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[bookmark: _Toc413684784]Abstract
This report covers the research done to understand where the game will help most within the education system as more and more students start to struggle with the academic pursuits and teachers also being affected negatively. It will also cover the designing approaches other game developers have taken to create a puzzle games.

[bookmark: _Toc1830017331]Chapter 1 – Introduction
This chapter will cover my initial thoughts on engaging with the project and covering my aims and objectives for the project.
This project’s main purpose is to help with the teaching of mathematics at the fundamental level, specifically addition, subtraction, multiplication and division with the overarching aim to create a game that can specifically help with that, a puzzle game no less.
As the game to be created is a puzzle game, four main objectives came to mind during the proposal:
1. Understanding the basic concepts of math
With the first objective, it is aimed at those that struggle with day-to-day mathematics and have this game be able to help with that, as there is no better way to learn a subject or an idea that is not through actively practicing and doing the work for it, with the end goal being that the user has a better grasp of addition, subtraction, multiplication and division and feels much more confident with their abilities.
2. User friendly UI design
This objective is a must have for any software or application, as the design of the User Interface is just as important as the main implementation of the software or application, as if the user is unable to understand and navigate the interface, they are less likely to continue using it.
3. Rewarding to the player
For this objective, the game itself needs to be rewarding for the user, either through visuals on the screen (like giving out points based on completion of the level) or through audio from the speakers (like playing happy jungles after a level completion), as this rewards the user through positive affirmations and helps them learn.
4. Satisfying puzzles
This objective aims at the overall design of the puzzles themselves, as a puzzle at face value cannot be overwhelming to the user as the user what have an idea on what to do and be discouraged from completing the level but also the level cannot be too simple otherwise the user might not learn anything but simple levels are also useful for learning basic controls and any game mechanics for the first time. Therefore, a solid balance between simplicity and complexity must be struck to create the ideal difficulty for each individual level so that they are satisfying to complete.
The following chapters (in order) will discuss the research done to better understand the project and the reasoning for it, the development and design of the demo puzzle game with any limitations or hinderances occurring, then evaluating the project as a whole and concluding my findings with some self-reflection regarding future endeavours.

[bookmark: _Toc539266539]Chapter 2 – Research
This chapter will cover all the research that I have done to better understand the problem that the project aims to solve, with knowing how the education system is being handled with how the students are coping with it, alongside understanding how to design puzzles for video games and inspiration for doing so.
[bookmark: _Toc2027713631]Education of students
This is a major topic to understand, as being able to understand the students or even the education system that they are part of, will help better understand where this puzzle game seems to fit in.
Firstly, the education system is the first thing that was focused on, as that directly impacts the research for student behaviour, and especially the bad side that will be discussed later. The report published by Education Policy Institute (EPI) that is available in source [1] directly compares the pre-pandemic years of test statistics (tests include: reading, maths and science grades of year 5 and year 11 students, passing grades of Key Stage 4, absence of students, funding of schools) to post-pandemic test statistics with other valuable information that help with the project (being mindful that all of these statistics mainly apply to schools in England).
On page 8 of the report in source [1], figure 2 shows a graphic regarding the Key Stage 2 attainment percentage, where it shows both pre and post pandemic percentiles with the expectations set to possibly meet the ambitious 90% that the government has set to achieve with its schools [1]. With this graph, it shows that right before the pandemic began, an attainment score was only at 65% in 2018/19 [1] with it dropping to worrying 59% after the pandemic in 2021/22 [1], and what these percentiles mean is the percentage of students in Key Stage 2 specifically that are achieving passing grades at the end of primary school, which is very bad news not only for the government, but also future employers and society as a whole, as there will be more uneducated people that will be unable to take certain jobs that either pay well or needed for a company to function and stay afloat.
These scores are not merely from people just not learning as much as they should, but these statistics also considers students that are disadvantaged, either through financial reasons, physically or even possibly both. The report on page 9 [1] states that “around 40 percent of the disadvantage gap at age 16 is already evident by age 5” [1], which is the gap of knowledge and information of the student compared to their peers, it has affected those from low-income backgrounds the most since the pandemic ended and has even widened since [1]. In 2022, the disadvantage gap at GCSE level was at an all-time high of 18.8 months [1] which is an equivalent to more than a whole year of study and learning, which is very concerning for higher level education, as it will be less likely for them being eligible to attend universities.
[bookmark: _Int_28VRQpxi]Another valuable piece of information that the report [1] mentions is on page 22, which is about the percentage of students that are absent from schools. It states that in the autumn term of the academic years 2022/23, the absence rate of students has risen to 7.5% [1], which is a tell that the students are either skipping schools, are absent due to having serious illnesses or having family related problems. This is visualised on the next page (23) with graphic of figure 12 [1] with clear labels of authorised absences for both illness related and not illness related, and unauthorised absences (being of the likes of skipping school). With this information of more and more students that are not attending school, and either engaging with online sources or not, is worrying as their capability to socialise is being hindered more and more, with disadvantaged students and students with special educational needs are suffering the most after the pandemic [1].
The final area that the report [1] covers that is important to the project, is how the educational system (at least in England) is dealing financially. On page 18 of the report [1], it starts to talk about the spending schools do on a per student basis which overall has decreased by 9% in the decade leading to 2020 [1], but most importantly the funding for education that covers the age gap of 16-19 has been seeing budget cuts at twice the rate compared to other age gaps in schools [1], with these budget cuts, professional or even quality resources needed to teach certain subjects (of likes of physics, biology, chemistry, computer science, etc.) will start to be lacking if they are not being properly taken care of. The spending per student at this age gap is not the only one with cuts as mentioned, and in the report [1] on page 29, the figure 16 talks about the relative spending with the base line being primary schools, and in the past 30 years, higher education has seen a massive drop in spending per student by over a half from a relative 3.5 in 1991-92 to just above 1.5 in 2021-22 [1]. Again, this not the only cuts that are being made in terms of spending, but also the workforce (teachers) has also shrunk [1], which only leads to more crowded classrooms with less teacher-student interactions and more focus on teacher-classroom interactions which can affect the overall teaching effectiveness on a per student basis. With the fact that not many teachers are being hired, meaning more are struggling due to an increase of students, their pay has also seen a reduction, the report states on page 32 that teachers outside of London and under the age of 30 have been seeing 10% less pay compared to other professionals that are of the same age group, with those in their 50s have only seen a reduction of 3.5% pay [1].
This section really helps to set the stage of how much the education system is struggling behind closed doors, as we have heard stories from people or even from teachers about how their pay is not what it should be, and that everyone (both students and teachers) is struggling in this system, with this project only being a small help to try alleviate these problems.

[bookmark: _Toc172202711]Mental Health of students
A topic that is odd to talk about, both overall and within this project, but it is good to understand how people are struggling outside of school or work and be able to better design a more relaxing atmosphere for the puzzle game.
A significant problem for students and workers alike, is stress, but that only impacts people in the short term as there are many ways to deal with stress, as stress mainly impacts the way you sleep, your energy levels and emotions towards others but are still able to do what you are asked of [14], which is not the same as burnout, in the case of this project, academic burnout. Burnout is classified as a syndrome by the World Health Organisation (WHO) which is multiple symptoms and signs of health-related causes as one collective [14].
Why is it important for it to be covered by the project? As many people might be suffering from burnout and simply do not voice their concerns as they should, as source [14] reports that 91% of UK adults have experienced high or even extreme levels of stress in the year 2024 with source [16] reporting 74% of people have been overwhelmed from their stress in 2018. On top of that, source [17] has analysed a survey done by The Global Student Survey for 2024 and reports that 44% of undergraduate students of the age 18-21 have been suffering with academic burnout.
There are ways to deal with such problems, with some being more effective than others, but there are many factors that can affect students, no matter their age. Here are some key areas that can affect a student of any age:
· Isolation
· One of the key areas is isolation, as when you learn and lack any connection to your peers, you start to feel that there aren’t people there to support you [15] and the work that you do start to be unfulfilling and unrewarding, leading to burnout [14][15].
· Physical health and family
· When a student starts to feel that they have too much work to be dealing with, they can start to neglect some parts of their life, like their physical health, family and friends [15] so that they can focus on their work more.
With mental health in mind, I wish to create designs that can appeal to almost anyone so that they can pick it up as not only a way to learn but also to relax and enjoy themselves figuring out puzzles.

[bookmark: _Toc1632064878]Similar Works
Additionally, a similar report [4] has been published on 31st of March 2021 from Hong Kong Baptist University [4], where their study is about how educational games can potentially enhance or even improve the learning capabilities of students [4]. Their study covers the process and background research they did to create their game called “PaGamO” [4] to gamify learning to make it more fun, ability to learn on your own and be able to strive for higher grades for the final exam [4].
This study talks about gamification of learning and mentions that schools have been starting to implement these strategies for learning since 2013 [4], which as of this project is over a decade ago, and many more games have been developed since then with many varying effectiveness. The study has also analysed a literature review from 2015 [4] that has surveyed 53 educational games and where they have been tested, with 60% of those games seeing effectiveness at higher education and only 40% seeing effectiveness at primary or secondary schools [4], of which gives a massive boost in confidence that a project like this can work when put into a real case scenario.
Additionally, the overall mood and attitude towards learning has become more positive [4], as the students find the learning process more as playing among friends [4] making the overall teaching environment more casual rather professional which allows for students to be more motivated [4] and relaxed, but there is a downside to gamifying education. When gamifying education, it does not take into consideration that some students may be using games to relax, with those games not necessarily being educational, and the educational games may not have the same effect but rather be detrimental to them, the study mentions that usage of said games has seen mixed results [4], with some of seeing a decline in academic performance [4].
Where does it put the project with that kind of information? Overall, the game itself would not be used as the way to teach mathematics but rather as an alternative way to teaching. A student could be told about this game, be shown the game in class and then they decide to either play during their free time at school or at home, so that the game can been seen as a casual, relaxing puzzle game rather than an educational game being used as a tool. This study [4] has provided their game to students, and it was basically used as a tool for learning, an alternative way for teaching.
The study’s findings are that their game “PaGamO” was used as an alternative way to study/revise as said by some students that they have surveyed [4], and overall, the study has found that about 6.3% of final examination scores were attributed to the use “PaGamO” as a way to improve [4]. A statistic like that does not bode to well, but as it was a final examination that it was conducted on, more students would be reliant on their own memory and actual study of material given by teachers rather than the game itself, even though the students were informed that 20% of questions that were in “PaGamO” would be in the final exam [4].

[bookmark: _Toc1945691427]Designing a puzzle game
In terms of knowing how to design puzzles and the game itself, knowing how to design puzzles is rather important and the game can be built around the designs.
Before designing levels for the puzzle game, it is better to understand how other developers have designed their puzzles, with what their approach was and what other approaches there are to designing such levels.
So, what kind of level designs are there? There are two types of level designs that can be implemented for puzzle games, and those linear and non-linear designs [2][5].
[bookmark: _Toc1824463548]The Non-Linear Design
Non-linear puzzles are the most interesting out of any puzzle's designs, as the games that have those kinds of puzzles always have a fixed starting point and a fixed ending point [2] but gives the player a wide arrange of tools and freedom to complete the level in whatever way the player seems is most appropriate [2][5].
This project doesn’t do non-linear designs, as with non-linear designs you are giving the players a lot of freedom and the tools that they need (being either unlimited or limited), even though these kinds of levels can be brain teasers [2] to some people, they are best used for problem solving puzzles rather than for education purposes.
[bookmark: _Toc1750515004]The Linear Design
That leaves the last approach of linear puzzle design, which is the most used design approach among puzzle games as there are multiple ways that can be made interesting.
With linear design, there are many ways that a solution or puzzle can come into fruition, but every linear puzzle always has a problem that the player needs to solve to complete the level [2]. The approaches to designing a linear level are as follows; top-down, experimental and forwards.
[bookmark: _Toc1088354565]Top-down method
This method is the most simple and straightforward in terms of understanding and implementing, as it primarily involves you creating a solution that have fixed starting and ending points and then figuring out ways to obstruct the player. A way to think of this approach in more simpler terms, is the way that the Taiji developer puts it of “this point is connected to this other point” [7].
This method is not the best for designing levels that try to look interesting, as this method mostly focuses on blocking the path towards the goal [5], and as Oskar himself says it, “bad to design backwards” [5], which is this method.
Although, levels like these need to be designed and created as they are not only simple but easy to understand if your goal is to teach the player something new, but with onboarding the player to puzzle games will be discussed later.
[bookmark: _Toc1558769328]Experimental method
This method is self-explanatory; it simply involves the designer putting down game mechanics together and seeing what comes of it. The only downside to this method is that it is “down to luck” [7] above all else, as the things that have been put down will either work to make an interesting puzzle, or not all and have to go back to the drawing board.
The developer of Taiji [7] has used this method extensively, especially when they were designing and creating game mechanics to be implemented into the game. This method is ideal for when you are first starting off making puzzle games, as you may have an idea in mind and do not know if it will work out, so the best way is to simply test it yourself.
[bookmark: _Toc1489223409]Forwards method
The last method on this list, the forwards method. This method is the trickiest to implement but if done right, can lead to some of the best puzzles created for the game.
In this method, you focus on a core game mechanic, and you build upon it further with the idea of how players could possibly solve it, as there can be many ways to solve a certain puzzle like how there are different methods to skin an apple, all are correct but all lead to the same outcome of a skinned apple. That is what the Taiji developer compares this method too [7] (but rather than apples, it is an electric eel), and comments on how in video games, puzzles can be more flexible than common pen-and-paper puzzles that only have a singular solution [7].
[bookmark: _Toc1220778521]Onboarding the player
Now that the designing is done and more understood, how do we know that those puzzles will work?
One will need to understand on how to present the puzzles in an interesting way (not just the solution) in a visual way and a skilful way. As the main problem that puzzle games face is how understandable the game mechanics are for any given puzzle for the player [2].
One way to ensure that the player understands what is going on, is through visuals themselves as source [3] puts it, focusing mainly on how the game presents itself. As the visuals of any game matter, as that is what first drew the player to play the said game, and for puzzle game, clarity of what is the player, box, goal and walls are important, as if the player doesn’t understand then they are less likely to solve the puzzle and play further. Source [3] does a great job illustrating some example levels on how it can be done poorly and delves into other areas as well, like what should be the ideal perspective for the puzzle game (first person, third person or top-down view) and the idea that the level might try to teach the player.
The last thing to mention, is the difficulty of the level matters a lot. As with the designs mentioned above, they play a massive part with how the players would interact with puzzles. Source [2] talks about how a player might just look up the solution to the puzzle rather than just continue to brainstorm ideas for the puzzle that they are stuck on. This is not ideal, and the only way to deal with such cases is to slowly ease in more difficult levels so that overtime the player is much more ready for harder challenges.
[bookmark: _Toc1797936879]Initial Inspiration
The initial inspiration for creating a puzzle game in general came from watching other people play amazing puzzle games, either hard focusing on the core idea of problem solving and pattern recognition for their puzzles, adding certain twists and hoops that involve meta-game progression (meta-game progression is the progression of the player outside of game levels, this progression tends to take the form of a store where you can spend in-game currency to buy boosts that persists between levels or figuring out how certain game mechanics can be used in different ways) or having mathematical aspects to them, the YouTuber by the name Aliensrock [9] has played many notable puzzle games of which include; Tanji, Baba Is You, A Monster’s Expedition, and is the main reason as to why a puzzle game is the main focus of this project.
It is recommended to either play puzzle games yourself to know how to solve puzzles and how to make them work, or watch other people play puzzle games to know different ways that people can think of solutions and their overall views on the design and feel of the levels that they played.

[bookmark: _Toc1952168535]Conclusion
To conclude this chapter, it has covered the state the education system is in after the pandemic and how it has been dealing with the aftermath, understanding how the students are dealing with their mental health and the causes for it, with finally covering the main aspects that are needed to understand puzzle game design.

[bookmark: _Toc722848316]Chapter 3 – Development Methodology
The development methodology that I went with for this project is the Agile Development Methodology. The reasons for such a method are as follows;
1. Adaptability
· Being adaptable at any point in time is very useful for game development, as you never know when something decides to kick the bucket and requires time to fix, this method allows for this, as you can not only focus writing the code, but also be able to test it on the fly and fix whatever that needs fixing at the time.
2. Test and design interchangeably
· This a part of adaptability, but warrants its own section, as when creating a puzzle game, you will always be between designing puzzles and testing if they end up working as you envisioned or not. This is especially needed if your main approach to designing puzzle games is the linear experimental method.
3. More focus on the quality
· This methodology focuses more on the making rather than documenting the progress, as having a higher focus on the quality (in this case being the code of the game and design of the puzzles) allows for a better result, so you may not necessarily document your progress thoroughly.
As with any method, there are always downsides to any methodology, which are as follows;
1. Less documentation
· As mentioned above, there is far greater focus on the quality of the project rather than the documentation, so when it comes down to writing a report, you have much less to work with.
2. More time used on certain tasks
· This point adds more onto the previous point, as there is less time used on document your work, you tend to spend more time on tasks that may or may not be fruitful, like; spending additional time trying to illustrate characters for the game, designing intricate puzzles to be solved or even adding more and more detail to code that may just bloat it out of proportion.
The software that was used to create a demo for this project was GODOT v4.4.1, as this game engine has many useful tools for not only creating 3D games but also 2D games, and the language that the engine uses is GDScript, which is similar to the way the coding language Python works. The main reason for the game engine being used is the overall functionality, modularity, understandable user interface and that many people have already used GODOT to make 2D games of other genres than puzzle games (like action adventure or platformers).

[bookmark: _Toc932816650]Chapter 4 – Design & Implementation
Before starting to code for the game, we need to understand what is needed for the game to be created, like;
· What assets are needed?
· What does each level need?
This chapter will be divided into two sections, Design and Coding, where the design section will cover my process of creating assets that are needed for the puzzle levels and the coding section will of course cover the process that has been taken to code the game.
[bookmark: _Toc183016970]Design
Before I have started designing, I needed to think on what I do need for the levels. If my goal is to teach basic mathematics, the four basic operators will be needed (addition, subtraction, multiplication and division), a player character for the player to control, a point where the player will go to end the level, boxes for added difficulty management and walls to confine the player play space.
Here is what has been designed in their own sections, be mindful that all these designs are handmade.
[bookmark: _Toc977637345]Player
This is the design I went with for the player character:
[image: ]
The design for it is simple, which is what I wanted, and even though the design is simple, the character has a happy and friendly smile to it. The reason for so much space in the middle of the character, is that the number or player value will be put in the empty place and move along with the player (this is shown in the coding section below).
[bookmark: _Toc210306272]Math Tiles
There are four math tiles and a goal tile, each tile has the same design but still look different, which is a deliberate design choice:
1. Addition
[image: ]
The reason as to why it is green is fair obvious, as green within video games are a way to visual convey something positive for the player (or poison in some other games), so making the colours be green for the addition tile was a no-brainer for me.
2. Subtraction
[image: ]
Similar reasoning as to why add is green, where green conveys positivity, it is the opposite for red, where the colour red conveys negativity. Also, red is used a lot as to show the player danger or harm, so using red as subtraction is the most ideal.
3. Multiplication
[image: ]
This is where it gets a bit difficult, but using blue for multiplication seems like the way to go, as blue (at least with colour theory and how you get the colour blue) is used to get green (when combined with the colour yellow). Also, blue is one of the core three colours in computers (RGB), so using blue is a nice way to round it off.
4. Division
[image: ]
Follows similar reasoning as with blue, using colour theory, you can get purple by combining blue and red. As division is another way of subtracting (but not), the tile having a darker tone just like the subtraction tile makes sense, which is what I went with.
5. Goal
[image: ]
When designing the goal tile, I wanted it to ‘pop’ when compared to other tiles and be seen as a goal of the level. Making the overall colours be similar to that of a medal with the gold and orange colours, made sense.
Not to mention, all these tiles (as I call them) have a lot of space for them, just like the player, there will be a number here that will be visible to the player as to how each tile can affect the player (by changing the player value) and what the goal is.
[bookmark: _Toc1872966390]Obstacles
Lastly, what is needed is a way to confine the player inside of the level, so that:
· The player cannot just skip to the goal
· Have some sense of progression within the level
So here are the obstacles that have been made:
1. Wall
[image: ]
The wall was simple to design, something that looks impassable, like a fence, and has the feel of unmovable, like a massive rock. So, a tiled design was made with the main colour being a dark grey, giving this feeling of an immovable and impassable block (which is just a tile). This is used as the main way to limit where the player can go.
2. Box
[image: ]
Using boxes, or different alternative to a classic box, in puzzle games is a staple to the game genre. When designing the box, I had to use a different colour to orange but also designed in such a way that feels different to the wall. I designed the box in way that it is smaller than that of the wall, has a different colour, which was experimented multiple times, with many light shades of brown but eventually landing on this colour.
3. Floor – unused
[image: ]
This is largely unused as the time was not on my side (explained as to why in Chapter 7 – Reflection), and designing puzzles and rooms was not on my agenda at the time. The floor tiles would have been mainly used to decorate the levels on where the player can walk on top of and a way to roughly count how many steps it would take to go somewhere on the level. If the game was more feature complete, this would be used for only the floor with no actual gameplay mechanics.
[bookmark: _Toc1759932334]Coding
When it came to coding the game, I utilised the agile development methodology a lot, mainly when there was something that I was unsure on how to go about a certain problem, especially when this was my first time properly using GODOT.
The sources that were used in the creation of the game are as follows; a YouTube tutorial [10], a website that helps with creating a level select screen [11], community forum with a specific problem [12] and another website that helps with coding a certain aspect of the game of ‘collectibles’ [13]
The creation of the game followed the tutorial [10] a lot with changing some aspects of it to better fit the idea of the project.
Firstly, setting the scene was first. To be able to get the scale of the levels and the game assets, like the player and tiles from above, the scene must be set.
[image: ]
There is an option available in GODOT to enable a grid, and you can set the dimensions of the said grid. The grid used in the game has the dimensions of 128 pixels by 128 pixels for a singular tile, this size in grid allows for more things to be present on screen and by simply having the grid on, allows for more smoother set up for a grid-based movement system.
Before we start coding of what goes into the movement system and collision detection, we first need to setup the appropriate nodes to work with, which will look something like this in the game engine;
[image: ]
We have the player character here with a CollisionShape2D mesh, which is used to define the collisions and if the player is on top of something and the arrow pointing towards the bottom is the ray cast, mandatory for when setting up the collision detection.
Then comes the player mechanics, like movement and collision detection. This is what is needed to set up code wise;
[image: ]
The parts that are needed is the ray cast, grid size and inputs variables, as these will be used to know if an object is a wall or a box, knowing how much the player should move along the grid and how the player moves. In this case, the movement will be handled with the use of the arrow keys on the keyboard, the ‘PlayerValue’ variable will be explained later, when add tiles and the other tiles are in affect. Anyways, this is how movement is handled;
[image: ]
This function handles any input that the player may use, within the game. For the ‘for’ loop, it takes the direction for the pressed key (up arrow for up, left arrow for left etc.) and passes the vector onwards to then make the player move. The ‘if’ event is for when the player presses the ‘R’ key, and when pressed it will reset the level by reloading the currently loaded scene.
Then comes the actual fun part of coding this system, using the above code and passing onwards the movement direction, the movement of the player character and the collision detection is handled as such;
[image: ]
The ‘vector_pos’ variable is the one responsible for storing the position of where the player is moving towards, and when we move, we also want to update the position of the ray cast, as the ray cast is responsible for collision detection, if not updated with player movement, it will remain stationary and locked into one direction and will cause clipping issues, causing the player to freely walk through walls (which is not what we want or need for this game).
We then check if the ray cast is colliding with anything, the ‘if’ statement is to check if the ray cast is not colliding with anything, and if that is true (that the ray cast is not colliding) then the player position updates to the new position and updates the moves counter (discussed later). Otherwise, if the ray is colliding and the object it is colliding with is a box, then not only does the player move but also the box. This is what most puzzle games do to make their box puzzle levels in 2D.
The code for the box is done in a similar fashion as the player but with much less code, with a larger focus on just pure movement of the box and collision detection to check if it is colliding with the player or the wall. The code for the wall has no code, it only consists of two nodes, those being; Sprite2D (which is wall art from above) and CollisionShape2D (for collision detections).
Now that the collision for the player, box and wall is now done, the code for the tiles and goal needs to be done. This part is very simple and very easy to implement, the goal checks if the body that is occupying it is the player, and the main level processes this as such;
[image: ]
In this process function, it updates the moves counter in the UI (shown later) and updates the player value as well for when it does change. This is code for level 0 which is the testing/debugging level, so the goal is constantly being updated to be equal to the player value to test other areas of the game.
The ‘if’ statement checks if the game has not ended, and if that statement is true, it does the following;
· Checks if the goal(s) are occupied
· Checks if the player value is equal to the goal value
Those are the only two checks it does, with it being true, a popup appears and ends the game, and if it is false, the game continues.
This now leaves the math tiles and the logic behind them, of which the logic is also simple to implement, as it reuses the same logic of the goal where it checks if the player is occupying the tile, and if the player occupies the tile, then it sends a signal to the player code to do math. The code was done as such;
[image: ]
The example here is the add tile, where we create a ‘add’ signal and if the player occupies the tile, it then emits the signal with the value of the tile and then destroys the tile from being used again. Then, the code that is used to change the player is as follows;
[image: ]
Just a simple addition onto the player value with this function that receives the signal. This code is utilised for the other three tiles (subtraction, multiplication and division).
For the core gameplay loop, this is finished, so I went on with creating the UI, which is nothing spectacular;
[image: ]
The UI is but simply three labels, with the first one is for saying what level it is, the second for the moves counter (that was discussed earlier, it is shown here) and a note of the controls. The moves counter is just altering the text and only changing the number on the end.
Lastly, is the level select menu which is very basic for what it is as it is only this;
[image: ]
With nothing else but one button to enter but the one level. Why? This will be explained in the testing.
[bookmark: _Toc1716173117]Testing
After setting everything, there were always tests in between every new addition to make sure it works and is not breaking anything, small things or big things. The first test was to see if the controls work, and one way to see if the player has moved is... seeing the player move... but also seeing if the moves counter moves at all, of which both are working as they should;
[image: ]
Second test that was performed was to see if the collision detection works alongside boxes being able to move and collide. These tests are also a success, as the player nor the boxes can pass through the walls, the player does not go on top of the boxes when they try to push them and lastly the boxes do not go on top of each other;
[image: ]
It is hard to tell from the image if it works or not, but I can assure you that the player and the boxes are within the level boundaries as otherwise everything would be going wrong.
Next test was to see if the goal works and the math tiles can change the player value. From these two, the math tile was the first to be tested, and you can tell if the player value increases when they go on top of the tile and the tile disappears;
[image: ] -> [image: ]
The test is a success, as the player value has gone up by the value on the add tile and the tile has also disappeared, you can tell that the tile has disappeared is that there would have been a small green aura/outline around the player, indicating that the tile is under the player. The same test was performed for the other math tiles and as the code is the exact same, the tests were also successful.
The goal test is simple, as there will be a pop up that shows up on screen when the level has been beaten;
[image: ] -> [image: ]
Test is an overall success, which leads to another test, does the button lead the player to the level select?
[image: ]
The button does indeed lead the player the very minimalist level select menu and when the player presses the Level 0 button, it leads them to the level that is for testing.

[bookmark: _Toc544221513]Secondary Research – Survey
Due to the way the demo was created (as shown above), the addition of additional levels was more difficult than anticipated, affecting the overall scalability of the project in the long term.
Henceforth, a survey was not created, and individuals were not questioned on the functionality, appearance, level design and other aspects of the demo which would be valuable information in terms of development for the future and ensuring that the demo would eventually be turned into a fully fleshed out game, with many extra features that the players might have requested.
Overall, feedback would be able to determine if the scope of the project is on track, ensuring that any additions are validated and needed by the users themselves [18].

[bookmark: _Toc191259718]Chapter 5 – Evaluation
To evaluate the project in its entirety, it has done a deep dive on what it takes to create an educational game for a certain subject, like mathematics. The main question is, has this project met its goals? The answer to this question is both yes and no, but mostly no.
The main aim of the project was to create a puzzle game with teaching mathematics as its main purpose. Technically a game has been created but it is more of a working proof of concept/demo rather than a proper game. What about the objectives?
1. Understanding the basic concepts of math
· With how each tile has been designed, each colour shows what it’ll do, with green for addition, red for subtraction and so on. The player will know what each of them does from playing around and trying, but due to the lack of other levels, that won’t be the case. If this objective has been met or not is up to debate.
2. User friendly UI design
· It is very basic, and the only UI elements that there are, are mostly in the top left corner and what is on the tiles and the player by technicality, meaning that the UI design is not so friendly and I will consider it as a failed objective.
3. Rewarding to the player
· There is no reward for the player other than a pop-up saying, “you beat the level”, which is not very useful or even helpful in encouraging further play or learning. Another objective that can be considered that has not been met.
4. Satisfying puzzles
· Lastly, there are no puzzles are than what there is for Level 0, which is mainly used for testing game mechanics and seeing if it all works in one packaged level. All in all, if there are no actual puzzles, then they are not satisfying, which is another unmet objective.
If this project would’ve been done again, with a fresh perspective on the entire scope of what needs doing, would be allocating strict times on what needs to be done by when, as even though an agile development methodology was used, having a general idea what needs to be done by when helps, as when I was first delving into this project, it was mostly done on the fly as things moved on. So being able to restrict yourself at times can help with deciding if what you are doing is correct or not.

[bookmark: _Toc2080061890]Chapter 6 – Conclusion
To conclude the project, it talked about the overall state the educational system is in and the student’s mental health problems, as they are interesting and important topics, as it helps with understanding where education currently stands and how both students and teachers are dealing with it and the aftermath of the pandemic. A deep dive was done in understanding how puzzle games are designed, the good and bad aspects of certain designs and how those designs were (partially) used in creating the demo, with not many of the objectives being reached but leaving at a state where one can learn from their mistakes and be able to tackle it with more thought and a fresh perspective.
Overall, this project has helps in understanding the lengths game developers might take to create a simple video game for others to enjoy.
[bookmark: _Toc702093820]Suggestions for further work
As I have already attained a very good understanding of mathematics by passing my Mathematics A-Levels, research was not done in that area but otherwise should if you are not so confident in your own capabilities, but researching the topic you wish to teach through video games, should definitely be researched to have a better understanding on what you want to achieve.
Additionally, more research should be done on understanding the coding language you wish to tackle, as I had some small hiccups with personal health, time was running out and corners had to be cut, where normally research would have been done in this area, was not done. Highly recommend doing research for your desired game engine to better understand all the ins and outs and any way to make things work out for you easier.

[bookmark: _Chapter_7_–][bookmark: _Toc382906201]Chapter 7 – Reflection
Overall, this project has helped me in not thinking big all the time, as many people might have great ideas but might not be capable enough to realise those ideas, which is the case and point in this project, I decide to create a game with many puzzle levels in mind but only created a “demo” with only but a singular level that helps test core game mechanics. What I should have done is allocate more of my free time on creating and realising this project rather than do nothing but only think about it, not to mention the setbacks I have had to experience with my own health putting me aside from doing the work did not help me much in the long run.
Another thing is that I only had some work done in Python, which is only vaguely similar to GDScrpit with GODOT uses, and the demo still requires much more work but the general foundation of it has been set. Not to mention, but throughout the years of study, I was hopping through many coding languages of the likes of; C, C++, Python, Unreal Engine Blueprints and now GDScript, which put me in rather different and weird position when working on the game.
There are some positives that I can take from this project, like having more experience with other game engines, like GODOT, with my previous experience was with Unreal Engine, and another is being able to write large reports of this size.
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[bookmark: _Toc1340565692]Appendix
The demo that has been developed was created in GODOT 4.x, which will require installation of GODOT 4.x if code was to be tested on a different device. Files and illustrations are available on moodle and with the link below. Any screenshots of code or in-engine screenshots are screenshots directly taken from inside of GODOT 4.x.
OneDrive link to project files (Expires 3 May, 2027): Michal_Emil_Pfeiffer_q-bit_(uni_work)_2025-04-30_20-53-35.zip
Any illustrations used for in-game assets were handmade by me using an illustration app called Krita and the art is usable anywhere without permission from myself as well as without being given a copywrite claim if the art is used.
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This work has not previously been accepted as part of any other degree submission.
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I, Michal Emil Pfeiffer, hereby consent that my Project, submitted in candidature for the BSc Computing (Game Development) degree, if successful, may be made available for inter-library loan or photocopying (subject to the law of copyright), and that the title and abstract may be made available to outside organisations.
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@onready var ray = $RayCast2D
var Playervalue = 5.0

var grid_size = 128

{

‘ui_up': Vector2.UP,

var inputs

*ui_down': Vector2.DOWN,
'uileft': Vector2.LEFT,
‘ui_right': Vector2.RIGHT
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func move(dir):

var game = get_parent()
var vector_pos = inputs[dir] x grid_size
ray.target_position = vector_pos
ray. force_raycast_update()
if Iray.is_colliding():
position += vector_pos
game.moves += 1

else:

var collider = ray.get_collider()
if collider.is_in_group('box'):
if collider.move(dir):
position += vector_pos

gane .moves += 1
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func _on_add_tile_add(Avalue):
PlayerValue += AValue
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func _unhandled_input(event):
for dir in inputs.keys():
1if event.is_action_pressed(dir):
move (dir)
if event.is_action_pressed("reset"):
get_tree().reload_current_scene()
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@onready var TileValue

float($Value. text)
var occupied = false

signal Add(Avalue)

func _process(_delta):
if occupied

true:

emit_signal("Add", float($Value.text))
queve_free()
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v func _process(_delta):
$UI/MovesLabel. text
$Player/Nunber.text = str(§Player.PlayerValue) #updates player value
$60als/Goal/Achieve. text
#check to see if the goal has been reached

‘Moves: ' + str(moves) #updates player moves

str($Player.Playervalue) #remove for other levels, as th:

v if game_end == false:
v for 1 in $6oals.get_children():
v 1if 1.occupied && str($Player/Number.text) == str($6oals/Goal/Achieve.text):

$UT/AcceptDialog. popup ()
game_end = true #ends game




