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Abstract:

Boredom in primary school is a problem for Dan-

ish students in senior grades. In a survey done

by the Danish Ministry of Education, about a

third of the questioned 7th to 9th graders said

that they frequently found classes boring. This

project presents a solution for the problem state-

ment: "How can gami�cation be used to make

the learning of reducing algebraic expressions by

hand more engaging for students from 7th to 9th

grade?". This is done by developing a program

as an alternative to reducing algebraic expres-

sions by hand. The program implements motiva-

tional a�ordances: levels, point system, progress,

achievement, feedback and leaderboard to increase

the students’ motivation. The program has been

tested at Vesterk�rets skole where a group of 7th

graders tried the program and �lled out a ques-

tionnaire about it. Due to the low sample size of

12 students it was not possible to make a general

conclusion, but from the questionnaire there were

tendencies amongst the students, showing posi-

tive e�ects of the motivational a�ordances imple-

mented and 11 out of 12 students agreed that the

program was more fun to use than doing tasks by

hand.
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Preface

This report is written by group A317b from the department of Computer Science at Aalborg University,

consisting of seven 2nd semester students. The theme of the project is gami�cation in education and

the project has been supervised by Giorgio Bacci.

In the electronic appendix There are �ve solution that can be opened in Visual Studio. There are

solutions for Bridge/Web, Android and Desktop. The last two solutions are for testing. In the folder

’App’ an .apk �le is located which can be used to install our solution on Android devices.

To test the web version open the solution "ThreeOneSevenBee.Development.Bridge.sln" in Visual Studio

and set ThreeOneSevenBee.Frontend.Website as start-up project by left-clicking in the solution explorer.

Finally rebuild the project and run it.

We would like to thank Vesterk�rets skole of Aalborg municipality for allowing us to test our program

on some of their students. We would also like to thank our supervisor Giorgio Bacci for his guidance

throughout the project.

Reading Guide

This report is written in a chronological order and should be read as such. Bibliographical sources are

referred using numbers. The bibliographical sources can be found at the end of the report. Sections and

�gures are referred to by number which is set depending on in which order they occur.

It is expected that the reader possesses a basic knowledge of mathematics and object-oriented program-

ming in C#.

The illustrations used in this report are made by group A317b unless otherwise speci�ed.

Code snippets can be shorter compared to the source code. If a part of the code has been removed the

missing part will be indicated with an ellipsis[...].

The report has been delivered online on Digital Exam where the program’s source code has been attached.

The code can also be found in our GitHub repository [1].
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1 INTRODUCTION 1 INTRODUCTION

1 Introduction

In 2015 the Danish Board of Education asked approximately 470.000 students in primary schools about

their well-being in class [2]. One of the questions in the survey was \Are classes boring?". In appendix

C it is shown that in the third bracket (7th to 9th grade) 39.903 out of 123.120 students answered 'often'

or 'very often' which is approximately a third. It is interesting to �nd a way to engage these students.

Gami�cation is a method to engage people in doing activities that they would normally �nd boring

or tedious [3]. Through the application of game-design principles, various activities are made more

interesting [3]. Applying this to education could be a way to engage students and thereby reduce the

amount of bored students. To study the e�ect of gami�cation in education, we focus on math. The

Board of Education in Denmark has speci�ed that out of about 930-960 school hours, the students in

7th to 9th grade are required to have, a minimum of 150 hours must be dedicated to math as seen on

the table in appendix D. Because of this, we know math is a large part of the curriculum in the Danish

primary school. Looking at the curriculum for math for the third bracket there are �ve topic areas

under numbers and algebra. One of them is formulas and algebraic expressions [4]. This topic will be

the starting point for this project, and we are now interested in seeing if gami�cation can be used to

engage students in learning formulas and algebraic expressions. This leads us to the following problem

statement.

1.1 Problem Statement

How can gami�cation be used to make the learning of formulas and algebraic expressions more engaging

for students in 7th to 9th grade?
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2 Methods

To analyze and solve the problem stated in section 1.1, we use di�erent methods. This section describes

the methods used in this project. This includes a description of gami�cation, how we collect and evaluate

data and �nally, how we are going to develop a solution.

2.1 Gami�cation De�nition

Before giving a de�nition of gami�cation, it may be helpful to understand the de�nition of a game. A

game can be perceived as being many things. In [5], Katie Salen and Eric Zimmerman de�ne a game

as being "[...] a system in which players engage in arti�cial conict, de�ned by rules, that results in

a quanti�able outcome." . The arti�cial conicts can be solving a puzzle, saving a princess, defeating

the enemy and so on. According to [5] , conict can be found in all games and occurs when the user

interacts with the game in order to pursue a goal. The user then has to overcome di�erent obstacles in

order to achieve this goal. Rules are another important aspect of games. The game developers should

de�ne speci�c rules to be followed in order to win the game. Rules within a game de�ne the structure

of the game. An example of a rule for solving a puzzle is that all pieces must �t perfectly together in

order for the puzzle to be �nished.

So what is gami�cation? Karl M. Kapp gives the following description of gami�cation: "Gami�cation

is using game-based mechanics, aesthetics and game thinking to engage people, motivate action, promote

learning, and solve problems" [3]. Making something game-based consists of creating a system in which

the players engage in an abstract challenge. The goal is to make a game where people want to invest their

time and energy [3]. Game thinking is the key principle in gami�cation. It is the idea of taking common

things like exercise and restructure them by means of game elements as competition, co-operation,

exploration and storytelling [3].

In this way gami�cation can be used to promote learning, solve problems and engage people [3]. Gam-

i�cation brings some unique qualities to help solve problems and engage students. With gami�cation,

students can use the co-operative aspects of games to solve problems together. Motivational a�ordances

such as points, leaderboards and achievements can be used to promote learning by making the students

strive for a goal, helping them stay engaged.

2.2 Motivational A�ordances

The term a�ordance refers to the properties between an object and an actor [6], and motivational

a�ordances cover things that can support our motivational needs. When games involve our motivational

needs, we feel engaged and when games satisfy our motivational needs, we feel enjoyment and as a result

we want to keep playing [6].

Early examples of gami�cation are showed all the way back to when the Egyptians built pyramids.

Here motivational a�ordances such as teams and challenges were used to motivate workers [7]. As

gami�cation evolved, other motivational a�ordances came into play. These are e.g. points, leaderboards,

achievements, levels, clear goals, feedback, rewards, progress and challenges [8].

The di�erent motivational a�ordances in gami�cation are elements known from games that can be used
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2 METHODS 2 METHODS

to engage people in doing activities as mentioned in section 2.1. The following is a brief description of

each of them.

Point System

Points are a numeric form of rewards that is used to rate a user's performance [9]. A player or user can

earn points in a variety of ways depending on the genre of the game. In some educational games, one

can earn points depending on how fast a given assignment is completed or according to the di�culty of

the assignment .

Leaderboard

The motivational a�ordance leaderboard promotes competitive behavior. In competitive games a player

can compare his score with those of other players. Some games also have ranking systems, in the sense

that when you win or lose points, you are placed accordingly on the leaderboard. Leaderboards can have

a demotivating e�ect on players who are lagging behind if implemented incorrectly i.e. displaying the

bottom of the leaderboard [9].

Achievements

Achievements are a kind of reward given for completing a speci�c task. Achievements can either be

given for completing essential tasks, but could also be given for completing less important parts of the

game [9].

Levels

Most often a level refers to how far you are in a game. Levels help make di�erent stages of the game

more manageable and provide the user with a better overview of the game, along with providing goals.

Levels invoke a feeling of progress in the user [9].

Clear Goals

Another aspect of games is to have clear goals where the players have a clear vision of what to accomplish,

how to do it and why it has to be done. An example of this is a 'quest' where the player is tasked with

a speci�c objective they have to achieve with some sort of purpose.

Feedback

An example of motivational a�ordances that can be used in gami�cation is the ability to send direct and

clear feedback to the users of the program. By doing so, users will be able to adjust their method for

solving a problem, based on the feedback they receive [3].

Software 2nd semester, AAU
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Rewards

In games you often receive a reward for accomplishing something. Examples of rewards can be virtual

currency, titles, items and so on. The reason behind rewards is to 'give' something to the users for

accomplishing something in the game. Rewards are similar to the point system, but a reward can be

di�erent things depending on the game. You can say that getting a point is a reward, but a reward does

not necessarily have to be a point. Other examples of rewards could be achievements or badges, where

badges are visual representations of achievements [9].

Progress

Progress is a way of telling the players how far they are in a game. Progress is often showed with a

progress-bar. This could e.g. be a bar that shows how far a player is from accomplishing something. The

progress can be compared with other players and it gives a feeling of competition which is motivating

for some players and can make them feel more engaged.

Challenges

One of the motivational a�ordances that reoccurs in many games is challenges or obstacles to overcome.

Challenges provide a level of di�culty to the games, and give the players something to achieve and

overcome. A challenge can be a task that is di�cult to do [9]. This could e.g. be a di�cult level in a

game.

2.3 Gami�cation as a Method

Our project is based on gami�cation and how it can be used to solve problems in education. With that

in mind, we have been looking for problems of relevance to the society in education. We chose to look

at problems regarding boredom in schools. To see how gami�cation can be used to solve the boredom

problem, we will analyze the cause and e�ect of boredom. To get a better understanding of di�erent

motivational a�ordances we will look at di�erent educational program used in education today. From

this we can �nally develop our own program using gami�cation to increase motivation.

2.4 Test-Driven Development

In order to ensure that our program works as intended we will use Test-Driven Development (TDD)

which is a test centric approach to development. The following description of TDD is based on [10].

1. Quickly add a test In this step a test is added. The purpose of this test is to be as small as

possible and to fail right away. It is a test for a feature that has yet to be added, but a feature where

the speci�cations and requirements are completely understood.

2. Run all tests and see the new one fail Next we run the tests and con�rm the test is failing. The

fail is important so we know right away that the test is working properly and that the feature is in fact

missing. If this test passes, the feature is either already implemented or the test has errors.
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3. Make a little change In this step we start to add bits of code, to get the test to pass. At this

point, all worries about code-smell [11] or bad practices are ignored. The goal here is simply to get the

test to pass in as little code as possible.

4. Run all tests and see them all succeed Next we run the tests, and con�rm that the new addition

has properly implemented the required feature. All other tests are run as well, to ensure that nothing

was broken during the addition of this new feature.

5. Refactor to remove duplication Finally, the code is refactored and cleaned up. The code-smell

and other bad parts added in step three are removed and the code is moved to its appropriate place in

the solution.

2.5 Collection and Evaluation of Data

After we have developed a prototype of the program we want to determine how the program answers the

problem statement. To do this we will visit a school and let students in 7th to 9th grade try the program.

To get data from the school visit, we will use the two methods: behavioral analysis and questionnaires,

both described below.

Behavioral Analysis

We will register the use of our solution to get data about the behavior of the users of our solution. This

is done in a passive way where the users are not directly conscious about the data collection. One part

of these measures is the time spent on solving di�erent levels as well as measure how much progress the

users have made.

Questionnaires

This will be used to get a quantitative evaluation of our solution. The questionnaires are intended for

students from 7th to 9th grade and will contain general questions about the solution and its usage. Here

we will focus on getting simple quantitative answers, such as a scale ranging from strongly disagree to

strongly agree.
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3 Problem Analysis

As described in the previous section we are going to develop a program that implements gami�cation.

Before we begin developing the program it is �rst important to get an understanding of the problem's

context. This section is used to get a better understanding of the problem statement and the issues that

are connected to it. This is done by analyzing the cause and e�ect of boredom in primary schools. To

understand the content that the program should present, we look at the current teaching in the Danish

primary schools and what the 7th to 9th graders are supposed to learn in math. After this we look at

current educational programs and how these use di�erent motivational a�ordances. From this we can

discuss which motivational a�ordances are suited to solve our problem statement.

3.1 Cause and E�ect of Boredom

To understand why boredom in school is a relevant problem, this section will look at what boredom

actually is, what might cause it, and which consequences it can have on the development of the individual

student. According to lector in psychology Einar Baldvin [12] boredom is an emotional feeling, like anger

or love, which occurs when an individual is under-stimulated. Professor of Psychology and Management

Mihaly Csikszentmihalyi agrees to this de�nition, and adds that boredom can also occur when the

challenges one face, are too easy for their skill-level [13]. If the challenges are too tough for one's skill-

level, anxiety will replace boredom, see �gure 1. It is therefore important to keep students stimulated

and to adjust the challenges to the individual person's skill-level.

Figure 1: Mihaly Csikszentmihalyi's ow diagram from his book Flow: The Psychology of Optimal Ex-

perience [14].

Boredom amongst students in math class is an important matter to look at because there is usually a

big gap between the students who are good at math, and the students who are less good at math [15]
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and this makes it more di�cult to stimulate every single student in the correct way. The math prone

students do not need a lot of introduction to the subject that is reviewed, and they do not need a lot of

repetition of the same exercises either.

According to Hans J�rgen et al. this will cause the smarter students to lose interest and will thereby also

waste development opportunities. A survey done by "Dansk Industri og Danske Skoleelever" (Danish

Industry and Danish Students), showed that 52,5% of the questioned 217 students have answered "yes,

often" to the question "Are you bored in school, because you are not challenged enough?" [16].

Since a lot of students in the Danish primary schools are a�ected by boredom and since it has a great

e�ect on the learning process of the students, it is important to try to solve this problem. According to

Professor Csikzentmihalyi, this problem can be solved by making the students hit the state of ow. To

help the students reach this ow, we will try and match the assignments with the student's skill level.

3.2 Current Teaching of Math

In the Danish primary school, di�erent teaching methods are used to vary the way students are taught.

According to EMU, a Danish educational portal [17], teachers tend to maintain the student's attention

and interests better, if the teaching methods are varied [18]. Examples of di�erent teaching methods in

the Danish primary school includes: IT, social media and co-operative learning. This section will focus

on IT and digital tools in the teaching of math in Danish primary schools. To do so, this section is

divided into two: the curriculum of math from 7th to 9th grade and di�erent forms of digital tools that

can be used in education.

3.2.1 Di�erent Ways of Teaching Math

In the Danish primary school mathematical problems are sometimes solved with the use of calculators

or with computer programs such as Wordmat and GeoGebra [19]. When manipulating expressions by

hand, the student spends a lot of time writing the expressions on paper, the same goes for typing

a lot of intermediate results on the computer. Since the current way the Danish students are doing

math can be time-consuming, we want to �nd a solution to this, where the student still learns the

same way of manipulating mathematical expressions and learns di�erent arithmetic rules, but in a less

time-consuming manner.

3.2.2 Digital Tools in Math Lectures

With the increased focus on using digital teaching methods in primary schools, the Danish Ministry of

Education allocated 500 million DKK to be used to increase the usage of IT in primary schools from in

the years 2011 to 2015 (Extended to 2017) [20]. The digital tools used in the Danish primary schools

are divided into three categories: Common tools, CAS-tools and educational programs [21].

The common tools are non-specialised programs that can be used in multiple classes. Examples of

common tools are Microsoft Word and Microsoft PowerPoint.

CAS-tools (Computer Algebra Systems) are programs meant to help the user solve algebraic problems.

CAS-tools are often used in math education and can be used to reduce expressions, solve equations and
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draw graphs amongst other things.

Educational tools for math are programs that are build to be used as a tool for math education and may

focus on a speci�c topic in math [21].

In this project we will try to create a digital tool that implements some functionality from CAS-tools

in an educational program, so that the program has functionality for applying algebraic rules to an

expression but it is the student that controls which rules to apply.

3.2.3 Curriculum

The purpose of this section is to clarify what the students from 7th to 9th grade are supposed to learn

in the math topic formulas and algebraic expressions. To do this we look at the overall description of

the topic made by the Danish Ministry of Education.

The topic formulas and algebraic expressionsare divided into three categories [4]:

1. Describe relationships between simple algebraic expressions and their geometric representation.

2. Substitute variables and evaluate algebraic expressions.

3. Manipulate algebraic expressions showing knowledge about rules of algebra.

A key part of formulas and algebraic expressionsis to gain knowledge about rules of algebra. Table 1

shows selected rules of algebra [22]:

Fractions Exponents Parenthesis
a
c + b

c = a+ b
c a� n = 1

an a � b+ a � c = a � (b+ c)
a
b � c

d = a�c
b�d a0 = 1 an � bn = ( a � b)n

a � b
c = a�b

c an � ap = an + p (an )m = an �m

Table 1: Shows selected rules of basic algebra.

3.3 Current Educational Programs

Before we develop a program that implements the rules shown in the previous section in combination

with di�erent motivational a�ordances, we will �rst review the use of motivational a�ordances in two

existing educational programs used for math in Danish primary schools, as well as one of the most well-

known free learning sites in the world, Khan Academy. Furthermore, we will discuss the pros and cons

of the implementation of the di�erent motivational a�ordances as well as pros and cons of implementing

gami�cation in educational games. This will help us form ideas on how to implement motivational

a�ordances into our application.

Emat.dk

Emat.dk is an online digital learning program, that can be used on several electronic devices, such as

PCs and iPads. It has about two million questions and more than 10 levels of di�culty. The program
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provides the user with help for each topic and makes communication between teacher and student easy,

by helping the teacher send out tasks to the students and helping the students send answers back to the

teacher for feedback. The following motivational a�ordances is used at Emat.dk.

Leaderboards are used when the users competes against themselves or other students in e.g. mul-

tiplication and addition.

Levels are used in forms of various assignments with di�erent levels of di�culty. There are 10 di�erent

levels assignments can be made on the basis of.

Feedback is used when the users can see their results in detailed statistics. This way the user can

see where they performed better and where improvement is needed.

Matematikfessor.dk

MatematikFessor is a digital educational system for math in primary schools. The system contains

more than 2000 video lectures combined with tasks that are automatically graded [23]. The tasks can

be completed in various manners, such asSuperTr�neren (The Super Trainer) that trains the user in

numerous subjects or 5 Skarpe, where the user has to answer �ve questions in a limited amount of time.

Point Systems are used to award players after the tasks are completed, on the basis of the amount

of tasks solved correctly and the time, it took to solve them. The points are shown in the top of the

web-page and allow the access of certain rewards. Level and medals are calculated on the basis of the

amount of points the user has earned.

Figure 2: Screenshot that shows points, levels and medals at MatematikFessor [24].

Leaderboards are used on the front page. Here statistics are used for showing 'boys versus girls'

and their respective correct answers. It is also possible to change the view from all schools, to a speci�c

school and even a single class in a speci�c school.

Achievements are used by listing certain titles based on the amount of correct answers. Examples

of these areTalentFessor (0 correct answers), JuniorFessor (500 correct answers) andMatematikFessor

(MathFessor, 2000 correct answers).
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Levels are automatically implemented and adjusted in SuperTr�neren . This tool makes up problems

and assignments that �ts the individual user's skills, abilities and progress [25].

Feedback is used in several ways. InSuperTr�neren the user is instantly told whether the answer is

true or not and the correct answer is provided, but not the way to do it. In 5 Skarpe the user does not

receive instant feedback, but after the test the questions are listed and a way to solve them is presented.

Figure 3: Shows feedback for the question 'what is the product of 4, 7 and 5 ?' at MatematikFessor [24].

Rewards are used by making the user able to change the theme of the Fessor (the mascot of Matem-

atikFessor) based on the amount of correct answers. The di�erent themes of the site's mascot is a

reward.

Progress is shown whenSuperTr�neren is used. In the top left corner, it is stated how many questions

need to be solved till the next star is awarded. The amount of awarded stars is shown in the main page

of SuperTr�neren .

Challenges are used in the main page of SuperTr�neren . Here you can see the challenges within

certain subjects. There are time-challenges and 'correct answers in a row' challenges.

KhanAcademy.org

KhanAcademy.org is a world-wide known learning site, it o�ers free learning material in several di�erent

subjects such as math, programming, art and many more. The site is available in many di�erent

languages. Since the site is not built after the Danish school structure, it is not possible to sort it after

the Danish curriculum for speci�c classes. In addition to all of the videos on the di�erent subjects, there

is a button after most of the videos, to 'Practice this concept' where the user is tested in the taught

subject.
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Point Systems are used to award players, what Khan Academy calls 'energy points'. According

to Khan Academy, energy points "[...] measure e�ort on Khan Academy. Learners earn more energy

points for pushing the edge of their knowledge. They are not a measure of mastery or ability." [26].

Achievements are used in form of badges. There are di�erent types of badges such as the most

common; meteorite-badges or the unknown and rare badges, black-hole badges.

Feedback is used in a very simple manner. After writing an answer and pressing the 'check answer'

button, the user will be presented with a text either saying 'Not correct yet, please try again' or 'Correct!

Next question'.

Progress is used automatically by Khan Academy. Depending on which subject the user is studying,

Khan Academy recommends to resume the learning of that subject by having a list of recently studied

subjects. The users can see their progress on the subjects they are currently studying.

3.3.1 Discussion of Gami�cation in Educational Programs

We have now looked at how three di�erent educational programs implement motivational a�ordances,

we will now discuss the pros and cons of the motivational a�ordances we �nd most relevant for our

solution.

Point System Point systems are used in di�erent ways as a motivational a�ordance. Matematik-

Fessor uses them as a factor of how many tasks are completed correctly compared to the time it took to

solve them, while Khan Academy use them as a measure of how much the users are pushing to the edge

of their knowledge.

The user wants to obtain as many points as possible, especially because it, in most cases, gives some

reward or places them higher on the leaderboard. Making points depend on the amount of solved tasks

alone, makes it motivating for the user to solve as many tasks as possible, but that is not always what

the optimal learning experience is for the user. If the user already knows how to add, but not how to

subtract, there is a chance the user will do more addition problems to earn easier points instead of trying

to learn how to subtract, since it will award points slower.

'Energy points' on the Khan Academy website are earned through various activities, such as watching

educational videos, doing challenges, or earning badges. This motivates the user to watch more videos

about di�erent topics and thereby increase their knowledge, but in the case of the user only wanting to

earn the most points possible, it will not necessarily be the optimal learning experience.

To refrain from making the user only solve the tasks that give the quickest and easiest access to the most

points possible, it would be optimal to make it progressively more di�cult to earn stars within a given

category. Another approach is to have a limited amount of points for each category.

Leaderboards There are di�erent ways of making leaderboards; between schools, against other stu-

dents, against the user itself, or to make up 'fake' leaderboards with pre-set times.
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Leaderboards between schools can be very motivating if you want to be the best school in the competition.

Some students may not care about this, since their individual performance is not celebrated.

Leaderboards between other students can be more motivating for some, but can also have a negative

e�ect on the student's motivation. Students want to beat their classmates, but watching yourself in the

bottom of the leaderboard can be very demotivating. A work-out around this can be to do like Kahoot

[27], where only some of the best students within a class is shown. This would decrease the demotivating

part considerably and make leaderboards a motivating a�ordance for all students in the class.

Leaderboards against the user itself can be motivating by making the user want to beat their own records,

but can also be boring to only compete with yourself.

Leaderboards with made up times can be motivating in regards to the user wanting to beat certain

times (e.g. if certain times award gold, silver or bronze medals). It does not have the human competition

factor, which may not motivate the user as much.

A good way to implement leaderboards in our solution could be for students within a class to compete

against each other only showing the top students on the leaderboard. The leaderboard could be scored

after amount of achievements earned, this way students who complete the game �rst will be shown at

the top of the leaderboard.

Achievements Achievements can be motivating for the user, to make them get the feeling of being

rewarded for their actions. Achievements could be awarded for a wide range of actions, but a few

examples could be if the user completed all the levels in 'Fractions' with the maximum amount of

points. This could, just like point systems, make the user motivated to only do the tasks that award the

easiest way of getting achievements. To refrain the user from doing this, achievements could be hidden,

progressively be harder to obtain or award a speci�c amount of 'achievement points' based on where the

user needs practice instead of where the user is already well-practiced.

Levels Levels are pretty straightforward; they help the user get an overview of how far they are in

a given topic. A way to implement levels could be to manually create all levels. They could also be

implemented automatically as MatematikFessor does it. Here the di�culty is automatically adjusted to

the user's skill level.

Feedback is important for showing the users if their answer is correct or not, and the user will thereby

know if they have learned how to use the applied theory, but there are several ways to give feedback.

Instant feedback, i.e., getting the feedback right after solving the problem, can be in the middle of a test

or before the next problem to be solved. This is helpful; if the user is doing a certain problem wrong,

they can correct it, and know the correct way to solve the rest of the similar problems. Another way

to give feedback is to give it after the test or the list of problems. This can help the user get a better

overview of the problems that were done correctly or incorrectly. If feedback is presented after a test

full of addition problems and the student forgot how to add, the result would just be a lot of incorrect

answers. There could also be no feedback, but feedback is necessary, since the user should know if their

answers are correct or not. Not knowing if the answers are correct or not makes the user incapable of

doing them right in the future.
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The best way to give feedback would be to tell the user if the answer is correct or not after each answer

with an option to see why it is correct or incorrect. This would help the user not repeatedly make the

same mistakes.

Progress Progress is used to show the user how far they are within a given topic, test or problem.

Progress can be used for various things, such as a progress bar, or progress within a given problem,

to show the user how far they are to �nishing it completely. This is relevant in cases of simplifying

expressions, where it is di�cult to know when an expression is simpli�ed completely.

Discussion of Gami�cation in General By implementing gami�cation in a certain subject, it

is possible to make the subject more interesting for the users. This requires knowledge of the di�erent

motivational a�ordances in gami�cation, and how to use them correctly. Implementing gami�cation

requires a certain amount of resources to do correctly, it takes time to make a game that is interesting

enough to catch the users' attention. In our context, we would like to optimize the users' learning

processes by making all the users hit the state of 'ow', as described in section 3.1. To make the

students hit this state, we implement game elements such as levels, to match the individual student's

skill-set, with the challenges they are going to face. Doing this would help the teacher save a lot of

time that was previously used on helping all the students with di�erent skill levels. When implementing

gami�cation in education, it is essential to prioritize the focus on teaching the subject, rather than

making the game as 'fun' as possible. Since the school has a speci�ed time allotted for each class, where

a certain curriculum has to be covered it is essential to make the game achieve these requirements rather

than only implement game-elements that decrease time spent on learning.
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4 Final Problem Statement

From the previous section Problem Analysis we now see that boredom in math can be the result of

challenges that do not match the student's individual skill. As mentioned in section 3.3.1, it is important

that the implementation of gami�cation does not remove focus from learning the subject. As explained

in section 3.2.1, our goal is to �nd a new way for students to reduce algebraic expressions rather than

doing it with pencil and paper. This leads us to the �nal problem statement:

How can gami�cation be used to make the learning of reducing algebraic expressions by hand more

engaging for students from 7th to 9th grade?

This project will focus on answering the problem statement by developing a solution that answers the

following questions.

� How can gami�cation be implemented in educational programs without reducing the actual time

spent on learning?

� How can the learning of formulas and algebraic rules be gami�ed?

� How do we ensure that challenges meet the individual student's skill level?
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5 Idea

The purpose of this section is to describe our idea for the solution of the problem statement. We will

�rst discuss di�erent approaches that we have come up with during the group discussions, then choose

and sketch the idea which we want to develop.

5.1 Comparison of the Di�erent Approaches

To �nd an approach for developing an educational program using di�erent game elements, this section

describes two di�erent approaches to combine math and game elements.

Hiding Math in a Game The idea behind this approach is to change the representation of expres-

sions. This could be variables represented as objects, such as diamonds, animals, gold, rubies and so on.

In this way mathematical expressions are presented as things the students are familiar with, instead of

using standard symbols such as x, y, and z.

An example of hiding math in a game is DragonBox Algebra [28], where variables are represented as

bugs or animals.

This approach has the advantage of enhancing the user's motivation without moving the focus from

math. Changing the representation of expressions can have both motivational and learning advantages.

The disadvantage of this approach is that it is required that the program makes the connection between

the game representation and the traditional mathematical representation of expressions. Since we focus

on 7th to 9th grade students that already know basic algebraic manipulation, it can be tedious for

them to spend time on learning the new representation instead of using the traditional mathematical

representation.

Presenting Math as a Game In this approach the traditional notation of expressions is used.

The idea is to make mathematical expressions more visual and manipulative. Thereby, the goal is to

make math more playable.

The advantage of this approach is that students learn to use the traditional representation and become

more familiar with this representation. Therefore, they do not need to spend time on learning another

game representation like it was the case in the �rst approach. The disadvantage of this approach is that

it may be di�cult to �nd a way to visualise and manipulate mathematical expressions in its original

representation while keeping the motivation high.

Comparing The Approaches The �rst and second approach both focus on math. The �rst

approach may be more motivating but also has to make the translation between the traditional repre-

sentation and the game's representation of expressions. The �rst approach may be more well-suited for

a younger audience because they have not yet learned the representation of expressions.

Since the �rst approach requires time spent on learning a new representation, we have chosen to focus

on the second approach. This approach will teach the students how to manipulate and reduce algebraic

expressions in a more playful manner while still using the traditional mathematical notation. The goal is
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now to make an educational program that implements motivational a�ordances and uses the traditional

representation of expression. Therefore, our goal is to make algebra more visual, manipulative and

motivating.

5.2 Gamifying Math

The purpose of this section is to explain how we want to use di�erent motivational a�ordances in

order to gamify the way students are taught math. In this section we will introduce the motivational

a�ordances that are going to be used, and how they will be implemented in accordance with the idea

mentioned in the previous section. The motivational a�ordances, we want to implement are: levels, point

systems, progress, achievements, feedback and leaderboards. The �rst sketch describing the idea behind

our program is shown in �gure 4.

Figure 4: Shows the idea behind the program where progress shows how much the expression is reduced.

Levels

In our solution we will have di�erent categories e.g. fractions and exponents. Each category will contain

di�erent levels, and the goal is that the higher the level, the more di�cult the assignments. A way to

show this could be like on �gure 4 which shows eight circles that indicate the number of levels in the

current category and the progress made in each level. The color indicates how many stars the player

gained in that level. A big red circle indicates the current level reached.

Point Systems

We want to use point systems, because it is a way to measure the student's abilities, similar to Matem-

atikFessor, described in section 3.3, because we think that getting points is important when you need

to keep young people interested and or motivated in something. In �gure 4 three stars are shown on a

progress bar. You earn stars by reducing the equation. The point system could also help teachers in

keeping track of the progresses of the students on each subject.
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Progress

As a part of learning math we want to show the students how far they are in completing an assignment.

To do this we will implement a progress bar that illustrates the amount of progress made within a level.

Figure 4 shows an example of a progress bar, where the green line indicates how far the students are

from completing the level. The progress bar also serves as a part of the point system where stars are

earned when you reach a certain point on the progress bar as illustrated in �gure 4.

Achievements

In our solution, achievements are implemented to motivate the students. An example of this is to �nish

an entire category with the maximum amount of stars. Another achievement could be to complete a

level in the fewest possible steps.

Feedback

As mentioned in section 3.3.1, feedback is important. We want the students to receive instant feedback

when they manipulate expressions. The progress bar is used as feedback that shows the students when

they reduce or expand the size of the expression.

Leaderboards

The purpose of leaderboards is to motivate students by letting them compete with each other for a better

rank in the leaderboards. Leaderboards are made from logged data from each user based on the achieved

points and completed levels. From this, it will be possible to make leaderboards to show which schools

are doing the best, which students are doing the best in each class or compare other groups. We want

to only show about 25% of the best students in the leaderboards, to prevent the not so good students

to be demotivated by being in the bottom of the class.

6 Program Description

Based on the idea described in the previous section we developed the program which we will now describe

with all of its features. By reading this section one should get an understanding of how the program

works and how to use it. As mentioned previously, this game is made for Danish schools which is why

the text etc. in the pictures will be in Danish.

6.1 Login Menu

By accessing the websitehttp://webmat.cs.aau.dk/ the user will be presented with a login screen

similar to the one shown in �gure 5. Here the user has to write their username, typically �rst name

followed by the initials of their last name, and their password. After this, the large green `Log ind'
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