types of persuasive and gamification features would be present in the application.  

Design science research guidelines were utilized as a checklist throughout research. The 
artefact and its persuasiveness were evaluated with a perceived persuasiveness 
questionnaire. The results showed slightly positive responses on the constructs of 
Primary Task Support (support for carrying out primary task), Dialogue Support 
(feedback), Perceived Credibility and Design Aesthetics. Perceived Persuasiveness 
responses were slightly negative. The reward feature that included unlocking different 
food icons and their health information was especially well received.  

This thesis contributed a detailed description of the development process of a BCSS. 
During the development process it was shown that the PSD model and the gamification 
framework could be used together without conflicts to design an artefact. The research 
on the artefact’s effectiveness in causing behaviour change is left for further study.   

Keywords 
gamification, persuasive systems design, behaviour change support systems, implicit 
association test 
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1. Introduction 

The aim of persuasive systems is to “reinforce, change or shape attitudes or behaviours 
or both without using coercion or deception” (Oinas-Kukkonen & Harjumaa, 2009). 
These systems are called behaviour change support systems (BCSS) and they have been 
successfully implemented in many areas of health such as substance abuse, disease 
management and mental health issues. Persuasive Systems Design (PSD) model is a key 
construct of BCSSs as it can be used to design and evaluate them. (Oinas-Kukkonen, 
2013). 

Poor diet is a growing problem in western countries. It is a major factor in many chronic 
diseases, including cancer, diabetes and cardiovascular diseases (WHO, n.d.). 
Unhealthy diet is a problem on both personal and societal level; it can be a contributing 
factor in decreasing individual’s life quality, but it can also place a burden on both 
healthcare system and employers due to increased treatment costs and loss of 
productivity (CDC, 2016). In this thesis, the goal is to create a mobile application with 
persuasive systems design principles to help in behaviour change. In this context this 
means helping people adopt healthier eating habits.  

The application is based on the implicit association test (IAT), which is a tool from the 
field of social psychology. The IAT’s purpose is to measure implicit attitudes that 
people have towards different concepts (Greenwald, McGhee & Schwartz, 1998). PSD 
model and selected design elements from gamification literature are used in the 
application’s design. 

In literature reviews, gamification has been shown to have a positive effect although 
some exceptions do exist (Seaborn & Fels 2015; Hamari, Koivisto & Sarsa 2014). There 
is also some evidence that cognitive tests can be successfully gamified (Lumsden et al., 
2016). Gamification has also been used alongside health BCSSs with mostly positive 
results (Alahäivälä & Oinas-Kukkonen, 2016). However, based on a brief literature 
search conducted for this study no implementations currently exist that specifically 
combine IAT with either BCSSs or even gamification.   

The main research aim of this thesis is to research how can the PSD model be used to 
build a gamified implicit association test. Design Science Research guidelines by 
Hevner et al. (2004) are applied in this thesis. The contribution will be a novel software 
artefact along with a detailed description of how the artefact was designed and 
developed. The evaluation of what effect the artefact will have on people’s behaviour is 
left for further research as the focus of the thesis is on the design and implementation of 
the artefact and the evaluation of its persuasiveness. 

Based on the literature review, the previous research chapter expands on the concepts of 
PSD model, gamification and implicit association test. The chapter also describes 
cognitive dissonance, which is the psychological concept expected to be a factor behind 
the behaviour change triggered by the application. Design Science Research (DSR) 
methodology and how it is applied is described in the third chapter. The fourth chapter 
contains the design and implementation details of the software artefact. After the 
application is built, it is evaluated with expert evaluation and the results are described in 
the fifth chapter. The results are then discussed in the sixth chapter. Finally, 
conclusions, limitations and future research areas are presented in the final chapter. 
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2. Previous Research 

This chapter provides relevant information on gamification, behavior change support 
systems, PSD model, cognitive dissonance and implicit association test.  

2.1 Gamification 

In their systematic survey of gamification, Seaborn and Fels (2015) define gamification 
“as the use of game elements and mechanics in non-game contexts” (p. 16). In their 
seminal paper on gamification, Deterding, Dixon, Khaled and Nacke (2011) define 
gamification as “the use of game design elements in non-game contexts". Zichermann 
and Cunningham (2011) describe gamification as “process of game-thinking and game 
mechanics to engage users and solve problems” (p. XIV). Finally, Werbach and Hunter 
(2012) define gamification as the “use of game elements and game-design techniques in 
non-game contexts”. 

Gamification as a term is relatively new. Werbach and Hunter (2012, p. 25) explain that 
the term was first used in 2003, while Deterding et al. (2011) trace its first appearance 
back to 2008. Nevertheless, both sources agree that the widespread usage of the term 
started in 2010. Even though the term is recent, gamification has existed for a long time 
in alternative forms. In early 1980s, games were used as a basis for creating user 
interfaces that make mundane tasks more enjoyable and interesting (Deterding et al., 
2011). Outside computing, game elements have been applied in marketing in form of 
points cards and reward memberships. Grades, degrees and levels of education are 
examples of game elements in education systems. (Seaborn & Fels, 2015). Zichermann 
and Cunningham (2011) explain how militaries have for a long time used games and 
simulations. Werbach and Hunter (2012) mention monthly sales competitions, frequent 
flier programs, weight watcher groups and different credit card tiers as game concepts 
that occur in non-game contexts (p. 32). Werbach and Hunter (2012) also describe how 
game language and imagery appear in many different areas of real world such as in the 
phrase “life is just a game” (p. 33). 

Many alternative yet distinct terms related to gamification exist. Some examples of 
these are “productivity games, surveillance entertainment, behavioural games and 
applied gaming” (Seaborn & Fels, 2015). One prominent concept is serious games, 
which encompasses game software that has been developed with an intention to be more 
than entertainment. The purpose of serious game is to provide learning material that is 
played through. (Deterding et al., 2011). 

Seaborn and Fels identify two key parts of gamification in their survey. First, it is to be 
used for non-entertainment purposes. Second, it draws inspiration from games and 
especially their design element but as a whole, does not constitute a full game. In other 
words, gamified systems are game-like, but not games. (Seaborn & Fels, 2015). On the 
other hand, Deterding et al. (2011) point out that it is not possible to determine whether 
a system is a game or a gamified application without knowing the designer’s intentions 
or how the users perceive the system. This is also echoed by Seaborn and Fels (2015), 
as they mention how the term gamification is used inconsistently and how it is difficult 
to draw a line between games and gamification. 
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A more detailed breakdown of gamification’s definition is provided by Deterding et al. 
(2011) (“use of game design elements in non-game contexts”) and Werbach and Hunter 
(“use of game elements and game-design techniques in non-game contexts”). 

Deterding et al. (2011) distinguish playing and gaming as two different areas. Playing is 
a more free form activity while gaming is bound by rules and contains competition or 
goals. Again, defining elements that are characteristics for games is a matter open for 
interpretation. Deterding et al. (2011) suggest the following definition: “elements that 
are characteristic to games – elements that are found in most (but not necessarily all) 
games, readily associated with games, and found to play a significant role in gameplay”. 
Werbach and Hunter (2012) detail how elements should be thought as a toolkit for 
building a game. They give an example from the game of checkers, which contains 
objects (game pieces), relationships between objects (jumping) and abstract concepts 
that in turn include rules (making a king). 

Deterding et al. (2011) describe five levels of game design. The most concrete level is 
interface design patterns, followed by game design patterns and game mechanics. More 
abstract levels of game design elements are game design principles and heuristics, game 
models and game design methods. Werbach and Hunter (2012) define game design to 
be a combination of science, art and experience and compare it to strategic leadership or 
team management. 

Game elements are normally expected to be used as part of an entertainment game. 
Gamification aims to use these elements to improve user experience in other contexts, 
or as used in the definition, non-game contexts. Deterding et al. (2011) explicitly 
instruct to not place limitations on what these contexts may be. Werbach and Hunter 
(2012) define non-game contexts to mean internal, external or behaviour-change 
situations. In their definition, these situations involve “real-world business or social 
impact goals” (p. 29). As a concrete example, the players of the gamified system are not 
fighting goblins but reading dialog boxes in order to find translation errors. 

2.2 Gamification in practice 

Points, badges and leaderboards are a widely used implementation of gamification. 
They have been criticized as being a stock approach to gamification called 
“pointsification” (Seaborn and Fels, 2015). The main purpose of points is to keep score, 
determine win states, create connection between game progression and extrinsic 
rewards, provide feedback, show an external display of progress and provide data for 
the game’s designer. A badge represents an achievement within the game and they are 
often used as a substitute for achievements. Leaderboards provide a way to see progress 
in ways that points or badges are not able to. For instance, a leaderboard can show 
progress in comparison to other users of the gamified application. (Werbach and Hunter, 
2012).  

Other common elements include progression, status, levels, rewards and roles. 
Alternatively, game elements can be classified into three categories: dynamics, 
mechanics and components.  Dynamics are large scale aspects of a system and they 
include constraints, emotions, narrative, progression and relationships. Mechanics are 
used to generate player engagement. Mechanics are used to achieve one or several of 
the previously mentioned dynamics. Practical examples of mechanics are challenges, 
chance, competition, cooperation, feedback, resource acquisition, rewards, transactions, 
turns and win states. Components are a specific form that either mechanics or dynamics 
can take. They include achievements, avatars, badges, boss fights, collections, combat, 
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content unlocking, gifting, leaderboards, levels, points, quests, social graphs, teams and 
virtual goods. (Werbach and Hunter, 2012). 

In their research on gamification frameworks, Seaborn and Fels (2015) found out that 
when purpose of gamification is considered, the concepts of motivation, behaviour 
change and engagement were a common theme. Additionally, they found the reviewed 
literature agreed in three areas: design theory, theoretical constructs and theoretical 
framework. For design theory, user-centred design was consistently applied. The main 
theoretical constructs were intrinsic and extrinsic motivation which are grounded in 
self-determination theory. 

Zichermann and Cunningham (2011) describe player motivation as the most important 
issue in building a gamified system. Werbach and Hunter (2012) explain how 
gamification is a form of motivational design and it is fundamentally about getting 
people interested to behave in a certain way. In their opinion, gamification’s central 
aspect is engagement. Similarly to frameworks reviewed by Seaborn and Fels, both 
Werbach and Hunter (2012) and Zichermann and Cunningham (2011) view intrinsic 
and extrinsic motivation as important issues to consider when designing a gamified 
system. For instance, mundane tasks can be made more enjoyable by extrinsic rewards. 
On the other hand, for interesting tasks intrinsic motivation disappears when extrinsic 
rewards are used. 

2.3 Six steps to gamification framework 

Seaborn and Fels (2015) stated that gamification-specific frameworks have not been 
widely used in applied research and as a result, there is lack of consensus on 
frameworks. According to a literature review conducted by Mora et al. (2015), the Six 
Steps to Gamification framework by Werbach and Hunter is the best-known framework 
and that many other frameworks are based on it.  

Werbach and Hunter (2012) define their gamification implementation as containing six 
different steps. In the first step, specific performance goals such as the increase of 
customer retention or the improvement of employee productivity are detailed. This can 
be accomplished by first listing all the potential objectives of the system. Next, the 
objectives are ranked in order of their importance. After that, all the mechanics and 
means are removed. For instance, although users may gather points and badges it is not 
the main goal or something that would constitute a success. Finally, goals are justified 
by detailing how each goal would benefit the organization or the creator of the system.  

In the second step, target behaviours are identified in terms of what the players should 
do and how their performance is measured with metrics. These behaviours should be 
related either directly or indirectly to the goals defined in the previous step. Metrics 
deals with player actions and how they are transformed into numbers which in turn are 
used to generate feedback. For metrics, points are often used as a way to quantify and 
measure player progress. Assessing the value of points should be done in an iterative 
manner. In addition to points, win states should also be considered.  

Third step involves analyzing the players and how the system should take player 
characteristics into account. A well-designed gamification system would accommodate 
multiple different player segments. A model of player types by Richard Bartle identifies 
four different types: achievers, explorers, socializers and killers. Achievers like to level 
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up, explorers prefer to find new content, socializers want to socialize with others and 
killers like to more or less kill other users.  

In the fourth step, activity loops in terms of engagement loops and progression stairs are 
defined. The purpose of engagement loops is to describe what players do, why they do it 
and how the system reacts to player actions. Player actions are a result of motivation (of 
using the system). These actions activate feedback or responses from the system which 
in turn motivates the player further. Feedback is one reason why games are effective in 
increasing motivation as each action produces visible responses. Almost all game 
components such as points, leaderboards, levels and achievements can be considered a 
type of feedback. The role of progression stairs is to detail the changes in game 
experience. If the player experience stays the same from the beginning to the end, it is 
likely that the system will not be that engaging. An often-used model of progression is a 
steadily increasing difficulty with periods of rest and larger challenges, the latter usually 
appearing in the end of segments or levels. Overall, it is preferred that the progress is 
not completely linear; for instance, in earlier stages it is sensible to implement quick 
progression to draw the player in while in the later stages it is acceptable for the 
progress to be slower. Progression should also include some form of randomness. 
Studies have shown that a small and a random chance for a reward is preferable to a 
steady flow of average rewards. Surprises break the monotonous grind and help 
counteract boredom.  

Fifth step stresses the importance of fun. This involves assessing the general aesthetics 
of the system and whether it is fun to play. The fun factor can be classified in multiple 
ways. For example, in his study Nicolas Lazzaro identified four different categories: 
hard fun (puzzles, difficult challenges), easy fun (casual), altered states (experimental 
fun) and the people factor (social fun that depends on interaction). Ideally, the system 
should be flexible enough to provide different types of experiences, while still keeping 
in mind that the type of fun depends on the context of the system.  

The final step details the deployment stage of gamification. In this step, actual 
mechanics and components are coded into a working system. The design and guidance 
from previous steps is used as a roadmap. To implement gamification well, expertise in 
multiple fields is needed: understanding business goals, understanding target groups and 
psychology, game designers, analytics experts and technologists.  

Werbach and Hunter (2012) conclude that implementing gamification requires constant 
testing and iteration to see which aspects of the system and its design work and which 
do not. Playtesting, analytics and interviews are some of the ways that can be used to 
aid the design process.  

2.4 Gamification effectiveness 

Gamification has been applied to a wide variety of domains. The most common fields 
according to Seaborn and Fels (2015) are education, health and wellness, online social 
communities, crowdsourcing and sustainability. The most common goals of 
gamification are increase of participation and the promotion of behaviour change. Most 
studies had found gamification to be effective, but a fair amount had only achieved 
mixed results. Hamari et al. (2014) found that majority of the studies they reviewed had 
positive results with gamification. However, most quantitative studies did not find 
positive results in all of their tests, but only in some of them.  
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Lumsden et al. (2016) found no evidence that gamification can improve the data quality 
of gamified cognitive tests. Nevertheless, they state gamification can make tasks more 
engaging, which makes the user experience better and reduces the risk of participants 
dropping out. Like many others, they stress the need for further and more rigorous 
research and validation on gamification and its various factors.   

While reviewing the persuasive contexts in health gamification, Alahäivälä and Oinas-
Kukkonen (2016) also reviewed the outcomes of various studies. They found that 
gamification in health behaviour change support systems seems to produce mostly 
neutral or positive effects. Nevertheless, their findings also indicate that gamification is 
not a catch-all solution for health behaviour change. Increasing physical activity was the 
focus on majority of the studies. For instance, improving eating habits was the use 
context in only one study.  

Johnson et al. (2016) conducted a systematic review on the effectiveness and quality of 
health gamification applications. Majority of the studies they investigated had results 
that indicated positive effects on health and well-being. Mixed or negative results were 
attributed to context, gamification implementation details and mismatch between 
techniques and intended audience. For example, mindfulness may not be an appropriate 
context, exaggerated feedback could deter users and non-beginners may just find that 
gamification techniques interfere with what they intend to do. Johnson et al. (2016) also 
note that there is a need for more comprehensive studies on gamification and that at the 
moment strong conclusions on the effectiveness of gamification cannot be made. 
Although no studies tested the effects of singular game design elements, current 
evidence suggests that rewards are an effective way to promote healthy behaviour. 
Positive reinforcement has been identified as the most dominant general strategy 
employed in gamification interventions (Alahäivälä & Oinas-Kukkonen, 2016; Johnson 
et al., 2016).  

Lister et al. (2014) studied the use of gamification in health and fitness apps and found 
that very few adhered to professional guidelines or industry standards. Because the 
applications do not implement important elements of behavioural theory, it is possible 
that they may not be able to change behaviour efficiently. 

2.5 Behaviour change support systems 

The concept of behaviour change support systems (BCSSs) was introduced by Oinas-
Kukkonen in 2010. BCSSs are considered to be an object of study within the field of 
persuasive technology. The purpose of BCSS is to form, alter or reinforce attitudes, 
behaviours or an act of complying. While reaching these psychological and behavioural 
outcomes, the system should not coerce or deceive the user; instead, BCSSs are 
voluntary in nature and persuasion happens through utilizing the relevant verbal and 
non-verbal symbols.  BCSSs can use either computer-mediated (person-to-person via 
social networks, email and such) or computer-human persuasion. (Oinas-Kukkonen, 
2010).  

In the same article (Oinas-Kukkonen, 2010), a framework called the O/C matrix was 
introduced. It aims to help in the design and research of BCSS by providing a matrix of 
outcomes and changes. A forming outcome (F-Outcome) is for the situation where a 
pattern of behaviour did not exist previously. An altering outcome (A-Outcome) 
describes how the user decreases or increases his/her behaviour – for instance, the 
frequency of exercise or smoking. Finally, reinforcing outcome (R-Outcome) 
concentrates on reinforcing the existing attitudes or behaviours and preventing any 
unwelcomed changes.  
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The other half of the matrix (changes) is divided into three categories. C-Change 
concerns the act of complying. In practice this could mean that system provides ways 
for the user to remember to take his/her medication. In systems that support a B-Change 
the aim is to achieve a more permanent change compared to simple compliance. The 
goal in systems that support A-Change is to not only influence the behaviour but also 
the attitude. A more permanent change in behaviour is believed to only occur after the 
attitude of the user is changed. (Oinas-Kukkonen, 2010).  

In total, O/C matrix contains nine different combinations from the three outcomes (F, A, 
R) and changes (C, B, A), and different goals and strategies are needed for each. When 
a BCSS is developed, it helps to consider which combinations are targeted to better be 
able to direct design and research in the correct direction. (Oinas-Kukkonen, 2010).  

BCSSs have been successfully used in the field of healthcare by helping in the 
management of diabetes, obesity and variety of other issues. For example, Kuonanoja, 
Langrial, Lappalainen, Lappalainen and Oinas-Kukkonen (2015) developed a BCSS to 
support people that had mild to moderate depression. The study participants felt that 
virtual rehearsal helped them to learn new behaviours and that self-confidence and 
severity of depression were also positively modified.  

However, many studies have either provided an inadequate description of the actual 
behaviour change support system or have not provided a description at all (Oinas-
Kukkonen, 2010).  

2.6 PSD model 

BCSSs can be designed and evaluated with the persuasive systems design model 
(Oinas-Kukkonen & Harjumaa, 2009). The PSD model splits the development process 
into phases of 1) considering the postulates behind persuasive systems, 2) analysis of 
persuasion context, and 3) selection of system features.  

Postulates 
The first phase contains seven fundamental issues (“postulates”) that need to be taken 
into account when designing or evaluating BCSSs or other persuasive systems. The first 
postulate states that information technology is never neutral, and it always influences 
attitudes and behaviours in some way. The persuasion happens in a process and the 
system should be able to adapt to different scenarios. The second postulate concerns the 
need for people to have their view of world be organized and consistent. The central 
idea of this postulate, cognitive consistency and how it may have an effect on 
motivation, is explored further in chapter 2.7. The third postulate details direct and 
indirect route which are key persuasion strategies. Careful users can be approached by 
the direct route, while simple cues or stereotypes can be used on other users. The fourth 
postulate asserts that persuasion should occur in steps rather than in a one single effort. 
The fifth postulate states that persuasion should happen in an open way and designer 
bias should be clearly shown to the user. The sixth postulate describes the need for 
unobtrusiveness and how the system should not be in the way of user when they are 
doing necessary tasks. The final explains how the system be both useful and easy to use. 
This encompasses general software qualities such as responsiveness, information quality 
and positive user experience. (Oinas-Kukkonen & Harjumaa, 2009).  

Persuasion context: The intent, the event, and the strategy 
The intent is concerned with the role of persuader and the change type 
(attitude/behaviour change). The persuader can either be the creator of the system 
(endogenous), the distributor of it (exogenous) or someone who is using the system 
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(autogenous). With endogenous systems, the goal is to make the designer bias behind 
the system as transparent as possible which emphasizes the voluntary aspect of attitude 
or behaviour change. Exogenous systems should aim to provide users with an option to 
set personalized goals whereas in autogenous systems, the user experience should be 
made as rewarding as possible so that the user would use the system regularly. In 
change types the analysis is conducted on whether to aim for an attitude or behaviour 
change, with the former being more difficult to attain compared to the latter. (Oinas-
Kukkonen & Harjumaa, 2009).  

The event consists of analysing the use context, the user context and technology 
context. While considering the use context, the characteristics of the relevant field such 
as healthcare are examined. In user context, the potential users and their individual 
characteristics, motivations, goals are analysed. Goals are an essential aspect of user 
context as they allow the user to direct his/her attention and effort which can lead to 
higher performance. Finally, technology context examines different technologies and 
their benefits and drawbacks. (Oinas-Kukkonen & Harjumaa, 2009). 

The strategy analyzes the intended persuasive message and the routes that are used. The 
route can either be direct where the user carefully evaluates the persuasive content, or 
indirect, where the user is persuaded by utilizing simple cues or stereotypes. (Oinas-
Kukkonen & Harjumaa, 2009). 

Selection of system features 
In the third phase the actual system features are designed. While the postulates in the 
first phase describe many features that need to be noted when designing a persuasive 
system, the third phase provides more concrete specifications for qualities that the 
system should have. To help define requirements, PSD model contains four distinct 
categories persuasive system principles: primary task, dialogue, system credibility and 
social support. (Oinas-Kukkonen & Harjumaa, 2009). 

The design principles in primary task support consist of reduction, tunneling, tailoring, 
personalization, self-monitoring, simulation and rehearsal. Reduction simplifies 
complex issues into user-friendly steps. Tunneling guides a user to through a process or 
experience, while tailoring takes into account the user group characteristics when 
providing information. Personalization is a more in-depth form of tailoring that goes to 
a single-user level. Self-monitoring provides ways for the user to track his/her 
performance or status. Simulation allows the user to see links between cause and effect 
and creates a more concrete way to see the effects of adopting a new behaviour. 
Rehearsal provides a way to rehearse target behaviour. (Oinas-Kukkonen & Harjumaa, 
2009). 

The dialogue support section contains principles for implementing computer-human 
dialogue that support the user in achieving the targeted behaviour. The principles are 
praise, rewards, reminders, suggestion, similarity, liking and social role. By praising a 
user, it is possible that the user will be more open to persuasion. Rewards can also serve 
the role of encouraging users. Reminders help users to stay focused on the goals 
contained within the system. Suggestions can point users to correct direction that further 
help the user in adopting a certain behaviour. Similarity can manifest as using the type 
of vocabulary that is appropriate to the targeted user group. In an almost similar way, 
liking is focused on the overall look and feel and how it appeals to the users. Finally, 
social role can appear as a virtual assistant or a specialist. (Oinas-Kukkonen & 
Harjumaa, 2009). 

The system credibility support describes seven principles that help create credibility for 
the system. A system showing trustworthiness contains truthful and unbiased 
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information, while expertise is achieved by having information backed by knowledge, 
experience and competence. Systems that exhibit surface credibility do not have any 
aspects that would leave the user with a poor first impression. Real-world feel provides 
a way for the user to reach the organization or people behind the system. Third-party 
endorsements and verifiability can be implemented by providing links to outside content 
whenever it is appropriate. (Oinas-Kukkonen & Harjumaa, 2009). 

Social support principles, seven in total, take advantage of social influence to motivate 
users. Social learning can be provided by allowing the user to observe other users and 
their behaviour. Likewise, social comparison allows the compare his/her performance 
with others. Normative influence can be used to increase the probability of adopting a 
behaviour by using peer pressure. Systems that include social facilitation allow users to 
observe other users as they are carrying out the same tasks as them. Cooperation and 
competition aim to leverage the natural drive of humans to co-operate and compete. 
Finally, recognition can be implemented by providing ways to reward users or groups 
who achieved their targets (adopted a target behaviour). (Oinas-Kukkonen & Harjumaa, 
2009). 

2.7 Cognitive dissonance 

Theory of cognitive dissonance, created by Leon Festinger in 1957, is the central theory 
behind the behaviour change expected to possibly happen in the users of the application. 
Festinger states two main hypotheses in his book. The first hypothesis states that the 
existence of dissonance makes a person psychologically uncomfortable. This motivates 
the person to try to reduce this dissonance and to achieve consonance. The second 
hypothesis concern situations where dissonance exists. According to Festinger, a person 
not only tries to reduce the dissonance, but also tries to actively avoid any activities or 
information that would increase the dissonance. Dissonance is used as an alternative 
term for inconsistency, while consonance is a replacement for consistency. (Festinger, 
1957).  

Dissonance can be described as “the existence of nonfitting relations among 
cognitions”. Cognition is defined as any knowledge, belief or opinion about 
environment, person or person’s behaviour. Festinger identifies two common situations 
where dissonance can occur. In the first situation new events or information can conflict 
with existing knowledge or cognition. The second concerns the fact that very few 
situations in life are black and white; almost everything contains some contradictions.  

For example, a smoker may stop smoking if he/she exposed to information about the 
health effects of smoking. On the other hand, a person may explain to himself/herself 
that smoking is too enjoyable to quit, or that quitting smoking would cause him/her to 
gain weight which would also be unhealthy.  

Magnitude of dissonance concerns the strength of dissonance between two elements. If 
a person values some issues strongly, failing to behave in a good manner might present 
larger dissonance compared to other, less important situations. Festinger defines the 
total amount of dissonance as the function of the weighted proportion (to take into 
account the importance) of all relevant relations between two concepts that are 
dissonant.  

Dissonance can be reduced in a few ways. Changing one’s actions or feeling is called 
changing the behavioural cognitive element. For instance, a person may opt to return 
home if the weather turns bad. However, in some situations, changing behaviour may 
not be possible or it may create a multitude of other problems. Resistance to this type of 
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change can happen if the change is too painful or if it involves some form of loss. The 
present behaviour may also be satisfying enough that it outweighs the experienced 
discomfort. As stated, change can also be impossible due to various factors, including 
irreversibility, strong fear or other similar issues.  

The second way is to change the environmental cognitive element. This is usually more 
difficult than changing behaviour as it requires some control over the environment. For 
example, a hostile person may surround himself with people who provoke hostility. One 
other way is to establish a new social reality by seeking out other people who hold the 
same opinions. Social reality is also less resistant to change compared to physical 
reality.  

Finally, it is possible to reduce dissonance by introducing new cognitive elements that 
are consonant with the relevant issue. For example, a smoker may seek out information 
that explains how driving a car is more dangerous than smoking and actively avoid any 
information that concerns the dangers of smoking.  

Festinger reminds that even when the pressure to reduce dissonance exists, it is not 
guaranteed that the dissonance will be reduced. What is important is that the attempts to 
reduce dissonance and the possible psychological discomforts arising from failed 
attempts are observable. 

Cognitive dissonance and what effect it has on the effectiveness of the artefact is not 
investigated in this thesis, although it is a central theoretical factor behind the concept of 
this artefact. In theory, a person who plays the game is possibly exposed to the fact that 
they have an implicit bias towards unhealthy foods. Seeing this dissonance could lead to 
reflection and an effort towards reducing dissonances which would mean a change in 
behaviour. Additionally, the repetitive form of gameplay allows a person to rehearse 
responses toward different types of foods.  

2.8 Implicit association test 

Implicit association test (IAT) was first presented in a paper by Greenwald, McGhee 
and Schwartz (1998). IAT measures implicit attitudes which are attitudes that result 
from automatic evaluations not under the control of an individual. In their original 
paper, Greenwald believed that IAT would be able to reveal attitudes or automatic 
associations that would be otherwise unavailable because of variety of reasons. 

The original IAT includes five tasks. The first two tasks are called initial target-concept 
discrimination and associated attribute discrimination, and in them, two target concepts 
and an attribute dimension are presented. For example, in the first task the aim is to 
distinguish names that are either African American or European American in origin. In 
the second task, two categories such as pleasant and unpleasant shown. The user is then 
displayed words that belong to either category such as happy, gift, disaster and poison. 
(Greenwald et al., 1998). 

The third task then combines these first two tasks. For example, on the left side of the 
screen Black and pleasant are shown, while White and unpleasant are displayed on the 
right side. The user is then presented with names and attributes that belong to these four 
categories. In the fourth task, sides from the first task are changed if the African 
American names were on the left side, they would now be on the right side and so on. 
The final task reverses the positions from the third task, so for instance Black would be 



14 

placed on the same side with unpleasant and White would be placed on the other side 
with pleasant. (Greenwald et al., 1998). 

Greenwald et al. (1998) expected there to be a difference between the third and the fifth 
task if there are preexisting associations. For example, test takers who have been raised 
in a culture that has a history of discrimination against African Americans might find it 
easier to associate pleasant words to “White, Pleasant” side. The score, called IAT 
effect, is then calculated as the difference in mean latency between the third task and the 
fifth task. 

IAT has been utilized in a wide variety of domains. In their meta-analysis on predictive 
validity of IAT, Greenwald, Poehlman, Uhlmann and Banaji (2009) included nine 
different domains from intergroup behaviour to consumer preferences. The validity 
varied between domains: for instance, in socially sensitive topics, IAT’s validity was 
significantly higher compared to self-report measures. 

IAT has also been employed to research food-related attitudes. By using a modified 
version of IAT called EAST, Craeynest et al. (2005) investigated whether differences in 
implicit attitudes toward healthy and unhealthy food existed among obese children and a 
control group. They found out that obese children did not have an implicit preference to 
unhealthy food; however, their implicit attitude towards both healthy and unhealthy 
food was greater than what it was in the control group. Roefs and Jansen (2002) 
measured implicit and explicit attitudes towards high-fat foods in obese persons and a 
control group. Their findings indicated that implicit attitude in obese subjects towards 
high-fat foods was more negative than in the control group. 

Maison, Greenwald and Bruin (2001) found out that IAT score was correlated with 
dieting activity. Those participants who according to their self-reported behaviour 
restricted their intake of high calorie food also had implicit attitudes that favored low 
calorie products. 

The results of Perugini (2005) showed that implicit attitudes were able to predict 
spontaneous behaviour. An example of was a scenario where a snack or a piece of fruit 
was offered to the subject. On the other hand, in a study by Karpinski and Hilton 
(2001), IAT was not able to predict whether a test participant would choose an apple or 
a candy bar while at the same time an explicit measure was able to make an accurate 
prediction. 

Richetin, Perugini, Prestwich and O’Gorman (2007) conducted a study to investigate 
whether IAT can be used as a predictor of food choice. They found a small but 
significant effect of IAT being able to predict behavioural food choice.  

A similar implicit attitude measurement instrument called Go/No-go Association task 
was used in a study to see whether the implicit attitudes towards alcohol could be 
manipulated by using the task as a rehearsing/training tool. The study showed that 
alcohol-related stimuli paired with the no-go condition increased negative implicit 
attitudes, and that there was also a significant change in the real-world behaviour as the 
participants in the alcohol/no-go condition drank less alcohol. (Houben, Nederkoorn, 
Wiers & Jansen, 2011).  
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3. Research Method 

As stated in the introduction, the main research aim is to find out how the PSD model 
can be used in designing a gamified version of the implicit association test. A secondary 
aim is to investigate how gamification can be implemented in the implicit association 
test. To answer these questions, this thesis describes in detail the process of creating a 
gamified system with the help of relevant literature. Because the overall requirements 
given in the beginning of thesis work were very loosely defined (“persuasive and 
gamified IAT”) and previous knowledge of the exact definition gamification and what it 
contains were lacking, it was not possible to set firm goals on what features the system 
should have.  

This chapter provides an overall view on the design science research method that was 
chosen and explains how it was implemented in this thesis. 

According to Hevner, March, Park & Ram (2004), “design science is inherently a 
problem-solving process”. The goal of design science research is to create and evaluate 
IT artefacts. These artefacts are in response to organizational problems or needs and can 
on a practical level be constructs, models, methods and instantiations. The definition of 
construct contains vocabulary and symbols while models can mean abstractions and 
representations. Methods include algorithms and practices and instantiations consist of 
implemented and prototype systems. (Hevner et al. 2004).  

Overall, design science differs from routine design by concentrating on unique or 
innovative ways to address unsolved problems. Alternatively, problems that have been 
already solved could approached in more effective ways by employing the design 
science approach. The key distinction separating routine design and design research is 
that design science produces a clearly identifiable contribution to the knowledge base. 
(Hevner et al. 2004).  

Many different frameworks for design science research exist. For the purposes of this 
thesis, the framework created by Hevner et al. (2004) was adopted. In their paper, 
Hevner et al. (2004) present a conceptual framework for obtaining a more 
comprehensive understanding of various aspects of information systems research. The 
framework contains three main areas: environment, IS research and knowledge base.  

Concerning the environment, the idea for the artefact in this thesis originated from the 
university staff. In the department considerable amount of research has been already 
conducted with PSD model and thus an artefact that is designed with the help of PSD 
model would be relevant not only by itself, but also in the further research that can be 
carried with the help of the artefact. This artefact and any additional research also 
contributes to the knowledge base.  

The main knowledge base consists of the previously mentioned PSD model and the 
gamification framework by Werbach and Hunter (“applicable knowledge”). With the 
help of these frameworks, the artefact can be developed in a structured manner and they 
can also give guidance on what features could be included. Additionally, an existing 
questionnaire presented in a paper by Lehto, Oinas-Kukkonen and Drozd (2012) was 
adapted and used in evaluating the artefact.  
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The IS research portion contains a set of iterations, where the PSD analysis is 
performed, application platform is selected, a mock-up is created, a prototype is built, 
gamification is implemented, the application is finalized and finally evaluated. Although 
no specific goals were assigned to iterations, the results of each iteration/step were 
briefly discussed with the supervisor. This thesis provides a detailed description on how 
the two research aims (how to use PSD model to design a gamified IAT and how 
gamification can be implemented in IAT) can be approached.  

In addition to the conceptual framework, the framework by Hevner et al. (2004) also 
provides seven guidelines: 1. design as an artefact, 2. problem relevance, 3. design 
evaluation, 4. research contributions, 5. research rigor, 6. design as a search process and 
7. communication of research.  

The first guideline states that design science research should always produce a feasible 
artefact which can either be construct, model, method or instantiation. The second 
guideline stresses the importance of developing a solution that is relevant to business 
needs. The third guideline details how the utility, quality and efficacy of the developed 
artefact should be rigorously evaluated. The fourth guideline states that for design 
science research to be effective, there should be clear contributions in form of design 
artefact, design foundation or design methodology (for example evaluation methods and 
metrics). The fifth guideline, research rigor, is exercised by using the knowledge base 
effectively. The sixth guideline describes how in order to create an effective artefact, the 
available means (actions and resources available to construct an artefact) should be used 
to reach goals while at the same time taking note of the environment and its 
characteristics. Also, design should be seen as a process of building and evaluating. The 
final guideline details how the research should be presented in a form that both 
technology and management people can understand.  

The next section describes how the guidelines were met in this thesis.  

Guideline 1: Design as an artefact 

In this thesis a persuasive and gamified version of implicit association test was created.  

Guideline 2: Problem relevance  

There is a need to provide more in-depth descriptions of the technical implementations 
of behaviour change support systems. Also, very few BCSSs have involved food choice 
as context. In a broader context, poor diet and obesity is an ongoing challenge in 
modern societies. To the best of knowledge, in existing research no studies have been 
done that utilize Gamification together with IAT.  

Guideline 3: Design evaluation 

The artefact and its persuasive features were evaluated by six expert evaluators. 
Additionally, the artefact was used in a separate study done by Tikka, Laitinen, 
Manninen and Oinas-Kukkonen (2018).  

Guideline 4: Research contributions 

This thesis contributes the design of the gamified implicit association test and the 
evaluation of its perceived persuasiveness.  

Guideline 5: Research rigor 
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The design science research framework by Hevner et al. (2004) was used to verify that 
all the characteristics of DSR were present. PSD model was used as an aid in designing 
the persuasive features. Gamification framework by Werbach and Hunter (2012) was 
used to design gamification features for the application. When possible, the design 
decisions taken were supported by existing research.  

Guideline 6: Design as a Search Process 

As described in the fifth guideline, existing knowledge in the form of PSD model and 
gamification framework was utilized. Inside the iterations design was done in a cycle of 
building and testing, although external review was only conducted after each fully 
completed iteration.  

Guideline 7: Communication of Research  

This thesis documents the entire research process.  
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4. Software Artefact 

The software artefact is based on implicit association test and the central idea was to 
build a gamified version of IAT. The main features of the application were the gamified 
version of IAT and a possibility for the user to track his or her progress to aid in self-
reflection and self-monitoring. This chapter describes the design and development 
process of the application. First, PSD analysis was performed to identify important 
issues and to select relevant software features to be included in the application. Second, 
the process of selecting the software platform is described. Third, the process of 
creating a mock-up and prototype is detailed. Fourth, the iterations in which the 
application was built and how gamification was implemented are described. Finally, the 
finalized application is demonstrated. 

4.1 PSD analysis 

The PSD model (Oinas-Kukkonen and Harjumaa, 2009) was used to analyze the 
persuasion context. It was also used to select design features that would be implemented 
in the application. Especially for the design features, the analysis was done by keeping 
the context of the actual implicit association test in mind. 

4.1.1 Intent 

The persuader of the application can be viewed from two different angles. First, as the 
application’s premise originates from an information processing science researcher, the 
researcher can be thought to be the persuader of the application. The alternative way is 
to assign the role of persuader to the user of the application. In this approach the 
gamification principles are an important element as they should preferably be able to 
encourage the user to keep using the application for a longer period of time.  

From a research perspective the intent of creating the application is to see whether a 
gamified implicit association test can cause a user to change his or her attitude and/or 
behaviour. In other words, it is not sufficient if the user only complies but does not 
ultimately change dietary habits. Since the user background may vary, formation, 
reinforcement and change are all relevant when considering change outcomes that are 
being targeted. 

4.1.2 Event 

User context: The potential users of the application are all individuals who are 
interested in adopting healthier eating habits although it is possible that the application 
could be used by individuals purely interested in testing their association strengths as in 
the original IAT.  

The user interface, textual descriptions and other central characteristics of the 
application can be thought to implicitly exclude certain user groups such as children or 
visually impaired. Because the implicit association test is based on response times to 
determine the strength of associations, there was a need to consider the issue of reaction 
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times in designing the game logic to accommodate different types of users. However, to 
keep the technical implementation of the application more manageable it was decided 
that additional features such as a more personalized scoring system or social comparison 
features were to be left out from this version of application. For instance, more 
customization could have been achieved by providing customized sets of foods, 
adjustable difficulty level or offering the chance to provide additional information 
concerning long-term or short-term issues that affect dietary habits. In practice this 
could have for example meant that the user would have been able to tell whether she/he 
was feeling tired, happy or hungry before a game session.  

The PSD model mentions goals as an important feature in a persuasive system. 
Gamification and games in general usually contain goals and they often offer a way to 
see the current progress and the ability to track past performances. Goal-related design 
would be done in gamification implementation phase.  

Use context: The application provides support for adopting healthier eating habits. The 
game logic would be designed in a way that only correct categorizations would lead to 
points and being able to advance in the game. Information on healthy foods would be 
provided to further support behaviour change. Tools that give ability to see past 
performances would be included.  

Technology context: The base platform used in the development of this application was 
Cordova, a hybrid mobile application development framework. Cordova allows the 
developer to deploy for multiple different platforms including iOS, Android and 
Windows Mobile. However, for the purposes of this thesis, Android was chosen as the 
main platform on which the application was developed and tested. The database engine 
used for storing user data was SQLite. The frontend was built with AngularJS, a 
JavaScript based single-page application framework. Other web technologies such as 
HTML and CSS were used whenever necessary. 

4.1.3 Strategy 

Outside game instructions, text content was used scarcely in the initial version of the 
application. For each healthy food, a short text containing information about health 
benefits was collected from various online sources. The longer references were included 
in the background section. A large part of the content that a player sees is based on 
his/her performance, the system itself does not make judgments on how the player is 
performing as it is only displaying data. In the game interaction, a red X is displayed 
whenever the user makes an incorrect response. 

4.1.4 Software features 

The PSD model includes four categories of persuasive system principles. From these 
categories, principles from primary task support, dialogue support and system 
credibility were included in the application. Adding features from the social support 
category would have increased the complexity of the technical implementation so it was 
decided that no social support features would be included in this version. 

The overall structure of the application can be divided into three main parts: game, 
profile and background information. The game section contains the gamified implicit 
association test. In the profile section the user can track his or her progress by looking at 
statistics, charts and achievements. The background section contains information on 
healthy eating and the application itself. For each section, a walkthrough of each 
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category of persuasive system features was conducted to determine what features could 
realistically be implemented in the application. 

Tables 1, 2 and 3 list the design principles that were planned to be included in each 
section.  

Table 1. Design principles used in the Game section 

Game section 

Design principle Description 

Rehearsal (Primary task support) Adopting healthier eating habits means choosing 
healthy food over unhealthy. This is the central 
idea of the gamified test. 

Reduction (Primary task support) Health information displayed after the game is in 
easily digestible form. 

Praise (Dialogue support) After the game praise is given if enough points are 
scored or achievements have been reached. 

Rewards (Dialogue support) Virtual rewards in the form of additional content 
are given. 

 

Table 2. Design principles used in the Profile section 

Profile section 

Design principle Description 

Self-monitoring (Primary task support) 

 

User can track progress via statistics, charts and 
achievements. 

 

Rewards (Dialogue support) 

 

Achievements are shown in the profile page. 

 

Table 3. Design principles used in the Background section 

Background section 

Design principle Description 

Reduction (Primary task support) Advice on healthy eating is presented in a brief 
manner. 

Trustworthiness (System credibility support) Health information is from reliable sources. 

Authority (System credibility support) Quote authorities (For example, 
ravitsemusneuvottelukunta).   

Verifiability (System credibility support) Include links to literature and official sources 
when it is relevant. 

Expertise (System credibility support) Provide health information sources. 

4.2 Technology context 

Because the application was based on implicit association test, an existing construct, 
many technological requirements and design elements could be determined by studying 
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the implementation available in Project Implicit’s (2011) website. The development 
process began by gathering the high-level requirements of the application from the 
existing implementation of IAT. These requirements were then used in selecting the 
appropriate technologies and frameworks used for development. 

4.2.1 Mobile development approaches 

In addition to native applications, three different approaches for mobile application 
development can be identified. These three are web browser applications, hybrid 
applications and applications that run in self-contained runtime environments. 
(Heitkötter, Hanschke & Majchrzak, 2012). 

Native applications are constructed by using platform-specific software development 
kits and frameworks. In practical terms this means that the application will inherently 
have the look and feel of the platform. However, the drawback of native applications is 
that the application is tied to a specific platform and multi-platform functionality can 
only be accomplished by developing a separate application for each different platform. 
The current market share leaders for mobile platforms are Android and iOS. In Android, 
applications are typically programmed in Java while in iOS they can be built with either 
Objective-C or Swift. (Heitkötter, Hanschke & Majchrzak, 2012). 

Web browser applications operate within the web browser and they are implemented 
with HTML, CSS and JavaScript. From a user-perspective, applications are accessed via 
the web browser by navigating to them via URL. Visually and functionally web 
applications behave more like a website rather than a native application, and their 
performance can be limited by network capabilities. Additionally, accessing the camera, 
GPS or other hardware features may be difficult. (Heitkötter, Hanschke & Majchrzak, 
2012). 

Hybrid applications are built with same languages as pure web applications. However, 
they are packaged natively which allows them to be installed in a similar way to native 
applications. Hybrid applications run within a web rendering engine that is wrapped in a 
native engine. In practice, the rendering engine functions as a bridge between the 
browser and the device. This in turn allows the application to access the platform 
application programming interface. (Heitkötter, Hanschke & Majchrzak, 2012). 

Examples of self-contained runtime environments include Titanium and React Native. 
Both of these frameworks are based on JavaScript, but both use their own framework-
specific syntax. The user interface that is shown to the user is made of native elements 
and widgets, although the development is not done with platform-specific languages. 

4.2.2 Framework testing 

As the implicit association test heavily relies on measuring the user’s reaction time in 
determining the strength of association between concepts and attributes, the 
technological requirement of being able to accurately measure time was a factor in 
framework selection. The framework’s performance was also considered from the angle 
of persuasiveness in terms of general responsiveness, mainly start-up time, and how 
straightforward it was for the developer to build a user friendly interface. 

Due to strong existing personal familiarity with technologies such as HTML, CSS and 
JavaScript, the framework selection concentrated on those frameworks that allowed the 
usage of the previously mentioned web technologies. This meant that native Android 
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was to be only considered as a development framework in the event that no web 
technology-based framework performed satisfyingly. 

In the end, three different platforms were compared. The process included setting up the 
development environment for each framework and then building a single application 
that measured time between two clicks. Minor details that were included in the 
comparison were the application’s size, application start-up time, supported operating 
systems, the programming languages used and the expected development time. 

Table 4.  

Platform Name Android React Native Ionic Cordova 

Application size 1.5MB 7MB 3.5MB 2MB 

Start-up ~1 second ~1 second ~5 seconds ~2 seconds 

Accuracy ~2 milliseconds ~2 milliseconds ~50-75 ms ~2ms 

Operating 
systems 

Android Android, iOS, 
Windows Phone 

Android, iOS, 
Windows Phone 

Android, iOS, 
Windows Phone 

Language Java Java, JavaScript JavaScript, 
HTML5 

JavaScript, 
HTML5 

 

The data on application’s size was gathered with the framework’s default settings and 
thus does not include any optimizations that are available for applications ready for 
release. The start-up time was measured by touching the application icon on the phone 
screen and waiting until the application was loaded. In this case, it meant the appearance 
of a single test button and the ability for the user to interact with it. The accuracy was 
tested by enabling USB debugging from the phone, turning on the remote debugging 
features of the framework which allowed the application to be controlled with Google 
Chrome browser’s remote debugging tools. This was done because no straightforward 
way to automatically click or touch the screen within the phone was found. An auto-
clicking software was then used from the desktop to determine the framework’s 
accuracy. For instance, if the clicker was set to click two times a second, the time 
between clicks as displayed on the screen should have been as close to 500 milliseconds 
as possible. Operating systems lists the possible systems that the framework can be 
deployed on, while language specifies the programming language used in the 
framework. 

Based on the results, Ionic framework was dropped from the list of possible frameworks 
as at the time of testing the slow start-up was a known feature of the framework. A long 
start-up time would have negatively affected the user experience as it would have 
discouraged the user from playing the game in short sessions. 

The main decision was made between React Native and Cordova. While React Native’s 
performance is supposedly much closer to native platform than with Cordova, which 
operates in a native WebView, there was the trade-off of React Native having its own 
syntax and idiosyncrasies that would have taken time to learn. However, on a simple 
application the performance difference was negligible and the development time with 
Cordova was expected to be much shorter. As a result, Cordova was chosen as the 
underlying framework.  

Although there have been concerns of the accuracy of web-based reaction times and 
how they may be influenced by several factors such as variation of operating systems, 
CPU speed, and browsers and so on, it should be noted that Project Implicit itself is 
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built with JavaScript. Numerous studies concerning reaction time accuracy in web-
based experiments have been done. For example, Reimers and Stewart (2015) found out 
that JavaScript can be used to accurately detect reaction time differences with some 
caveats. The findings of Chetverikov and Upravitelev (2015) indicate that variability of 
hardware and software can have a detrimental effect on accuracy, but it can be partly 
compensated with a larger sample size. They conclude that web-based experiments can 
be an acceptable source of data that is comparable to a laboratory setting. Hilbig (2016) 
explains how numerous web-based studies have been able to replicate laboratory-based 
findings, but that skepticism still remains widespread. Hilbig’s own experiment 
indicated that web-based findings were not in any way inferior to other methods. 

4.3 Initial version 

After the framework selection, the next step was to create a mock-up of the application 
as a guideline on which the user interface would be based. In this part, the PSD analysis 
and its relevant design principles as selected in the chapter 4.1.4 were utilized. Also, the 
original implementation of IAT and its interface elements were used as a guidance. 

4.3.1 Creating a mock-up 

    

Figure 1. Mock-up of the application’s main menu and new game interface. 

The game’s start-up screen (see Fig. 1) was designed to be easily understandable and 
the user can instantly see all the main elements of the application. Green was chosen as 
the main color because of its association with healthiness. During the mock-ups 
creation, placeholder texts were gathered from the Project Implicit’s IAT website. 
Background images for the mock-up and the finalized version were selected from public 
domain image repositories. By pressing the play button, user is shown a New game 
screen (Fig. 1) where the general idea of the test is described. 
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Figure 2. Mock-ups for the screen of instructions and the game screen. 

After the user presses start, he is shown an instructions screen (Fig. 2) in which the user 
is given more accurate guidance on what he is supposed to do during a game. The actual 
game screen (Fig. 2) is also almost completely from the existing IAT implementation, 
with only the score element being added. 

   

Figure 3. Mock-ups for the results screen shown after the game and the about screen. 

When the user has finished a game, a results screen is then shown (Fig.3). This differs 
from the original IAT implementation because the original only displayed a very brief 
textual description of the user’s results. For the mock-up, some elements of gamification 
were included although no design work of gamification was done at this stage of 
development. About screen (Fig. 3) contains three sub-sections: tutorial, healthy eating 
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and about this app. Tutorial was supposed to provide information about how to play the 
game and to track own progress in a more extensive manner than what is shown in the 
actual game and my profile sections. Healthy eating section was to contain information 
on healthy eating from reputable sources. Finally, the about this app section was to 
provide information on application’s authors and the psychology behind the application. 

   

Figure 4. Mock-ups for the profile and the statistics screens.  

The profile screen (Fig. 4) does not exist in the Project Implicit’s implementation. The 
main idea behind the screen is to provide a way for the user to self-monitor his 
performance. Statistics (Fig. 4) are accessed by clicking the “More Statistics” button 
and its purpose is to provide more statistics along with a way for the user to view his 
rewards achieved during gameplay. 

4.3.2 Creating a prototype 

The next step was to create a working prototype of the application. Because Cordova 
functions only as a way to wrap HTML and JavaScript into a native container that can 
be installed to a phone, there was still a need to select a framework for actual 
development work. 

Cordova advocates the use of single page application design in their best practices. In 
single page applications, after the initial loading of resources all further updates are 
done via AJAX. In other words, only the document object model, DOM, is manipulated. 
Using a single page architecture helps to create a smoother user experience because 
moving between different pages would mean that all the JavaScript scripts and assets 
would have to be reloaded each time. (Apache, 2017). 

Multiple frameworks for single-page applications exist. Of these frameworks, 
AngularJS 1.6 was chosen because of its popularity at the time when development 
started in late 2016. More resources and tutorials being available meant that any 
problems would likely be solved more quickly compared to other frameworks. Because 
AngularJS was also used in the Ionic framework, which performed poorly in the 
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framework test, the performance was also tested with pure AngularJS. There was a 
slight degradation in performance, but not near to the levels of what it was with Ionic. 
Additionally, the start-up time of the application was still the same as it was with 
Cordova and plain JavaScript. 

AngularJS has been described as a Model-View-Whatever framework by its leading 
developer (Minar, 2012). As there is no central repository that contains information on 
what type of implementation constitutes a certain type of pattern in a certain framework 
(which are also constantly evolving between different releases), it is very difficult to 
describe a system and its architecture in exact terms.  

Typically, AngularJS applications can be structured with modules which can contain 
controllers, services and directives. Controllers contain logic that is specific to a certain 
view, while services include logic that is independent of the views. (AngularJS, 2017a). 
Additionally, services are singletons so that each time a service is called, the same 
instance is used. AngularJS services also persist between view switches so they can be 
used to store data that is used in different views and their controllers. 

For this application, a main module called implicitFood was created. Its purpose was to 
serve as a module in which the other modules were attached. In the following sample, 
additional modules called myProfile and play are included in the module definition. 
These modules contained functionality for the Profile and the Game parts of the 
application. 

var implicitFood = angular.module("implicitFood", ['myProfile', 

'play', 'ngCordova', 'ngRoute']); 

 

In practice, using AngularJS in a Cordova application was done by including AngularJS 
library and all its needed modules in index.html before Cordova’s own files. 

<script src="lib/angular.min.js"></script> 

<script src="lib/angular-route.min.js"></script> 

<script type="text/javascript" src="cordova.js"></script> 

<script type="text/javascript" src="js/index.js"></script> 

<script type="text/javascript" src="js/angular_start.js"></script> 

 

As is the case in single page applications, only one page is loaded (index.html) and all 
further actions are done by manipulating the DOM. For AngularJS to work, a ngView 
directive was inserted into index.html inside the <body> tag. 

<div ng-view></div> 

 

The application was built iteratively by first creating views and controllers with hard-
coded content. Only pure CSS was used as it allowed direct control over the layout. 
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Figure 5. Main menu and new game instructions screen from an early iteration. 

For testing purposes, a set of food icons were downloaded from an online icon 
repository (Fig. 5 and Fig. 6). 

   

Figure 6. A screenshot of game and results screens from an early iteration. 

After the first prototype was functioning, the next step was to design and implement a 
database for storing data on food items and words that are used during gameplay. To 
allow self-monitoring and using the data for research purposes, tables for storing game 
session data were also added (Fig. 7). 
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Figure 7. Initial database structure. 

SQLite was used as a database engine. The database was accessed with Cordova-sqlite-
storage plugin. To provide more compatibility with AngularJS, database queries were 
run through a wrapper provided by ngCordova library. In practice, when dealing with 
database access or other asynchronous tasks an implementation of JavaScript’s promises 
is used. The purpose of promises is to provide a way for signaling when an 
asynchronous task is completed, failed or in progress (AngularJS, 2017b). 

During discussions with thesis supervisor, it was decided that it would be enough to 
create two different game modes. In the first mode, the user would associate foods with 
two different words (a negative word and a positive word) displayed on left and right 
side of the screen. In the second mode, the same categorization would be performed the 
other way: instead of words, food icons would be placed on left and right side of the 
screen while the user would be shown different words, both positive and negative, on 
center of the screen. 

User interface was constantly revised during the creation of both game modes. After it 
was tested that the game data was correctly being recorded, functions for saving the data 
into database were created. 

4.4 Six steps to gamification framework implementation 

When both required versions of IAT were completed, the next step was to design a 
gamification system for them. The framework provided by Werbach and Hunter (2012) 
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was used as a basis for design. The decision of using this framework was mostly based 
on the popularity in terms of amount of references and in how it is used as a basis for 
other frameworks.  

As stated in the background section, to fully take advantage of gamification a thorough 
analysis of many different aspects is needed. However, the relatively simple structure of 
IAT was a limiting factor in terms of what issues could be analyzed and what game 
elements could be included in the system. On the other hand, IAT also provided a 
foundation from which gamification could be implemented.  

Normally, IAT includes at least the following elements: two target concepts, an 
attribute, scoring and feedback. The general structure of the test is as follows: 
instructions, test, where images or word are shown and feedback (score is calculated in 
the background based on the responses).  

On its own, IAT does not contain a particularly large amount of content. For instance, in 
the test that measures racial bias, a total of 12 faces and 16 words are included. The test 
results are given in verbal form as follows: strong (implicit preference), moderate, slight 
and little to no difference. As such, in its design IAT does not necessarily encourage the 
user to retake the test multiple times since the content stays the same and the feedback is 
given in a relatively vague and non-transparent manner. 

The first two steps in the gamification implementation process described by Werbach 
and Hunter (2012) concern business objectives and target behaviours. The underlying 
goal is to see whether a gamified test could be used to help people adopt healthier eating 
habits. In practical terms, in the context of this application the ideal scenario would be 
that the user would correctly categorize the given images and words as fast as possible 
and without any errors. With this and the self-reflection functionalities contained in the 
application, the behaviour would hopefully be translated into real world.  

The third step in the process is to describe the users. This part was already done in the 
PSD analysis phase in chapter 4.1.2. The most relevant issue concerning gamification 
and different user groups was reaction time as it is a central feature in IAT. To make 
implementation more straightforward, it was decided that timing thresholds for what 
would constitute too fast, fast, normal and slow reactions would be gathered from 
existing research rather than trying to implement a complex system where user’s own 
performance would change timing thresholds between different game sessions.  

In the fourth step, activity loops in the form of engagement loops and progression stairs 
are described. IAT provides the central part of the loop where the user categorizes foods 
or words correctly. Feedback is provided by allowing the player to continue to the next 
image or word, or by presenting an error indicator. After the player has finished the 
session, results are presented. This loop was refined further by introducing the concept 
of unlockable content. The player starts with 10 available foods, five healthy and five 
unhealthy. Overall, the game contains 72 different foods. 34 healthy foods were selected 
as items that could be unlocked by playing the game. For each food, a short 
informational text describing health benefits was created. Unhealthy foods would also 
be unlocked in the background but no information on them would be provided to the 
user.  

To provide a more concrete way to see progress, the concept of levels was introduced. 
By tying one unlockable food to each level, the game contains an elementary type of 
progression stairs.  
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In earlier research, points had been identified as a key element in a gamified system. 
Points were also a suitable construct for this game to allow the tracking of user progress 
and to be able to differentiate between different levels. When the user’s point total 
would exceed the required points to reach a new level, the informational text of the 
unlocked food would be displayed to the user.  

In the end, the engagement loop would ideally work so that the player’s initial 
motivation would be further encouraged by providing the player information about 
different foods. Additionally, the self-monitoring functionalities that would be 
implemented would also function as a form of feedback that would sustain or increase 
motivation. As Werbach and Hunter (2012) stated, almost all game components, 
including points and levels implemented in this game can be considered a form of 
feedback that affects motivation, which in turn causes actions, which provide feedback 
and so on.  

The fifth step deals with fun and making the system engaging. The structure of IAT by 
itself does not necessarily contain aspects that could make it fun. Due to this, whenever 
possible the text content of the application was written in a more casual and informal 
manner compared to the content found in the original IAT. Random appearances of 
different foods that granted bonus points were also added to provide a little bit of 
gameful atmosphere. Additionally, instead of using real food images, game-like icons 
were selected to portray the foods displayed to the user. Finally, as detailed in the 
previous paragraph, implementing progression stairs with its related points, levels and 
unlockable content should make the game more engaging compared to a normal implicit 
association test.  

Finally, in the sixth step the actual elements and structures are deployed. Points, levels 
and content unlocking were selected as central gamification elements for this 
application.  

The two chosen tasks, associating foods with words and words with foods, were not the 
same type of tasks that IAT uses to calculate the IAT effect, so an elementary scoring 
system had to be developed for the game. The reaction time, defined as the time 
between displaying an item and the user responding to it for the first time, was a 
straightforward choice on which the scoring would be based. It was decided that only 
correct responses would award points to discourage extremely quick responses. Other 
scoring methods such as those involving player’s own performance or rewarding 
answers to healthy foods and unhealthy foods differently, were also considered, but they 
would have often either provided an easier way to game the system or would have taken 
excessive time to create compared to a simple approach taken here.  

For similar tasks that this game has, the reaction time had varied from 500 milliseconds 
to 700 milliseconds. (Greenwald et al, 1998) In another implicit attitude measurement 
instrument, Go/No-go Association task, 500 to 850 milliseconds is explained to be an 
appropriate range for measuring automatic attitudes (Nosek & Banaji, 2001). 

In their article on Brief Implicit Association Test, Nosek et al. (2014) consider a 200 
millisecond response time to be too fast to process and respond. In the original paper on 
IAT, all responses below 300 milliseconds were recoded to 300 milliseconds before 
conducting any analyses. On the other end, all responses above 3 seconds were recoded 
to 3 seconds. Based on these values the lower limit for the scoring algorithm was set to 
300 milliseconds and the upper limit to 2000 milliseconds to still award a minute 
amount of points to not discourage players needlessly. However, the reaction times that 
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were recorded still contained the original reaction times as only the point scoring part 
was done with recoded values.  

With the goal of faster responses awarding more points, a simple formula of (1/(reaction 
time/100))^1.5*10 was created (where reaction time is in milliseconds, for example 
552). At the same time when the scoring formula was developed, the different levels 
and their required points were also created. By testing the application prototype, a rough 
estimation of the length of one game session could be obtained. This allowed the testing 
of different types of reaction times to determine how long it would take for a user to 
reach a new level. In an exhaustive gamification project this step would have involved a 
larger scale testing with different users to find a perfect balance between different 
reaction times and the time needed to reach a new level. In this application, the final 
values were mostly based on personal testing. To provide slight variability in 
progression, required points for each level were varied (see Table 5).  

Table 5. An extract from the level structure 

Level Total score needed Unlocked food Level name 

1 750 Chili Chilin’ along 

2 1500 Fig Figuring it out 

3 2500 Banana Going bananas 

4 3500 Avocado Playing devil’s avocado 

5 5000 Coconut Go nuts 

 

Database structure was revised further to add a new level table to contain level 
information. Other gamification related fields, such as a field for unlock texts, were also 
added to other tables when necessary. For scoring purposes, a scoring service was 
created. After this, the functions that handled storing the player and round information 
into the database were modified to include the handling of points. The logic for 
advancing from one level to another was also implemented.  

As an end note, because there were no existing studies that have tested the effects of 
singular game design elements, most of the design decisions taken here either followed 
the framework’s suggestions closely or the decisions were made intuitively rather than 
with a rigorous process involving user testing and so on. Another designer could have 
conceivably decided to implement the chosen gamification features in a completely 
different manner and included completely different features altogether. 

4.5 Finalizing the application 

4.5.1 Implementing the remaining features 

With the two game modes ready and their gamification logic created and tested, the 
final step was to build the My Profile section. In the initial release, My Profile consisted 
of three views.  

The main view contains the overall status of the player, including current point total, 
high score and level. It also includes three different charts containing a line chart for 
points and reaction data and a bar chart for the amount of correct responses. In the main 
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view, the user is also able to reset his/her gameplay data. As the application was 
planned to be used for research purposes, an option for sending data was built. It fetches 
all the available gameplay from the database and sends it to a server in a JSON format, 
where it is saved into a database and if needed, sent in a CSV format to a researcher.  

Within the main view, links for additional statistics and a list of unlocked foods are 
provided. Statistics displays information about the Food Association gameplay mode 
and lists the percentage of correct responses and average points and reaction for each 
food.  

Finally, a longer version of the game instructions was written for the About section and 
pages for other miscellaneous information, including icon licenses and open source 
software licenses were created. 

4.5.2 Application structure in the initial release 

Table 6 displays an overall view of all the views and their related controllers in this 
application.  

Table 6. List of application views and controllers 

View (and controller in dynamic pages) Description 

Main menu Screen displayed to the user when the application 
is launched. 

Game mode selection Allows the player to select from two game modes. 

Game start Start screen for the selected game mode. Shows 
instructions and items that are used in the game 
session. 

Game screen Gamified version of IAT where the user 
categorizes foods or words. 

Game results Displays game session results. Also shows 
progress towards next locked food. If needed, 
displays information on unlocked food if the user 
has reached a new level. 

My Profile Displays overall information about the user 
performance, including current level, high score, 
total points and charts for points, reaction times 
and correct responses. Provides functionalities for 
resetting the user profile and for sending research 
data. 

My Profile – Unlocked foods Displays unlocked foods and allows the user to re-
read food information. 

My Profile - Statistics Provides statistics about the Food Association 

mode.  

About (how to play, healthy eating, about this app) Provides general instructions on the game and lists 
resources related to healthy eating. Additionally, 
shows information about the app such as the 
author and links for learning more about IAT. 
Open source licenses are also included. 

 

Table 7 lists all the services and modules. 
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Name Description 

ImplicitFood module Functions as a main module on which other 
modules are attached. Also contains definition for 
application’s routing. 

My Profile module A container to which all profile related controllers 

are attached.  

 

Play module A container to which all gameplay related 
controllers and services are attached. 

Database service Provides functions for running database queries. 

Player service Manages user information. Responsible for 
updating scores and levels and for getting data 
from played sessions from the database. 

Game services Responsible for setting up the game session by 
getting data from the database and ensuring it is in 
needed form. 

Scorer service Calculates scores for single rounds and whole 
session. 

Round service Stores round data during game session and handles 
the saving of round data to database. 

 

Figure 8 presents an alternative view of all the different screens in the application.  

 

Figure 8. All the views in the application.  
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Figure 9. The general structure of the application.  

Figure 9 shows an overall view of the application in terms of how different components 
interact with each other. The SQLite database contains data for foods, words and 
gamification related elements such as level structure. The database is also responsible 
for storing all the player data gathered during gameplay. Different services query the 
database for relevant information and provide it to the controllers. If needed, data is 
processed in the controllers, and is made available to views which display the data to the 
user. 
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Figure 10.  Activity diagram for a game session. 

The logic for a single game session can be seen in the Figure 10. 

4.5.3 Application demonstration 

Figure 11 displays the main menu of the application which did not undergo any major 
modifications from the original mock-up. For all screens of the application, a navigation 
bar containing links for all the major sections of the application was added.  
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Figure 11.  Main menu of the application 

 

   

Figure 12.  Game mode selection and an instruction screen for food association game mode. 

A very simple screen for selecting the game mode was added. Placeholder texts were 
replaced with real instructions and the amount of green color was decreased by 
separating different elements into their boxes (Figure 12). 
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Figure 13.  Instructions displayed to the user before a game session and a screen of gameplay.  

An overlay displaying more in-detail game instructions was implemented (Figure 13). 
After the user dismissed the instructions, the first image or word is displayed after one 
second. After correct responses, the next item is displayed after a delay of 200 
milliseconds (Figure 13). 

    

Figure 14.  A normal result screen and a result screen where the player has unlocked a new 
food. 



38 

Figure 14 shows the two different result screens. The dark green progress bar is 
animated and when the user has gathered enough points to unlock a new level, a food 
item with information about its health benefits is displayed. The quick play button takes 
the player back to the start screen of the same game mode. 

   

Figure 15.  A screen of Word Association game mode and its gameplay.  

Figure 15 displays the Word Association game mode’s instructions and gameplay. 

   

Figure 16.  My Profile screen and a screenshot of unlocked foods with one food opened for 
closer inspection.  
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Figure 16 shows the profile screen along with a screen of foods that the player has 
unlocked by progressing in the game. 

   

Figure 17.  Screenshots from My Profile’s additional statistics and About section’s instructions.  

Figure 17 displays the additional statistics that can be accessed through main profile 
screen. The figure also shows an example of the content provided in the About section. 
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5. Evaluation 

As part of the design science research process, an evaluation on the artefact was carried 
out. Since the focus at least on the beginning of the research was on persuasive systems, 
the evaluation was also done on the persuasiveness of the artefact.  

For the evaluation, an existing survey presented in the paper by Lehto and Oinas-
Kukkonen (2012) was adapted as a starting point. The survey contains measurement 
items for several different principal constructs related to persuasive design. These 
constructs are primary task support, dialogue support, perceived credibility, design 
aesthetics, perceived persuasiveness, unobtrusiveness, intention to continue using the 
system and usage. Each construct has either one or several items that serve as a 
measurement, and each of these measurement items is derived from existing theories 
and literature.  

Some constructs were dropped from the original survey. The artefact does not contain 
any reminders, does not interrupt daily routines and the user is free to use it whenever 
she pleases, so unobtrusiveness was left out. Although it could have been interesting to 
investigate whether an evaluator would have wanted to continue using the artefact 
(“intention to continue using the system”), the artefact still had very limited content 
which could be played through in a couple of hours and there was no design work done 
on the replayability and the end states of the game. Usage logs were also not collected.  

The remaining constructs and their measurement items are shown in table 7. In primary 
task support measurements, the original item wording was modified to be more about 
food and not weight loss. To collect feedback on self-monitoring features (My Profile 
section), a question on the ways to see progress was added as a new item. In dialogue 
support the question on counseling was removed as the artefact did not explicitly 
contain it. A question about rewards (new food items, leveling up mechanics) was 
added. From perceived credibility items not deemed relevant were removed. For 
example, the artefact is not made by health professionals, so it is not sensible to measure 
it. Design aesthetics and perceived persuasiveness were left in their original form.  
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Table 7. Evaluation constructs and measurement items 

Primary Task Support Implicity helps me change my eating habits. 

Implicity helps me choose healthier foods. 

Implicity provides me with appropriate ways to see 
my progress. 

Dialogue Support Implicity provides me with appropriate feedback. 

Implicity encourages me. 

The rewards in Implicity are interesting. 

Perceived Credibility Implicity is trustworthy. 

Implicity is reliable. 

Implicity shows expertise. 

Design Aesthetics The screen in Implicity (i.e. colours, layout, 
presenters, etc.) is attractive. 

The general appearance of Implicity is appealing. 

Implicity provides a nice visual experience. 

Perceived Persuasiveness Implicity has an influence on me. 

Implicity is personally relevant for me. 

Implicity makes me reconsider my eating habits. 

 

Six persons from the Department of Information Processing Science were recruited to 
be the evaluators of the artefact. The evaluators were PhD students and Post-doctoral 
researchers who had previous expertise on persuasive systems. They were instructed to 
download the application, play a minimum amount of 20 games in each game mode and 
browse through all the other sections of the application. After they had played the 
required amount of games, they were asked to ask fill in a questionnaire containing the 
questions listed in the table 7. Each question was on a 1 to 5 scale (Disagree Strongly to 
Agree Strongly). In addition to the listed questions, the evaluators were asked to provide 
their expertise level on a 1 to 5 scale (novice to expert) in the following fields of study: 
PSD model, behaviour change, HCI/interface design, user experience, persuasive 
technology and gamification. Finally, for each section, an opportunity to provide open 
comments was provided. 

5.1 Evaluation results 

Before the evaluation questions the respondents were asked to rate their expertise on 
various fields of study. Table 8 shows the responses.  
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Field of Study Mean 

PSD Model 4.17 

Behaviour Change 3.67 

Gamification 3.67 

HCI/Interface Design 3.33 

User Experience 3.33 

Persuasive Technology 4.17 

Table 8. Mean expertise level of respondents on a 1 to 5 scale (Novice to Expert) 

Table 9 shows the results of the evaluation.  

Construct/question Mean 

Primary Task Support 3.39 

Implicity helps me change my eating habits. 3.33 

Implicity helps me choose healthier foods. 3.5 

Implicity provides me with appropriate ways to see 
my progress. 

3.33 

 

Dialogue Support 3.72 

Implicity provides me with appropriate feedback. 3.67 

Implicity encourages me. 3.33 

The rewards in Implicity are interesting. 4.17 

 

Perceived Credibility 4.00 

Implicity is trustworthy. 4.00 

Implicity is reliable. 4.00 

Implicity shows expertise. 4.00 

 

Design Aesthetics 4.11 

The screen in Implicity (i.e. colours, layout, 
presenters, etc.) is attractive. 

4.33 

The general appearance of Implicity is appealing. 3.83 

Implicity provides a nice visual experience. 4.17 

 

Perceived Persuasiveness 2.83 

Implicity has an influence on me. 3.00 

Implicity is personally relevant for me. 2.50 

Implicity makes me reconsider my eating habits. 3.00 

Table 9. Evaluation results 
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Figure 18.  Question three on Primary task support 

The question on self-monitoring tools received differing views (Figure 18).  

 

Figure 19.  Question two on Dialogue support 

The encouragement offered by the application was also received very differently by the 
respondents (Figure 19).  

5.2 Evaluation summary 

In Primary Task Support section, the questions that considered the ability of the 
application to help in choosing healthier or in changing eating habits had mostly neutral 
and slightly agreeing responses. Opinions on self-monitoring tools ranged from slight 
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disagreement to strong agreement, with most responses being neutral. The overall 
responses on Primary Task Support constructs were slightly positive.  

In Dialogue Support questions, the evaluation on appropriate feedback was split 
between neutral and agreeing sentiments. Encouragement had very differing views, 
some felt neutral, others slightly disagreed while others strongly agreed. However, 
rewards were thought to be interesting as all but one responder slightly or strongly 
agreed with the statement. The overall responses regarding Dialogue Support were 
slightly positive with the exception of encouragement which provided very differing 
views.  

In Perceived Credibility questions, trustworthiness and reliability received similar 
responses that were skewed towards agreement, with one third of responses being 
neutral in both. Most respondents agreed slightly that the application showed expertise. 
The responses overall can be considered positive as no responses were received that 
disagreed with the statements.  

In Design Aesthetics questions, all evaluators agreed on varying degrees that the 
application screen (colors, layout) was attractive. Responses on general appearance 
were more neutral, although the other half still thought the appearance was appealing. 
Visual experience provided one disagreeing response, but all the other were positive. 
Generally, the sentiment was positive regarding the design aesthetics.  

In Perceived Persuasiveness questions, the question on whether the application has an 
influence on the user received differing responses ranging from slight disagreement to 
slight agreement. In the second question, half of the respondents felt that the application 
was not personally relevant for them while the other half were neutral. Responses on 
whether the application makes the respondent reconsider his/her eating habits ranged 
from slight disagreement to slight agreement. Compared to the previous four sections of 
the questionnaire, the responses on Perceived Persuasiveness clearly included more 
responses that slightly disagreed with the statements. The amount of responses that 
agreed were also lowest in this section.  
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6. Discussion 

The primary aim of this thesis was to see how PSD model could be used to design a 
gamified version of the implicit association test. In addition to PSD model, gamification 
was researched to understand it better and to also find tools that would help in 
implementing it into the application. The result of this research was a novel software 
artefact designed to help people in adopting healthier eating habits. Design science 
research guidelines by Hevner et al. (2004) were used as a checklist to ensure that all 
relevant aspects of DSR were present.  

The PSD analysis was done at the very beginning of the process while gamification 
design was performed after the mock-up and the IAT prototype were created. The 
original IAT was used as a guidance to determine what features would be initially 
present. After each section (PSD, mock-up, prototype and gamification), the application 
was briefly reviewed and discussed with the supervisor. After the initial version with 
gamification implemented was completed, the artefact was evaluated with a Perceived 
Persuasiveness questionnaire that was sent to six Department of Information Processing 
Science personnel who had previous expertise on persuasive technology.  

Although the PSD model and the gamification framework by Werbach and Hunter 
(2012) are not directly comparable as PSD model is aimed towards the design and 
evaluation of different types of persuasive systems while the gamification framework is 
obviously specific to gamification, there were still some similarities between the two.  

In this thesis there were no conflicts in using these two frameworks together. On a 
general level, the PSD model was first used to select a groundwork of features that the 
application should have in addition to the features present in the original IAT. The 
gamification framework provided guidance on what the actual features to be 
implemented would be like. Each construct contained in the original IAT was used as an 
aid in determining what type of gamification features would be developed. By following 
the framework’s instructions, including conducting further analyses if the information 
obtained in the previous steps was not sufficient, it was possible to ensure that the 
design process could proceed in a systematic manner.  

The main gamification features were points, levels and content unlocking. Although 
“pointsification” had been criticized in earlier research (Seaborn and Fels, 2015) they 
provided a simple way to track the user progress throughout levels. The levels and 
content unlocking functioned together to provide progression stairs, a key concept in the 
gamification framework. Rewards, which manifested as the content unlocking 
component, were well received in the evaluation. In earlier research, extrinsic rewards 
had been described as a way to make mundane tasks more enjoyable (Werbach & 
Hunter, 2012). Additionally, rewards had been also identified as an important factor in 
driving health behaviour although these findings were mostly from studies that dealt 
with physical exercise (Johnson et al., 2016).  

There was some overlap between the PSD model and the framework. This was 
especially evident in analyzing the user context as the corresponding step in the 
framework would have involved essentially the same analysis with the exception of 
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metrics. Table 10 displays how the different software features can be viewed through 
the two frameworks.  

Table 10. Mapping of features 

PSD Model Gamification Framework Actual implementation 

Rehearsal – Primary task 
Support 

Challenge mechanic Gamified IAT as a whole 

Praise – Dialogue support Feedback mechanic Displaying congratulation 
messages and points 

Reward – Dialogue support Reward mechanic, content 
unlocking component 

New food items 

Self-monitoring – Primary task 
support 

Points and levels components Score used to progress through 
the levels that unlock food items 

 

Evaluation results for the perceived persuasiveness questionnaire showed mostly 
positive results. The overall sentiment on the Primary Task Support constructs were 
slightly positive although the responses on self-monitoring tools were mixed. This 
potentially shows that a more careful analysis on what type of tools should be offered to 
the user is needed when compared to more traditional health-related monitoring tools 
such as heart rate monitors and step counters.  

As stated, rewards received positive response. In the other two Dialogue Support 
construct questions, responses on encouragement ranged from slight disagreement to 
slight agreement while the response towards appropriate feedback was split between 
neutral and slight agreement. In practice, the praise provided by the application is rather 
minimal in the form of informing the player that he/she has reached a new level.  

Perceived Credibility constructs received mostly positive responses with the remaining 
responses being neutral. Response for Design Aesthetics was also positive, even though 
the application was developed as a hybrid application and not as a native Android 
application. As a side note, this presents an alternative approach to web-based studies 
by using almost the same technology but eliminating the need for online connectivity 
(outside the initial download) and separate user accounts, as all the data is stored locally 
in the users’ phones.  

Evaluation responses for the Perceived Persuasiveness construct questions were skewed 
more towards slight disagreement. Half felt that the application was not relevant for 
them while the rest were neutral. On the ability of the application to influence them, 
responses were evenly split between slight disagreement, neutral and slight agreement. 
The same responses were also received on the question that asked whether the 
application could be able to make the respondent reconsider his/her eating habits.  

The architecture of the application is described on a high level. In the end, the 
application contained three main sections: Game, My Profile, About, all of which have 
their own persuasive system features. The About section contained features designed 
with the PSD model, while the design of the other two involved both frameworks.  

As web application frameworks are constantly evolving, the structure and development 
patterns can change considerably and become quickly outdated. This is also the case 
with the AngularJS framework used in this application and thus the in-depth technical 
implementation details were mostly left out. When possible, the application was built 
with the guidance from the official documentation. All the typical scenarios that the user 
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of the application would encounter were tested comprehensively in a real phone and in 
Android emulator with different screen sizes and Android versions.  

The study by Houben et al. (2011) that used the go/no-go association task with no 
gamification features to train response inhibition for alcohol-related stimuli had found 
positive results. This thesis presents an opportunity to research a slightly similar 
scenario, but with a different task (IAT), different area (food) and a new variable in the 
form of gamification. Also, food choice in the context of gamification or BCSSs has not 
been a focus of research as previous studies have mostly concentrated on physical 
activity or the management of different medical conditions (Johnson et al., 2016; 
Alahäivälä & Oinas-Kukkonen, 2016).  

Limitations and future research 
Although the design science research guidelines by Hevner et al. (2004) were used as a 
guidance, there were a few areas where a more rigorous approach could have been 
taken. From a technical standpoint, the architecture of the application could have been 
designed and implemented in a more structured manner to facilitate further 
development. As it stands, the focus was more on creating a working application rather 
than spending time exploring the perfect internal design. Further refinement and testing 
could have been done on the user interface and the navigation.   

Like Werbach and Hunter (2012) had stated, game design is a combination of multiple 
different aspects including science, art and experience, but on a project with a scope as 
this thesis several practical concessions had to be made. Although Design Aesthetics 
received positive response in the evaluation, a more professional approach in terms of 
graphical design and custom graphics could have enhanced persuasiveness.  

A more comprehensive design and evaluation cycle could have been utilized for the 
gamification elements. This could have for instance involved the process of gathering 
ideas from other people on the subject of how a quite simple and monotonous concept 
of implicit association test could be made more engaging by using gamification 
features. Furthermore, conducting playtesting sessions during or immediately after the 
gamification features were implemented to gather feedback on different gamification 
features, for example, might have been beneficial to make the artefact potentially more 
effective in the later study. Also, the log data received from the users of the application 
could be used to further refine the gameplay.  

The self-monitoring features (part of Primary Task Support) displayed to users were 
implemented as an afterthought and from the viewpoint of what type of data can be 
displayed and not from what the user could potentially be interested to see. Gathering 
feedback from other persons could have been beneficial also with this feature.  

The rewards in Dialogue Support were well received, but the response on 
encouragement and feedback was more neutral, although still positive. However, as 
minimal design effort was directed towards the messages (Praise design feature), a 
potential exists to improve them with more rigorously designed wording or 
personalization.   

While the Perceived Credibility scores were also adequate, the text content of the 
application could be considerably improved. The health information was only shown 
alongside with healthy foods and the process of gathering the relevant texts was 
performed quickly and without the aid of persons with relevant expertise (e. g. 
nutritionists or health professionals).   
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Regarding Perceived Persuasiveness constructs, since most of the evaluators were 
neutral or disagreed slightly with the relevance of the application for them, it could have 
been interesting to collect responses from a larger group of subjects to see whether the 
responses would change depending on the respondent background. Additionally, 
whether the background would affect the first two Primary Task Support questions 
(“Implicity helps me change my eating habits and Implicity helps me choose healthier 
foods”) is also a topic of interest.  

Social Support, one of the main software feature categories in PSD model, was not 
implemented, although these features are widely present in other gamified health BCSSs 
(Alahäivälä & Oinas-Kukkonen, 2016).  
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7. Conclusion 

The main aim of this thesis was to research how PSD model could be used to design a 
gamified implicit association. The secondary aim was to research how gamification 
could be implemented in the implicit association test.  

PSD model was used in the initial design of the artefact. Following that, gamification 
features were implemented with the help of a gamification framework. Throughout the 
design process, the original implicit association test was kept as unmodified as possible, 
and the additional features were designed on top of it. In other words, the features 
present in the original IAT had strong influence on what persuasive and gamification 
features would be implemented. By following the instructions contained within the PSD 
model and the gamification framework, the development process could be done 
systematically. There were also no conflicts identified in using the two together. Design 
science research guidelines by Hevner et al. (2004) were used as a checklist to ensure 
that all the elements of design science research were present.  

Evaluation was carried out with the help of six researchers. The purpose was to 
investigate the persuasive features of the application with questions on five different 
constructs: Primary Task Support, Dialogue Support, Perceived Credibility, Design 
Aesthetics, Perceived Persuasiveness. Most of the questions were adapted from an 
existing questionnaire by Lehto, Oinas-Kukkonen and Drozd (2012). The evaluation 
results showed slightly positive responses on Primary Task Support, Dialogue Support, 
Perceived Credibility and Design Aesthetics constructs. Perceived Persuasiveness 
construct responses were slightly negative. From the individual features rewards were 
well received. Visuals (colours, layout, visual experience) and credibility 
(trustworthiness, reliability, expertise) were also strongly rated.  

The thesis contributes a detailed description of the development process of taking an 
existing construct, IAT, and designing persuasive and gamification features on top of it. 
During the writing process, part of this thesis was presented in the Behaviour Change 
Support Systems workshop that was held in the Persuasive Technology 2018 conference 
(Manninen & Tikka, 2018). The ability of the artefact to cause a behaviour change was 
not investigated in this thesis.  

Further research could be carried on the gamification features to study the effects of 
individual gamification elements. Investigating what effect professionally produced 
content could have on System Credibility could be done by enlisting the help of 
nutritionists and health professionals. Implementing Social Support features, one of the 
major categories in PSD model’s list of possible software features is another area of 
interest.  
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