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Abstract
Wales consistently underperforms in international mathematics assessments, most notably the Programme for International Student Assessment (PISA), where it has ranked last among the four United Kingdom nations in every test to date and remains below the Organisation for Economic Co-operation and Development (OECD) average. This project addresses that issue by designing, developing, and evaluating an interactive, bilingual digital game aimed at improving the foundational numeracy skills of children ranging from the ages of for four to ten.

The title of the game if MathQuest / Cyfrirfeg, which was built using Python, the PyGame Library, and the pyttsx3 text to speech library. It supports both Welsh and English languages, offers three difficulties based on age group that cover addition and subtraction with the children age 4 to 6 and 7+ will additionally have multiplication and division. A customisable avatar, points and streak reward are also included. Development followed an Agile methodology with a one-week sprint, which allowed for inspection of any issues before moving forward in the timeline.

The study measured the impact of weekly game-based learning sessions by doing a test pre-practice and every week after. The length of time for practice was 30 minutes to prevent the children losing engagement. Qualitive data were collected throughout child and parent surveys to evaluate confidence, enjoyment, if they perceive it helped and whether they would play it again which ties into engagement. Results indicated significant improvements in test score for the majority, those who previously identified that they struggled with math anxiety showed lower improvement though they still increased. Survey data showed that the younger children were more like to continue playing while the older children were less likely due to seeing it as a bit childish.
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[bookmark: _Toc228539202]Chapter 1: Introduction 
[bookmark: _Toc228539203]1.1 Background and Context
Mathematics is a critical skill that affects future academic achievement, economic participation, and everyday decision making. It improves an individual’s salary opportunities which will improve their lives but also help stimulate a country’s economy as an educated workforce is an effective workforce [1]. Help manage personal finances, understand data in the world and overall have a better grasp of the world. Despite how important it is, a large number of young children in the United Kingdom, and Wales in particular, fail to develop mathematical competency by the time they reach secondary school which has a knock-on effect leading into adulthood.

The reason for undertaking this project is to see if games can improve maths skills of young children, keep the children engaged and to enjoy it. This is especially important in Wales as out of the 4 nations of the United Kingdom; Wales has polled last every time in the programme for international student assessment (PISA) and is currently below the Organisation for Economic Co-operation and Development (OECD) average [2]. PISA tests are undertaken by 15-year-olds but is critical at a young age to attain these maths skills at an earlier age. 

[bookmark: _Toc228539204]1.2 Aim
The aim is to create an educational game which can educate young children ranging from the ages of four to ten basic maths skills as research has shown a positive result for improving children maths skills while using digital applications for learning maths such as on a mobile device [3]. Additionally, the game is to bilingual as Wales is a bilingual nation. 

[bookmark: _Toc228539205]1.3 Objectives
To achieve this aim, the following objectives were established:
1. Design and develop an interactive digital game to educate young children with basic maths skills.
2. Measure the game’s impact on their maths skills and compare with previous and final test scores.
3. To evaluate if the game has long term retention for the children and if they enjoyed the experience. This will be based on my perspective as well as a questionnaire done by the children.
4. Finally, to get responses of the parents to see if they perceive the game has improved their children’s maths skills.

To satisfy these objectives a game will need to be completed that is attractive to young children to retain their attention, teach and test children using the game to see if their skills improve. The children will have a test prior to playing to find what their math knowledge is currently and then play the game for 30 minutes every day and will be test weekly after that for a 5-week period. The test will be tracked, and the results will show if there have been any improvements, regression or stagnation in their skills.

After the 5-week period the children will be asked if they enjoyed the game, how difficult they found it, are they more confident with maths now, do they think it helped and would they play it again in the future. A separate survey will be conducted asking the parents’ whether they had noticed any positive changes in their children’s confidence or competence with mathematics during the five-week period. Notes will be taken regarding what language the children decided to use whilst playing.

[bookmark: _Toc228539206]1.4 Report Structure 
The remainder of this report is organised as follows. Chapter 2 reviews existing literature on early years numeracy development, digital game-based learning, and motivational design in educational software. Chapter 3 describes the research and development methodology. This includes the software development approach, tools used and the data collection strategy including the mathematic assessment and survey. Chapter 4 details the design and implementation of the game’s architecture. Chapter 5 analyses the results of the mathematics test, child and parents’ surveys. Chapter 6 evaluates whether the projects objective have been met. Chapter 7 draws conclusions and offers recommendations for any future work and finally chapter 8 provides personal reflection on the project experience.

[bookmark: _Toc228539207]Chapter 2: Review of Literature 

[bookmark: _Toc228539208]2.1 Introduction
This chapter reviews the academic literature relevant to this project across three specific research areas, early numeracy development, digital game-based learning, and the principle of motivational and reward design in education technology. These three research areas provide the foundation for the design decisions taken in chapter four. The research papers below come from a variety of nations in Europe, the Americas and Asia and show a positive trend in each. A large amount of work has been published on education with numeracy but there has been a lack on this specific research topic. It is also stated by Nguyen Ngoc Dan et al paper [4] within this paper “a targeted systematic review of DGBL that focuses solely on primary mathematics education is necessary to specifically address the unique challenges and opportunities present at this crucial stage of educational development”. [4] The digital based gaming side of the research was more difficult as it seems research has leaned more into augmented reality as well as artificial intelligence. 

[bookmark: _Toc228539209]2.2 Early numeracy Development
The first reference is a systematic review about the use of mobile device such as tablet and smartphones to teach literacy and numeracy in primary schools. It is done by Claire Dorris et al [5] and they are attempting to find out if mobile devices assist children from the age range of four to twelve to learn maths and literacy, find out what devices work best, does age or gender affect the effectiveness of the devices and what are the benefits over a lengthy period. Twelve major academic databases were searched and six hundred and sixty-eight studies narrowed down to eighteen high quality randomised controlled trials involving over Eleven thousand children worldwide. 
The conclusion was that mobile devices had a positive effect on literacy and numeracy outcomes compared with using laptops, desktops, or no devices. There were some issues with five studies as they had a high risk of bias and thirteen had some concerns. The study was unable to specify which mobile device was specifically better nor if age or gender made a difference. Additionally, it unknown whether the benefits last after the test period. Overall mobile devices are able to support learning, but should there should be variety when teaching.
[5]

This research paper looks at personalised learning on young children age seven to twelve across 8 primary schools over three years, involving 588 students and 82 teachers. The teaching was tailored by specialist teams to adapt each across four subjects. The research was Kevin Ackermans et al [] and found that personalised learning improved performance in maths and spelling but didn’t necessarily improve in all four subjects. 

Students who were specifically taught metacognitive skills saw a greater impact on their spelling improving. Students who were stronger with ICT skills did better in maths, were more self-aware as learners and were more motivated. Additionally, teachers with stronger ICT skills also helped boost student’ metacognitive awareness. Overall personalised learning works best in primary schools when paired with metacognitive training with the addition of good ICT skills from both the students and the teacher though it is not a guaranteed fix.
[6] 

A paper on the comparative analysis of user experience and educational outcomes in math memory games is a research paper attempting to find the best method to teach maths and memorisation to young children. They used for different teaching methods, traditional in person teaching, online videos, interactive textbooks and educational games. Two metrics were measured, how enjoyable/easy each of the method were to use and what the learning outcomes were. A wide range of ages from preschool up to primary school were used in the paper. 

The reason this study was done was technology and videos game are a huge part of young people’s lives, so they wanted to explore where that could be an effective method for learning. Two different education math games were compared against each other, Math Game: Tricky Riddles and Math memory game. The method they compared against each other was gameplay engagement and using questionnaires. The researcher Nicholas Martin et al [7] found that both games performed well and neither was significantly better than the other. Both games reported positive experience from the players across several metrics, including ease of navigation of the game, how trustworthy they felt, accessibility, and how much value the user felt they gained from them.

 Evidence is shown in the paper that game-based learning improves memorisation, attitudes and motivation, especially with young children. Memorisation is critical when learning as it is all well and good being to learn a new skill but retaining that information is just as important.

This study shows growing evidence that game-based learning is an effective and legitimate approach to education. Two games were used and both were well received. 
[7]

[bookmark: _Toc228539210]2.3 Digital Game-Based Learning
This research paper by Benjamin Maraza-Quispe et al [8] is a study on the impact of educational video game and whether or not they can improve a child’s numeracy proficiency. The paper identifies the issue where many students, particularly those in Latin American struggle with maths due to traditional teaching methods that do not engage deeply enough. PISA results show that no Latin American nation reaches the OECD average in maths, reading, or science. This is blame on a lack of technological innovation in teaching in these nations. 

The method they used was to split forty students in four groups of ten and have the teams play three different types of video game. They were tested prior and after a month intervention using the three game types which are, strategy games, adventure games and simulation games. The conclusion of the study was that video games had a measurable positive impact on maths performance. 

Pass rates increased by comparing pre and post test results. There were certain things to take into consideration such as not all games work equally, students responded differently based on motivation and abilities and that games need to be carefully chosen to best suit the individual student. Ethical concerns were raised such as equity as not all students have equal access to technology at home or school; students are of risk of being overly dependent on games and that there shouldn’t be an over reliance of this Singler learning method. There should be a wide variety of teaching methods used. This method used to test the children will also be used within the project test [8].

A research paper by Aníbal Zaldívar-Colado et al [9] discusses whether using education software in primary schools could make learning more motivating, easier and more fun for younger student. Three urban schools in Mazatlán were involved in this study for a 2-month period with surveys conducted over three groups. There were twelve teachers, six computing facility managers and three hundred and eighty-three first year primary students. Prior to the research initiating the teachers were trained using the software so they could support the children effectively. 

Within the survey the groups were asked different but complementary questions. Teachers were asked about failure rates, distraction levels and whether they believe software. Managers addressed its practical utility. The students were interviewed verbally due to their young age and were asked whether it made learning easier, more fun and whether they need extra help. 

The software used was named Sacar10 which is an internet-based math platform designed specifically for Mexican schools. The game uses interactive games and visuals to hopefully encourage the children’s attention. The game will gradually increase in difficulty as the students’ progress which is an interesting idea, when correct children received encouraging and when wrong would also receive encouragement rather than be too harsh.

There were many things learnt in this research paper such as sixty seven percent of student got distracted by what the teacher asked for, this could be a major issue and needs to be considered in future research. Although there is a high percent of those who got distracted most enjoyed using the software and found is simple and fun to use. Seventy nine percent of students needed assistance from teacher to be able to use the software, this likely due to be first year’s student. Overall, more than fifty percent of teachers, manages and students across all groups agreed that educational software helps improve learning outcome [9]. 

The next study is an evaluation of educational video games on mathematics achievement and was done using first grade students. The paper was done by Kimberly Hieftje et al [10] who emphasis how essential it is for young school children to develop their numeracy skills as children. This was done in the United States and address that math scores have had little improvement in the last 30 years. A meta-analysis of 39 studies confirms that that game-based learning outperforms traditional methods in teaching which is supported by a variety of different research papers [7] [9].
The reason for this is believed to be use of action rather than explaining it, the game creating motivation and satisfaction, different learning styles and providing an interactive, decision-making environment. The game that was tested was knowledge battle which was a tablet-based math game. It featured 21 mini gams inside a battle style adventure where the children had to choose a character with unique strengths and weakness. The key designs of this game were immediate feedback with an examination when answered wrong, new content was unlocked when a skill was mastered, rewards were given out when progressing, there was storyline with characters to maintain engagement and the use of core math standards.

[image: ]Fig. 1 Image of game [10]

The researchers tested one hundred and thirty-four first grade students and randomly assigned to either play the game or play attention/time- control games instead. Two metrics were measured, the math score and student confidence. 

What was found was knowledge battle improved maths skills overall, the largest gain was from student who initially started with the lowest math ability. There score rose by nine point seven points compared with the control group which increase by six points, students who had a higher self-confidence were predicted to have increase enjoyment out of the game but there was no correlation between improved math score and finally the game was found to be enjoyable and acceptable for this age group [10]. 



[bookmark: _Toc228539211]2.4 Engagement literature
In a study on avatar customisation and how it affects social anxiety it talks about using game-based digital therapy to treat social anxiety, more specifically if customising your own avatar improves the effectiveness of therapy. The standard treatment method for social anxiety is Cognitive Behavioural Therapy (CBT) with exposure pressure, gradually facing situations they fear in a safe environment to hopefully reduce anxiety over time. 

They tested two hundred participants who completed a virtual task where their avatar walked through a shop, solved a math problem at the checkout, and was negatively judged by a simulated audience. Half of participants avatars were customised by themselves, and the other half were assigned one.
 The researchers Martin Johannes Dechant et al [11] concluded that those who felt more socially anxious in the real world felt more fear in the game, those who created their own avatar had a fear response and the fear levels remained high over repeated sessions which is important when using exposure therapy. Both engagement and social presence also increase with the use of avatar which in a game setting is a positive. Overall customising your avatar could be an effective method for assisting with social anxiety. This research paper is a lot different from others but is still important to know when creating the game.
[11]

A study by Andre Almo et al [12] explore the impact of player traits on leaderboard experience and how different children respond to them. Over thirteen hundred Irish primary school children played a digital game called seven spells over a six-week period. The game had a leaderboard where all players were ranked against each other based on their scores. Leaderboards are supposed to boost motivation through a bit of friendly competition, encourage children to engage more and potentially perform better. The issue is if you are ranked at the bottom of the leaderboard it can be disheartening and potentially be unmotivated. 

What the researchers found was the enjoyment from the game was linked to where the child was placed on the leaderboard, children who previously had math anxiety disliked the leaderboard even if they were placed high on it, children who were competitive enjoyed it more and there a notable link between enjoying the leaderboard and enjoying the game overall. Unfortunately, around 1 in 5 of children had a negative mainly due to math anxiety, this would not be good for an educational game where there are children who are struggling with their maths proficiency. [12]

A study by Janne Tyni et al [13] looks at reward systems in mobile and how they differ between educational and purely recreational games. The researchers analysed most downloaded educational and recreational mobile game apps, watching recorded gameplay footage so they could identify and categorise the different types of rewards each game used. There were six reward types they found sensory feedback, glory, access, sustenance facility and praise. Recreational games used significantly more reward types than educational games and besides praise and sensory feedback all the other reward types appeared at significantly different rates between the two. 

The number of reward types in recreational games has increase from three per game in 2012 to nearly five in 2020, however more reward types doesn’t mean the game will be more popular. Paid games would more often have a larger amount of reward types than educational games, but popular free games seemed to have the same number of rewards to the educational games. Newer reward types see, to be tied to monetisation schemes rather than improving player engagement, these insights seem to show that that to improve player engagement it is more important for quality rather than quantity 
[13]
 
[bookmark: _Toc228539212]2.6 Summary

The literature establishes a strong case for a digital game-based learning for education purposes for early numeracy. Games that incorporate difficulty choices, reward systems, audio support, and positive reinforcement show positive learning outcomes and an increase in engagement. Due to a lack of Welsh specific studies, there is little to see but this is an addressable gap but need to be filled in the future. The design of the game draws from these finding, and the next chapters will describe how these principles will be implemented into a working product. 

[bookmark: _Toc228539213]Chapter 3: Methodology
[bookmark: _Toc228539214]3.1 Overview
This project combines a development methodology for creating the game with an experimental research methodology for evaluating its educational effectiveness. The study also includes a survey which gathers qualitative and quantitative feedback from children and parents. The following section will explain each methodology choice and justify its purpose to achieve the project aim.

[bookmark: _Toc228539215]3.2 Software Development Methodology 
The methodology chosen for this project was an Agile development, it is structured around a one-week sprint. Agile was chosen over alternatives such as Waterfall for several reasons. The first reason is the requirements of an educational game for young children are difficult to define at the start as there is a wide range of children as a six-year-old with not have the same interests as a nine-year-old. 

Being able to test, get feedback and make changes regularly are essential. This is why a waterfall approach would not work as built in one go. The development of the game was broken into one-week sprints to have the ability to review the game to identify any issues early before these issues become larger. Due to this there should always be a working version of the game at the end of each of these sprints rather than waiting until everything was finished.

The main disadvantage with Agile is scope creep, where new ideas keep getting added and the project never reaches a finished state. This was managed by ensuring a priority list of features and only working on what was required in that week sprint [14]. 

[bookmark: _Toc228539216]3.3 Research Strategy and Design
The research strategy is an experimental one, where the question is does playing the game improve a child’s mathematical performance? This was answered through controlled measures of performance test prior to playing the game, during weekly assessments, and post playing game.

A mixed method design was used, combining quantitative assessment data with qualitative survey responses. Quantitative date provides measurable evidence of any improvements made, while qualitative data offers an insight into the experiences of the children participating and identify any findings that quantitative data would not be able to find. 

[bookmark: _Toc228539217]3.4 Participants 
The participants in this testing were children aged four to ten. Written informed consent was obtained from each child’s parent or legal guardian in accordance with UK GDPR. Due to the participants being minors, written consent was obtained from each child’s parent or legal guardian. If the child did not want to participate then they did not have to participate irrespective of parental consent. All data was stored anonymously, with participants identities being known as child 1 for example. The reason for these procedures is to meet the regulations set in the general data protection regulation (GDPR) [15]. 

[bookmark: _Toc228539218]3.5 Data Collection
[bookmark: _Toc228539219]3.5.1 Mathematical assessments 
A baseline assessment was done to each participant prior to testing the game. Weekly assessments were then conducted after using the game, which ran from the 28th of February 2026 to 28th March 2026. The assessments were tailored to each child’s age group, children aged four to six were assessed on simple addition and subtraction, seven to eight were assessed on addition, subtraction as well as multiplication and finally the age group nine to ten had all four arithmetic operations but were also required to input there answer using a keyboard rather than multiple choice question. Five assessments in total were collected for each of the participants.

[bookmark: _Toc228539220]3.5.2 Child and Parent Surveys 
At the conclusion of the testing period, a survey was given to participating children. Due to the ages of the participants, the survey used simple language and a visual rating scale with adult assistance if required. Questions addressed were if they enjoyed the game, how difficult they found it, are they more confident with maths now, do they think it helped and would they play it again in the future.

A separate survey was given to parents, asking them to reflect on whether they had noticed any changes in their child’s confidence, competence with mathematics during the 5-week period and to rate would they allow their children to keep using it. Notes were taken based on what language the children decided to use.

[bookmark: _Toc228539221]3.6 Data analysis
Quantitative assessment data were entered in Microsoft Excel and analysed using descriptive statistics including mean, standard deviation, and percentage improvements from baseline. Individual scores were plotted as bar charts to visualise trend over the five weeks
						[image: ]
Fig 2. Data storage Microsoft Excel

Qualitative survey responses were also entered in Microsoft excel but notes were also taken for specific statements by children and parents.


[bookmark: _Toc228539222]3.7 Software tools and Materials
The game was developed using the following software applications:

· Visual Studio – Used to develop the application. 
· Python 3 – The programming language, chosen for its readability, extensive libraries, and suitable for rapid development.
· PyGame – A python library which provides the ability for graphic rendering, event handling, and game loop management.
· Pyttsx3
· Microsoft Word – Used to create documentation as well this report.
· Microsoft Excel – This will be used for inputting data entry, statistics analysis, and the creation of graph and charts.

During the development there was a requirement to install PyGame and pyttsx3, the method used to do this was using the application Windows PowerShell, using the command “pip install pygame-ce pyttsx3” and finally ensuring it’s upgraded using the command “python.exe -m pip install –upgrade pip. The reason for this installation is just for the code for the game to run.

The only hardware required was a computer, monitor, keyboard and mouse. The reasons for this particular hardware are to access the video game, be able to see it and actually interact with the game.

[bookmark: _Toc228539223]CHAPTER 4: DESIGN and IMPLEMENTATION	
[bookmark: _Toc228539224]4.1 Requirements
The requirements for the game came from three main sources, the project objectives set out in chapter 1, the research literature in chapter 2 and informal discussions with parents and educators. The requirements are summarised below:
· The game needs to maintain a static, child appropriate visual environment that does not distract from the educational content.
· The ability to create and save a personalised avatar.
· The game requires point system as well as streak system that keeps rising after every consecutive correct answer and resets when a question is answered wrong.
· The must support both English and Welsh language, switchable at any time.
· Three difficulties must be provided, appropriate to the age range four to six, seven to eight, and nine to ten.
· Ten question tests must be provided with open-ended practice mode

[bookmark: _Toc228539225]4.2 System Architecture
Python was chosen for this project as it is easier and faster to write than alternatives like C++. C++ would have needed more code, more complex setup, and requires the developer to manually manage memory. Since the game is a simple 2D application, the extra performance that C++ offers were not necessary. Python also has direct access to the PyGame and pyttsx3 libraries which were essential for the project [16]. 
The game is contained within a single Python file. This kept things simple and made it easier to find and fix any issues during development.
The game runs on a loop sixty times per second. Each time the loop runs it checks for any user input, updates the game and then draws the current screen. All the important information such as points, streak, current question, language and difficulty is stored in one place called a GameState object, which made it straightforward to keep track of everything.
[image: ]









Fig. 3 GameState
For the look of the game, a simple child-friendly scene was used with a blue sky, clouds, a sun, green grass and flowers. Moving elements like animated clouds were considered but left out so children would not get distracted from the maths. The background is drawn once when the game starts and then reused every frame rather than being redrawn constantly, which made the game run more smoothly.
Three difficulty levels were created to suit the different age groups in the study. A ten-year-old would already know basic addition, so having only one level would not have worked across the full age range of four to ten. Children can also choose a different level if they find their current one too easy or too hard.
 
[bookmark: _Toc228539226]4.3 Text-to-Speech Implementation
A component of the game is text-to-speech (TTS), as some children aged four to six are not yet able to read independently. Ensuring that TTS worked reliably without disrupting the game presented a significant technical challenge — the spoken content needed to be delivered smoothly without causing the game to freeze.

The pyttsx3 library, like most TTS engines, operates synchronously by default. This means that when the speak function is called, it blocks the calling thread until the utterance has fully completed. Since the game runs at sixty frames per second, blocking the main thread for even a fraction of a second causes a visible freeze, which would be jarring and disruptive for young users. The speech works once but then doesn’t operate after that. In future work I will rectify these issues.
[image: ]












Fig. 4 Text-to-speech code

[bookmark: _Toc228539227]4.4 Difficulty Levels and Question Generation
Three difficulty levels were implemented, each targeting a specific age range and set of mathematical operations:
· Beginner (Age 4-6): Addition and subtractions with numbers between one and ten. Negatives numbers are prevented and the answers are multiple choice with four options.
· Explorer (Age 7-8): Addition, subtraction and multiplications. Addition and subtraction use larger numbers up to the maximum of thirty. Multiplication uses number between two and ten. This difficulty is also multiple choice.
· Champion (Age 9-10): All four operations are used. Addition and subtraction involve two-digit number up to the range of ninety-nine. Multiplication uses number up to twelve. Division is generated by choosing the answer first and working backwards to ensure a whole number result. To answer the player is required to input the answer into the keyboard and press enter.
For multiple choice questions, three wrong options are generated by adding small random offsets to the correct answer, ensuring the wrong answers are plausible incorrect. The four options are shuffled before they are displayed to prevent positional bias. The question text is displayed on screen in large, clearly legible font and simultaneously converted to a natural-language string for TTS delivery. For example, the displayed question “9 x 9 = ?” is spoken as “What is 9 times 9?” in English, or “Beth yw 9 lluosi 9?” in Welsh. Below is an image of the difficulty choice:
[image: ]









Fig. 5 Game difficulty
[bookmark: _Toc228539228]4.5 Avatar Creator
The avatar creator allows children to personalise their in-game character by selecting from a range of skin tones, hair colours, and eye colours. The avatar is drawn procedurally using PyGame’s drawing primitives. This approach ensures the avatar renders crisply at any size and eliminates any requirement to manage a library of image assets. 

Hair colours range from natural shades such as black, brown, and blonde through to colours including violet, teal and pink, giving every child the opportunity to create something personal to them. All colour names are displayed in whichever language the game is currently on.

[image: ]





Fig. 6 Sample of avatar code
[bookmark: _Toc228539229]4.6 User Interface Design
The visual design of the game prioritised clarity and age appropriateness over sophistication. The background is a static sky and grass scene with a sun, clouds and a row of flowers. The background is rendered once at application startup and reused across all frames rather than being redrawn each frame, improving performance and eliminating the visual noise of animated elements.

Buttons are implemented as rounded rectangles with a drop shadow and a smooth. The scale transitions from 1.0 to 1.06 when the mouse is over a button and returns smoothly when it leaves, providing tactile feedback without excessive movement. Buttons use comic Sans MS a font documented to improve readability for young and dyslexic readers compared to other alternatives [17]. 
[image: ]Fig.7 User Interface
The colour palette was chosen to be vivid and cheerful without being chaotic. Each difficulty level is associated with a distinct colour: green for Beginner, orange for Explorer, and red for Champion, creating a visual hierarchy that reinforces the verbal labels.

[bookmark: _Toc228539230]4.7 Testing
[bookmark: _Toc228539231]4.7.1 Unit Testing
Individual parts of the game were tested separately during development. The question generator was tested across all three difficulty levels to make sure questions used the correct number ranges, that division questions never produced a decimal answer, and that the correct answer was always included in the four multiple choice options. 

[bookmark: _Toc228539232]4.7.2 System Testing
The full game was tested from start to finish across every screen and mode. This included checking that moving between screens worked correctly, that switching language updated all text on screen immediately, that the test mode showed the progress bar and displayed the correct result screen after ten questions, and that the avatar saved and loaded correctly when the game was reopened.

[bookmark: _Toc228539233]4.7.3 Usability Testing
Two children tested the game informally before the main study began, one aged six and one aged nine. Neither had used the game before. The six-year-old was able to find the Beginner mode, answer questions. The nine-year-old navigated the Champion mode and the avatar creator without any help. Based on what was observed during these sessions two changes were made to the game. The back button was moved from the top left to the bottom left of the screen as it was being pressed accidentally, and moving objects were made still.

[bookmark: _Toc228539234]Chapter 5: Results and Discussion
[bookmark: _Toc228539235]5.1 Overview
This chapter presents the results of the study, including the mathematical assessment data collected across 5 weeks and the survey responses gathered from the children and parents at the end of the study.

[bookmark: _Toc228539236]5.2 Numeracy Results
Seven children participated in the study, completing five weekly assessments between 28th February 2026 and 28th March 2026. All children showed improvement over the course of the study, and no child recorded a lower score at the final assessment than at the first.

The group average score rose steadily from 40% at the first assessment to 65.71% at the final assessment, representing a mean improvement of 25.71 percentage points across the five-week period. This consistent increase across all participants suggests that regular engagement with the game had a positive effect on their mathematical performance. Figure 1 below illustrates the group mean scores across the five assessment points.











Fig. 8 Mean result of participants

At an individual level, four of the seven children improved by 30 percentage points over the study period, while the remaining three improved by 20 percentage points. Child 6 and Child 7 recorded the highest final scores of 80% and 90% respectively. They were the oldest participants in the study and therefore had a stronger baseline, allowing them to build on existing knowledge quicker. Child 3 showed the smallest absolute gain, improving from 20% to 40%, though this still represents a doubling of their initial score and is particularly encouraging given their low starting point. It is also worth noting that Child 3 was the youngest participant in the study and would naturally have had less prior experience with numeracy.











Fig. 9 Participants overall improvement
One notable observation is that Child 4 was the only participant to record a score decrease between two consecutive assessments, dropping from 60% at week four back to 50% at the final assessment. As their overall trajectory across the study remained positive this may reflect an off day rather than a genuine regression in ability.

The two children with the lowest overall improvement both stated they did not enjoy maths and considered it a waste of time. This may suggest that prior negative experiences with mathematics caused them to become anxious and disengage, which is consistent with research on maths anxiety in young children. [11] 
However, both children appeared to enjoy themselves whilst playing the game, which is an encouraging sign that a game-based approach may help reduce this barrier over time.










Fig. 10 Individual progress weekly

[bookmark: _Toc228539237]5.3 Survey Results: Children 
Child survey responses indicated high levels of enjoyment and engagement throughout the study. Children were asked to rate five areas on a scale of one to five, how confident they felt, how much they enjoyed the game, whether they felt it helped them, whether they would play it again, and how difficult they found it.

The results showed a mean enjoyment rating of 3.43 out of five, a mean helpfulness rating of 4.00 out of five, a mean confidence rating of 3.86 out of five, and a mean play again rating of 3.71 out of five. The average difficulty rating was 2.71 out of five, suggesting the majority of children found the game relatively easy, which is appropriate given the target age range.

The children who enjoyed the game the least and were least likely to play it again were those aged over eight, with Child 6 and Child 7 both rating enjoyment and willingness to play again at two out of five. Both verbally stated they found the game too childish, which is a useful finding for future development. Despite this, both still rated the game as helpful with scores of four out of five, suggesting that even those who did not particularly enjoy the experience recognised its educational value.

The children who felt the least confident improvement were those who had shown the lowest score gains in the assessments and those who had previously stated they did not enjoy maths. 












Fig. 11 Child Survey
The majority of children verbally stated that their favourite parts of the game were the colours and the avatar. Several children mentioned they wished they could have customised their avatar further, which is noted as an area for improvement in future development.

[bookmark: _Toc228539238]5.4 Survey Results: Parents
Parent survey responses were broadly positive. Parents were asked to rate three areas on a scale of one to five: whether their child's confidence with maths had improved, whether they felt the game had helped their child, and whether they would allow their child to play the game again.

The results showed a mean confidence rating of 4.29 out of five, a mean helpfulness rating of 4.57 out of five, and a mean play again rating of 4.86 out of five. The play again score was the highest of the three, with five out of seven parents giving it the maximum score of five, suggesting that parents were very willing for their children to continue using the game. No parent rated any category below three, indicating that even the least positive responses were still favourable overall.

Most parents noticed their child had become more confident when talking about numbers or doing basic maths in everyday situations during the five-week period. Several parents also mentioned their child had asked to play the game outside of the scheduled sessions, which suggests the game was engaging enough to motivate children to use it independently.

A small number of parents raised concerns about screen time and the amount of time their child was spending on a device. This will need to be taking into consideration if it was to be implemented into schools. Adding an option within the game itself to set a time limit is something that could be explored in future development.











Fig.12 Parent Survey
[bookmark: _Toc228539239]5.5 Discussion 
The results from both the maths assessments and the surveys show that Cyfrifeg / MathQuest had a positive effect on the children who took part in the study. All seven children improved their scores over the five weeks and the surveys from both children and parents were mostly positive.

The fact that every child improved, with a mean increase of 25.71 percentage points, suggests that playing the game regularly helped the children get better at maths. This matches what has been found in similar research, where interactive games have been shown to improve both skills and motivation in young learners.

The younger and lower scoring children had the most room to improve. Child 3 doubled their score from 20% to 40% which, despite being the smallest gain in the study, is a strong result for the youngest participant who would have had the least experience with maths going into the study. This suggests the game may be most beneficial for children who are struggling rather than those who are already performing well.

The only exception was Child 4 who dropped slightly at the final assessment. Since this was the only dip in the entire dataset and their overall progress was still positive, this was likely just an off day rather than a sign that the game was not working for them.

The parent survey results were very encouraging. A helpfulness rating of 4.57 out of five and a play again rating of 4.86 out of five show that parents felt the game was worthwhile. Several children also asked to play outside of the scheduled sessions, which shows the game was genuinely engaging rather than something they felt they had to do.

The child survey did highlight one clear issue. The two oldest participants, Child 6 and Child 7, gave low ratings for enjoyment and willingness to play again, both commenting that the game felt too childish. Despite this, both still rated it as helpful. This tells us that while the educational content worked, the look and feel of the game did not suit older children in the age range. Making the game look more mature for the seven to ten age group would be a straightforward improvement for any future version.

The two children with the lowest improvement also had the most negative attitudes towards maths before the study began. Both still improved and seemed to enjoy the game during sessions, but their lower confidence ratings suggest that negative feelings about maths built up over time are not easy to change in just five weeks. A longer study would be needed to see whether a game-based approach could gradually change how these children feel about maths more broadly.

Finally, the Welsh language version of the game worked well. Children in Welsh-medium settings used it without any issues and parents of Welsh-speaking children were particularly pleased that a Welsh-language maths game existed. Given how few Welsh-language educational games are available, this is one of the more meaningful contributions of this project.

[bookmark: _Toc228539240]Chapter 6: Evaluation
[bookmark: _Toc228539241]6.1 Overview
This chapter reviews each of the four objectives set out in Chapter 1 and assesses whether they were met. It also discusses the limitations of the study.

[bookmark: _Toc228539242]6.2 Objective 1 - Design and develop an interactive digital game to educate young children with basic maths skills
This objective was fully met. Cyfrifeg / MathQuest was built using Python, PyGame, and pyttsx3, covering addition, subtraction, multiplication, and division across three difficulty levels suited to the different age groups. Text-to-speech was included so younger children who cannot yet read could still use the game independently though was not able to resolve certain issues, so an adult is required to assist with reading. The game was also made fully bilingual in English and Welsh, which went beyond the original requirement and added value for Welsh-speaking participants.

[bookmark: _Toc228539243]6.3 Objective 2 - Measure the game's impact on maths skills and compare test scores
This objective was met. Five weekly assessments were carried out with seven children between 28th February 2026 and 28th March 2026. All seven improved their scores, with a mean improvement of 25.71 percentage points. No child finished lower than they started. Results were recorded and analysed in Microsoft Excel, allowing clear comparisons between the first and final assessments.

One important limitation to acknowledge is that with only seven participants and no control group, it cannot be said with certainty that the game alone caused the improvement. Other factors such as school lessons may have also played a role. A larger study with a control group would provide stronger evidence.

[bookmark: _Toc228539244]6.4 Objective 3 - Evaluate whether the game kept children engaged and if they enjoyed it
This objective was partially met. The child survey showed a mean enjoyment rating of 3.43 out of five and a mean play again rating of 3.71 out of five, which are positive but not as high as hoped. The parent survey was more encouraging, with a play again rating of 4.86 out of five and several parents noting their child asked to play outside of the scheduled sessions.

The main issue was that engagement was noticeably lower among older children. Child 6 and Child 7 both gave enjoyment ratings of two out of five and described the game as too childish. Both still found it helpful, but the look and feel of the game did not suit the older end of the age range. This would need to be addressed in any future version.

[bookmark: _Toc228539245]6.5 Objective 4 - Gather parent responses on whether they perceived improvement in their child
This objective was fully met. The parent survey showed a mean confidence rating of 4.29 out of five and a helpfulness rating of 4.57 out of five. No parent rated any category below three. Most noticed their child had become more confident with numbers in everyday life, and several said their child had asked to keep playing after the study ended.

[bookmark: _Toc228539246]6.6 Limitations
Several limitations are worth noting. The sample size of seven children is small, meaning the results cannot be applied broadly to all children. The five-week study period is also relatively short, and it is unknown whether the improvements seen would be maintained over a longer period.

The absence of a control group makes it difficult to be certain the game was the sole reason for improvement. Without a group of children who were tested without using the game, other influences cannot be ruled out.
Finally, the text-to-speech had some reliability issues during extended use which may have affected the experience for some of the younger participants who depended on it most.

[bookmark: _Toc228539247]6.7 Comparison with Literature
The results of this study are consistent with what the existing research suggests. The improvement seen across all participants matches findings from similar studies where game-based learning had a positive effect on maths performance. 

The maths anxiety finding, where two children with negative attitudes towards maths showed lower confidence despite improving, is also supported by the literature. Research has shown that maths anxiety can affect how children engage with learning regardless of how enjoyable the game is. This highlights the importance of designing games that focus on personal progress rather than competition, which is what the points and streak system in this game aimed to do.

Overall, the project met its main objectives and produced results that support the case for game-based maths learning, particularly for younger children. The key areas to improve in future would be the interface for older children, TTS reliability, and conducting a larger and longer study.

[bookmark: _Toc228539248]Chapter 7 - Conclusions and Recommendations 
[bookmark: _Toc228539249]7.1 Conclusions
This project set out to investigate whether a bilingual digital game could improve the mathematical skills of children aged four to ten and keep them engaged throughout. Based on the results of the study, the answer is broadly yes.

All seven children who took part improved their maths scores over the five-week period, with a mean improvement of 25.71 percentage points. The parent survey returned a helpfulness rating of 4.57 out of five and a play again rating of 4.86 out of five, both of which are strong results. Several children asked to play the game outside of the scheduled sessions, which suggests the game was genuinely engaging rather than something they simply tolerated.
The bilingual functionality worked well and was particularly well received by Welsh-speaking families. Given the lack of Welsh-language educational games currently available, this is one of the more meaningful aspects of the project. Parents of Welsh-speaking children expressed satisfaction that a Welsh-medium maths game existed at all, which highlights a gap in the market that this project has begun to address.

However, the project also identified clear areas where the game fell short. The two oldest participants found the game too childish and gave low enjoyment ratings despite still finding it helpful. This suggests that while the educational content was appropriate, the visual design did not suit the older end of the target age range. Any future version of the game would need to address this.

The study also has limitations that prevent strong conclusions from being drawn. The sample size of seven children is small, there was no control group, and the study only ran for five weeks. These factors mean the results are encouraging but not definitive. A larger and longer study would be needed before any firm claims could be made about the effectiveness of the game more broadly.

[bookmark: _Toc228539250]7.2 Recommendations for Future Work
Based on the findings of this project, the following recommendations are made for anyone looking to build on this work:

[bookmark: _Toc228539251]More age-appropriate design for older children

The feedback from children aged over eight was clear — the game felt too childish. A future version should consider a separate interface or visual theme for the older age group that feels less cartoonish whilst keeping the same educational content.

[bookmark: _Toc228539252]Larger and longer study

 Seven children over five weeks is a starting point but not enough to draw broad conclusions. A follow up study involving more children over a longer period, ideally with a control group, would provide much stronger evidence of the game's effectiveness.

[bookmark: _Toc228539253]Adaptive difficulty 

Currently children select their own difficulty level. A future version could adjust the difficulty automatically based on how well the child is performing, making the game more personalised and keeping it at the right level of challenge throughout.

[bookmark: _Toc228539254]Text-to-speech improvements

The TTS system had reliability issues. Future development should focus on making this more stable as it is one of the most important features for the youngest users.

[bookmark: _Toc228539255]Session time limits

Several parents raised concerns about screen time. Adding an option to set a maximum session length within the game itself would address this concern and make the game more suitable for use in schools where time management is important.

[bookmark: _Toc228539256]Mobile version

The game currently only runs on desktop computers. Developing a mobile version would make it accessible to far more children, particularly those whose families do not own a desktop or laptop computer.

[bookmark: _Toc228539257]Teacher dashboard

If the game were to be used in schools, a simple dashboard showing each child's scores over time would be very useful for teachers. This would allow them to see at a glance which children are improving, and which might need extra support.

Overall, this project has shown that a well-designed bilingual educational game can have a positive impact on the maths skills and engagement of young children. The results are promising and the feedback from both children and parents has been encouraging. With further development and a more robust study, Cyfrifeg / MathQuest has the potential to be a genuinely useful tool for supporting numeracy in Welsh primary schools.

[bookmark: _Toc228539258]Chapter 8: Reflection
The biggest lesson I took from this project is to be realistic about what you can achieve given the time you have and your current abilities. Life outside of university, including moving home, work, and family, meant my original plan was too ambitious. I had to cut the study from ten weeks down to five, which still gave me the same amount of data but may have affected how reliable the results were. Next time I would plan with more spare time built in from the beginning.

My research skills improved a lot during this project. At the start I struggled to find relevant papers on the topic. I was only using the university library website but eventually started looking through the reference lists of papers I had already found to discover new ones. It felt difficult at first but became much easier over time and is now something I feel confident doing.

Working under pressure to a deadline is another skill I developed. Balancing the game development, running the study, collecting data and writing the report all at the same time was hard. Getting through it has prepared me well for the pressures of working life where deadlines are not always flexible.

On the technical side I learned a great deal about Python. The avatar creator was one of the most time-consuming parts of the project. I tried to build it entirely from scratch which took far longer than expected. I later found that tools already existed online that could have helped with this. It taught me that there is no point in rebuilding something that already exists. Using what is already available frees up time for the parts of a project that actually need original work.

The text-to-speech was another challenge. Getting it to run in the background without freezing the game required me to learn about threading in Python, which was something I had not done before. It was frustrating at times, but it is a genuinely useful skill that I will be able to apply in future projects. Hopefully in the future I can work fully on the game
If I were to do this again I would try to get more participants from the start as seven children is a small number and more would have made the results more meaningful. I would also include a control group so it would be clearer whether the game itself caused the improvement rather than other factors.

Overall, this has been the most challenging project I have done during my degree but also the most rewarding. It brought together software development, research, working with children, and academic writing all in one. I come away from it with skills I am confident will be useful in my future career.
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[bookmark: _Toc228539263]Code Used

"""
Cyfrifeg / MathQuest - Welsh & English Children's Math Learning Game
Human avatar, static background, clear arrow buttons for all options.
"""
 
import pygame
import pyttsx3
import random
import json
import os
import math
import sys
import threading
 
# INIT
pygame.init()
 
WIDTH, HEIGHT = 1024, 720
screen = pygame.display.set_mode((WIDTH, HEIGHT))
pygame.display.set_caption("Cyfrifeg / MathQuest 🌟")
clock = pygame.time.Clock()
FPS = 60
 
# TTS
tts_engine = None
tts_queue  = []
tts_lock   = threading.Lock()
 
def init_tts():
    global tts_engine
    try:
        tts_engine = pyttsx3.init()
        tts_engine.setProperty('rate', 145)
        tts_engine.setProperty('volume', 1.0)
        for v in tts_engine.getProperty('voices'):
            if 'zira' in v.name.lower() or 'child' in v.name.lower():
                tts_engine.setProperty('voice', v.id)
                break
    except Exception as e:
        print(f"TTS init: {e}")
        tts_engine = None
 
def _tts_worker():
    while True:
        text = None
        with tts_lock:
            if tts_queue:
                text = tts_queue.pop(0)
        if text and tts_engine:
            try:
                tts_engine.say(text)
                tts_engine.runAndWait()
            except Exception as e:
                print(f"TTS error: {e}")
        else:
            import time as _t
            _t.sleep(0.05)
 
def speak(text, clear_queue=False):
    """Queue text to be spoken. Pass clear_queue=True to interrupt and speak immediately."""
    with tts_lock:
        if clear_queue:
            tts_queue.clear()
            try:
                if tts_engine:
                    tts_engine.stop()
            except:
                pass
        tts_queue.append(text)
 
init_tts()
# Start the single persistent TTS worker thread
_tts_thread = threading.Thread(target=_tts_worker, daemon=True)
_tts_thread.start()
 
# COLOURS
C = {
    'white':   (255, 255, 255),
    'dark':    ( 40,  40,  60),
    'purple':  (150,  80, 200),
    'lpurple': (200, 160, 255),
    'pink':    (255, 120, 180),
    'blue':    ( 60, 130, 220),
    'lblue':   (160, 210, 255),
    'green':   ( 60, 180,  80),
    'lgreen':  (160, 240, 160),
    'orange':  (255, 160,  40),
    'lorange': (255, 220, 160),
    'red':     (220,  60,  60),
    'lred':    (255, 180, 180),
    'yellow':  (255, 230,  50),
    'gold':    (255, 190,   0),
    'grey':    (180, 180, 180),
    'lgrey':   (230, 230, 230),
    'mgrey':   (200, 200, 210),
    'star':    (255, 215,   0),
}
 
# BACK BUTTON POSITION 
BACK_X  = 20          # left edge of button
BACK_Y  = HEIGHT - 62 # sits near bottom
BACK_W  = 150
BACK_H  = 48
 
# ─── FONTS ───────────────────────────────────────────────────────────────────
def load_font(size, bold=False):
    try:
        return pygame.font.SysFont('Comic Sans MS', size, bold=bold)
    except:
        return pygame.font.Font(None, size)
 
F = {
    'title': load_font(62, True),
    'large': load_font(46, True),
    'med':   load_font(34, True),
    'small': load_font(26),
    'tiny':  load_font(20),
}
# ─── TRANSLATIONS ─────────────────────────────────────────────────────────────
T = {
    'en': {
        'title': 'MathQuest', 'play':'Play Game', 'test':'Quick Test (10 Qs)', 'avatar':'Create Avatar', 'lang':'Cymraeg',
        'difficulty':'Choose Difficulty', 'easy': 'Beginner (Age 4-6)', 'medium': 'Explorer (Age 7-8)',
        'hard': 'Champion (Age 9-10)', 'back': '< Back', 'correct':['Amazing!','Brilliant!','Fantastic!','You rock!','Super smart!','Great job!'],
        'wrong':['Oops! Try again!','Nearly there!','Keep going!',"Don't give up!","You've got this!"],
        'streak':'Streak','points':'Points','question':'Question', 'of':'of', 'score':'Your Score', 'play_again':'Play Again',
        'menu':'Main Menu', 'avatar_title':'Create Your Avatar!', 'skin':'Skin Tone', 'hair':'Hair Colour', 'eyes':'Eye Colour', 'mouth':'Mouth Style', 
        'bg_col':'Background', 'save':'Save Avatar', 'ops':{'add':'plus','sub':'minus','mul':'times','div':'divided by'},
        'what_is':'What is', 'equals':'equals?', 'test_complete':'Test Complete!', 'well_done':'Well done!', 'out_of':'out of',
        'choose_answer':'Choose the answer!', 'type_answer':'Type your answer:', 'press_enter':'Press ENTER to check',
    },
    'cy': {
        'title':'Cyfrifeg', 'play':'Chwarae', 'test':'Prawf Cyflym (10 C)', 'avatar':'Creu Avatar', 'lang':'English',
        'difficulty':'Dewis Anhawster', 'easy':'Dechreuwr (Oed 4-6)', 'medium':'Anturiwr (Oed 7-8)', 'hard':'Pencampwr (Oed 9-10)', 
        'back':'< Yn ol', 'correct':['Gwych!','Ardderchog!','Ffantastig!','Da iawn!','Clyfar iawn!','Waw, da iawn!'],
        'wrong':['O diar! Trio eto!','Bron iawn!','Dal ati!',"Paid a rhoi i fyny!","Gallet ti!"], 'streak':'Rhes', 'points':'Pwyntiau',
        'question':'Cwestiwn', 'of':'o', 'score':'Dy Sgor', 'play_again':'Chwarae Eto', 'menu':'Dewislen', 'avatar_title':'Creu dy Avatar!',
        'skin':'Lliw Croen', 'hair':'Lliw Gwallt', 'eyes':'Lliw Llygaid', 'mouth':'Steil Ceg', 'bg_col':'Cefndir',
        'save':'Cadw Avatar', 'ops':{'add':'plws','sub':'minws','mul':'lluosi','div':'rhannu'}, 'what_is':'Beth yw',
        'equals':'yn hafal i?', 'test_complete':"Prawf Wedi'i Gwblhau!", 'well_done':'Da iawn!',
        'out_of':'allan o','choose_answer':'Dewis yr ateb!', 'type_answer':'Teipia dy ateb:', 'press_enter':'Pwysa ENTER i wirio',
    }
}
# ─── HELPERS ─────────────────────────────────────────────────────────────────
def lerp_color(c1, c2, t):
    return tuple(int(c1[i] + (c2[i] - c1[i]) * t) for i in range(3))
 
def draw_rrect(surf, color, rect, radius=16):
    x, y, w, h = rect
    r = min(radius, w // 2, h // 2)
    pygame.draw.rect(surf, color, (x + r, y, w - 2*r, h))
    pygame.draw.rect(surf, color, (x, y + r, w, h - 2*r))
    for cx, cy in [(x+r, y+r), (x+w-r, y+r), (x+r, y+h-r), (x+w-r, y+h-r)]:
        pygame.draw.circle(surf, color, (cx, cy), r)
 
def draw_text(surf, text, font, color, x, y, center=True, shadow=True):
    if shadow:
        s = font.render(text, True, (80, 80, 100))
        r = s.get_rect()
        if center: r.center = (x + 2, y + 2)
        else: r.topleft = (x + 2, y + 2)
        surf.blit(s, r)
    rend = font.render(text, True, color)
    r = rend.get_rect()
    if center: r.center = (x, y)
    else: r.topleft = (x, y)
    surf.blit(rend, r)
    return r
 
def draw_star_shape(surf, color, cx, cy, outer, inner, points=5):
    pts = []
    for i in range(points * 2):
        ang = math.pi / points * i - math.pi / 2
        rad = outer if i % 2 == 0 else inner
        pts.append((cx + rad * math.cos(ang), cy + rad * math.sin(ang)))
    if len(pts) >= 3:
        pygame.draw.polygon(surf, color, pts)
 
# ─── STATIC BACKGROUND ───────────────────────────────────────────────────────
_bg_surface = None
 
def build_background():
    """Build once, reuse every frame — no animation."""
    global _bg_surface
    _bg_surface = pygame.Surface((WIDTH, HEIGHT))
    # Sky gradient
    for row in range(HEIGHT * 2 // 3):
        t = row / (HEIGHT * 2 / 3)
        col = lerp_color((100, 185, 255), (210, 240, 255), t)
        pygame.draw.line(_bg_surface, col, (0, row), (WIDTH, row))
    # Ground
    pygame.draw.rect(_bg_surface, (100, 185, 70), (0, HEIGHT * 2 // 3, WIDTH, HEIGHT))
    pygame.draw.rect(_bg_surface, (75, 155, 55), (0, HEIGHT * 2 // 3, WIDTH, 18))
    # Sun 
    SUN_X, SUN_Y = 100, 160
    pygame.draw.circle(_bg_surface, C['yellow'], (SUN_X, SUN_Y), 52)
    pygame.draw.circle(_bg_surface, C['gold'],   (SUN_X, SUN_Y), 52, 3)
    for i in range(12):
        ang = i * math.pi / 6
        x1 = SUN_X + int(58 * math.cos(ang))
        y1 = SUN_Y + int(58 * math.sin(ang))
        x2 = SUN_X + int(76 * math.cos(ang))
        y2 = SUN_Y + int(76 * math.sin(ang))
        pygame.draw.line(_bg_surface, C['gold'], (x1, y1), (x2, y2), 4)
    # Clouds 
    cloud_positions = [(250, 80, 1.0), (520, 60, 0.85), (780, 95, 1.1), (950, 55, 0.75)]
    for cx, cy, sc in cloud_positions:
        for dx, dy, r in [(-44, 0, 32), (0, -16, 42), (44, 0, 32), (0, 10, 28)]:
            pygame.draw.circle(_bg_surface, C['white'], (int(cx + dx), int(cy + dy)), int(r * sc))
    # Flowers on ground
    flower_cols = [C['pink'], C['yellow'], C['white'], C['lpurple']]
    for fx in range(40, WIDTH, 80):
        fy = HEIGHT * 2 // 3 + 10
        fc = flower_cols[(fx // 80) % len(flower_cols)]
        for i in range(5):
            ang = i * math.pi * 2 / 5
            pygame.draw.circle(_bg_surface, fc, (fx + int(8 * math.cos(ang)), fy + int(8 * math.sin(ang))), 5)
        pygame.draw.circle(_bg_surface, C['yellow'], (fx, fy), 5)
 
build_background()
 
def draw_background(surf):
    surf.blit(_bg_surface, (0, 0))
 
# ─── BUTTON ──────────────────────────────────────────────────────────────────
class Button:
    def __init__(self, x, y, w, h, text, color=None, hover=None, tc=None, font=None, radius=16):
        self.rect = pygame.Rect(x - w // 2, y - h // 2, w, h)
        self.text = text
        self.color  = color or C['purple']
        self.hover_color = hover or C['lpurple']
        self.tc     = tc or C['white']
        self.font   = font or F['med']
        self.radius = radius
        self.hovered = False
        self.scale   = 1.0
        self.click_anim = 0
 
    def update(self, mx, my):
        self.hovered = self.rect.collidepoint(mx, my)
        target = 1.06 if self.hovered else 1.0
        self.scale += (target - self.scale) * 0.25
        if self.click_anim > 0:
            self.click_anim -= 1
 
    def draw(self, surf):
        w = int(self.rect.width  * self.scale)
        h = int(self.rect.height * self.scale)
        x = self.rect.centerx - w // 2
        y = self.rect.centery - h // 2
        # drop shadow
        sh = pygame.Surface((w + 4, h + 4), pygame.SRCALPHA)
        pygame.draw.rect(sh, (0, 0, 0, 50), (2, 2, w, h), border_radius=self.radius)
        surf.blit(sh, (x - 2, y + 4))
        col = self.hover_color if self.hovered else self.color
        if self.click_anim > 0:
            col = lerp_color(col, C['white'], 0.35)
        # Full filled rounded rect
        pygame.draw.rect(surf, col, (x, y, w, h), border_radius=self.radius)
        # Solid border
        darker = lerp_color(col, (0, 0, 0), 0.25)
        pygame.draw.rect(surf, darker, (x, y, w, h), 3, border_radius=self.radius)
        draw_text(surf, self.text, self.font, self.tc, self.rect.centerx, self.rect.centery)
 
    def is_clicked(self, event):
        if event.type == pygame.MOUSEBUTTONDOWN and event.button == 1:
            if self.rect.collidepoint(event.pos):
                self.click_anim = 8
                return True
        return False
 
# ─── ARROW BUTTON  ────────────────────────────────────
class ArrowButton:
    
    def __init__(self, x, y, direction):
        self.cx = x
        self.cy = y
        self.direction = direction   # 'left' or 'right'
        self.size = 24
        self.rect = pygame.Rect(x - self.size, y - self.size, self.size * 2, self.size * 2)
        self.hovered = False
        self.click_anim = 0
 
    def update(self, mx, my):
        self.hovered = self.rect.collidepoint(mx, my)
        if self.click_anim > 0:
            self.click_anim -= 1
 
    def draw(self, surf):
        # Outer circle
        col    = C['blue']   if not self.hovered else C['lblue']
        border = C['dark']
        if self.click_anim > 0:
            col = C['white']
        pygame.draw.circle(surf, col,    (self.cx, self.cy), self.size)
        pygame.draw.circle(surf, border, (self.cx, self.cy), self.size, 3)
        # Arrow triangle
        s = 14
        if self.direction == 'left':
            pts = [(self.cx + s - 8, self.cy - s),
                   (self.cx - s + 8, self.cy),
                   (self.cx + s - 8, self.cy + s)]
        else:
            pts = [(self.cx - s + 8, self.cy - s),
                   (self.cx + s - 8, self.cy),
                   (self.cx - s + 8, self.cy + s)]
        pygame.draw.polygon(surf, C['white'], pts)
 
    def is_clicked(self, event):
        if event.type == pygame.MOUSEBUTTONDOWN and event.button == 1:
            if self.rect.collidepoint(event.pos):
                self.click_anim = 8
                return True
        return False
 
# ─── AVATAR DATA ─────────────────────────────────────────────────────────────
SKIN_TONES = [
    (255, 220, 180), (240, 195, 145), (210, 160, 110),
    (170, 115,  75), (120,  78,  50), ( 80,  50,  35),
]
SKIN_NAMES = {
    'en': ['Fair', 'Light', 'Medium', 'Tan', 'Brown', 'Deep'],
    'cy': ['Golau', 'Ysgafn', 'Canolig', 'Lliw Haul', 'Brown', 'Dwfn'],
}
 
HAIR_COLORS = [
    ( 15,  10,   5),   # Jet Black
    ( 50,  30,  10),   # Dark Brown
    ( 90,  55,  20),   # Brown
    (140,  90,  40),   # Medium Brown
    (180, 130,  60),   # Light Brown
    (210, 170,  80),   # Dark Blonde
    (240, 210, 120),   # Blonde
    (255, 235, 170),   # Platinum Blonde
    (200, 100,  40),   # Auburn
    (160,  50,  20),   # Deep Red
    (220,  60,  60),   # Bright Red
    (255, 120,  80),   # Copper
    ( 60,  30, 110),   # Dark Purple
    (140,  60, 200),   # Violet
    (180, 100, 220),   # Lavender
    ( 30,  80, 160),   # Dark Blue
    ( 60, 150, 220),   # Blue
    ( 40, 180, 160),   # Teal
    ( 40, 160,  80),   # Dark Green
    (100, 200,  80),   # Bright Green
    ( 60,  60,  60),   # Dark Grey
    (130, 130, 130),   # Grey
    (200, 200, 200),   # Silver
    (240, 240, 240),   # White
    (255, 180,  60),   # Golden
    (220,  80, 140),   # Hot Pink
    (255, 140, 200),   # Pink
]
HAIR_NAMES = {
    'en': [
        'Jet Black','Dark Brown','Brown','Medium Brown','Light Brown',
        'Dark Blonde','Blonde','Platinum','Auburn','Deep Red',
        'Bright Red','Copper','Dark Purple','Violet','Lavender',
        'Dark Blue','Blue','Teal','Dark Green','Bright Green',
        'Dark Grey','Grey','Silver','White','Golden',
        'Hot Pink','Pink',
    ],
    'cy': [
        'Du Fel Jet','Brown Tywyll','Brown','Brown Canolig','Brown Golau',
        'Melyn Tywyll','Melyn','Platinwm','Coch Golau','Coch Dwfn',
        'Coch Llachar','Copr','Porffor Tywyll','Fioled','Lafant',
        'Glas Tywyll','Glas','Gwyrddlas','Gwyrdd Tywyll','Gwyrdd Llachar',
        'Llwyd Tywyll','Llwyd','Arian','Gwyn','Aur',
        'Pinc Poeth','Pinc',
    ],
}
 
EYE_COLORS = [
    ( 60, 120, 200), ( 40, 160,  80), (120,  70,  30),
    ( 80,  80,  80), (160, 100, 180), (200, 140,  40),
    (130,  95,  40), (180,  45,  45),
]
EYE_NAMES = {
    'en': ['Blue', 'Green', 'Brown', 'Grey', 'Violet', 'Amber', 'Hazel', 'Red'],
    'cy': ['Glas', 'Gwyrdd', 'Brown', 'Llwyd', 'Fioled', 'Ambr', 'Cyll', 'Coch'],
}
 
 
DEFAULT_AVATAR = {'skin': 0, 'hair': 0, 'eyes': 0}
AVATAR_FILE    = os.path.join(os.path.dirname(__file__), 'avatar.json')
avatar_data    = dict(DEFAULT_AVATAR)
 
def load_avatar():
    global avatar_data
    if os.path.exists(AVATAR_FILE):
        try:
            with open(AVATAR_FILE) as f:
                avatar_data = json.load(f)
        except:
            pass
 
def save_avatar_file():
    with open(AVATAR_FILE, 'w') as f:
        json.dump(avatar_data, f)
 
load_avatar()
 
# HUMAN AVATAR
def draw_avatar(surf, cx, cy, size=80, data=None):
    if data is None:
        data = avatar_data
    skin = SKIN_TONES [data.get('skin', 0) % len(SKIN_TONES)]
    hair = HAIR_COLORS[data.get('hair', 0) % len(HAIR_COLORS)]
    eyes = EYE_COLORS [data.get('eyes', 0) % len(EYE_COLORS)]
    r = size
 
    # Ears (behind head)
    ear_r = int(r * 0.17)
    for ex in [cx - r + 2, cx + r - 2]:
        pygame.draw.circle(surf, skin, (ex, cy + int(r * 0.05)), ear_r + 3)
        pygame.draw.circle(surf, lerp_color(skin, (200, 120, 100), 0.2),
                           (ex, cy + int(r * 0.05)), ear_r)
 
    # Head (solid circle)
    pygame.draw.circle(surf, skin, (cx, cy), r)
 
    # Hair cap — sits strictly on the top third of the head only
    # Draw as a filled ellipse clipped to upper portion only
    cap_h = int(r * 0.55)   # height of the cap from the very top
    for dy in range(-r, -r + cap_h):
        half_w = int(math.sqrt(max(0, r * r - dy * dy)))
        pygame.draw.line(surf, hair, (cx - half_w, cy + dy), (cx + half_w, cy + dy))
 
    # Redraw any skin that the hair loop may have painted outside the head circle
    # by re-asserting the bottom 60% of the face in skin colour
    for dy in range(-r + cap_h, r + 1):
        half_w = int(math.sqrt(max(0, r * r - dy * dy)))
        pygame.draw.line(surf, skin, (cx - half_w, cy + dy), (cx + half_w, cy + dy))
 
    # Outline the head
    pygame.draw.circle(surf, lerp_color(skin, C['dark'], 0.15), (cx, cy), r, 2)
 
    # Eyebrows
    brow_y = cy - int(r * 0.25)
    brow_col = lerp_color(hair, C['dark'], 0.4)
    for ex in [cx - int(r * 0.33), cx + int(r * 0.33)]:
        bw = int(r * 0.2)
        pygame.draw.line(surf, brow_col, (ex - bw, brow_y), (ex + bw, brow_y), max(2, r // 16))
 
    # Eyes
    eye_y = cy - int(r * 0.06)
    eye_r = max(8, int(r * 0.19))
    for ex in [cx - int(r * 0.33), cx + int(r * 0.33)]:
        pygame.draw.ellipse(surf, C['white'],
                            (ex - eye_r, eye_y - int(eye_r * 0.72), eye_r * 2, int(eye_r * 1.44)))
        pygame.draw.circle(surf, eyes,      (ex, eye_y), int(eye_r * 0.72))
        pygame.draw.circle(surf, C['dark'],  (ex, eye_y), int(eye_r * 0.44))
        pygame.draw.circle(surf, C['white'],
                           (ex + int(eye_r * 0.28), eye_y - int(eye_r * 0.28)),
                           max(1, int(eye_r * 0.22)))
 
    # Nose
    nose_y = cy + int(r * 0.22)
    pygame.draw.circle(surf, lerp_color(skin, (170, 100, 80), 0.3),
                       (cx, nose_y), max(3, r // 13))
 
    # Cheeks (rosy blush)
    for sign in [-1, 1]:
        chx = cx + sign * int(r * 0.42)
        cw, ch2 = int(r * 0.36), int(r * 0.2)
        chk = pygame.Surface((cw, ch2), pygame.SRCALPHA)
        pygame.draw.ellipse(chk, (255, 150, 150, 85), (0, 0, cw, ch2))
        surf.blit(chk, (chx - cw // 2, cy + int(r * 0.2)))
 
    # Mouth — always a friendly smile
    mouth_y = cy + int(r * 0.48)
    mw = int(r * 0.38)
    pygame.draw.arc(surf, (200, 60, 60),
                    (cx - mw, mouth_y - int(r * 0.16), mw * 2, int(r * 0.26)),
                    math.pi, 0, max(2, r // 18))
 
# ─── PARTICLES ───────────────────────────────────────────────────────────────
class Particle:
    def __init__(self, x, y):
        self.x, self.y = float(x), float(y)
        self.color = random.choice([C['yellow'], C['pink'], C['orange'],
                                    C['green'], C['blue'], C['purple']])
        ang = random.uniform(0, math.pi * 2)
        spd = random.uniform(3, 9)
        self.vx = math.cos(ang) * spd
        self.vy = math.sin(ang) * spd - random.uniform(2, 6)
        self.life = self.max_life = random.randint(40, 80)
        self.size = random.randint(4, 12)
        self.shape = random.choice(['circle', 'star', 'square'])
 
    def update(self):
        self.x += self.vx
        self.y += self.vy
        self.vy += 0.25
        self.life -= 1
        return self.life > 0
 
    def draw(self, surf):
        s = max(2, int(self.size * self.life / self.max_life))
        c = self.color
        ix, iy = int(self.x), int(self.y)
        if self.shape == 'circle':
            pygame.draw.circle(surf, c, (ix, iy), s)
        elif self.shape == 'square':
            pygame.draw.rect(surf, c, (ix - s, iy - s, s * 2, s * 2))
        else:
            draw_star_shape(surf, c, ix, iy, s, s // 2, 5)
 
particles = []
 
def burst(x, y, n=50):
    for _ in range(n):
        particles.append(Particle(x, y))
 
# GAME STATE 
class GameState:
    def __init__(self):
        self.lang           = 'en'
        self.screen         = 'menu'
        self.difficulty     = 'easy'
        self.mode           = 'endless'
        self.points         = 0
        self.streak         = 0
        self.best_streak    = 0
        self.q_index        = 0
        self.total_qs       = 10
        self.correct_count  = 0
        self.current_q      = None
        self.feedback       = None
        self.feedback_timer = 0
        self.input_text     = ''
        self.shaking        = 0
        self.shake_offset   = (0, 0)
        self.answer_locked  = False
        self.selected_opt   = None
        self.anim_t         = 0
        self.result_anim    = 0
 
gs = GameState()
 
# ─── QUESTION GENERATOR ──────────────────────────────────────────────────────
def gen_question(difficulty, lang):
    t = T[lang]
    if difficulty == 'easy':
        op = random.choice(['+', '-'])
        a  = random.randint(1, 10)
        b  = random.randint(1, 10)
        if op == '-' and b > a:
            a, b = b, a
        ans     = a + b if op == '+' else a - b
        op_name = t['ops']['add'] if op == '+' else t['ops']['sub']
    elif difficulty == 'medium':
        op = random.choice(['+', '-', 'x'])
        if op == 'x':
            a = random.randint(2, 10); b = random.randint(2, 10)
            ans = a * b; op_name = t['ops']['mul']; op = 'x'
        else:
            a = random.randint(5, 30); b = random.randint(1, 20)
            if op == '-' and b > a: a, b = b, a
            ans = a + b if op == '+' else a - b
            op_name = t['ops']['add'] if op == '+' else t['ops']['sub']
    else:
        op = random.choice(['+', '-', 'x', '/'])
        if op == 'x':
            a = random.randint(3, 12); b = random.randint(3, 12)
            ans = a * b; op_name = t['ops']['mul']
        elif op == '/':
            b   = random.randint(2, 12); ans = random.randint(2, 12); a = b * ans
            op_name = t['ops']['div']
        elif op == '+':
            a = random.randint(10, 99); b = random.randint(10, 99)
            ans = a + b; op_name = t['ops']['add']
        else:
            a = random.randint(20, 99); b = random.randint(1, a)
            ans = a - b; op_name = t['ops']['sub']
 
    disp_op = {'x': 'x', '/': '/', '+': '+', '-': '-'}[op]
    question_str = f"{a}  {disp_op}  {b}"
    tts_text     = f"{t['what_is']} {a} {op_name} {b}?"
    wrong = set()
    while len(wrong) < 3:
        w = ans + random.choice([-3, -2, -1, 1, 2, 3, 4, 5])
        if w != ans and w >= 0:
            wrong.add(w)
    opts = list(wrong) + [ans]
    random.shuffle(opts)
    return {
        'question': question_str,
        'answer':   ans,
        'options':  opts,
        'tts':      tts_text,
        'use_mc':   difficulty in ('easy', 'medium'),
    }
 
# ─── OPTION BUTTONS ──────────────────────────────────────────────────────────
OPT_COLS   = [C['blue'],   C['green'],   C['orange'],   C['purple']]
OPT_HOVER  = [C['lblue'],  C['lgreen'],  C['lorange'],  C['lpurple']]
option_btns = []
 
def build_option_buttons():
    global option_btns
    option_btns = []
    opts = gs.current_q['options']
    positions = [
        (WIDTH // 4,     HEIGHT // 2 + 85),
        (3 * WIDTH // 4, HEIGHT // 2 + 85),
        (WIDTH // 4,     HEIGHT // 2 + 175),
        (3 * WIDTH // 4, HEIGHT // 2 + 175),
    ]
    for i, (opt, pos) in enumerate(zip(opts, positions)):
        b = Button(pos[0], pos[1], 215, 74, str(opt),
                   OPT_COLS[i % 4], OPT_HOVER[i % 4], C['white'], font=F['large'], radius=20)
        option_btns.append(b)
 
def new_question():
    gs.current_q   = gen_question(gs.difficulty, gs.lang)
    gs.input_text  = ''
    gs.answer_locked = False
    gs.selected_opt  = None
    build_option_buttons()
    speak(gs.current_q['tts'])  # queues after any feedback already speaking
 
def check_answer(val):
    correct = val == gs.current_q['answer']
    t = T[gs.lang]
    if correct:
        gs.streak += 1
        gs.best_streak = max(gs.best_streak, gs.streak)
        gs.points += 10 + (gs.streak - 1) * 5
        gs.correct_count += 1
        gs.feedback = random.choice(t['correct'])
        burst(WIDTH // 2, HEIGHT // 2, 55)
        speak(random.choice(t['correct']))
    else:
        gs.streak = 0
        gs.shaking = 18
        gs.feedback = random.choice(t['wrong']) + f"  Answer: {gs.current_q['answer']}"
        speak(random.choice(t['wrong']))
    gs.feedback_timer = 180
    gs.answer_locked  = True
 
# ─── DRAW HEADER ─────────────────────────────────────────────────────────────
def draw_header(surf):
    t = T[gs.lang]
    # Points pill
    draw_rrect(surf, C['white'], (8, 8, 195, 50), 14)
    pygame.draw.rect(surf, C['purple'], (8, 8, 195, 50), 2, border_radius=14)
    draw_star_shape(surf, C['gold'], 28, 33, 12, 6, 5)
    draw_text(surf, f"{t['points']}: {gs.points}", F['small'], C['purple'], 115, 33, shadow=False)
    # Streak pill
    draw_rrect(surf, C['white'], (210, 8, 195, 50), 14)
    pygame.draw.rect(surf, C['orange'], (210, 8, 195, 50), 2, border_radius=14)
    draw_text(surf, f"  {t['streak']}: {gs.streak}", F['small'], C['orange'], 307, 33, shadow=False)
    # fire dot decoration
    pygame.draw.circle(surf, C['orange'], (218, 33), 10)
    pygame.draw.circle(surf, C['yellow'], (218, 37), 6)
 
# ─── QUESTION SCREEN ─────────────────────────────────────────────────────────
def draw_question_screen(surf):
    t = T[gs.lang]
    q = gs.current_q
    if not q:
        return
    # Progress bar (test mode)
    if gs.mode == 'test':
        prog = gs.q_index / gs.total_qs
        draw_rrect(surf, C['lgrey'], (50, 78, WIDTH - 100, 20), 10)
        draw_rrect(surf, C['green'], (50, 78, max(0, int((WIDTH - 100) * prog)), 20), 10)
        draw_text(surf, f"{t['question']} {gs.q_index + 1} {t['of']} {gs.total_qs}",
                  F['small'], C['dark'], WIDTH // 2, 88)
 
    # Question bubble
    draw_rrect(surf, C['white'], (WIDTH // 2 - 290, HEIGHT // 2 - 145, 580, 105), 22)
    pygame.draw.rect(surf, C['purple'], (WIDTH // 2 - 290, HEIGHT // 2 - 145, 580, 105), 3, border_radius=22)
    draw_text(surf, q['question'] + '  =  ?', F['large'], C['dark'], WIDTH // 2, HEIGHT // 2 - 93)
 
    # Feedback
    if gs.feedback_timer > 0:
        is_good = any(c in gs.feedback for c in ['!', 'z', 'a', 'A', 'G', 'B', 'F', 'D', 'Y', 'W'])
        col = C['green'] if gs.answer_locked and gs.correct_count > 0 else C['red']
        # simpler check: no 'Answer:' in text means correct
        col = C['red'] if 'Answer:' in gs.feedback else C['green']
        draw_text(surf, gs.feedback, F['med'], col, WIDTH // 2, HEIGHT // 2 - 20)
 
    if q['use_mc']:
        draw_text(surf, t['choose_answer'], F['small'], C['dark'], WIDTH // 2, HEIGHT // 2 + 45)
        for i, b in enumerate(option_btns):
            if gs.answer_locked:
                if q['options'][i] == q['answer']:
                    b.color = C['green']; b.hover_color = C['lgreen']
                elif i == gs.selected_opt:
                    b.color = C['red'];   b.hover_color = C['lred']
            b.draw(surf)
    else:
        draw_text(surf, t['type_answer'], F['small'], C['dark'], WIDTH // 2, HEIGHT // 2 + 50)
        iw, ih = 210, 62
        draw_rrect(surf, C['white'], (WIDTH // 2 - iw // 2, HEIGHT // 2 + 72, iw, ih), 14)
        pygame.draw.rect(surf, C['purple'], (WIDTH // 2 - iw // 2, HEIGHT // 2 + 72, iw, ih), 3, border_radius=14)
        cursor = '|' if not gs.answer_locked else ''
        draw_text(surf, gs.input_text + cursor, F['large'], C['dark'], WIDTH // 2, HEIGHT // 2 + 103)
        draw_text(surf, t['press_enter'], F['tiny'], C['grey'], WIDTH // 2, HEIGHT // 2 + 148)
 
    # Back to menu button — bottom left, consistent with all other screens
    pygame.draw.rect(surf, C['grey'],  (BACK_X, BACK_Y, BACK_W, BACK_H), border_radius=12)
    pygame.draw.rect(surf, C['dark'],  (BACK_X, BACK_Y, BACK_W, BACK_H), 2, border_radius=12)
    draw_text(surf, t['back'], F['small'], C['white'], BACK_X + BACK_W // 2, BACK_Y + BACK_H // 2, shadow=False)
 
    # Speaker button — drawn as a proper speaker icon, no text
    spk_cx, spk_cy, spk_r = WIDTH - 55, HEIGHT - 55, 30
    pygame.draw.circle(surf, C['yellow'], (spk_cx, spk_cy), spk_r)
    pygame.draw.circle(surf, C['gold'],   (spk_cx, spk_cy), spk_r, 3)
    # Speaker body (small rectangle)
    pygame.draw.rect(surf, C['dark'], (spk_cx - 14, spk_cy - 8, 10, 16))
    # Speaker cone (triangle)
    pygame.draw.polygon(surf, C['dark'], [
        (spk_cx - 4,  spk_cy - 14),
        (spk_cx + 8,  spk_cy - 22),
        (spk_cx + 8,  spk_cy + 22),
        (spk_cx - 4,  spk_cy + 14),
    ])
    # Sound waves
    for i, arc_r in enumerate([14, 20]):
        pygame.draw.arc(surf, C['dark'],
                        (spk_cx + 4, spk_cy - arc_r, arc_r, arc_r * 2),
                        -0.9, 0.9, 2)
 
# ─── RESULT SCREEN ───────────────────────────────────────────────────────────
def draw_result_screen(surf):
    t = T[gs.lang]
    gs.result_anim = min(gs.result_anim + 3, 100)
    sc = gs.result_anim / 100
    cx, cy = WIDTH // 2, HEIGHT // 2 - 25
    cw, ch = int(530 * sc), int(440 * sc)
    if cw < 4 or ch < 4:
        return None, None
    card = pygame.Surface((cw, ch), pygame.SRCALPHA)
    pygame.draw.rect(card, (255, 255, 255, 235), (0, 0, cw, ch), border_radius=30)
    surf.blit(card, (cx - cw // 2, cy - ch // 2))
    if sc > 0.55:
        draw_text(surf, t['test_complete'],                      F['large'], C['purple'], cx, cy - 148)
        draw_text(surf, t['well_done'],                          F['med'],   C['dark'],   cx, cy -  92)
        draw_text(surf,
                  f"{t['score']}: {gs.correct_count} {t['out_of']} {gs.total_qs}",
                  F['large'], C['orange'], cx, cy - 35)
        draw_text(surf, f"{t['points']}: {gs.points}",          F['med'],   C['purple'], cx, cy +  28)
        draw_text(surf, f"Best Streak: {gs.best_streak}",        F['med'],   C['orange'], cx, cy +  78)
        draw_avatar(surf, cx, cy + 170, size=48)
    mx, my = pygame.mouse.get_pos()
    ab = Button(WIDTH // 2 - 140, HEIGHT - 68, 230, 54, t['play_again'], C['green'],  C['lgreen'],  C['dark'])
    mb = Button(WIDTH // 2 + 140, HEIGHT - 68, 230, 54, t['menu'],       C['purple'], C['lpurple'], C['white'])
    ab.update(mx, my); mb.update(mx, my)
    ab.draw(surf);     mb.draw(surf)
    return ab, mb
 
# ─── AVATAR SCREEN ───────────────────────────────────────────────────────────
class AvatarScreen:
    ROWS = [
        ('skin', 'skin', SKIN_TONES,  SKIN_NAMES),
        ('hair', 'hair', HAIR_COLORS, HAIR_NAMES),
        ('eyes', 'eyes', EYE_COLORS,  EYE_NAMES),
    ]
 
    # Layout constants — avatar centred top, rows below, nothing overlapping header
    ROW_START_Y = 460
    ROW_GAP     = 68
    LABEL_X     = 30          # far left edge
    SWATCH_CX   = WIDTH // 2  # colour swatch centred
    ARROW_L_X   = WIDTH - 160 # ◀ arrow
    ARROW_R_X   = WIDTH - 85  # ▶ arrow
 
    def __init__(self):
        self.state = {k: avatar_data.get(k, 0) for k, *_ in self.ROWS}
        self._build_buttons()
 
    def _build_buttons(self):
        t = T[gs.lang]
        # Save below the last row
        last_row_y = self.ROW_START_Y + (len(self.ROWS) - 1) * self.ROW_GAP
        self.save_btn = Button(WIDTH // 2, last_row_y + 68, 250, 56,
                               t['save'], C['green'], C['lgreen'], C['dark'])
        self.back_btn = Button(BACK_X + BACK_W//2, BACK_Y + BACK_H//2, BACK_W, BACK_H,
                               t['back'], C['grey'], C['mgrey'], C['white'], font=F['small'])
        self.arrows_l = {}
        self.arrows_r = {}
        for i, (key, *_) in enumerate(self.ROWS):
            row_y = self.ROW_START_Y + i * self.ROW_GAP
            self.arrows_l[key] = ArrowButton(self.ARROW_L_X, row_y, 'left')
            self.arrows_r[key] = ArrowButton(self.ARROW_R_X, row_y, 'right')
 
    def handle_event(self, event):
        global avatar_data
        for key, _, items, _ in self.ROWS:
            if self.arrows_l[key].is_clicked(event):
                self.state[key] = (self.state[key] - 1) % len(items)
            if self.arrows_r[key].is_clicked(event):
                self.state[key] = (self.state[key] + 1) % len(items)
        if self.save_btn.is_clicked(event):
            avatar_data = dict(self.state)
            save_avatar_file()
            speak(T[gs.lang]['save'])
            gs.screen = 'menu'
        if self.back_btn.is_clicked(event):
            gs.screen = 'menu'
 
    def update(self, mx, my):
        for key, *_ in self.ROWS:
            self.arrows_l[key].update(mx, my)
            self.arrows_r[key].update(mx, my)
        self.save_btn.update(mx, my)
        self.back_btn.update(mx, my)
 
    def draw(self, surf):
        t = T[gs.lang]
 
        # Title — clear of the header bar
        draw_text(surf, t['avatar_title'], F['med'], C['purple'], WIDTH // 2, 80)
 
        # Avatar preview — centred horizontally, sits between title and rows
        preview_cx = WIDTH // 2
        preview_cy = 260
        preview_r  = 90
        # White backing circle so face is always visible over the background
        pygame.draw.circle(surf, C['white'], (preview_cx, preview_cy), preview_r + 10)
        pygame.draw.circle(surf, C['purple'], (preview_cx, preview_cy), preview_r + 10, 3)
        draw_avatar(surf, preview_cx, preview_cy, size=preview_r, data=self.state)
 
        # Column headers
        header_y = self.ROW_START_Y - 28
        draw_text(surf, 'Option',   F['tiny'], C['dark'],
                  self.LABEL_X + 5, header_y, center=False, shadow=False)
        draw_text(surf, 'Colour',   F['tiny'], C['dark'],
                  self.SWATCH_CX - 30, header_y, center=False, shadow=False)
        draw_text(surf, 'Change',   F['tiny'], C['dark'],
                  self.ARROW_L_X - 10, header_y, center=False, shadow=False)
 
        # Rows
        for i, (key, label_key, items, names) in enumerate(self.ROWS):
            row_y = self.ROW_START_Y + i * self.ROW_GAP
 
            # Full-width stripe
            stripe_col = (240, 238, 255) if i % 2 == 0 else (252, 250, 255)
            pygame.draw.rect(surf, stripe_col, (0, row_y - 26, WIDTH, 52))
            pygame.draw.line(surf, C['lgrey'], (0, row_y + 26), (WIDTH, row_y + 26), 1)
 
            # Label — far left, vertically centred in the stripe
            label_text = t.get(label_key, label_key)
            draw_text(surf, label_text, F['small'], C['dark'],
                      self.LABEL_X, row_y - 10, center=False, shadow=False)
 
            # Colour swatch centred — name in current language
            idx     = self.state[key] % len(items)
            col_val = items[idx]
            # names is a dict {lang: [list]} or a plain list
            name_list = names[gs.lang] if isinstance(names, dict) else names
            name = name_list[idx]
            sw_w, sw_h = 230, 42
            sw_x = self.SWATCH_CX - sw_w // 2
            sw_y = row_y - sw_h // 2
            pygame.draw.rect(surf, col_val, (sw_x, sw_y, sw_w, sw_h), border_radius=12)
            pygame.draw.rect(surf, C['dark'], (sw_x, sw_y, sw_w, sw_h), 2, border_radius=12)
            brightness = 0.299 * col_val[0] + 0.587 * col_val[1] + 0.114 * col_val[2]
            txt_col = C['dark'] if brightness > 145 else C['white']
            draw_text(surf, name, F['small'], txt_col, self.SWATCH_CX, row_y, shadow=False)
 
            # Arrows far right
            self.arrows_l[key].draw(surf)
            self.arrows_r[key].draw(surf)
 
        self.save_btn.draw(surf)
        self.back_btn.draw(surf)
 
# ─── MENU BUILDERS ───────────────────────────────────────────────────────────
def make_menu_buttons():
    t = T[gs.lang]
    return {
        'play':   Button(WIDTH//2, 390, 360, 66, t['play'],   C['green'],  C['lgreen'],  C['dark']),
        'test':   Button(WIDTH//2, 475, 360, 66, t['test'],   C['orange'], C['lorange'], C['dark']),
        'avatar': Button(WIDTH//2, 560, 360, 66, t['avatar'], C['purple'], C['lpurple'], C['white']),
        'lang':   Button(WIDTH-105, 33, 175, 44, t['lang'],   C['blue'],   C['lblue'],   C['white'], font=F['small']),
    }
 
def make_diff_buttons():
    t = T[gs.lang]
    return {
        'easy':   Button(WIDTH//2, 268, 460, 76, t['easy'],   C['green'],  C['lgreen'],  C['dark']),
        'medium': Button(WIDTH//2, 368, 460, 76, t['medium'], C['orange'], C['lorange'], C['dark']),
        'hard':   Button(WIDTH//2, 468, 460, 76, t['hard'],   C['red'],    C['lred'],    C['white']),
        'back':   Button(BACK_X + BACK_W//2, BACK_Y + BACK_H//2, BACK_W, BACK_H, t['back'], C['grey'], C['mgrey'], C['white'], font=F['small']),
    }
 
# ─── MAIN LOOP ───────────────────────────────────────────────────────────────
def main():
    global particles
 
    menu_btns     = make_menu_buttons()
    diff_btns     = make_diff_buttons()
    avatar_screen = AvatarScreen()
    result_btns   = (None, None)
 
    running = True
    while running:
        clock.tick(FPS)
        mx, my = pygame.mouse.get_pos()
        gs.anim_t += 1
 
        # Shake
        if gs.shaking > 0:
            gs.shake_offset = (random.randint(-5, 5), random.randint(-3, 3))
            gs.shaking -= 1
        else:
            gs.shake_offset = (0, 0)
 
        # Base surface
        surf = pygame.Surface((WIDTH, HEIGHT))
        draw_background(surf)
 
        # ── EVENTS ──
        for event in pygame.event.get():
            if event.type == pygame.QUIT:
                running = False
 
            if gs.screen == 'menu':
                if menu_btns['play'].is_clicked(event):
                    gs.screen = 'difficulty'; gs.mode = 'endless'
                    diff_btns = make_diff_buttons()
                    speak(T[gs.lang]['difficulty'])
                if menu_btns['test'].is_clicked(event):
                    gs.screen = 'difficulty'; gs.mode = 'test'
                    diff_btns = make_diff_buttons()
                    speak(T[gs.lang]['difficulty'])
                if menu_btns['avatar'].is_clicked(event):
                    gs.screen = 'avatar'
                    avatar_screen = AvatarScreen()
                    speak(T[gs.lang]['avatar_title'])
                if menu_btns['lang'].is_clicked(event):
                    gs.lang = 'cy' if gs.lang == 'en' else 'en'
                    menu_btns = make_menu_buttons()
                    speak(T[gs.lang]['title'])
 
            elif gs.screen == 'difficulty':
                for dk in ('easy', 'medium', 'hard'):
                    if diff_btns[dk].is_clicked(event):
                        gs.difficulty    = dk
                        gs.points        = 0; gs.streak = 0; gs.best_streak = 0
                        gs.correct_count = 0; gs.q_index = 0
                        gs.feedback      = None; gs.feedback_timer = 0
                        gs.result_anim   = 0
                        gs.screen        = 'game'
                        new_question()
                if diff_btns['back'].is_clicked(event):
                    gs.screen = 'menu'
 
            elif gs.screen == 'game':
                q = gs.current_q
                if q:
                    tts_rect  = pygame.Rect(WIDTH - 85, HEIGHT - 85, 60, 60)
                    back_rect = pygame.Rect(BACK_X, BACK_Y, BACK_W, BACK_H)
                    if event.type == pygame.MOUSEBUTTONDOWN and tts_rect.collidepoint(event.pos):
                        speak(q['tts'], clear_queue=True)
                    if event.type == pygame.MOUSEBUTTONDOWN and back_rect.collidepoint(event.pos):
                        gs.screen = 'menu'
                    if q['use_mc'] and not gs.answer_locked:
                        for i, b in enumerate(option_btns):
                            if b.is_clicked(event):
                                gs.selected_opt = i
                                check_answer(q['options'][i])
                    elif not q['use_mc']:
                        if event.type == pygame.KEYDOWN and not gs.answer_locked:
                            if event.key == pygame.K_RETURN:
                                try:
                                    check_answer(int(gs.input_text))
                                except:
                                    pass
                            elif event.key == pygame.K_BACKSPACE:
                                gs.input_text = gs.input_text[:-1]
                            elif event.unicode.isdigit() or (event.unicode == '-' and not gs.input_text):
                                if len(gs.input_text) < 5:
                                    gs.input_text += event.unicode
                if event.type == pygame.KEYDOWN and event.key == pygame.K_ESCAPE:
                    gs.screen = 'menu'
 
            elif gs.screen == 'result':
                ab, mb = result_btns
                if ab and ab.is_clicked(event):
                    gs.points = 0; gs.streak = 0; gs.best_streak = 0
                    gs.correct_count = 0; gs.q_index = 0
                    gs.feedback = None; gs.feedback_timer = 0; gs.result_anim = 0
                    gs.screen = 'game'
                    new_question()
                if mb and mb.is_clicked(event):
                    gs.screen = 'menu'
 
            elif gs.screen == 'avatar':
                avatar_screen.handle_event(event)
 
        # ── UPDATE ──
        particles = [p for p in particles if p.update()]
        if gs.feedback_timer > 0:
            gs.feedback_timer -= 1
 
        # Advance to next question once feedback has been shown (runs every frame)
        if gs.screen == 'game' and gs.answer_locked and gs.feedback_timer == 0:
            gs.q_index += 1
            if gs.mode == 'test' and gs.q_index >= gs.total_qs:
                gs.screen   = 'result'
                result_btns = (None, None)
                speak(f"{T[gs.lang]['test_complete']} "
                      f"{gs.correct_count} {T[gs.lang]['out_of']} {gs.total_qs}")
            else:
                new_question()
 
        if gs.screen == 'menu':
            for b in menu_btns.values(): b.update(mx, my)
        elif gs.screen == 'difficulty':
            for b in diff_btns.values(): b.update(mx, my)
        elif gs.screen == 'game':
            if gs.current_q and gs.current_q['use_mc']:
                for b in option_btns: b.update(mx, my)
        elif gs.screen == 'avatar':
            avatar_screen.update(mx, my)
 
        # ── DRAW ──
        sx, sy = gs.shake_offset
        screen.blit(surf, (sx, sy))
 
        if gs.screen == 'menu':
            draw_text(screen, T[gs.lang]['title'], F['title'], C['purple'], WIDTH // 2, 155)
            draw_text(screen, 'Learn Maths!  /  Dysgu Mathemateg!',
                      F['small'], C['dark'], WIDTH // 2, 218)
            draw_avatar(screen, WIDTH // 2, 300, size=46)
            for b in menu_btns.values(): b.draw(screen)
            draw_header(screen)
 
        elif gs.screen == 'difficulty':
            draw_text(screen, T[gs.lang]['difficulty'], F['large'], C['purple'], WIDTH // 2, 155)
            ml = T[gs.lang]['test'] if gs.mode == 'test' else T[gs.lang]['play']
            draw_text(screen, '(' + ml + ')', F['small'], C['dark'], WIDTH // 2, 208)
            for b in diff_btns.values(): b.draw(screen)
            draw_header(screen)
 
        elif gs.screen == 'game':
            draw_header(screen)
            if gs.current_q:
                draw_question_screen(screen)
 
        elif gs.screen == 'result':
            result_btns = draw_result_screen(screen)
 
        elif gs.screen == 'avatar':
            avatar_screen.draw(screen)
            draw_header(screen)
 
        # Particles on top
        for p in particles: p.draw(screen)
 
        pygame.display.flip()
 
    pygame.quit()
    sys.exit()
 
if __name__ == '__main__':
    main()
Mean result of the children

46081	46088	46095	46102	46109	0.4	0.48571428571428577	0.54285714285714293	0.6	0.65714285714285714	


Participants overall improvement

Child 1	Child 2	Child 3	Child 4	Child 5	Child 6	Child 7	0.29999999999999993	0.3	0.2	0.2	0.29999999999999993	0.20000000000000007	0.30000000000000004	


Individual progress results

Child 1	46081	46088	46095	46102	46109	0.4	0.5	0.6	0.6	0.7	Child 2	46081	46088	46095	46102	46109	0.3	0.4	0.5	0.5	0.6	Child 3	46081	46088	46095	46102	46109	0.2	0.3	0.3	0.3	0.4	Child 4	46081	46088	46095	46102	46109	0.3	0.5	0.5	0.6	0.5	Child 5	46081	46088	46095	46102	46109	0.4	0.4	0.5	0.6	0.7	Child 6	46081	46088	46095	46102	46109	0.6	0.6	0.7	0.8	0.8	Child 7	46081	46088	46095	46102	46109	0.6	0.7	0.7	0.8	0.9	



Child Survey

More confident	Enjoyed	Helped	Play again	Difficulty	3.8571428571428572	3.4285714285714284	4	3.7142857142857144	2.7142857142857144	


Parent Survey

Confidence	Helped	Play again	4.2857142857142856	4.5714285714285712	4.8571428571428568	
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global tts_engine

try:
_engine = pyttsx3.init()

s_engine. setProperty(‘rate’, 145)

;_engine. setProperty(‘volume’, 1.6)

for v in engine.getProperty(‘voices'):

if 'zira' in v.name.lower() or 'child' in v.name.lower():

tts_engine. setProperty(‘voice’, v.id)
break

except Exception as e:
print(£°TTS init: {e}")
tts_engine = None

[ def _tts workerO:
while Trug

text = tts_queue.pop(e)
if text and tts_engine:
try:
tts_engine. say(text)
tts_engine. runAndWait()
except Exception as e:
print(£°TTS error: {e})
else:
inport time as _t
_t.sleep(0.05)

def speak(text, clear_queue=False):
"""Queue text to be spoken. Pass clear_queue=True to interrupt and speak immediately.
with tts_lock:
if clear_queue:
‘tts_queue. clear()

except
pass
tts_queue.append(text)
init_ttsO)

# start the single persistent TTS worker thread
_tts_thread = threading. Thread(target=_tts_worker, daemon=True)
tts_thread.start()
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# HUMAN AVATAR
def draw_avatar(surf, cx, cy, size=80, data=None):
if data is None:
data = avatar_data
skin = SKIN_TONES [data.get('skin', 8) % Llen(SKIN_TONES)]
hair = HATR_COLORS[data.get(*hair’, 8) % len(HAIR_COLORS)]
eyes = EYE_COLORS [data.get('eyes', 6) % Len(EYE_COLORS)]
r = size
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Circle the face that matches how you feel! / Cylcha'r wyneb sy'n dangos sut
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1=Notatall / Dimogwhl 5= Yes, definitely! £ Ydw, with qurs!

Q1. Did you enjoy playing the
game? Wnaethoch chi fwynhay | @1 @2 @3 ©4 @5

chwarae'r gém?

Q2. Did the game help you with

your maths? Wnaeth y gém ®1 @2 ®3 @4 @5
helpu ayda dy fathemateg?

Q3. Do you feel more confident

with maths now? Wyt ti'n
teimlo'n fwy hyderus gyda @1 ®2 ®3 ©4 @5

mathemateg nawr?

Q4. Would you like to play the

game again? Hoffet tichwarae'r @1 @2 @3 ©4 @65
9ém eto?

Q5. How difficult did you find

the game? (1 = Too easy, 5
Toohard /1 Rhy hawdd, 5= @1 @2 @3 ©4 @5

Rhy anodd)
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Your Thoughts / Dy Feddyliau

Q6. Did you use the speaker button to hear the questions read out? Wnagthoch chi

ddefnyddio’r botwm siaradwr i glywed y cwestiynau? OYes ONo O
Maybe

Q7. What was your favourite part of the game? / Beth oedd dy hoff ran o't gém?

Q8. Is there anything you would change or add? / Oes unrhyw beth y byddech chin
i newid neui yehwanegy?

Q9. Did you like creating your avatar? What would you change about it?
Wnaethoch chi fwynhau creu eich avatar? Beth fyddech chi'n ei newid?

Thank you for taking part! You did amazing! # Diolch am gymryd rhan!
Roeddech chi‘n wych! &
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Cyfrifeg / MathQuest
Parent / Guardian Survey

Thank you for supporting your child's participation in this study. Please take a few
minutes to complete this short survey. Your feedback is very valuable and will help
improve the game for future use.

Child's participant number: Date:
Language your child used: 0 English O Welsh/ Cymraeg O Both

Section A — Ratings (please circle a number from 1 to 5)
1 = Strongly Disagree /Not atall 5 = Strongly Agree / Definitely

Q1. My child's confidence with 5 5
maths has improved during the 1 Poor avenge [ A0 [
five-week study period. 9

Q2. 1 feel the game helped my 3 5
child with their maths skills. icoy 2 | pverage| % | Excellent
Q3. My child appearedtoenjoy | 1poo 5 3 4 5
using the game. Average Excellent
Q4. 1 would allow my child to 5 5
continue playing the game after | 1Poor 2 4

the study has ended. (R iz
5. 1 would recommend this 3 5
game to other parents. icen 2 pverage| * | Excellent

Section B — Yes / No Questions

Q6. Did your child ask to play the game outside of the scheduled sessions? 0
Yes ONo OMaybe

Q7. Did you notice your child using maths more confidently in everyday situations
(e.g. counting, shopping, telling the time)? ~ OYes ONo O Maybe
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Q8. Do you have any concerns about the amount of screen time involved in this
study? OYes ONo OMaybe

Section C — Open Questions

Q9. Did you notice any change in your child's attitude towards maths during the
study? Please describe.

Q10. What did your child say about the game? Did they mention any specific parts
they liked or disliked?

Q11. Is there anything you feel could be improved about the game or the study?

Q12. Any other comments?

Thank you for your fime. Your responses will be kept strictly confidential and stored
anonymously in accordance with UK GDPR.
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# GANE STATE
class GameStat
def __init__(self):
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