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[bookmark: _Toc102396006]CHAPTER 1 - INTRODUCTION 

The use of digital technology has vastly increased over the years, with integration into homes, leisure time, workplaces and even to education in schools and university. The focus of this project is on the use of technology and devices inside a classroom. This introduction of the use of technology in environments for learning open up new methods to educate, one such method being gamification; the use of video games to assist with learning.
Current laws in Wales state that children must receive a portion of their education through the medium of Welsh, on top of there being a number of schools teaching purely through the Welsh medium. Because of this, developing a game that is bilingual in both English and Welsh would allow for increased usability as it could be used in either language in schools for learning. [1]
[bookmark: _Toc102396007]1.1 - Aims and Objectives
The aim of this project is to produce a prototype of a game for use in schools as an in-class activity in order to assist Key Stage 2 (KS2) school pupils on improving their mental maths skills. In order to achieve this, the following objectives will be focused on:
· Perform a literature review on how gamification can assist school pupils in improving their mental maths skills, including motivational strategies and the Theory of Self-Determination.
· Research what is currently being used in school environments through the use of questionnaires and visiting a modern day KS2 classroom and discuss with teachers of KS2 classrooms how they use technology in a normal class through questionnaires and directly interviewing a select number of them.
· Research and playtest comparable software and evaluate their strengths and weaknesses to inform the prototype design.
· Develop a working prototype, utilising Unreal, of a bilingual English and Welsh game for use in schools in Wales to help pupils with their mental maths.

This report will document and analyse the research found from both literature review and from the field, and then follow the development process of the prototype, including its creation and testing, before evaluating the finished product and discussing any potential future recommendations to further improve it.

[bookmark: _Toc102396008]CHAPTER 2 - RESEARCH & REVIEW OF LITERATURE 

[bookmark: _Toc102396009]2.1 - Introduction to Research

To be able to make a game suiting the requirements of an educational maths-based resource for use in schools, there will need to be research conducted into whether these games would be viable in that environment and what they would need to offer to be beneficial. The findings from a literature review can then be linked to more practical investigations to ensure it delivers what teachers and educators will use.

[bookmark: _Toc102396010]2.2 - Gaming with Children
With 93% of children in the UK playing some form of video games, it is clear that they are popular amongst the younger generations. Gaming has both positive and negative impacts in terms of online play. In Gaming the System, a report by the Children’s Commissioner for England, children say that games are good as they are fun, they play with their friends, and they help them learn new skills.  As it’s less safe to go out and play, gaming allows them to interact with friends from home.  Children mainly play games with people they know, and they can use gaming platforms to chat generally as well as about games. [2]
However, there are negative aspects to online gaming. It may be easier for bullying to take place online especially with headsets where what is being said is less likely to be overheard.  Also, some games where you have to pay for clothing etc, e.g., Fortnite, children may be teased if they cannot purchase additional things. Children recognise that they can get addicted and struggle to manage how long they spend on games.  They say that they can get frustrated if they are spending long times away from playing and may not be aware how long they are on. There are concerns raised about gambling on games which children can get involved with and the cost of some games incurred by ongoing playing. [2]
The report concluded that there are advantages to gaming in that it can be a way to develop friendships and socialise while development teamwork skills, strategic thinking, and creativity.  It is recognised however that there are disadvantages and as games are digital this can make some of these disadvantages more difficult to control. [2]
Danby’s study shows that figures for children using digital technologies in Australia, North America and EU countries are similar. [3]

[bookmark: _Toc102396011]2.3 - Are computer games used in education?
Henry said that there are many reasons to use ICT (Information and Communications Technology) in teaching, both by teachers and pupils, and explores the relationship between society, education, and children’s development.  She describes us as being in the ‘Digital Age’ where ‘society, culture, politics, and economics are increasingly suffused with digital technologies’ [4].  She says that what happens in society and what happens in education influence each other.  At the time she writes almost every county in the world is using technology in education.  However, she points out that the impact of technology in schools depends on how teachers use it. Outside of school different children have different access to technology and Henry says that the difference between children is based more on how they use the technology they have access to rather than if they use it.  In using technology, we need to understand the skills that children come to school with and help them to develop them as those with more access to computers at home have been shown to gain more from using ICT in school that those with more limited home access.  [4]
Henry also explores the views that introducing children to the internet and digital technologies puts them at risk on online bullying, lack of exercise, isolation, and access to inappropriate material however rather than trying to prevent then using online platforms to protect them, we are better educating them on how to be safe and use digital platforms to their advantage.  In her discussions with children, they see technology as increasing interaction with family and friends and use it to widen their knowledge.  She says that children can be prepared by using ICT in the classroom to gain the skills they will need for future employment.  This involves teaching them to develop ‘critical, creative and collaborative’. [4]
Malone & O’Shea show that E-learning can improve achievement, attitudes towards maths, and conclude that it needs to be part of the curriculum. Successful learning depends on how engaged learners are.  They say most children play games but that rather than using games created to be educational, some popular games that children play at home can also be used in education.  The games develop skills such as problem solving, communication, online role playing, etc. [4]
Research has looked at using computer-based teaching for primary aged children to be given in school by teachers, to improve their cognitive skills in maths.  The use of computer maths games by teachers mean that they can easily give different children games at different levels to allow them to progress at their own pace.  The study was completed as schools were looking for ways to improve mathematical skills.  The children who understood the computer-based training in maths were shown to improve their academic achievement and cognitive skills. [5]
Another study by Brezovszky was carried out looking at whether computer games were effective in helping with maths education.  The research was done in response to the fact that they believed there to be few practical resources which teachers could use.  The study used 1168 students in primary schools.  All pupils continued with traditional maths teaching but half also had time playing a number game.  The game playing was shown to increases the achievements of pupils at all ages, but the increase was greatest in the older age groups. However, there was a clear improvement in comparison to those who did not play the game.  The study concluded that the game they used can be a useful resource for teachers in primary schools and can be an addition to usual classroom teaching to further boost achievement. [6]

[bookmark: _Toc102396012]2.4 - Self-Determination Theory
Many studies around the benefits of games in education are focused on Self Determination Theory. Self-determination theory (SDT) originated with Edward L. Deci and Richard M. Ryan over 40 years ago looking at doing something because you enjoy it or are interested in it, known as intrinsic motivation.  This was different to the theories of motivation that existed at the time such as behavioural theories.  Deci showed that if you introduced a reward then people changed from doing the activity just for the feeling of enjoyment to making them do the activity for the reward. It was also found that for people to experience intrinsic motivation there must be a feeling of competence.  Later on, a third need, that for relatedness was also identified. [7] 
This research gave us the three needs of SDT which are the needs for competence (the need to be able to do challenging tasks and achieve a desired outcome), autonomy (the need to have a sense of choice and being in control of what you do), and relatedness (the need to establish mutual respect and reliance with others) [7]
Veronneau undertook research to see if meeting the needs for autonomy, competence and relatedness in children contributed to well-being as it has been shown to in adults.  They tested 331 children in New York and tested them on various scales, on two occasions, six weeks apart. The tests were questionnaires with statements to rate.  The researchers adapted the Children’s Intrinsic Needs Satisfaction Scale which had been devised by Deci for their research and developed a questionnaire with three parts, looking at autonomy, competence, and relatedness.  The children had to rate statements relating to how much choice they felt that they had with things like doing their schoolwork (autonomy), how well they felt that they did things at home or school (competence) and whether they felt that their friends liked them (relatedness).  They had three responses to choose from for each measure saying if they thought it was very true, a bit true or not true.  They also adapted depression inventories to measure wellbeing.  They looked at satisfaction in school, at home and with friends and a measure of their mood. The results showed that those who rated highly on one of the levels were more likely to rate the other needs highly and the higher the rating on all three needs, the more likely that children would report higher well-being scores.  Low levels of feelings of competence were most closely linked to low levels of wellbeing and feelings of depression.  Researchers concluded that satisfying the needs for autonomy, competence and relatedness helps improve children’s well-being as has previously been shown in adults. [8]

A study by Sheldon aimed to look at the interaction between the automony, competence and relatedness aspects of SDT.  The study used a group of college students and used a game of boggle to carry out the test.  Different groups were given different conditions.  The control the autonomy, the students were either given a selection of puzzles and could choose which they wanted to do and there were some hints which they could choose to have in any order, thus giving them autonomy.  The other participants were told which games to do and in which order and had to have hints when given in order given, thus taking away autonomy.  To control relatedness, students were either told that the people doing the study considered everyone to be unique and that they were interested in and trying to understand learning styles and hoped that the participants would share their experiences thus making them feel valued.  There were encouraging comments given throughout the test as well. The remainder of the participants were told that the experimenters were not interested in the participants and their views or learning style, only how good their scores were, thus showing no interest in the person and their experience.  No encouragement was given through the test. For competence, the students were either told that the game was challenging but were given encouargement that they were sure that the student would do well and reassured just to do what they could.  The remainder of the participants were told that it is very hard and that they were expected to do badly so setting them up to expect not to do well.  The participants were asked to rate their mood, whether enjoyed the game, whether they would recommend it and their scores on the games.  The results showed that the ways participants were manipulated in relation to automony, competence and relatedness were successful.  All three needs were shown to have an effect on how good we feel about things. [9]

Another study by Hitchens and Tulloch looked at university students’ attitudes to gaming rather than how successful they were at games.  Gamification involves using games in areas such as education to help people see it as more ‘fun’ and so engage better which should give better outcomes. This study also uses the three components of self-determination theory in measuring motivation. They discuss Leaderboards in their paper saying that a leaderboard does not provide relatedness as they do not involve any interaction and do not improve autonomy as a person’s position is dependent on the performance of others rather than just the individual. In the study students carried out tasks to gain points.  Some activities like a quiz were individual and some were team based with different types of points available. The points could be used to get rewards.  This happened over a few weeks and students were asked to rate questions about whether they had enjoyed the experience, whether the use of the gamification techniques helped them to learn, whether they felt it was like playing games, and whether they had enjoyed it. The results showed that mostly the students enjoyed the use of gamification techniques and thought it helped their learning although some did not agree. The students were studying games related subjects anyway so this could also affect the results as they have an interest in gaming. In terms of self-determination theory, relatedness was having activities take part in class, and some were in groups.  Competency was in the ability to complete tasks and autonomy in earning their own points and being able to spend them.  It was concluded that a gamification to learning may help in education but not for all students and that for it to improve motivation, the three components of self-determination theory need to be met. [10]
The studies suggest that autonomy, competence, and relatedness are all separate but important human needs which should be considered in all interactions between teacher, parents, and others in power, when interacting with children.  This will help to ensure that they perform their best and are well motivated for the activities they are carrying out. [9]
A study by Plass et al shows that using computer games which are well designed and consider learning theories are very beneficial in learning and motivate students who find them enjoyable. They say that there are several factors which impact how good a game is, and these factors can be controlled by the game designers. These factors include the core mechanics, how the content is represented, emotional design, as well as social and incentive aspects. They quote research that shows that interaction with others in the learning process improves learning as well as how enjoyable the learning is, particularly in mathematics.   They say that working in groups to solve problems encourages pupils to develop and be able to explain their problem-solving strategies could deal with complex information better. In order for collaborative learning to take place however, there must be a shared group objective, and all members of the group must see themselves as having a role in the success of the group.  [11]
The study carried out by Plass looked at playing a game to increase maths skills.  School pupils with an average age of 11 years played alone (individual), against others (competitive) or with another pupil (collaborative).  The goal of the research was to see how playing an educational game in each of the three ways affects motivation, performance, and learning.  They used the principals of SDT in assessing their outcomes. Pupils playing competitively solved more problems than those playing individually or collaboratively, but those playing collaboratively timed out more often due to discussions on strategies needing longer time than was available, causing for good communication being pupils to occur.  Playing collaboratively or competitively gave more enjoyment than individual play and collaborative play made people most likely to say that they would play the game again and recommend to others. Collaborative playing was considered the best approach for developing strategies. They concluded that the social aspect of game playing has a positive impact on development of skills around arithmetic and playing with or against others improves enjoyment, provides incentives for pupils to continue playing and develops problem solving skills. [11]


[bookmark: _Toc102396013]CHAPTER 3 - RESEARCH AND DEVELOPMENT METHODOLOGY

[bookmark: _Toc102396014]3.1 - Research Methodology
To provide better insight into systems and software currently available and used by schools, independent research was conducted through the means of surveys and playtesting.

[bookmark: _Toc102396015]3.2 - Survey-Based Research
Three methods of survey-based research were planned to obtain information on how a modern-day primary school classroom utilises computers, digital devices, and educational games for learning.
The first method of research conducted was sending out questionnaires asking teachers of Key Stage 2 pupils about the use of technology and games in the classroom.  Surveys such as questionnaires are used for fact finding and are a cheap and quick way of gathering information.  A variety of questions can be asked.  Those with a choice of set answers will provide information that can easily be analysed whereas open text boxed can be used to gather further detail, but this can be difficult to draw conclusions from in big surveys.  For the questionnaire, due to the limited time available, there was only going to be a small sample used, to focus on getting qualitative rather than quantitative data. A decision was made to use a combination of closed and open questions as with a small sample size it would be possible to gather and compare the answers from the open questions. There was an awareness that the return rate for questionnaires can be very low and that the small sample of data would not be representative of schools or teachers as a whole, but it was felt that it would give the required insight into what teachers actually want. [12]
Due to the small sample to be used in the questionnaire, as well as time restraints, it was briefly tested with a small number of parents with children in KS2, to ensure clarity of the questions and the time requirements for completion, before it was sent to teachers. No issues were raised with the initial questionnaires which were written in both English and Welsh. An example of the questionnaires in both languages can be found in Appendix A.

The first 2 questions were asked to establish that devices are available for children to use in the classroom.  They also established what platforms are available in classrooms and to look at how many children would need to use a device at a time.

The third question investigated if there was any software currently in use in classrooms. This was to find out if there are any common pieces of software already being used in school, and by asking the follow up questions, allows the project to be able to match and potentially improve upon its market competition.

The fourth question was asked to see if COVID and home/blended learning had seen either a rise or drop in the usage of educational games and software from schools, and as such, could potentially help guide development to make it more blended learning friendly.

The fifth question was asked to see what teachers would want specifically out of a game designed for the classroom, and how they would utilize one. This question, along with the sub-questions from question 3, would be the most influential towards the game’s design and development, as it will dictate precisely what the users would want out of the software.

The final question was asked also to help inform the design process, as it will give information the desired length of games to be used in the classroom.

The questionnaire was sent out to teachers in 8 different schools within Wales and England, with 4 being sent to Welsh-speaking schools and English-speaking schools within Wales, with the hope that 3 teachers per school would respond to it, providing a total of up to 24 responses.  The teachers who the questionnaires were sent to were personally known to the survey setter and were asked to distribute to others in their schools.  This was not a random sample but was the only method available within the allowed time.  The schools were in different areas and so would give an overview of different local authorities. There had also been brief conversations with parents of children in KS2, but they were generally not aware of the full range of resources, either in relation to computers and devices, or game, that their children had access to, or how much they were used in the classroom which is why teachers were used as the target group.

Due to the nature of the questions, no statistical methods were used to display the results. The results were analyzed through use of a spreadsheet of the responses, again possible due to the small sample size.  There are two considerations in the validity of the questionnaire responses, firstly whether people answered honestly and secondly whether those who did not return their questionnaires would have answered very differently to those who did.  Reliability in questionnaires is reported to be better when they are anonymous.  A small sample such as this can give data which is not representative of the population. [13]

Following on from the questionnaires, it was hoped to build on the information by spending time in a primary school classroom observing children using games and software, and to interview teachers. Due to limitations linked to COVID-19, these activities were unable to be conducted. For the interviews, a virtual talk was attempted, however due to the workloads and time constraints of both participants, along with illnesses, this was not able to happen.

All questionnaire responses were anonymous with no names on the forms.  As there were no discussions with anyone or visits into schools, no ethical issues were identified.


[bookmark: _Toc102396016]3.3 - Development Methodology

To research and develop the project, a prototype methodology will be utilized. This is due to the product of this project being a prototype of a fully-fledged game product. Usage of this development methodology allows for easy changes and updates to be made to the initial design of the project without having to be concerned about major reworks to the research and other aspects of the entire project that is completed before software development ensues. [14]

[bookmark: _Toc102396017]CHAPTER 4 - RESULTS AND ANALYSIS

10 responses to the questionnaires were received after a couple of weeks from sending them out. All the responses and comments can be seen in Appendix B.
A summary of the results can be viewed in the graphs below:


[bookmark: _Toc102396042]Figure 1 - Students per Device Graph


[bookmark: _Toc102396043]Figure 2 - Types of Devices Graph


[bookmark: _Toc102396044]Figure 3 - Usage of Software Graph


[bookmark: _Toc102396045]Figure 4 - Usage of single/multiplayer games Graph


[bookmark: _Toc102396046]Figure 5 - Length of Play Graph

When asked about the software and games currently used, varies responses were given, with Hegarty, Rockstars and Google Classrooms the most common types. There were several benefits reported from these different pieces of software, including being able to provide instant results, highlight areas to improve on, being engaging to the children, and a good at teaching the pupils the skills they are targeting. However, there were also some drawbacks listed. From the Welsh medium schools specifically, a noticeably common drawback listed was the lack of Welsh language games and software to help develop maths skills. Some of the responses talked of the inclusion of leaderboards in the software, and as the subject topics got harder, it was always the same pupils topping the leaderboard which was disheartening to the other pupils.

When asked on the use of games during the COVID pandemic, a lot of the teachers stated that the games may have helped improve the concentration of the pupils who would’ve otherwise lost focus from being in a home environment. It was commonly mentioned that the games were used a lot more during the lockdowns and for blended learning for their usefulness and convenience, as well as their engagement benefits. There was not, at the time, any published research on this area which may benefit from further exploration.

When queried in the questionnaire, 9 of the 10 teachers stated that they want the game to have multiple levels within it, and 8 of the 10 wanted a way to track pupil progress in the game. When asked to provide additional feedback, there were several things listed.  A common thing asked for was a way for the pupils to receive a form of feedback for their ability upon completion of the game, to see that they are improving. The teachers also asked for the game to focus on 2 player or group play for the game to encourage communication and teamwork, as well as ensuring that everyone could participate at the same time, as not every class had enough devices for everyone in the classroom. Teachers also stated that the game needed to offer some form of a reward to provide incentive to play and to improve.

It was not possible to find any larger pieces of research which specifically asked teachers about use of games in teaching.  This would have helped in assessing the reliability and validity of the responses.  The responses were all similar however which would suggest that there was accuracy in what was said.  My questionnaires were anonymous and there was no benefit that the teachers could personally gain from their answers so there is no reason to believe that they could not be seen as valid and reliable.


[bookmark: _Toc102396018]4.1 - Trialling Existing Games

As part of the research into educational based maths games, a number of existing games were play-tested and reviewed, comparing their merits and drawbacks, to influence the design of the prototype to be created. Five games were tested in total, including some mentioned by teachers in the questionnaire results.  A comparison of the games can be found in Appendix C.
The first game researched was a platformer game called Tommy’s Trek. It is a single player game that focuses on the player solving an equation before they explore the map to locate a sign that has the correct answer on. The player is required to answer a series of questions before being able to move onto the next level of the game. In later stages the rounds become harder by adding in additional signs with answers on that will never be the solution to the equations. The game offers three difficulties, and four different map designs to play on, targeting the age bracket.  It is aimed for school years 1-5. The game will output a final score once the players run has completed, and keeps track of a highest score, based on progress and number of questions correctly answered. One of the drawbacks of this game is that it only focuses on multiplication, and not any other mathematical functions. The game itself appears to be infinitely looping and ends when players has lost all their lives. The game  felt very sluggish at times with the player having to wait for some platforms to return to a position where it would be possible to mount them, which in some cases could take a long time due to the distance travelled by the platform. The game also features non-conventional control configurations, which made the character hard to control at times, which added further frustrations should these controls result in failure to land on a moving platform and having to wait for it to return. Overall, this game does good at testing the player’s ability to connect the question with the answer, although the execution of the gameplay can make it feel at times a bit too slow and clunky. [15]

The second game researched was a game called Caterpillar Carnage. This game targets Years 1-6 and is a single player game involving solving a number of equations in order to earn points to be used in a game after solving a set number of equations. The game has the player control a caterpillar whose length is determined by how successful the player was at answering the questions. The caterpillar will travel vertically on the screen, and periodically will encounter a line of blocks with different numbers on them. The goal of the game is to travel as far as possible by breaking through the block with the lowest value on, as breaking a block will shorten the length of the caterpillar. Once the number of points on the caterpillar, which are reduced by the number on the broken block, the next round of questions will begin. This game offers questions based on a range of maths functions including fractions, rounding and roman numerals. The game lasts roughly 10 minutes per play, varying on the player’s performance at the caterpillar segments. The game will provide a final score and an all-time high score; however, these are more representative on the ability to play the game rather than maths ability as it is possible to obtain additional power ups to extend your caterpillar’s length. One issue with the game is that it is easy to swerve your caterpillar into the side of a block as you pass it meaning you will begin to lose further points, which causes the round to end sooner as the player will hit zero points on the caterpillar quicker. Overall, the aspect of being able to earn more playtime by being more accurate with answers is a great concept that encourages players to more focus on obtaining the right answers on the questions to gain more play time. [16]

The third game reviewed was a game called Snowball Smash. Like Caterpillar Carnage, the game is a single player game that involves solving a number of equations in order to earn points to use in a subsequent minigame, which also targets Years 1-6. The game focuses on a range of maths principles, including fractions, rounding and roman numerals. The game has a very simple concept and is super easy to play, beginning with the player answering questions to gain lives, which can then be used in a minigame where you will have a snowball fight with an opponent. Once your opponent is down, another one will appear, and this will loop until your character is hit enough times with snowballs to run out of lives. However, due to the low accuracy of the opponents, this can cause the game segment to drag on for an obscene amount of time before the player runs out of health and has to complete another round. The game tracks a final score and an all-time high score, however like the Caterpillar Carnage game, it also more representative of skill to play the game rather than maths ability. Overall, like Caterpillar Carnage, the concept of having the player answer questions correctly to obtain more playtime works well, however the game could do with being tuned to make the game time not as prolonging as it can be, assuming competency with the player’s ability, which is not too difficult to master. [17]

The fourth game reviewed was a game called Monkey Maths. This game, instead of having the player complete a series of rounds like with the other games reviewed so far, has 1 continuous level. it has a series of checkpoints that, upon reaching, will reset the timer constantly ticking down and then ask a mathematical question, based on one of several maths skills. The quicker the question is answered, the more time the player will have to get to the next checkpoint. Should the player run into an obstacle however, they must answer another question (although in this scenario, the timer will not be reset). Play ends once the timer hits 0. Playtime lasts around 10 minutes. One drawback of the game is the delay between pressing the button to jump and the character actually jumping in-game, and as a result can cause the player to jump too late to avoid an object and crash into it, causing a time loss due to having to solve another equation. Overall, the theme of this game is executed well, rewarding the player with more time based on the speed of solving the equation as well as answering correctly, and punishing them with more questions in the event of hitting an obstacle, however the delayed jumping controls can often mean the player will be receiving those penalisations regularly following a late jump. [18]
For variation, the final program trialled, Hegarty, strayed more into the quiz side of gaming rather than the interactive aspect. Hegarty is a program more focused on the higher age ranges, starting from Year 6 and going up more into KS3. The quizzes take basic numerical concepts and apply them into real world applications to be solved.  The quiz demonstrates to the player how the basic maths principles taught in schools are relevant in the real world. However, one of the main drawbacks of this program is that while it does have a very small free-to-play element, this demo does not offer a lot of features. The full game needs to be paid for. It advertises the ability to output data to track an individual’s progress and improvement, and can do so for multiple students simultaneously, however this feature is not available on the free version of the game.  Average play length will last for a couple minutes on the free version, however the full paid for version appears to provide varying quiz sizes, meaning they can last for upwards of 20 minutes with the right amount and difficulty of questions being outputted. Overall, this software appears to be a very useful learning tool for schools, however the subscription fee on the software may be a deterrent for many. [19]
Overall, these games are based on the Theory of Self-Determination. All of them demonstrate Autonomy and Competence. However, due to the single player aspect of the games, none of them satisfy the Relatedness aspect of the theory, which requires players interacting with others. With the exception of game 1, which only focuses on multiplication, they all provide support with all basic numerical operators; additional, subtraction, multiplication, and division. The Hegarty program, while being very different from the other software researched here, provides an alternative approach to the education of mathematic function through its application to the real world.
Considering the results of the questionnaires and from reviewing the games, it was clear that the principles of Self-Determination theory are central for effective learning. Teachers were asking for the inclusion of multiplayer elements, rewarding the player for good work and achievement, being able to complete the games successfully, and allowing the pupils to make be in control when answering the questions. These findings formed important considerations when designing the game to ensure these elements were properly incorporated.
[bookmark: _Toc102396019]4.2 – Required Criteria
Having considered all the research, the prototype to be created needs to meet the following criteria:
· Needs to be bilingual
· Needs to satisfy the requirements of Self-Determination Theory
· Needs to be able to be developed for a range of mathematical functions
· Needs to be able to feature multiple levels of play and provide feedback
· Needs to test mathematical skills of participants, as opposed to game skill
 


[bookmark: _Toc102396020]CHAPTER 5 - DESIGN & IMPLEMENTATION	


For this project, a prototype for an educational game is being created. This chapter will look at its design and how it was implemented into creating a working product.

[bookmark: _Toc102396021]5.1 - Project Design

The prototype was designed to be a platforming 2-player game, with the players working collaboratively rather than competitively against each other. It’s designed for both players to be using the same device and keyboard to control characters, to allow it to be used in a classroom situation where they may not be a device for each pupil individually. This is to ensure that the game satisfies the need of relatedness under Self Determination Theory.
Upon logging into the game, the players are offered the option of playing through the medium of either English or Welsh, followed by choosing the relevant school year, which is a representation of difficulty with each year being based on the National Curriculum for Wales. [20]
Once play has begun, the players will need to progress through a series of levels, with another level being offered once the current one has been completed. The players each have a figure that they can control independently using either the W, A and D keys or the directional arrows.
The focus of each level is an equation, that is being displayed in a series of boxes to the players at the top of the screen. Each box will contain a character that can be either a single digit of a number or a mathematical symbol. The equation will be incorrect. Below the equation is the gameplay area, in which the players can move their character left and right, or vertically through jumping. The aim is to get the characters to pressure pads or buttons, which allow the player to change the numerical values within the equation, and the level ends once the equation has been correctly balanced. Players can then move onto the next level. 
The pressure pads and buttons function differently. Pressure pads require the player to stand on them to activate them, which causes either a number on the equation to change, or in later levels, opening doors to access other parts of the level. Buttons are a toggleable feature that will switch between an on or off position when a player walks into them. As with the pressure pads, this will change a number in the equation or open a door, however the player will then be able to walk away from the button and it will remain in its current state. As players progress to harder levels, the platforming becomes more advanced, often involving more pressure pads or buttons to open doors or move platforms to access to buttons needed to correct the equation.
The players need to identify which part of the equation is incorrect. It will always be on of the numbers rather than the mathematical functions that need changing. The two players need to communicate and work together in solving the equation, to prevent one player from undoing the other’s work. Some functions will only work by the players coordinating their play, for example having player 1 standing on a pressure pad to keep a door open, allowing player 2 to access a button behind that door.
As seen in the results from the questionnaires conducted as part of the investigation, teachers wanted a game that could offer multiple levels and lasted 15 minutes maximum per play. In order to suit this, each round will have 5 levels, allowing an average of 3 minutes per level, although easier levels will most likely need less time than this to complete as levels will increment in difficulty. The game will also be able to track how long it takes each player to complete each level. Each level in a round should generate with a random pre-made level and with a different equation setup in order to continue to challenge the players on multiple run-throughs.
A full breakdown of the project was made into a Games Design Document (GDD) which can be located in Appendix D. This document features a One Sheet, which provides the basic information on the game, a Ten Pager, which provides a more in-depth look at the game by focusing on 10 different aspects, a Gameplay Progression description, which describes how gameplay will progress through each level, and a Beat Map which breaks down the content of each individual type of level for its contents, such as obstacles, play length and mechanics utilized. [21]
Alongside the GDD, a Minimal Viable Product (MVP) was also specified. The requirements for the MVP were:
· 2 characters individually controlled by 2 players from the same device
· Game available bilingually in English and Welsh
· An equation that initially displays incorrectly and needs to be corrected
· The ability to move onto the next level once the equation is correctly balanced
· Tracker for number of attempts before the equation is successfully balanced as a record of improvement

[bookmark: _Toc102396022]5.2 - Implementation and Testing

After the prototype design was completed, it was created using the Unreal Engine. Due to time constraints, not all of the objectives set out in the initial design were able to be implemented into the project.
The prototype in its state allows for 2 players to independently control a character each from the same keyboard, with one player’s controls being bound to the W, A and D keys, and the other being bound to the directional arrows. This initially proved some difficulty, as getting two pawn actors within the programs to independently react to their own controls without being affected by inputs from the other’s controls was difficult to achieve. However, this was eventually successful through having each player be an entirely separate entity, meaning there were two separate pieces of code for aspects such as player controls and spawn positions, with each set being assigned to a different character.
In order for the players progress to the next level, a button is pressed. As only one level was created within the prototype, the map’s layout is simple with only one button needing to be pressed, and no buttons that would change a number to another incorrect value. In future levels, more buttons and also pressure plates will be utilized to increase the difficulty of puzzles as incorrect button presses will result in the equation at the top of the screen still being incorrect.
One primary feature what was not able to be functionally implemented was presenting an incorrect equation at the top of the level when starting it up. The level currently displays the correct equation, and while multiple coding options were attempted, a solution was unable to be found. Due to time constraints, this feature was not able to be completed in time.
The coding was tested from various different perspectives. Individual parts of the code were tested throughout development of the game to ensure that they were functioning correctly. A test of the code in its completed state was conducted, a table for which can be found below. The prototype was also briefly trialled externally with close relatives of the programmer trialling the game. While the game proved a successful concept to them, it is not possible to accurately determine its efficiency in assisting in teaching children maths skills due to its incomplete nature. [22]

	Test No.
	Description
	Expected Outcome
	Actual Outcome
	Notes

	1
	Player 1 moves
	Player 1 can be controlled using the W and D keys
	Player 1 is controlled with use of the W and D keys, without effecting Player 2
	Works as intended

	2
	Player 2 moves
	Player 2 can be controlled using the Left and Right arrow keys
	Player 2 is controlled with use of the arrow keys, without effecting Player 1
	Functional, but a visual bug means the player only faces in one direction

	3
	Player 1 jumps
	Player 1 can jump by pressing the A key
	Player 1 jumps through use of the A key, without effecting Player 2
	Works as intended

	4
	Player 2 jumps
	Player 2 can jump by pressing the up arrow key
	Player 2 jumps through use of the up arrow key, without effecting Player 1
	Works as intended

	5
	Players interact with button
	Either Player can interact with the button’s hitbox, causing a transition to the next level
	The button is pressed when either of the players interact with the button
	Works as intended



Below are screenshots of the developed code:
Game on Start-up
[image: Graphical user interface, application

Description automatically generated]
[bookmark: _Toc102396047]Figure 6 - Prototype Screenshot A
Player 1 Approaching the Button
[image: A screenshot of a video game

Description automatically generated]
[bookmark: _Toc102396048]Figure 7 - Prototype Screenshot B
Display of Level 2. Level is incomplete however has been edited to differentiate from Level 1.
[image: A screenshot of a video game

Description automatically generated]
[bookmark: _Toc102396049]Figure 8 - Prototype Screenshot C



[bookmark: _Toc102396023]CHAPTER 6 – EVALUATION

The aim of this project is to produce a prototype of a game for use in schools as an in-class activity in order to assist Key Stage 2 (KS2) school pupils on improving their mental maths skills. This led to the following objectives for the project being outlined:
· Perform a literature review on how gamification can assist school pupils in improving their mental maths skills.
· Research what is currently being used in school environments through the use of questionnaires and visiting a modern day KS2 classroom and discuss with teachers of KS2 classrooms.
· Research and playtest comparable software and evaluate their strengths and weaknesses to inform the prototype design.
· Develop a working prototype of a bilingual English and Welsh game for use in schools in Wales to help pupils with their mental maths.

Computer games are a big part of life for children today as reports have shown [2]. It has been shown by studies that the enjoyment that children get from playing them can be used to help their education.  While there have been studies to show the benefit of gaming in education, it is more difficult to find information on how much it is actually used in the classroom, and what type of games teachers do and would like to use.  With that in mind a small qualitative piece of research was undertaken around local schools to help understand the role of gaming within education.  There has been research showing the benefits of gaming specifically in teaching maths in primary schools, so this was the area that was focused on [6].
10 questionnaires were completed by teachers from English and Welsh medium schools from England and Wales who had a personal link with the survey setter. Time restrictions on the project meant that further research, with a more representative sample of teachers, around this area was not possible but the data received implied the games needed to be bilingual, allow for multiplayer with varying level and be able to provide feedback. This would be an area which would benefit from further research to ensure that the gaming market is creating resources that the schools would use. It was not possible to find any published research that considered what teachers were looking for in games. As teachers make decisions on what resources to use, they should be involved in development of these resources. The covid-19 pandemic also meant that visits into a school environment and meeting with teachers was not possible at this point but would also be an interesting piece of research in the future. Attempts were made to contact teachers virtually, but their workloads and levels of sickness meant this was not possible at the time it was needed.
Time was spent exploring some of the games which are available to assist with mathematics for primary children and the findings were that there was a very small number of educational games for maths through the medium of Welsh. The main feedback obtained from playing these games was that a lot of them focused on game skill as opposed to maths skill, and the games trialled were single player only. This might limit their use in a classroom but could be a resource that a child could use at home.
This led to the development of a prototype game, the design of which would satisfy the criteria identified as a result of the independent research. The game would have the option for players to choose to play in English or Welsh, despite the  game currently not having any written language.
Having considered all the research, the prototype was designed to meet the following criteria:
· Needs to be bilingual
· Needs to satisfy the requirements of Self-Determination Theory
· Needs to be able to be developed for a range of mathematical functions
· Needs to be able to feature multiple levels of play and provide feedback
· Needs to test mathematical skills of participants, as opposed to game skill

The prototype was to be based around the requirements of Self-Determination Theory. In regard to autonomy, the player has control over their own character to move it around and would have allowed players to choose a level of play, and language to play in. In regard to competence, players would have been able to open up more play following success. In regard to relatedness, the game has 2 players being controlled independently. 
The prototype game was using multiplication. However, the structure of the game made it appropriate to be extended to include other mathematical functions. Numbers could be replaced by Roman Numerals or fractions, and multiplication could be replaced by addition, subtraction, or division. In more advanced level, different functions could also be combined within the same gameplay.
The design of the game was to have varying levels of difficulty based on school year. Play could commence at any difficulty rather than everyone having to work up from the basic levels. On completion of a level, players would also progress onto a new level. Improvement would be tracked through the speed of completion and number of attempts to complete a level; however further work would be needed on whether there is a better way to provide feedback other than this. In consideration of the game, it is apparent providing a combined score of both players will provide an average score of both players, as opposed to each individual. This could result in a child who is struggling with certain elements not being recognised if playing with a much more competent child. This would also need further development to see if there is a way to provide feedback individual players.
The skills used in playing the game are similar to those used in any 2D platformer game. Therefore, while providing enjoyment, they should not be overly challenging to the children the game is aimed at. It is therefore hoped that the skill measured in the game would be the mathematical skill that the game aims to develop.
When designing the prototype, a minimum viable product was designed, stating the basic mechanics that the product needed to include in order to fit the basic asks of the brief. During development, most of these requirements were met. The game features 2 individually controlled characters and the game displays an equation and pressing the correct button progresses the character onto the next level. No text was implemented into the game during development; therefore, the bilingual requirement wasn’t met due to it’s redundancy in what was produced in the timescale, and the tracker to track pupil’s progress and improvement also wasn’t implemented due to time constraints.


[bookmark: _Toc102396024]CHAPTER 7 - CONCLUSIONS AND RECOMMENDATIONS 

The aim of the project was to address the role gamification plays in education, specifically relating to primary school children, and development of maths skills, and to develop a prototype of a game that could aid in this area and offer an alternative to what else is available. Central to this piece of work was Self-Determination Theory, the components of which have shown to be crucial to how children effectively learn through gaming. 
The project used a variety of research methods, starting with a literature review. This was further developed through independent research into resources currently available by playtesting existing resources, and through a piece of quantitative research using questionnaires with a small sample of teachers.
A set of requirements, drawn out of all the research, were used in the development of a prototype game, different from those currently available. Detailed game design was completed, and work on the prototype resulted in a demonstration of the proposed game, which satisfied the components of Self-Determination Theory and focused on maths, specifically multiplication within the National Curriculum in Wales for Key Stage 2.
Restrictions on time and the Covid-19 pandemic effected how thoroughly the set objectives were achieved. In relation to the first objective, this was fully met as planned, however with regard to the second objective, although a small sample of questionnaires were completed and analysed, visits to a school and further discussions with teachers were not possible. As stated in the third objective, comparable software was trialled and evaluated, and this influenced the development of the prototype. The design of the prototype meets the requirements set out as a result of the research; however, it was not possible within the timeframe to fully develop the prototype as fully as intended.
In regard to future research, there is a need to identify how gamification is currently used in the classroom and how this may vary in different areas. Further assessment of the resources available to teachers would also help understand the role of gamification in a classroom. The research done for this project cannot be generalised due to the small sample size used. Whereas there is extensive research on the effectiveness of gamification, whether this is actually  happening in the classroom on a regular basis in unclear. It would also be interesting to see if the Covid-19 pandemic and a move to blended learning has had any impact on this. Research was not available on this.
With regard to the prototype game, this would benefit from further development and testing within a school setting to see if it meets the gaps in the market identified by teachers in the study completed. There are also suggestions on how the game could be expanded to cover other areas of mathematics should it be found to be effective. 
Within the restraints of time, Covid and researcher’s ability, the aims and objectives of this project were still successfully met, and areas for further research and development were identified which were out of the scope of this project.


[bookmark: _Toc102396025]CHAPTER 8 – REFLECTION

To guide the reflection on my project, I used Gibb’s Reflective Cycle to guide my thinking, as I had not done reflective writing prior to this. [23]

[bookmark: _Toc102396026]Stage 1 – Description
I had to undertake a research and development project as part of my honours degree. This was something that I hadn’t done before. I was presented with a list of possible projects at the start of the academic year, none of which, as they were stated, gave me the opportunity to develop a video game. As this is the focus of my degree, I wanted to incorporate a development aspect to the project. I therefore adapted one of the briefs that interested me due to the work I have been doing voluntarily in primary schools, to include some game development and this brief was agreed by my tutor. I have spent many hours over the last seven months researching the relevant literature, carrying out my own small scale research, and developing a prototype.

[bookmark: _Toc102396027]Stage 2 – Thoughts and Feelings
Covid has had a large impact on my studies for my degree, in particular during the second year which was run purely online. I was disappointed not to have been able to not make a start on the project at the end of year 2, as I would have liked to have spent the summer period to make a start on the project to allow myself more time. Fitting in the research, development, and coding alongside my other work has been stressful at times, and I am very disappointed that I have not been able to create a fully functioning prototype. Having said that, I feel a sense of achievement having carried out a piece of research and development by myself. I feel I have had good support throughout the development of my project and am pleased with what I have developed.

[bookmark: _Toc102396028]Stage 3 – Evaluation
I feel I have gained a good understanding about the area I was studying and was pleased to be able to carry out some of my own research to expand on the work done by others. I have greatly increased my knowledge in the area of using computer games in education. I have developed my coding skills in areas I do not feel I was very experienced in previously. Although it is not complete, I do feel that I have a prototype that could be developed and put to use in the education setting with further time and development. It was unfortunate that I was unable to have direct links with the schools or teachers due to the pandemic, but that could not be helped. Doing the project has developed my skills in independent working and relating what I do to the real world. Time constraints and my limited experience of coding in a game engine did restrict how far I could develop the project, but I realise I was overambitious in what I could achieve in the time available.
[bookmark: _Toc102396029]Stage 4 – Analysis
In planning the project, I drew on my experience of volunteering within primary schools and working with primary school children on developing their communication. I also used my knowledge of computer games in planning my own game prototype. Through the literature research, I learnt about Self-Determination Theory, which helped me learn about how children learn, and guided how I developed my game, making me understand the role of theories in creating games. When playing other games, I am now more aware of their function in relation to these theories. The knowledge I have gained through my degree in relation to coding through a games engine, report writing, and research skills were a huge help in completing the project.

[bookmark: _Toc102396030]Stage 5 – Conclusion
The project has taught me the importance of planning, setting realistic goals and timescales, and being flexible when working and things do not go as planned (e.g., not being able to do into schools). It has also shown me I am capable of carrying out research and developing game prototypes, and in future will likely be able to achieve similar goals in a shorter timespan due to an increase in confidence in my abilities. 

[bookmark: _Toc102396031]Stage 6 – Action Planning
If I was starting again, maybe I would concentrate on either the research and literature review or the game development rather than a hybrid project, but I feel I have learnt a lot from doing both. The skills that I have developed will help me move into employment and I am looking to use my skills in a primary school in future. I also have a prototype for a game that I can continue to develop into the future.
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[bookmark: _Toc102396034]Appendix A: Questionnaire Examples
[bookmark: _Toc102396035]English

My name is __________ and I am a third year student at the University of Wales, Trinity St David’s studying for a computer studies – Games Development degree.
For my final year project, I am exploring the use of computer games in the teaching of Maths, in particular basic numeracy skills within KS2. I then hope to develop a bilingual game that will assist pupils in improving mental skills to add, subtract, divide and multiply.
I would be grateful if you could help my research into this area by completing the short questionnaire below and return it to me __________ by November 19th.
Thank you very much for your help.

Do you currently have access to computers/tablets in the classroom?
[    ] Yes			[    ] No

Typically, how many pupils are there to a device in the classroom and what devices do you have for them?


Do you currently use video games/software in the classroom to assist learning in Maths?
[    ] Yes			[    ] No


If yes, what games or software?



What do you find good about them?



What do you think could be improved on them?





Has your use of games changed as a result of having to offer home/blended learning? If so, how?



Please tick all that apply.
[    ] I wouldn’t use a game in a classroom	      
[    ] I would only use single player games
[    ] I would only use multiplayer games	        
[    ] I would use both single and multiplayer games

[    ] I would want the game to have multiple levels
[    ] I would want the game to track progression of pupils

How long would you want pupils to play the game for in one sitting?





Any other features you’d want it to accomplish/any other comments?




Please Tick if:

You would be happy for me to contact you for further information if needed. [    ]
You would like feedback when the project is completed. [    ]

Thank you very much for your help, please contact me if you have any questions.


[bookmark: _Toc102396036]Welsh

Fy enw i yw ___________ ac rydw i’n myfyrwr trydydd flwyddyn at yr Brifysgol Cymru, Trindod Dewi Sant yn astudio cyfrifiadureg – datblygu gemau.
Ar gyfer fy prosiect yn my mlwyddyn olaf, dwi’n edrych mewn i sut mae gemau cyfrifiadur yn cael ei ddefnyddio i addysgu mathemateg, yn enwedig sgiliau rhifyddol sylfaenol o fewn CA2. Rydw i wedyn yn obeithio datblygu gem ddwyieithiog a fydd yn helpu disgyblion wella eu sgiliau meddyliol i adio, tynnu, rhannu a lluosi.
Byddai yn diolchgar iawn os ydych yn gallu helpu fy ymchwil trwy gwblhau yr holiadur byr isod a ddychwelyd e i mi at ___________ erbyn Tachwedd 19eg.
Diolch yn fawr iawn am eich help.


Ydych chi’n cael afael a cyfrifiaduron/tabledi yn yr dosbarth?
[    ] Ie		[    ] Na

Ar gymedr, sawl disgybl sydd na i ddyfais tu fewn i ddosbarth a pa ddyfeisiau sydd ar gael?



Ydych chi’n defnyddio gemau cyfrifiadur/meddalwedd i helpu addysgu mathemateg?
[    ] Ie			[    ] Na


Os Ie, pa fath o gemau/meddalwedd?








Beth ydych yn ei weld yn dda amdanyn nhw?


Beth ydych yn credu allai cael ei wella amdanyn nhw?





Ydy eich ddefnydd o gemau wedi newid gyda ddysgu adref/cymysg? Os Ie, sut?



Ticiwch pob un sy’n wir.
[    ] Ni fyddai’n defnyddio gem mewn dosbarth
[    ] Byddai ond yn defnyddio gemau un-chwaraewr
[    ] Byddai ond yn defnyddio gemau multiplayer
[    ] Byddai yn defnyddio’r ddai
[    ] Byddai eisiau’r gem gyda nifer o lefelau
[    ] Byddai eisiau’r gem i dracio dilyniant yr ddisgyblion

Pa mor hir fyddwch eisiau i ddisgybl chwarae’r gem mewn un eisteddiad?






Unrhyw fwy bethau rydych eisiau allan o’r gem/unrhyw sylwadau pellach?



Ticiwch os:

Ydych yn hapus i mi gystylltu gyda’ch am unrhyw atebion pellach. [    ]
Ydych eisiau adborth amdano’r prosiect ar ol i mi ei orffen. [    ]

Diolch yn fawr iawn am eich help, cystylltwch a fi os oes gennych unrhyw gwestiynau pellach


[bookmark: _Toc102396037]Appendix B: Questionnaire Results

My name is ___________ and I am a third year student at the University of Wales, Trinity St David’s studying for a computer studies – Games Development degree.
For my final year project, I am exploring the use of computer games in the teaching of Maths, in particular basic numeracy skills within KS2. I then hope to develop a bilingual game that will assist pupils in improving mental skills to add, subtract, divide and multiply.
I would be grateful if you could help my research into this area by completing the short questionnaire below and return it to me ______________ by November 5th.
Thank you very much for your help.

Do you currently have access to computers/tablets in the classroom?
[  10 ] Yes  			[  0  ] No

Typically, how many pupils are there to a device in the classroom and what devices do you have for them? 4 said one device per pupil
4 said one device between 2 pupils
2 said used in groups, did not specify ratio
6 said they had laptops
5 said they had tablets
4 said that there were computer terminals pupils used




Do you currently use video games/software in the classroom to assist learning in Maths?
[   x ] Yes			[    ] No


If yes, what games or software? Hergarty and Google classroom for secondary. Rock star t4 said yes that they used games in classroom, examples were Hergarty, google classroom, rock stars
2 said that they were used for homework out of class, example was rock stars
2 said that they used both
2 said that they did not use them at all.



What do you find good about them? examples, gives instant score and highlights areas to work on that are lower scores. 

Hegarty Is excellent at demonstrating worked examples
Hegarty gives instant scores
Games can highlight area to work on.
Tasks are set as per school modules but work out and make suggestions of specific tasks that could fill the gaps. 
Google classrooms is good but requires work to be set. 
Ability to work offline and attach a photo to complete is good. 
Rock star is excellent for engaging younger children, allowing for individual and team challenges by class. Encourages them to play but the end result is fast mental recall and quicker thinking. Love this one.
Rock star The children  love completing the challenges because they can see how well they are doing against their friends and also against their teachers.  They get rewards that they can then use to change the look of their character in the game.  The teachers get to see who is doing what and how well they are doing – both in terms of no of questions answered correctly and also in terms of the speed of the answer.    They can also see who is challenging themselves by doing harder questions, and who is selecting easy ones to do.
There are often new things added e.g. an NHS look for the characters during the pandemic in Rock Star





























What do you think could be improved on them? Hegarty I like the simplicity and wish more were available on this format in other topics. 
Hegarty fairly fit for purpose as is. 
Google classroom is sometimes more tricky to navigate. Potential is there but most people don't understand Google workspace tools as more used to Microsoft based. 
Rock star helps the children quickly repeat stuff but more difficult was less able children to hit the top scores. Results in the same children winning which can be disheartening
We had time to use them more
Need games in Welsh for Welsh education





Has your use of games changed as a result of having to offer home/blended learning? If so, how? Prior to lockdown, some homework done on Hegarty. Now all homework and homeworking is done on both. 
They do work well together. 
Rock stars helps by providing a fun active way to do maths that breaks up lots of writing. The blending of paperwork and rockstars works well particularly if the child is losing focus in a home environment.
We do use them more now



Please tick all that apply.
[ 1 ] I wouldn’t use a game in a classroom	      
[    ] I would only use single player games
[    ] I would only use multiplayer games	        
[ 8 ] I would use both single and multiplayer games
[ 9 ] I would want the game to have multiple levels
[ 8 ] I would want the game to track progression of pupils

How long would you want pupils to play the game for in one sitting?

Up to 20 mins – 4
Up to 30 mins – 5
30-60  mins -1

Any other features you’d want it to accomplish/any other comments? Ability to adapt to pupil level rather than year group
Needs to give rewards to encourage engagement
Pupils need feedback to see they are improving
Provide good teacher feedback
Easy ability to change levels
Ability for pupils to change level they are working on






[bookmark: _Toc102396038]Appendix C: Table of data from play-tested games

	
	Game 1
	Game 2 
	Game 3
	Game 4

	Name of Game
	Tommy’s Trek – Times Tables
	Caterpillar Carnage
	Snowball Smash
	Monkey Maths

	No. Players
	1
	1
	1
	1

	Recommended Age
	Yr. 1 - 5
	Yr. 1 - 6
	Yr. 1 - 6
	Yr. 1 - 6

	No. Levels
	3 difficulties, 4 different maps
	3 Rounds per game
	3 Rounds per game
	1 Continuous Level

	What it tests?
	Times Tables, multiples of 1 to 12
	All 4 basic maths principles, fractions, rounding and roman numerals
	All 4 basic maths principles, fractions, rounding and roman numerals
	All 4 basic maths principles, fractions, rounding and roman numerals

	Outputs?
	Final Score for progress, tracks a Highscore
	Final score and Highscore for progress, not a representation directly of maths ability
	Final score and Highscore for progress, not a representation directly of maths ability
	Final score, not an accurate representation of maths ability

	Usability?
	Controls are slightly non-conventional, and as such is a bit awkward to play at times. Game can also feel slow at times with it being a platformer.
	Simple to use, however in the playing portion of the game, easy to swerve into the side of blocks and lose more bits of health.
	Simple to play and super easy concept
	Hard game to control, the jump button has a large amount of delay and will often cause you to collide with an object you’re trying to avoid

	Bilingual
	No
	No
	No
	No

	Average Play-length
	Appears to be infinitely-looping, ending when the player runs out of lives.
	~10 minutes for 3 rounds of play, can vary depending on how well the person plays the caterpillar segment.
	~10 mins for 3 rounds of play but will very much vary on performance in the snowball segment.
	5 – 10 mins, based on ability at the game.
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One Sheet
Game Title – Dysgu ‘da dau
Intended Game Systems – PC
Ages – School Years 5-6 (9-11)
ESRB Rating – E

Narrative – 2 players, controlled separately, work to balance out equations through use of teamwork to access the ability to change parts of the provided formula to make it correct. The game will include platforming elements to access buttons that will affect the formula to balance it, and some levels will require the second player to assist the first player getting to a button.

Modes of gameplay – Platforming to problem solve.

Unique Selling Point (USP) – Bilingual, meaning the app can be used in education in both Welsh and English schools in Wales. 2-player meaning that, while theoretically it can be completed by one person, the game is design to incorporate co-operative mechanics for 2 people to play together.

Competitive Products – Maths-based educational games


Ten Pager
Page 1 – Title Page
· Game Title – Dysgu ‘da dau
· Intended Game Systems – PC
· Target age range – 9-11 (Years 5 and 6)
· ESRB Rating – E
· Intended Ship Date – May 2022

Page 2 – Game Outline
· Players will spawn in an area where they will see on blocks an incorrect mathematical equation. Around the map will be buttons and pressure pads to press that will allow for the equation to be changed. Both players will be required to interact with these in order to correct the equation to make it balanced and to progress.
· Later stages of the game will require the players to help each other reach buttons such as standing on pads to open doors or move platforms, granting access to the other player.

Page 3 – Character
· Player 1 Movement – A + D for horizontal movement, W to jump
· Player 2 Movement – Lft Arrow + Rgt Arrow for horizontal movement, Up Arrow to jump
Page 4 – Gameplay
· 2D Platformer game
· Game is split into several levels, which can be based off any of the 4 numerical operators or all 4 of them at once at the choice of the players
· Levels will feature buttons and pressure pads to interact with in order to progress levels by correcting the provided equation
· While some buttons and pads can interact with the equation, others will trigger platforms and doors in later stages, requiring the players to work together to access certain buttons

Page 5 – Game World
· Levels will environmentally be identical, only the layouts of the map will change each time

Page 6 – Game Feel
· Game will have an opening menu screen, followed by a screen allowing you to select what age range and what numerical operators to focus on.

Page 7 – Gameplay Mechanics
· Mechanics involved in the game will involve openable/closable doors and moving platforms
· These are controlled from pressure pads which will need constant weight applied to them by another player, or buttons which only need a one-time press to toggle.

Page 8 – Enemies
· The game will not have any enemies, as it is purely a puzzle solving game

Page 9 – Multiplayer
· The game will heavily focus on a two-player mode controlled from the same keyboard. 
· Means that the game can be played by one person with enough skill but also easily accommodates for 2 people to play

Page 10 – Monetization
· Not relevant to the project currently


Gameplay Progression

Game begins by having players choose a language and then an area of maths to focus.
First level begins simple to introduce mechanics of buttons pressure pads and correcting the equation by pressing the right buttons and pressure pads. Levels after this will feature more complex map layouts for the puzzle to be completed.




Beat Chart

	Level Name
	
	

	Level Name
	Starting Level
	Advanced Level

	Time of Day
	Day
	Day

	Progression
	Correct the equation using the buttons
	Correct the equation using buttons, watching out for incorrect buttons

	Est. Play time
	2 mins
	3 mins

	Colour Scheme
	Dark Blue
	Dark Blue

	Mechanics introduced
	Buttons, Pressure Pads
	Fake buttons and Pressure Pads

	Hazards Introduced
	None
	None
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APPLICATION FOR ETHICAL APPROVAL

In order for research to result in benefit and minimise risk of harm, it must be conducted ethically. 

The University follows the OECD Frascati manual definition of research activity: “creative work undertaken on a systematic basis in order to increase the stock of knowledge, including knowledge of man, culture and society, and the use of this stock of knowledge to devise new applications”. As such this covers activities undertaken by members of staff, postgraduate research students, and both taught postgraduate and undergraduate students working on dissertations/projects.

The individual undertaking the research activity is known as the “principal researcher”.

This form must be completed and approved prior to undertaking any research activity. 

SECTION A: About You (Principal Researcher)
	1
	Full Name:
	Rhys Whatty

	2
	Student Number:
	1900045

	3
	Email address:
	1900045@student.uwtsd.ac.uk

	4
	Programme of Study:
	Computing: Games Development

	5
	Director of Studies/Supervisor:
	Kapilan Radhakrishnan



SECTION B:  Internal and External Ethical Guidance Materials
	
	Please list the core ethical guidance documents that have been referred to during the completion of this form (including any discipline-specific codes of research ethics, location-specific dodes of research ethics, and also any specific ethical guidance relating to the proposed methodology).  Please tick to confirm that your research proposal adheres to these codes and guidelines. You may add rows to this table if needed.

	1
	UWTSD Research Ethics & Integrity Code of Practice
	☒
	2
	UWTSD Research Data Management Policy
	☒

	3
	
	☐



SECTION C: Details of Research Activity
	1
	Indicative title:
	Use of Technology in Education

	2
	Proposed start date:
	1st November
	Proposed end date:
	28th November

	
	Introduction to the Research (maximum 300 words in each section)
Ensure that you write for a Non-Specialist Audience when outlining your response to the three points below:
· Purpose of Research Activity
· Proposed Research Question
· Aims of Research Activity
· Objectives of Research Activity
Demonstrate, briefly, how Existing Research has informed the proposed activity and explain
· What the research activity will add to the body of knowledge 
· How it addresses an area of importance. 

	3
	Purpose of Research Activity

Investigate which types and how technology is being used in a modern-day classroom in order to teach Key Stage 2 (KS2) pupils in order to aid in the development of a maths based educational videogame to assist in schools with teaching KS2 level maths.

	4
	Research Question

How is technology, specifically video games, being used in classrooms and what features would teachers want for a game designed to educate within the classroom?

	5
	Aims of Research Activity

Learn of the current hardware and software being used within school, observe how technology is used in an average school day.

	6
	Objectives of Research Activity

Discover which pieces of software are currently being used in order to ensure the project will be up to standard (or above standard in a completed state) of what is currently in place

	
	Proposed data collection methods (maximum 600 words)
Provide a brief summary of all the methods that may be used in the research activity to collect data, making it clear what specific techniques may be used. If methods other than those listed in this section are deemed appropriate later, additional ethical approval for those methods will be needed. You do not need to justify the methods here, but should instead describe how you intend to collect the data necessary for you to complete your project.

	7
	Short questionnaires given to KS2 staff of various schools in order to gain insight of technology and software used in a multitude of schools within a local area. Shadow a classroom within a school (given COVID-19) in order to see how technology is used in an average school day and how effective it is in learning.



SECTION D: Scope of Research Activity
	
	Will the research activity include:
	YES
	NO

	1
	Use of a questionnaire or similar research instrument?
	☒
	☐

	2
	Use of interviews?
	☐
	☒

	3
	Use of focus groups?
	☐
	☒

	4
	Use of participant diaries? 
	☐
	☒

	5
	Use of video or audio recording?
	☐
	☒

	6
	Use of computer-generated log files?
	☐
	☒

	7
	Participant observation with their knowledge?
	☒
	☐

	8
	Participant observation without their knowledge?
	☐
	☒

	9
	Access to personal or confidential information without the participants’ specific consent?
	☐
	☒

	10
	Administration of any questions, test stimuli, presentation that may be experienced as physically, mentally or emotionally harmful / offensive?
	☐
	☒

	11
	Performance of any acts which may cause embarrassment or affect self-esteem?
	☐
	☒

	12
	Investigation of participants involved in illegal activities?
	☐
	☒

	13
	Use of procedures that involve deception?
	☐
	☒

	14
	Administration of any substance, agent or placebo?
	☐
	☒

	15
	Working with live vertebrate animals?
	☐
	☒

	16
	Procedures that may have a negative impact on the environment?
	☐
	☒

	17
	Other primary data collection methods. Please indicate the type of data collection method(s) below.
	☐
	☒

	
	Details of any other primary data collection method:



(this box should expand as you type)
	
	



If you have ticked NO to every question then the research activity is (ethically) low risk and you may skip section E and continue to section F.

If YES to any question, then no research activity should be undertaken until full ethical approval has been obtained. 

SECTION E: Intended Participants
	
	Who are the intended participants:
	
YES
	
NO

	1
	Students or staff at the University?
	☐
	☒

	2
	Adults (over the age of 18 and competent to give consent)?
	☒
	☐

	3
	Vulnerable adults?
	☐
	☒

	4
	Children and Young People under the age of 18? (Consent from Parent, Carer or Guardian will be required)
	☒
	☐

	5
	Prisoners?
	☐
	☒

	6
	Young offenders?
	☐
	☒

	7
	Those who could be considered to have a particularly dependent relationship with the investigator or a gatekeeper?
	☐
	☒

	8
	People engaged in illegal activities?
	☐
	☒

	9
	Others. Please indicate the participants below, and specifically any group who may be unable to give consent.

	☐
	☒

	
	Details of any other participant groups:
Complete this only if your participants cannot give consent. This includes animals

(this box should expand as you type)
	
	



	
	Participant numbers and source
Provide an estimate of the expected number of participants. How will you identify participants and how will they be recruited? 

	10
	How many participants are expected?

	~10 max for questionnaire, plus number of pupils in classroom for shadowing


	11
	Who will the participants be?

	Teachers of KS2 pupils, number of pupils present in the classroom when shadowing


	12
	How will you identify the participants?
	
Will not, participants will remain anonymous due to the nature of the research





	
	Information for participants:
	
YES
	NO
	
N/A

	13
	Will you describe the main research procedures to participants in advance, so that they are informed about what to expect?
	☒
	☐
	☐

	14
	Will you tell participants that their participation is voluntary?
	☒
	☐
	☐

	15
	Will you obtain written consent for participation?
	☒
	☐
	☐

	16
	Will you explain to participants that refusal to participate in the research will not affect their treatment or education (if relevant)?
	☒
	☐
	☐

	17
	If the research is observational, will you ask participants for their consent to being observed?
	☒
	☐
	☐

	18
	Will you tell participants that they may withdraw from the research at any time and for any reason?
	☒
	☐
	☐

	19
	With questionnaires, will you give participants the option of omitting questions they do not want to answer?
	☒
	☐
	☐

	20
	Will you tell participants that their data will be treated with full confidentiality and that, if published, it will not be identifiable as theirs?
	☒
	☐
	☐

	21
	Will you debrief participants at the end of their participation, in a way appropriate to the type of research undertaken?
	☒
	☐
	☐

	22
	If NO to any of above questions, please give an explanation 

	
	

(this box should expand as you type)



	
	Information for participants:
	
YES
	NO
	
N/A

	24
	Will participants be paid?
	☐
	☒
	☐

	25
	Is specialist electrical or other equipment to be used with participants?
	☐
	☒
	☐

	26
	Are there any financial or other interests to the investigator or University arising from this study?
	☐
	☒
	☐

	27
	Will the research activity involve deliberately misleading participants in any way, or the partial or full concealment of the specific study aims?
	☐
	☒
	☐

	28
	If YES to any question, please provide full details 

	
	
(this box should expand as you type)



SECTION F: Anticipated Risks

	
	
Outline any anticipated risks that may adversely affect any of the participants, the researchers and/or the University, and the steps that will be taken to address them.  

	1
	Risks to participants
For example: sector-specific health & safety, emotional distress, financial disclosure, physical harm, transfer of personal data, sensitive organisational information. If you have identified in section D that there are no participants then enter N/A and go skip to question 3.

	
	Risk to participants:

Transmission of COVID-19 
	How you will mitigate the risk to participants:

Practice social distancing, wear a mask when possible, self-test before conducting shadowing


	2
	If research activity may include sensitive, embarrassing or upsetting topics (e.g. sexual activity, drug use) or issues likely to disclose information requiring further action (e.g. criminal activity), give details of the procedures to deal with these issues, including any support/advice (e.g. helpline numbers) to be offered to participants. Note that where applicable, consent procedures should make it clear that if something potentially or actually illegal is discovered in the course of a project, it may need to be disclosed to the proper authorities

	
	


(this box should expand as you type)

	3
	Risks to the investigator
For example: personal health & safety, physical harm, emotional distress, risk of accusation of harm/impropriety, conflict of interest

	
	Risk to the investigator:

Transmission of COVID-19
	How you will mitigate the risk to the investigator:

See above


	4
	University/institutional risks
For example: adverse publicity, financial loss, data protection

	
	Risk to the University:

No personal of sensitive information is being stored
	How you will mitigate the risk to the University:



(this box should expand as you type)

	5
	Environmental risks
For example: accidental spillage of pollutants, damage to local ecosystems

	
	Risk to the environment:

N/A, all research being conducted is purely observational
	How you will mitigate the risk to environment:



(this box should expand as you type)



SECTION G: Feedback, Consent and Confidentiality

If you have identified in section D that there are no participants then enter skip this section and continue to section H.

	1
	Feedback
What de-briefing and feedback will be provided to participants, how will this be done and when? 

	
	Participants will be given the questionnaire and asked to complete them in their own time (although asked to complete them within a timeframe of 2 weeks). This will be done between the 1st and 14th of November. Shadowing is planned to be done on a day between the 15th and 28th of November.


	2
	Informed consent
Describe the arrangements to inform potential participants, before providing consent, of what is involved in participating. Describe the arrangements for participants to provide full consent before data collection begins. If gaining consent in this way is inappropriate, explain how consent will be obtained and recorded in accordance with prevailing data protection legislation.

	
	Consent for filling in questionnaires will be provided by giving the participants the option to fill it out online. In order to shadow in a classroom, consent forms from the parents of the children in the classroom would be needed as the research will involve children under 18.


	3
	Confidentiality / Anonymity
Set out how anonymity of participants and confidentiality will be ensured in any outputs. If anonymity is not being offered, explain why this is the case. 

	
	All people will remain anonymous for the research, as it is not targeting an individual’s experience in any way



SECTION H: Data Protection and Storage

	
	Does the research activity involve personal data (as defined by the General Data Protection Regulation 2016 “GDPR” and the Data Protection Act 2018 “DPA”)?
	YES
	NO

	1
	“Personal data” means any information relating to an identified or identifiable natural person (‘data subject’). An identifiable natural person is one who can be identified, directly or indirectly, in particular by reference to an identifier such as a name, an identification number, location data, an online identifier or to one or more factors specific to the physical, physiological, genetic, mental, economic, cultural or social identity of that natural person. Any video or audio recordings of participants is considered to be personal data.
	☐
	☒


	
	If YES, provide a description of the data and explain why this data needs to be collected:

	2
	This includes audio/video data of participants, but can also include IP addresses and usernames. Names, addresses and emails also count, as do consent forms.

(this box should expand as you type)

	
	Does it involve special category data (as defined by the GDPR)?
	YES
	NO

	3
	“Special category data” means sensitive personal data consisting of information as to the data subjects’ –
(a) racial or ethnic origin,
(b) political opinions,
(c ) religious beliefs or other beliefs of a similar nature,
(d) membership of a trade union (within the meaning of the Trade Union and Labour Relations (Consolidation) Act 1992),
(e) physical or mental health or condition,
(f) sexual life,
(g) genetics,
(h) biometric data (as used for ID purposes),
	
☐
	
☒


	
	If YES, provide a description of the special category data and explain why this data needs to be collected:

	4
	What counts as ‘sensitive’ will differ between cultures. Any information on behaviour that is not in accordance with cultural norms would count as sensitive personal data.



(this box should expand as you type)



	
	
Will data from the research activity (collected data, drafts of the thesis, or materials for publication) be stored in any of the following ways?
	YES
	NO

	5
	Manual files (i.e. in paper form)?
	☐
	☒

	6
	University computers?
	☐
	☒

	7
	Private company computers?
	☐
	☒

	8
	Home or other personal computers?
	☒
	☐

	9
	Laptop computers/ CDs/ Portable disk-drives/ memory sticks?
	☒
	☐

	10
	“Cloud” storage or websites?
	☒
	☐

	11
	Other – specify:

	☐
	☐

	12
	For all stored data, explain the measures in place to ensure the security of the data collected, data confidentiality, including details of backup procedures, password protection, encryption, anonymisation and pseudonymisation:

	
	
Files will be saved via One-Drive, allowing for access from a personal PC or laptop, and also a secondary backup on a memory that is kept on person. As personal data is not being stored, anonymisation will be at the highest.




	
	Data Protection

	
	Will the research activity involve any of the following activities:
	YES
	NO

	13
	Electronic transfer of data in any form?
	☐
	☒

	14
	Sharing of data with others at the University outside of the immediate research team?
	☐
	☒

	15
	Sharing of data with other organisations?
	☐
	☒

	16
	Export of data outside the UK or importing of data from outside the UK?
	☐
	☒

	17
	Use of personal addresses, postcodes, faxes, emails or telephone numbers?
	☐
	☒

	18
	Publication of data that might allow identification of individuals?
	☐
	☒

	19
	If YES to any question, please provide full details, explaining how this will be conducted in accordance with the GDPR and Data Protection Act (2018) (and/or any international equivalent):

	
	This includes data such as drafts of your thesis as well as experimental or survey data. An example of suitable text is given below.

All data will be encrypted and kept in password protected cloud storage on the University Office 365 system which will not be shared. Any USB sticks used to store or transfer data will be password protected. All data transfers will be encrypted and password protected.  All participants will be given a unique identifier to ensure confidentiality and this list will be kept securely in the password protected folder. The data will be stored until the completion of the project and then deleted. In accordance with the DPA2018, participants will have the right to ask to see what data is held relating to them, and this data will be deleted immediately if the participant requests this, in which case the data will not be used in the project.

(this box should expand as you type)

	20
	List all who will have access to the data generated by the research activity:

	
	Primary Researcher


	21
	List who will have control of, and act as custodian(s) for, data generated by the research activity:

	
	Primary Researcher


	22
	Give details of data storage arrangements, including security measures in place to protect the data, where data will be stored, how long for, and in what form. 

	
	Kept on personal One-Drive account and also personal memory stick. Data will be stored until the end of the research and the project has been completed. Data will not be archived


	22
	Confirm that you have read the UWTSD guidance on data management (see https://www.uwtsd.ac.uk/library/research-data-management/)
	☒

	23
	Confirm that you are aware that you need to keep all data until after your research has completed or the end of your funding
	☒




SECTION I: Declaration
	
	The information which I have provided is correct and complete to the best of my knowledge. I have attempted to identify any risks and issues related to the research activity and acknowledge my obligations and the rights of the participants.

In submitting this application I hereby confirm that I undertake to ensure that the above named research activity will meet the University’s Research Ethics and Integrity Code of Practice which is published on the website: https://www.uwtsd.ac.uk/research/research-ethics/ 

	1
	Signature of applicant:
	Rhys Whatty
	Date:
21/10/21


	2
	Director of Studies/Supervisor:
	
	Date:

	3
	Signature:
	

	





FOR INTERNAL USE ONLY:
	
	Ethical approval given 

	1
	Signature of assessor:
	
	Date:


	2
	Name:
	

	3
	Role:
	




Students per device


1 Device per pupil	1 Device per 2 pupils	In groups, non specified	4	4	2	

Types of devices


Had laptops	Had Tablets	6	5	

Use of Software


In classrooms	As homework	Both	Don’t use software	4	2	2	2	

Use of Single/Multiplayer Games


Use Single Player only	Use Multiplayer only	Use Both	Wouldn't use games	0	0	9	1	

Length of Play


<	20 mins	21-30 mins	>	30 mins	4	5	1	
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