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Abstract

Gamification is a term for adding game design elements into a non-game
context. Using motivational theory and gamification theory this thesis
explores how adding game elements to an educational learning tool affects
students taking an introductory programming course. The hypothesis is
that it will increase students’ motivation and perceived learning.

An iterative development phase adds the experience points, levels, and
a progression system to the learning tool, creating an artifact. This artifact
is tested by students taking the introductory programming course at the
University of Oslo. Through questionnaires and interviews the results of
these tests are measured. The development of the artifact is explored and
the results are discussed and presented.

The results indicate that the progression system impacted the students
the most of the game elements. The artifact had some positive effect on
the students motivation and perceived learning, though the results could
not be generalized to represent students taking introductory programming
courses due to the number of respondents.
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Chapter 1

Introduction

Informatics, the applied form of information science, is becoming a bigger
part of our society. Almost every profession today use informatics in
some form, increasing the demand for education in these subjects. Several
subjects now incorporate informatics into their curriculum, either having
introductory courses from informatics be a part of their bachelor degree
or having informatics as a part of their courses. An example of this is the
bachelor course in biology at the University of Oslo which has informatics
as a large part in their introductory course BIOS1100 (Biologi (bachelor) -
Oppbygging og gjennomføring - Universitetet i Oslo 2019). The same is true for
the bachelor course in chemistry where they have IN1900 as a part of their
degree (Kjemi (Bachelor) - Oppbygging Og Gjennomføring - Universitetet i Oslo
2019). In the future taking some form of introductory course in informatics
could be mandatory for every degree.

The idea of introducing game elements into learning to make it more
fun has been a part of our society since at least the early 2000s when the
term “gamification” was possibly coined by Nick Pelling (Pelling 2011)
(self-proclaimed) and then later defined by Deterding in 2011 (Deterding
et al. 2011). Since then gamification has been implemented and tried in
many different areas, education being one of them, with some of the goal
being to motivate people. Especially in education it has been used with
the goal of decreasing failure and drop-off rates in introductory courses.
Many research papers have been dedicated to exploring gamification in
education, several of them finding positive results (Hamari, Koivisto, and
Sarsa 2014).

Despite this there are many uncertainties surrounding gamification
and how it is handled in education environments. Being such a large
subject there are many approaches to gamifying learning, examples include
learning tools such as Kahoot1 or Play Brighter2, and many of the results
can have subtle effects that are hard to measure.

This thesis will explore if whether adding a few game elements to
an established learning platform can increase students’ motivation and
perceived learning. In this thesis the students are from the introductory

1https://kahoot.com/
2http://playbrighter.com/
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programming course at the University of Oslo. Using an already
established learning platform helps isolate the effects of the game elements
on the students. Students will participate in a test using the gamified
version of the platform and answer questionnaires about their experience.
In addition some students participate in interviews that expands on the
result of the test. The results of the interviews and questionnaires are used
to try to determine the effects the game elements had, if any, and possible
paths for further work are presented.

1.1 Research Question

The overall purpose of the thesis is to look at the effects that adding game
elements to an established learning platform might have on the students
that use it. The learning platform is called Trix and is already used by
students taking introductory courses at the University of Oslo. We look at
the introductory course IN10003, which is the largest informatics course at
the University and teaches programming in Python. The broad question of
the thesis, which makes the basis for our hypothesis, is defined as:

How does adding game elements to a learning platform affect
the students’ perceived understanding of a subject?

This thesis uses the Design Science Research method, explained in the
Design Science Research section of the Research methods and methodology
chapter, which forms a hypothesis, that is within the scope of a master
thesis, based on the awareness of a problem. One of the outputs of the
DSR method is an artifact that can be used in a real-life environment.
The artifact is an additional theme of the thesis. This broad question
becomes our awareness and the hypothesis is formed based on the theories
of gamification, self-determination and meaningful gamification described
in the Background chapter. It is also based on the results of the technical
limitations and development process of Trix, described in the Design and
implementation process chapter. Trix itself can be read about in the Trix
section of the Background chapter.

The research methods described in the Research Methods section of the
Research methods and methodology chapter gave the results described in
the Results chapter, which are discussed in the Discussion chapter. Finally
the Conclusion chapter summarises the findings and suggests further
work.

1.2 Hypothesis

Adding experience points, levels, and a progression system,
utilizing gamification theory based on Self-Determination
theory principles, to the learning platform Trix will increase

3https://www.uio.no/studier/emner/matnat/ifi/IN1000/index-eng.html
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the students’ motivation and perceived understanding of a
subject.

The lack of knowledge of the impact each different game element has
creates an interesting research subject. As explained in the Background
chapter there is some research and knowledge already, but lack of actual
tests in real-life environments. With informatics being such a vital subject
for many different degree programs the need to decrease the failure rates
and increase the motivation of students is increasingly important. Trix
offers a way for the students to practice their actual programming skills
with assignments of varying degrees of difficulty and since it is a known
context for the students it lessens the impact the novelty effect of a new
artifact will have on the students. This makes it easier to isolate and look
at the effects of the game elements themselves.

3
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Chapter 2

Background

The main purpose of this chapter is to look at the theories and previous
research done in relation to gamification, particularly in education, and
how it is related to and serve as the background and basis of this thesis. The
first section discusses the general history and theories around gamification,
while the next section is about Self-Determination theory, a motivation
theory which forms the groundwork for the next section - Meaningful
Gamification. The next section explores related research for introductory
programming courses in computer science, commonly referred to as
Computer Science 1 and shortened to CS1. Lastly Trix, the platform used
in this thesis, is described and my personal motivation and background is
explained.

2.1 Gamification history and theory

The origin of the term gamification is somewhat unclear. Nick Pelling
claims to have coined the term as early as 2002 (Pelling 2011), but the
first documented online appearance of the term was in 2008 (Walz and
Deterding 2015). The year before that, in 2007, the website Bunchball
launched and offered to inject gamification into websites, social networks
and the like (Shayon 2011), while Charles A. Coonradt published “the
Game of Work” as early as 1984 (Coonradt 2007). In the article “From Game
Design Elements to Gamefulness: Defining "Gamification"” by Deterding
et. al the term was defined as “the use of game design elements in
non-game contexts”, also introducing the term “gameful design” as an
alternative to “gamification” (Deterding et al. 2011). This is the definition
of gamification that this thesis uses.

The core idea behind gamification is to increase a user’s motivation
by making it more fun for the user. To achieve this effect it introduces
elements from computer, tabletop, and other games, such as experience
points, badges, leaderboards, and levels. Some of these elements are not
new to education, we can see them in different forms throughout history.
For example badges, in the form of stars or similar iconography, have been
used to reward students behaviour in many classrooms.

5



2.2 Self-Determination theory

Self-Determination theory (SDT) is a theory of motivation introduced and
proposed by Richard M. Ryan and Edward L. Deci in the 1980’s and has
since been further developed and improved upon (Deci and Ryan 1985;
Deci and Ryan 2000a; Deci and Ryan 2000b). The theory proposes three
needs that affect a person’s motivation, self-regulation, and psychological
well-being: competence, autonomy, and relatedness. It also creates a
distinction between intrinsic and extrinsic motivation. Formally it consists
of six mini-theories which “... addresses one facet of motivation or
personality functioning.” (Self-DeterminationTheory.Org 2018):

Cognitive Evaluation Theory (CET) which concerns the natural and in-
trinsic motivation.

Organismic Integration Theory (OIT) which is the opposite of CET, con-
cerning extrinsic motivation and internalizing it.

Causality Orientations Theory (COT) is split into three orientations -
autonomous, controlled, and impersonal - and relate to how people
orient themselves and regulate their behaviour in an environment.

Basic Psychological Needs Theory (BPNT) is about the three needs, de-
scribed below, and how they are essential to a person’s well-being
and motivation.

Goal Contents Theory (GCT) which separates into intrinsic - personal
growth, development - and extrinsic goals - fame, wealth, appear-
ance.

Relationships Motivation Theory (RMT) is related to a persons relation-
ships to their friends, groups, and romantic interests, and how it is
essential to feel relatedness.

The three needs that the theory proposes has to be fulfilled in some way,
else it will cause a detrimental effect to a person’s motivation. Each need
concerns itself with different aspects affecting the persons motivation.

Competence which is also called mastery, refers to a person’s sense of
confidence and effectiveness, their feeling being effective when interacting
with the social environment and expressing their capacities (Deci and
Ryan 2004). Experiencing competence increases the chance that the person
feels their behaviour is self-directed, which can in turn lead to increased
performance and persistence when working on a task. Fulfilling this need
can be done by giving positive feedback or enabling a person to express
their mastery over a subject in a meaningful way.

6



Autonomy meaning the feeling of being the origin of one’s own be-
haviour, concerns acting from interest and integrated values. When a per-
son feels their actions originate from their own thoughts it increases their
sense of autonomy. This can be achieved by allowing a person to choose
what they work on themselves. It ties into intrinsic motivation - when a
person is doing an activity because of an inherent and natural drive or en-
joyment of doing the task.

Relatedness is tied to the social aspect and how a person feels connected
and valued by others. It refers to the feeling of being cared for and caring
for others as well as the need for a community. Fulfilling this need can
be done by allowing a person to feel part of a secure communion or unity
with other people, to be in relation with other people and feel connected as
a part of a community.

The theory also considers the intrinsic and extrinsic motivation a person
has, if something is done because of an internal interest or because of a
factor or reward. Since those that are intrinsically motivated perform better
(Deci, Koestner, and Ryan 2001) emphasising intrinsic motivation and CET
when incorporating the theory in a learning environment may yield better
results. This can be difficult however since it is very individual and is
affected by a number of factors.

2.3 Meaningful gamification

“Meaningful gamification” is a broadening of the definition of gamification
by Scott Nicholson in his book “A RECIPE for Meaningful Gamification”
(Nicholson 2015). It builds on the theories of Self-Determination and use
game design elements to help build intrinsic motivation instead of relying
on extrinsic motivation, which will give students a more positive outlook
towards an activity (Deci and Ryan 2004) and raise the chance that they
find a meaningful connection to the material.

Nicholson uses six elements, inspired by game design, to create the
mnemonic RECIPE which spells out (not in order): Play, Exposition,
Choice, Information, Engagement, and Reflection. These six elements
operationalize the concepts found in the results from the theoretical
framework for meaningful gamification - “... that no one gamification
system will benefit every user, that users need to be empowered to create
within the gamification system, and that systems need to provide users
with the ability to learn and to demonstrate mastery in different ways.” and
“... that the system needs to be built with the user’s benefits at the center; by
benefiting the user first and the organization second, the chances of long-
term change through building intrinsic motivation are greatly improved”
(Nicholson 2015).

Each of the six elements have a theoretical background and has an
explanation for how they can be applied to gamification.

7



Play is asserted as a game with neither goals nor structure, with the
clarification that there is a difference between goals and structures created
by those participating and those that are created externally and enforced
on the players. The difference lies in breaking the rules and constraints
applied, for example cheating in a game versus breaking self-imposed
boundaries. The key concept to a play is that it is optional. Forcing
participation, e.g. at work or school, no longer makes it a play, which may
create conflict because the learner is forced to participate. Conceptualizing
a playground helps give the designer a mental model to work off,
encouraging the participants to play and learn as they play, and to be able
to set their own temporary rules and goals.

Exposition concerns the narrative layer, specifically developing and
presenting a meaningful narrative element to the player. The purpose is
to provide additional ways for the players to be connected to the real-
world setting. There are several possible paths to take to achieve this effect,
such as using analogies or creating narratives mirroring the real-world.
Allowing the players to create their own stories, when done correctly, can
increase their feelings of autonomy - giving them a more positive mental
state. Either way one has to consider that the long-term goal is to transfer
the player from the gamification system into the real world, creating a
narrative that is discordant with that goal can leave the players frustrated.

Choice has some overlap with Exposition and especially Play. The
purpose is to give the players meaningful choices, increase their feeling
of autonomy, about how they engage with the real-world setting, and
how success is measured. It builds on Self-Determination theory and
the theories of Universal Design for Learning - which has the underlying
concept of removing the barrier between learner and content to allow them
to be more successful.

One of the choices a player should have when using the concept of Play
is to let the player choose not to engage with the system. Besides that, there
are several ways to enable choice in the system. A common one is to give
the player a choice of which activities they undertake. Another way, to
prevent overwhelming the player with choices, is to allow them to create
their own goals, then set a path or guide they can follow to reach the goal.
This can be taken further by creating a gamification toolkit around a real-
world setting.

Information about the “why” and “how” behind the gamification system
should be provided to the player, not just “what was done” or “how many
points is it worth”. It is closely related to competence, or mastery, but rather
than using reward based gamification it focuses on informing the players
why they are engaged, besides the rewards, and what is going on. This
does not mean there should not be rewards, just that the player should be
informed why they are being rewarded. They should learn about the real-
world setting and the effect of their actions.

8



There are several ways to do this, such as using a graphical user inter-
faces (GUI), non-playable characters (NPC), or tie it with the Exposition.
Another way is to use the game mechanics to inform about the real world.
Either way it is important to provide similar information in different ways
so the learner can choose the best way to learn for them. One of the chal-
lenges is that everyone has a different background and varying amount of
knowledge, so the designer need to consider the necessity to provide infor-
mation to new and more experienced players.

Engagement has two definitions in this case, social engagement - mean-
ingful social interactions, relatedness in SDT - and creation of an engaging
gameplay experience. The basis of the second definition is the concept of
Flow, a state when the player is fully engaged with the system. An aspect
to reaching engagement is to match the difficulty with the skill level of the
player, not too high and not too low. Letting the players get comfortable
with the system then let them engage with other players allows us to bring
the two concepts together.

A consideration for the engagement system is whether players should
compete, by usage of leaderboards for example, cooperate, through social
networks or existing friendships, or both. Leaderboards may create
motivation through competition, but be very demotivating to those that
are at the bottom. So much so that during testing some of those that were
at the bottom gave up because they felt that there was no way to catch up to
the leaders (Nicholson 2015). For cooperation there is also the possibility to
create challenges that requires the players to work together, short or long-
term.

Reflection is important for the players to find meaning in their experi-
ences, helping it to have meaning even after the experience is over. To
achieve this effect there needs to be breathing room, opportunities for the
player to step back and think. The effect can be increased by reflecting with
other players, allowing them to learn from their insight. This is especially
important for educational gamification.

There are three different basic components of reflection; description,
processing what they did as they engaged with the activity, analysis, where
they analyse what they did and how their actions connect to the real life,
and application, bringing what they learned in the gamification system to
the real world. When incorporating reflection into educational games the
user has to shift out of the role of doing and reacting to thoughtful reflection
for it to be effective. It is important then for the players to understand what
their reflections will be used for. For example if their reflections will be
shared with others it needs to be clear.

When using RECIPE for gamification one should consider these six
elements and reflect on how each of them is used in the system one
creates. The first thing to consider is if the aim of the gamification is to
create long-term or short-term change for the user. This will affect how

9



one should use rewards, for short-term change a reward structure will
work better than when aiming for long-term change. It is the difference
between designing the gamification system for meaningful engagement
versus using the rewards as a way to bring people into the system.

To create a true long-term change the gamification system has to be
designed to bring the player into deeper engagement with the real-world
context and then end up leaving them in the real world. “... gamification
should not be thought of as a cycle, but as a journey to bring about lifelong
change.” (Nicholson 2015).

2.4 Related theories in introductory programming

This section explores the research done in the field of introductory
programming courses in higher education. Gamification is not the only
way that has been tried to motivate and decrease failure rates for students
taking introductory courses in programming. Using Luxton-Reilly et al.
(2018), a meta study looking at the research from 2003 to, and including,
2017, we can understand what the recent research focuses on and how
it relates to the research done in gamification. It covers a great variety
of subjects so we restrict it to those that are relevant to the thesis and
gamification. This paper categorises the studies into at least 1 of 4 different
categories.

2.4.1 The student

These studies focuses primarily on the student and concerns what they
learn and how, their perspective of learning to program, and the subgroups
of those who are at risk of failure and those that are under-represented.
This thesis does not concern itself with the contents and curriculum of the
assignments the students solve beyond creating assignments for the test,
however it is an important aspect of gamification. It is closely related to
the exposition and information layers discussed earlier. As such we can
see that much of the research focuses on code literacy of the student and
found that code-reading is a key aspect that underpins other aspects of
code literacy and guides have been designed for designing code reading
and writing assignments.

The studies on student engagement relates closely to gamification
and indeed there are studies on gamification among them. Other
approaches to engaging students tended to included active learning over
passive, playing to their intrinsic motivations, explicitly introduce extrinsic
motivations, and resolve “hygiene” problems. Some studies discuss
different motivational theories, such as self-determination theory, three-
motivator theory, and control-value theory, but few leverage them and it
is suggested as further work together with the usage of analytics.

The research done about students failure rates found that early success
is important for the students ultimate success, though it does not specify
which concepts were covered early. It notes that those that frequently
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use hints without developing and submitting code tend not to succeed.
Gamification also aims to reduce failure rates through using gamification
elements to motivate the students. Though it does not directly discuss the
aspects of early success, using gamification can impact the early stages of
the course.

2.4.2 Teaching

Teaching is split into five categories: theories, orientation, tools, delivery,
and infrastructure.

Theories of learning had relatively few studies with no obvious trends,
but they found that in introductory programming recent works has
“focused on the development and empirical validation of competency
models” (Luxton-Reilly et al. 2018). Cognitive theory, which is connected
to cognitive load theory, has been used to view student learning. It is
especially important in introductory programming, which is known to be
difficult to learn. The takeaway from these studies was that there is a lack of
general and abstract knowledge. It is important to consider the theoretical
implications beyond the case studies and specific tools.

Course orientations is about the overall course structure and has had a
growing interest with a boom in the number of studies happening in 2014,
closely related to the increased interest in online learning. It is itself split
into several broad categories - self-paced learning, exploratory learning,
inverted classrooms, and online courses - which each deals with different
approaches to learning. The ones most interesting to the thesis are self-
paced learning, where students have to demonstrate that they have an
appropriate mastery in a subject before advancing, and online courses,
though few studies explicitly dealt with it, which found that badges and
immediate feedback gave positive results.

The research done on online courses also found that there was a
correlation between completing practice exercises and improved exam
performance. There were fewer students taking the online course who
completed exercises when comparing to a flipped classroom using similar
resources. More students preferred enrolling in a face-to-face course to an
online one. Self-paced learning showed potential for teaching introductory
programming, but was difficult to do within the course structures used
by most universities. There is potential for making great contributions by
researching self-paced learning in an online environment.

Teaching delivery focuses on how teachers deliver their curriculum
and the context in which they do so. The literature suggest that
social interactions in collaborative activities gives benefits to the students
engagement, confidence, retention, and performance. Pair programming
is widely used when studying collaborative activities, but other activities
appears to give a more reliable increase in individual performance.
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This is not that relevant to this thesis, but can be a consideration
for those that want to further the work. Trix is used in a group class
environment and the research done here can be interesting if one wants
to take advantage of this.

Tools has shown a steady increase in popularity over the last years.
However the literature has a gap in terms of reviews of teaching tools
in several areas. These include: “debugging and errors, tools to practice
programming, design, student collaboration, games, evaluation of tools,
student progress tools, and language extensions, APIs, and libraries”
(Luxton-Reilly et al. 2018). The most interesting to this thesis is however
the tools which concern learning programming and tools using games.

Tools for learning programming is challenging because they are heavily
dependent on the feedback they give, which is complicated due to the
nature of programming - there is no single solution to a problem. There are
tools for specific concepts and general tools, many of which have moved
to Python from Java over the years (Mason and Simon 2017), using a wide
variety of approaches. Current trends use intelligent tutoring and data-
driven techniques to improve the feedback given to the learner.

When discussing tools using games it concerns digital games used as
a learning tool and not non-digital games such as pen-and-paper games.
There has been a of lot attention drawn towards educational games, but
the approaches to evaluating these games have not been standardised and
effect sizes are seldom reported, which makes it difficult to compare the ef-
fectiveness between the games and alternative interventions. There is a lack
of empirical evidence, especially in the introductory programming context,
to support the efficacy of game development or playing educational games.

2.4.3 Curriculum

While the curriculum is definitely an important aspect of introductory
programming, the research done here is not relevant to the thesis. There
is no changes done to the curriculum itself as a part of the thesis and
gamification does not concern itself so much with what is taught as how
it is taught.

2.4.4 Assessment

The research of different forms of assessment is divided into several
different categories; approaches, design, analysis, feedback, and tools. The
studies in these categories looks at the different aspects of assessment
and how they perform. The most interesting category for this thesis is
that of feedback. The research on feedback focused on automatic feedback,
generally by enhancing compiler messages and hint generation, something
that has not necessarily demonstrated as being effective. Most tools
focus on reducing the educators’ workload by automating testing, by
providing a platform for peers to provide feedback, or by using machine
learning techniques to generate feedback. No comparison in effectiveness
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of personalised, educator-written feedback and that generated by tools in
their various forms.

Feedback is a part of gamification theory through the reflection and
information elements. This research can be useful when considering which
game elements to include in a gamification system. Especially the fact that
hint generation has not proven effective is interesting. Hints may seem like
an element that is natural for a tool such as Trix, but automatic generation
might be difficult because there is no automatic testing. Manual generation
of hints would require more work from assignment creators.

2.4.5 Adaptive learning

As there is only one paper in the “Introductory Programming: A Systematic
Literature Review” (Luxton-Reilly et al. 2018) discussing adaptive learning
- (Yau and Joy 2007) - and it is an interesting comparison to gamification,
it is put into its own subsection. Adaptive learning or teaching is
personalised learning that is based on the students skill level using
computer algorithms that takes the students input to create a personalised
curriculum (Murray and Pérez n.d.). It can go from very simple, where
the input merely changes which “path” the students take, to the more
advanced, which personalise and optimise the learning for each individual.
This helps the student learn better by identifying their weaknesses and
fortes, then adjusting the curriculum to match their skill level. Since all
of this is done on computers there is a much greater potential for scaling
compared to what can be done in person. It also makes it very suitable
for online learning tools. It differs from gamification in that gamification
does not inherently do any personalisation, but rather focuses on creating
an environment where everyone can thrive.

There are several papers discussing adaptive learning, but among these
an interesting one is the paper by Lavieri (2018) which tries to combine
gamification and adaptive learning into a single model, which had not
been done before the paper was written in 2014. He created the adaptive
learning model called ALGAE (Adaptive Learning Game Design) which
he tested with positive results, but he warns that the model is not a
generalized model that can be applied to every learning environment, and
because of this and its complexity it was not used in this thesis. The paper
does create an interesting application of gamification theory and adaptive
learning and it is possible to use it as a basis for further work.

Since the core idea of adaptive learning is using algorithms to person-
alise the learning it increases the users engagement through the engage-
ment element. The trade-off is less choice for the student. It is dependent
on how well the algorithm works to personalise the learning. Failing to do
so could affect the students competence by having assignments that are too
easy or too hard.
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2.5 Trix

Trix1 is a task control and statistics application where students can solve
assignments related to different courses that are offered at the University of
Oslo. It was originally developed in 2012 to 2013 by Sigmund Hansen as a
part of the SIKT project (SIKT 2011). In 2014 it underwent massive backend
changes and its repository changed name to Trix22, now described as the
“Next generation Trix”. This is the version that is running on servers at the
Department of Informatics and is what is referred to when discussing Trix.

2.5.1 The application

Figure 2.1: The assignment page of Trix when a student is logged in.

The application functions by having course administrators create and
publish assignments in their courses. These assignments usually consists
of an assignment text and optionally a proposed solution, that will only be
shown when clicking a button. The assignments are public and does not

1https://www.trix.ifi.uio.no
2 https://github.com/devilry/trix2
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Figure 2.2: Editing an assignment within Trix

require log in to access, but logging in makes it possible for the student
to track their progress (see Figure 2.1 for an example of how this looks for
the student). For each assignment they can choose how they solved that
assignment: “On my own”, “With help”, and “Not solved” - the default
choice. The statistics from these choices are tracked and the superusers, a
handful of users that can create and delete courses, and administrators for
each course are able to view them in aggregated forms.

The backbone of Trix is the tag system it uses. A tag is a descriptive
word that can be added to assignments to describe the subject, difficulty,
or other attributes the administrators deems useful. Any assignment may
have an unlimited number of tags associated with it and any tag can be
attached to any number of assignments. This way the assignments can
be filtered based on their tags when wanted, such as when looking at
the statistics for a certain type of assignments or when a student needs
to practice a specific subject. The filtering is a part of the URL which
means that links to assignments with a specific set of tags can be created
and shared.

Each course is a special type of tag, simply called a “course tag”, with
an active period tag assigned to it. All the courses are separate with their
own administration page where creation of assignments and permalinks -
collection of assignments reachable by a new URL - can be done as well as
viewing statistics and each course must be viewed separately when looking
at their assignments. However it is easy to add an assignment to multiple
courses by adding course tags to it. Only administrators and superusers
can add tags to assignments. See Figure 2.2 for an example of how editing
a Trix assignment looks.
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2.5.2 Technical details

The backend of Trix consists of Django, a web-framework built in Python
and a database, PostgreSQL being recommended by the documentation. In
the front-end it uses the Django template language with Less, a language
extension to CSS, and Coffeescript, a programming language which
compiles into JavaScript. When hosting the application the recommended,
and documented, way is to run it using Gunicorn and using Nginx or
Apache to serve as a reverse proxy server and serve the static content. The
normal version of Trix is set up using this stack, PostgreSQL with Gunicorn
and Apache. Authentication is set up to happen through LDAP, allowing
students to log in using their University logins.

The code base of Trix is split into three parts:

trix_admin handles the administration of the courses. It is built on a
legacy version of cradmin, a “custom role based admin UI”3. It forms
the base of the UI on the admin sites and handles roles so that
unauthorized users cannot access admin sites for courses they are not
administrators for.

trix_core contains the models, Django administration panel settings,
migrations for the database, as well as some other utility functions.

trix_student handles the UI for the pages for everything else. All the styles
and JavaScript for these pages are stored here. It also contains all the
logic for login, solving assignments, and the URL patterns.

Trix uses several Django models, Python code that maps to database
tables, but the main ones are “User”, “Tag”, “Course”, “Assignment”,
“Permalink”, and “HowSolved”. A user is created when a student log
in for the first time and is used to track their progress. This is done by
creating a HowSolved entry when they solve an assignment, which holds
how they solved the assignment - by myself or with help - and a foreign key
to assignment and user. Tags consists of their unique name and a category,
which can be blank, course, or period. Courses are then a combination of
a course tag and a period tag. Assignments have a title, assignment text,
solution, and a collection of tags, with fields for when it was created, last
updated, and if its hidden. Permalinks is similar, but is tied to one course.

The statistics are aggregated and shown to the administrators of the
course. Since the statistics are generated from the HowSolved entries there
is only statistics from those students that have logged in. There is no way to
track how many students who solved assignments that have not logged in,
nor is there any way to track how many students who logged in without
directly querying the database. Additionally the ability to filter by date,
which makes it easier to view when assignments were solved, is possible
but only for assignments solved after August 2018, which was when the
feature was implemented.

3https://github.com/appressoas/cradmin_legacy
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2.5.3 Current usage

Today, Trix is used in several introductory courses to programming at
the Department of Informatics. Assignments are created, published, and
tagged, mostly by group teachers in a course, so that they follow the
progression of the course, on a week by week basis. Most of the subjects
have assignments that are more demanding for those that want to challenge
themselves. Solving these assignments are optional, and it is also optional
to log in to track their progress. The assignments are often relevant to
the obligatory assignments that the students have to solve as a part of
the course. They are integrated closely to the teaching by including links
to relevant assignments in Trix in the mandatory assignments. Some are
meant as stepping stones if the students find it too hard, others as a way to
challenge themselves if they found it too easy.

2.6 Personal motivation and background

I remember playing games from a young age. Both tabletop games and
computer games, with or without friends, on the pc or other consoles. It has
played a big part in my life and I have learned a lot from it. When I learned
about gamification it was natural that I became interested. Gamification
brings elements of something I have always enjoyed into other parts of
life. Studying the effects and theories behind it and getting the chance to
develop game elements in a learning tool was incredibly intriguing.

This thesis became an opportunity to see how gaming, which has
become increasingly popular and influential in our culture, affects learning.
I was already familiar with the learning tool Trix after working on it
through the summer of 2018, but it was introduced to the introductory
programming courses after I had completed them as a student. So it was
interesting to get an insight in how the students used the tool and how it
was used in the introductory courses.

Motivation is an interesting study and something I personally have
struggled with in several aspects. Be it finding the motivation to study
or exercise. Many mobile applications today use gamification to motivate
users to study better or exercise more. While I personally only have tried
a few of these applications, several people I know have used them with
varying success. Understanding the implications of using gamification and
how to motivate people is important and being able to contribute to this
field was a privilege.
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Chapter 3

Research methods and
methodology

This chapter explains the research methods and the methodology used in
the project and how and why the methods were applied.

This thesis uses the Design Science Research paradigm described in
“Design Science Research in Information Systems” (Vaishnavi, Kuechler,
and Petter 2017) and “Researching Information Systems and Computing”
(Oates 2005). It is explained in detail in the section below.

To gather data from the tests and get an overview of the students
impression of the artifact they were tasked to answer questionnaires.
Additionally interviews were conducted to go deeper and let the students
speak more freely about their experience. These evaluation methods are
described in the Research Methods section below.

3.1 Design Science Research

Design science research is defined in “Design Research in Information
Systems: Theory and Practice” (A. Hevner and Chatterjee 2010):

“Design science research is a research paradigm in which a
designer answers questions relevant to human problems via
the creation of innovative artifacts, thereby contributing new
knowledge to the body of scientific evidence. The designed
artifacts are both useful and fundamental in understanding that
problem. “ ((A. Hevner and Chatterjee 2010))

Further it states the first principle of Design Science Research:

“The fundamental principle of design science research is that
knowledge and understanding of a design problem and its
solution are acquired in the building and application of an
artifact. “ ((A. Hevner and Chatterjee 2010))

Vaishnavi and Kuechler suggests in “Design Research in Information
Systems” (Vaishnavi, Kuechler, and Petter 2017) the five stages of design
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science research: awareness, suggestion, development, evaluation, and
conclusion. Each of these stages is tied to an expected output, as depicted
in Figure 3.1.

Figure 3.1: Design Science Research Process Model (DSR Cycle) (Vaishnavi,
Kuechler, and Petter 2017)

3.1.1 Awareness

This is the first phase of the process and regards finding an interesting
research problem. From that the output should be a proposed effort to
solve the problem. The research problem in this thesis, defined in the
Introduction chapter, was a mixture of input from my supervisors and
myself. It is based on the fact that there is a high failure rate for students
taking introductory courses in Informatics. A study in 2014 found that the
global pass rate was 66.7% (Watson and Li 2014). Data from the University
of Oslo shows similar numbers, though slightly higher at 73% in 2017
with steady improvements over the last years1. A failure rate of 27-33%
suggests that there is room for improvement, though the solution may not
be obvious.

Students taking the introductory programming courses at the Depart-
ment for Informatics at the University of Oslo have the learning platform
Trix at their disposal. It is a website with assignments that are relevant to
the course they are taking and is used throughout the course. The assign-
ments are not mandatory and the students are themselves responsible for
solving assignments in their own pace and level. Each student is able to log
in to the website with their University user profile and track their progress.

1Data received in personal email from Siri Jensen
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Statistics from Trix show that in the period 31. August 2018 to 31. Decem-
ber 2018 there were 189 students who had logged in a solved at least one
assignment in the introductory course IN1000, around half of the 400 stu-
dents that took the exam at the end of the year. There are no numbers for
the number of students that solved assignments without logging in, though
they had access to all the same assignments and solutions.

Students that work more with assignments and stay motivated through
the course have a higher chance of getting a passing grade on the final
exam (Medeiros, Ramalho, and Falcão 2019). Trix is one platform where
students can solve assignments, along with weekly or bi-weekly exercises
and mandatory assignments that are posted in PDF format.

The fact that there are many students who fail introductory program-
ming courses forms the awareness of the problem. The output of this phase,
the proposal, becomes increasing the number of students that solve assign-
ments and altering the context of their assignment solving to increase mo-
tivation.

3.1.2 Suggestion

With the awareness of the problem and a proposal for the solution we
move on to the next phase, suggestion. This is the creative phase where
new functionality is envisioned based on either existing or new elements.
(Vaishnavi, Kuechler, and Petter 2017)

There are no quick and easy solutions to motivate students throughout
an introductory programming course. Much research have been done into
the different aspects of such courses, as described in the section about
introductory programming (section 2.4). Gamification was suggested by
one of my supervisors and its theories offers methods to increase the
students motivation. The theory is based on Self-determination theory,
described in section 2.2, while the theory itself is described in section 2.3.

Using gamification to motivate students is not something new, rather
the opposite, it has been well researched and many articles points towards a
positive impact when using gamification to motivate students as discussed
in the “Does Gamification Work?” article by Hamari, Koivisto, and Sarsa
(Hamari, Koivisto, and Sarsa 2014). This article also highlights the lack
of understanding about the effects of each game element, how each game
element plays of each other and the outcome of the different combinations
of game elements. The context of the gamification is also a hugely
important factor, some services are better suited than others. Many of the
studies done on gamification use a varied combination of different game
elements.

The idea of introducing a few key game elements to Trix was formed
and the proposal evolved into a more concrete plan. Trix became the
context because it is a known tool to the majority of the students, most
of them will have at least tried to use it, which lets the artifact be less of a
novelty. In turn this also helped isolate the effects of the game elements.

The selection of game elements to include is based on the previous work
in Trix, what it lends itself to and what would be easier and less time-
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consuming to implement, along with the theories and related research done
on gamification. “A RECIPE for Meaningful Gamification” by Nicholson
(Nicholson 2015) becomes an important basis for the work and producing
a tentative design, giving advice on what the idea behind each element
should be and how to best utilise Self-Determination theory to give the
best effect. Game elements that were chosen are described in section 4.1.
The reasoning behind the choices are discussed in the Discussion chapter.

3.1.3 Development

After completing the suggestion phase the development phase starts.
Design Science Research does not specify or suggest what techniques
should be used for implementation since there are many varied processes
for different problems, but there is a notion that the development is not the
main focus of the research. Rather, the design is the main focus and as such
the development can be “very pedestrian and need not involve novelty
beyond the state-of-practice for the given artifact ...” Vaishnavi, Kuechler,
and Petter (2017).

Despite this the development is a time consuming process and follow-
ing some method is necessary not only be able to finish development in
time, but making sure it works before the evaluation phase. Developing
the prototype artifact was done in iterative sprints, development and eval-
uation of that development was done in rapid procession, where features
were implemented one by one until the final product was deemed good
enough for the purposes of the project and could be tested in a real-life en-
vironment. The development process is described in detail in the Design
and implementation process chapter.

3.1.4 Evaluation

The evaluation phase is the most important phase of the Design Science Re-
search. In this phase the artifact is evaluated and deviations from the expec-
tations, qualitative and quantitative, are noted and tentatively explained. It
largely marks the end of the research effort, save some consideration for fu-
ture work. Using the information attained from constructing and running
the artifact can be the basis for another Suggestion phase, modifying the
hypothesis around the observations made.

To answer the hypothesis in this thesis several methods of evaluation
was necessary. Having the students test the artifact was important
to answer the hypothesis and contributing to the research body with
empirical data. Using questionnaires and interviews was decided to
gather the data, this is described and reasoned in subsection 3.2.2 and
subsection 3.2.3 respectively. This thesis has no second round of suggestion
because of the time constraints, but the data from the evaluation along with
the different methods of evaluation that were used are presented in the
Results chapter and discussed in the Discussion chapter.
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Figure 3.2: DSR Knowledge Contribution Framework (Vaishnavi, Kuech-
ler, and Petter 2017)

3.1.5 Conclusion

The final phase where the knowledge contribution are discussed, written,
and clearly communicated Vaishnavi, Kuechler, and Petter (2017). This
phase differs from the evaluation phase in that it is the finale and the results
are deemed “good enough”. The knowledge is often times categorized
into two categories, “firm” and “loose ends”. “Firm” knowledge can
be replicated and is deemed facts, while “loose ends” is knowledge that
defies explanation, such knowledge may serve as the subject of further
research. The conclusion phase and further possible work is discussed in
the Conclusion chapter.

The output of design science research is called design science knowl-
edge and has 4 different types of knowledge contributions, as depicted in
figure 3.2. In this framework all but Routine Design is considered knowl-
edge contributions, while Routine Design would seldom considered re-
search contribution by itself. The framework defines Invention as inventing
new knowledge or solutions for new problems, Improvement as developing
new knowledge or solutions for known problems, and Adaptation as non-
trivial or innovative adaptation of known knowledge or solutions for new
problems. This thesis falls under Improvement because it develops a gami-
fied version of Trix as a solution or knowledge contribution to the problem
of failure rates in introductory programming courses.

3.2 Research Methods

Since the evaluation phase is the most important phase in the design
science research cycle the different research methods had to be carefully
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chosen to best be able to give an answer to the hypothesis. In this section
the different methods and the theory behind them are described and in
section 6.2 it is discussed.

3.2.1 Test

To have the students test the modified version of Trix a test was designed
for them to participate in that would imitate the real-life context of a group
session. The test was designed to take place over the course of two hours,
two sessions of 45 minutes with a 15 minute break in between which is
the same length as a normal group session, in a computer lab, a room
with computers that the students could use. The students were to solve
assignments in the modified version of Trix and the normal version of Trix,
this was to give the students a clear impression of the differences between
the two versions and comparison purposes. Assignments were created
with two different subjects, so that the students first solved assignments
in one subject the first hour then the next subject in the second hour. This
way they could more easily answer the questions about how much they felt
they learned about a subject in the second hour without being affected by
what they learned in the first hour. The subjects themselves were decided
from the course curriculum and recommendations from the supervisors.

To get an immediate impression of the students thoughts they were
asked to answer the questionnaires after each hour, this meant that there
had to be two sets of questionnaires tailored to the subject and version
of Trix they were using. Additionally the students were randomly split
into two groups, colour coded to red and blue, where one group would
solve assignments in the normal version first and then the modified version
and vice-versa. The reasoning behind this was to control for variables
that could be affected by having one version of Trix before the other.
This also meant that there had to be 4 questionnaires in total, 2 different
questionnaires split into the different groups. See Table 5.1 in section 5.1
for an overview of this.

3.2.2 Questionnaires

Questionnaires, also called surveys, is “a set of well-defined and well-
written questions to which an individual is asked to respond.” (Lazar,
Feng, and Hochheiser 2017). It is one of the most common research
methods and has the advantage of easily getting a large amount of
responses. While questionnaires allows for making statistical estimates and
look at the overall picture it is not as in-depth as other methods. The quality
of a questionnaire is greatly tied to how well the questions are written and
tested.

The decision to use questionnaires in this thesis was made because it
allowed for a more immediate response to the test. The purpose was to
supplement the interviews and to gather broader and shallower data from
more students than could be done with the interviews. It also gives the
exact same questions to everyone in the same context so there is no chance
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of affecting the answer. Because of the way the test was set up, with all the
students being split in two, a total of four questionnaires was created, two
different questionnaires for each group.

While it was possible to have the questionnaire in paper the choice
fell on using the online tool Nettskjema2, a free tool which can be used
by students of the University of Oslo. It has options to limit the answers
only to those who log in with University credentials, making the answers
anonymous, setting opening hours for the questionnaire, and creating
readable URLs to the questionnaire. Additionally it has been approved
by the “Norwegian Centre for Research Data” for usage in research papers.
Not having to deal out and gather paper questionnaires also meant less
hassle when running the test and less time spent on avoidable issues such
as losing responses or having to interpret handwriting.

Since each questionnaire was to be answered after the students had
worked assignments in one of the subjects and before the break they had
to be shorter. This was to increase the chance of them completing the
questionnaire and not to overwhelm the students. An estimation of 4 to
6 questions was made, short enough that it would be quick and easy to
answer and long enough to gather the data required. Each question had to
have a purpose and in some way gather data to answer the hypothesis. All
the questionnaires had the same questions with some deviations.

How easy or hard was the subject X? Offering alternative answers from
very easy to very hard, this question was meant to give an overview of
the students understanding of the subject. If the answers were to incline
too much in either direction it would indicate that the assignments in
that subject were too hard or too easy. Both subjects the students solved
assignments in were part of the curriculum so the students should have
some understanding of it.

How much did you feel that you learned about the subject during the
test? Answered on a scale from 1 to 10 where 1 was nothing and 10 was
very much. This question relates to the perceived learning of the student,
which according to the hypothesis should average higher for the modified
version of Trix compared to the normal one. Using a scale of numbers
instead of text like the previous question was done to give the student
greater choice for a more refined answer.

How satisfied or unsatisfied are with working in (the modified version
of) Trix? Ranging from very satisfied to unsatisfied. The purpose was to
get an overview of the satisfaction the students got from working in Trix
versus the modified version. While accounting for the novelty effect this
question could give an indication of whether or not the students found the
modified version to be a better or worse version of Trix. The next question
asked the student to expand on this question, if they could reason what

2https://nettskjema,no
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they answered and give suggestions to improvements if they had any, in a
text box. It was not mandatory to answer, since not everyone is comfortable
with or has an answer to this.

How many assignments did you solve? Here the student could type any
number. The goal was to see how much the students were able to do during
the test. It has some overlap with the statistics from Trix, but serves as a
back-up and a way to separate between assignments the students managed
to solve and those they may have skipped.

Have you used Trix before? This was only asked in the questionnaire
related to the normal version of Trix because it only needed to be answered
once. The possible answers were “Yes”, “Yes, but not normally”, and “No”,
which covered all the necessary bases. The data from this question is used
to give an idea of how familiar or unfamiliar students was with Trix, since
it may affect how the students feel about Trix.

Were any of the assignments easier or harder than indicated? This
question only appeared in the questionnaire for the modified version and
was not mandatory to answer. Since all the assignments in the modified
version were marked easy, medium, or hard they should be of appropriate
difficulty, so this question gives the students the option to report any
discrepancies.

Other comments This free text question was not obligatory and gave the
students an opportunity to comment anything they wanted about the test
in case there was something more they wanted to add. The aim was for it
to work as a catch-all question for any feedback the student wanted to give.

3.2.3 Interviews

Myers and Newman (2007) describes seven guidelines for qualitative
interviewing:

Situating the researcher as actor. The interview is a social encounter and
the interviewer is not just a sponge so situating myself and the
interviewee helps the readers assess the validity of the findings.

Minimize social dissonance. This includes dressing appropriately, using
the language/jargon, and managing first impressions to minimize
anything that leads the interviewee feels uncomfortable.

Represent various “voices”. Interviewing a variety of different people to
not force one voice to emerge.

Everyone is an interpreter. The subjects are creative interpreters. The
interview leads to the creation and reading of one or more texts.
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Use mirroring in questions and answers. Mirror the subjects comments,
using their language instead of your own. Open questions instead
of closed, specific instead of general.

Flexibility. Improvisation and openness, responding to the subjects atti-
tudes.

Confidentiality of disclosures. Keeping the recordings and transcripts
confidential and secure.

These guidelines, based on a dramaturgical model described in the
article, helped through the interviewing process to make avoid pitfalls that
one can fall into, such as artificiality, lack of trust or time, constructing
knowledge, or being ambiguous with the language.

The interviews done in this thesis were done with students at the
same University as myself, though first years, so minimizing the social
dissonance was not too much of a stretch as I dress and talk like most other
students. Being friendly and smiling would give a good first impression.
To the interviewee I would appear older and more experienced, possibly
intimidating. My role would be that of a listener, a friendly ear who only
wants to hear what they have to say and not judge in any way. This
was important to make sure the students did not feel pressured to answer
one way or another, or to hold anything back should they have anything
negative to say about the experience.

Everyone who participated in the test would be invited to an interview
and as a part of that there was a goal to represent different “voices”,
especially with the second test inviting only those that had not passed or
had been ill at the exam. Beyond that not much was done to create variety
in the subjects, but much more was not needed for this thesis because of
the nature of the selection.

Mirroring and flexibility needed to be in mind when doing the
interviews, but not something that is easily prepared. The confidentiality
and security of the recordings and transcripts was ensured by uploading
them to secure locations and making sure no unauthorized people could
access them.
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Figure 3.3: Guidelines for qualitative research interview (Myers and
Newman 2007)

Myers and Newman (2007) splits interviews into various different
categories:

Structured: Complete script with no room for improvisation, more akin to
surveys.

Semi-structured: Incomplete script, many questions prepared beforehand. Improvisa-
tion is necessary.

Unstructured: Much like semi-structured, but with only a few key questions
prepared.

Group: Interview several people at once, structured or unstructured.

Each category comes with its own advantages and disadvantages. This
thesis used unstructured interviews. The reasoning for this is that the
purpose with the interviews was to dive deeper into the students thought
about the test and the modified version of Trix. To get an impression of
the students motivation, their perceived learning, and their views on each
of the game elements. Using a unstructured interview lets the interviewee
elaborate more than with a structured one, there is room to chase thoughts
and dig deeper based on the responses.

Group interviews was also considered, interviewing about 4-6 students
at the same time, which would create a different dynamic than with one
student at the time. It could possibly open up for a more collective
brainstorming around what they thought of the test and the modified Trix,
giving them the opportunity to build off each other’s answers. There are
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several disadvantages with this form of interview which is why it was not
chosen for this thesis. There has to be a good number of attendees since not
everyone will be able to join the interview process. Group interviews also
needs more time allotted to give everyone a fair chance to answer, which
in turn makes scheduling harder. It can also be difficult to tell how the
group chemistry will be beforehand, which will affect how they answer.
An example of this is when nobody wants to answer the question, for
example due to shyness or not wanting to speak against the group, and
the interviewer has to push for an answer or let it drop.

An interview-guide, or script, was created for the interviews. It
contained an opening, introduction, a few key questions, and close. The
opening and introduction consisted of reiterating who I was and the
purpose of the interview, which they would be informed of beforehand.
The key questions was split into three major themes: Trix, sense of
achievement, and motivation. For Trix the questions was about their
earlier usage, such as how much they had used it and how they used
it. Furthermore, the interview included questions about the usage of the
modified version, by itself and compared to the normal version, notes for
improvements or changes, if they had any. When asking about their sense
of achievement it was important to ask about how difficult they perceived
the assignments, their understanding of the subjects, their understanding
of Trix as a learning tool, and their sense of mastery of the subjects. For
motivation I asked about how much time they used on assignments, the
way they worked, and what motivates them. The script also had a close
where the student was informed of their rights and how the data would be
used in the thesis.
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Chapter 4

Design and implementation
process

This chapter concerns the development phase of the design science research
cycle and describes the process of adding game elements to Trix, setting up
a server for the modified version of Trix, and the challenges faced along the
way. The code for the final artifact can be found online at Github1.

Developing a prototype that the students could use was done in several
iterative sprints. These sprints consisted of short processes of sketching
a design, developing and implementing the design, and then evaluating
the output. This was done continuously until there were enough game
elements and the final prototype was deemed good enough to be tested by
students.

4.1 Game elements

Several aspects of Trix were considered when implementing game elements
to Trix. The technical aspect, which elements could be implemented
without huge costs and worked nicely with the application and code
base, are described here. Together with the theories in section 2.2 and
section 2.3 the experience, level, and progression system were chosen. This
is discussed and reasoned in the Discussion chapter.

4.1.1 Levels and progression system

Trix lends itself very nicely to a point system because it has assignments
that the students can mark as solved, either by themselves or with help,
which makes it easy to add points when an assignment is solved. Adding
levels added some complexity because there are several ways to have a
user gain levels. I envisioned three different ways, which I named the
“User version”, the “Course version”, and the “Tag version”, each of them
described below. The version in the final artifact of Trix was the “Tag

1https://github.com/Elthan/trix2/tree/gamification
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version”. The progression system was then built using this this as a basis,
as described below.

Choosing this way to implement experience and levelling meant that
a new Django model, a new table in the database, had to be created to
keep track of the experience each user had for each tag. A challenge
with this implementation was how to choose how much experience
each assignments and tag is worth. There were no ways to edit the
tags themselves, outside the superuser panel which only a select few
have access to, so adding a page to do that would be significant work.
Additionally it would make more sense to tie the experience gain to the
difficulty of the assignment, giving more experience for solving harder
assignments.

The solution became adding a field to the Assignment table that deter-
mined the experience point value of each subject tag on the assignment.
This meant that administrators could determine this value in the creation
and edit pages of assignments, see Figure 4.1 for an example of how this
looks. The total value of the assignment could then be calculated by multi-
plying the number of subject tags by the experience value set for the assign-
ment. For example with an assignment that has two subject tags, choosing
10 experience points for the tags would mean the assignment is worth a
total of 20 experience points. When a student solved an assignment the
system would go through the subject tags of that assignment and create
TagExperience entries for each of those tags. Since students are able to
undo solving an assignment the system was also designed to be able to
remove experience and go down in levels.

Figure 4.1: How editing an assignment looks in the modified version of
Trix. This assignment is easy and worth a total of 5 points because it has
one subject tag, dictionary.
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Another challenge with this implementation was how to determine the
total experience and level of a student. Several solutions was considered,
showing the total experience of all assignments they had solved, showing
the experience of all assignments within the course, or showing the
experience of the currently filtered assignments. The last option was
chosen, much for the same reasons as choosing the Tag version. It would
not create issues with confusing students why they had experience with 0%
solved assignments. This option worked well with the way Trix shows how
many assignments the student have currently solved. Showing the total
amount of experience was instead shown in the profile page, see section 4.2
for a description of the profile page changes done.

To increase the flexibility of the level system, determining when a
student progress to the next level was implemented so that it could be
changed in the Django settings file. This was done by having an array
of numbers representing how much experience was needed to reach that
level, the index of the array plus 1. Choosing to start at one was done
because this is normal in games. Determining the difficulty tiers was less
flexible due to the work needed to be done to enable it, such as allowing
the choice of different colours for different difficulties.

Showing the experience and levels the students currently had was
done by adding a visual element above the one that displays how many
assignments they have solved for the currently chosen tags. This element
consisted of a bar that showed how much experience they currently have
and would gradually fill up until they reached the next level. Then the bar
would be empty again while the experience stayed the same. See Figure 4.2
for an example of how this looked. The updates to the bar, experience
points and levels was done dynamically, see the progression section below
for an explanation of how it was done.
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Figure 4.2: An example of how the modified version looked when having
solved one assignment worth 5 experience points.

User version

This was the easiest solution which was just adding experience and level
fields to the User table in the database. Then adding experience based
on points in the Assignment table, adding methods to the Django model
representing the User table to increase the users level when reaching some
set amount of experience.

The drawback with this version was that it does not represent a
student’s knowledge in different subjects and makes it harder to customize
the experience based on a user’s knowledge in a subject. An example is
a student that has previously worked in the gamified Trix and attained a
high level and is starting a new course which also uses assignments in Trix.
If the assignments are filtered on level the user will be shown assignments
that may be too difficult for them. The solution could be to expect or require
a level in Trix for each course, but that would require planning spanning
courses and has several edge cases that are unfortunate, what if the student
did not work in Trix previously? So this solution seemed imperfect when
considering the broader scope and how to represent a student’s knowledge
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and experience in a subject in gamified Trix.

Course version

The next solution was to add experience and level fields to the Course table.
This would mean that as a student worked through the course they would
gain experience tied to that course. Such a solution would likely be more
costly to implement than the User version. It would give the benefit of
tying the experience to a single course, separating the different courses and
avoiding issues that can arise from solving assignments in one course affect
others. Such issues can affect the User version and the Tag version. The
assignments would have to be designed around this fact to give a natural
progression for the students, which could imply more work for those that
create assignments.

Tag version

The final version and the one that was implemented in the artifact was
the Tag version. This version worked by adding experience points to the
tags and altering the tags to include a new category called subject. Then
each time a student solved an assignment they would gain experience
points in each subject tag tied to that assignment. An example would be
if student A solved an assignment with the tags “dictionary” and “loops”,
they would gain experience points in those subjects. This created a better
representation for students experience and knowledge of different subjects,
since solving an assignment with one subject tag would not give experience
towards any other subjects, not matter in which course they solved them.
This version was more complex than the User model and thus costlier to
implement.

The Progression system

After completing the experience and level systems, and making sure they
worked properly, the next iteration was spent working on the progression
system based on the students level and the difficulty of the assignments. A
progression system was chosen because it builds nicely on top of the other
two systems and it would have a positive effect based on the gamification
theory. The gamification theory explains that it should offer a higher
engagement, increasing the chance that the students experience Flow. It
should also affect the element of play in the artifact by increasing feeling of
playing a game at the expense of adding more external constraints.

The development of the progression system consisted of adding the
ability to hide and reveal assignments dynamically, adding difficulty tiers
to the assignments, and tying difficulty tiers to the levels. Adding difficulty
tiers to the assignments was done by adding a difficulty field to the
assignments with three different tiers, easy, medium, and hard. Tying it to
the level system was done by adding an array to the settings file with the
a representation of the different difficulties. This array was then zipped
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together with the levels and stored in a variable that was used when
filtering assignments.

Filtering was a bit complex because of the way experience and levels
worked. It worked by looping through the assignments and then for each
assignment:

1 Find all the subject tags the assignment has.

2 Add together the experience points the student has in these subject tags.

3 Determine the students level from the experience points. For example if
the student had 15 experience points in the subject tags dictionary and
loops it would mean level 2 in this thesis.

4 Get the difficulty this level represents. For example level 2 meant
medium difficulty in this thesis.

5 If this difficulty did not match the assignments difficulty, i.e. if the
student did not have enough or too much experience, remove this
assignment from the list.

This process is somewhat complex, but allowed to have different
subjects of different difficulties displayed alongside each other, which
would be normal for a course.

The next step was to make the artifact do this dynamically so the
students did not have to refresh the page to view new assignments. This
was achieved by utilising the existing controllers in Coffeescript. Every
time a student solves an assignment it triggers a listener that updates the
database and changes the colour of the assignment based on the way they
solved the assignment. This controller was expanded to also update the
experience points, levels, level progress bar, and trigger a reload of the
assignments if the student levelled up or down. This reload would then
filter the assignments again, giving the students new assignments.
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Figure 4.3: An example of what it looks like in when a student has achieved
20 experience points and level 3 in the modified version. Only the hard
assignments are visible.

4.2 Other changes

In addition to the game elements there were a couple of other changes that
were implemented, expanding the profile page and the ability to create
users with password. Adding users with password was not something
that was possible in the normal version of Trix. The ability to add users
was there, but not with passwords which was needed when running the
tests. Using LDAP (Lightweight Directory Access Protocol - used to look
up users for authentication) for the modified version was also not an option
as it would require configuration and permission from the Department of
Informatics. The process of adding this option to the artifact was easy,
requiring only a change to the superuser backend.

The profile page were expanded to show the students total experience
and level, statistics over how many assignments they had solved along
with how they had solved it, and a list of all the assignments they had
solved. These assignments could be sorted by their title, id, experience
points they granted, when they were solved, or how they were solved.
They could also be filtered by their tags. Additionally it was possible
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to click on the assignments to go to a single view assignment page.
Figure 4.4 and Figure 4.5 shows an example of how the profile page look
and Figure 4.6 shows how viewing a single assignment looked in the
modified version of Trix. Viewing only one assignment was not new with
the modified version, but it had to work for the modified version as well.

Figure 4.4: The profile page of the modified version of Trix. It displays the
students level, experience, and statistics from the assignments they have
solved.
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Figure 4.5: On the profile page of the modified version of Trix the students
were able to view a list of the assignments they had solved.
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Figure 4.6: Viewing a single assignment in the modified version of Trix.

The implementation process was relatively simple. The assignments
the student had solved can be retrieved from the database. From there
the experience could be calculated and their level determined. The level
progress bar was the same as the assignment pages, but without any need
for dynamic updates. For the assignment list much inspiration was gotten
from the statistics page of the courses, which also does sorting and filtering
by tags.

The reasoning behind expanding the profile page to include these
elements was to give the student more information. Allowing them an
overview of what they have done. The aim with this was to increase the
students’ information and reflection, by giving them a place to reflect over
the progress they have made.

4.3 Server and hosting

For the tests the modified version of Trix had to be hosted so that the
students’ could access it. The documentation for Trix includes sections for
system administrators on how to set up and configure Trix for use on a

40



server 2. This was used as the basis for configuring the modified version
of Trix. The modifications to Trix did not change the way it was set up
compared to the documentation for system administrators.

The server was set up using Nginx, but Apache could have been
used instead. The reason for going with nginx was that the Devilry
documentation 3, a delivery system that is built in Django and in use at
the University of Oslo, has a Nginx configuration example that was very
similar to what was demanded of Trix.

Having an actual server to host the modified version of Trix on was
desirable, and while there are many different possible solutions to this, the
choice fell on a cloud service called UH-IaaS4. This IaaS (Infrastructure as
a Service) was developed by the Universities of Oslo and Bergen and their
service was free for students at these universities. With the cloud service I
created a virtual machine that was capable of running the modified version
of Trix for several students at the same time without issues.

The setup of the virtual machine came with some challenges that had to
be solved before it could be used by the students. Several issues appeared
around the permission system called AVC, where it would naturally block
many of the processes trying to connect to the outside world. Making sure
that the correct permissions were set and that everything was safe took
time.

Another challenge that was deemed necessary to solve was that of
having a URL the students could access the modified version of Trix from
instead of having an IP address. This was important because it meant there
was less chance of the students getting lost trying to access the website
itself. No-Ip5 was used to create a free hostname for the IP to the virtual
machine running the modified Trix.

An issue appeared when trying to log in however, since the website
did not have a certificate the browser would warn and possibly block the
user from logging in, not trusting it. A certificate was created with Certbot6

which modified the nginx settings to enable HTTPS. This solved the issue
and allowed the users to log into the website.

2https://trix2.readtedocs.io/en/latest/sysadmin/deploy.html
3https://devilry.readthedocs.io/en/latest/sysadmin/webserver.html
4https://www.uh-iaas.no/
5https://www.noip.com/
6https://certbot.eff.org/
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Chapter 5

Results

This section will go through the results obtained from the tests and
interviews and compare the results with the hypothesis stated in the
beginning. This is part of the evaluation phase of the design science
research. An explanation of why the different research methods were
chosen and what they are and imply is described in the Research methods
and methodology chapter.

A part of the output of the Design Science Research, described in
subsection 3.1.5, is the artifact. The development of and the resulting
artifact is described in chapter 4.

5.1 Questionnaires

The figures below are results from the questionnaires, translated and made
into figures. They are colour-coded for blue and red group. Each figure
has the possible answers on the horizontal axis and the number of answers
on the vertical axis. Each questionnaire had seven questions, two of which
were not mandatory and text questions in which the student could give
their thoughts.

A total of 10 students answered the questionnaires, but there was a
falloff from the first set of questionnaires to the second. 5 red students
answered the first questionnaire, about the normal version of Trix, while
4 answered the second, about the modified version of Trix. For the blue
students there were 5 that answered the first questionnaire, about the
modified version of Trix, while 3 answered the second, about the normal
version of Trix.

Modified Trix Normal Trix

First hour - Parameter passing Blue Red

Second hour - Dictionary Red Blue

Table 5.1: Table matching subjects and versions of Trix to the groups.
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5.1.1 Difficulty of the subjects

Figure 5.1: Results from the subject parameter passing.

Figure 5.2: Results from the subject dictionary.

One of the goals of the progression system was that the assignments were
more easily perceived to be the difficulty level they are for the course.
That is to say that if the student were to try to solve a hard assignment
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it should be marked visually that the assignment is hard. This was done
in the modified version by categorizing the assignments upon creation and
then displaying the difficulty with a border - green, yellow, or red based on
difficulty - and a small text in the top right of the assignment. In addition
to this the progression system made sure that the student first solved easy,
then medium, and lastly hard assignments, for each subject.

The tests were structured so that the groups went through the same
subjects and same assignments at the same time, but in different versions
of Trix, parameter passing in the first half followed by dictionaries in
the second half of test. The assignments have a large impact on how
the students perceive the difficulty, but I tried to look at the effects of
the progression system in the modified version compared to how the
assignments are presented in the normal version.

When we look at the results from Figure 5.1 we can see that no students
in the red group found the subject parameter passing easy, but one student
from the blue group did. Further, most students in the red group answered
that the assignments were of medium difficulty, with only one answering
that it was difficult. The blue group were more spread in their answers,
ranging from easy to difficult, but neither group answered that they were
very easy or very difficult.

When we compare to the results depicted in Figure 5.2 concerning the
subject dictionary we can see that several students found the subject to be
more difficult than the previous subject. No students answered that the
subject was easy, with one saying it was very difficult and the rest spread
between medium and difficult. When solving the assignments related to
the dictionary subject the red group used the modified version and the blue
group the normal version of Trix.

In the case of the dictionary subject the students who used the modified
version perceived the assignments as slightly easier than the students who
used the normal version of Trix. In the case of the parameter passing subject
there was one more that answered that it was difficult, but also one that
answered that it was easy.

The assignments were created to go from very easy or easy to the last
question being very difficult, overall it should present a good opportunity
to learn and practice these subjects, but not be impossible or too hard to
understand. Most students managed to solve at least 4 of the 5 assignments
in both subjects, with only a two students not managing all the medium
assignments.

From the free text questions in the questionnaires we can see that
the assignments were different than what they were used to and several
students found some of them to be difficult. One student writes about the
dictionary assignments that they thought they were difficult and that they
had issues solving the assignments. Another writes about the parameter
passing assignments that they were advanced and unlike the assignments
given in the exam, but gave the opportunity to practice python. For
the modified version two students writes that they were difficult and
particularly mentions the last assignment, which was the Hard assignment.
Lastly one student writes about the assignments that they were more open,
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but at the same time more advanced and gave room for solving them
however they themselves wanted.

5.1.2 Perceived learning

Figure 5.3: Results from the normal version of Trix.

Figure 5.4: Results from the modified version of Trix.
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One question was based around how much the student learned during the
test on a scale from 1 to 10, from “nothing” to “a lot”.

When looking at the results from the questionnaire, pictured in
Figure 5.3 and Figure 5.4 for the normal and modified version respectively,
they show a wide spread from 3 to 8. As with the difficulty the assignments
have an impact on how much the student felt that they learned.

The subjects are split as follows: red from the normal version and blue
from the modified version shows the students doing parameter passing
assignments, while the blue from the normal version and the red from the
modified version shows the students doing dictionary assignments.

Comparing the subjects against each other shows that students doing
parameter passing assignments in the modified version, blue students, of
Trix felt they learned more than those doing them in the normal version,
red students. Three blue students answered 6, 7, and 8 respectively while
only one red student answered above 5 and three of them answered 5. The
red student answering 3 and the blue student answering 4 becomes outliers
to this.

When looking at the dictionary assignments, red from the modified
and blue from the normal, there were three red students answering 4, one
answering 5, and the other two answering 6 and 8. The blue students had
only three students who answered this questionnaire whose answers were
4, 5, and 8.

Comparing the modified version against the normal version the results
show that there were more students answering above 5 for the modified
version than the normal version, but also more answering below 5, with
three students answering 5 in the normal version.
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5.1.3 Satisfaction when using Trix

Figure 5.5: Results from working in the normal version of Trix.

Figure 5.6: Results from working in the modified version of Trix.

This question, and its answers depicted in Figure 5.5 and Figure 5.6, wanted
to look at what the students thought of the Trix versions, specifically using
the platforms and not the assignments themselves. Every student who
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took the test had tried Trix before and therefore already had some idea
of what they thought of it. The modified version was new and they did
not, comparatively, have as much time to make up their minds about
the platform and changes done. The blue group was the first to try the
modified version and so depending on the student they may not have used
the normal Trix for some time. The red group used normal Trix first, then
went over to the modified version, so they had a more recent memory of
Trix.

When looking at the results we can see that the students had a more
positive view of the modified version than the normal version, answering
that they were generally more satisfied with it. While the normal version
had four students answering neutral or less satisfied there was only one
that answered below satisfied for the modified version. The red groups
answers also leaned more towards satisfied for both versions, having both
the very satisfied answers. The blue group were more spread for the
normal version, answering less satisfied, neutral, and satisfied. All of them
were at least neutral towards the modified version.

Looking at the text answers to the question that encouraged the
students to elaborate on why they felt this way, some of the answers focus
on the assignments, while others have suggestions for improving Trix. One
student that tested the normal version of Trix, said that it would be cool
with a “hint” function, instead of just having the answer given to them in
the proposed solution. Another suggests the implementation of a compiler
so they can compile in the website instead of using their own tools. About
the modified version one student writes that it would be nice to have the
option to go backwards, which was consciously not included as a part of
the design, and another student writes that it was fun to feel like they made
progress.
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5.1.4 Assignments solved

Figure 5.7: Number of assignments the students solved in the normal
version of Trix. Vertical axis is the number of students, horizontal axis is
the number of assignments.

Figure 5.8: Number of assignments the students solved in the modified
version of Trix. Vertical axis is the number of students, horizontal axis is
the number of assignments.
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The questionnaires also asked the students about the number of assign-
ments they managed to solve. The answer show that for the red students
in the normal version of Trix, 2 managed to solve all, another 2 solved four,
and 1 solved three assignments. For the blue students 1 student reported
six, but only five were available so this is assumed to be five, 1 student
solved three, and 1 student solved two assignments. These results are de-
picted in Figure 5.7. For the modified version the 4 red students managed
to solve all five assignments. 4 blue students managed to solve all five and
1 solved four assignments. This is depicted in Figure 5.8.

5.2 Interviews

The interviews were done in a unstructured way as described in subsec-
tion 3.2.3. Everyone who participated in the tests were invited to have an
interview where we went deeper into the test and the students reactions
and feelings about the modified version of Trix. It was voluntary and each
student had to explicitly agree to be contacted about an interview when
signing the consent form for participating in the test. The goal was to carry
out each interview as soon as possible after the test. In total only two inter-
views were carried out, one after the first test and one after the second.

The first interview was with a student that had used Trix a lot over
the course to practice programming. The student usually spent anywhere
from 3 to 10 hours a week working in Trix and found IN1000 to be “almost
too easy except for the last mandatory assignment and the exam”. They
noted that the assignments used in the test were different than those they
normally solved in IN1000, they were not as straight forward. “... it gives
you in many ways the recipe, it is just like it gives you all the classes and
signatures and all the methods, so you just have to fill it in.” 1.

The student was also asked about the modified version and their
thoughts surrounding it and ideas for improving it. Some time had passed
between the test and the interview so the student had issues remembering
exactly how the modified version of Trix worked, but the main point they
had was about the way the assignments were presented. Since the modified
version hides all the assignments that are not of the difficulty the student
current is on at the moment, according to the student, it makes it more
difficult to ascertain how far in the course run you have come. The student
also noted that they could not go back and view or solve assignments they
already had solved. There was an option to view all solved assignments,
but it was under the profile page and not advertised to the students.

Another issue with the modified version the student brought up is
how they used Trix. Normally they used Trix to do volume training, i.e.
practice by solving many assignments in the same subject of roughly the
same difficulty. The way the modified version works is by hiding all the
assignments of the difficulty level the student is not currently on, and they
progress to the next difficulty level automatically when solving enough
assignments. This is in contrast to the idea of volume training where the

1Translated from Norwegian by the author
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student only wants to solve a large number of assignments of roughly the
same difficulty because the student is forced to progress. See section 6.1
where I explore this issue.

The second student to be interviewed had not used Trix as much,
having only tried it at the beginning of the year and then had not used
it for the rest of the semester. This student also had some thoughts
about the progression system, but had a more positive view than the first
student. They noted that having a visual indicator for the difficulty of
the assignments was very beneficial and explained that it made it easier
for them to evaluate how they were doing in relation to the course. For
example a student solving hard assignments without much issue would be
in good shape and be very knowledgeable about the subject in relation to
the course.

The progression system also redefined how the assignments were
sorted. In the modified version the students worked on each subject and
gained experience in those separately and then they progress through the
subject. Compare this to the normal version where they progress through
tags such as “week 1”, “week 2”, and so on, with the option to work on
assignments that are marked more difficult. The assignments follow the
progression of the course and many of the assignments are tagged with
several subjects. The students meant that it was easier to work on each
subject through the progression system since it automatically gave you the
assignments to work on next, instead of having to work through week by
week.

The second student also mentioned that the assignments from the test
and thought them to be better. They were split into sub-tasks instead of
long texts, making it easier to figure out the goal of the assignment. There
where several assignment like this in the normal version of Trix as well, but
the student was not aware of it, possibly due to them not having worked
much in Trix when taking IN1000.

Additionally the second student suggested leaderboards as a possibility
and wanted to add a compiler to the website so that they could run the code
there instead of having several windows open to solve the assignment.
Leaderboards is a game element that was not considered for Trix since there
is no automatic testing in the application, meaning that anyone could top
the leaderboards by simply marking assignments solved without actually
solving them. Another issue is that leaderboards can have a negative
impact by demotivating those that are at the bottom as mentioned in
section 2.3. Adding a compiler or automatic testing to the application could
possibly change how the tool works, see section 6.1 for a deeper dive into
this.
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Chapter 6

Discussion

This chapter continues the evaluation phase from the Results chapter and
discusses the results and what they tell us about the hypothesis stated
in the introduction. There is also a discussion about the design and
implementation of the artifact and what other paths could have been taken
and possible outcomes of those choices.

6.1 Results

The discussion of the results has to be prefaced with a discussion about the
number of participants and answers from the questionnaire and interviews.
The questionnaires had a total of 10 answers for the first set, 7 for the
second set, and there were 2 students who participated in the interviews.
The turnout means that the conclusions drawn here are not necessarily
representative of the students taking introductory programming courses.

There are several probable reasons for the low turnout. Students at the
University are often asked to participate in surveys and studies such as this
which makes it less likely that they would choose to participate in the tests
in this thesis. Additionally the tests were run close to the exams which
further deferred students from participating and interviews have a higher
barrier of entry. To give an incentive for the students to join the tests new
assignments were created and advertised when recruiting students for the
first test, but no incentives were given to participate in the interviews.

Having some incentive for the students increased the participation, but
having too much would be a problem. When you offer too much incentive
you start to run in to issues with the incentive being the primary reason
students show up. It could also affect the responses and slant towards
the positive. Because of this it was kept as neutral as possible, avoiding
extrinsic rewards being a major motivator for the students.

6.1.1 Questionnaires

The results shows that the students using the modified version solved
more assignments than the normal version. The perceived difficulty of
the assignments seemingly had no impact on how many assignments they
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were able to solve. Both groups thought that the dictionary subject was
more difficult than the parameter passing subject, but it had no impact
on the actual number of assignments they solved. This indicates that the
modified version of Trix had some effect on the number of assignments
they were able to solve.

This can be explained by the students being more motivated to
complete all the assignments. Possibly due to the game elements in
the modified Trix giving them an increased feeling of competence, or
mastery. The feedback and information it gives about the difficulty of
the assignments plays to their engagement with the system and together
with the progression system increases their feelings of competence, or
mastery (Deci and Ryan 2004). The positive feedback, in the form of gaining
experience points and levelling up, could also have reinforced this feeling.
One student confirms this in the free-text answers were they say that the
feeling of making progress was fun. Students also answered that they
were generally more satisfied when working in the modified version of
Trix, giving more credence to this explanation. The assignments themselves
could also have had an impact on this, especially since the students found
them different to the normal assignments they solve. Since the same
assignments were used for the normal and the modified version it should
not affect one version differently than the other.

The assignments that were created was aimed to be as similar as
possible to the assignments already existing in Trix. The goal here was
to lessen the impact the assignments had on the results, but this might
not have been achieved. Several students reported that the assignments
were more advanced than they were used to and included usage of python
functions which they were unfamiliar with. Some students may have
achieved higher motivation and perceived learning from this because it
posed a bigger challenge or more thought had to be put into the solution.
One interviewee mentions they had a positive view of the assignments
due to this. This causes an effect where those that are able to solve the
assignments can achieve an increased feeling of competence, but having
the opposite effect on those that are unable to solve them (Nicholson 2015).

The answers did indicate that several students felt they learned a lot,
7 or 8 on the scale. At the same time just as many answered 3 or 4,
indicating that they learned something, but not a lot. The results show that
the students felt they learned slightly more in the modified version of Trix.
This result can be explained by the number of assignments they were able
to solve. Being able to solve more assignments would give a higher sense of
competence which would increase how much they felt they learned (Deci
and Ryan 2000a). The students answering 3 or 4 can be explained by the
assignments being more advanced, as discussed above, especially in the
normal version where students were unable to solve all the assignments.

6.1.2 Interviews

The main takeaways from the interviews was the points made about the
progression system, with one student having positive views of it and the
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other making an interesting point about the way they use Trix.
The exact way students uses Trix today is largely unknown due to the

lack of data, but they have the ability to choose which assignments, how,
and when to work on these assignments. With the modified version of Trix
this dynamic is changed in that there is less choice for them to choose which
assignments to work on. If a student wants to solve difficult assignments
they first have to solve the easier ones, in contrast to being able to choose
whatever difficulty they want to in the current Trix, or if they want to
only solve assignments of a chosen difficulty without progressing to more
difficult assignments. This means that the modified version gives less
choice, which can hurt their feelings of autonomy and engagement (Deci
and Ryan 2000a), by forcing them to solve easier assignments and creating
less of a challenge or forcing them to progress to more difficult assignments.

Solving this issue can be done by adding a way to turn off the
gamification system and reverting it to the normal version of Trix. The
gamification theory stresses that this is an important part of a gamification
system, having the ability to choose to not play, but it was intentionally
not implemented in this version of Trix because of the limited amount
of time the students were to test the gamification system. If one were to
test the gamification system over a longer period of time it would be an
important feature to have. Another way to solve the issue is to give the
students the choice of difficulty and ability to turn off progression, which
would increase their choices and engagement to the system. According to
the gamification theory this would in turn lead to a better experience and
increase their motivation (Nicholson 2015). Implementing such features is
a consideration for future work.

One of the students mentioned that the progression system gave them
a better indicator of the difficulty of the assignments and made it easier for
them to evaluate how they were doing in the course. These observations
are related to how the students view their progress in the course. Either
by looking at their ability to solve assignments of different difficulty or the
amount of assignments they have solved compared to how many there are
available, for a specific week or with a certain tag. The modified version
lends itself nicely to the first one, even improving their ability to do so
by making it clearer how difficult the assignments are. The second way
is still possible but less obvious because the assignments that are not on
the current difficulty level are hidden. Trix informs the student how many
percentage of the assignments they have solved with the currently chosen
tags. This means that the student cannot view exactly how many, or which,
assignments are left, but instead have to rely on the percentage shown.
Here the features mentioned above about turning off gamification could be
useful.

In the second interview the student suggested adding a compiler and
leaderboards to Trix. Leaderboards cannot be added to the application
without also adding a form of automatic testing. “The Game of Exams”
by Vestad (Vestad 2013) explores developing and using an artifact with
automatic testing and leaderboards that is tested by students taking
introductory programming courses. While he reports some initial success,
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it serves as example of how big such a project can become. There is also
the concern with leaderboards that it will be demotivating for those that
are at the bottom. Adding a compiler does not necessarily mean adding
automatic testing, but then we have to question which advantages it brings
with it. It would centralize the work to one application and possibly allow
the students to use Trix on other devices without the ability to write and
compile code. The implications this would have on a students’ motivation
and perceived learning is however difficult to ascertain.

6.1.3 Overall

Overall the results shows that the modified version had some positive
impact on the students perceived learning. The students answered that
they learned more in the modified version for both subjects and groups,
regardless of the difficulty of the subjects. The effects on motivation
are difficult to determine with certainty, but looking at the amount of
assignments shown and the satisfaction working in the modified version
gives some indication towards increased motivation. This is also supported
by the interviews with one student viewing the progression system in a
positive light.

Using Trix, a known tool to the students, as the basis of the artifact
made it easier to isolate the effects of the game elements from other
aspects. Isolating the effect that each individual game element had was less
conclusive. The students mentioned the progression system several times,
while the experience and level system went seemingly largely unnoticed.
This indicate that the experience and level elements had less impact. The
progression system may be the reason for the different results from the
normal to the modified version.

As with many gamification artifacts it is not easy to generalise from the
research done here. In particular because of the low number of responses.
There is also the fact that the artifact developed is based on one tool
in use at the University of Oslo. The tool is unique and the changes
done is unique to that tool. However the theories of the “RECIPE for
Meaningful Gamification” (Nicholson 2015) was useful when developing
a gamification artifact. It can be recommended for anyone creating or
modifying gamification tools. The theoretical basis and model it provides
influences the choices of game elements and makes one reflect over the
purpose of the tool.

Similarly to most projects a big limitation for the thesis was time the
constraints. The tests could not be run before the thesis was approved by
the Norwegian Centre for Research Data 1, who made sure that everything
that was planned complied with Norwegian law for privacy and handling
of data. Time had to be set aside for development, running the tests
themselves, interviews, research, and writing the thesis. This is the reason
the test was only run in two instances as recruiting students and preparing
for the test was time consuming.

1https://nsd.no/nsd/english/index.html
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6.2 Research methods and methodology

The research methods and data gathering in the thesis mainly consisted of
the test, the questionnaires, and the interviews. For the scope of the thesis
these methods proved to be mostly successful. A challenge that became
apparent when interpreting the data was the difficulties measuring the
motivation of the students. Using motivational theory and the results from
the questionnaires and interviews gave some information in this regard.
However it was more difficult and less conclusive than asking the students
about their perceived learning. Trix gathers aggregated data, how many
students and how many assignments are solved using either “on my own”
or “with help”. This data was not used because of the limitations to
interpreting it and some missing data, a few students did not log in when
solving assignments in the normal version of Trix.

The limitation to interpreting the data from Trix was that the different
choices when solving assignments are highly subjective. Solving an
assignment “with help” compared to “on my own” has no clear definition
and is up to each individual student to interpret. This makes it harder
to draw a conclusion from the way the students solved their assignments.
Because of this the data that could be directly retrieved from Trix is not
used to draw any meaningful conclusions and is overlooked in favour of
the data from the questionnaires and interviews. Despite this using Trix
as the grounds to test game elements over any alternatives was the correct
choice.

Choosing Trix was not done without considering other options, but the
advantages it brought with it made it superior to any other available choice.
One of the greatest of these advantages is that Trix is open source. This
makes it easy to research and work on the source code and there were
no issues getting access to the code. It also meant that I could share the
development done in this thesis without any hassle. Another advantage is
that Trix is in use at the University. This meant that students were already
familiar with the tool, making differences between the versions easier to
attribute to the changes done instead of other variables. Additionally there
was support available for the development and hosting process of the
thesis.

With Trix being a known tool to the students and something they used
in group sessions it became natural to have the tests replicate the feeling
of a group session. The aim of having the tests in a known context such
as this was to further isolate the effects of the game elements. It cannot
be disregarded that the tests are an artificial context and combined with
myself acting as a group teacher it could have affected the results. In
the worst case this could have made the students answer more positively
towards the modified version. To combat this they were instructed
to answer as truthfully as possible and reassured that there were no
repercussion whatever they may answer.

The tests themselves were short and intensive, making it easier for
students to set aside time and participate. There is also the fact that running
large scale or long running tests would have been outside the scope of
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this thesis. During the tests the students were split into two groups,
named red and blue. Each group would solve the same assignments in
different versions of Trix, switching versions in the second hour. Splitting
the students into two was done to create a sort of control group. It also
allowed us to see if the results were affected by the order in which they
used the different versions of Trix. None of the results indicated that this
was the case, the modified version had much the same effect independent
on the order.

The questionnaires fulfilled their purpose in getting the immediate
impression from the students. The questions themselves could be
improved to better determine the effects the game elements had on
motivation. Based on observations from the tests the length of the
questionnaires was about right, it did not take the students too long to
solve them. Expanding with one or two more questions could be possible
without negative effects.

Using unstructured interviews had some advantages in that it allowed
the students to elaborate and explain their thoughts and ideas (Myers and
Newman 2007). About 15 to 20 minutes was scheduled for each interview,
with some room for extension if necessary. The time frame was decided
based on what was deemed necessary to go through the topics of the
interview - Trix, perceived learning and competence, and motivation -
and low enough time to not discourage students from being interviewed.
Having more structured interviews may have given better data due to the
lack of experience with interviewing. This is speculation, but should be a
consideration for future work.

The hypothesis states that the students’ perceived understanding will
increase rather than their actual understanding. This was done because
measuring the students actual understanding would require properly
testing the students. This would require a more extensive setup, having the
students first try the artifact and then test them in the subjects. It would also
create a higher barrier for entry, making recruiting students more difficult.
To make this work another way to recruit students and a different setup is
recommended. Together it would likely be beyond the scope of the thesis
to measure their actual understanding of the subjects.

6.3 Development

Some of the purpose of the gamification aspect was to not include too many
elements. The reasoning behind this is two-fold. Firstly because of the
development costs and secondly because there is a lack of understanding in
the research about the impact each game element has individually (Hamari,
Koivisto, and Sarsa 2014). A part of the purpose of this thesis was to expand
upon the research in the field with data about how these game elements -
points, levels, and progression - works in the context of an introductory
programming course. This thesis is also not just theoretical and provides
actual data from students testing the artifact.

When considering which game elements to include in Trix there were
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several that were considered, but were discarded because of either time
limits, the complexity of implementation or the possible adverse impacts
it could have. The development of the artifact had some complexity to it.
It accounted for issues that turned out not to be relevant to the tests, such
as having multiple subjects in the same course. Some of the goal of design
science research is to produce an artifact that can be used in real life (A. R.
Hevner et al. 2004). With this in mind the complexity of the development
and artifact makes sense. Predicting what features the students would use
could only be done to a certain extent. Looking back at how the tests played
out some elements could have been simplified and developed further with
more DSR cycles instead. This would have the advantage of developing
with the feedback and results of the tests as well, but it is not possible to
say if there had been enough time for more DSR cycles given a shorter
development phase for this thesis.

The development of the artifact was also limited by the time constraints.
The development phase needed to account for bug checking, running tests,
and setting up a server in preparation for the tests as well.

Points and levels were added because of the ease of implementation
and to create a playful aspect. They work as an extrinsic reward, though
the effect might be less than if badges where included as well. Adding
badges was considered, but as described in section 2.3 such elements could
cause detrimental effects in the long-term. Additionally there is no way in
Trix to check if a student has actually solved an assignment or not, it relies
purely on the students self-imposed constraints, rules, and boundaries.
This means that they have greater autonomy, but could make the effects
of them setting their own goals less reliable. It also means that elements
such as leaderboards are not viable.

The theory described in section 2.3 concerns itself mostly with the long-
term change and effects of gamification, but the scope of this thesis made
it difficult to measure. To measure and research the long-term implications
of the gamification elements would require a massive increase in scope and
resources and bring with it many challenges. So for this thesis the goal
was to measure the short-term effects that the game elements had on the
students while at the same time setting up the artifact for long-term usage,
which is the ultimate goal of design science research artifacts.

Time was invested into creating an overview of assignments that were
solved in the profile page. Used properly this would give the students
a chance to reflect over the work they have done and redo them if they
wanted to. The feature was not promoted to the students however which
caused it to go unused by the students. In retrospect this was a failure of
communication, either through the UI or through direct communication
to the students about the feature. The reason this was not done in the
first place was to allow the students to explore the site themselves, to not
influence them too much and let the changes speak for themselves.

The different elements of RECIPE - Play, Exposition, Choice, Informa-
tion, Engagement, and Reflection - were important components of the de-
velopment of Trix and some choices were made based on which elements
were viable to include and what effect they would have on these elements.
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Some of these elements were however difficult or too broad to include in
this thesis, such as many of the social elements, a subject worthy of its own
research project.

The element of Play and Choice both concern themselves with the
ability for the student to choose to participate, which was not an aspect
of the gamification system as discussed earlier, but is part of how Trix itself
is used in the course curriculum. In the context of the real-life environment
Trix already give the students great autonomy for how they want to use the
tool. The students decide themselves when, how, and how long they want
to use it, important for both the Play and the Choice elements.

The narrative layer that affects the Exposition element proved to be a
challenging aspect to approach and implement in Trix. The narration in
Trix consists only of the assignment texts and any element that affected
the narrative layer had to take this into consideration. There are multiple
courses that uses Trix and creating an element that is generalized enough
to function for all of them while at the same time creating a meaningful
narrative to the student was outside the scope of the thesis, but does
provide a possible path for future work.

The graphic design of Trix was important to provide the students with
Information about the system. Having a border that was colour-coded to
the different difficulties around the assignments along with descriptive text
was a useful technique that gave positive results, as one student mentioned
in their interview. It gave the students better understanding of the difficulty
of the assignments they solved. Experience points and levels also had
graphical elements that informed the students how much experience points
they had, when they would level up, and how much experience they had
left until the next level.

Reflection is another element that is not built into Trix, but is rather
dependent on the context of the usage of Trix. Adding points in Trix
where the students are forced to reflect could have negative impacts by
interrupting flow or lowering their engagement in other ways. Utilizing
the context instead could provide a better experience for the student. The
context of the test allowed for some respite and pause the students could
use for reflection if they wanted to, though it was not advertised to them.
This is something that can be considered for future work.
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Chapter 7

Conclusion

The theory for gamification proposes that adding gamification to a learning
tool in a meaningful way will give the students a more positive outlook
towards the activity they perform in this tool and increase the chance they
find the activity meaningful. In turn this increases their motivation. From
the results of the questionnaires and interviews done in this thesis we can
see that adding points, levels, and a progression system did show there was
a slight increase in the students’ perceived understanding. The students
reported a higher level of satisfaction when using the modified version of
Trix compared to the normal version. The exact reasoning for this could
not be established and satisfaction with the assignments themselves over
any of the game elements is a possibility.

The results surrounding the perceived learning indicates that using
the modified version had some positive impact on their learning. This
result arises mostly from how well the difficulty of the assignments
and the students expectations and perception of the difficulty aligned.
This is described in the theory as the element of engagement, or their
mastery in Self-determination theory. The modified version explicitly told
the students how difficult the assignments were through the graphical
interface, using colours and text, and set expectations with the progression
system.

More students managed to solve more assignments using the modified
version of Trix compared to the normal Trix. The students reported that the
dictionary subject was generally more difficult than the parameter passing
subject, but it had seemingly no impact on how many assignments they
were able to solve in the subject. This suggests that the modified version
had an impact on the number of assignments the students were able to
solve, possibly due to the modified version increasing their motivation.

Besides this the effects the modified version had on the students
motivation was less conclusive. Measuring motivation was done through
looking at the effects increased motivation should have rather than directly
asking the students about their motivation. Instead I looked at the results
of how many assignments the students solved, their satisfaction when
working in the modified version, and questioning the students during the
interviews. These results generally gave the impression that the students
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favoured the modified version, solving more assignments and being more
satisfied with it. The students participating in the interviews did not give
a conclusive answer to whether or not they felt more motivated using the
modified version of Trix, though they did view the modified version in a
favourable light. A flaw of the research methods that became apparent
when looking at the results was the difficulty to measure the students
motivation. This was in part because much of it relied on the results of
the interviews which yielded non-conclusive answers.

Isolating and measuring the effects of each individual game element
was easier, especially because of Trix being a known and used tool by
the students which meant changes in behaviour could be attributed to
the changes in Trix with more confidence. The results showed that that
progression system had some positive, easier to evaluate how they were
doing in relation to the course and easier to view the difficulty of the
assignments, and some negative effects, such as not being able to do
volume training. The students did not seem to put much mind to the
point and level systems, not being mentioned in the interviews or free-text
answers. The focus being on the progression system made sense since it
was the most noticeable element in the system when solving assignments.

The theoretical framework from “A RECIPE for Meaningful Gamifica-
tion” provided a very useful perspective, especially during the suggestion
and development phases of the thesis where it helped guide me in the
choices of which game elements to use, that gave insight to how the stu-
dents might react to different aspects of the artifact. In my experience it
proved to be a useful framework for adding gamification elements to the
learning platform and understanding the theoretical implications the ele-
ments will have on the students.

The process used in this thesis to develop the artifact can be used as
an inspiration and example for how to introduce game elements to an
already established learning platform. Using Trix as a basis for testing the
effects of gamification elements was beneficial as it brought with it many
advantages, such as having an open source code, being an established
platform that students use, and relative ease of development because of
the small code base and good documentation. I would recommend it
to anyone doing research on gamification in introductory programming
courses because of these advantages.

There were several challenges and limitations encountered when
working on this project. One of the biggest was the recruitment of students
to participate in the test and subsequent interviews, which ended in a low
turnout. Solving this issue, such as by increasing the selection or creating
more effective incentives for the students, would give more generalizable
results. The constraints from time and scope made it impossible to measure
any long-term effects the gamification might have on the students, which
is an important part of creating meaningful gamification.

To measure any long-term effects there would have to be a extensive
setup that continues the DSR cycle over one or more semesters while at
the same time include many more students than what was possible in
this thesis. The scope of such a project would be far greater and demand
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much more resources than what this thesis did. It would have to tackle
challenges such as measuring the effects of gamification on such a large
scale and isolating it from other factors that may impact the result. An
important consideration when doing this is to add the possibility to turn
off the gamification itself, a vital element of gamification theory that allows
the students to choose whether or not they want to participate in the
gamification when using the tool.

Overall the results indicates that the progression system altered how
the students perceived and solved assignments in a positive manner. The
effects on the students motivation was inconclusive. The results could not
be generalized because of the limited number of respondents.

7.1 Further work

There are two main ways to further expand the work done in this thesis,
expanding on the knowledge gained from this thesis or using it to run
more experiments using the same artifact. This can be used to expand the
knowledge about game elements and the effects of gamification.

Running more experiments would allow gathering more data than
what was achieved here and achieve more generalizable results. One could
also refine research methods, or include more methods, to better measure
the effects the game elements have. Especially the effects on motivation
since it was difficult accurately measure. The interviewing process could
be adjusted, perhaps better results could be gathered using structured or
group interviews.

Another way is to utilise the open source code for the artifact 1

and add additional game elements, modify it to support social aspects
or implementing automatic testing tools. To include additional game
elements it is advised to include badges along with the ability for the
students to set their own goals. The detrimental effects of badges could
be outweighed by the positive effects of allowing the students to choose
their own goals. Implementing social elements into Trix could be tricky,
but it is suggested to try to add the ability to have assignments be solved
by a group of students. Automatic testing tools would possibly become
a large and complex project and may end up the way Trix is used. Both
creating and solving assignments would be different, but it would open up
possibilities such as adding leaderboards or automatic feedback.

There is also to the possibility to branch out further and introduce
adaptive learning to the progression system, making it adapt to the
students skill level using algorithms. A suggestion is to utilise the model
and work by Lavieri (Lavieri 2018) described in subsection 2.4.5 if one were
to do this.

Using Design Science Research is highly recommended when continu-
ing the work done in this thesis. There is a good foundation to continue
the cyclic process and keep improving the hypothesis and artifact until sat-

1https://github.com/Elthan/trix2/tree/gamification
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isfactory results and data can be attained. Additionally it is recommended
to further develop the data gathering and statistical sides of Trix.

Expanding these sides of Trix can be done by implementing tools to
track how many and how students use the application, without having
them log in, would give us data on their actual usage compared to self-
reported usage. Adding an option to assignments that lets students
mark them as skipped could tell us more about which assignments they
struggle with or find too easy, additionally it would not dilute the other
possible answers with incorrect data. I.E. students that say they solved
an assignment “with help” but in reality skipped it would now be able to
choose that.
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