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1. Introduction

"Trying is the ﬁrst step towards failure."
–Homer J. Simpson

The amount of technology we use on daily basis has increased rapidly over
the last years. The frequency of different types of computing devices sets
a growing need for people who are able to understand computer science
on various levels. Therefore, it is important to explore new approaches
to teach computer science and to evaluate such approaches in order to
gain understanding of their impact and suitability for computer science
education.
There is something about games that makes them highly engaging as
millions of people play games on regular basis [9]. Thus, the idea of harnessing the power of games to educational settings has gained ground
over the last years. Many learning environments already have gamelike elements such as points, instant feedback, and goals. However, there
are engaging aspects in games that could be used in educational settings
more widely. In well-designed games, even a failure can be a reward
that triggers positive emotions [137]. There is no off-the-shelf formula
for designing successful games, nor there is one for perfect learning environments. However, by deepening our understanding of the effects of
games and game-like environments in educational settings, we can design
and support more effective learning activities, and ultimately improve the
learning of computer science.

1.1

Scope of this Thesis

The scope of this thesis is the use of gameful approaches in computer
science education. More speciﬁcally, the work focuses on university-level
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computer science education that is done in online learning settings.
There is a wide range of games that might seem completely different
from one another. Yet there are some common traits that bring together
activities that are considered as games. One elegantly compact deﬁnition
is that playing a game is "a voluntary attempt to overcome unnecessary obstacles" [149]. On the other hand, the term gamiﬁcation is commonly used
to describe the use of game design elements in non-game contexts [39]. In
this thesis, the term gameful is understood as a general term that can be
used to describe settings from fully-ﬂedged games to environments that
have only some game-like elements in them. Deﬁnitions of the terms are
discussed in more detail in Chapter 2.
This thesis focuses mainly on two gameful teaching interventions that
are: 1) achievement badges and 2) alternate reality games. An achievement badge can be deﬁned as "an optional challenge provided by a metagame that is independent of a single game session and yields possible reward(s)" [69]. Achievement badges are quite commonly used in different
contexts and typically they appear to users as graphical icons after completing the criteria set for them. Alternate Reality Games (ARG), on the
other hand, are games that deliver an interactive narrative to the players
using different types of media. They lack a concise deﬁnition but typically
they require collaborative efforts from the players and have a strong relation to the real world. Often the goal of an ARG is to immerse the world
of the game into the everyday life of the player instead of immersing the
player into an artiﬁcial world of the game [151].
In various ways, these two teaching interventions can be seen as the
opposite sides of the same coin. For example, achievement badges are
an additional layer of challenges that can be easily added to an existing
learning environment, whereas alternate reality games are comprehensive games that require extensive effort to organize. By studying two different approaches, we wish to form a more comprehensive picture of using
gameful approaches to teach computer science than we would get by only
focusing on one approach. An overview of the main focus of this thesis
is shown in Figure 1.1. Both of the teaching interventions are evaluated
in order to understand their effect and suitability for computer science
education. Furthermore, we also introduce technology and methods to
support using such approaches.

14

Introduction

  
 

 
 






  
  
 

 

 

 





   
Figure 1.1. The overall scope of this thesis.

1.2

Research Questions

The main goal of this thesis is to enrich computer science education by
1) reporting on the effects of gamiﬁcation in educational settings and 2)
exploring novel gameful approaches to teach computer science. We focus
on approaches that are based on voluntary participation, that is, methods that do not offer any tangible rewards, such as study credits or cash
rewards. By this design choice, we want to minimize the effects that the
tangible rewards might have on students’ behavior and motivation. Moreover, voluntary participation is often considered as an essential characteristic of games [78, 114, 149]. Furthermore, our focus is on automated
methods that can be scaled to a large number of participants. The overarching research question of this thesis is:
RQ How to enrich computer science education with gameful approaches?
This thesis is not trying to ﬁnd out an approach that is superior to all
the other methods to teach computer science, nor it is trying to evaluate
all the available methods comprehensively. Rather the goal is to design,
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implement, and evaluate different approaches that all have their own advantages and restrictions. This way, we wish to contribute to the main
goal of this thesis – to enrich computer science education – by deepening
the understanding of the effects and possibilities of the various methods
described in this thesis.

1.2.1

Detailed Research Questions

Online learning is a commonly used practice in computer science education and it is often supported by automated assessment [80] and various
online learning environments (e.g. [47, 82, 107]). While these type of systems offer the ﬂexibility to submit assignments at any time or location,
there are downsides for using such systems. The lack of human guidance
may lead to undesired study practices such as trial and error problem
solving [46, 90] or returning assignments at the last minute [48, 52, 55,
117].
We wanted to ﬁnd out if achievement badges can be used in online learning to address these issues. We added achievement badges to an existing
online learning environment in a Data Structures and Algorithms course
in order to collect data of their effect on students’ behavior. The badges
were intentionally implemented as something voluntary for the students
and therefore there were no tangible rewards for collecting them. We
wanted to ﬁnd out if badges could be used to steer students’ study habits
away from the undesired study practices to a more desirable direction
without forcing the behavior with study credits. More speciﬁcally, the research question was:
RQ1 Can achievement badges be used to steer student behavior?
We were particularly interested in the effect of badges on time management, carefulness, and learning. Poor time management, in the form of
starting to work near the deadline, is a side effect that has been noted in
earlier years in the same online learning environment that was used in
the study [11]. Similarly, trial and error behavior is an unwanted study
practice observed as well [90]. Therefore, the motivation for the research
was to ﬁnd out if achievement badges could be a way to address these
side effects and improve the learning habits of students. Furthermore,
new features should not reduce the learning effect of the automatically
assessed exercises.
The same teaching approach can be appealing to some students while
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others might not ﬁnd it useful. Especially with gamiﬁcation, it seems that
people can have strong opinions of the usefulness and suitability of gameful elements if mixed with learning content. Furthermore, the gaming
background of students participating in a university course might vary
signiﬁcantly. Students who are accustomed to game elements might adopt
them easily in a learning environment as well. On the other hand, active
gamers might as well feel that the gamiﬁcation efforts in the learning
context do not do justice to the motivational elements in games if they fail
to reach to the standard of commercial games. Similarly, students who
are not as accustomed to games and game elements might see the gamiﬁcation as an unnecessary distraction, or be positively motivated by the
novelty effect of it. All in all, focusing on the average effect of a population does not reveal the whole truth of the effectiveness of gamiﬁcation or
its suitability in education, in this case, university-level computer science
education. The same game element can be loved and hated at the same
time because people perceive them differently. Therefore, we wanted to
collect and analyze feedback from students about their attitudes towards
the use of badges in the course. Our research question was:
RQ2 What are student attitudes towards achievement badges?
In addition to identifying different attitudes towards the use of achievement badges in online learning environments, it is important to understand the underlying reasons for the different opinions. Achievement
badges are essentially external rewards that are given after reaching speciﬁc goals. Some people focus purely on learning the content and ignore
any external rewards such as badges or points given for completing the exercises. On the other hand, some students are motivated by the external
tokens of their work. Similarly, people have different opinions about their
performance relative to others. Some people like to show competence relative to others while some people might be afraid of showing incompetence
in front of others. Also, some people want to minimize their effort while
still completing the goal they have set for themselves. All of these aspects
are considered in the psychological conceptualization called achievement
goal orientation that characterizes people’s preferences to different goals
and outcomes [154]. Given that the badges we used in our courses were a
form of external rewards, we were interested to ﬁnd out if students’ goal
orientations inﬂuence the way they respond to achievement badges. More
speciﬁcally, our research question was:
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RQ2.1 Do people with different achievement goal orientations respond
differently to achievement badges?
It is possible that the effect noticed with gamiﬁcation is not necessarily
because of the gamefulness of the feedback, but merely due to the fact that
students’ attention is focused on the certain aspects of their behavior. The
same effects could be achieved by steering students’ focus on the aspect
in a less gameful way. We conducted a study where feedback on one’s
behavior in the online learning environment was given to students with
heatmaps. The heatmaps essentially made students to focus on the same
aspects that the badges. It is possible that while both approaches might
have beneﬁts or downsides, different people respond to the badges than
to the heatmap feedback. Therefore, we wanted to study the differences
in the goal orientation proﬁles of the students who were motivated by the
badges or the heatmap feedback. Our research question was:
RQ2.2 Are there differences, in terms of achievement goal orientation, in
the students who are interested in badges or heatmap visualizations?
The previous research questions have dealt with the use of achievement badges in an online learning environment in the context of Data
Structures and Algorithms course. Achievement badges are a convenient
method to provide feedback in a gameful way and therefore it is a widely
used gamiﬁcation method. However, while adding simple game elements
to existing learning environments might have beneﬁts, it cannot be taken
as the only way to have gamefulness in education. Approaches that integrate the learning content tightly into the game have the opportunity
to come closer to the experience many successful commercial games are
able to create for their players. The previous approaches have added an
extra layer of gamefulness to the learning environment while acknowledging that the method is not as likely to create a comprehensive gameful
experience for the students as a fully-ﬂedged game might do.
When thinking of using games to teach computer science, there are several possibilities to choose from. The most typical way is to introduce
games in programming courses as a topic for an assignment [159]. Games
provide a rich platform for programming assignments as the game rules
can be adjusted to address the educational goals in mind. Computer
games seem like a natural ﬁt for computer science education but there
are examples of non-computer games used in computer science education
as well. Computer Science Unplugged is a whole family of games and
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activities for introducing various computer science concepts [17]. As another example, secure communications protocols have been taught with
envelopes, papers, and key tokens [71].
In addition to evaluating the use of achievement badges, we wanted
to study games as a mean to teach data structures and algorithms. We
wanted to focus on teaching interventions where students play games
opposed to developing games, as using games as topics in programming
assignments is more widely used. We developed card games for learning sorting algorithms that required students to discuss and justify their
statements about the time complexity and other features of sorting algorithms [64]. The games were played in small groups during one lab session with physical cards. In the two following years, we played another
game, DSASketch [66]. DSASketch is a game where players are viewing,
constructing and presenting their own visualizations of data structures
and algorithms. The game is designed so that the players are required to
engage with the visualizations in many different forms that are described
in the engagement taxonomy by Naps et al. [125]. Furthermore, we also
made game-like versions of some of the algorithm simulation exercises
used on the course. These exercises took advantage of the accelerometer
sensors of mobile devices and instead of moving the mouse, the user had
to simulate the algorithm by tilting the device [88].
The initial study of using the sorting algorithm card games showed that
the games had potential to be useful in learning sorting algorithms [65].
Naturally, we also found room for improvements. Similarly, our experiences with DSASketch indicated that the game could be a useful addition
to the Data Structures and Algorithms course. The experiments at the
course lab sessions gave us general understanding of using games to teach
data structures and algorithms and we could have proceeded further with
the research with these games. However, we wanted to go beyond the use
of games on a single course and see if we can do a game that reaches also
people who are not already enrolled to our computer science courses. Furthermore, we wanted to explore novel ways to expand computer science
education and possibly ﬁnd methods that could have a bigger impact than
speciﬁc games that cover a limited scope of topics.
Alternate reality games typically involve various puzzles that the players are solving in order to make progress in the game. Despite the goal
of being highly immersive and engaging, there are possible pitfalls when
thinking of using ARGs in education. There are examples of attempts to
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design educational ARGs that have had difﬁculties to engage enough people [163] or even have been stopped because of lack of participants [150].
On the other hand, there are examples of ARGs that have managed to
immerse participants into collaborative problem solving and to see a lot
of effort to play the game [95, 157]. This raises a question if ARGs, in
some form, could be used to engage people in solving problems that are
specially built keeping in mind the educational goals set for them. In this
thesis, we are particularly interested in the suitability of ARGs to be used
in computer science education and therefore the research question is:
RQ3 Can we use alternate reality games to teach computer science?
With this research question, we refer computer science as a general term
covering a wide range of concepts. The goal is to study if alternate reality
games are a suitable approach to get people involved in computer science
topics and not only focusing on the students who already study computer
science but target the game for a wider range of people. This way we want
to gain insight if ARGs could also be used to promote the ﬁeld of computer
science to people who are not yet involved with it.
One of the issues of educational ARGs is to manage to engage enough
people to participate. Often in ARGs, collaboration among players is central for the player experience and the game can be designed in a way that
requires collaboration, for example, by distributing pieces of clues to different players. Therefore, getting the critical mass of players should be
a top priority for educational ARGs as well as for entertainment ARGs.
Furthermore, the challenge of engaging players does not stop to the initial launch of an ARG. Especially if the game lasts for a long time, like
ARGs often do, it is not enough to raise people’s interest temporarily, but
the game should be able to entice players to keep playing it. Therefore,
our research question is:
RQ3.1 How to design an educational ARG that is able to entice people to
participate voluntarily?
This thesis contributes to the use of gameful approaches in computer
science also by designing and implementing them. In addition to reporting on the effects of the teaching interventions, it is important to provide
support for other educators to beneﬁt from the ﬁndings. Often it is not a
trivial task to pick up a teaching method and introduce it to a course. Furthermore, it is important that the methods are automated, when possible,
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Table 1.1. Mapping of the thesis publications and the research questions.

Publication I

RQ1

RQ2

X

X

Publication II
Publication III

2.1

2.2

RQ3

3.1

X

X

RQ4

X
X

Publication IV
Publication V

X

Publication VI

X

Publication VII

X

to lower the barrier of using such systems and improving their scalability
to bigger audiences. Therefore, with the aim of designing and implementing systems and algorithms to support the use of approaches presented in
this thesis, our research question is:
RQ4 How to support the use of gameful approaches in an automated way?
All the publications in this thesis address one or more research questions presented earlier. Table 1.1 shows which research questions each
publication mainly focuses on. The epistemological point of view in this
thesis is mainly positivistic [23, p. 7]. Therefore, the aim of the research
conducted within the individual publications is to objectively describe the
observed phenomena.

1.3

Mapping to the Body of Computer Science Education Research

The use of gameful approaches is not limited to certain disciplines and the
ﬁndings reported in this thesis can be relevant outside computer science
education as well. However, the context of all the studies presented in this
thesis is computer science education, and the primary aim of this work is
to beneﬁt the teaching of computer science. Furthermore, Fincher and
Petre [56] identiﬁed ten areas of computer science education research and
this thesis contributes to six of them in the following way.

1. Student understanding
Especially the research questions RQ2, RQ2.1, and RQ2.2 deal with understanding students and their attitudes towards the use of achievement badges. In addition to identifying different opinions about the
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badges, we use the goal orientation theory to deepen the understanding of the underlying reasons for the different opinions.

2. Teaching methods
Exploring the use of alternate reality games as a method to teach computer science mainly contributes to this area.

3. Assessment
Publications I, II, III, IV, and VI are in the context of online learning environments with automatically assessed algorithm simulation exercises.
Furthermore, Publication VII represents novel ways to incorporate formative automated assessment of programming assignments with the
help of QR codes.

4. Educational technology
Publication VI describes the technical aspects of the badge systems implemented for the studies. Moreover, the overarching theme of this thesis is to study ways to support gameful approaches in an automated way
and therefore to contribute to the design and implementation of educational technology in the future.

5. Transferring from campus-based teaching to distance education
All the publications are focusing on distance learning situations.

6. Recruitment and retention
Publication V describes an alternate reality game designed for computer
science education. Even though the main focus of the study was not on
the recruitment of new students, the game was not limited to people
who were already enrolled to computer science courses. Furthermore,
the ﬁndings reported in the study lay a basis for future research to investigate the possibility of using ARGs as a recruitment method.

1.4

Thesis Structure

In the next chapter, we deﬁne the central concepts and present the theoretical framework of this thesis. Previous work related to this thesis is
presented in Chapter 3. In Chapters 4, 5, and 6, we summarize the
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articles this thesis consist of. Chapter 4 summarizes our work on achievement badges. Chapter 5 describes our research on the use of alternate
reality game for teaching computer science. Chapter 6 provides technical
support for using the gameful approaches described in this thesis. Finally, Chapter 7 concludes the thesis by providing discussion on the main
results.
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2. Theoretical Framework

"Spoonful of sugar helps the medicine go down."
–Mary Poppins

Chess, Tetris, Scrabble, and Tennis are all games even though they have
signiﬁcant differences in the way they are played. The ﬁeld of games is
vast and covers many different types of games and therefore it is not a
trivial task to deﬁne games. Weitz [161] reﬂects the nature of games to
arts and points out that when looking at things we call games – or art – we
will ﬁnd no common properties but only strands of similarities. Wittgenstein [166] even gave the concept of game as an example for which there is
no one feature that is common to all things we call games, but rather that
they are connected by similarities he describes as "family resemblances".
Although having proponents [8], the Wittgensteinian idea of games as
an indeﬁnable concept is not agreed upon. Hurka and Tasioulas [79] challenge Wittgenstein’s statement by referring to the deﬁnition and analysis
of games by Bernard Suits. Suits [149] identiﬁes three main elements in
games: 1) prelusory goal, 2) the constitutive rules, and 3) the lusory attitude. According to Suits, playing a game always aims at a goal that can
be described independently of the game – a prelusory goal. A prelusory
goal can be, for example, getting a golf-ball to the hole in the ground. The
second element, the constitutive rules, is needed to forbid the most efﬁcient means to the prelusory goal. In golf, the ball cannot be carried to
the hole but it must be hit with a club. Third, lusory attitude is needed in
games meaning that a person is willingly accepting the constitutive rules.
To be precise, if one is forced to use means that are not the most efﬁcient
to achieve the prelusory goal, he or she is not playing a game.
This all comes to the deﬁnition of games by Suits: "To play a game
is to attempt to achieve a speciﬁc state of affairs [prelusory goal], using
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only means permitted by rules [lusory means], where the rules prohibit use
of more efﬁcient in favour of less efﬁcient means [constitutive rules], and
where the rules are accepted just because they make possible such activity
[lusory attitude] [149]." Suits also provides a compact description of games
as a "voluntary attempt to overcome unnecessary obstacles".
McGonigal [114] retells Suits’ deﬁnition but emphasizes the importance
of feedback. She states that all games have four deﬁning traits that are:
a goal, rules, a feedback system, and voluntary participation. Furthermore, Salen and Zimmerman [142] provide a deﬁnition for games as: "a
system in which players engage in an artiﬁcial conﬂict, deﬁned by rules,
that results in a quantiﬁable outcome." The fact that there are many other
deﬁnitions of games as well (e.g. [12, 21, 27, 77, 83]) illustrates the diversity of the activities typically identiﬁed as games. Moreover, the ﬁeld of
games is evolving and new games and game types are been created, which
in part molds the conception of games.

2.1

Gameful Approaches

Games can be perceived as highly engaging form of entertainment as millions of people play them on regular basis [9]. The popularity of games
has led to the idea of using them in education and taking advantage of
the engaging features of games. There are two different approaches when
using games or game-like elements in educational contexts: gamiﬁcation
and serious games. The term gamiﬁcation is commonly deﬁned as the use
of game design elements in non-game contexts [39]. On the other hand,
fully-ﬂedged games that have other objectives than pure entertainment
are referred as serious games [116].
Deterding et al. [39] illustrate how gamiﬁcation and serious games are
positioned regarding other playful activities (Figure 2.1). They make
a distinction between gaming and playing based on Caillois’ concept of
paidia and ludus – the two poles of play activities. Caillois [21] uses the
term ludus to describe activities that are structured and governed with
rules whereas paidia refers to more free-form and improvisational activities. Deterding et al. further separate gamiﬁcation from games by placing
them to the opposite ends of the whole/parts dimension [39]. In this thesis, we use gameful approach as an umbrella term for any method that
has some game-like features, ranging from gamiﬁcation to fully-ﬂedged
games.
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Figure 2.1. How serious games and gamiﬁcation are positioned by Deterding et al. [39].

2.1.1

Gamiﬁcation

Gamiﬁcation, in many different forms, has gained popularity over the last
few years and it has even been noted at the Gartner’s Emerging Technologies 2013 Hype Cycle at the top of the "Peak of inﬂated expectations"1 .
Even though the idea of utilizing game-like elements and reward systems
is not new2 , the term gamiﬁcation has only a short history. It was introduced in 2008 as "gameiﬁcation" and later established to its current form
– "gamiﬁcation" [78].
One of the most commonly used deﬁnition for gamiﬁcation is "the use
of game design elements in non-game contexts" by Deterding et al. [39].
They make a further distinction to a related concept, gameful design,
and describe gameful design as the goal of designing for gamefulness,
whereas gamiﬁcation is the strategy of using game design elements to
achieve the goal. However, the concepts are closely related, and Huotari
and Hamari [78] include the goal in their deﬁnition of gamiﬁcation as "a
process of enhancing a service with affordances for gameful experiences in
1 http://www.gartner.com/newsroom/id/2575515
2 For example, the merit badges given by the scouts as well as military marks of

rank have similarities to common gamiﬁcation approaches.
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Figure 2.2. A leaderboard in the PeerWise online learning environment. No identifying
information is shared in order to respect the anonymity of the students.

order to support user’s overall value creation." Moreover, Kapp [86, p. 10]
speciﬁes the desired outcomes by deﬁning gamiﬁcation as "using gamebased mechanics, aesthetics and game thinking to engage people, motivate
action, promote learning, and solve problems."
Many of the gamiﬁcation implementations are in computer-based systems and sometimes the deﬁnition of gamiﬁcation is limited to software
applications [42]. However, the term should not be limited to digital technology as the inspiration of gamiﬁcation – games and game design – are
not limited to digital either [39]. Typical gamiﬁcation implementations
include game elements such as achievement badges, leaderboards, points,
and levels [124]. Figure 2.2 shows an example of a leaderboard in the
PeerWise3 online learning environment. Top performers of the course are
listed in order of their reputation points collected in the system. Furthermore, Figure 2.3 illustrates how the Stack Overﬂow4 question and answer
site and Must Sort5 brain training game use levels to gamify the user experience.

Achievement Badges
Achievement badges6 are one of the most commonly used gamiﬁcation
method. Hamari and Eranti [69] deﬁne achievement badges as "an optional challenge provided by a meta-game that is independent of a single
game session and yields possible reward(s)." They also divide an achievement badge to three separate components: 1) signiﬁer, 2) completion logic,
and 3) reward. Signiﬁer is the part of a badge that is visually presented
3 https://peerwise.cs.auckland.ac.nz
4 http://stackoverﬂow.com
5 http://www.peak.net
6 They are also called achievements, trophies, and badges.
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(a) Stack Overﬂow uses different levels of user (b) The difﬁculty of the Must
privileges. Users get access to new features

Sort game increases when a

in the system by earning reputation points.

player gets a new rank.

Figure 2.3. Two examples of using levels to gamify the user experience.

to the user. It contains the name of the badge, a visual icon, and describes
the completion logic and the reward. The completion logic deﬁnes what is
required for the achievement to be completed. It consists of a trigger, prerequirements, conditions, and a multiplier. Hamari and Eranti categorize
the rewards of getting an achievement badge to meta-game, in-game, or
extra-game rewards. A meta-game reward refers to a setting where there
is a bigger meta-game that the achievement system belongs to. In-game
rewards are some virtual goods or artifacts that may or may not have a
functional value whereas extra-game rewards are something the user gets
outside the game and outside the achievements meta-game.
An example of getting an achievement badge in the Codecademy7 online
learning environment is shown in Figure 2.4.

2.1.2

Serious Games

Michael and Chen [116] deﬁne serious games as "games that do not have
entertainment, enjoyment, or fun as their primary purpose." Even though
education is the most prevalent use-scenario of serious games [136], they
are used in other ﬁelds as well, such as healthcare, military, advertising,
art, and sports [3, 116, 169]. Serious games are typically associated with
computer games [41] and some deﬁnitions do not identify non-computer
games as serious games. For example, Djaouti et al. [40] refer them as:
"any piece of software that merges a non-entertaining purpose (serious)
with a video game structure (game)." Furthermore, Zyda [169] deﬁnes serious games as: "a mental contest, played with a computer in accordance
7 http://www.codecademy.com
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Figure 2.4. A screenshot from the Codecademy online learning environment after getting
an achievement badge for successfully competing Python exercises.

with speciﬁc rules, that uses entertainment to further government or corporate training, education, health, public policy, and strategic communication objectives."
The use of games in education – or in other serious contexts – is not
limited to games that are speciﬁcally designed for other purposes than
entertainment. Games that are not initially designed for education can
nevertheless be used for learning. Djaouti et al. [40] call this purposeshifting. Another way of beneﬁting from entertainment games is to derive
an educational version of an existing game. Furthermore, Djaouti et al.
call serious games that are built as software modiﬁcations of entertainment video games as mods [40].

Educational Games
Games have been used for educational purposes for decades and the term
edutainment is often used to refer to games that are made for education.
However, the term bears a legacy of early attempts of educational games
that often makes the classiﬁcation into edutainment as more or less disparaging [49].
Egenfeldt-Nielsen [49] provides a historic overview of educational use of
games and describes edutainment as the ﬁrst generation of using games
in teaching. He refers edutainment as a subset of using educational computer games and states that edutainment is characterized by a clear reward structure in the game that is separate from the educational experi-
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(a) Inherently bad-tasting broccoli cov- (b) The broccoli is loosely on top of the
ered with delicious chocolate.

chocolate so it can be easily avoided.

Figure 2.5. Metaphors for two typical edutainment approaches. The learning content is
sugar-coated to make it more attractive or it is offered in separated chunks.

ence. This characteristic is commonly used as an example of educational
games that rely on an assumption that the learning is somehow inherently unpleasant and therefore extrinsic rewards are needed to boost the
learner’s motivation. A typical metaphor for this kind of approach is a
chocolate-covered broccoli (Figure 2.5a). Egenfeldt-Nielsen [49] continues
by saying that often in edutainment, information is fed to the player in
chunks that are separated from the games (Figure 2.5b). In this scenario,
the learning content can easily be skipped and the player can focus merely
on the entertainment part of the game, which leads to weak learning results especially if considering the time invested playing the game.
The assumption behind this type of edutainment design is that learning
is unpleasant but by sugar-coating the learning content it can be made
more fun [19]. In addition to being an ineffective learning strategy, Bruckman [19] points out a concern that these kind of teaching approaches send
the implicit message that learning is not fun. Furthermore, because of
this stereotypical notion of learning games as edutainment, sometimes
even the mere labeling of game as educational can diminish their fun appeal [160].
The sugar-coated paradigm of early edutainment games has been largely
abandoned today [38]. The idea of the recent educational games is to acknowledge that people enjoy learning rather than try to hide it with non-
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educational fun. There are many aspects in games that make them potentially a good platform for learning. Gee [58] describes how good games are
"learning machines" as they provide the needed information at the right
time and in the right context. This way good learning games address the
issue that knowledge acquisition becomes more difﬁcult if the information
is given out of context or too long before it can be used [14, 59]. Gee further points out how games are able to adapt to the player’s skill level and
operate at the outer and growing edge of a player’s competence [58].
Deterding [38] states that current serious games typically aim for intrinsic integration. The idea of intrinsic integration is to have the learning tasks and game challenges integrated, which is commonly accepted as
a desirable design goal for educational games (e.g. [81, 84]). Furthermore,
Habgood and Ainsworth [63] describe two central components of intrinsic
integration. First, the learning material should be delivered through the
parts of the game that are the most fun to play, and second, the learning
material should be embodied within the game world. There is evidence
indicating that serious games with intrinsic integration are more effective in terms of learning outcomes and motivation than games that do not
have such an interwoven relationship between the learning content and
the gameplay [45, 63]. An example of a serious game that aims at integrating the learning content to the core gameplay is shown in Figure 2.6.
The game, Machineers8 , provides an introduction to basic programming
concepts and procedural literacy to children from 10 years upwards [104].
In the game, players repair machinery by using the given tools. Lode et
al. [104] describe how the game is designed to provide meaningful scenarios for the puzzles that are mapped to the learning goals.
Designing an effective game for learning is not an easy task. As Khaled
and Ingram [94] put it, serious games are faced with a double burden as
designing a great game and creating an effective learning tool are both
difﬁcult assignments. However, the potential of games is recognized and
researchers have suggested design practices [81] and frameworks [6, 165]
for designing educational games.

Alternate Reality Games
Game designers are constantly trying to create new ways to engage people in games. At the same time, advances in technology open new doors
to create games that make use of the available technology in a way that
8 http://www.machineers.com
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(a) Instructions for the puzzle in the (b) Puzzle view where the mechanical
Machineers game.

parts need to be connected correctly.

Figure 2.6. An example of an educational game where the learning content is the central
part of the gameplay.

was not possible before. The magic circle is a metaphorical concept that is
used to describe the separation of the game-world and the real world. Traditionally games take place inside the magic circle, which is a voluntary,
contractual structure that is limited in time and space [120]. However,
pervasive games intentionally blur the border of magic circle and extend
their gameplay to real life. Montola [120] deﬁnes them as games that have
"one or more salient features that expand the contractual magic circle of
play socially, spatially or temporally."
Alternate reality games (ARG) are pervasive games that create the illusion of games not being games [120]. Other names for ARGs are immersive ﬁction [156], immersive gaming [113], interactive ﬁction [151, p. 35],
unﬁction [156], and beasting [156]9 . Typically, ARGs involve online puzzles as well as location based real world challenges that the players are
solving together. Alternate reality games lack a concise deﬁnition and the
whole game genre is still evolving. However, a popular alternate reality
game community describes them as: "interactive fusion of creative writing, puzzle-solving, and team-building, with a dose of role playing thrown
in [156]." McGonigal [114, p. 125] describes ARGs as antiescapist games
suggesting that ARGs are played to get more out of real life as opposed to
games that are played to escape it. Similarly, Kim et al. [95] state that
ARGs are designed to blur the distinction between a player’s experience in
the game world and the real world outside the game. Furthermore, Szulborski [151, p. 31] suggests that a successful ARG immerses the world
of the game into the everyday life of the player instead of immersing the
9 The term refers to the ﬁrst large-scale ARG called "the Beast"
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(a) A website dedicated to beekeeping10 (b) A ﬁctional game character called
contained hidden clues about the

Dana asked for help from the ARG

main objective of the game – to help

players and interacted with them

an AI from the future [95].

via her blog11 .

Figure 2.7. Two screenshots of the I love bees alternate reality game. ARGs often use
media that is common for the players such as webpages, blogs, emails, and
social media.

player into an artiﬁcial world of the game.
One central concept in alternate reality games is the This Is Not A Game
(TINAG) aesthetic that emphasizes the idea that ARGs do not represent
themselves as games but they balance between real life and ﬁction [113].
The idea is not to make the players believe that the game is real but rather
to make it easy for them to pretend that it is real. McGonigal [112] calls it
the Pinocchio effect, meaning that the players choose to pretend that the
story is true even thought they actually know it is ﬁction. In other words,
ARGs are trying to make it easy for the players to fall into the immersive
ﬁction.
Typically alternate reality games involve puzzle-like assignments that
often also require collaboration among the players. Therefore, an ARG can
be seen as a collaborative effort to solve a mystery or a quest in a setting
designed by the organizer of the game, called a puppetmaster. ARGs also
involve ﬁctional game characters that the players are able to interact with
and that way impact the narrative and outcome of the game. ARGs often
use media that is already common for the players, for example: email,
social media, phone calls, and blogs, instead of having dedicated communication channels implemented for the game only (Figure 2.7). By doing
that, they are trying to integrate to players’ real lives letting the players
to become part of the game.
10 http://www.ilovebees.com
11 http://ilovebees.blogspot.com
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2.2

Related Theories

Next, we describe some psychological theories that are related to the
gameful approaches studied in this thesis. This is not a comprehensive
review of all the various theories but rather a description of the ones that
have been used in the design and analysis of the gameful approaches of
this thesis. For a wider review at different theories, the reader is encouraged to see [145].
The Self-Determination Theory (SDT) and its subtheories were chosen
because they provide a framework for understanding the relationship with
external rewards (e.g. badges) and intrinsic motivation, and can help to
identify how external rewards vary in their degree of self-determination.
Furthermore, SDT’s central concept of people’s innate psychological needs
can be a valuable tool when designing and analyzing gameful approaches.
The goal orientation theory was chosen as another framework because it
can explain the underlying reasons why people might respond differently
to the use of gamiﬁcation in education.

2.2.1

Self-Determination Theory

Deci and Ryan [32] introduced the self-determination theory that distinguish between intrinsic motivation and extrinsic motivation. Intrinsic motivation refers to doing something because it is inherently interesting or
enjoyable, and extrinsic motivation refers to doing something because it
leads to a separable outcome [139]. Deci et al. [33] describe three primary
psychological needs that are central to SDT: 1) need for competence, 2)
need for relatedness, and 3) need for autonomy. They refer competence
as a need that encompasses people’s strivings to control outcomes and
to effectively bring about desired effects, and autonomy as a need that
encompasses people’s strivings to feel like the origin of their actions. Furthermore, relatedness is referred as the need to relate and care for others
and to be satisfyingly and coherently involved with the social world.
According to the self-determination theory, when the innate needs of
competence, relatedness and autonomy are satisﬁed, it yields enhanced
self-motivation and mental health [140]. On the other hand, when the
needs are thwarted, it leads to diminished motivation and well-being.
Furthermore, research on SDT focuses on the consequences of the extent
to which individuals are able to satisfy the needs within social environments [57].
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Cognitive Evaluation Theory
Cognitive Evaluation Theory (CET) is a subtheory of SDT that explains
the effects of external events on intrinsic motivation [32]. From the three
innate needs in SDT, CET focuses on competence and autonomy. CET
predicts that rewards that conduce toward feelings of competence can enhance intrinsic motivation for that action when accompanied by a sense
of autonomy [139]. In other words, for enhancing intrinsic motivation,
it is not enough to satisfy the need for competence but people must also
experience their behavior to be self-determined.
An important idea in CET is that rewards and other external events
have two aspects: informational aspect and controlling aspect. According to the theory, the informational aspect enhances intrinsic motivation
by conveying self-determined competence, whereas the controlling aspect
undermines intrinsic motivation [31]. For example, money and other material prizes are often perceived as controlling as they are typically used
to persuade people to do things they would not otherwise do. On the other
hand, an unexpected positive feedback on one’s performance is often perceived informational rather than controlling. Furthermore, CET suggests
that the interpersonal context (i.e. the social ambience of the situation)
can inﬂuence whether the reward is interpreted as informational or controlling [31]. A lot of the research considering CET is focusing on the effect
of external rewards on intrinsic motivation. However, CET is not limited
to the effects of rewards but applies also to the effects of other external
factors such as evaluations, deadlines, competitions, threats, directives,
and externally imposed goals [31, 139].

Organismic Integration Theory
Organismic Integration Theory (OIT) is another subtheory of SDT and it
describes the different forms of extrinsic motivation [139]. An important
aspect of the theory is its proposition that extrinsic motivation can vary
in the degree to which it is autonomous versus controlled [57]. OIT details four forms of extrinsic motivation that are: 1) external regulation,
2) introjected regulation, 3) identiﬁed regulation, and 4) integrated regulation [139]. The four different forms are separated by their differing
degrees of self-determination.
Gagné and Deci [57] describe the four types of extrinsic motivation of
OIT and say that externally regulated actions are performed with the intention of obtaining a desired consequence or avoiding an undesired one.
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In externally regulated activities, the motivation to act is initiated and
maintained completely externally and it can be seen as the prototype of
controlled motivation. In the other three, the motivation is extrinsic but
has been internalized to some extent.
In introjected regulation, the regulation has been taken in by the person
but has not been accepted as his or her own. For example, a person might
work because of the pressure to boost one’s ego or self-esteem. In contrast, with identiﬁed regulation the behavior is more congruent with one’s
personal goals and identities, and therefore people feel greater freedom
and volition even though the activities are not intrinsically interesting
to them. Closest to intrinsic motivation is integrated regulation in which
people have a full sense that the behavior is an integral part of who they
are. With integrated regulation, people are not interested in the activity
intrinsically but rather by the activity being instrumentally important for
their personal goals. For example, a person might go jogging because of
his or her own goal of being in good physical condition even if the exercise is not done for the sheer enjoyment of running. Figure 2.8 shows
the different types of regulations and how they position to the continuum
from lack of motivation to intrinsic motivation as presented by Gagné and
Deci [57].
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Figure 2.8. The self-determination continuum as presented by Gagné and Deci [57]. The
Organismic Integration Theory (OIT) details four different types of extrinsic motivation that position themselves between amotivation and intrinsic
motivation based on their differing degrees of self-determination.
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2.2.2

Goal Orientation Theory

The goal orientation theory12 addresses the differing motivational factors
behind individual’s actions. Kaplan and Maehr [85] state that goal orientations deﬁne "why and how people are trying to achieve various objectives
and refer to overarching purposes of achievement behavior." Thus, the goal
orientation theory characterizes individual’s motivation to try to achieve
various objectives instead of focusing on what people are trying to achieve.
Nicholls [126] and Dweck [43] originally identiﬁed mastery and performance goals that are the two main orientations to which goal orientation
research has been focusing on [85]. These two goals represent different
conceptions of success and different reasons for approaching and engaging
in achievement activity [4]. Ames [4] describes that people with a mastery
goal are oriented toward developing new skills, trying to understand their
work, improving their level of competence, or achieving a sense of mastery
based on self-references standards. In other words, mastery goals can be
said to refer to individual’s strive to increase competence. Performance
goals orientation, on the other hand, refers to the strive to demonstrate
competence or avoid negative judgments of competence [43]. Moreover,
Ames [4] points out that public recognition of superiority is especially important for the performance orientation and that learning is viewed only
as a way to achieve a desired goal as the focus is on achieving normatively deﬁned success instead of competence. Nicholls [127] later added
the avoidance goals to take into account that some individuals avoid challenging tasks and try to minimize effort rather than pursuing either mastery or performance goals.
Performance orientations have been further divided into performanceapproach and performance-avoidance components [50, 118]. Performanceapproach refers to people’s strive to demonstrate competence whereas
performance-avoidance refers to the goal of avoiding to demonstrate incompetence relative to others. Furthermore, Niemivirta [129] separates
mastery orientation into a mastery-intrinsic and mastery-extrinsic components13 . Mastery-intrinsic refers to a situation where a person studies for
the sake of learning and mastery-extrinsic to a situation where a student
evaluates mastery in terms of external criteria such as grades or feedback.
12 Also referred as achievement goal theory or achievement goal orientation the-

ory.
13 These were originally labeled as Learning orientation and Achievement orientation and later revised to their current labels [153].
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Table 2.1. Example items from the goal orientation survey by Niemivirta [129].

Goal orientation component

Example statement

Mastery-intrinsic

To acquire new knowledge is an important goal for me at school.

Mastery-extrinsic

My goal is to succeed at school.

Performance-approach

An important goal for me at school is
to do better than other students.

Performance-avoidance

I try to avoid situations in which I
may fail or make mistakes.

Avoidance

I try to get off with my schoolwork
with as little effort as possible.

There are two main approaches for using achievement goal orientations in an analysis: variable-centered approach and person-centered approach. In the variable-centered approach, the focus is on studying how
speciﬁc achievement goal orientations relate to speciﬁc motivational and
achievement-related outcomes [154]. This can be done, for example, by
studying correlations between different goal orientation components and
educational outcomes. On the other hand, the person-centered approach
builds on the multiple goals perspective [154], that is, the idea that the
different components in goal orientation are not mutually exclusive and
therefore each individual exhibits a mixture of different goals with varying weights [133]. Therefore, in contrast to the variable-centered approach, the person-centered approach takes into account that different
conﬁgurations of goal orientations may be more meaningful than simple correlations between individual goal orientation components and outcomes. For example, a person with high mastery-intrinsic and performanceapproach orientations may behave differently than a student with high
mastery-intrinsic but low performance-approach orientation.
Niemivirta [129] presents a survey instrument for measuring the levels
of the ﬁve achievement goal orientation components: 1) mastery-intrinsic,
2) mastery-extrinsic, 3) performance-approach, 4) performance-avoidance,
and 5) avoidance. In the survey, answerers rate statements that contribute to a speciﬁc goal orientation component using a seven point Likert
scale. As a result, the levels of the ﬁve goal orientation components can
be calculated for each individual. Table 2.1 shows the goal orientation
components and corresponding example statements from the survey.
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"All my life I’ve had one dream: to achieve my many goals."
–Homer J. Simpson

Computer science education has many characteristics that are suitable
for distance learning. Given the context of learning about computers, it
is natural that many assignments can be completed and delivered to the
teacher using a computer. Therefore, many computer science courses incorporate distance learning and multiple online learning environments
have been developed for the discipline (e.g. [2, 47, 82, 107, 135]). Furthermore, assessing the assignments is often done automatically [80] or the
manual process is made more effective with the help of technology [10]
making it easier to scale the systems to support large amounts of students. In this type of environments, automated gameful approaches could
be used to further support the learning processes.

3.1

The Effect of Gamiﬁcation

Gamiﬁcation is being widely used in different contexts, usually in an attempt to increase engagement or motivation to use the system in hand.
Therefore, the effect of gamiﬁcation has raised interest among researchers.
Denny [37] found out in a controlled experiment an increase on the quantity of students’ contributions while the quality of the contributions remained the same. Decker and Lawley [35] noted a signiﬁcant shift in
student behavior in terms of peer tutoring with the use of an achievement
system. Piccioni et al. [132] describe the use of badges in an introductory programming course and conclude that the badges were, at least in
part, contributing to the high levels of participation and engagement in
the course. Furthermore, Hamari et al. [70] conducted a review of gam-

41

Related Work

iﬁcation studies and found out that the majority of the studies reported
positive effects of using gamiﬁcation.
It seems like gamiﬁcation can be used to have a positive effect on users of
different systems. However, there are also studies reporting mixed results
for using it. Domínguez et al. [42] studied the use of gamiﬁcation in an introductory level ICT course. They found out that students with a gamiﬁed
e-learning environment got better scores in practical assignments than
those who did not have the gamiﬁed version, but on written assignments
the students without gamiﬁcation performed better. McDaniel et al. [111]
found out that an achievement system added to an online learning environment had positive motivational effects, but at the same time caused
frustration probably due to difﬁculties to get the achievements. Furthermore, in some cases the same aspects of gamiﬁcation have been considered positive by some respondents while being disliked by others [70].

3.1.1

Gamiﬁcation in the Light of Cognitive Evaluation Theory

Gamiﬁcation has received criticism for focusing too much on external rewards when the actual engagement should come from students’ intrinsic
motivation. This criticism is in line with the cognitive evaluation theory [32] that predicts that rewards perceived as controlling undermine intrinsic motivation. Deci et al. [30] conducted a meta-study including 128
studies that examined the effects of extrinsic rewards on intrinsic motivation. They make a distinction between tangible rewards (e.g. money) and
verbal rewards and conclude that based on the meta-study, tangible rewards tend to have a substantially negative effect on intrinsic motivation,
even when they are offered as indicators of good performance. However,
verbal rewards were found to enhance intrinsic motivation in cases where
they were perceived informational rather than controlling. The ﬁndings
support the CET as the controlling aspect of tangible rewards is often very
strong. However, based on a study by Ryan et al. [141], Deci et al. point
out that the style of administering tangible rewards has an impact on
whether they are perceived as informational or controlling [30]. Furthermore, in their later study, Deci et al. [31] point out that it is the relative
salience of the informational versus controlling aspects of the external
rewards that determine their ultimate effect on intrinsic motivation.
Many predictions made by the cognitive evaluation theory are relevant
in the context of gamiﬁcation even though the theory is not limited to
gamiﬁcation. In many cases, gamiﬁcation is done by adding extrinsic
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motivators in the form of badges, points, public leaderboards and such.
Nicholson [128] states that gamiﬁcation might reduce internal motivation towards the activity by replacing internal motivation with external
but he also suggests that this might not happen if the game elements can
be made meaningful to users. Mekler et al. [115] addressed the issue of extrinsic rewards by studying the effects of common gamiﬁcation elements
on users’ intrinsic motivation in an image tagging assignment. However,
they found no evidence that the game elements would have affected users’
intrinsic motivation negatively. In the light of CET, it is important to note
that they avoided the game elements from being perceived as controlling
and did not link them to any external events (e.g. cash prizes).

3.1.2

Relevance of Students’ Goal Orientations

As discussed before, the same gamiﬁcation method can be perceived differently by different people and it may result in positive or negative effects
(e.g. because of the perceived level of control). The goal orientation theory
can be used to explain the underlying reasons for the differing attitudes.
Differences in students’ goal orientations have been shown to have an
impact on various aspects in education [73]. In addition to academic performance, goal orientations are also associated with different learning
strategies. For example, Midgley and Urdan [119] found out that students’ performance-avoidance goals were associated with academic selfhandicapping. On the other hand, Tuominen-Soini et al. [155] found out
that success-oriented1 students were more vulnerable to school burnout
because of their strong concerns with performance. Furthermore, different goal orientations have also been shown to be related to the general
well-being of university students [76].
Pulkka and Niemivirta [134] studied the relevance of goal orientation in
a particularly competitive learning environment and found out that students with different goal orientations perceived the learning environment
differently. Many gamiﬁcation systems rely on competition, public leaderboards or public visibility of badges. These mechanisms might have a
positive impact on people who enjoy competing and have performance approach goals. However, as Falkner and Falkner point out [53], publicly dis1 They clustered students into four groups based on their goal orientations.
Students in the success-oriented cluster had high levels of mastery-intrinsic,
mastery-extrinsic, performance-approach, and performance-avoidace indicating
that they strived for both absolute and relative success.

43

Related Work

playing individuals’ performance as part of gamiﬁcation might have particularly negative effects on students with performance avoidance goals.
Therefore, understanding the implications of the fact that students have
different goal orientations is important when applying gamiﬁcation into
any educational setting.

3.1.3

Possible Issues with Gamiﬁcation

Even though there are studies reporting on the effects of gamiﬁcation, the
long term effects are not easily seen in individual studies. There is concern that extensive gamiﬁcation might teach students to study only when
provided with external rewards [53, 100]. Thom et al. [152] studied this
possibility in a gamiﬁed enterprise social networking service with pointbased incentives. They noticed a signiﬁcant negative change in the user
activity after removing the point system. Furthermore, some of the impact of gamiﬁcation might be due to a novelty effect. Farzan et al. [54]
report that they noticed a substantial increase in users’ contributions after introducing a point-based gamiﬁcation system, but the effect diminished over time and the amount of contributed content declined back to
the initial levels.
Anderson et al. [5] found out in a randomized experiment in a massive
open online course (MOOC) that even subtle changes in the way achievement badges are represented can have an impact on their effect. Their
result further emphasizes the idea that gamiﬁcation is not just a simple mechanism that either works or does not work, but a complex phenomenon. Furthermore, as Hamari et al. [70] as well as Falkner and
Falkner [53] point out in their meta-studies, the effect of gamiﬁcation is
greatly dependent on the users and the context it is used.

3.2

Serious Games in Education

There are many examples of the effect of playing games to gain knowledge
or to learn skills on various topics. For example, Beale et al. [15] report
on using a computer game to increase players’ cancer knowledge, and Yip
and Kwan [167] used a game to enhance language learning. Furthermore,
some studies show that games can have a positive effect on players’ cognitive skills, such as working memory, visual attention, auditory attention,
and foresight [13, 93].
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It seems that games can be inﬂuential in many aspects of learning and
self-improvement. However, as Hays [75] points out, some wariness should
be taken when applying results of using serious games to a different group
of students or to another context. Nevertheless, as shown in their review
of the effects of games by Connolly et al. [24], games can be linked to a
range of perceptual, cognitive, behavioral, affective and motivational impacts and outcomes.

3.2.1

Games in Computer Science Education

There are multiple ways to incorporate games in teaching computer science. Wallace et al. [159] grouped different ways to use games based on
how the games facilitate students’ learning process, and they identify four
different scenarios:

1. Implementing complete games.

2. Implementing a critical aspect of the game such as a data structure or
an algorithm.

3. Writing programs that act as a player in an existing game.

4. Playing educational games that are designed to teach a particular set
of concepts.

Programming courses offer a natural environment to use games in computer science education and therefore it is not a surprise that typically
games are used so that students are doing programming assignments related to games [159]. Leutenegger and Edgington [102] state that game
programming motivates most new programmers and they describe the use
of 2D game development assignments as a unifying theme in introductory
programming. Similarly, Decker et al. [34] used the implementation of a
game as a capstone assignment in a CS1 course. The increase of smart
mobile devices as a gaming platform makes it convenient to expand gamerelated programming assignments to mobile games. Kurkovsky [99] argues that mobile games are simpler than computer games and therefore
they are better suited for introductory programming whereas computer
games are more suitable in advanced courses. Moreover, he describes the
use of mobile game development projects in introductory level program-
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ming courses.
Kazimoglu et al. [92] criticize that current serious games that are developed for learning programming do not consider a deep gameplay for
developing computational thinking skills. To address this problem, they
describe a serious game called Program your robot that is designed to
support the acquisition of computational thinking skills, such as: algorithm building, debugging, and simulation. In another study, they report
that students’ understanding of how programming constructs work and
their algorithmic thinking abilities were positively enhanced by playing
the game [91]. Furthermore, they also state that students’ motivation to
learn programming increased during the game.
In addition to various programming assignments about implementing
games or parts of games, there are examples of using games in computer
science education in a way where students learn by playing a game. This
type of approaches can include small programming tasks that the players are required to submit within the game (e.g. [22, 44]), or concentrate
on other areas of computer science than programming. Papastergiou [131]
compared a game-based approach and a non-game approach to teach computer memory concepts. She found out that the gaming approach was both
more effective in promoting students’ knowledge of computer memory concepts and more motivational than the non-gaming approach. Arachchilage et al. [7] designed a mobile game to teach the conceptual knowledge for avoiding phishing attacks. Furthermore, Shabanah et al. [146]
describe games where players need to simulate algorithms, and Schäfer
et al. [144] describe how a game-based multitouch learning environment
can be used for practicing mathematical logic for computer science education. Moreover, not all games for learning computer science are digital
(e.g. [17, 65, 66, 71]).

3.2.2

Educational Alternate Reality Games

Following the success of commercial alternate reality games (e.g. The
Beast [95] and The Truth About Marika [157]), the use of ARGs in education has raised some interest. Beer and Holmner [16] used an alternate
reality game as a capstone course in a multimedia post-graduate degree.
In the ﬁnal year of the studies, students designed an alternate reality
game where they needed to apply the knowledge and technologies they
had learned in the previous years of their studies. Connolly et al. [25]
developed an ARG for language learning that was played across 17 coun-
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tries. They found it to be a useful way to motivate students in learning
a foreign language and report that in general students’ attitudes towards
the game were very positive. Whitton [162] used an ARG to help university students to make friends, orientate themselves to the new area, and
learn basic information literacy skills in the beginning of their studies.
There are aspects in ARGs that make them a potential approach to be
used in education. Connolly [25] states that players must often work
together when solving puzzles in an ARG and that collaboration among
players forms a key role in ARGs. Lee [101] sees it as an advantage that
in ARGs players act as themselves and rely on knowledge that they posses
in real life rather than helping an avatar to "learn" skills. Furthermore,
Moseley [122] suggests the following features of ARGs that would be beneﬁcial in educational contexts to increase engagement, problem solving
skills and to support communities of practice within the subject:
• ARGs involve problem solving at varying levels and enable students to
pick their own starting level and work up from there.
• The game has a feel of progress and it rewards successful participation
(e.g. in form of a leaderboard or a grand prize).
• ARGs involve a narrative that can be used to give a sense of purpose for
the tasks/puzzles and to increase players’ engagement in the game.
• Players’ actions can have an inﬂuence on the outcomes of the game.
• ARGs can deliver new problems/events regularly in order to keep players engaged in the game.
• There is a potential for a large and active community which can also be
self-supporting, especially if the subject of the game is not too narrow.
• ARGs can be based on simple and existing technologies/media that does
not need a big effort to take into use.

Despite the educational potential indicated in the literature, organizing a successful alternate reality game for educational purposes is not
an easy task. Whitton [163] reports on difﬁculties in engaging students

47

Related Work

in an educational ARG. She found out from the student interviews that
several students would have been more interested in participating in the
game if they had realized that it would beneﬁt their studies. Furthermore, the steps needed to get started in the game were not clear to all
students and some students would have wanted extrinsic motivation to
participate. Moreover, in some cases, the game has been stopped because
of lack of players before it was played to the completion [150].
In an educational sense, the collaboration in alternate reality games
can be seen as a double-edged sword. At its best, it can lead to deep
collaborative learning but it can also decrease the efforts of an individual
to learn. Stenros et al. [148] interviewed ARG players and found out that
several players reported about social loaﬁng, i.e. the tendency to expend
less effort when working collectively [87]. Some of the players felt that
because there were so many other people solving the puzzles quicker than
them, there were no point in trying to push oneself to solve them.
After studying the factors associated with successful and unsuccessful
ARGs, Lynch et al. [105] report that the "This Is Not A Game" aesthetic
can be a prominent feature of game implosion even though it originally
has been acknowledged as a deﬁning feature of ARGs. Furthermore,
Whitton [162] suggested that TINAG may not be appropriate in the context of education as students need more support in knowing how to get
started and more motivation for completing the activity.

3.3

Technological Support

There are some ready-made solutions that can be used when applying
gameful approaches in education. Next, we present some technical frameworks that are available to support the use of achievement badges or alternate reality games.

3.3.1

Systems for Using Achievement Badges

Mozilla Open Badges2 is a free framework for issuing, earning, and displaying achievement badges. The idea behind Open Badges is to make it
easy for users to display badges in one place even when the badges have
been earned from separate sources [123]. Each user has a badge backpack that they can manage. The badges in the backpack can be displayed
2 http://openbadges.org/
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in social networking proﬁles, websites, job sites, etc. that act as Open
Badge displayers. An Open Badge displayer can retrieve users’ earned
badges via the displayer Application Programming Interface (API). An
Open Badge issuer can push the awarded badge to the user’s backpack by
using an API where the user can approve the badge each time, or via a
persistent access if the user has granted a permission to the issuer. Alternatively, there is an option for "badge baking" where the assertion of the
badge is embedded to the badge image as JSON data.
There are also commercial systems to include badges and other gamiﬁcation features to existing systems. For example, Badgeville3 and Bunchball4 offer various gamiﬁcation features that can be integrated to different systems. Furthermore, some products are designed to speciﬁc platforms, for example CubePoints5 that is a WordPress plugin where users
can earn virtual credits from certain actions like posting comments or
creating posts.

3.3.2

Technological Support for Alternate Reality Games

Alternate reality games can take many different forms and often they
aim at using new and creative ways to deliver the game. Therefore, it
is difﬁcult to create standard tools for organizing ARGs. However, some
tools have been developed to ease the efforts of managing the interactive
and evolving stories in ARGs.
Macvean et al. [106] describe an ARG authoring tool, WeQuest, that is
designed to help the scalability of ARGs. WeQuest includes a game engine for geo-location aware mobile devices that execute single- and multiplayer ARG stories automatically. Furthermore, it has an authoring tool
for supporting end-user authoring of new stories. Finally, Macvean et al.
describe how WeQuest is able to adapt stories to new areas with a location translation process that maps locations in a game story to analogous
locations in different places.
Other examples of reducing the manual authoring work in games with
interactive stories include SpyFeet [138] that allows story elements to be
selected and re-ordered based on players’ choices, Backseat Playground [61]
that triggers story elements based on features of the local environment of
3 http://badgeville.com/
4 http://www.bunchball.com/
5 https://wordpress.org/plugins/cubepoints/
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the players, and ARIS6 that is an open-source platform for creating and
playing interactive stories.

6 http://arisgames.org/
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4. Achievement Badges in Computer
Science Education

"Give me enough medals and I’ll win you any war."
–Napoleon Bonaparte

In this chapter, we summarize the research in Publications I-IV that all
deal with the use of achievement badges. More speciﬁcally, this chapter
addresses the research questions RQ1, RQ2, RQ2.1, and RQ2.2 that were
presented in Chapter 1.

4.1

Context and Overview of the Badge Studies

We conducted empirical studies on a Data Structures and Algorithms
course at Aalto University during three different course instances (2012,
2013, and 2014). The course is mandatory for all computer science major students, as well as for minor students from some other study programmes. One part of the course is the automatically assessed simulation
exercises that are done in an online learning environment. The majority
of these exercises are visual algorithm simulation exercises [96, 98] but
few program simulation exercises [147] were used on the course as well.
The simulation exercises were divided into eight exercise rounds and they
formed 18.5 % – 30 % of the course grade depending on the course instance
and year. The exercises and course arrangements remained mainly the
same over the three years but some small modiﬁcations were made.
In 2012, we conducted a between-subject experimental design with randomized groups to ﬁnd out if the badges have an effect on students’ behavior. Eight different achievement badges were available on each exercise
round. The badges and their descriptions are shown in Table 4.1. We
also collected feedback from the students in order to learn about their attitudes towards the badges. The badges were added to the TRAKLA2 [97,
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Table 4.1. Descriptions of the achievement badges used in TRAKLA2 in 2012. The badges
were divided into three categories: time management, carefulness, and learning.

Icon

Name

Description

Category

Early Bird

Complete a round with full points at least

Time man-

a week before the deadline.

agement

Fast & Furi-

Be in the fastest 30 (majors) / 60 (minors)

Time man-

ous

who complete the round with full points.

agement

Be in the fastest 10 (majors) / 20 (minors)

Time man-

chine

who complete the round with full points.

agement

Got it!

Get an exercise correct with ﬁrst submis-

Carefulness

Speed

Ma-

sion (also after deadline).
Brainiac

Get full points from the round and use at

Carefulness

most 2 tries for each exercise on average.
Y U No Make

Get full points from all the exercises in the

Carefulness

Mistakes?

round with the ﬁrst try.

Mission

Get full points from the round.

Learning

Get full points from the round and do all

Learning

Accomplished
Recap paceR

the exercises correctly twice so that there
is at least a week between the ﬁrst and the
last correct submission of each exercise.
107] online learning environment that was used in the course for automatically assessed algorithm and program simulation exercises.
In the next year, TRAKLA2 was no longer used and a new system,
A+ [89], was introduced to the course to deliver the same simulation exercises. We implemented badges to A+ and this time the badges were introduced to all students in the middle of the course in a within-subject manner. There were also some modiﬁcations to the badges based on previous
year’s experiences. Most importantly, each badge type had three difﬁculty
levels: bronze, silver, and gold. The badges are shown in Table 4.2 and
the design process of the badges is described in more detail in [62]. Again,
feedback about the badges was collected from the students. Furthermore,
students answered to a goal orientation survey [129] in the beginning of
the course so that we could identify their goal orientation proﬁles.
In 2014, we did not use achievement badges in the course but decided to
try a different approach. Instead of badges, we added heatmap visualiza-

52

Achievement Badges in Computer Science Education

Table 4.2. Descriptions of the badges in A+ in 2013. The badges were in three difﬁculty
levels: bronze (B), silver (S), and gold (G).

Example Completion criteria

Value of X

icon

B

S

G

1

3

7

50% of points of the round

Category

Time
management

earned at least X day(s) before the deadline.
Round completed with X%

50

75

100 Learning

5

10

15

score.
X assignments with perfect

Carefulness

score using only one attempt.

tions to A+ that showed students a prediction of their grade based on their
behavior in the system. We identiﬁed the goal orientation proﬁles of the
students and compared them with the goal orientations of the students
from the previous year when the badges were used. We also conducted a
between-subject study with randomized groups to ﬁnd out the effects of
the heatmap visualizations.
Figure 4.1 shows example screenshots from the online learning environments with the achievement badges and heatmaps. Furthermore, Figure 4.2 shows an overview of the studies and how they relate to the three
course instances.

4.2

Effect on Behavior

In Chapter 1, the following was presented as the ﬁrst research question:
RQ1 Can achievement badges be used to steer student behavior?
In order to ﬁnd out if the achievement badges could be used to steer student behavior, we conducted a between-subjects experiment in the Data
Structures and Algorithms course in Spring 2012. The study is described
in detain in Publication I and next we summarize the main results from
it. Students were randomly assigned to a treatment or to a control group
when they registered to the TRAKLA2 online learning environment. In
TRAKLA2, students in the treatment group (N=142) had achievement
badges visible and the students in the control group (N=139) did not see
any badges. Otherwise the functionality of the system and the course
setting was the same with both groups. Moreover, the badges did not
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2012.

Finnish only.

ization shown on the right. The material was in

Figure 4.1. Screenshots of the online learning environments that were used in the Data Structures and Algorithms course in 2012, 2013, and 2014.

vironment in 2013 where the latest achieved

ing environment with the achievement badges in

(a) The main view of the TRAKLA2 online learn- (b) An exercise view of the A+ online learning en- (c) A view of A+ in 2014 with the heatmap visual-
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Figure 4.2. Overview of the badge studies that took place in the Data Structures and Algorithms course during 2012, 2013, and 2014. Size refers to the total number of
students included in the analysis from each year. Preliminary results of the Intervention ’12 were published in [68].


   
  
 


 

&!

Achievement Badges in Computer Science Education

55

Achievement Badges in Computer Science Education

have any effect on the course grading but they were merely added to the
system to provide additional voluntary challenges. We categorized the
badges into three criteria: time management, carefulness, and learning.
The categories and the badge criteria were designed to address some of
the unwanted study practiced we had witnessed in previous years.
We calculated the mean number of badges awarded to the students in
the treatment and control groups. Students in the control group did not
see the badges but they may have earned them unknowingly. The mean
was higher in treatment (mean treatment = 18.6, mean control = 15.9),
but the difference was not statistically signiﬁcant (Wilcoxon rank sum
test, W=8596, p = 0.06, two-tailed). However, some badge types were easy
to get whereas getting one of the most difﬁcult badges may require multiple times the amount of work. Therefore, the total number of badges does
not accurately describe the effort put in pursuing the badges. To address
this issue, we normalized the number of awarded badges and compared
the difference of the normalized values between treatment and control
groups. Normalization was done by dividing the number of badges with
the mean number of badges in the control group for each badge type. With
the normalized data, the difference between treatment and control groups
was statistically signiﬁcant (mean treatment = 45.45, mean control = 8.00,
Wilcoxon rank sum test, W = 7950, p < 0.01).
In earlier years, we have noticed a tendency to submit TRAKLA2 exercises near the deadline [11]. Therefore, some of the badge criteria were designed to support the students to do their work earlier. To analyze badges’
effect on students’ time management, we calculated the mean time from
ﬁrst submission of each round to the deadline, i.e. earliness. Differences
were not statistically signiﬁcant (Wilcoxon rank sum test, W=8736, p =
0.10, two-tailed) although the treatment group started working slightly
earlier (4.7 days in control, 6.0 days in treatment).
In order to study the possible effect of badges to students’ carefulness
when doing the exercises, we measured the mean time spent per submission and the number of attempts per exercise. We found out that students in the treatment group spent more time per submission on average
(mean treatment = 8.59 min, mean control = 7.26 min), and the difference
was statistically signiﬁcant (Wilcoxon rank sum test, W = 8265, p = 0.04,
two-tailed). They also used less attempts (mean treatment = 2.33, mean
control = 2.41) but the difference was not signiﬁcant (Wilcoxon rank sum
test, W = 10734, p = 0.20, two-tailed).
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We found out that the students in the treatment group spent more time
in TRAKLA2 over the whole course and they had more exercise sessions
in the system as well. The total time spent for TRAKLA2 exercises was
11.4 hours for the control group and 13.4 hours for the treatment group
and the difference was statistically signiﬁcant (Wilcoxon rank sum test,
W = 8039.5, p = 0.02, two-tailed). Students in the treatment group had
12.6 sessions on average while students in the control group had 10.6,
and the difference was statistically signiﬁcant (Wilcoxon rank sum test,
W = 8195, p-value = 0.01, two-tailed). We also noticed that the TRAKLA2
grade distribution was slightly shifted in favor of the treatment group
although the difference was not statistically signiﬁcant (Pearson’s χ2 test,
df=6, χ2 =4.09, p=0.66).
By studying the behavior of students who saw the badges and comparing
it to the behavior of those who were not aware of the badges, we were able
to spot differences between the groups. Therefore, to answer the research
question RQ1, we can conclude that achievement badges can be used to
steer student behavior. More speciﬁcally, the group with the badges used
more time per submission, had higher number of sessions in TRAKLA2,
and spent more time in the system overall during the course.

4.3

Attitudes Towards Achievement Badges

After the both course instances that used badges (Intervention’12 and Intervention’13 in Figure 4.2), we collected feedback from the students in
order to ﬁnd out their opinions towards the badges. As stated in Chapter 1, the following was presented as the second research question:
RQ2 What are student attitudes towards achievement badges?
Publications I and II analyze the feedback collected from students about
the badges. The course feedback questionnaires included six Likert scale
questions where students were able to tell their opinions about the badges.
The results from both course instances are combined and shown in Figure 4.3.1 It can be seen that generally the attitudes towards the badges
were positive or at least indifferent. Many students reported being motivated by them and that the badges should be used in future as well.
However, it should be noted that some students reported that the badges
disturbed their work. Furthermore, it seems that the feedback in year
1 The exact percentages are reported in publications I and II.
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Figure 4.3. Numerical feedback answers about the achievement badges in the Data
Structures and Algorithms course 2012 (N=86) and 2013 (N=162).

2012 was more positive than in 2013. Statistical signiﬁcances of the differences between the course instances were analyzed with Pearson’s χ2
test, and all the other questions except F2 (Badges disturbed my work)
showed statistically signiﬁcant differences with an alpha level of p < 0.05:
(F1: χ2 (4) = 30.43, p < 0.01; F2: χ2 (4) = 7.35, p = 0.12; F3: χ2 (4) = 33.47, p
< 0.01; F4: χ2 (4) = 14.11, p < 0.01; F5: χ2 (4) = 18.11, p < 0.01; F6: χ2 (4) =
23.37, p < 0.01).
In order to get a deeper understanding on students’ opinions about the
badges, students were able to write open ended feedback about them. We
analyzed the open ended feedback with thematic analysis, using a process
described by Braun and Clarke [18]. They explain two primary ways to
do thematic analysis: inductive and deductive. In inductive analysis, the
coding of data is done without trying to ﬁt it into a pre-existing coding
frame, and in deductive analysis, the coding is done based on a theory
or a predeﬁned set of categories. Deductive analysis tends to provide a
less rich description of the data overall whereas inductive analysis can
be used to get a broader view of the topic [18]. We were interested in
getting a broad view of the attitudes towards badges and therefore chose
inductive thematic analysis. In the analysis, the authors of each paper
(Publication I and II) iteratively categorized the feedback comments into
themes that emerged from the data until reaching a consensus.
Next, we describe the themes from both years with short descriptions
of the categorization. The following themes were found in the feedback of
the course in 2012:
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1. Increased Motivation
Some students reported that the badges were motivating but they did
not necessarily state that their behavior was affected by the badges.

2. Affected Behavior
The reported effects on behavior were in line with the badge criteria and
no one reported negative effects.

3. Indifferent
Some students reported that they ignored the badges or they had no
effect on their behavior or motivation.

4. Concrete Reward
Some students commented on the relationship between the badges and
the course grading. Some wished that badges would have an effect on
the grades, and some were pleased that they did not affect the grades, or
merely stated that the badges would have a stronger effect if they were
tied to grading.

5. Considers badges generally a good idea
Some made positive comments about badges in general but did not necessarily report an effect on behavior or motivation.

6. Comments the Badge Criteria
Some students criticized that some badges were pointless or too difﬁcult
to earn.

7. Social Aspect
Some students reported that they enjoyed comparing the badges with
others and some wished that the social aspects would have a bigger role.

8. Technical Criticism
A few students had some confusion about the functionality of the system
or they suspected that the system malfunctioned.

9. Control Group
Even though the feedback question was addressed only to the treatment
group, some students from the control group gave also feedback. The
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comments ranged from negative to positive.

The following themes were found in the feedback of the course in 2013:

1. Affecting behavior
This category is similar than the Affected Behavior in 2012.

2. Badges did not impress
This category is similar than the Indifferent in 2012.

3. Suggesting improvements
These comments include suggestions to the system and feedback about
malfunctions.

4. Emotions
Comments in this category reported about emotions towards the badges
including negative and positive.

5. Social
Even though the system did not support the sharing of badges with others, some students reported comparing them with their friends.

Because the criteria for the themes were not ﬁxed, an exact comparison
between the course instances is not possible. It is possible that, for example, some of the categories in 2013 include themes that were split into two
categories in the 2012 data. Nevertheless, some common similarities can
be seen. In both datasets, some students reported that the badges had an
effect on their behavior. On the other hand, in both cases, some students
reported being indifferent towards the badges. There were also some criticism about the badge criteria, technical implementation, or suggestions
for improvements. All in all, the analysis of the open ended feedback was
in line with the numerical feedback. Some students reported being motivated by the badges and said that they had an impact on their behavior.
Some reported being indifferent towards them, and criticism and negative
feedback was received as well.
The variety of different themes found in the feedback shows how differently students can feel about the same gamiﬁcation feature. More specifically, the analysis of the open ended feedback revealed strong opinions
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ranging from negative ("died internally every time I saw them") to indifferent ("they did not give me any motivation"), and to positive ("they were
good and fun"). That ﬁnding drove us to study the underlying reasons for
the differing opinions.

4.3.1

Different Goal Orientations – Different Responses to
Badges?

We were interested in studying the relation between students’ achievement goal orientations and their behavior and attitudes towards the badges.
The following was presented as a subquestion for the second research
question:
RQ2.1 Do people with different achievement goal orientations respond
differently to achievement badges?
Next, we summarize the main results from Publication III that analyzed the relation between students’ achievement goal orientations and
their responses to badges. On their ﬁrst visit to the A+ learning environment, students were asked to answer a goal orientation survey by
Niemivirta [129] to identify the goal orientation proﬁle of each student.
Students were clustered based on their goal orientations in order to ﬁnd
groups of people with similar orientations. We were able to identify the
following clusters: A: avoidance-oriented, B: mastery-oriented, C: indifferent, and D: success-oriented.
We wanted to ﬁnd out if the behavior of the students regarding the
badges differed among the clusters. Because the difﬁculty of the exercise
rounds in the course was not constant, we could not compare the absolute values of variables in the beginning and end of the course but instead
studied their change. The following variables were calculated: increase
in earned badges, increase in points per submission, increase in earliness,
and increase in earned exercise points. A one-way ANOVA analysis of the
differences between the clusters did not reveal any statistically signiﬁcant
differences in the above-mentioned variables.
Students’ feedback about the badges was analyzed to ﬁnd out if their
attitudes towards the badges differed between the clusters. A KruskalWallis test showed that the questions "I found the badges motivating"
and "I think that badges should be used in A+ for the next year’s course
as well" had statistically signiﬁcantly differences between the groups. A
further analysis with a pairwise Wilcoxon test with Bonferroni correc-
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tion revealed that the differences were only signiﬁcant between cluster
A (avoiders) and the others. Speciﬁcally, students in the avoiders cluster
gave signiﬁcantly more negative feedback about the badges’ motivational
effect and they were less positive about using them in the future.
In order to further understand the goal orientations of the students
who were motivated by the badges, we divided the students into quartiles based on their answer to the feedback question "I found the badges
motivating". By combining the two middle quartiles, were formed three
groups that were labeled BadgeTop, BadgeMiddle, and BadgeBottom. The
achievement goal orientation proﬁles of the groups are shown in Figure 4.4. Differences in their goal orientations were tested with one-way
ANOVA and the results showed signiﬁcant differences in all the other
dimensions except performance-avoidance. A Tukey HSD test was used
to test the pairwise differences in cases where ANOVA showed signiﬁcant differences between the groups. The results showed that the top
quartile had higher mastery-intrinsic, mastery-extrinsic and performanceapproach orientations than the BadgeBottom group. Furthermore, the
top quartile also had a signiﬁcantly higher mastery-extrinsic and lower
avoidance orientations than the BadgeMiddle group.
BadgeMiddle

BadgeBottom

1

2

3

4

5

6

7

BadgeTop

Mastery
intrinsic

Mastery
extrinsic

Performance
approach

Performance
avoidance

Avoidance

Figure 4.4. Goal orientation proﬁles of students with different motivations towards
c
badges. 2014
IEEE

4.3.2

Achievement Badges vs. Heatmap Visualizations

In the previous study (Publication III), we found out that there were differences in terms of goal orientations of those students who were moti-
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Figure 4.5. An example heatmap visualization. The color represents past students’ ﬁnal
points as a function of their behavior. X-axis is the average distance of a submission to deadline (in days), and Y-axis is the average time interval between
consecutive attempts to the same exercise (in minutes).

vated by the badges and those who were not. The badges can be seen as
extrinsic incentive to follow certain study practices. However, similar incentive could be offered to students also in ways that are not so gameful.
By comparing the goal orientations of students motivated by the badges to
those who are motivated by a non-gameful approach, we could understand
more about the reasons why some people are motivated by the badges and
some are not. Therefore, the research question presented in Chapter 1
was:
RQ2.2 Are there differences, in terms of achievement goal orientation, in
the students who are interested in badges or heatmap visualizations?
In 2014, instead of achievement badges, we used heatmap visualizations
that were added to A+. Publication IV reports the study in detail and next
we summarize the main results from it. The heatmaps were used to visualize the ﬁnal exercise points of the students from the previous courses
(2010-2013) as a function of their behavior. When a student viewed the
visualization, his/her own behavior was plotted over the heatmap with a
"You are here" label. Thus, the visualization provided a prediction of the
student’s ﬁnal points given the behavior so far. An example heatmap is
shown in Figure 4.5. In order to compare the heatmap intervention with
the use of badges, we analyzed the data from 2014 together with the data
from the previous year when the badge intervention was used.
In order to study what kinds of students were the most interested in
the two interventions, we divided the students into four groups (Zero /
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Table 4.3. Spearman’s rank correlation between goal orientation and visits to the badge
summary page / heatmap clicks.

Orientation

Study

p

r

r2

mastery-intrinsic

badge

0.5242

-0.0617

0.003

mastery-intrinsic

heatmap

0.7754

0.0335

0.001

mastery-extrinsic

badge

0.0202 *

0.2223

0.049

mastery-extrinsic

heatmap

0.0400 *

0.2377

0.056

performance-approach

badge

0.0018 *

0.2963

0.088

performance-approach

heatmap

0.0925

0.1957

0.038

performance-avoidance

badge

0.6067

0.0499

0.002

performance-avoidance

heatmap

0.0058 *

0.3154

0.099

avoidance

badge

0.9694

0.0037

0.000

avoidance

heatmap

0.2211

0.1430

0.020

Bottom / Middle / High) based on their activity in A+. In the badge
study, students were divided based on how many times they visited a page
showing a summary of the badges. In the heatmap study, students were
divided based on the number of times they interacted with the heatmap
visualizations. We noticed that in both studies, the High groups were the
best performing in the baseline exercises.
To ﬁnd out if goal orientation explains students’ response to the interventions, we calculated the correlations between the goal orientation
variables and students’ activity regarding the achievement badges or the
heatmaps. The results are shown in Table 4.3. With badges, there were
statistically signiﬁcant correlations to mastery-extrinsic and performanceapproach whereas with heatmaps, there were statistically signiﬁcant correlations to mastery-extrinsic and performance-avoidance. Based on r2 ,
mastery-extrinsic explains around 5 % of the variance in both studies.
With badges, performance-approach explains about 9 % and with heatmaps,
performance-avoidance explains about 10 % of the variance.
By comparing the two studies, we were able to see differences in the
goal orientations of students who were interested in badges compared
to those who were interested in the heatmap visualizations. Therefore,
we believe that the two forms of feedback affect different kinds of students. Furthermore, we conducted a between-subject study to ﬁnd out
if the heatmaps had an effect on students’ behavior and noticed that students who had the heatmap visualizations earned higher total points from
the exercises during the course. We also noticed that the high-performing
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students who had the heatmaps submitted their assignments earlier than
the high-performing students in the control group.

4.4

Discussion of the Badge Studies

We were able to affect students’ behavior by adding achievement badges
to the online learning environments used in the Data Structures and Algorithms course. Although comparison between different badge studies is
difﬁcult because the settings badges are used in may differ signiﬁcantly,
we can conclude that our ﬁndings are in line with other studies that have
reported about using badges in educational settings (e.g. [35, 37, 132]).
Therefore, it seems that badges can be a functioning mechanism to steer
students’ behavior in an online learning environments.
Earlier studies on achievement badges have shown that there can be
differing opinions towards the badges (e.g. [70, 111, 121]). In our studies as well, students’ attitudes towards the badges varied a lot and we
were able to identify several themes in students’ feedback. Interestingly,
the feedback from the ﬁrst course instance was more positive towards
the use of badges than the feedback on the following year. There can
be several reasons for it. The badge criteria was modiﬁed in an attempt
to make improvements, for example, by introducing the badges in three
difﬁculty levels (bronze, silver, gold). It is possible that the old criteria
provided challenges that were perceived more desirable as it has been
shown that subtle changes in the badge system can make a difference [5].
Furthermore, the research setting was different and the learning environment was changed between the courses that can inﬂuence how the badges
were perceived. Nevertheless, in general, students’ attitudes towards the
badges were positive or indifferent but some criticism was reported also.
Furthermore, based on our results, it is clear that the students were not
unanimous in their opinions about the use of badges in the course. We did
not ﬁnd evidence that the badges would have had a negative impact on
students’ behavior but some negative opinions were reported.

4.4.1

Badge Studies and the Self-Determination Theory

The achievement badges were not tied to course grading or any other tangible rewards but were offered merely as voluntary challenges. The Cognitive Evaluation Theory (CET) states that external rewards that are per-
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ceived as controlling, undermine intrinsic motivation [31]. We used this
as the basis for our badge interventions and aimed to design an achievement badge system that would be perceived rather informational than
controlling.
The criteria for getting the badges was based on some unwanted study
practices that have been noticed on the course in previous years [11].
Thus, a badge and its completion criteria were an external motivation to
pursue desired study practices. The Organismic Integration Theory (OIT)
describes how extrinsic motivation can form a continuum from lack of motivation to intrinsic motivation based upon how autonomous or controlled
it is [57]. In the design of the badges, we tried to create criteria that
would be perceived as meaningful and therefore internalized by the students, as suggested by OIT. Furthermore, getting a badge was tied closely
to completing the simulation exercises, as unrelated rewards are not as
likely to be internalized [128]. Based on the numerical feedback, typically
students were satisﬁed with the badge criteria. However, the analysis of
the open ended feedback revealed some criticism about the meaningfulness of some of the badges. Therefore, when designing badge systems for
education, special care should be taken to make them meaningful for the
students.

4.4.2

Badge Studies and the Goal Orientation Theory

The goal orientation theory explains how people’s preferences to different
goals and outcomes vary [85]. More speciﬁcally, people with high levels
of performance-avoidance can be demotivated by situations where they
might show incompetence relative to others. Nevertheless, many gamiﬁcation systems are competitive and rely on the public recognition and
comparison of one’s performance, and the explicit use of competition as
a motivational tool has been claimed to be a distinctive feature of gamiﬁcation [20]. However, for example, Domínguez et al. [42] reported that
some students decided to opt out from the gamiﬁed version of their learning environment because they did not like the public competition with
others. Furthermore, the issues with promoting competition and publicly
presenting one’s performance are not speciﬁc to gamiﬁcation and have
been recognized in other systems as well (e.g. [143]).
In the light of the goal orientation theory, we designed the teaching interventions so that students’ achievements in the system were not showed
to other students. By this design choice, we wanted to minimize the pos-
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sible demotivating effects of public competition. Furthermore, we found
out that students’ goal orientations had an effect on their attitudes towards the badges and that there were differences in the goal orientations
of students who were motivated by the badges compared to the students
who were motivated by the heatmap visualizations. These results indicate that achievement goal orientations can be used as a framework for
explaining some of the underlying reasons why people respond differently
to gamiﬁcation.
We noticed that performance-approach oriented students were more interested in badges whereas performance-avoidance oriented students were
more interested in the heatmaps. A reason for this might be that the
achievement badges rewarded for completing additional challenges and
provided a way to demonstrate high performance. However, the badges
did not punish for failure because there were no difference in whether
the student barely missed the criterion or failed completely. Heatmaps,
on the other hand, did not reward for high performance in a similar way
but rather warned students for behavior that typically predicts poor outcomes. Therefore, it seems natural that students who worry about being
inferior to others express more interest towards the heatmaps. Furthermore, the reason why interest towards the badges correlated with performance approach might be that the badge system was seen implicitly as
competitive even without explicit competitive elements. Getting a badge
might have made the student feel that he or she performed better than
others who did not get a badge, or the students may have compared the
badges even though it was not supported by the system.

4.5

Future Work

We were able to conclude that badges can be used to steer student behavior (as an answer to RQ1). We also noticed varying attitudes towards
the badges (RQ2) and were able to identify that students’ goal orientation
plays a role in their perception about badges (RQ2.1 and RQ2.2). Moreover, we noticed that the students who were the most motivated by the
badges or the heatmaps were high-performing already before the interventions. Therefore, we cannot assume that the effect of badges is equal
in the student population or that it even steers everyone to the same direction. Furthermore, the ﬁndings reported in this chapter rather suggest
the possibility that many gamiﬁcation interventions may have negative
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impact on some students even if the average impact would be positive or
neutral. Speciﬁcally, if gamiﬁcation involves publicly representing one’s
achievements, it can have negative effect on especially those individuals
who have high performance-avoidance goals. Therefore, we formulate the
following hypothesis for future research: The effect of gamiﬁcation may
differ in terms of magnitude and direction based on students’ goal orientation proﬁles and the motivational affordances in question.
Naturally the same concern of differing effects can be given to any teaching intervention. Rather it would be surprising if all students reacted
identically to any intervention. However, the concern is particularly relevant in the context of gamiﬁcation as many gamiﬁed systems incorporate
mechanisms that are likely to have negative impact on some students
with certain goal orientations.
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5. Alternate Reality Game for Computer
Science Education

"Reality is merely an illusion, albeit a very persistent one."
–Albert Einstein

In this chapter, we summarize the research in Publication V that describes and analyses the use of an alternate reality game to teach computer science. More speciﬁcally, this chapter addresses the research questions RQ3 and RQ3.1 that were presented in Chapter 1.

5.1

Context and Overview

Computer science education can be divided into formal and informal learning. Many universities and other institutes offer formal computer science
courses that typically contribute to a certain degree. On the other hand,
informal learning takes place in systems like Codecademy1 and Khan
Academy2 where studying is not part of any curriculum. The alternate
reality game described in this chapter was not part of any ofﬁcial curriculum and it was intended as an informal way to learn various computer
science concepts. Furthermore, the game was not limited to programming
tasks, although programming was one part of it. Figure 5.1 shows how
the game is positioned in relation to computer science education.

5.2

Stop Toilworn Diamond – An Alternate Reality Game for
Learning Computer Science

We wanted to explore the potential of alternate reality games to be used
in computer science education. More speciﬁcally, we were interested to
1 http://www.codecademy.com/
2 https://www.khanacademy.org/
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Figure 5.1. The red spot shows how the alternate reality game described in this chapter
is positioned in relation to computer science education. The size of each area
is unimportant.

ﬁnd an answer to the following research question:
RQ3 Can we use alternate reality games to teach computer science?
To ﬁnd out if ARGs could be used to teach computer science, we organized an ARG called Stop Toilworn Diamond. The game lasted for 10
weeks and it involved various puzzles requiring a wide range of computer
science skills and knowledge. The ARG was based on a story that was unraveled to the players as the game went on. The story was told with short
messages that were, according to the storyline, sent from the future. The
messages explained how the project Toilworn Diamond was designed to
learn users’ preferences and ﬁlter digital content according to it. However, the vast popularity of LOLCat pictures on the internet would distort
the artiﬁcial intelligence of the project and eventually lead to a situation
where the only information that can be digitally transmitted would be
pictures of funny cats – the LOLCat Apocalypse.
There were two opposing sides in the game that created the tension and
the atmosphere: 1) a company called Avecira Solutions and 2) Beth Swillower, who acted as a whistleblower of the company. The ARG players
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Figure 5.2. An advertisement of the "Face modeling challenge" by Avecira Solutions.

could interact with the ﬁctional characters and choose which side they
wanted to help. Richard Exaltego, the CEO of Avecira Solutions, was actively seeking new talented problem solvers and persuaded them to solve
puzzles for him. Avecira Solutions also organized a programming competition in an attempt to attract talented programmers and problem solvers.
The advertisement for the challenge is shown in Figure 5.2 and it was
distributed to get new players to the game. On the other hand, Beth
Swillower posted puzzles to her blog3 and asked for help solving them. A
screenshot from the blog is shown in Figure 5.3.
3 http://stoptoilworndiamond.blogspot.com
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Figure 5.3. An example of a puzzle posted to the blog by Beth Swillower. The shortest
path from A to X revealed the address of the next puzzle.

The game contained a variety of different puzzles. Each puzzle revealed
either another puzzle or a short message that provided more information
of the background story of the game. Two example puzzles are shown in
Figure 5.4. In the examples, the cat pictures contain a QR code that is
hidden in the image. In Figure 5.4a, the blue RGB channel is either 0 or
1, representing either a black or a white pixel in the resulting QR code.
In Figure 5.4b, the RGB channel that has the information of the QR code
pixel’s color is not ﬁxed but it can be any of the three channels. More
example puzzles are presented in Publication V, and a complete list of the
puzzles and their solutions can be found in the Beth Swillower’s blog4 .
In addition to the online puzzles, there were some location based tasks
as well. According to the background story, a man called Pasi Liisola had
been investigating the mystery of project Toilworn Diamond before, and
he had hidden a letter to be found by the players. Furthermore, players
needed to also ﬁnd two cards hidden in the Aalto University campus area
in order to reveal a message that was encoded in them. The message was
represented as binary numbers based on the ASCII values of the characters. The binary numbers could be read from the cards by putting one
card on top of the other and looking at the positions of the common holes.
4 http://stoptoilworndiamond.blogspot.com/2013/07/puzzle-solutions.html
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(a) The blue RGB channel is either 0 or (b) One of the RGB channels is either 0
1, representing a black or a white

or 1, representing a black or a white

pixel in the resulting QR code re-

pixel in the resulting QR code re-

spectively.

spectively.

Figure 5.4. Example puzzles where a message was hidden in the pictures.

5.2.1

Learning Effect

After the game was ﬁnished, players were asked to ﬁll a feedback questionnaire. The questionnaire had 14 different computer science concepts,
and for each concept the players were asked to answer to the question:
"Did you learn something during the game and what was your previous
knowledge?" They were also able to write open ended answers or choose
not to answer to the question. The answers were analyzed using content
analysis [23, p. 475] and categorized into learned and did not learn. The
results are summarized in Table 5.1. It can be seen that the participants
reported having learned several concepts during the game. Furthermore,
in addition to the feedback collected after the game, there were several
examples of players spontaneously reporting their learning, for example,
in an email or in discussion that took place on the Unﬁction forum5 .
In addition to the speciﬁc CS concepts they had learned, we also asked
the players’ perceptions on educational ARGs in general. The feedback
was analyzed with content analysis and common themes were identiﬁed
by going through the answers iteratively and grouping similar comments
together. The responses were mostly positive to the idea of using ARGs
in education, but some potential issues were raised as well. The following
themes were found that pointed out the positive aspects of using ARGs:
5 http://forums.unﬁction.com/forums/viewtopic.php?t=37576
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Table 5.1. Summary of feedback about learning during the game. Column L shows the
number of answers that reported learning about the concept (N=21).

Concept

Example feedback

L

Graphs (shortest route, cut

Learned a lot, even implemented a TSP solving algo-

6

vertex, different representa-

rithm.

tions of networks,...)
Image formats (e.g. RGB)

Yes, I learned some valuable lessons about those values

6

and realized my previous knowledge was a bit sketchy.
Huffman coding

Did some research. Gained a very basic understanding

5

of why the "tree" looks the way it does. Did not go into
how to obtain desired results.
Image processing

yes, how to do image processing in Java

5

Sorting

Already knew how to perform a basic sort, but learned

5

a few things about stable sorting
HTML / CSS

Yes - learned about styles and how to modify them to

4

reveal the text. Had absolutely no knowledge on that
before so that was good to learn.
Truth tables / Boolean alge-

Learned a lot on this. I had a little knowledge from

bra (AND, OR, XOR, etc. op-

university but had forgotten most of it. So doing the

erations)

truth table puzzle helped a lot!

ASCII character-encoding

I learned how to code and decode stuff into ASCII. I

4

3

didn’t really know how to do that previously.
Local search techniques (e.g.

Yes, I do not know much about this before. First time I

Hill climbing algorithm)

programmed and used such a technique

Steganography (hiding mes-

YES! That ’yellow cat’ & his ’static cat ’mate contain-

sages in images)

ing QR codes puzzle really impacted how I think about

3

3

Steganography.
Ciphers / Cryptography

As I searched for information about cryptography I

2

learnt some basic methods
Programming

Yep deﬁnitely was able to refresh my previous knowl-

2

edge and looked at a language I hadn’t used before
(c#), wrote a couple of short programs for the ﬁrst time
in ages. As mentioned before, did some programming
at uni.
Algorithm design & imple-

Now I understand in theory what a "sorting algo-

mentation

rithm" achieves.

Binary numbers

Am comfortable with many binary uses and became
more familiar with the concept of a "binary relation".
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1. An ARG can be a way to increase motivation towards learned content
and the story can provide a reason to continue until the end.

2. ARGs can enhance learning by providing a context to connect the theory taught at a course to a real problem.

3. In educational ARGs, students could be allowed to proceed at their own
pace and encouraged to learn to ﬁnd information by themselves.

4. Connecting learned content to strange and interesting things in an
ARG can make recalling them easier.

5. ARGs could be used to enhance networking and to create good team
spirit in teaching groups.

On the other hand, the following issues were pointed out as well:

1. The effort required for designing and organizing an ARG can be big
compared to the number of people that play the game.

2. Time spent playing an ARG can be away from other coursework.

3. It might be challenging to keep up with the game if you are not fully
engaged from the beginning.

4. Cultural differences in learning approaches might be difﬁcult to factor
in.

5. Difﬁcult to assess individual student’s performance because of the social and collaborative nature of ARGs.

5.2.2

Designing for Voluntary Participation

The Stop Toilworn Diamond alternate reality game was designed to be
completely voluntary and it was not part of any ofﬁcial curriculum. Furthermore, the organizer of the game was not revealed to the players during the game. The game was not limited to students of Aalto University
and was available for anyone who wanted to participate. The game was
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Figure 5.5. The Twitter accounts that were used in the ARG as a way to interact with
the players and to create a realistic atmosphere.

evaluated in terms of how authenticity, intrinsic motivation, and replayability were taken into account in the game design, and we summarize
the analysis presented in Publication V in order to answer the following
research question:
RQ3.1 How to design an educational ARG that is able to entice people to
participate voluntarily?
Although difﬁcult to achieve, authentic activity is particularly important for an immersive gameplay [158]. Therefore, one of our key design
choices was to preserve the authenticity of the story by holding on to
the "This Is Not A Game" aesthetic. In order to create a realistic atmosphere, the game characters had Twitter accounts (Figure 5.5) and email
addresses that the players could use to be in direct contact with them,
and some of the players took advantage of this possibility and were actively interacting with the game characters. An example of this type of
interaction is shown in Figure 5.6. However, there were also clues about
the ﬁctional character of the game (e.g. LOLCat Apocalypse and messages
from the future) so that the participants would not be mislead to think the
game was real. An analysis of the feedback questionnaire revealed that
ﬁfteen (71 %) of the responses stated clearly that TINAG was important
for them. Four (19 %) indicated that it was not important for them, and
two (10 %) were left empty.
We used ARG design guidelines by Davies et al. [29] that promote intrinsic motivation by including the elements of challenge, fantasy, and curiosity that Malone and Lepper [108] identiﬁed to promote intrinsic motivation. Most importantly, the background story was revealed in bits
when the players were able to solve the puzzles, and the puzzles were of
varying difﬁculties and topics to offer everyone the possibility for a suitable challenge. Furthermore, the player actions determined how the game
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Figure 5.6. An example of an interaction between a ﬁctional game character and an ARG
player.

77

Alternate Reality Game for Computer Science Education

progressed and the outcome of the game was not ﬁxed beforehand.
The replayability of the game design was evaluated based on a framework described by Hansen et al. [72] that deﬁnes three reusable design
objectives: 1) replayability, 2) adaptability, and 3) extensibility. The puzzles used in the game could be reused in a different game or modiﬁed to be
used as individual assignments. Furthermore, the game could be easily
extended with a sequel or it could be launched for different player groups.

5.3

Suitability for Computer Science Education

Based on our research on the Stop Toilworn Diamond alternate reality
game, we can conclude that alternate reality games can be used to teach
various aspects of computer science. Furthermore, an ARG can be designed to engage players with computer science tasks even without offering external rewards for participating. For this particular ARG, the
TINAG aesthetic was in key role creating the authenticity of the game
even though it has been suggested to be a prominent feature of game
implosion [105] and its suitability in educational context has been questioned [162].
Dena [36] explains the concept of tiering and how players can experience
the same game in various different ways and levels of engagement. That
way an ARG could be used to teach computer science to people from different backgrounds and various skill levels. Furthermore, an ARG could
entice people from several disciplines to collaborate on shared puzzles.
However, it is a considerably big effort to design and organize an ARG and
therefore its replayability should be borne in mind when considering an
ARG as a teaching method. Furthermore, approaches like WeQuest [106]
could be useful to reduce the efforts of managing the complex stories in
an ARG.
There are many aspects in computer science that make ARGs particularly suitable for the discipline. For example, cryptography is often used
in ARGs to hide messages, and many tasks involving algorithmic thinking, programming, and problem solving can be included as puzzles in an
ARG. Furthermore, although there are some similarities to other informal teaching approaches used in computer science (e.g. programming
competitions), alternate reality games are a possibility to widen the way
computer science is taught. The potential of ARGs in computer science
education is discussed in more detail in [67].
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Alternate reality games could be especially useful for informal learning because the voluntary participation and collaborative nature with its
side effects (i.e. social loaﬁng) makes formal assessment difﬁcult. In the
light of the self-determination theory and cognitive evaluation theory [32],
ARGs could be used to support the two basic needs that contribute to enhancing intrinsic motivation: competence and autonomy. The need to feel
competence could be satisﬁed by being able to solve puzzles presented in
an ARG, and participation in an ARG would be self-determined to begin with. Furthermore, an ARG that requires collaboration among the
players would also be likely to satisfy the third innate need identiﬁed in
the self-determination theory – relatedness – especially if the player feels
connected to the player community and can contribute to the collaborative
efforts of making progress in the game.
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6. Technologies for Gameful
Approaches

"Sweet mercy is nobility’s true badge."
–William Shakespeare

In Chapters 4 and 5, we described the research considering the use of
achievement badges and alternate reality games. In this chapter, we
present technical support for using such gameful approaches by summarizing the main results in Publications VI and VII. More speciﬁcally, this
chapter answers the following research question:
RQ4 How to support the use of gameful approaches in an automated way?

6.1

Systems for Achievement Badges

In publication VI, we presented the design and evolution of the two badge
systems developed at Aalto University. The evolution of learning management systems can be divided loosely into three phases called: monolithic,
modular, and service oriented [28]. In a similar way, our badge systems
evolved from a monolithic implementation to a service oriented approach.
The ﬁrst system was tightly coupled to the TRAKLA2 [97, 107] online
learning environment. TRAKLA2 was modiﬁed to include the badge icons
and the completion logic for getting them. The advantage of this approach
was to be able to use the TRAKLA2 database with all the information
about students’ actions for calculating when a badge should be awarded.
However, the badge system was not easily extended to other systems.
TRAKLA2 was replaced with A+ [89] that is a learning management
system that was built to be service oriented, using the principle of Software as a Service (SaaS). A+ supports external widgets and the widgets
can return content to the system as an iframe. They further have the pos-
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Figure 6.1. Communication between A+ and Daechschen.
In step 2, A+ adds
necessary context parameters to the iframe url attribute (e.g.
?user_id=7&course_instance_id=4&view_name=exercise&exercise_id=33)
c
2014
IEEE

sibility to read data from the public application programming interface
of A+ in Javascript Object Notation (JSON). The second badge system,
called Daechschen, was implemented as a widget that can be used with
A+. Figure 6.1 shows the communication between A+ and Daechschen.
Based on our experiences with the badges in our online learning environments, we constructed a list of design principles that were used in the
creation of Daechschen. It is not a deﬁnitive list for every badge system
but rather a set of guidelines that should be considered when applying
badges in an educational setting.

1. Functional requirements: The badge system should be able to divide the
badges into three main components – signiﬁers as the visual artifacts
seen by the users, completion logic which determines when a badge is
awarded, and reward that is the value of badges to their wearers if any
tangible beneﬁt is provided.

2. Interoperability: The system needs to be compatible with the existing
Learning Management Systems (LMS).

3. Security: The core functionality of the LMS should never be compromised even in cases of failure in the badge system in use.

4. Flexibility: Using the system in multiple courses should be taken into
account.

5. Privacy: The system should not distribute private information about
the students to third parties.

6. Usability: The system should be simple and effortless to use and it
should integrate well into the general look and feel of the LMS.
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(a) Input image

(b) Correct solution

Figure 6.2. Input and output images of the sorting task.

6.2

Automated Assessment with QR Codes

In publication VII, we presented a novel method to support automated formative assessment of programming tasks. In this approach, programming
tasks are formulated in such a way that the correct output of the task is a
QR (Quick Response) code. Therefore, the correctness of the solution can
be tested by scanning the QR code. Despite the simple form of the tasks,
they can support automated assessment with instant feedback, multiple
programming languages, and personalized input. Furthermore, students’
performance can be monitored automatically by using URLs with click
analytics in the output QR codes. Figure 6.2 shows an example of a programming task that produces a QR code when solved correctly. The pixels
of the input image should be sorted based on the red component of the
RGB value with a stable sorting algorithm.
In some cases, feedback about misconceptions can also be given automatically if a predeﬁned misconception can be made to produce another
valid QR code. Table 6.1 shows an example of such a task. In the example, the assignment is to implement an algorithm that solves the Boolean
algebra sentence for each pixel position of the input images. When solved
correctly, the image that it produces contains a valid QR code that congratulates for the correct solution. The desired precedence in the example
is: A xor ((B and B) or C). However, if the sentence is solved so that the
precedence of the operations is ignored and the operations are calculated
from left to right, the QR code is not the same as with the correct precedence. In that case, the QR code contains a message with a hint about the
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Table 6.1. An example Boolean algebra task. A predeﬁned misconception produces a QR
code with a message addressing the misconception.

Sentence

A

B

C

Correct

Misconception

A xor B and B or C

mistake: "Check precedences". More assignment examples and algorithms
for producing them are described in Publication VII.
There are several tools available for automated assessment of programming assignments. However, the minimal need for infrastructure or dedicated tools makes the QR code based programming tasks potential for
situations where more complex systems can not be used. One advantage
is that the assignments can be solved with any programming language.
Furthermore, they can be distributed as images and if the tasks use only
few grayscale colors, the input can even be distributed as paper print. The
simple format of the tasks can be particularly useful with alternate reality games. Moreover, in the light of the "This Is Not A Game" aesthetic,
having players to register to an online system to get automated feedback
on programming puzzles would not be an option.
Besides alternate reality games, these kind of programming tasks could
be used in programming courses or different forms of puzzle trails. The
solution of a puzzle could include a link to the next puzzle. Furthermore,
puzzles with misconception recognition could be used to have adaptivity in
the puzzle trail. An output produced with a predeﬁned misconception can
produce a QR code with a different URL than the correct solution. That
link can direct the student to additional webpage containing an extra task
or information regarding the misconception in question.
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"Try not to have a good time... this is supposed to be educational."
–Charles M. Schulz

The main goal of this thesis was to enrich computer science education by
deepening our understanding of two gameful approaches: 1) achievement
badges and 2) alternate reality games. Speciﬁcally, the following was presented in Chapter 1 as the overarching research question:
RQ How to enrich computer science education with gameful approaches?
Our ﬁndings from the badge studies make a contribution to the understanding of badges’ effects in an educational setting and students’ attitudes towards them. We found out that the badges had an effect on students’ behavior even though they were not tied to any tangible rewards
such as course grades. Speciﬁcally, students with the badges used more
time in the online learning environment during the course, had more sessions in the system, and spent more time between exercise submissions.
We also found several differing attitudes towards the badges. The feedback was generally positive or indifferent but some criticism was received
as well. Furthermore, the results of our studies indicate that students’
achievement goal orientations should be taken into account when designing achievement systems. We found out that students who had high
avoidance orientation were less motivated by the badges than other students. Moreover, when comparing the use of achievement badges with
the use of heatmaps that provided feedback on one’s behavior, we noticed
that an interest towards the badges correlated with mastery-extrinsic and
performance-approach, whereas interest towards the heatmaps correlated
with mastery-extrinsic and performance-avoidance orientations.
Our research considering alternate reality games brings out the idea of
using ARGs to teach computer science. The analysis of the Stop Toilworn
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Diamond ARG showed that the participants learned several computer science concepts during the game and, thus, indicates that ARGs can be a
potential approach to teach computer science. Furthermore, the analysis of the game design shows an example how authenticity, support for
intrinsic motivation, and replayability can be taken in account when designing educational ARGs that rely on voluntary participation. We also
provide support for applying badges and ARGs in education by describing
the implementation of our badge systems and by introducing a method
for producing automatically assessed programming tasks that are suitable for ARGs.
Based on the results reported in this thesis, we conclude that both achievement badges and alternate reality games can be used to enrich computer
science education. However, they are different approaches with their own
advantages and restrictions. Next, the differences of these approaches are
discussed in more detail.

7.1

Two Sides of the Gameful Coin

In several ways, achievement badges and alternate reality games can be
seen as opposite sides of the same coin. Table 7.1 summarizes the main
parts how the two approaches typically differ. Badges try to intentionally make the environment more game-like and often they are linked to
other gamiﬁcation mechanisms such as leaderboards and points. Even
though the goal of using badges is not to make the environment a fully
ﬂedged game, badges make the association to games by using game cues
– elements that remind about games. This aspect of badges can be seen
as metacommunication meaning that the pieces implicitly carry the message that the activity is a game [164]. Alternate reality games, on the
other hand, deliberately try to avoid such metacommunication of linking
the activities to games. Thus, ARG organizers use realistic environments
like emails and social media in order to make the interactions feel less
like a game and more like reality [151, p. 13].
Badges are often added to learning environments as something extra.
The learning content is not dependent on the badges and therefore they
can be easily detached from the system. With educational ARGs, the
learning content is interwoven to the game, and the game can not be
separated from the learning content as easily. The detachable nature of
badges makes it fairly easy to copy them to other environments. Further-
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Table 7.1. Comparison of achievement badges and alternate reality games. The main
parts how the two approaches differ.

Badges

ARGs

Game cues: Intentional use of ele-

Non-game tools: Realistic environ-

ments that remind about games.

ments and communication channels.

Detachable: Easily added to or de-

Interwoven: The learning content

tached from a learning environ-

is interwoven to the game.

ment.
Easily copied: Can be copied to

Not fully replayable:

Typically

other environments and courses.

one-time events that are not fully
replayable.

Inexpensive: Usually inexpensive

Expensive: Takes considerable ef-

to use after the initial costs of

forts to organize.

designing and implementing the
badge system.
Popular: Used widely in various

Rare: Marginal game genre that is

systems.

seldom used for education.

Individual: Focuses on one’s indi-

Collaborative: Encourages collab-

vidual achievements.

orative work among players.

Extrinsic: Offers extrinsic motiva-

Intrinsic: Relies on people’s intrin-

tion to pursue desired behavior.

sic motivation to participate.
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more, the cost of using badges is quite small after the initial efforts for
implementing and designing the badge system is made. ARGs, on the
other hand, are typically one-time events and take considerable efforts to
organize. Therefore, the cost of making an ARG can be high.
Gamiﬁcation is a hot topic at the moment and achievement badges, as
one of the most commonly used gamiﬁcation method, have been used in
various systems. Alternate reality games are far less used as a gameful
approach in education. Even though in many cases achievement badges
can be used to compare one’s performance to others, they are typically
an individual recognition of one’s achievements. As a contrast, alternate
reality games often encourage, or even require, collaboration among the
players. Furthermore, achievement badges focus on giving external rewards for completing assignments whereas ARGs rely on players’ intrinsic desire to take part in the game.

7.2

Badges, ARGs, and Motivation

One of the commonly set criticism for gamiﬁcation is that it focuses on
external rewards and incentives as a contrast to trying to promote students’ intrinsic motivation. The results presented in this thesis showed
that even if the badges are not tied to tangible rewards, they can be used
to steer students’ behavior and be found motivating by the students. With
this type of design, the possible undermining effect on intrinsic motivation
can be minimized as suggested by the cognitive evaluation theory [32].
Studies have proposed intrinsic motivation to have many effects that
can be seen desirable in education, for example, deeper involvement in
the study activities [26], more explorative study behavior [109], smaller
risk to drop out [74], and enhanced performance, persistence, and creativity [140]. However, students are not always intrinsically motivated
and it could be argued whether it is even necessary to design for intrinsic
motivation. Speciﬁcally, Zichermann and Cunningham [168, p. 28] point
out that by using extrinsic motivators, one can make the desired action
to happen instead of hoping it to happen because of intrinsic motivation.
However, it is also important to acknowledge that extrinsic motivation can
vary in the degree to which it is autonomous or controlled as described in
the organismic integration theory [139]. Therefore, when using extrinsic
motivators, one should aim to support students’ self-determination, and if
possible, use external incentives that are not perceived as controlling, and
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thus move closer to intrinsic motivation in the self-determination continuum of the organismic integration theory.
We aimed at steering students’ study practices to a more desirable direction while at the same time tried to design and implement a badge system
that would offer voluntary and meaningful challenges and therefore minimize the risk of being perceived as controlling. Although the badges did
have an effect on students’ behavior, they did not have such an effect that
would have resulted in signiﬁcantly better learning results in the course.
Furthermore, individual differences in the achievement goal orientations
of students inﬂuence the way badges are perceived. Therefore, it is clear
that gamiﬁcation is not a silver bullet that can be applied to any system
with a little effort and expect good results. A lesson should be learned
from the early efforts of using games for learning and the unsuccessful
use of the sugar-coated paradigm discussed in Chapter 2. Gamiﬁcation
can be a useful addition in computer science education but it requires
thorough design and understanding of the students’ needs in order to appear meaningful for the students. Detachable and irrelevant badges run
the risk of being just a modern version of chocolate-covered broccoli.
As a contrast to badges and their focus on extrinsic rewards, ARGs typically base the whole game on voluntary participation and people’s curiosity. Therefore, ARG players are typically intrinsically motivated to use
time and effort in the games and therefore it can be a fruitful scenario
to learn computer science through the game. However, the concern with
ARGs is not whether external motivation takes too big part and hinders
learning but rather that because of lack of external motivation, students
might not be motivated to take part in the game at all. Furthermore,
there are factors in ARGs that are not directly contributing to learning
(e.g. story and interaction with the game characters) that increase the
overall time used for the game in comparison to learning the same content
in a more formal setting. Therefore, alternate reality games are particularly suitable for informal learning whereas badges can be used as part of
formal courses as well as in informal settings.

7.3

Taking Computer Science Education Seriously

Matocha et a. [110] argued that creative teaching methods should be employed in computer science education especially for non-majors and students in the beginning of their studies because they typically ﬁnd com-
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puter science to be full of theoretical, technical, or even tedious concepts.
Gameful approaches could be used to address this issue. Gamiﬁcation can
increase some students’ interest to engage in a CS course, but especially
ARGs could be a way to promote computer science as an interesting discipline by creating games with captivating stories and compelling puzzles
that would showcase the various areas of computer science.
Both of the approaches of this thesis, achievement badges and the ARG,
were used to teach or support the teaching of serious computer science
topics: e.g. data structures, algorithms, programming, steganography,
and Boolean algebra. Despite the serious learning goals, both approaches
used humor as a way to promote interest to the learning content. For
example, the "Y U NO MAKE MISTAKES?" badge was named after an
internet meme that was popular at the time. In the ARG, the humorous
aspect was more salient having the whole theme of the game being about
LOLCats.
Humor can be used to increase motivation to study computer science especially when tied to concrete examples [1] but it could also be questioned
whether this kind of approaches are suitable in higher education and to
what extent. For example, the theme and story presented in an ARG
bears the metacommunication of its content to the players. LOLCats are
a typical example of non-serious internet phenomenon and there might be
a risk that a game full of LOLCats is not perceived as a serious learning
environment for university-level computer science education (Figure 7.1).
Furthermore, the use of educational games have been criticized for promoting the expectation that learning should always be fun and done without work and serious study [130]. Therefore, the use of games and gamiﬁcation should be in balance with the overall educational setting and not
used just for the sake of having them. Gameful approaches – with or without humor – can be the means for an engaging computer science education
but it should not be an end in itself.

7.3.1

Gameful Approaches for Computer Science Education

The use of achievement badges is an approach among others to offer feedback to students and to guide them in their learning process. There are
many similarities to other approaches that are used in computer science
education, such as deadlines, grades, certiﬁcates, and different feedback
systems visualizing one’s performance and behavior (e.g. [60, 103, 143]).
Achievement badges can be used along with the other methods or they
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Figure 7.1. Can an educational game full of LOLCats be taken seriously if used in
university-level computer science education?1

can be used to replace some of the other ways of giving feedback or structure students’ learning process. If successfully used, they can boost the
learning by improving students’ study practices and motivation to learn.
However, the actual learning content is not in the badges themselves. As a
contrast, alternate reality games can be designed in a way that the learning content is the most central part of the game. That way, an ARG can
be used to teach computer science so that the gamefulness is interwoven
to the learning content, and therefore, they have potential for intrinsic
integration that is often the goal with educational games as discussed in
Chapter 2.
The common scenario for the use of games in computer science education is to offer them in some form of programming assignments [159].
However, current serious games for learning programming have been criticized for not having deep enough gameplay for developing computational
thinking skills [92]. An ARG can be a ﬂexible platform for various learning goals. It is an open canvas that allows the teacher to design deep and
meaningful educational content for the game. On the other hand, it is
not an easy task to design an ARG that is both highly educational and
immersive.
Computer science is a fertile discipline to beneﬁt from games in dif1 Let alone a doctoral dissertation?
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ferent ways, and the examples of using games range from physical card
games [65] to immersive 3D computer games [51]. Alternate reality games
are an addition to this palette of games and they can be used to teach various computer science topics in a collaborative and voluntary way. Ideally,
a computer science ARG could satisfy people’s needs to gain competence
while allowing them to be autonomous in their actions, and satisfy the
need for relatedness by enabling them to have a meaningful part in the
player community. Thus, satisfying all the three innate needs described
in the self-determination theory [140].

7.4

Research Validity

Internal validity seeks to demonstrate that the ﬁndings of a study can actually be sustained by the data [23, p. 135]. When testing for statistical
signiﬁcance, the p-value indicates the probability of getting the observed
effect when the null hypothesis is actually true. Therefore, it is possible
that sometimes the p-value is smaller than the alpha level of signiﬁcance
even if the observed condition is not actually present. These type of errors
are called false positive errors, and the risk of getting a false positive error
is always present in statistical analysis. Furthermore, we tested multiple
hypotheses simultaneously that increases the risk of getting a false positive error. Therefore, replication studies are needed in order to get a more
solid understanding of the effects of badges. In some studies (Publication III and IV), we used post-hoc analysis to test hypotheses that were
not formulated a priori. In those cases, Bonferroni correction was used to
address the issue of false positive errors.
We studied the effects of the achievement badges and students’ attitudes
towards them in several studies in the Data Structures and Algorithms
course. The learning environments used in the course had also other external factors such as points and deadlines, and therefore the effects of
the badges may not stand out. Furthermore, as the research was conducted in a real course as opposed to a controlled lab environment, there
might be some confounding variables that inﬂuenced the students. Internal validity is tightly related to the research methods and procedures and
therefore the internal validity of each study is described in more detail in
the individual publications.
External validity is the extent the results can be generalized to other
settings [23, p. 136]. All the badge studies were conducted in the same
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Data Structures and Algorithms course in the same university. Therefore,
the context of the studies and student population in the courses were very
similar. Similar teaching interventions might not have the same results
in another culture and context. Therefore, the results reported in this thesis should be considered indicative when applying achievement badges or
other gamiﬁcation methods in a context that differs from the ones presented in this work. The research on the Stop Toilworn Diamond ARG
was able to show an example of a game that was used to teach computer
science concepts. Based on one game, however, it is difﬁcult to provide
generalizable results of what kind of ARGs are effective learning platforms. Therefore, it should be considered as a starting point for future
studies on using ARGs for computer science education.

7.5

Ethical Considerations

In the between-subject studies (Publication I and Publication IV), each
student was randomly assigned to a treatment or control group, and they
could not change the group themselves. Therefore, the students had somewhat different features in the online learning environment even though
they participated in the same course. However, the functionality of the
exercises, the grading policy, and all the other aspects of the course were
same for all students. The log data from the systems and course feedback
used in Publications I-IV were analyzed anonymously so that an individual student can not be recognized from the published data. Furthermore,
authors of the publications were not aware of the identity of individual
students in the studies.
Because of the TINAG aesthetic in the Stop Toilworn Diamond ARG
(Publication V), some people may have not realized that it was a ﬁctional
game. In fact, few people sent their real resumes after seeing a puzzle
in the game. In those cases, the people were informed that the puzzle
was not a job application. Furthermore, many clues about the ﬁctional
character of the game were planted so that people who participated in the
game would not be mislead. Some of the participants chose to use their
(supposedly) real names when interacting with the game characters but
the use of real names was not required. Furthermore, all the data was
analyzed anonymously and no identifying material was published.
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7.6

Future Directions

This work focused on the effects of gamiﬁcation and explored the attitudes
and their relation to the individual differences in students’ goal orientations. In future studies, the individual differences could be investigated
further as suggested in Section 4.5. Furthermore, the effect of gamiﬁcation could be compared to other type of extrinsic motivators commonly
used in courses. For example, we could study a setting where one group
of students has deadlines and another group has badges addressing time
management issues instead of the deadlines. The research should be designed taking into account some theoretical framework that explains the
different responses to the intervention (e.g. goal orientation theory). The
popularity of Massive Open Online Courses (MOOC) offers a possible platform to run tests with big enough sample sizes. Moreover, longitudinal
studies are needed to recognize the long-term effects of gamiﬁcation.
We showed an example that an ARG can be used to teach computer science as an informal learning method. Future studies could expand the
use of ARGs and design a game that would be played simultaneously in
several institutes in different countries. The game would open several
possibilities for research. The game could be evaluated by its educational
effect and whether it is able to promote student networking. Furthermore, players could be interviewed to identify the motivational aspects of
the game in order to deepen our understanding of developing educational
ARGs. Finally, ARGs potential to recruit new students to the ﬁeld of computer science could be studied by targeting an ARG to people who are not
already studying in a university, i.e. to high school students.
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Publication II
In Subsection 4.1 on page 35, ‘strongly agree’ should be ‘completely agree’.

Publication V
In Subsection 6.2 on page 13, ‘O(n2*2n)’ should be ‘O(nˆ2*2ˆn)’.

Publication VI
In Subsection II.B on page 42, ‘dependent’ should be ‘independent’.
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