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[bookmark: _Toc67928065]Abstract
The report reviews the research of literature surrounding students within primary schools at level 3 at Aged seven-to-eight years old, within Wales. The aim of this report is to understand how students learn and retain knowledge on mathematical concepts. The research and review of literature examines the benefits and drawbacks of software-tools to aid in the development of a software based mathematical time-telling-game that uses the Welsh language.  The report theorises that educational computer-games are an effective form of education and improves the education of students.
The goal of the report is to discover the factors that influence and improve the education and learning of students using e-learning tools and software solutions and how learning through play is not only fun; but an effective and legitimate form of educating. 
The purpose of the methodologies section is to inform on the tools that aided the student in completing the report and the development of an educational computer-game. The methodology section discusses the research wall, the time management in the form of the Kanban board and Gantt chart, two surveys and the resources used. 
The first survey gathered additional information directly from educators before the development of an educational computer-game. The second survey questioned the experiences of individuals who used the educational computer-game developed for this report to build an understanding on the game’s strengths and weaknesses and any future improvements that could be made.






Table of Contents

DECLARATION FORM AND FORM OF CONSENT	1
DECLARATION	1
FORM OF CONSENT	1
Abstract	2
Table of Contents	3
Table of Figures	5
Table of Tables	7
1	Glossary of terms	8
2	Introduction	9
2.1	Hypothesis	10
2.2	Aim	10
2.3	Objectives	11
3	Research and review of literature	12
3.1	National Curriculum	13
3.1.1	Key-stages	14
3.2	Different Forms of learning	16
3.2.1	Visual	17
3.2.2	Auditory Learning	17
3.2.3	Reading/Writing	17
3.2.4	Kinaesthetic / Tactile Learning	17
3.2.5	The Foundation Phase	18
3.3	Technological Tools	19
3.3.1	BETT (British Educational Training and Technology) Show	19
3.3.2	Interactive whiteboards (IWB)	19
3.4	Software Educational Games & Internet Tools	21
3.4.1	YouTube	22
3.4.2	BBC bitesize	23
3.4.3	Minecraft	24
3.4.4	Timetable Rock Stars	26
3.5	Accessibility, Usability and Design of Educational Games	27
3.5.1	Accessibility	27
3.5.2	Usability	29
3.5.3	Design	30
3.6	The Drawbacks and Lack of Educational Computer-game Use in Schools	31
3.7	Conclusion	33
4	Research and/or development methodology	36
4.1	Research overview	36
4.1.1	Positivism	37
4.1.2	Survey & Phenomenology	37
4.1.3	Deductive	37
4.1.4	Software development & Survey	37
4.1.5	Document Review	38
4.2	Initial questionnaire for educators	39
4.2.1	Data Collection	41
4.2.2	Research Deliverables	42
4.3	Development Methodology	43
4.3.1	Time Management	46
4.3.2	Resources Required	50
4.4	Development & Deliverables	51
4.4.1	Testing	52
4.4.2	Screen Mapping & Usability	75
4.4.3	Structured Interviews	81
4.4.4	Future Work	92
4.5	Conclusion	95
5	Appendices	96
Appendix A	96
6	References	112
7	Bibliography	129





[bookmark: _Toc67928067]Table of Figures
Figure 1  The age of children within the Key-stages	15
Figure 2: Foundation phase, what is my child learning [44]	18
Figure 3 BBC Bitesize Home Page	23
Figure 4 Minecraft Education Edition 3D Fractions	24
Figure 5 LiveCode Interactive Tutorials image from Live code	29
Figure 6 Morningstar iPad app example of an overlay from Nielsen Norman Group	29
Figure 7 Research Wall	36
Figure 8 Philosophies chosen from research wall for the report.	36
Figure 9 how would you describe your proficiency when using IT such as electronic whiteboards / tablets/ computers.	39
Figure 10 have you used an electronic whiteboard in lessons	39
Figure 11 with regard to your views on using video-games as a resource for teaching how much do you agree with each of the staetments	40
Figure 12 Trrelo Kanban Board of project	43
Figure 13 subtasks of Report on Kanban Baord	44
Figure 14 Development methodology  flowchart	45
Figure 15 GANT chart dates and times	48
Figure 16 the dates and times of key dates plotted onto a visual graph on the months to provide a visual representation of the key dates that the student could follow.	49
Figure 17 First Interview Question 4	82
Figure 18 First Interview Question 5	83
Figure 19 First Interview Question 6	84
Figure 20 Second Interview Question 4	85
Figure 21 Second Interview Question 5	86
Figure 22 Second Interview Question 6	87
Figure 23 Third Interview Question 4, 5, & 6	88
Figure 24 Look and feel Likert scale.	89
Figure 25 usability and accessibility Likert scale	90
Figure 26 Effectiveness Likert scale	91
Figure 27 How many years have you been an educator	96
Figure 28 what level do you teach	97
Figure 29 what do you consider your main subject area	98
Figure 30 how would you describe your proficiency when using IT	100
Figure 31 do you use online educational recourses	101
Figure 32 Please specify what online recourses you have used	101
Figure 33 do you use a virtual learning environments	102
Figure 34 please specify what virtual learning environments you have used	103
Figure 35 have you used an electronic whiteboard in lessons	104
Figure 36 with regard to training on the technology provided by your institution/school	104
Figure 37 with regard to incorporating technologies Likart	105
Figure 38 with regard to learning use of technology Likert	106
Figure 39 have you ever used videogames as a tool for teaching	107
Figure 40 with regard to your views on using videogames as a resource Likert	108
Figure 41 with regard to your views on using videogames as a resource Likert	109
Figure 42 how often do you arrange activities for students that incorporate technological methods	110
Figure 43 are there any technologies that you have used in your experience that have not been mentioned	111




[bookmark: _Toc67928068]Table of Tables
Table 1 Test 1 Main Menu Screen	52
Table 2 Test 2 Written to Digital screen.	54
Table 3 Test 3 Digital to written Screen	59
Table 4 Test 4 Analog clock to written screen	64
Table 5 Test 5 Written to analog clock screen	69
Table 6 Future improvements	92



[bookmark: _Toc67928069]Glossary of terms 

	Terms 
	Full Description

	IWB
	Interactive Whiteboard 

	key-bindings
	The association of a physical keyboard key and the programmed action within a software program.

	 UI
	User interface

	UX
	User Experience

	 CLI 
	command line interface

	GUI
	graphical user interface
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The review of literature includes the National Curriculum and its key-stages, along with a description on the ages that students begin to learn topics. The importance of developing age-appropriate lessons, material, and tasks for students. The introduction of the foundation phase within wales, which encourages learning through play rather than the traditional methods, for children three and seven. 
· The VARK (Visual, Auditory, Reading/Writing, Kinaesthetic) learning styles and an analysis on their impact on learning and the consequences if they are not implemented within learning.
· An assessment of pre-existing educational software and hardware including IWBs, YouTube, BBC Bitesize, Minecraft Education Edition, Timetable Rock Stars.
· An investigation into accessibility issues that prevent certain individuals from using software, the importance of design in conveying information and the usability of software from the UI to UX. 
· The drawbacks and disadvantages of using educational computer-games within schools due to the initial cost of hardware and the subscriptions to software, costs of maintenance of equipment, the lack of skills and abilities of educators in using software. 



[bookmark: _Toc67928071]Hypothesis
Using innovations in new technologies will reinforce and improve the learning of children. The use of games improves engagement and understanding of taught subjects and topics which can be facilitated through computing solutions in the form of computer-games.

[bookmark: _Toc67928072]Aim
The aim of this report is to discuss the use of technology, software, and computer-games within an educational environment. To gather research on the advantages and drawbacks that software and educational computer-games have on both educators and learners within an educational environment. To recognise the disadvantages that new tools and software can bring due to costs, lack of knowledge and training that educators have when using software. 
To understand the curriculum and the key-stages of children within the UK, and successfully design and create an educational computer-game that is challenging and stimulating and functions on an IWB for the chosen age range.  
To explore the needs of students and educators who use software and educational computer-games. To build an understanding on accessibility, design, and usability to the training that educators require to successfully use the system and encourage students to use it.
To identify the methodologies that structure the report and the choices in the research material gathered. 
At the end of the report to produce a fully designed and working educational computer-game that is tested by a group of individuals, expressing their personal opinions on the success of the computer-game through inclusion in a user experience survey. To document the success and the constraints of the report, an analysis on the final solution of the educational computer-game, noting any future improvement.
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investigation will achieve the previously discussed aims through completing the following goals:
· Conducting specific and extensive research into how students learn, this will be achieved through the initial research phase of this report.
· The benefits of learning through computer-games and other software solutions. This will be achieved after gathering research on at least five alternative software tools. This objective will be completed before the start of the second term.
· To understand the processes of designing and produce an educational computer-game, that is inclusive to as many students as possible. This will be achieved after the accessibility, usability and design topics are completed. This objective will be completed before the start of the second term.
· To understand the drawback of educational computer-games within a classroom environment and the circumstances that cause them to fail. This objective will be completed before the start of the second term. 
· Using development methodologies, time management, and other tools to organise the development and creation of an educational computer-game. This completion of this objective will be before the hand in date of this report on the 23rd of April.
· Manage the production and testing of software, this will be completed after the final development iteration has been made, and it will be done before the 23rd of April. 
· To conduct a survey on educators before the creation of the educational computer-game. This must be done before the interim viva on the 22nd of January.
· To conduct a series of structured interviews on individuals who have used the educational computer-game. This must be completed and included into this report before the hand in date on the 23rd of April.
· To prove or refute the hypothesis presented within this report. This must be completed before the hand in date of the report on the 23rd of April.
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The lives of individuals worldwide have been permanently altered due to the rapid development of technologies, especially the internet. Technology is currently the primary means of entertainment, communication and is commonly used within employment and education [1][2][3]. 
Numerous technologies and software solutions have been implemented to aid and improve the education and delivery of information to students; Information, lessons, activities, and classes are being delivered electronically to students through IWBs, tablets, laptops, and the internet.  the use of information technology in this manner is known as e-learning [4][5].
Education software has become commonplace within lessons they can be categorise into groups based on the way they are used and what they allow the user to achieve. For instance authoring systems allow educators to create their own visual lectures, Graphic Software such as Adobe Illustrator or Photoshop, allow students to express creativity through altering or creating images, Desktop Publishing such as Microsoft publisher allow users to create literary work, and educational games which display learning material in an engaging, fun and uniquely memorable way [6][7][8].



National Curriculum
The National Curriculum establishes the syllabus for each year of a child’s education within the UK. It dictates the specific subjects that are taught within schools and the knowledge and skills that students should be attaining [9][10]. The subjects include mathematics, science, English, computing, art, design, geography, history, music, physical education [11][12].
The curriculum is structured into key-stages for the different age ranges of children, each of the main subjects are categorised with their own sub-categories covering different concepts and topics that must be taught [13]. 
Within wales the National Curriculum is changing September 2022 for all years up to year seven and will be continually rolled-out each year until year eleven has been included [14].
The key stages two, three and four will no longer exist and the ideals of the foundation phase will branch out to be a part of the curriculum.  The subjects being taught within the new curriculum include [14]:
· Health and Well-being
· Expressive Arts
· Mathematics and Numeracy 
· Humanities
· Science and Technology
· Languages, Literacy and Communication
For the purposes of this report the current curriculum along with the key-stages will be followed as it provides a base understanding on the mathematical concepts that students at certain ages begin to comprehend mathematical concepts. 
As the new curriculum has not been rolled-out, there is a lack of information on the specifics and the nuance of topics that students begin to learn, when designing an educational computer-game these nuances are vital. 



[bookmark: _Toc67928076]Key-stages
When designing an educational game, activity, or task for students it must be age appropriate and geared towards the key-stages of the National Curriculum. Key-stages represent the different age-ranges of children divided into milestones as seen within figure 1, they indicate the age at which a child should be capable of learning life skills, compulsory subjects, and advancing their knowledge on various topics and concepts [10][15][16].
Tests and assessments are done at different points of the key-stages, providing an indication to educators and guardians, if a student is progressing as expected or failing to meet milestones and targets or exceeding required levels in certain areas. If a student does poorly at the assessments it may indicate that they need additional support, be under emotional stress, or require more time to fully understand a topic before they can progress in their learning [17][18][19][20].
Within key-stages two mathematics is a compulsory subject it includes children aged seven to eleven, for the purposes of this report year three where students are aged seven to eight will be the focus. At this stage students should be learning mathematical concepts such as shape and space, measures, theories about numbers and the processes in mathematics. Other mathematical topics that students within year three cover the perimeter of a 2D shape, adding and subtracting money into the correct change, the ability to tell time on a twenty-four-hour and a twelve-hour clock and to recognise the place value of a number within three digit numbers for their hundreds, tens and ones [21].
Students at this age are taught to estimate answers to mathematical problems, to add and subtract numbers that have up to three digits and are encouraged to express why they chose a method to solve a problem and the steps that they took too came to an answer. Students learn to draw 2D and create 3D shapes, to understand and identify horizontal, perpendicular, parallel, and vertical lines. They are educated on fractions and equivalent fractions being taught to display equivalent fractions visually as diagrams [22].
The topics taught through year three are intensive and build on the previous years of education. Due to the constant progression from one subject to another it is important to test the knowledge of all students at key-stage one to ensure that they have fully understood and are prepared for the topics within key-stage two [23].



The figure 1 below displays a breakdown of the ages of students and the years that they attend within school along with their corresponding key-stages. 
[bookmark: _Toc67928019]Figure 1  The age of children within the Key-stages 
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The process in which students learn determines their success at retaining, recalling, and understanding information. Educators have been urged to structure lessons and provide alternative material for the different learning styles to promote and encourage problem solving, individual learning, participation, engagement and the involvement of all students within classes [25][26][27][28]. 
Multi-disciplinary learning involves combining complimentary topics from different subject areas, using the different learning styles, in a way that was not possible when using a single teaching method. The learning style covered within this report is VARK (Visual, Auditory, Reading/Writing, Kinaesthetic). If lessons are not structured with the different learning styles in mind, the needs of certain students may not be met, restricting those students from their full potential to successfully develop their knowledge, and understanding not only on National Curriculum topics but life-skills [29][30]. 
When students have difficulty participating within lessons, they may withdraw from group activities as they build a resentment towards education. This can lead to self-esteem issues, insufficient social skills and a disregard for education and a lack of interest in pursuing higher education [31]. 
Although the learning styles have been well documented and are positively regarded, there are papers that believe that categorising learning into four distinct categories hinders the education process and misleads learners and educators [32]. 
The papers that oppose the learning styles state that students may be categorised to one style when depending on the topic, activity, and the student’s personal interests they may benefit from an alternative learning style or a homogenised experience where all the learning styles are used at once, rather than educators attempting to create separate experiences within a single lesson for all four learning styles [33][34][35].
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Videos and visually driven learning material work best for visual learners who easily envision concepts, objects, and colours. Visual learners benefit from using concept maps, to-do-lists and using colour when creating notes for lectures.  They can identify the difference between similar objects and generally respond positively to lectures, activities and text when accompanied by visual cues such as handouts, written feedback, diagrams, and images. When educators physically display in what manner they complete a task, this helps the learner retain knowledge [36][37].

[bookmark: _Toc67928079]Auditory Learning
Auditory learners benefit from verbal instructions and acquire knowledge through a myriad of interactions with others and auditory experiences. The interactions that encourage learning involve presenting learned topics to educators or peers, group activities that encourage discourse to class discussions that allow students to verbally problem-solve concepts and express ideas. Auditory experiences involve the use of certain music, listening to recordings of class lectures, audio books and reading aloud. When planning activities, tasks or lectures educators can arrange various classes that involve tasks based on the previously mentioned activities, to advance students understanding and learning [38][39].

[bookmark: _Toc67928080]Reading/Writing
Individuals with this learning style retain information through traditional study methods, from textbooks, journals, handouts, writing essays and writing a series of detailed notes. 
Learners with this learning style produce their best work through the written medium, rather than through an oral method such as presentations or long form discussions [37].  

[bookmark: _Toc67928081]Kinaesthetic / Tactile Learning
Students who learn kinaesthetically learn through hands-on experience or the use of objects and physical activities such as dance, role-play, doodling/drawing, or hand gestures. 
Kinaesthetic learners learn and understand information when they physically become a part of the learning experience in a tangible way; through the physicality of touching and seeing objects, or physically moving their own bodies to represent information. By linking information this way, learners emotionally recall what was taught through the objects, drawings or the movements that they made [40][41][42].
A study was conducted were a Kinect based computer-game were used to educate students on mathematical concepts. One report showed a higher level of engagement and an improvement of memory from the students that participated within the study [43] 
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In 2010 the welsh assembly government introduced the Foundation Phase, that must be followed within schools and other care environments throughout Wales. This reform aimed to improve the curriculum of children aged three to seven years, by encouraging the holistic development of children through the principles of learning through play [44][45][46]
The Foundation Phase specifies the requirement for children to build upon their own understanding of the world through their experiences. Educators are encouraged to incorporate the ideas and interests of the children into the lesson plans, to promote and reinforce learning. It is believed that structured play is an effective method of educating children as it encourages co-operation, communication, positive connotations to education, concentration and the expression of ideas as children participate in creative, stimulating and engaging activities and games with adults and their peers [47][48][44]. 
The 2015 revision of the Foundation Phase introduced the need to include and expose children to technologies and other media when activities are arranged as it specifies:
“Children should be given opportunities to: experience and use a range of media and stimuli including emerging technologies” [49]. 

[image: ]The image within Figure 2 displays the seven areas of learning. The diagram indicates that children can develop their mathematical understanding, skills, and abilities through play.
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Numerous technological tools such as laptops, iPads, interactive whiteboards and electronic toys have been created and are commonly used within classrooms and out of them, either replacing previous tools or being used in conjunction with them, to improve and expand the educational environments beyond their previous boundaries [50][51][52].

[bookmark: _Toc67928084]BETT (British Educational Training and Technology) Show
The BETT show is an annual event organised by the HYVE group which is held within London. BETT boosts the awareness and exposure of the educational technologies created by start-ups and larger businesses by giving awards to educational technologies that BETT deem inspiring, creative, and innovative. The event organises and provides space for seminars, shows and exhibitions were attendees, developers and businesses are free to interact with one another and gain hands on experience with educational technologies [53]. 
BETT caters for educators specifically through its TechMeet and edtech events that encourage educators to meet to discuss good practices, innovations, personal experiences and the use of computer software and hardware in facilitating learning. Since the BETTs beginning in 1985 it has steadily grown in popularity repeatedly moving to larger venues as interest grew due to the ever-increasing demand for technologies within education environments.

[bookmark: _Toc67928085]Interactive whiteboards (IWB)
IWBs have become commonplace within universities, primary and secondary schools replacing many whiteboards and blackboards. They encourage pupils to communicate and collaborate to problem solve and learn. Allowing educators to display visual information instantly from various sources to their students in a way that the original whiteboards and blackboards would not allow [54][55].
Although this tool can encourage and enhance the learning of students there are numerous drawbacks of the technology that can impact its use, ranging from the technology itself, its location within a room to the skills and abilities of educators in correctly implementing and utilising the tool [56][57]. 



IWB Influences within education
The benefits of IWBs are significant as it allows a level of control over the information/content displayed as it can contain interactive elements, audio and unique visuals that promote alternative learning styles. Educators and students can erase, alter, or manipulate information/content while enabling them to return it to its original state, allowing flexibility to revise topics if necessary. Work can be saved and distributed through various platforms improving its accessibility and students independent study [58][59][60].
A drawback of the IWB’s flexibility, accessibility, interactivity, and control is the level of training that educators must undergo to fully grasp its mechanisms to successfully interact with it and fully utilise its functionality, which traditional black/whiteboards did not require. If educators lack or do not receive sufficient training, they may feel demoralised and frustrated or reject the technology, directly impacting students as they are not taught or encouraged to use the technology themselves [61][62][63]. 
Students can use various devices that access the IWB to collaborate, permitting students to influence and direct their learning. This is explained in-
“Technology Integration: Exploring Interactive Whiteboards as Dialogic Spaces in the Foundation Phase Classroom” [5]
Which provides insight that due to that involvement, students are developing collaborative skills and forming their own understanding on topics they may otherwise have not understood.
There are, however, drawbacks of disruptive students directly accessing the IWB and diverting  lessons by displaying inappropriate comments or images stalling lessons as educators must take action to amend the disruption [61].
Before the beginning of each lesson the educator may need to perform an initial setup or recalibration to ensure that the IWB is functioning as expected [64]. IWBs also require a costly maintenance that was not essential for traditional black/whiteboards. The location of the IWBs could create glare, dazzling students, preventing them from participating within lessons. Another issue could arise in low light levels, forcing students to strain their eyes [56].  
Although there are numerous drawbacks that must be taken into consideration it is believed that the benefits of the IWB far exceed its disadvantages [55][65]. 



[bookmark: _Toc67928086]Software Educational Games & Internet Tools 
Software consists of a series of programmed instructions, procedures, and routines that dictate how hardware works and operates. The software found on devices allow data to be saved, updated, altered and accessible from different machines. Without software devices that are used daily, would not function or carryout complex tasks, rendering them useless [66][67].
Within education the software and hardware that educators use include computer systems, electronic whiteboards, electronic registers, the internet, applications, and any other system accessed through an electronic device that carries out advanced tasks.
Software has improved the lives and the standards of education as students and educators have access to a range of applications, tools, and virtual learning environments that facilitate: 
· Communication not only between educators and guardians, but between educators and other educators or special needs assistants, and teaching assistants and individual students through electronic messages or video conferences and other online tools. This form of communication is instant and accessible anywhere and on any device that can run the application [68][69].
· Pupils to access tasks and work carried-out within a lesson, form their home or within different areas of an educational environment [68][70].
· Creation of engaging lessons that use different techniques, visuals, and material to interest and engage students in unique ways that maintain their attention [71][72][73].
· Personalised accounts that track the progress and development of students throughout their education allowing educators to recognise the students who may require additional support [74]. 
· The quick creation of mini tests and quizzes and the distribution of homework or additional tasks to all students instantaneously that they can access freely at home [68] [75].
· students to work co-operatively using tools that they find interesting, enjoyable and engaging [76]. 




[bookmark: _Toc67928087]YouTube 
YouTube is a subsidiary owned by Google. It is a free video-sharing platform that is used by members of the public, conglomerates, businesses, entertainers, and governments. The content of the videos on YouTube covers a variety of topics from news, education, entertainment, religion, and instructional information [77][78][79].
If a student finds it difficult to follow a video or a creator, they can search for an alternative until they discover a method that resolves their issues in a format that best suit them. The educational videos range on skill level and age, involving content for beginners to experts and include subjects such as catering/cookery, mathematics, the sciences, beauty, art, design technology and IT/software development. Some educators use material from YouTube within classes and other educational environments to inform students using a visually engaging method [80][81][82][83].
YouTube has received criticism in the past due to its lack of oversight on creators and the content being uploaded to the website. The website can continually play a permanent string of videos, this impacts unmonitored children who use the website as they can find themselves watching unsafe, unsavoury, and upsetting videos that they were led to from an initial child-friendly video [84][85][86].
YouTube’s algorithm has also received criticism as it frequently recommends the most popular videos not the most factually accurate, it displays videos that are visually aesthetic, outrageous, or contain memorable information such as conspiracy theories or videos purposefully implying inaccurate and misleading information as factual or true. It is only within 2019 that YouTube has taken action to ban certain conspiracy theory material that justify violence on others [87][88][89][90].  
Another drawback of YouTube is that it is not solely an educational tool it is a business that seeks to make a profit, it achieves this goal through advertisements. YouTube increases its revenue by keeping individuals on the website and watching through videos. It is argued that individuals who use YouTube can compulsively view content due to its recommender system, making it questionable if it is morally appropriate to normalise YouTube and introduce it to children [91][92].
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BBC bitesize is an internationally accessible website that is free to use through devices with an internet connection. It is funded by the public taxpayer within the UK and directly altered and updated by select individuals working within the BBC, who provide material that coincides with topics within the National Curriculum. Information provided by BBC Bitesize is monitored and updated regularly ensuring a level of accuracy and reliability for individuals learning from the website [93][94]. 
The BBC have declared that they must keep members of the public informed and provide free educational material for children across the UK. The BBC have a mission statement -
“To support learning for people of all ages: The BBC should help everyone learn about different subjects in ways they will find accessible, engaging, inspiring and challenging.” [95]
The aim of BBC bitesize is to educate children of all ages, to facilitate the revision for GCSE and A-level and to dissect larger topics into comprehensible parts, that children can use to build their knowledge on subjects, that could otherwise overwhelm and confuse. Figure 3 Displays the BBC bitesize home page where an individual can navigate to the age-appropriate topics that they wish to learn [96].    
[image: ]








[97][bookmark: _Toc67928021]Figure 3 BBC Bitesize Home Page 


To prevent confusion due to children experiencing concepts or material beyond their skill level and abilities, the key-stages of the National Curriculum are used to group topics and the amount of detail that is explored within each section of the material presented. 
Due to the design and the nature of the BBC bitesize website, children can independently and freely traverse the website without constant supervision from educators or guardians, allowing children a level of autonomy over their own learning. 
While being educational the website is engaging and entertaining through its colourful visuals and child friendly content, that presents information through videos and child friendly language. Quizzes and interactive games are used to strengthening what has been learnt as it encourages children to recall information in a unique and interesting way [98].  

[bookmark: _Toc67928089]Minecraft
Minecraft is an open-world resource gathering and item crafting game, were players use said items to explore and interact with the game world. A specialised “Minecraft Education Edition” of the game was created for use within schools, to educate on topics in a creative, visual, and malleable way, where learners can quickly and effortlessly restart lessons if they make mistakes or have not fully grasped a topic [99][100][101].
The “Minecraft Education Edition” include curriculum kits, pre-made levels and user guides that educators can use to create personalised levels to educate on a myriad of topics such as computer science, art & design, chemistry, social & emotional learning, and math [101][102]. 
Minecraft combines the interests of students with educational topics that they may otherwise fail to comprehend or find boring. By designing lessons around Minecraft educators are teaching topics in an engine, intrusting and unique way that students enjoy [100][103][76]. 
[image: ] figure 4 displays a math lesson on fractions that encourages teamwork and logic thinking.
[104][bookmark: _Toc67928022]Figure 4 Minecraft Education Edition 3D Fractions


Before accessing the “Minecraft Education Edition” all participants require a personal office 365 account. The game is free to download but it must be installed on all devices that educators wish to use [105]. If there are updates and patches for the game they must be downloaded and installed separately across all devices, this can lead to issues if many devices are used across the school as it may take time for updates to successfully be installed, de-railing lessons that rely on the game [106]. 
The game provides a trial with a limited number of logins for both educators and pupils. Once the trial sessions are used, a yearly subscription of $5 per-user is required to continue to use the game. Some schools may be unable to afford the additional payments to the service, making them unable to access the game [105].
Another drawback of Minecraft Education Edition is that educators and students must learn how to use the system themselves to fully utilise it within classrooms. If an educator or students is inexperienced with technology and computer-games, they may find it difficult to use it in any meaningful way [107][108].
Students who do not play many games, or have not played any version of Minecraft, require more guidance to understand controls or how the mechanics of the game work. This lack of knowledge requires the educator to take time away from lessons, to educate on using the game itself [108].


[bookmark: _Toc67928090]Timetable Rock Stars
Timetable rock stars is a winner of the BETT award (see 3.3.1. under technologies and tools), the game educates children on mathematical concepts in short bursts of four minutes, up to four or five times each week. The game begins by acquiring a personalised baseline for the skills and knowledge of the student on their math. Once the baseline is acquired the game can be done online, through worksheets or both [109][110][111].
The online version of the game uses the results from the baseline to produce 100 practice questions. Once those questions are completed the baseline is checked again and the new baseline influences and automatically creates a set of 100 new questions specifically based on the progress of the student. This cycle of checking the baseline and producing questions continually repeats. To use the worksheets students, do practice questions for six weeks  then the baseline is checked then a set of new practice questions are chosen by the educator based on their progress, this cycle also repeats in this manner until the game is no longer used [109][110][111]. 
The game provides personalised learning for each student that ensures that they do not find sessions too easy or too difficult. It prevents students who are struggling from being left behind as educators have easy access to the results of both the baseline and the practice questions. The game is providing an optimal learning environment that encourages students to learn mathematical skills in an entertaining and engaging way that is accessible within schools or at home as it is available over the internet. It also allows collaboration between educators and guardians, through direct messaging system within the game [111][109][112][110].



[bookmark: _Toc67928091]Accessibility, Usability and Design of Educational Games
Emotions play a key-role in the success of understanding and learning a skill or a topic. Negative experiences can cause levels of anxiety and stress, preventing students from advancing their knowledge and understanding. Negative experiences can occur if the learning styles are not considered, lessons are not tailored to the individual needs and disabilities of students, if lessons, tasks, and activities are created for the incorrect age group, in the case of educational games, if they are badly designed and are not informative and do not provide adequate feedback or guidance [113][114][115]. 

[bookmark: _Toc67928092]Accessibility 
Accessibility involves the inclusion of individuals with some form of disability, health condition or impairment, that make it difficult for them to be involved in lessons that do not accommodate their needs.
This can be achieved by allow the user a level of control over the display and interactivity of software through altering and adjusting the displays of the interface, the hitboxes of interactive items within a game, key-bindings, or the speed at which the visuals display and move. By allowing a user this control they can suit their needs, in a way that traditional learning material could not [116][117].

Colour Blindness
A common disability is colour blindness one in twelve men and one in two hundred women have it [118][119]. Children who are colour-blind may be put at a disadvantage if a learning tool relies heavily on colour to educate and convey information, and games regularly do [120]. There are different forms of colour blindness: 
· Deuteranopia: “red-green” colour blind, difficulty with shades of green, red, orange and browns [118][119].
· Protanopia: Similar confusion of colours to the deuteranopia, the main difference is they are unable to see red light [118][119]. 
· Tritanopia: Have difficulty with shades of violet, blue, red, green, and yellow [118][119].
If an educational game relies on colour, it is important that alternative versions of the user interface and content of the game are available, where the colours can be altered to accommodate specific colour-blindness. This is important not only for the children but for adults as they are the ones helping children use the game. If they are unable to visually identify key information that the game is trying to relay to the student, this can stall learning or prevent the use of the game [121][122].
  


Photosensitive seizures
When factoring in the safety of computer-games, photosensitive seizures must be a priority as its proven that some games can cause epileptic fits [123][124][125]. Children, guardians or educators who suffer from photosensitive seizures are at risk of physical injury to themselves or others [126][127][128].
Photosensitive seizures are triggered through a combination of flash frequency, the background lighting, brightness, and certain colour combinations of the imagery on screen. The worldwide-web consortium (W3C) has stated a few constraints that websites must follow to protect individuals with photosensitive epilepsy, from the number of flashes that are allowed within a one second period to:
“the combined area of flashes occurring concurrently occupies no more than a total of .006 steradians within any 10 degree visual field on the screen (25% of any 10 degree visual field on the screen) at typical viewing distance”  [129]
In 2018 the UK government updated its accessibility regulations for mobile applications and websites created for public sector bodies. It states that considerations must be made for individuals with accessibility issues, that applications and websites must accommodate their needs and include features that allow as many individuals as possible to use them [130]. 

Involuntary muscle movements / Limited Mobility
Involuntary muscle movements can occur due to conditions such as dystonia. Dystonia impacts a single or multiple body-parts where the individual suffering from the condition is incapable of preventing the involuntary muscular movements without medication or surgery [131][132]. 
Involuntary muscle movements and limited mobility can occur due to brain trauma, infection, oxygen deprivation, poisoning from lead or carbon monoxide, accidents, or injuries.  
Involuntary muscular contractions and limited mobility can impact the way that individuals interact with others, their environment, tools, and devices [133][132].  The 2018 update of accessibility regulations covered within “3.5.1.2 Photosensitive seizures” stresses the inclusion of individuals with disabilities, requiring modifications of applications to implement features and elements that allow all individuals the ability to use applications and websites [130].
A benefit of educational games and electronic educational tools is that they can be designed to work on a myriad of devices from mobile phones, computers, iPads, and tablets. This range of devices allows for educational content to be versatile and incorporate the features of the devices such as touchscreen capabilities, electronic pens, keyboards, electronic-mice, joy sticks and other input devices capable of connecting to the device. Allowing individuals impaired by their involuntary muscle movements to alternate and choose devices and tools that allow them to use the educational software [134][135][136].
  


[bookmark: _Toc67928093]Usability
When designing the usability of a computer-game or application, considerations must be made for both user interface (UI) and user experience (UX). UI are the elements that allow interactivity with a product, UX is the individual emotional experiences achieved from using said product. 
UI covers the tools that allow users to interact with an application, this includes IWBs, touchscreens, keyboards, controllers, computers, mobile devices, command line interface (CLI), graphical user interface (GUI) [137]. A GUI is a subset of UI and considered more user-friendly than other software-based user interfaces as the user controls consist of buttons, icons, images, and menus that are used to interact and explore the software application[138][139][140].
Developers build an understanding on the UX through research of current applications and software systems that are popular, as users have an expectation from controls and navigation from prior experiences using other systems. The UX is used to create, update, and alter the layout and the actions that a user does to navigate and interact with software applications. This is achieved from testing and surveying users to understand the positive, negative, or neutral emotional responses they have when attempting to complete an action or a task while using an application or software tool [137][141][142]. 
The UX and UI are influenced by the user demographic, the environment that the application is likely to be used, its first-time use, and the underlaying purpose of the application [143][144].  
When designing an application or computer-game there is an emphasis on “user onboarding”. User onboarding is a part of the UX design that tries to familiarise the controls, menus, buttons, and other interactive elements of the application for new users in a positive and user-friendly way. User onboarding can be achieved through interactive tutorials as seen within figure 6, training videos and instructional overlays as seen within figure 5 [145][146][147].   
[image: ]
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[bookmark: _Toc67928023]Figure 5 LiveCode Interactive Tutorials image from Live code
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[bookmark: _Toc67928024]Figure 6 Morningstar iPad app example of an overlay from Nielsen Norman Group
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[bookmark: _Toc67928094]Design
Different design choices influence the failures and success of an educational learning tool. Developers should design all aspects of a computer-game with the aim of how they wish a player to use the game [150]. 
Game design covers many aspects of a computer-game, from its overall system, the way it informs a player and its utilisation of:
· Characters, Objects [151]
· Levels [152]
· Rules, Goals, Challenges [153]
· Controls
· Mechanics
· The size of icons, text, and images [150]
Another aspect of design include the methods of giving instructions and guidance for in game tasks, and the prompts to aid players in remembering their goal and how to use the system [154]. Visual cues can be used from shapes, colours, text, icons, flashes of light, to auditory cues such as music, sounds or human speech, to physical feedback such as vibrations are also apart of game design [151]. 
Appropriate feedback for interactions made within the game, such as taping the screen, moving virtual object, movement of characters, pressing buttons or preforming an action correctly or incorrectly, a variety of the previously mentioned cues can be implemented. These cues provide feedback to a user of the system that they are having an impact on the computer-games environment [155][156].
When designing games for children the exact age must be considered. If they are under fourteen the different ages of children must be sectioned into sub-categories of four to six, seven to nine, ten to eleven, and twelve to fourteen. As different ages have different challenges from their motor skills, memory, attention span, understanding of language both verbal and text-based, and their previous experience with alternative tools and software[157][158]. 
Computer-games must be designed with an ease of use and understanding for its chosen age range while providing a level of complexity through different challenges, levels, and goals that are age appropriate. Allowing children to use the computer-game themselves without supervision from an educator, while being entertaining and compelling to encourage an emotional investment in the computer-game. This is vital as it motivates children to play the computer-game multiple times, reinforcing what they have learnt [153][152][159].






[bookmark: _Toc67928095]The Drawbacks and Lack of Educational Computer-game Use in Schools
Both students, guardians and educators require previous knowledge, experience, and a level of competency in computing skills before they can fully use e-learning tools, software, and computer-games. If educators and guardians lack these skills, they may be reluctant or unable to prepare or include computer-games as a form of education, as they do not understand their full benefits or how to use them [160][161][162][163]. 
The age of students is a factor as their physical and mental competency drastically impacts their ability to not only use computer-games but comprehend what the system is teaching, a lack of age-appropriate computer-games and software on a variety of devices or the over use of specific devices can negatively impact the education of students [164][165].
A lack of resources, funding, or the availability of computer-games across different platforms can impact its use within schools and at home, due to the current state of the UK with the lockdown due to The COVID-19 pandemic. If a computer-game is only available through one device such as computer systems, mobile phones, I-pads or over the internet, this coupled with a lack of funding can cause barriers for schools and guardians who cannot purchase required devices, can only afford a single device, are unable to replace broken devices, suffer from poor internet connections or cannot afford the cost of subscriptions to software [166][167][168][169][170][171][172]. 
If guardians are not educated or informed on the purpose and the role of computer-games within classes, they may reject its use, or prevent their children using them at home, believing that it is an invalid form of educating. This can make it difficult for educators who wish to distribute and set activities as homework that use computer-games or cover topics involving computer-games [173][161].  
To combat this, educators can arrange meetings with guardians where they are shown the computer-game and given the opportunity to use it themselves and voice their concerns and their reluctance for computer-game use within the classroom. Meetings allow educators to explain the purpose of educational computer-games, how often it will be used and how it benefits the students, while allowing students to display their work and understanding on topics that they have learnt from using software and computer-games [173].
Studies have proven that physical activities and movement improves the attention, brain activity, cognition, and the motivation of students [43][174]. The results of these studies can be damning to many computer-games as they are traditionally designed to be played stationary [174]. There are some virtual reality games available for children that but the systems that they are played on are traditionally expensive and only cater to one individual at a time [175][176]. 
Unless technologies or computer-games are designed for use on a range of devices such as IWB or computer systems, Single player computer-games can discourage socialisation as students are engrossed in the device and are not encouraged to interact with their peers. If students are not given the opportunity to communicate and socialise with others through personal interactions, they may fail to develop the nuances of interacting such as facial expressions, the personal space and boundaries of others, and acceptable social behaviours [177].
Multiplayer and co-operative games can combat and solve some issues of single player games as other players can bring a level of spontaneity and communication, encouraging their peers to problem solve, and think about concepts in a way they had not thought about on their own [76][178]. If computer-games are not supervised it can actively encourage a level of antisocial behaviour, and a level of bullying can occur within games that encourage competition [179]. This is where educators must be a part of the game and supervise to prevent unwanted behaviour.  





[bookmark: _Toc67928096]Conclusion
This report conducted research into the National Curriculum to identify the compulsory topics educated within the UK and the region of Wales.  Further research was done into the key-stages as they highlight the specific year groups and ages of students and the level of complexity that they begin to learn about the curricular topics. 
The year group three was chosen, seven to eight years of age and the education of mathematics and Welsh as the focus for this report. Mathematics is widely regarded by children as a negative subject [180][181], being described as boring and difficult [182], for many years children have struggled to learn mathematical concepts due to its abstract nature. Within the chosen demographic within Wales an emphasis was made on students understanding the twenty-four-hour and the twelve-hour clock in Welsh. Telling time is essential at all stages of life for this reason it was chosen as the topic for the computer-game.
Research was made to fully understand the factors that influence the education of students within Wales which lead to the foundation phase along with the 2017 reform which is the current framework that guides primary schools on how to develop the ideas, skills and learning of students by encouraging the use of technologies and the independent exploration, investigation, of concepts through play and hands-on experience. The foundation phase confirms the necessity of children learning concepts through play and technologies indicating that computer-games are an appropriate and welcome inclusion within classrooms. It is documented that when developing and organising lessons students are far more receptive to information when it is presented in a format that is engaging, interesting and caters to their interests and the individual learning needs of students.
Although the new curriculum will not be followed within this report, the research into the update of the curriculum for Wales due in September 2022 indicates that the choice to create a time-telling computer-game is still relevant. The new curriculum will extend the pre-established foundation phase into the later year groups. This signifies that the welsh assembly government, since the introduction of the foundation phase for three- to seven-year-olds, recognise the importance of all year groups learning and developing skills through alternative learning materials and techniques. Potentially the computer-game created within this report could be used not only for the year group three but for any year group that would benefit from its use.
The research into VARK revealed that alternative learning styles not only exist but require alternative materials other than traditional textbooks, for students to learn skills, concepts and engage with topics and lessons. The research indicates that Kinaesthetic and Visual learners would benefit from an educational video game as it provides a hands-on experience where the student visually interacts with the graphical interface displaying the concepts that they will learn. 
The growing popularity of the BETT show represents the improvement and the validity of including technologies within educational environment as the show promotes many educational computer-games awarding trophies and recognition for their innovation and techniques to educate. As electronic tools and devices have evolved, electronic games have grown in popularity making them one of the top grossing media industries and a staple in everyday life [183][184].


During the research of this report there was an emphasis on students engaging with their peers to understand concepts and drive their learning forward. A common tool used in classes are IWBs as they allow full class participation. It was clear that the educational computer-game of this report needed to be designed for use on IWBs, requiring touch screen capabilities and scalability for alternative screen sizes.
The research into software found a range of benefits to educators, guardians, and students from an improvement to communication, access to learning material, personalised and versatile learning environment, resources that are inspirational, interesting, and geared towards the needs of students.
Educators currently use YouTube and encourage students to learn information from the website. Due to the recognition that YouTube has as a tool for educators, a video user guide/tutorial explaining the controls, how to acquire and install the computer-game of this report and other information will be created and made available on YouTube due to its popularity, accessibility, and cost being free. The user guide will benefit not only educators but guardians as the computer-game will likely be used at home.  Although negative aspects did surface during research it is worth recognising that they can be negated through close monitoring and educators displaying videos from an IWB to avoid students miss-using or overusing the website. 
The research into Minecraft, BBC bitesize and timetable rock stars is vital as they are current and relevant in today’s educational environment. They reveal that educational computer-games and tools not only exist but are widely used and accepted. BBC Bitesize, Minecraft Educational Edition and Timetable Rock Stars have full working teams of professionals from designers, researchers, testers, and developers who have years of expertise of good practices. The student of this report recognises that it is important to take example from the professional practices of these businesses to support choices made during the creation of the educational computer-game for this report.
The accessibility revealed several considerations that must be made to allow all students the ability to access and use the educational computer-game developed within this report. The issues surrounding colour-blindness will influence the colour-palette of the computer-game and once the colours are chosen it will be tested using the website “Colblindor”[185] which simulates the different forms of colour-blindness for an individual with normal colour vision when given an image. Each section of the computer-game will be tested to ensure that all objects, buttons, and images are easily identifiable for individuals suffering from any variation of colour-blindness. 
The section on the physical muscle movement influencing the choice to design the game with the use of touch screens and controls to allow further accessibility to individual who may be unable to use a mouse and keyboard. The photosensitive epilepsy altered the choice of images shown on screen at any given time, to ensure that an epileptic fit is not triggered. To accomplish this strict guideline will be followed that indicated when the images on screen are at a dangerous level, if they are, they will be changed.


The lack of computer-game use within education environments was explored to identify pitfalls that could be avoided when developing the computer-game for this report. The research indicated that when designing a game for children it is essential to recognise that they may develop their learning and skills at different stages [186]. Therefore it is important that games are capable of adapting to the personal learning needs of an individual child [187]. This information influenced the learner’s choice to develop a system where individuals could create their own account that documented the progress that an individual made while using the computer-game, altering the questions asked and adjusting to what a student needed to practice.
The lack of funding and internet connection indicated the need to allow the game to be initially downloaded and remain accessible offline, as stated previously the desire to allow the computer-game to display and function on IWBs solves issues relating to a lack of devices such as laptops and iPad to provide a learning opportunity that involves the entire class. 
The usability research punctuated the importance of UI, UX and onboarding and how the expectations of developers can influence the use of a program/device, the previous experiences of users can impact the ways in which they expect a program/device to function, and the acceptance and the users desire to continue to use a new technology. This research will influence the overall design and layout of interactive elements of the computer-game. An age-appropriate form of user onboarding must be considered and tested to ensure that it has the desired effect and does not confuse or misinform the students that the program is designed for. To achieve this goal the previously researched games will be a baseline and influence the onboarding technique for this project.
The research indicates teaching children through play is more effective than the traditional paper and text-based method [188][16][189]. Children are more likely to understand, retain and recall educational material if they perceive it as fun and presented in an attractive game environment that caters to their individual learning needs [181]. Using computer-games has proven to improve the learning and education of students providing them with an alternative style of learning that is engaging and interesting [190][191] [192][181].
Due to the amount of time and the level of engagement and captivation that games hold over children, many studies have been conducted and successfully proved that educational computer-games could be incorporated into education to improve students learning within a variety of topics [182][193][194][195][192][189][16].







[bookmark: _Toc67928097]Research and/or development methodology
[bookmark: _Toc67928098]Research overview
The research wall as seen within figure 7 breaks down the various approaches, strategies and philosophies that are used within this report. An alternative to this model is the research onion. 
Inductive
Positivism
Deductive
Phenomenology
Experiment
Software Development
Document Review
Case Study
Survey
Philosophy
Approach
Strategies


[bookmark: _Toc67928025]Figure 7 Research Wall








[196]


The philosophies chosen for this report can be seen within figure 8 they are positivism, deductive, software development and document review. The philosophy of phenomenology will also be involved within this report as questioners are being used.

Positivism
Deductive
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Software Development
Document Review
Survey
Philosophy
Approach
Strategies
[bookmark: _Toc67928026]Figure 8 Philosophies chosen from research wall for the report. 













[bookmark: _Toc67928099]Positivism 
Positivism is the objective knowledge obtained from observation, this philosophy aims to produce quantifiable and measurable data and results on social facts that other researchers can replicate. Owing to the nature of the positivist method producing quantitative data, it can be used to recognise cause and effects, can be tested, and checked by others, and demonstrate the correlation between events. Therefore, positivist methodology was chosen as the report includes measurable concepts, from the concept that games can improve the education of students to the accessibility of product within schools.

[bookmark: _Toc67928100]Survey & Phenomenology
Surveys can be a positivist philosophy, but they must be a closed questionnaire or a structured interview, that another researcher can replicate. For this report, the student wished to conduct a survey prior to the creation of their software and after, to build an understanding on the experiences, thoughts and opinions of individual educators and students. But due to the nature of the positivist philosophy in not focusing on the agency of an individual the student of this report recognised the need to include the phenomenological philosophy for the surveys that they would create.

[bookmark: _Toc67928101]Deductive
Deductive research begins with the developed theory driven hypothesis, this dictates the data and research that is gathered, which is then used to refute or prove the hypothesis as correct. The deductive methodology was chosen as the student had an idea and hypothesis that they wished to explore through this report. As the student had developed a hypothesis a deductive approach was required.

[bookmark: _Toc67928102]Software development & Survey
To test the hypothesis “that computer-games are an important means to educate students” a software solution must be built, and the hypothesis must be tested. To test the validity of the hypothesis ideally the software “computer-game”, would be allocated to two groups of students, a control group who do not use the software, and a group who continually use the game for a designated period, who are regularly surveyed and tested to distinguish if their learning is notable and developing differently to the control group.
Unfortunately, due to the time constraints of this report a single group of individuals will test the software and they will complete a survey expressing their personal experiences of the computer-game and if they believe it will be useful within a classroom.    



[bookmark: _Toc67928103]Document Review
Once the hypothesis for the report had been realised a documented review of relevant literature was conducted to analyse the validity of computer-games, electronic devices and other software being used to educate students, the common pit-falls in designing and creating a working software solution, Accessibility, Usability and Design that must be considered during each stage of creating a software solution, the constraints and drawbacks that producing and distributing an educational computer-game for students can have on their learning.

[bookmark: _Toc67928104]Initial questionnaire for educators
The initial questionnaire aims to gather the opinions, knowledge, training, and experiences of educators in using technologies and computer-games within classrooms. This is important as educators are the ones to introduce the computer-game and assist confused or struggling students on how to correctly use it.
The level of proficiency that educators feel that they have when using IT tools influences the user-guide and the amount of training required to use the solution. It may govern how complex the solution can be regarding the age group chosen and its acceptance by the educator.[bookmark: _Toc67928027]Figure 9 how would you describe your proficiency when using IT such as electronic whiteboards / tablets/ computers.



The participants of this survey are almost equal although a high number have used electronic whiteboards the information gathered indicates that it would be beneficial to design the educational compute-game to function on both IWBs and computer systems.  
[bookmark: _Toc67928028]Figure 10 have you used an electronic whiteboard in lessons?

The Likert scale regarding the acceptance of computer-games within educational environments were relatively positive. Most respondents deem that educational computer-games are a valid and effective tool to be used within lessons. Although many of the respondents have not used educational compute-games within their own lessons they agree that they wish to see the tool being used more across the sector.
One of the limiting factors that could influence computer-games being used less within classrooms is their general acceptance within the institutions. But this is hard to prove or disprove owing to the number of respondents that neither disagree nor agree with this question. Upon reflection some of the questions asked within the Likert scale would have benefited if they were presented as a binary question. [bookmark: _Toc67928029]Figure 11 with regard to your views on using video-games as a resource for teaching how much do you agree with each of the statements


The reader is advised that the full set of questions with their results and an explanation into the reasoning for asking said questions can be found within Appendix A.

[bookmark: _Toc67928105]Data Collection
On completion of the software (the computer-game) it will be demoed and tested by a group of individuals. Once they have played the computer-game for a set period, they will be given a link to a survey created using office 365 Forms and asked a series of Likert questions and further detailed questioning on their experience to determine their personal experiences on using the computer-games. The main purpose of this testing it to discover the success of its:

Usability
· If the user guide was adequate in explaining how to use the game and its controls
· If the computer-game provided adequate feedback when a question was answer correctly or incorrectly.

Accessibility 
· If the controls of the game were difficult to use.
· If the computer-game provided sufficient alternative controls for the user’s needs.
· If the colour theme of the game prevented them from playing.

Design 
· If they felt the computer-game was confusing.
· If the questions asked within the computer-game were clear and precise.
· If the visuals of the computer-game were distracting or drew away from the learning experience.

Fit for purpose.
· Their understanding on what the computer-game was trying to educate.
· If they felt that the computer-games successfully taught them the relevant information.
· How strongly they believe students will positively respond to the computer-game. 
· If the computer-game caused unnecessary stress. 
· If the computer-game caused unnecessary anxiety.     



[bookmark: _Toc67928106]Research Deliverables
The deliverables of the research will be a literature review which is the foundation of the theory and hypothesis formed for this project. The literature review will act as a fallback when re-evaluating or improving the computer-game.
A survey from educators will be used to guide the features implemented in development in accordance with their relevant IT skills and knowledge on educational computer-games. 
Findings from a group of individuals who will test the final version of the educational computer-game, will act as an indication of the success and viability of the resource. This will be used for the analysis and result section of this report.




 



[bookmark: _Toc67928107]Development Methodology
An agile methodology based on personal extreme programming (PXP) was chosen, that the student altered to accommodate the constraints of the project. These constraints include deadlines, available resources, and the student’s expertise.
This variant will allow the project to run through a planning, development, and review phase. The planning phase will be where the initial requirements are conceptualised and the initial designs for the computer-game are gathered or made. 
The development phase will include multiple iterations to allow development of features, fixing of bugs and documentation of test results. 
The agile development diagram seen within figure 14 is an adaption of the PXP diagram from [197]. A number of other sources were used to develop the finalised design [198][199]. 
A tool chosen to aid in the completion of this report is a Kanban board. Kanban boards are a visual organisational management tool that allow the user to input various tasks and appointments, in the form of cards or post-it-notes, that are individually moved between columns that represent the progress made on said tasks. 
A web-application called Trello [200] was chosen that implements a simple user interface to create and manage a Kanban board. Trello allows the user to create titles along with checklists and displays the percentage that each task has been completed allowing for a simple and elegant solution to monitoring the workload.
The Kanban board was chosen due to its visual nature as the student can quickly assess their workload as it displays current tasks, future tasks, and the completed tasks. Figure 12 & 13 displays the Kanban board of the student for this project.
[image: ]  [bookmark: _Toc67928030]Figure 12 Trello Kanban Board of project




[image: ]
[bookmark: _Toc67928031]Figure 13 subtasks of Report on Kanban Board

[image: ][bookmark: _Toc67928032]Figure 14 Development methodology flowchart




[bookmark: _Toc67928108]Time Management
A Gantt chart was created to manage the time allotted to this project. Each section was carefully analysed and plotted on the Gantt chart to correspond with key dates. This tool was used to ensure that the student did not fail to meet deadlines or over run-on certain sections of the report, from the research review of literature to the one-to-one meetings with the tutor, and for the design and creation of the software.
For the development of the software tool an iterative approach was taken with a specific number of iterations for coding, testing, and debugging code. Due to the limited time to create the software the student has estimated that three complete iterations will be feasible.
figure 15 displays the times and the key dates from the interim viva on the 22nd of January to the final viva that is expected between 28th – 29th of April, to the exhibition on the 4th of May.
The Gantt chart Includes expected dates for the questionnaires. The questionnaires had to be done in early April to allow time for participants to fill them out and for the student to include the results into the report.   
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[bookmark: _Toc67928033]Figure 15 GANTT chart dates and times











[bookmark: _Toc67928034]Figure 16 the dates and times of key dates plotted onto a visual graph on the months to provide a visual representation of the key dates that the student could follow.



[bookmark: _Toc67928109]Resources Required 
The physical resources used throughout this project are:
· Software
· Unity
· Visual studio
· reMarkable
· Microsoft office suite
· Microsoft Visio
· Microsoft project
· Office 365 Forms
· Trello
· IEEE
· Research material
· Computers

The Human resources used throughout this project are:
· Tim Bashford research supervisor
· David Williams Learning support
· University staff
· Educators to survey
· Test group / secondary survey group



[bookmark: _Toc67928110]Development & Deliverables
The development deliverables involve the process done throughout the creation and completion of the final software solution.
This involves the initial designs of the computer-game including, graphical user interface, the code design, level designs and the game mechanics and how the student wishes the game to run and transition between levels and menus within the game.
This also involves the testing of the game and correcting bugs and alterations on the code to ensure it will run as intended.
Then finally a series of individual interviews with educators who test the game and provide feedback that is documented and analysed.




[bookmark: _Toc67928111]Testing
[bookmark: _Toc67927955]Table 1 Test 1 Main Menu Screen
	Main Menu Screen
Test 1
	Test 1.1: Test button Ysgrifennu I Digidol when clicked takes the user to the   written to digital game screen.
Test 1.2: Test button Digidol I Ysgrifennu when clicked takes the user to the Digital to written game screen.
Test 1.3: Test button Anolog Cloc I ysgrifennu when clicked takes the user to the Analog clock to written game screen.
Test 1.4: Test button Ysgrifennu I Anolog cloc when clicked takes the user to the written to analog clock game screen.
Test 1.5: Test button Gwers / Lesson when clicked takes the user to the Lesson screen.
Test 1.6: Test button Gadael y Gem / Quit when clicked closes the game.
Test 1.7: Test all buttons Ysgrifennu I Digidol, Digidol I Ysgrifennu, Anolog Cloc I ysgrifennu, Ysgrifennu I Anolog cloc, Gwers / Lesson, Gwers / Lesson all have a hoverover that darkens their colour to (Hexadecimal 787878).

	
Test Step: A for 1

	Input Data
	1.1 Click Ysgrifennu I Digidol button. 
1.2 Click Digidol I Ysgrifennu button.
1.3 Click Anolog Cloc I ysgrifennu button.
1.4 Click Ysgrifennu I Anolog cloc button.
1.5 Click Gwers / Lesson button.
1.6 Click Gadael y Gem / Quit button.
1.7 Hover the mouse over the buttons.

	Expected Results
	1.1 The written to digital game screen to load. 
1.2 The Digital to written game screen to load.
1.3 The Analog clock to written game screen to load.
1.4 The written to Analog clock game screen to load.
1.5 The lesson screen to load.
1.6 For the game to close.
1.7 For all buttons to have a hover over of (Hexadecimal 787878).

	Actual Results
	1.1 Expected results. 
1.2 Expected results. 
1.3 Expected results. 
1.4 Expected results. 
1.5 Expected results. 
1.6 Expected results. 
1.7 Expected results. 

	Results Test Step: A
	Pass/Fail:  
	Corrections Needed:
	Fixed/Date:

	Test 1.1
	Pass
	No
	N/A

	Test 1.2
	Pass
	No
	N/A

	Test 1.3
	Pass
	No
	N/A

	Test 1.4
	Pass
	No
	N/A

	Test 1.5
	Pass
	No
	N/A

	Test 1.6
	Pass
	No
	N/A

	Test 1.7
	Pass
	No
	N/A

	Identified Issue
	N/A

	Corrections
	N/A





[bookmark: _Toc67927956]Table 2 Test 2 Written to Digital screen.
	Written to Digital screen.
Test 2
	Test 2.1: A new question is randomly chosen each time an answer button is clicked and displaying each question as expected and correctly.
Test 2.2: The score text adds one to its total for each correct answer chosen.
Test 2.3: The question corresponds to a correct answer in one of the four answer buttons. For the format and the look of the answer to be acceptable.
Test 2.4: All answer buttons have a hover over that darkens their colour to (Hexadecimal 787878).
Test 2.5: The three answer buttons randomly display answers that are not the same as the correct answer.
Test 2.6: The correct answer is displayed at random in one of the four answer buttons.
Test 2.7: The answer buttons return to normal colour after being clicking.  
Test 2.8: The game persists for X number of questions.
Test 2.9: After the final answer is selected the end game screen is displayed. 
Test 2.10: The final score is displayed correctly.
Test 2.11: The screen is static.
Test 2.12: The play again button replays the game & has a hover over colour of (Hexadecimal 787878).
Test 2.13: The main menu button returns user to the main menu & has a hover over colour of (Hexadecimal 787878).
Test 2.14: That the Question is being displayed as expected and correctly.





	
Test Step: A for 2

	Input Data
	2.1 Click one of the answer buttons.
2.2 Click the button that contains the correct answer to the question.
2.3 Click the button that contains the correct answer to the question.
2.4 Hover the mouse over all answer buttons.
2.5 Click one of the answer buttons each time noting if the dud answers are the same as the correct answer.
2.6 Click one of the answer buttons each time noting if the answer is randomly displayed within different answer buttons.
2.7 Click all four-answer button.
2.8 Click one of the answer buttons noting if the game asks X number of questions.
2.9 Click an answer button until end game screen is displayed.
2.10 Click an answer button until end game screen is displayed, and the score is displayed.
2.11 Change the size of the screen.
2.12 Click play again game button.
2.13 Click main menu button.
2.14 Click answer button.

	Expected Results
	2.1 For a new random question to be displayed within the answer buttons.
2.2 For the score to increase when a correct answer is chosen.
2.3 For each new question randomly generated to have a correctly displayed answer being displayed in one of the answer buttons.
2.4 For all answer buttons to have a hover over colour (Hexadecimal 787878).
2.5 For all dud answers to be different to the correct answer.
2.6 The correct answer is displayed at random in one of the four answer buttons.
2.7 For the answer buttons to return to their original colour after being clicked.
2.8 For the game to play up to X number of turns.
2.9 For the end game screen to display.
2.10 For the final score total to match the number of correct answers that the user selected.
2.11 For the objects within the game to stay stationary when the screen size changes.
2.12 For the button to have a hover over colour (Hexadecimal 787878). On click for the game to play again.
2.13 For the button to have a hover over colour (Hexadecimal 787878). On click to return to the main menu screen.
2.14 For the format and wording of the question to be correct.

	Actual Results
	2.1 Expected results.
2.2 Expected results.
2.3 Expected results.
2.4 Expected results.
2.5 Expected results.
2.6 Expected results.
2.7 Expected results.
2.8 Expected results.
2.9 Expected results. 
2.10 The game is not adding the last questions score to the total score at the end.
2.11 Expected results.
2.12 Expected results.
2.13 Expected results.
2.14 Expected results.

	Results Test Step: A
	Pass/Fail:  
	Corrections Needed:
	Fixed/Date:

	Test 2.1
	Pass
	No
	N/A

	Test 2.2
	Pass
	No
	N/A

	Test 2.3
	Pass
	No
	N/A

	Test 2.4
	Pass
	No
	N/A

	Test 2.5
	Pass
	No
	N/A

	Test 2.6
	Pass
	No
	N/A

	Test 2.7
	Pass
	No
	N/A

	Test 2.8
	Pass
	No
	N/A

	Test 2.9
	Pass
	No
	N/A

	Test 2.10
	Fail
	Yes
	N/A

	Test 2.11
	Pass
	No
	N/A

	Test 2.12
	Pass
	No
	N/A

	Test 2.13
	Pass
	No
	N/A

	Test 2.14
	Pass
	No
	N/A

	Identified Issue
	Test 2.10 There is a fault in the code, and it requires additions to check if the last question was answered correctly 

	Corrections
	[image: ]Test 2.10

	
Test Step: B for 2

	Results Test Step: B
	Pass/Fail:  
	Corrections Needed:
	Fixed/ Date:

	Test 2.10
	Pass
	No
	11/03/2021
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	Digital to written screen.
Test 3
	Test 3.1: A new question is randomly chosen each time an answer button is clicked and displaying each question as expected and correctly.
Test 3.2: The score text adds one to its total for each correct answer chosen.
Test 3.3: The question corresponds to a correct answer in one of the four answer buttons. For the format and the look of the answer to be acceptable.
Test 3.4: All answer buttons have a hover over that darkens their colour to (Hexadecimal 787878).
Test 3.5: The three answer buttons randomly display answers that are not the same as the correct answer.
Test 3.6: The correct answer is displayed at random in one of the four answer buttons.
Test 3.7: The answer buttons return to normal colour after being clicking.  
Test 3.8: The game persists for x number of questions.
Test 3.9: After the final answer is selected the end game screen is displayed. 
Test 3.10: The final score is displayed correctly.
Test 3.11: The screen is static.
Test 3.12: The play again button replays the game & has a hover over colour of (Hexadecimal 787878).
Test 3.13: The main menu button returns user to the main menu & has a hover over colour of (Hexadecimal 787878).
Test 3.14: That the Question is being displayed as expected and correctly.





	
Test Step: A for 3

	Input Data
	3.1 Click one of the answer buttons.
3.2 Click the button that contains the correct answer to the question.
3.3 Click the button that contains the correct answer to the question.
3.4 Hover the mouse over all answer buttons.
3.5 Click one of the answer buttons each time noting if the dud answers are the same as the correct answer.
3.6 Click one of the answer buttons each time noting if the answer is randomly displayed within different answer buttons.
3.7 Click all four-answer button.
3.8 Click one of the answer buttons noting if the game asks X number of questions.
3.9 Click an answer button until end game screen is displayed.
3.10 Click an answer button until end game screen is displayed, and the score is displayed.
3.11 Change the size of the screen.
3.12 Click play again game button.
3.13 Click main menu button.
3.14 Click answer button.

	Expected Results
	3.1 For a new random question to be displayed within the answer buttons.
3.2 For the score to increase when a correct answer is chosen.
3.3 For each new question randomly generated to have a correctly displayed answer being displayed in one of the answer buttons.
3.4 For all answer buttons to have a hover over colour (Hexadecimal 787878).
3.5 For all dud answers to be different to the correct answer.
3.6 The correct answer is displayed at random in one of the four answer buttons.
3.7 For the answer buttons to return to their original colour after being clicked.
3.8 For the game to play up to X number of turns.
3.9 For the end game screen to display.
3.10 For the final score total to match the number of correct answers that the user selected.
3.11 For the objects within the game to stay stationary when the screen size changes.
3.12 For the button to have a hover over colour (Hexadecimal 787878). On click for the game to play again.
3.13 For the button to have a hover over colour (Hexadecimal 787878). On click to return to the main menu screen.
3.14 For the format and wording of the question to be correct.

	Actual Results
	3.1 The written answer is not being displayed as expected when a question displayed 12:30 the written answer displayed “Hanner awr wedi zero” when it should be “Hanner awr wedi undeg dau”.
3.2 Expected results.
3.3 Expected results.
3.4 Expected results.
3.5 Expected results.
3.6 Expected results.
3.7 Expected results.
3.8 Expected results.
3.9 Expected results. 
3.10 Expected results.
3.11 Expected results.
3.12 Expected results.
3.13 Expected results.
3.14(a) The question is not being displayed correctly. For example, the question displayed 12:5 when it should be displaying 12:50 with the additional zero.
3.14(b) The question is being displayed incorrectly for instance its displaying 23:40 with and answer of “dauddeg munud daudded”.

	Results Test Step: A
	Pass/Fail:  
	Corrections Needed:
	Fixed/Date:

	Test 3.1
	Fail
	Yes
	07/03/2021

	Test 3.2
	Pass
	No
	N/A

	Test 3.3
	Pass
	No
	N/A

	Test 3.4
	Pass
	No
	N/A

	Test 3.5
	Pass
	No
	N/A

	Test 3.6
	Pass
	No
	N/A

	Test 3.7
	Pass
	No
	N/A

	Test 3.8
	Pass
	No
	N/A

	Test 3.9
	Pass
	No
	N/A

	Test 3.10
	Pass
	No
	N/A

	Test 3.11
	Pass
	No
	N/A

	Test 3.12
	Pass
	No
	N/A

	Test 3.13
	Pass
	No
	N/A

	Test 3.14
	Fail
	Yes
	07/03/2021

	Identified Issue
	3.1 There is a fault in the code, and it does not add additional “0” to the string to make the question visually correct.

3.14(a) Within the translation time code the code has zero instead of undeg dau.
3.14(b) there is fault within the code 

	Corrections
	3.1 An if statement was added to check if the minute was less than 10 if so added an additional “0” to the string:

if (minute < 10)
        {
            //adding an extra 0 when 0 minutes is randomly generated so the time is displayed properly :00

            digitalTime = (hour.ToString() + " : " + "0" + minute.ToString());
        }

[image: ]3.14(a) Alterations in the code need to be made, changing the zero to “undeg dau”.





3.14(b) alterations to the code the change was made to: 
int hour = Random.Range(1, 24);

	
Test Step: B for 3

	Results Test Step: B
	Pass/Fail:  
	Corrections Needed:
	Fixed/ Date:

	Test 3.1
	Pass
	No
	Yes
07/03/2021

	Test 3.14(a)
	Pass
	No
	Yes
07/03/2021

	Test 3.14(b)
	Pass
	No
	Yes
07/03/2021



[bookmark: _Toc67927958]Table 4 Test 4 Analog clock to written screen.
	Analog clock to written screen
Test 4
	Test 4.1: A new question is randomly chosen each time an answer button is clicked and displaying each question as expected and correctly.
Test 4.2: The score text adds one to its total for each correct answer chosen.
Test 4.3: The question corresponds to a correct answer in one of the four answer buttons. For the format and the look of the answer to be acceptable.
Test 4.4: All answer buttons have a hover over that darkens their colour to (Hexadecimal 787878).
Test 4.5: The three answer buttons randomly display answers that are not the same as the correct answer.
Test 4.6: The correct answer is displayed at random in one of the four answer buttons.
Test 4.7: The answer buttons return to normal colour after being clicking.  
Test 4.8: The game persists for x number of questions.
Test 4.9: After the final answer is selected the end game screen is displayed. 
Test 4.10: The final score is displayed correctly.
Test 4.11: The screen is static.
Test 4.12: The play again button replays the game & has a hover over colour of (Hexadecimal 787878).
Test 4.13: The main menu button returns user to the main menu & has a hover over colour of (Hexadecimal 787878).
Test 4.14: That the Question is being displayed as expected and correctly e.g. that the clock hands are in the correct position.
















	
Test Step: A for 4

	Input Data
	4.1 Click one of the answer buttons.
4.2 Click the button that contains the correct answer to the question.
4.3 Click the button that contains the correct answer to the question.
4.4 Hover the mouse over all answer buttons.
4.5 Click one of the answer buttons each time noting if the dud answers are the same as the correct answer.
4.6 Click one of the answer buttons each time noting if the answer is randomly displayed within different answer buttons.
4.7 Click all four-answer button.
4.8 Click one of the answer buttons noting if the game asks X number of questions.
4.9 Click an answer button until end game screen is displayed.
4.10 Click an answer button until end game screen is displayed, and the score is displayed.
4.11 Change the size of the screen.
4.12 Click play again game button.
4.13 Click main menu button.
4.14 Click answer button.

	Expected Results
	4.1 For a new random question to be displayed within the answer buttons.
4.2 For the score to increase when a correct answer is chosen.
4.3 For each new question randomly generated to have a correctly displayed answer being displayed in one of the answer buttons.
4.4 For all answer buttons to have a hover over colour (Hexadecimal 787878).
4.5 For all dud answers to be different to the correct answer.
4.6 The correct answer is displayed at random in one of the four answer buttons.
4.7 For the answer buttons to return to their original colour after being clicked.
4.8 For the game to play up to X number of turns.
4.9 For the end game screen to display.
4.10 For the final score total to match the number of correct answers that the user selected.
4.11 For the objects within the game to stay stationary when the screen size changes.
4.12 For the button to have a hover over colour (Hexadecimal 787878). On click for the game to play again.
4.13 For the button to have a hover over colour (Hexadecimal 787878). On click to return to the main menu screen.
4.14 For the format of the question to be correct.

	Actual Results
	4.1 Expected results.
4.2 Expected results.
4.3 Expected results.
4.4 Expected results.
4.5 Expected results.
4.6 Expected results.
4.7 the button after being clicked does not return to its original state.
4.8 Expected results.
4.9 Expected results. 
4.10 Expected results.
4.11 Expected results.
4.12 Expected results.
4.13 Expected results.
4.14 the hands of the clock are failing to rotate and move.

	Results Test Step: A
	Pass/Fail:  
	Corrections Needed:
	Fixed/Date:

	Test 4.1
	Pass
	No
	N/A

	Test 4.2
	Pass
	No
	N/A

	Test 4.3
	Pass
	No
	N/A

	Test 4.4
	Pass
	No
	N/A

	Test 4.5
	Pass
	No
	N/A

	Test 4.6
	Pass
	No
	N/A

	Test 4.7
	Fail
	Yes
	12/03/2021

	Test 4.8
	Pass
	No
	N/A

	Test 4.9
	Pass
	No
	N/A

	Test 4.10
	Pass
	No
	N/A

	Test 4.11
	Pass
	No
	N/A

	Test 4.12
	Pass
	No
	N/A

	Test 4.13
	Pass
	No
	N/A

	Test 4.14
	Fail
	No
	12/03/2021

	Identified Issue
	Test 4.7 Additional code is required to force the button back to its original state before being clicked.
Test 4.14 The Y rotation was incorrectly typed into the code.

	Corrections
	 Test 4.7 The code forcibly resets the button.
[image: ]

Test 4.14 The Y rotation was replaced with the Z
[image: ]


	
Test Step: B for 2

	Results Test Step: B
	Pass/Fail:  
	Corrections Needed:
	Fixed/ Date:

	Test 4.7
	Pass
	No
	12/03/2021
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	written to  Analog clock  screen
Test 5
	Test 5.1: A new question is randomly chosen each time an answer button is clicked and that all the hands on the clock questions are being displayed correctly.
Test 5.2: The score text adds one to its total for each correct answer chosen.
Test 5.3: The question corresponds to a correct answer in one of the four answer buttons. For the format and the look of the answer to be acceptable.
Test 5.4: All answer buttons have a hover over that darkens their colour to (Hexadecimal 787878).
Test 5.5: The three answer buttons randomly display answers that are not the same as the correct answer.
Test 5.6: The correct answer is displayed at random in one of the four answer buttons.
Test 5.7: The answer buttons return to normal colour after being clicking.  
Test 5.8: The game persists for x number of questions.
Test 5.9: After the final answer is selected the end game screen is displayed. 
Test 5.10: The final score is displayed correctly.
Test 5.11: The screen is static.
Test 5.12: The play again button replays the game & has a hover over colour of (Hexadecimal 787878).
Test 5.13: The main menu button returns user to the main menu & has a hover over colour of (Hexadecimal 787878).
Test 5.14:  That the Question is being displayed as expected and correctly.





	
Test Step: A for 5

	Input Data
	5.1 Click one of the answer buttons.
5.2 Click the button that contains the correct answer to the question.
5.3 Click the button that contains the correct answer to the question.
5.4 Hover the mouse over all answer buttons.
5.5 Click one of the answer buttons each time noting if the dud answers are the same as the correct answer.
5.6 Click one of the answer buttons each time noting if the answer is randomly displayed within different answer buttons.
5.7 Click all four-answer button.
5.8 Click one of the answer buttons noting if the game asks X number of questions.
5.9 Click an answer button until end game screen is displayed.
5.10 Click an answer button until end game screen is displayed, and the score is displayed.
5.11 Change the size of the screen.
5.12 Click play again game button.
5.13 Click main menu button.
5.14 Click answer button.

	Expected Results
	5.1 For a new random question to be displayed within the answer buttons.
5.2 For the score to increase when a correct answer is chosen.
5.3 For each new question randomly generated to have a correctly displayed answer being displayed in one of the answer buttons.
5.4 For all answer buttons to have a hover over colour (Hexadecimal 787878).
5.5 For all dud answers to be different to the correct answer.
5.6 The correct answer is displayed at random in one of the four answer buttons.
5.7 For the answer buttons to return to their original colour after being clicked.
5.8 For the game to play up to X number of turns.
5.9 For the end game screen to display.
5.10 For the final score total to match the number of correct answers that the user selected.
5.11 For the objects within the game to stay stationary when the screen size changes.
5.12 For the button to have a hover over colour (Hexadecimal 787878). On click for the game to play again.
5.13 For the button to have a hover over colour (Hexadecimal 787878). On click to return to the main menu screen.
5.14 For the format of the question to be correct.

	Actual Results
	5.1 Expected results.
5.2 Expected results.
5.3 Expected results.
5.4 Expected results.
5.5 Expected results.
5.6 Expected results.
5.7 Expected results.
5.8 The game freezes when an answer button is clicked.
5.9 Expected results. 
5.10 Expected results.
5.11 The objects on the screen moved and altered position.
5.12 Expected results.
5.13 Expected results.
5.14 Expected results.

	Results Test Step: A
	Pass/Fail:  
	Corrections Needed:
	Fixed/Date:

	Test 5.1
	Pass
	No
	N/A

	Test 5.2
	Pass
	No
	N/A

	Test 5.3
	Pass
	No
	N/A

	Test 5.4
	Pass
	No
	N/A

	Test 5.5
	Pass
	No
	N/A

	Test 5.6
	Pass
	No
	N/A

	Test 5.7
	Pass
	No
	N/A

	Test 5.8
	Fail
	Yes
	No

	Test 5.9
	Pass
	No
	N/A

	Test 5.10
	Pass
	No
	N/A

	Test 5.11
	Fail
	Yes
	No

	Test 5.12
	Pass
	No
	N/A

	Test 5.13
	Pass
	No
	N/A

	Test 5.14
	Pass
	No
	N/A

	Identified Issue
	Test 5.11 The screen doesn’t scale to the size of other screens.

Test 5.8 There is a fault in the code:
[image: ]


	Corrections
	Test 5.11 The image shows the alterations made within unity its self to fix the issue.

[image: ]


Test 5.8 Alterations in the code need to be made:
[image: ]





	
Test Step: B for 5

	Results Test Step: B
	Pass/Fail:  
	Corrections Needed:
	Fixed/ Date:

	Test 5.8
	Pass
	No
	Yes
10/03/2021

	Test 5.11
	Pass
	No
	Yes
10/03/2021




[bookmark: _Toc67928112]Screen Mapping & UsabilityWritten question to Analogue game
Analogue question to written answer game.
Digital time to written answer game.
Written question to digital time game
Back to main menu

Main Menu Screen
	Load analogue question to written answer clock game. (button)
Load digital question to written answer clock game. (button)
Load the lesson screen. (button)
Quit Game button (closes the game down) (button)
Load written question to analogue clock game. (button)
Load written question to digital answer clock game. (button)

Main Game Screen
	 Answer buttons
(A single button will be the correct answer and when clicked will lead to the correct answer screen)
(All of the other buttons have incorrect answers and when clicked will lead to the incorrect screen)
(buttons)
Question box.
(the question will be displayed within this box; each new question will update and be found here) 
All the game screens look the same.
All the game screens look like the one displayed on this page.

Correct  Answer & Wrong Answer ScreensThe top image is the wrong screen. This screen will be displayed each time the user selects an incorrect answer to a question.


The bottom image displays the correct answer screen. This screen is displayed each time a correct answer is chosen. 
Load Next Question (buttons)

Lesson Screens
 Next lesson (button)
Back to main menu (button)
Previous lesson (button)

	
	
End of Game ScreePlay the game again. (button)
Back to main menu (button)
Your score from the played game  


[bookmark: _Toc67928113]Structured Interviews
A series of structured interviews were conducted to gain detailed feedback on the usability, look and feel, recommended improvements and the validity of the game and its use within education. This was done to build on the overall understanding and to build on the research that was done throughout this report to identify if the educators’ ideas and personal experiences coincide with the hypothesis.
Some of the most valuable Information gained from the interviews, involved the overall difficulty of the game, and if each game modes are appropriate for the age range chosen.
One of the participants stated that the analogue games although useful would be difficult for the average 7 – 8-year-old, only bright or advanced students would be capable of playing and benefiting from them. Furthermore, the digital games were commentated as “far too difficult for 7 – 8 years and were beyond the skills of the average 8 – 9-year-old”.
This feedback is invaluable as it highlights the need to carryout drastic alterations to each game mode to ensure that all are age appropriate. Coupled with this recommendation was the consideration to include different difficulty modes from easy, medium, and hard as different students within the same class have their own personal needs and require different levels to understand a topic.
Multiple participants of the study noted that the game would benefit from a login system with personal accounts that recorded the score, skill level and the game modes that students are excelling in or finding difficult. This recommendation is noteworthy as the student of this report prior to conducting the interviews wished to create a login system to allow educators to view the progress of students. 
Each participant commented that they enjoyed the positive reinforcement of the confetti for correctly answered questions and noted that the game is a positive form of educating as it provides instant feedback that encourages students to continue to use the game to further their education.
All participants of the structured interview specified the importance of implementing audio cues that respond to the inputs of the user to provide further feedback of their actions. Additional audio was recommended to read aloud relevant text displayed on screen, to aid students who find reading difficult.
Below are the detailed responses to the personal interviews that the student conducted with the three participants.


First Interview
[bookmark: _Toc67928035]Figure 17 First Interview Question 4





[bookmark: _Toc67928036]Figure 18 First Interview Question 5


[bookmark: _Toc67928037]Figure 19 First Interview Question 6

Second Interview
[bookmark: _Toc67928038]Figure 20 Second Interview Question 4
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[bookmark: _Toc67928039]Figure 21 Second Interview Question 5
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[bookmark: _Toc67928040]Figure 22 Second Interview Question 6


Third Interview
[bookmark: _Toc67928041]Figure 23 Third Interview Question 4, 5, & 6

 

Results of the Likert Questions 
As the results from the “look and feel” Likert displays although the visuals of the game are appealing and inviting, they could be improved with better animations or images that are more child-friendly and appealing to children. The vibrancy of the overall game was commented as lacking, the inclusion of backgrounds and characters that children would find appealing is a consideration for future improvement.
The duration of the game was unanimously positive, that will not be altered.
[bookmark: _Toc67928042]Figure 24 Look and feel Likert scale. 



 


The usability and accessibility Likert results of 1.10, 1.11, 1.8, 1.3, 1.2 each show a choice of agree rather than strongly agree coupled with the interview responses indicates a certain level of confusion or lack of understanding on were the buttons lead. Although the navigation between screens was intuitive and recognisable, the visible text on the buttons needs to be replaced with explanatory icons. 
The disagree 1.5, 1.9 represents a high degree of confusion on the ability to quit and navigate the lesson screen of the game, this can be addressed by recognisable icons or further placement of additional buttons to allow the user of the game to exit the game screens. [bookmark: _Toc67928043]Figure 25 usability and accessibility Likert scale


The effectiveness Likert shows a high positivity to the validity of the game being used as a form of educating students. Although 1.1, 1.2, 1.3, 1.4 show that two of the members chose “Agree” upon further questioning they explained that although they believe that the game would educate students on the topic of telling time, they felt that the issues such as the difficulty level of the game would need to be corrected, before they could select “strongly agree”.
On question 1.5 the participants felt that due to the lack of audio to read the welsh text, the incorrect language used such as “dauddeg” instead of “ugain”, and the wording on the game menu requiring alterations, along with the missing welsh mutations, that the game was lacking and would fail to improve the learning of the welsh language.
Only once all the issues have been resolved would each of the participants feel that the game was truly capable of educating students on the welsh language to a high standard.
The response to question 1.8 is varied between all participants. The “neither agree or disagree” participant explained that the game requires all of the issues to be fixed before they felt that they could truly feel that the game was a more effective learning tool than a traditional method. 
The participant who chose “Agree” explained that they personally choose a mix of traditional and electronic method to educate their class and although they feel that the game is a good method to educate, if they did use it within their classroom, they would still involve a traditional learning method at times.
Question 1.8 reveals that all participants if given the choice to use the game would. Upon further questioning it became apparent that each participant would need the game to be fixed and involve the recommended changes before they would. [bookmark: _Toc67928044]Figure 26 Effectiveness Likert scale




[bookmark: _Toc67928114]Future Work
Many improvements were considered and noted by the student of this report and more were discovered through the individual interviews conducted. Due to the time constraint on the project the improvements must remain as future improvements that the student of this report will address later.

[bookmark: _Toc67927960]Table 6 Future improvements
	Location description
	Improvement Description
	Reason for change

	Main Menu
	The naming of each of the games is incorrect and needs to be changed:

Ysgrifennu I digidol  changed to = (o ysgrifenedig i ddigidol)
Digidol I yesgrifennu changed to = (o ddigidol i ysgrifenedig)
Ysgrifennu I anolog cloc changed to = (o ysgrifenedig i anolog)
anolog I ysgrifennu changed to = (o analog i ysgrifenedig)
	The current wording if not changed will be educating children on the incorrect grammar and phrasing of the welsh language.

	
	The images for the digital clock game buttons to be changed to digital clock images, to make it more recognisable that they are digital clock games.
	The current images can be confusing, by changing the buttons to represent the game that they navigate to this will make the navigation of the game clear. 

	
	
	

	All game modes
	The inclusion of an additional button with the words “ddim yn gwybod ?” for children who cannot answer a question to skip the current question and load the next question. 
	Without a button that skips to the next question, a child will not understand how to move on and potentially sit at the game for an extended period unnecessarily never completing the game.

	
	The hit box of the next button to load the next question needs to be made larger / more sensitive as it stands it sometimes is not responding when clicked.
	The next button being unresponsive may frustrate or upset a child using the game, making the game an unpleasant experience.

	
	The button on the incorrect page needs to be changed to be the same as the one on the correct page.
	The sad face on the incorrect page can be confusing a child may not identify that it is the button to load the next question. To make it more recognisable and consistent it should be the same as the button on the correct page.

	
	The text on the buttons replaced with icons:
Main menu = (image of a house)
Play again = (replay image arrow/ image that represents replaying the game)
	This will make the buttons more identifiable and recognisable and understandable to children.

	
	Create and implement audio that reads out the questions where applicable / audio that reads out the answers on the answer buttons on hover-over where applicable 
	This will aid children who struggle to read text. This will encourage children to learn the correct pronunciation for the welsh words and phrases.

	
	A button back to the main menu to be included on the main game screens, to allow navigation back to the main menu at any time.
	The inclusion of the main menu button would allow educators to instantly navigate out of a game if they accidently chose it. The inclusion of a main menu button back to the main menu will allow educators a way to shut games down instantly from the quit button within the main menu.

	
	On the incorrect screen, the question and the correct answer to the question that was asked to be displayed on the wrong answer screen.  
	Allowing children to see the correct answer along with the original question asked will reinforce their learning.

	
	The numbers 20 and 12 are incorrect, they should be:

20 = ugain
12 = deuddeg
	These numbers need to be changed to ensure that students are learning the correct information. 

	
	The game is missing a lot of the appropriate welsh mutations for instance:

i tri = i dri
i dau = i ddau
i deg = i ddeg
	These mutations are needed to ensure that the students are learning the correct information.

	
	
	

	Gwers / Lesson
	The creation of audio explanation that expand on each of the lessons explaining how things are done what things mean and how things work.
	The audio explanations for each of the lessons will allow all students to understand the material on a level that they require. The audio will encourage children to learn the correct pronunciation for the welsh words and phrases to do with telling time.

	
	An additional learning page explaining digital time that is interactive allowing a child to interact with that is has clickable buttons altering the minute and hour numbers. 
	This level of interactivity with a digital clock will allow children to build on their understanding on how the minute numbers impact and changes the number of the hour hand. 

	
	A number of animations can be created for the lessons to alter the look and feel of the game.
	providing a more interesting and engaging learning environment that encourage the learning of children.

	
	On the second lesson both sides of the clock will be changed to buttons to allow a level of interactivity that a user can click to reveal a level of text and audio data about both sides of the clock.
	Having a level of interactivity reinforces learning and will drive the learning of children forward on new topics.

	
	On lesson 4 the text numbers would be individual buttons that reveal the different individual information about the clock. Instead of all the text information being displayed all at once witch can confuse or overload a child.
	By changing the numbers to buttons that allow access to all information while strategically displaying information in a bitesize and manageable way.

	
	The main menu button will be implemented and put onto each of the lesson pages not just some of them.
	The inclusion of the main menu button on all the lesson pages allows an obvious and intuitive way to navigate back to the main menu to the main games. 
This reduces confusion and allows a student to choose when and if they would like to return to the main menu.

	
	
	

	Additional Extensive Changes
	Different ability levels will be designed that ask appropriate questions for the appropriate levels.
The different levels require colour coding appropriate and easily identifiable for educators for instance:

Higher level = red
Midrange level = orange
Lower level = green 


	The ability levels allow the teachers to recognise instantly the level that a student is set and allows educators to arrange alternative tasks relating to time games or words associated to time according to the level that the student is at in the game.

	
	A login system that allows educators to set students up with their own personal account that allows educators to create personal accounts that are designated to each student within a classroom.

These personal accounts will track and record the results and the progress that each individual student makes allowing educators to access this information freely to identify if the students are doing well or require additional help and guidance.  
	The personal accounts allow educators to record the progress of students and identify students who require additional help or students who would benefit from progression to a higher level.

The personal accounts can be designed to specifically ask the students questions on the topics that they find the most difficult to reinforce learning.







[bookmark: _Toc67928115]Conclusion
The development methodologies and the philosophies chosen, and the time management tools used were integral as they played a key role in identifying milestones which aided in the completion of the educational game and this report. The GANTT chart, Trello and the preparation and design of the methodology flow chart provided clear and precise dates, times and an understanding on how the project would be managed and documented. Without the initial documentation and preparation at the beginning of the methodology section, this report potentially could have failed to produce a working game.
The student of this report recognised the danger of a single individual working on every aspect of the project independently. As the student of this project can become accustomed to the layout, design, and controls of the educational computer-game blinding them to the pitfalls in their creation and the points at which users may find confusing, misleading, or unusable. The personal interviews and individual testing of the system by individuals who had never experienced the game before became a key factor in determining if the educational computer-game is a success.
Participants of the structured interviews praised the final game, although there were some issues that they would like to see addressed they stated that they would use the game within their educational environments if given the opportunity to do so.  They stated that the game would indeed encourage and drive not only the education of students but the development of self-esteem, self-confidence, and self-reliance, as the students are in control of the environment of the game and are managing their own learning. This is something that traditional forms of educating at times cannot afford as the students must return to the educator to identify if the work, they have done is correct. 
The research and review of literature successfully found that educational games are a highly effective means of educating students and the welsh government within the UK are encouraging the use of electronic games to educate students. 
Overall, the report has successfully identified through the extensive literature review the need and the importance of using electronic tools, applications, and devices to improve the learning of students. The final implementation of the educational computer-game that was developed through this project has been reviewed by professionals within the educational filed and has received positive review and feedback, this indicates that, while there are limitations to the current implementation, the initial hypothesis has been supported by the implementation produced from this project.








[bookmark: _Toc67928116]Appendices
[bookmark: _Toc67928117]Appendix A
The attitudes that educators hold towards certain learning resources can impact how they teach, and if they include tools and software in lessons. The involvement of educators encouraging the use of equipment and tools is vital within learning  [181].
The questions asked within the survey are: 

How many years have you been an educator? 
the learner wishes to analyse this initial data alongside the results from other questions, to discover if educators are more accepting of technology, the longer they are teaching, or are reluctant to alter their methods. If educators who have been teaching for many years have seen a change in teaching methods and the technology used.
The image below displays a fairly even mix of the number of years that educators have been educating.

[image: ]
[bookmark: _Toc67928045]Figure 27 How many years have you been an educator?




What level do you teach?
This information was vital due to the project being aimed towards the age seven- to eight-year-olds. The survey could have been of more benefit if the participants were from primary schools. The research is still of use as it can give a general overview of the teaching methods. 
[bookmark: _Toc67928046]Figure 28 what level do you teach?







What do you consider your main subject area (for example Maths, English, or General)?
This question provides an understanding to the extent that computer-games and technologies are used within the different subjects, and the main subject of this report math. 
The results show a variation on the lessons subject areas of the respondents, giving an indication on the use of computer-games within various lessons.

[bookmark: _Toc67928047]Figure 29 what do you consider your main subject area?




How would you describe your proficiency when using IT such as electronic whiteboards / tablets / computers etc.?
The answers to this question will dictate the devices that the computer-game can be designed for.
The image shows a high level of competency with using electronic devices indicating that designing an educational computer-game can be done an any device.


[bookmark: _Toc67928048]Figure 30 how would you describe your proficiency when using IT?

Do you use online educational recourses such as BBC Bitesize / w3schools / or similar alternatives?
This gauges the experiences that educators have with using educational websites, the more exposure and experience that educators have when using a tool indicates that it might be feasible to create the educational game to be accessed from a website.
The image shows that just under three quarters of the educators do not use educational recourses on the internet so it may not be beneficial to create a web based educational computer-game. However, this could be influenced be the wide range of subject disciplines some of which may not have relevant web resources. [bookmark: _Toc67928049]Figure 31 do you use online educational recourses. 


[bookmark: _Toc67928050]Figure 32 Please specify what online recourses you have used. 

Do you use a virtual learning environment such as Moodle / google classroom / or other software?
If educators are accustomed to using learning environments, the computer-games depending on the most popular could potentially be distributed on it. 
The response provides an indication that creating a computer-game that would be featured or distributed via a learning environment may be beneficial. Although this information may be irrelevant for this report due to the high number of participants education within higher education.  

[bookmark: _Toc67928051]Figure 33 do you use a virtual learning environments.


[bookmark: _Toc67928052]Figure 34 please specify what virtual learning environments you have used.

Have you used an electronic whiteboard in lessons?
This provides a clear indication on the validity of designing the computer-games to be used on electronic whiteboards, indicating that the game must be designed for scalability for larger displays. 
[bookmark: _Toc67928053]Figure 35 have you used an electronic whiteboard in lessons.


 With regard to training on the technology provided by your institution/school how much do you agree with each of the statements?
This Likert scaling of questions provides an understanding on how supportive educational environments are to the training and support that educators feel they receive from their place of work. If the environment is unsupportive and does not provide adequate training, the YouTube user guide may require a lot of detail and explanation.
The level of training that individual educators require very little training and receive the necessary training when learning new technologies. The majority of educators feel comfortable acquiring new skills. [bookmark: _Toc67928054]Figure 36 with regard to training on the technology provided by your institution/school

With regard to incorporating technologies such as BBC bitesize, electronic whiteboards and virtual learning environments, how much do you agree with each of the statements?
The Likert questions within this section covers the issues that electronic learning tools can cause due to issues such as malfunctions and if their reliance disrupts lessons. The answers from these questions can indicate that the computer-games being created might need to be accessible offline and a paper-based version might need to be available if lessons are stalled due to malfunctions of machines.
Other questions include the personal feeling of educators on new technologies being introduced and if they feel that they have improved education.
The results from this line of questioning reveals that most educators not only feel comfortable with technologies but are supportive of its use and embrace its use within lessons.
 [bookmark: _Toc67928055]Figure 37 with regard to incorporating technologies Likart



With regard to learners use of technology such as electronic whiteboards and BBC bitesize or similar educational websites how much do you agree with each of the statements?
This Likert scaling of questions indicates if tutorials for the computer-games can be created and distributed on websites for students, or a website for the game can be created specifically for the game that students can access and use freely.
The results from this Likert scale show that younger students are more accepting to technologies than older students and that technologies are an improvement on education. Once again the lack of primary / secondary school educators may impact the results as learners within a higher educational contacts are in an mature demographic.
[bookmark: _Toc67928056]Figure 38 with regard to learning use of technology Likert 





Have you ever used computer-games as a tool for teaching?
Indicates the number of educators who have previously used computer-games as a learning tool.
In terms of the original aims of this survey it is unfortunate that only one participant answered yes to this question as more respondents would give more solutions to the technologies that exist and how they are used. However, the number of respondents that have answered no but responded positively to the concept of using educational-computer games within classrooms proves that educators are prevalent to using computer-games as a means of educating but lack the knowledge of relevant compute-games that they themselves can use. 

The single participant who has used a computer-game within lessons did answer positivly to the use of educational computer-games use within classrooms. And provided more material for the student of this report to research.
[bookmark: _Toc67928057]Figure 39 have you ever used videogames as a tool for teaching


With regard to your views on using computer-games as a resource for teaching how much do you agree with each of the statements?
This line of questioning is gauging the exposure and the opinions of educators on computer-games as a valid form of teaching within classrooms. If they have been exposed to educational computer-games and are encouraged by their institution to use them within classrooms. This information can provide valid insight on the success rate of computer-games being accepted and used by educators. 
[bookmark: _Toc67928058]Figure 40 with regard to your views on using videogames as a resource Likert. 
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[bookmark: _Toc67928059]Figure 41 with regard to your views on using videogames as a resource Likert. 


How often do you arrange activities for students that incorporate technological methods such as websites or computer-games?
This indicate if the educational computer-games are likely to be used within classes. The amount that technologies are used provides an indication that if the report continues and develops a working educational-computer game that it would be used within classes regularly.[bookmark: _Toc67928060]Figure 42 how often do you arrange activities for students that incorporate technological methods.




The final question provides the learner of this report an insight into technologies and software that they may have not considered. Providing further research and material for this report.

[bookmark: _Toc67928061]Figure 43 are there any technologies that you have used in your experience that have not been mentioned.
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4. How would you improve the look-feel / usability of the game ?

In the first lesson the two arrows could potentially confuse the words and think that
they are one word.

The background of the overall game could be more vibrant.

Icons could be used instead of the text on the navigation buttons and the other but-
tons. To make them more understandable to small children.

I think the play button should be a constant instead of changing to a sad face to make it
easier to understand.

I think animations could be used to guide children through the lessons, making them
less boring and more fun

and interactive.

In lesson 4 the text on the screen was a lot it was very busy, and children may become
confused or overloaded by this.

Also in lesson 4 | think the “i" and “wedi” should be kept on the clock from the last les-
son as this will help the learning of children.

In lesson 5 | think the digital time explanation needs further explanation and to be
shown on a digital style clock to drive the learning forward.

I think the digital question in the digital to written game could confuse children, it needs
to be displayed in an image or an animation of a digital clock I think children may con-
fuse the numbers with just being normal numbers otherwise.

The buttons to play the next question could do with changing colour or dimming more
when my mouse hovers over them.

There could be audio explanations for each of the individual lessons explaining to the
child what the lessons are about and what they should be learning in more detail.

The button to play the next question in the different games sometimes didn't work
when clicking it.

In lesson 2 the different sides of the clock needed more of an explanation on what to do
I think a child may become confused by it.

I think a progress bar for the game should be included to show the a child how far they
have gone through the game

I think the questions should have an audio option that the children can use same for
each of the answer buttons when the mouse hovers over they could be read out making
it easier for the children to understand.
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5. What were the best feature of the look and feel of the game / what
did you like about the game the most ?

iked the colour of the buttons they were soft and didn't distract from the things being
shown on them.

hink the colour choice of the buttons was a good one as well.

he colour of the clock is easy to look at and appealing it is easy to tell the time and
distinguishing between the hour and the minute hand.

iked the proportions of the clocks on the buttons in the written to analogue game |
hink they are the right size.

=

iked the overall design of the game and that all the games had the same look and
eel. | liked the consistency.

iked the same use of colours through the game for the clock and the “i" and “wedi”
parts of the clock in the lessons as well

enjoyed the font | found it easy to read and | believe children will as well

All the questions were easy to understand and were pleasant to look at | liked the ana-
ogue clock and its look.

liked how the buttons dimmed when | put my mouse over them. This helped me un-
derstand where | was on the screen.

liked the main menu | like its layout and style, | think children will find it easy to navi-
gate and use.
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6. Question

| think the game is a positive experience and children would be able to learn and ex-
pand on their learning through the game, | still think children will need to be tough
through a mixture of traditional methods and the game but it would defiantly push the
children to build on what they have learnt from the traditional methods.

| believe that the game is a benefit and has some features that make it better than tradi-
tional methods as it provides instant feedback that encourages children to do indepen-
dent learning than waiting for a me to confirm if the answer that a child has given is
correct or incorrect. the game feels fun and | think children will feel like they are achiev-
ing more because of the confetti and a score that they can look at and understand.

| think the game should record the children’s results so | can look back on them to find
out what they are struggling with. | think a way to register and make personal accounts
for each student would be useful as well.

| would use the tool in my classroom after some of the visuals and buttons are changed
as it is a fun and engaging learning tool that my students would befit from.
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4. How would you improve the look-feel / usability of the game ?

There needs to be audio in the game this is important for less able students who strug-
gle to read and comprehend information through text.

Audio should be included in:

Each of the lessons there should be audio explaining the lessons.

On the answer buttons there should be audio reading out the answers

The questions in all of the games should also have audio explaining the question.

On each of the games there should be a return to main menu button so a student can
leave the game or the teacher can leave a game if they need to.

There needs to be a button on all of the games that a child can choose that moves them
onto the next question, if they are unable to answer a question. or they may be sat look-
ing at the screen unable to move on.

The button on the wrong answer was confusing | didn't fully recognize that it would
take me to the next question.

| think the play button from the correct game should be used because its easy to under-
stand.

I would have liked to seen a happy face on the correct answer screen to keep the
screens consistent.

On the incorrect screen | think it would have been a good idea to show the correct an-
swer to the question asked as this provides corrections for wrong answers helping chil-
dren to learn.

The play again button in the analog game was squiffy it didn't look like it was in the
right location

The wrong answer and the correct answer buttons can be difficult to click sometimes,
this would frustrate a child who was playing the game.

| think a good game mode would be digital questions with the answer being shown on
an analog clock visa versa with analog questions to digital time as well.
A button back to the main menu would be useful if a teacher accidentally clicked the

wrong game or if for any reason they needed to shut the game down.

There should also be a button to return to the main menu from all of the lessons not
just some of them.
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5. What were the best feature of the look and feel of the game / what
did you like about the game the most ?

In the written to analog game the clocks are a good size they are easy to read. | also
liked the colours chosen for the game levels its very clear and straight forward. The but-
tons are obvious and | understood what they were.

The game is a good way to reinforce concepts and will encourage independent learning.
The game will correspond to the new curriculum coming out as it has a strong emphasis
on developing independence.

The instant feedback that the game provides is beneficial to students learning and their
self-esteem as they are instantly shown a pleasant visual cue that they have done some-
thing correctly.

I think this game could be used for reinforcement or a way to assess the skill level of a
child. the results could be used for target setting, an important aspect in classes as this
is how we help children to improve.

I liked the content of the game and the instant feedback. | enjoyed the length of the
games and how long it took to get to the end.

| think the topic chosen was a good one as children often struggle in learning to tell the
time. Overall | believe it would be beneficial.

With the recommended alterations and some of the changes | would be happy to use
the game within my classroom.
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6. Question

Some of the wording was incorrect and would need to be changed for instance on the
main menu the writing should be:

o ysgrifenedig i ddigidol

o ddigidol i ysgrifenedig

o ysgrifenedig i anolog

o analog i ysgrifenedig

20 = ugain
12 = deuddeg

The time of day should be referenced to as well so it should say:
y bore
y nos

The game is missing a lot of the appropriate welsh mutations for instance:
itri=idri

idau = iddau

ideg =iddeg

| think the questions in the analog games are a little too complex for the age range cho-
sen | think the average 7 - 8 year old would struggle especially because of the concept
of i/to on the analog clock. a bright 7 - 8 year old may be able to answer some of these
questions but on average i think they are too difficult. 9 - 10 years should be able to
play the analogue clock questions.

The digital questions are far to difficult for 7 - 8 years | don't believe even a bright stu-
dent within this age range would be capable of playing this version of the game.

| think the game should have different ability levels such as easy medium and hard,
which could be colour coded so the teacher would recognize the different groupings.

Individual logins for each student so the teacher could check to see what the child is
struggling with what they are excelling at and a way for teachers to access individual
results
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4. How would you improve the look-feel / usability of the game ?

the colour schemes were good and the clickable objects were easily identifiable- there
was no clear way of exiting the game once a game had been started (hence the dis-
agree on the Likert question - the quit application was simple from the menu but no
option in-game). integration of sound may have made the game more appealing to au-
ditory learners. a translation option may have made this a more viable tool for pupils
learning welsh as a second language or for the telling of a time in English

5. What were the best feature of the look and feel of the game / what
did you like about the game the most ?

the sizing of the objects was really good and this scaled well to the whiteboard. | liked
the emojis for right and wrong answers and the confetti effect was a nice animation
without being overly distracting. | think the colours chosen were a nice inviting colourful
palette without being overly vibrant or clashing. The games were challenging and could
maybe have been further categorised into levels of difficulty,

6. Question

not sure what we discussed putting in this section- a further ob servation is a mecha-
nism for saving user details and scores so that a pupil can try to beat their high score or
compete with others may be a consideration for addition to the application.
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1. Thinking of the 'look-and-feel' of the application how much do you agree with the following
statements?

More Details

M Strongly Disagree 1 Disagree Neither Agree or Disagree M Agree M Strongly Agree

(1.1) I found the colours used appealing

(1.2) | believe children would find the colours of the
game appealing

(1.3) | found the game engaging
(1.4) I found the game inviting
(1.5) | felt that each game had a suitable duration

(1.6) The supporting images were attractive

100% 0

R

100%
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(1.11) The controls/clickable objects in the application
were identifiable

(1.12) It was easy for me to differentiate between the
colours within the application

(1.13) | understood how to select a game

(1.14) | could easily read the text of the application

(1.15) | could easily identify when | answered a
question correctly

(1.16) | could easily identify when | answered a
question incorrectly

100%

0
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(1.1) 1 found it easy to re-play the game from the
end screen

(1.2) From the end screen | found it easy to return to
the main menu

(1.3) I understood what games | was selecting from
the main menu

(14) | understood how to get to the lessons

(1.5) I understood how to quit the game within the
application

(1.6) | understood what was expected of me within
each of the games

(1.7) | understood where | could find my final score
after playing through one of the games

(1.8) | understood how to navigate to the next lesson

(1.9) I understood how to navigate back to the
previous lesson

(1.10) | understood how to return to the main menu
from the lesson screens
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2. Thinking of the 'usability and accessibility' of the application how much do you agree with the
following statements?
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(1.1) 1 found it easy to re-play the game from the
end screen

(1.2) From the end screen | found it easy to return to
the main menu

(1.3) I understood what games | was selecting from
the main menu
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each of the games
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2. Thinking of the 'usability and accessibility' of the application how much do you agree with the
following statements?
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(1.1) I feel that the game would help to educate
children on telling time from written to digital

(12) I feel that the game would help to educate
children on telling time digital to written

(13) 1 feel that the game would help to educate
children on telling time from analogue to written

(14) 1 feel that the game would help to educate
children on telling time from written to analogue

(1.5) 1 feel that the game would help to educate
children on the welsh language

(1.6) 1 feel the game will encourage children to involve
them selves within IT related activities

(1.7) I feel the game is a more effective learning tool
than the traditional alternatives

(1.8) I would use this tool within my classroom

100%

8
3
8
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3. Thinking of the 'effectiveness' of the application how much do you agree with the following
statements?
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3. Thinking of the 'effectiveness' of the application how much do you agree with the following
statements?
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2. How many years have you been an educator
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More Details
@ Frimary School

@ Secondary School
@ College / Further Educat..
@ University / Higher Educ...
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What level do you teach
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@ Secondary School
@ College / Further Educat..
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4. What do you consider your main subject area (for example

Maths, English, or General)

30 Responses

T Name Responses

1 anonymous computing

2 anonymous Early years & Literacy

3 anonymous T

4 anonymous Leadership and management
5 anonymous History ( Art)

6 anonymous 1'am a support worker in Student Services
7 anonymous HUMANITIES

B anonymous Hospitality

9 anonymous Law

10 anonymous Business.

1 anonymous Nutrition

12 anonymous Architecture

13 anonymous Accounting and finance
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5. How would you describe your proficiency when using IT such as electronic
whiteboards / tablets / computers etc. ?

More Details
@ Not at all proficient °
@ Beginner 1
@ Intermediate 2

@ Expert 6
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5. How would you describe your proficiency when using IT such as electronic
whiteboards / tablets / computers etc. ?

More Details
@ Not at all proficient °
@ Beginner 1
@ Intermediate 2

@ Expert 6
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6. Do you use online educational recourses such as BBC Bitesize / w3schools / or
similar alternatives

More Details

@ ves s
o 2
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6. Do you use online educational recourses such as BBC Bitesize / w3schools / or
similar alternatives

More Details

@ ves s
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7. (Please specify what online recourses you have used)

9 Responses

T Name Responses

1 anonymous bbc bitesize, tutorials point, w3schools, tedtalks

2 anonymous BBC bitesize YouTue Topmarks ICT games cymru
letters and sounds games etc the list is extensive

3 anonymous A variety depending on topic.

4 anonymous Microsoft has

5 anonymous Moodle

6 anonymous Kahoot

7 anonymous Computers

B anonymous BBC bitesize and other uni study skills resources

9 anonymous BEC Bitesize





image99.png
7. (Please specify what online recourses you have used)

9 Responses

T Name Responses

1 anonymous bbc bitesize, tutorials point, w3schools, tedtalks

2 anonymous BBC bitesize YouTue Topmarks ICT games cymru
letters and sounds games etc the list is extensive

3 anonymous A variety depending on topic.

4 anonymous Microsoft has

5 anonymous Moodle

6 anonymous Kahoot

7 anonymous Computers

B anonymous BBC bitesize and other uni study skills resources

9 anonymous BEC Bitesize





image100.png
8. Do you use a virtual learning environment such as Moodle / google classroom
/ or other software

More Details

® ves 2

@ 2
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8. Do you use a virtual learning environment such as Moodle / google classroom
/ or other software

More Details

® ves 2

@ 2
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9. (Please specify what virtual learning environments you have
used)

27 Responses

T Name Responses

1 anonymous moodie

2 anonymous Seesaw and Google classroom
3 anonymous Moodle, Teams and Zoom
4 anonymous Moodle

5 anonymous Moodle

6 anonymous Moodle

7 anonymous Moodle

B anonymous Teams, Moodle, Canvas

9 anonymous Moodle, Miro, MS Teams
10 anonymous Moodle

1 anonymous Moodle

12 anonymous Moodle & Microsoft Teams

13 anonymous Moodle, Kahoot, Microsoft Teams
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9. (Please specify what virtual learning environments you have
used)

27 Responses

T Name Responses

1 anonymous moodie

2 anonymous Seesaw and Google classroom
3 anonymous Moodle, Teams and Zoom
4 anonymous Moodle

5 anonymous Moodle

6 anonymous Moodle

7 anonymous Moodle

B anonymous Teams, Moodle, Canvas

9 anonymous Moodle, Miro, MS Teams
10 anonymous Moodle

1 anonymous Moodle

12 anonymous Moodle & Microsoft Teams

13 anonymous Moodle, Kahoot, Microsoft Teams
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11. With regard to training on the technology provided by your institution/school
how much do you agree with each of the statements

More Detai

mStrongly Disagree = Disagree  Neither Agree or Disagree ~ Agree  m Strongly Agree
Not Applicable

It took a Lot of training to incorporate - .
technologies into my classes.

I feel | will require more training to make

the best of the available technologies.

It takes me a long time to learn new IT _
skills.

I feel that the training | received was
complete enouah to be of benefit.

100% 0% 100%
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12. With regard to incorporating technologies such as BBC bitesize, electronic
whiteboards and virtual learning environments, how much do you agree with

each of the statements:

More Details

mStrongly Disagree = Disagree  Neither Agree or Disagree

Not Applicable

I feel comfortable when new technologies
are introduced to lessons.

I feel that the use of technologies, such as
the ones stated, have generally improved...

I feel the use of technology improves my
Lesson and lesson planning.

I tend to use traditional methods in
instances when the technolodies fail rathe...

When waiting for technology issues to be
solved, my lesson completely stalls until...

I have replaced a Lot of my old teaching
methods with technoloay.

I feel comfortable incorporating materials
using technolodies, such as the ones stated.

My school or Institution has used technology
such as laptops, PCS or Tablets to replace...
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Agree

o

= Strongly Agree

%

100%
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12. With regard to incorporating technologies such as BBC bitesize, electronic
whiteboards and virtual learning environments, how much do you agree with
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More Details
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13. With regard to learners use of technology such as electronic whiteboards
and BBC bitesize or similar educational websites how much do you agree

with each of the statements

More Det
 Strongly Disagree = Disagree

1 find technologies, such as the ones stated,
in the classroom improve studen

New technologies are harder for the
students to arasp than more traditional..

Usability and accessibility of some software
and hardware packages can preclude some...

Younger students are more accepting of
technological solutions and are therefore

Students can be distracted by electronically
based material and as such may not focus.
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14. Have you ever used videogames as a tool for teaching

More Details

@ ves 1
o 29
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14. Have you ever used videogames as a tool for teaching
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16. With regard to your views on using video-games as a resource for teaching
how much do you agree with each of the statements

More Details
mStrongly Disagree = Disagree Neither Agree or Disagree & Agree M Strongly Agree
I believe that educational video-games are

an effective means of learning.

I frequently incorporate educational video-
qames into my classroom.

| would like to see more educational video-
aames used across the sector.

I feel there is a limited number of good
Quality educational video- ames available.

I have personally encouraged the use of
video-games as a learning tool.

My school / institution encourages the use
of video-qames in the classroom.

I have run a game via an electronic
whiteboard / projector which encouraged...
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15. (Please specify what videogames you have used)

1 Responses

T Name Responses

Dorland and Kindersley science, maths and literacy

1 anonymous ;
games. Also some others | can't recall.
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15. (Please specify what videogames you have used)

1 Responses

T Name Responses

Dorland and Kindersley science, maths and literacy

1 anonymous ;
games. Also some others | can't recall.
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18. How often do you arrange activities for students that incorporate
technological methods such as websites or videogames

More Details
-

® osity 6

@ weekly 1 *

@ Fortaightly 2 :

@ Montniy 2

@ per Term / Quarterly 2

@ vearty o
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19. Are there any technologies that you have used in your
experience that have not been mentioned in this questionnaire
(Please specify below) ?

10 Responses

T Name Responses
1 anonymous assistive technology packages
2 anonymous Al'and machine learning

Teams, Zoom, software packages for students with

3 anonymous additional needs ( sonnocent, MindView,
DragonSpeak)

4 anonymous Nutritional analysis software

5 anonymous None

6 anonymous MS Teams and other live video delivery systems

7 anonymous No

8 anonymous No

9 anonymous Mind View - Mind Mapping Tool

10 anonymous kahoot, flip grid
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3D Fractions

By John Miller
Size: 6.8MB
Duration: 1 Hour
Difficulty: Beginner
Ages: 8-10

Tags! |STEM] | Fractions

DESCRIFTION

Students will use Code Builder to create three-dimensional fractions on a number line.

LEARHING OBJECTIVES

-Students will understand how to write multiple chat commands.
-Students will understand how to use their agent to build columns.
-Students will understand how to set active inventory slots.

-Students will understand a fraction is a number on a number line. (CCSS.MATH.CONTENT.3.NF.A.2)
-Students will understand two fractions as equivalent and compare fractions by reasoning about their size. (CCSS.MATH.CONTENT.3.NF.A.3)
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5. How would you describe your proficiency when using IT such as electronic
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//if this isnt the last question
if(currentQuestion != questions.Count-1)

{
H //if the selected answer is correct
if (selectedAnswer == correctAnswer)
{
: //add one to score
score++;
//move to next question
d currentQuestion++;
}
else
{
i //just move to the next question
H currentQuestion++;
-
}
else
{
. if (selectedAnswer == correctAnswer)
{
: score++;
}

//this is ending the game instance and changing to the end game menu
playGameCanvas.SetActive(false);
EndGameCanvas.SetActive(true);
//this is setting the text box in the endgame menu to be equal to the score
finalScoreText.GetComponentInChildren<Text>().text = ("Eich Sgor yw \r\n" + score);
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//fix to get the button to highlight again
answerButtons[clickedButtonNumber].SetActive(false);
answerButtons[clickedButtonNumber].SetActive(true);
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//calculating the rotation for the minute hand
minuteHandRotation.@ = -(360 / 60) * minute;
//calculating the rotation for the hour hand
hourHandRotation.@ = -(360 / 12) * (hour + (minute / 60));
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4 references
private void ButtonClicked(int clickedButtonNumber)
{
//saving the selected answer and the correct answer localy
string selectedAnswer = answerButtons[clickedButtonNumber].GetComponentInChildren<Text>().text;
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4 references

private void ButtonClicked(int clickedButtonNumber)
{
: //saving the selected answer and the correct answer localy
string selectedAnswer = answerText[clickedButtonNumber];
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