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Chapter 1

Summary

In this thesis I will describe the methods used and problems I have faced
and attempted to solve during my time developing a math game for younger
kids, a game that makes an attempt to teach kids something called number
sense. Teaching pre school kids about number sense is something relatively
new and the group I have been working with are of the understanding that
it’s something that is very likely to be important to prevent children from
falling behind in math during the earlier years of school. Number sense
basically means the ability to connect symbolic numbers to their meaning in
terms of sets, amounts and dimensions such as larger-smaller, higher-shorter,
more-less, etc. If this proves to be useful then the quality of education will
improve as a result of more children being able to keep up with their math
from an early stage.
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Chapter 2

Introduction

In this chapter the problem and task at hand is described in detail. My
methods and reasoning is described in a following chapter.

2.1 Motivation

The motivation behind this project is mainly to help preschoolers develop
their numbers sense, that is an intuitive understanding of what numbers
refer to, including the ability to convert between different representations
of numbers. This is something that first grade teaching does not teach in
depth but instead is likely to just assume that children already know this
right off the bat.

2.2 Purpose

This thesis work is aimed at solving the problem of teaching pre school
children number sense in a way they find fun and enjoyable. If they’re
having fun they’re going to stay interested in the material they’re being
taught. The final product will be a game aimed at teaching children about
number sense in an attempt to better prepare them for school.

2.3 Problem formulation

Teaching children is not as easy as just listing information in front of them,
therefore there are more things to consider than to just writing down exactly
what it is you want them to know. This includes but is not limited to how
we present this information and make them interested in learning it.

• Can we make use of the Teachable Agent concept when making a game
for younger children?

2
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2.4. LIMITATIONS CHAPTER 2. INTRODUCTION

• How can we make the game fun and interesting for the child and make
them want to keep learning?

• How do we gauge if the children are successfully taking in what we are
trying to teach them?

2.4 Limitations

Graphic design is not part of the project. Design suggestions and temporary
assets are made including sound, layout and images but the final responsi-
bility is on another project member. Back-end like database usage as well
as the calculating and selection of game and difficulty is not part of this
project.
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Chapter 3

Background

Educational Technology Group (Lund and Linköping Universities) are to-
gether with School of Education, Stanford University, developing an educa-
tional math computer game for preschool children. The goal is to be used
as a practical way to teach children and as a research tool for the learning
process of young children. An important part in this way of teaching is the
use of a so called Teachable Agent (eng. Teachable Agent, TA) (Blair et al,
2007), more below. There are already a number of TA-based educational
methods but all of them are aimed at kids of an older age, from 8 all the
way up to high school level of education. This is the very first TA-based
educational tool aimed at younger kids.

The educational elements of this computer game are as follows:

• The game focuses on basic understanding of what’s needed from the
children before they begin the math education the school offers: an
intuitive understanding of number, a so called ’number sense’. Studies
has shown that all too many kids do not grasp this before they start
their first year of school and these kids have a harder time keeping
up as a result. This can lead to them needing extra time to catch up
which isn’t always available.

• The educational game will dynamically adjusts the difficulty for each
user based on their performance. This means kids who are already
good will not get bored by it being too simple and kids who need some
extra time will still be able to progress forward at their own pace. This
is important because the difference between individual children in a
group of 4-5 year olds or a preschool class is enormous. The aim is to
make this game for everyone.

• There’s a story to the game that’s about more than just math. The
point to this being that not everyone thinks math is fun. A fun story

4
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CHAPTER 3. BACKGROUND

in addition to exciting visuals and sound will be interesting even to
kids who are not very fond of math.

• The child is not only suppose to solve problems, they are also tasked
with showing a little creature how to do it themselves. This method
of learning by teaching is known to work especially well for kids who
are a bit weak or insecure; it makes them feel as if they know a little
bit more than the creature they’re teaching, that they’re the teacher.

A larger project group is working with this game with a main deadline
in September. The programming language is Javascript and the game had
already at the start of the thesis work a framework built for adding sub-
games to. This framework and the sub-games made in it uses a game engine
called Phaser to make certain tasks often found in simple games easier as it
acts as a library for functions regarding buttons, hit detection and drawing
to name a few.

5
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Chapter 4

Theory/Related works

A paper on Teachable Agents has been written (Blair et al, 2007) of which I
took the time to read through to better understand the concept of Teachable
Agents. In this paper it is described how Pedagogical Agents (TAs) are and
how they work. There’s an example of a TA, discussion of the features
that TAs provide that makes it different from other ways of teaching and
capitilizes on the learning by teaching interaction between the student and
the computer. A few examples are:

• Explicit well-structured shared visual representations, which basically
means that you’re able to see the thought process of the TA in a way
you can’t really do when you interact with other people.

• Independent performance of the agent. Based on what the agent is
taught they try to use this knowledge independently without direct
input from the player to solve the problem.

• The agent’s ability to model productive learning behavior. The agent
will ask questions and suggest learning strategies to check if it has
understood correctly.

• Embedding the agent in environments that support teaching. Being
on the computer the student can easily be provided with hyperlinks
and other resources to help the learning process along.

Another related work regarding mostly the number sense aspect of this
project goes under the name “Teaching Number Sense” (Sharon Griffin,
2004). Here they define exactly what number sense is. It’s more about what
numbers are representing in contrast to how to manipulate them. That
the symbols are representing quantities. The paper also talks about how
number sense develops in the brain. As a child grow older, at around four
years old, they usually start to connect their sense of global quantity with
counting and thus numbers with quantity. For more information about the

6
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CHAPTER 4. THEORY/RELATED WORKS

development on number sense and how to teach it see the references as the
paper is freely accessible on the web.

7



“masterthesiseng” — 2014/8/5 — 17:15 — page 8 — #14

Chapter 5

Method

I started with sitting down to divide the problem into smaller sections. I
wanted to start with the very basics which was to learn how to use the
tools I had been given to carry out my work which in this case was the
programming language and the game engine we were going to use as well as
the code framework already available in the project from the start.

The programming language javascript I was familiar with from before,
having done some work with it a few months before the start of this project.
I did not need to find any new information here but was supplied with a
link to a good website where it was quite easy to look up language related
issues.

I spent a couple of days familiarizing myself with the game engine Phaser,
a free to use engine for games in Javascript. The official website had many
examples I could read through and try to imitate as well as a guide on how
to make your first game, which I followed. This also included setting up a
work station at home with the proper software installed.

The next step was for me to figure out what had been done previously
in the main framework. To do this I looked at the other available game and
tried to imitate it. The ideas were pretty different but I tried to make the
structure the same so it would be easy to follow for both myself and others
who might continue working on the project after I’m gone. It consists of
splitting the work up in many sub categories so it’s easier to get a good
overview of the flow of the game. It starts with an intro before going over
to the play phase where you make a guess. A correct answer will move you
to the next phase until you’re in the final phase and the game ends.

One of the biggest problems I faced was to make the player able to add
balloons to the bucket in order for it to fly upwards. This problem includes
detecting when the player presses down on the balloons, how to react to
the press, how to represent the balloons and how many are remaining and
ultimately make it fun and easy to use and see what’s actually happening.
So how did this turn out in the end? Visually I decided to go with the

8
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CHAPTER 5. METHOD

balloons all bunched up together tied together to a single point. This was
done by having several different textures that was loaded onto a single sprite
one at the time depending on how many balloons were left to pick. It
was either this option or having them all lined up. I did it the way I did
to make it easier to reset the whole thing as well as keep the number of
objects on the screen at any one time down to avoid it getting cluttered and
confusing. Another step I made for similar reasons is that when you let go
of the balloon it floats back to one of the stacks of balloons to avoid them
obscuring something important on the playing field. Another design choice
was on how to represent the cliff and the different caves present on it. The
solution I finally picked is not perfect, with the cave entrances alternating
left to right as they go higher and are ordered by height. Another solution
would be to have them all above each other on one line. The reason I ended
up not going with this approach was because there were in my opinion not
enough space. The design documents specified having 9 caves and with the
sky above and the grass below, to have them all in a single file would not
fit unless I made them smaller. For it to look good the caves and ultimately
the treasure would be way too small to make out what it is. Even in the
current implementation it’s rather small but not nearly as small as it would
have been if they were all in single file. Those two were the biggest design
challenges. Other things I did was mostly to make things be clear, give
the player feedback so they know what’s going on. A button press should
have a consequence. I also tried to make the playing field a bit more living,
less sterile and seemingly dynamic without giving too much freedom to be
distracted from the playing and learning.

9
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Chapter 6

Result

The game was successfully made to meet all the requirements given at the
start of the project. I was part of the design process with several of my
suggestions added to the final product.
The game has:

• A group of balloons bunched up from which you can click and drag to
move one of them around at a time. They can be attached to a basket
or returned to their original location.

• A basket which depending on the amount of balloons attached to it,
will fly to different heights at the press of a button.

• A background which change depending on the difficulty selected at
the start of the game. It is not static and has moving and sometimes
intractable parts that do not inhibit the playing of the game.

• Two character sprites that move around and interact with the player.
One bug that needs help getting to the treasure. And the Teachable
Agent (TA) that wants to learn by watching the player solve the puzzle.

• Several surprises waiting for the characters when opening one of the
treasure chests.

• Animations that range from simple tweens to frame by frame sprite
cycling.

10
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Chapter 7

Discussion

In this chapter we will discuss the result and the method of the work that
has been done. What could have been done differently. My own thoughts
and perspectives on it.

In this chapter we will discuss the result and the method of the work that
has been done. What could have been done differently. My own thoughts
and perspectives on it.

7.1 Result and further improvements

I think it turned out great. I did not compromise things by doing it the
easy way. If I wanted it to look a certain way I kept trying to figure out
how to make it look like I wanted rather than go around it. Some of the
animations are a little bit stiff in my opinion. That’s more of a graphical
thing however in my opinion as more frames could be added, give the bug a
walk cycle or individual moving parts. Overall the graphics look good when
it comes to the background and the characters. The buttons however don’t
mesh well with the rest yet and might want to be looked at. They have a
more realistic wood tone to them in contrast to the cartoony background.

I think it turned out great. I did not compromise things by doing it the
easy way. If I wanted it to look a certain way I kept trying to figure out
how to make it look like I wanted rather than go around it. Some of the
animations are a little bit stiff in my opinion. That’s more of a graphical
thing however in my opinion as more frames could be added, give the bug a
walk cycle or individual moving parts. Overall the graphics look good. The
background and the characters. The buttons however don’t mesh well with
the rest yet and might want to be looked at. They have a more realistic
wood tone to them in contrast to the cartoony background.
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t❤❡ ❜❛❝❦❣r♦✉♥❞ ❛♥❞ t❤❡r❡❢♦r ✬✐♥✈✐s✐❜❧❡✬✳

❚❤❡ ❜❛❧❧♦♦♥s ❛❧s♦ ✉s❡❞ t♦ ❡❛❝❤ ❜❡ t❤❡✐r ♦✇♥ ✈❛r✐❛❜❧❡ ✐♥ t❤❡ ❝♦❞❡ ✇❤✐❝❤
♠❡❛♥t t❤❡② ❝♦✉❧❞ ❜❡ ♠♦✈❡❞ ✐♥❞✐✈✐❞✉❛❧❧②✳ ■ ❝❤❛♥❣❡❞ t❤❛t ❜❡❝❛✉s❡ ✐t ❣♦t ❛ ❜✐t
t♦♦ ❞✐str❛❝t✐♥❣ ❛♥❞ ♠✐❣❤t t❛❦❡ ❛✇❛② ❢r♦♠ t❤❡ ❧❡❛r♥✐♥❣ ❡①♣❡r✐❡♥❝❡✳ ■ ❢♦✉♥❞
t❤✐s t♦ ❜❡ ❛ ❧❡ss ❡❧❡❣❛♥t s♦❧✉t✐♦♥✳

❲❤❡♥ ✐t ❝♦♠❡s t♦ t❤❡ ❛♥✐♠❛t✐♦♥s ■ ❞✐❞ ♥♦t ✇❛♥t t♦ ❞♦ ♠✉❝❤ ❛t t❤❡ st❛rt
♦❢ t❤❡ ♣r♦❥❡❝t✳ ■ ❥✉st ♠❛❞❡ ✈❡r② ❜❛s✐❝ ♦♥❡s s✐♥❝❡ ■ ❛ss✉♠❡❞ t❤❡r❡ ✇❛s ❛ ❤✐❣❤
❝❤❛♥❝❡ t❤❛t t❤✐♥❣s ❝♦✉❧❞ ❜❡ ❝❤❛♥❣❡❞✳ ❆♥✐♠❛t✐♦♥s t❛❦❡ ❛ ❧♦t ♦❢ t✐♠❡ ❛♥❞ ■
✇❛♥t❡❞ t♦ ♠❛❦❡ s✉r❡ ■ ❞✐❞♥✬t ❤❛✈❡ t♦ ❞♦ t❤❡ s❛♠❡ ❥♦❜ t✇✐❝❡ ✐❢ ■ ❞✐❞♥✬t ❤❛✈❡
t♦✳

❲❤❡♥ ❛❞❞✐♥❣ ❞✐✣❝✉❧t✐❡s t♦ t❤❡ ❣❛♠❡ t❤❡r❡ ✇❛s t❤❡ q✉❡st✐♦♥ ♦♥ ✇❤❡t❤❡r
t♦ ♠❛❦❡ ❛ ♥❡✇ ❣❛♠❡ t❤❛t ✉s❡s t❤❡ s❛♠❡ ❛ss❡ts ♦r ♠❛❦❡ ♦♥❡ ❜✐❣ ✜❧❡✳ ❚❤❡
♣r♦s ❢♦r ♠❛❦✐♥❣ ♦♥❡ ❜✐❣ ✜❧❡ ✇♦✉❧❞ ❜❡ t❤❛t ✐t t♦♦❦ ❧❡ss s♣❛❝❡ ♦♥ t❤❡ ❞✐s❦
❜✉t t❤❡ ❝♦♥ ✇♦✉❧❞ ❜❡ t❤❛t ②♦✉ ✇♦✉❧❞ ❧♦❛❞ ❛ss❡ts ②♦✉ ♠✐❣❤t ♥♦t ♥❡❡❞ ❛t t❤❡
t✐♠❡✳

❚❤❡ s♦✉♥❞ ✜❧❡s ❝♦✉❧❞ ❜❡ ❡✐t❤❡r ♦♥❡ ❜✐❣ ✜❧❡ ✇✐t❤ ❞✐✛❡r❡♥t ♠❛r❦❡rs ♦♥ ✐t ♦r
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s❡✈❡r❛❧ s♠❛❧❧ ✜❧❡s✳ ❚❤❡ ❜✐❣ ✜❧❡ t❛❦❡s ❧❡ss s♣❛❝❡ ✐❢ ②♦✉ r❡✉s❡ ♣❛rts ❢♦r ❞✐✛❡r❡♥t
✈♦✐❝❡ ❧✐♥❡s ❜✉t t❛❦❡s ♠♦r❡ s♣❛❝❡ ✐❢ ②♦✉ ❞♦♥✬t✳ ■ ✇❡♥t ✇✐t❤ t❤❡ s♠❛❧❧❡r ♦♥❡s
❜❡❝❛✉s❡ ✐t ✇❛s ✇❤❛t ■ st❛rt❡❞ ✇✐t❤ ❜❡❢♦r❡ ■ ❦♥❡✇ ❛❜♦✉t t❤❡ ♦t❤❡r ✇❛②✳ ❚❤✐s
♠✐❣❤t ❜❡ s♦♠❡t❤✐♥❣ t❤❛t ❝♦✉❧❞ ❜❡ ❝❤❛♥❣❡❞ ✐♥ t❤❡ ❢✉t✉r❡✳ ❍♦✇❡✈❡r ■ ❞♦♥✬t
t❤✐♥❦ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❣❛♠❡ ✐s t❤❛t ❤❡❢t②✳ ❇✉t ✐t ♥❡✈❡r ❤✉rts ✐❢ t❤❡r❡✬s
❡①tr❛ t✐♠❡ t♦ ♦♣t✐♠✐③❡✳

❚❤❡ s♦✉♥❞ ✜❧❡s ❝♦✉❧❞ ❜❡ ❡✐t❤❡r ♦♥❡ ❜✐❣ ✜❧❡ ✇✐t❤ ❞✐✛❡r❡♥t ♠❛r❦❡rs ♦♥ ✐t ♦r
s❡✈❡r❛❧ s♠❛❧❧ ✜❧❡s✳ ❚❤❡ ❜✐❣ ✜❧❡ t❛❦❡s ❧❡ss s♣❛❝❡ ✐❢ ②♦✉ r❡✉s❡ ♣❛rts ❢♦r ❞✐✛❡r❡♥t
✈♦✐❝❡ ❧✐♥❡s ❜✉t t❛❦❡s ♠♦r❡ s♣❛❝❡ ✐❢ ②♦✉ ❞♦♥✬t✳ ■ ✇❡♥t ✇✐t❤ t❤❡ s♠❛❧❧❡r ♦♥❡s
❜❡❝❛✉s❡ ✐t ✇❛s ✇❤❛t ■ st❛rt❡❞ ✇✐t❤ ❜❡❢♦r❡ ■ ❦♥❡✇ ❛❜♦✉t t❤❡ ♦t❤❡r ✇❛②✳ ❚❤✐s
♠✐❣❤t ❜❡ s♦♠❡t❤✐♥❣ t❤❛t ❝♦✉❧❞ ❜❡ ❝❤❛♥❣❡❞ ✐♥ t❤❡ ❢✉t✉r❡✳ ❍♦✇❡✈❡r ■ ❞♦♥✬t
t❤✐♥❦ t❤❡ ♣❡r❢♦r♠❛♥❝❡ ♦❢ t❤❡ ❣❛♠❡ ✐s t❤❛t ❤❡❢t②✳ ❇✉t ✐t ♥❡✈❡r ❤✉rts ✐❢ t❤❡r❡✬s
❡①tr❛ t✐♠❡ t♦ ♦♣t✐♠✐③❡✳
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t❡st❡❞ ♦♥ t❤❡ r❡❛❧ t❛r❣❡t ❛✉❞✐❡♥❝❡✳
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