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Abstract
The role of online learning and utilizing software for teaching has always been a controversial topic, especially during the coronavirus pandemic where schools shut due to these unforeseen circumstances. Consequently, being mandatory for it to transition to online software in order to continue learning. The purpose of this study was to determine the effectiveness of software into helping students learn, or further their learning of mathematics at key stage 1. Secondary research was thoroughly gathered on the specification of key stage 1 mathematics, learner styles for key stage 1 as well as teacher styles for key stage 1 to analyze how students are learning through physical means, and whether it could be transformed into software. A primary testing study was also performed where 50 students were chosen from key stage 1 to thoroughly test a program that was designed specifically to help learn mathematics in a variety of ways through addition, subtraction, multiplication, division, and a multiple-choice version. The software was designed and tailored specifically to the specification of the current key stage 1 mathematics curriculum in order to determine whether software is effective in the assistance of learning mathematics. From the 50 respondents, 40/50 or 80% of them enjoyed participating in the study and playing the games/utilizing the software that was developed for the research project. 50/50 students or 100% also found the software easy to use, therefore could be considered an option even in the future where online software will see a reduction in usage as the coronavirus pandemic weans off, and schools begin re-opening. Furthermore, 35/50 respondents, or 70% stated that through the usage of the software it allowed them to learn, or further their understanding of mathematics hence showing the effectiveness of software. To conclude, online software is an efficient means of learning that possesses multiple advantages and disadvantages compared to learning in person where there may not be accommodation for multiple learner styles which allows students to learn more effectively, or even be more motivated through learning information through means that they enjoy. 
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This research question and topic are focused on the investigation on how software can help students currently at Key Stage 1 learn mathematics. The impact of the coronavirus pandemic or current COVID-19 is rife as figures from the Department of Education state that “currently, less than 2.5% of children are attending school, and it’s unlikely that schools will be able to deliver a normal school day for these children.” (GOV.UK, 2020)[1] This research topic will focus on how distance learning can be of benefit, as well as the current resources currently available to key stage 1 learners. 
Aims and Objectives.
Aim 1 – Major Project
An Investigation into how software can help students at Key Stage 1 learn Mathematics.
Objective 1 – To conduct a literature review on already existing systems and their uses in distance learning or educational environments.
Objective 2 – To design and develop a suitable system that will reflect on issues that are present within the literature view to help students at Key Stage 1 learn mathematics.
Objective 3 – To evaluate the created systems suitability for the scenario, as well as the usability for the clients that the system will be designed for.
Objective 4 – A review of the system as well as deciding on future plans for the system such as improvements through strenuous user feedback which will help benefit and improve the system as a whole.
Furthermore, this report will contain information on a multitude of topics that incorporate key stage 1 mathematics, teaching styles that are being utilized for key stage 1, learner styles for key stage 1, as well as current tools and systems that are being used for key stage 1 online learning. 
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Key Stage 1 Mathematics
Key Stage 1 is a broad term utilized to describe children between the ages of 5 to 7 years old, or currently in educational year 1 and 2 in primary school. Key stages are part of the national curriculum and set out which subjects have to be mandatorily taught to students, they also determine how children should be tested and what standards of education they should achieve. Key stage 1 children are assessed yearly, meaning that they have their phonics skills checked by reading 40 words to their teacher at the end of the year. This test allows teachers to view how well their children can read and pronounce different combinations of letters. Furthermore, if this test is failed then the student is provided extra help with their key stage 1 learning and has to re-take the test at the end of year 2, which is the end of the key stage 1 curriculum. The tests which are taken at the end of Key Stage 1 are:
· English grammar, punctuation, and spelling.
· English reading (reading and understanding text)
· Mathematics (basic addition, subtraction, multiplication, and division)
The government has defined that the “principal focus of mathematics teaching in key stage 1” is to ensure that pupils develop confidence and mental fluency with whole numbers, counting and place value. This means working with numerals, words and four operations, including with practical resources such as concrete objects or measuring tools. They have also stated that pupils should “develop their ability to recognize, describe, draw, compare, and sort different shapes and use their related vocabulary”. Teaching at this stage should also involve utilizing a range of measures to describe, and compare different quantities such as length, mass, capacity/volume, time, and money. 


Teaching Styles for Key Stage 1 
There are a multitude of effective teaching styles for teaching key stage 1 pupils that are currently in utilization within primary schools. Teachers are taught during training to encourage children to learn, as well as attempt to get the very best from their pupils. One popular teaching style is to “set expectations and goals within the classroom”. Children are naturally forwarded towards fitting in often “tailoring their behavior to fit in with the adult’s perception of them” (Early Learning HQ, 2013)[3] At key stage 1 it is important to write a list of commandments or rules that pupils will apply to their everyday classroom activities, such as “I will always try my best” or “I will not interrupt when the teacher is speaking”. Setting expectations and goals will allow both the children to be constantly reminded of the expectations placed upon them but will also allow teachers to monitor progress. For example, if key stage 1 teachers need to learn their mathematics times-tables then it would be more effective to set them goals on learning the easier numbers of the times-tables first, such as 1, 2, 4 and 10. Therefore, once they have learnt them, they can move on to the other numbers. Teachers are also expected to meet the Government’s Teaching Standards (2011)[4] which state that a teacher must:
1. Set high expectations which inspire, motivate and challenge pupils.
2. Promote good progress and outcomes by pupils.
3. Demonstrate good subject and curriculum knowledge.
4. Plan and teach well-structured lessons.
5. Adapt teaching to respond to the strengths and needs of all pupils.
6. Make accurate and productive use of assessment.
7. Manage behavior effectively to ensure a good and safe learning environment.
8. Fulfil wider professional responsibilities. 

Learner Styles for Key Stage 1
Learner styles is different from teaching styles, while teaching styles are meant to teach children principles and responsibilities such as not interrupting teachers while they are speaking or being taught respect – learner styles are more based upon how a child will learn. An individual’s learner style is defined as “how learners gather, sift through, interpret, organize and come to conclusions about information.” (Chick, 2010)[5] They can be broken down into three main categories according to the “VAK” model popularized by Neil Fleming, a psychologist and teacher with 30+ years of experience. This model basically represents the three main styles of learning:
· Visual
· Aural / Auditory
· Kinesthetic
Visual learners are learners that find effectiveness via learning through pictures, or potentially creating artwork that supplements written work. Popular styles that are utilized in primary schools is creating notes or writing things down in multiple colors or creating diagrams that explain concepts rather than through writing. 
Aural / Auditory learners are learners that would learn most effectively via listening. This would mean that they prefer learning “by listening to a lecture over reading a textbook or hearing the instructions to a project instead of figuring it out hands-on.” (Western Governers University, 2020)[6]
Lastly, kinesthetic learners are learners that prefer learning via physical experience, sensations such as “touching, feeling, holding, doing, practical hands-on experience and will be able to perform tasks best by going ahead and trying it out, learning as they go.” (University of Massachusetts, 2021[7]


However, effective teaching will not only focus on teaching specific learner styles but incorporating multiple of these learner styles to ensure that all students are taught efficiently. According to Sandra Rief (1993)[8], a child psychologist and teacher children retain up to:
· 10% of what they read.
· 20% of what they hear.
· 30% of what they see.
· 50% of what they see and hear.
· 70% of what they say.
· 90% of what they say and do.
Which is important to encourage every learning style because they are all effective especially within young children whose brains are constantly developing and will learn via whatever they do. 


Current tools being utilized for Key Stage 1 Learning
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Figure 1 – A screenshot showing resources from the website “Twinkl” (2020)[10] - Key stage 1 math’s resources that are linked to the UK’s national curriculum and also contain supporting materials for year 1 & year 2 SATs math’s revision. An advantage to this is that it is linked directly to UK governmental literature so that it is credible to learn from, however it is locked behind only having an academical account which many parents may not have, or schools may not provide.
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Figure 2 – A screenshot from the website “TPET” (2020)[11] - Free home learning resources containing lesson plans as well as continuous development for key stage 1 children on mathematics and multiple other topics. However, this website limits how many downloads you can do a week so it is essentially limiting how much the parents can download for the child.
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Figure 3 – A screenshot from the website “TopMarks” (2020)[11] A website that will allow you to enter your subject and age group, where it will return multiple games that key stage 1 children can play to learn mathematic skills. It shows each game that you can play, as well as a description of each game. These games are vibrant, and fun for children to play therefore they are engaging for a child rather than doing paper worksheets which they may not enjoy, especially in their own home when they cannot be around friends in the school environment. However, all these games follow the same color scheme and lay out meaning they could become tedious for children after a few times playing. 



[image: ]
DoodleMaths (2020)[13] - Another service to teach key stage 1 mathematics however this is not a free service and is locked behind paying for a subscription to unlock all the activities or games. This is a good software to use as it is popularly utilized by primary school teachers with their being multiple case studies conducted to prove its effectiveness. On the website Educational Technology Impact [9] which is designed to show the effectiveness of specific software in individualized schools it scored a 4.85 out of 5 with 14 different schools all providing case studies and insight into how it has benefitted their students. It has also won multiple awards at the British Educational Training and Technology exhibition clearly showing its effectiveness within children. DoodleMaths provides its teachers with a “Teacher Dashboard” which allows teachers to see progress of the individual students across a range of learning areas, as well as tracking their achievements. 



An analysis of DoodleMaths student assessment system – Teacher Dashboard
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Figure 4 (DoodleMaths, 2021)[18] – A screenshot of the “teacher dashboard” that DoodleMaths provides. This dashboard is used to assess student progress in a measurement of “stars per week” Stars are awarded to students when they play the games on the application and get over a certain threshold of answers correct in a test, as well as having a target stars per week set by the teacher. In this screenshot the students have different targets, ranging from 55 stars per week being the highest target to 35 stars per week being the lowest, which is an advantage of being able to dynamically set different goals for more academically gifted students to allow for more efficient, stimulating learning. However, it also allows for teachers to set more academically challenged students’ easier targets so that they can learn at their own pace. 
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Figure 5 (DoodleMaths, 2021)[18]  – A screenshot of the analytics that DoodleMaths teacher dashboard is able to provide after receiving and compiling the results from students. This screenshot is a learning spectrum in which it compares the students real age and learning capabilities of what is expected of them at that current stage in their learning versus the statistics against what DoodleMaths thinks their academic capabilities are based on their results from tests, games or more. This is a useful tool to see whether students are starting to outgrow their learning due to being academically gifted or require more attention and thorough hands-on learning if they are falling behind the average.


The benefits and drawbacks of online or distanced learning. 
As with the previously described teaching methods, online learning also has a wide variety of specific advantages and disadvantages that could sway educational institutes into maintaining an online learning approach versus physical learning. As a result of the COVID-19 pandemic, the new “normal” in education is essentially the increased use of online learning tools. Online learning is now applicable to not just learn academics, but it also extends to being able to learn extracurricular activities for students as well. In the recent year of the ongoing pandemic, the demand for online learning tools and resources has increased exponentially and will continue doing so in the future. Online learning offers specific advantages such as:
1. Efficiency – online learning allows for teachers, lecturers, or any educational institute itself to provide an efficient way for to deliver information to students. Online learning has the ability to utilize resources such as videos, PDFs, interactive worksheets, podcasts and more for teachers to use these as part of their lesson plans. By including a broader source of information for learning, students can potentially learn better than just the traditional textbook which does not cater to every learning style.
2. Accessibility of Time and Place – Another major advantage of online learning is that it is much more accessible than physical learning within the institute. Students are able to record or playback lectures which have taken place, meaning that if they do not understand the content or want a clearer overview of what the lecturer has explained within the lesson it is well within their power to just replay the lecture at their own discretion instead of having to recall it from memory.
3. Affordability – Furthermore, affordability is a big factor when it comes to online learning because it essentially eliminates the need for things such as student transport where a student may have to pay for travel to their educational institute, or have their parents take them on a daily basis. It also “eliminates the need to purchase student meals, and more importantly real estate, where a student is able to learn from home rather than having to rent or purchase accommodation to accommodate their stay while learning away from home.” (Gautam, 2020)[16]
4. Suits a variety of learning styles – Every student has a different learning style that they find most efficient to learn through therefore with online learning it is easy to tailor to these specific learning styles with the sheer number of options and resources available to students. 

However, online learning also has some disadvantages that may pose a decrease in efficiency in learning with students.
1. The inability to focus on screens – This is a big problem with many students as they are not normally used to learning via online or distanced learning meaning that their attention span or ability to not procrastinate while learning online is much lower than if it were in person. Students might be easily distracted by the fact that they have instant access to something like social media or entertainment. However, this can be countered by the fact that “it is imperative for the teachers to keep their online lessons crisp, engaging and interactive to help students stay focused” (Gautam, 2020)[16]
2. Technology Issues – Another major disadvantage of online learning is the inconsistency within circumstances for students concerning technology such as internet connection or device compatibility. Some students may live in rural areas with poor internet connection that does not allow them to consistently video call for their lectures therefore could lead to a lack of continuity in learning for the student which is detrimental for the educational process.
3. Teacher training and resources – Online learning absolutely requires teachers to have some sort of experience with technology, however unless it is a specific course such as computer science or information technology then it is rare that teachers will have extensive experience, especially using software that is new to them because physical learning has always been the normal way of learning. 
4. Sense of Isolation – Students have the benefit of learning other skills in life such as “socialization skills or the ability to communicate, emotional intelligence and more while in a classroom however this ability to learn is cut drastically through online learning.” (Montgomery College, 2021)[17] However, in an online class there is very minimal interaction between students because it is the normally the lecturer giving the seminar of information then giving out work to be completed rather. 
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Research Methodology
To ensure that the project has a successful outcome, appropriate research methods should be utilized so that both the expected outcomes as well as the set-in stone aims, and objectives can be met. 
Research Philosophy
This project will utilize a ‘phenomenological’ approach as it will utilize previous experiences from users of other similar programs or key stage 1 learning tools to create an effective tool, essentially benefitting upon their flaws to make a more effective tool. Phenomenological research will be utilized as it provides a variety of advantages for this project. One advantage that phenomenological brings is that “it can help to adjust to new issues or ideas as they emerge” (Armstrong, 2010)[14] which is especially relevant now that distance learning is mandatory for a large variety of schools which means this approach can adapt better than a positivist approach. However, phenomenological research is “notorious for requiring a large amount of data gathering and taking a long time.” (Armstrong, 2010)[14] Consequently, to overcome this problem - research has started much earlier in the project to gather necessary information sooner rather than later so that more time can be spent developing.
Research Approach
This project will utilize a ‘deductive’ philosophy as it will aim to produce a hypothesis from an already existing program or theory. The advantage of this is that it is much less time consuming than an inductive approach and considering the time limit for the project little time should be spent on researching and more time should be spent producing or analyzing to create the project.  
Research Strategy
This project will utilize a ‘case study’ approach because this will allow much further investigation into what is relevant relating to the project, case studies that relate closely to the project such as children learning online, the advantages of learning online and how effective it is will help benefit my project. Also utilizing case studies of similar blended learning programs will allow my tool to be more effective by analyzing their flaws and advantages. However, a major disadvantage of case study analysis is that there is a researcher bias where “the researcher’s own subjective feeling may influence the case study” (McLeod, 2019)[15]. Furthermore, information and analysis will be conducted using as much of a neutral bias as possible so that the information will remain unbiased therefore more accurate and trustworthy. 
Time Horizon
This project will utilize a ‘cross-sectional’ method as it will analyze the outcomes of traditional learning in the classroom versus the effectiveness of the same methods however via online teaching due to the current coronavirus pandemic. It will also view the impacts of the newer system being implemented and how well students can adapt or how it causes changes within students and retaining or learning information. The advantage of cross-sectional studies is that they are not costly to perform which is a bonus to this project as there is no budget allocated meaning that everything has to be attainable while free. Furthermore, another advantage is that it does not require a lot of time, once again this is beneficial to the project as only a few months is allocated for the project so it needs to be thorough and completed within that time frame whereas a more advanced study may span over a year or multiple years. One problem with cross sectional studies is that it may face problems putting together sampling pools of information based on the variable of the population being studied, however in this study it will not be a problem because only key stage 1 children are being assessed for usability and suitability.
Data Collection Methods
This project will utilize a multitude of different collection methods that include literature-based material like journals, articles written by experts within the field of child psychology and teaching as well as primary information like surveys or interviews to collection information that would be more relevant and tailored to my project. An advantage to using secondary information collection methods like journals or articles written by experts is that they have a much deeper understanding and are well respected in the field meaning their information is trustworthy as well as respectable to source within a project. Furthermore, an advantage to utilizing primary collection methods such as a survey or questionnaire is that information can be gathered locally rather which can allow for correlation of firsthand results against information which is gathered through secondary information for a stronger conclusion. For example, seeing if local children who are normalized to learning in the classroom can learn effectively in a pandemical situation compared to children that may learn through distance learning more regularly. A mixture of both primary and secondary information will allow a stronger conclusion and a more effective project outcome, as well as both qualitative information from literature information while a questionnaire or survey will provide large scale quantitative data which will be broken down and analyzed into graphs or figures. 
Evaluation Criteria
For evaluation criteria, personal user acceptance testing will be utilized in the form of getting participants from the audience group that the system is designed for (key stage 1 students) to test the system firsthand, as well as give feedback through comments alongside a questionnaire. These results will then be evaluated and documented inside of the report to understand the suitability of the system, but also to evaluate any flaws or major drawbacks in the system which could be fixed in the future. The test participants will also suggest any changes or implementation features they would like in the future in order to make it feel more tailored towards them, rather than implementing general design changes from a developer standpoint. SurveyMonkey, the questionnaire software which will be utilized also provides free statistical analysis with a breakdown of percentages on each question, so that a specific percentage can be located therefore it is much easier to see the majority vs minority on opinion for each question. 
Methods of Testing
The main method of testing that will be utilized is to have users from the audience group which are key stage 1 students (ages 5-7) test the system in order to examine whether it is developed fit for purpose. Key stage 1 students will test each aspect of the system in the form of trying each individual game: addition, subtraction, multiplication, division, and multiple choice. They will also provide feedback on the system through a questionnaire that will be designed to ask specifically on usability, whether it helped them learn, did they like the design, what could be improved, and more to provide useful future information if the project were to be carried on.


Development Methodology
Software
Software requirements will be software that will allow me to create the tool, ideally some sort of IDE or integrated development environment where the code will be written for the tool. Word processing software will also be required to write the project as well as document both secondary and primary information. Database management software such as Microsoft Access will also be utilized to manage the data driven side of the program where the application will relay information such as usernames, test scores and test dates into a database system. Lastly, spreadsheeting software will be utilized for analyzing primary information once it has been obtained through questionnaires or surveys. 
Hardware
The only hardware which will be required is a working computer with a stable internet connection for purposes such as coding the tool, researching information, or testing the system.
Materials and Tools
The materials and tools that will be utilized for the project include:
· Web browsing software for scholarly, and secondary research.
· An integrated development environment where the application will be developed.
· Database management software that will handle data driven information being output from the application.
· SurveyMonkey, a questionnaire and survey analysis tool that will be utilized to extract testing results from participants in the user assistance testing.



[bookmark: _Chapter_4_–]Chapter 4 – Design and Implementation
Project Requirements
As the proposed system will be a key stage 1 math’s games system to help children learn, or further their learning on mathematics it will have to meet requirements such as:
· Allow students to choose different games within the system such as addition, multiplication, subtraction, division, or multiple choice.
· Allow students to enter their username into the system.
· Allow students to navigate the menu and choose what they want to do within the system.
· The system should store usernames of the students.
· The system should store scores from the tests that the students participate in, in a database therefore making it data driven. 
· The system should have an easy interface to navigate as the audience is young, therefore potentially not technologically advanced as other users. 
· The system should be easy to use.
· The system should utilize a consistent but colorful layout to attract the target audience.
· The system should correctly function on each student’s home workstation. 


Basic System Designs
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Basic menu design. 
The creation of the menu was done this way to ensure that it is simple for the audience and fit for purpose. It is much easier for children to navigate the menu if the buttons are large, and the font size is much larger than if it were small. There are also the symbols of the mathematic operators in brackets next to the options just in case the children do not understand the English term for these operators. 
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Basic addition form screen design. The creation of this design was to ensure that all of the main elements that the children are going to utilize are the largest elements on the design. There is not a lot of open space on the page therefore it is much easier for the children to see what they are doing such as entering their name or answer, then pressing the submit button.  
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More polished main menu design. This design basically takes the previous drawing but polishes it and shows how it could potentially look inside of the integrated development environment, featuring a colorful graphic to catch the eye of the children utilizing the system. 
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More polished game screen designs. This design also takes the previous drawing but polishes it into a more understandable design. There are three different “main” elements of the game screen, the question (1+4), the side menu and the main menu where the name, answer and submit buttons are. 
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Final game form design with color, this is closer to what it will look like inside of the IDE. Background color as well as changing the background color of the menu was added to include some vibrance within the program so that it is not boring black and white to show students that it could be fun, or friendly. 
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Final game screen design utilizing color. This is what it could potentially look like inside of the IDE, with all of the important elements being colorized in white such as the name text box or answer text box. The menu button was chosen as a different color, the same background color as the blue form background instead of white to differentiate the user controls as it will send you back to the menu, rather than be required to play the game. 
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System prototype design of the main menu form. This is what the final design of the prototyped system looks like inside of the Visual Studio IDE. It utilizes the same color scheming, as well as light imagery from the previous mockup designs for consistency. 
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System prototype design of the game form, in this case the multiplication form. This is what the final design of the prototyped system looks like for the game screen in the IDE. It also utilizes the same color scheming as the main menu, using the same font, text, colors, and font sizing to ensure the interface remains consistent. 


The decision to utilize a standalone program versus website building. 
During the designing process for the system, the decision of whether to utilize a standalone program for the system versus utilizing website building was thoroughly considered. However, there are a multitude of reasons that the system will be a standalone program rather than having it built and integrated into a website. This system would work well as both a dedicated application and a website. However, for specific reasons such as accessibility and technology issues that could potentially impact students with the inconsistency of circumstances previously mentioned in the disadvantages of online learning section - it would make much more sense for the system to be a dedicated application. Consequently, issues such as requiring internet connectivity, which with a website-based application would be mandatory, do not apply and affect learning which is absolutely crucial especially for students within key stage 1 and 2. Another reason that it will be a dedicated application versus a website is once again accessibility issues, not every student will possess technology that allows them to run the latest version of Google Chrome or Microsoft Edge, possibly even having older operating systems due to not being able to afford newer technology which means that it would be much more inclusive to design a system that will specifically include them and allow them to learn at the same rate as a student who does have newer technology. Another issue with website building is the requirement of having to pay for a subscription to host the website constantly, where some schools do not have the funding to be able to pay for server hosting, administration, and maintenance constantly to host said system on their website. Lastly, if the system were to utilize website building it could pose some data privacy concerns as it will contain student information such as their name or student identification number which could be compromised and stolen if the credentials to the student database were leaked, or if the company that is hosting the website and database management software for the system were compromised. This however is a much less drastic worry when it is a local program because it will only be accessible by teachers on the local machines, or on the student machines rather than being on the cloud.
The justification of choosing Visual Basic as the development platform.
Visual Basic was chosen as the development language inside of the Visual Studio 2019 IDE platform for the application for a variety of reasons as compared to utilizing Java, Python, C#. The graphical user interface of the visual basic IDE provides “intuitively appealing views for the management of the program structure in the large and various types of entities (classes, modules, forms, user controls)” (Sourceforge.net, 2021)[19] as opposed to Java or Python which have rather bland or boring graphical user interfaces. This is an advantage as it is being designed for children that would be more captured by vibrant, colorful displays with images as opposed blander looking languages like Java or Python. Visual Basic has also been “highly optimized to support rapid application development (RAD) which means it is particularly easy to develop graphical user interfaces and connect them to handler functions provided by the application.” (Soffar, 2015)[20] Another reason that Visual Basic was chosen as the development language was that I had much more significant knowledge within this language for development that was related to the project, i.e. designing graphical interfaces, hooking the graphical interface to the application, linking the database to the program to ensure that it is data driven design and more when compared to my knowledge in languages such as Java or Python which allowed the development to be completed much more efficiently. In the time scale that was provided for the project, it was more efficient to utilize a language that I had knowledge in rather than having to learn a language while developing to achieve the same results. 


Development Code Snippets
The code was commented through the development process so that it could be referred to easily if the function failed, or if it needed to be changed. The example below is taken from the “variety” choice game where it will choose a random operator out of four (+-*/)
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Issues Faced During Development
One major issue that was faced during development was the lack of experience utilizing third party tools therefore having to implement a localhost database. This was due to only having experience with utilizing Visual Basic and SQL with Microsoft Access, rather than having knowledge of being able to implement a third-party database management software like Oracle APEX. Consequently, this means that the results on the current system are stored on a localhost database which means that there would be data concurrency with any systems that are utilizing the software on their machine, rather than being stored on Oracle APEX which would store the information automatically over the cloud without any data redundancy. Furthermore, the development of this project allowed insight into gaining experience alongside research helped therefore if development were to happen again in the future, then the implementation of a third-party database management system to reduce data concurrency would be much more efficient. 
	Another problem that occurred during the implementation was the integration of the application on to the audience systems, where some users did not have the required hardware or software for installing the integrated development environment to be able to run the software on their system. This led to testing issues where new candidates had to be found for sufficient testing of the program therefore showed major inefficiencies in utilizing a standalone program approach for the system. To solve this if development were to occur again is to move it from a standalone application to a website-based system. A website-based system would circumvent any technological issues that arise within student machines at home not being able to run the integrated development environment which was chosen for the project (visual studio). It would also allow the database integration to be much easier as it would allow it to be stored over the cloud rather than a local access database therefore the teachers would be able to view the results of student quizzes online, rather than having it all in a local access database. Website integration also enhances the user experience across different types of devices, rather than having to develop an application that works across each operating system or device type as some students may not have Windows which runs visual studio more efficiently compared to Mac or Linux. There is also much better support and maintenance potential with a website system as it will be updated online, automatically whereas it might be difficult to get key stage 1 students to update the standalone application if there are major changes like adding new features or fixing bugs. Lastly, there is also portability with a website-based system meaning that students are able to participate in class if they are not home, or if they are not on their dedicated computer where the system is installed. Finally, the last development issue that occurred was design changes within the prototype system when compared to the design mockups proposed. There were issues when attempting to import images, as well as the overall design layout from the mockups to the system inside of the integrated development environment where it would severely impact the performance on the game forms. Therefore, this was a problem as this system was developed in the mind of having low system requirements to run on the majority of user machines and had to be sacrificed in order to ensure the program would work efficiently. 

User Feedback from Questionnaire & Future Improvements
In order for a proper system analysis to be conducted, user acceptance testing was done with 50 different children that are currently in key stage 1 learning in primary schools. A questionnaire was created in order to gain some quantitative analysis on the system and how it functions, as well as how the desired audience like the system. I have only utilized quantitative questions in the questionnaire simply due to the target audience (key stage 1 students). In my opinion it would be rather difficult to obtain meaningful qualitative analysis from such young students therefore it has been left to simple yes or no questions in order to obtain quantitative data which would help improve the system in the future. 
Questionnaire available to view in the appendix. 
However, things that were mentioned verbally while testing the program included:
· The implementation of sound integration into the system, for example adding music or a theme song to the main menu which would keep the students more interested. 
· The implementation of sounds into the user controls of the system such as buttons, where it would make a sound if the user were to press the submit answer button or the menu button indicating user feedback in the interface. 
· The implementation of visual cues into the system, such as a green tick showing up or flashing if the answer is right to reinforce positivity or a red X on the screen if the answer is incorrect.
· Generally adding more pictures to the system like on the main menu screen because there is a lack of imagery on the actual game screens. 
· A potential leaderboard system where it would display who had the most answers correct out of the class.
· However, there would be advantages to this in the fact that it could introduce friendly competition into the system which would allow students to have more motivation to beat their friends.
· Consequently, this could also introduce demotivation in a negative factor in students if they see themselves not achieving as much as their friends so it could be limited to being teacher-view only like the TopMarks model.




User Acceptance Testing
The questionnaire is available to view in the appendix, however before handing out the questionnaire to students a consent form was mandatory to fill out by their parents as the target audience is minors, or children. The consent form was an agreement between the researcher (myself) and the research participant simply outlining that their children will be participating within a research study.  
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Figure 6 (SurveyMonkey, 2021)[21] – A screenshot showing that multiple responses are disabled, to ensure that each student is only answering one time to obtain meaningful quantitative analysis. Furthermore, anonymous responses have been enabled on the website therefore while the results will be anonymized before reporting, they are also anonymized by the website for additional safety. 


User Feedback Evaluation
Question 1 – “Did you like playing the games?”
Yes: 40 (80%)
No: 10 (20%)
This was an unexpected result that so many children enjoyed playing the games system as it was a fairly basic system that was developed under heavy time constraints therefore potentially lacking some features and variability within the program.

Question 2 – Did you find it easy to use?
Yes: 50 (100%)
No: 0 (0%)
This was an expected result as it was developed within a very user-friendly language that prioritizes functionality within the integrated development environment through strenuous user controls like buttons, forms, text boxes, and more.

Question 3 – Did it help you learn or better your learning of mathematics?
Yes: 35 (70%)
No: 15 (30%)
This was the most important question in the questionnaire as the entire study is based upon whether software can help students learn mathematics. Therefore, this would be a successful result as the majority >50% would agree that the system developed helped them or bettered their learning within mathematics. This coincides with the secondary data that online learning can be beneficial if it is done correctly, through captivating the student’s attention correctly in a system that they enjoy rather than completing work in class which they may find boring or straining. The utilization of large elements, as well as vibrant coloring and images allowed the system to captivate the students into being able to evidently learn. 


Questions 4 & 5 both simply query the students on the usability of the system so that it can be referred to the original system requirements. Both had 100% response rate on yes stating that the buttons on the system were both easy to find, as well as easy to use meaning that the system requirements were met on that factor. 

Question 6 – Would you like to play against your friends in the future?
Yes: 40 (80%)
No: 10 (10%)
From this question, it is evident that students would like to play against their friends in a potential future implementation within the system. This could be done via adding a leaderboard system as previously mentioned in the future implementations section. However, both advantages and disadvantages of this implementation were underlined. 

Question 7 – Were there enough color and images on the system?
Yes: 20 (40%)
No: 30 (60%)
It is evident from this response from the target audience that they thought the coloring and imagery on the system was lacking, therefore could be improved in a future implementation by adding more colors to the system on the screens or changing the colors. Furthermore, more image elements could be added to the game screens as well as displaying images when the user controls are interacted with. 

Question 8 – Would you rather play these games than complete work in class? 
Yes: 30 (60%)
No: 20 (40%)
The students that answered no may potentially be of a different learning style than the students that answered yes therefore would appreciate more hands-on learning in a classroom like worksheets or practical work than through learning via playing games or software. 



[bookmark: _Chapter_5_–]Chapter 5 – Evaluation
The data from my user acceptance testing and system development definitely backed up the research from the literature review as they both came to the same conclusion, that software can most definitely help students at key stage 1 learn mathematics. The students that participated in the testing of my developed software overall had a good experience with the software and stated that it did help them learn, or further their understanding of mathematics which has been previously documented in the design and implementation. They also stated that the software itself was easy to utilize, with the main user controls such as buttons or forms being both easy to find or use. However, the target audience stated that the design of the program was rather lackluster, with the majority agreeing that it should have more colors and images in a future implementation.
 	Objective one was clearly fulfilled in the fact that a thorough literature review was conducted on already existing systems as well as their uses in distance learning for educational environments. Multiple systems were evaluated, as well as an examination of how a particular system utilizes analytics to evaluate student performance.
The second objective of the report was also fulfilled as a suitable system was developed to help students learn mathematics at key stage 1, however if it were to be developed again in the future the system could be integrated as a web-based system rather than having to install specific software on a machine simply because it is much more efficient and easier. A web-based system could also be utilized by students that do not have access to a home computer to install the software on, therefore being able to still participate in learning on their mobile devices or other devices. This problem was brought to my attention during user acceptance testing where it was in some cases difficult to get the software working on some participants machines because they had to download the integrated development environment first, however this would be solved by utilizing a simple website where it could be developed using JavaScript in the future. Objective three was also met as user acceptance testing was completed to evaluate the systems suitability for the scenario which was to “investigate how software can help students at key stage 1 learn mathematics.”  
Objective three was also met as thorough evaluation of the system was conducted through user acceptance testing and obtaining feedback from the audience in which it was designed for through questionnaires, voice over IP calls and then putting the feedback through SurveyMonkey which allowed for percentage breakdown analysis on each individual answer. 
The last objective was also met as a review of the system was conducted after user acceptance testing to identify any problems with the system, as well as a discussion of future improvements on the system such as evaluating whether it should be moved from a system-based application to a web-application, adding more user functionality like different menus, more user controls like buttons and lastly there being more content on the application itself like more games, or being able to choose what number to set the game to instead of the static current implementation of the system where it only allows the user to go up to 10. If there were to be another chance to do it again, the potential for implementing an analysis system for students where teachers could set goals for students on each test like the DoodleMaths example explained in the literature review would be extremely useful in evaluating student performance. Making the system more vibrant, adding more images and more flashy content to entertain the younger audience in which it is created for would also be useful to ensure that they are not becoming bored while utilizing the system or losing their attention span. 


[bookmark: _Chapter_6_–]Chapter 6 – Conclusions and Recommendations
To conclude, from the research conducted it is obvious that online learning can become beneficial and with the current coronavirus pandemic it is inevitable that online learning will become a major pathway in the future for children’s learning with the uncertainty of schools reopening or closing. However, there are multiple points that should be considered when attempting to teach students, especially primary school students as they all learn differently compared to older mature students. A variety of learning styles and methods should be in place to enable that all students can learn effectively via online whether it will be through worksheets or practical, enjoyable games that students can partake in to learn from. Online learning is beneficial if these variables are accounted for and could even become more effective than learning within the classroom as it allows the student to learn from the comfort of their own home. There is a large variety of information already available to the public for Key Stage 1 learning, especially in the mathematics department showing that it is clearly effective and has a demand which would be heightened in the current situation. Multiple programs were analyzed as part of the literature review however they all seem to lack various features that could help benefit children learn mathematics at a Key Stage 1 level, hence the need for a new system which will solve these problems. From the user acceptance testing it was clear that the primary data clearly showed that the students were able to learn or develop on their current understanding of mathematics through the usage of the system created. However, it was also very clear from the implementation and user acceptance testing that a standalone application system was much less efficient than expected during the system deployment, therefore the recommendation was made to move it from a standalone application to a dedicated web-based system with a backend third party database management system to store user scores, or test information rather than hosting it on a localhost database which contains major data concurrency.   


[bookmark: _Chapter_7_–]Chapter 7 – Reflection
In order to complete this project, I utilized a lot of different resources. Whether it was experts within the field, books, journals, internet materials, systems that are already being utilized for key stage 1 mathematic learning and more. To be able to reflect properly I utilized the Gibbs’ reflective cycle where I created an action plan for how I would deal with similar situations in the future, or general changes that I find appropriate. There are a majority of ways that I could have improved on this project. Firstly, I went into the project being stubborn on the development method as I thought that utilizing visual studio as the integrated development environment and creating a standalone application would be much more efficient. However, as the project was in development, I realized that it would have been less difficult to develop it as a web-based system because of the database management system issues that occurred, as well as the deployment of the system being lackluster where it was not compatible on some of the participants machines. Furthermore, the actual development of the system went well as it was developed rather problem free due to having experience with using visual basic on multiple occasions to develop previous systems for projects. I feel like I have changed as a person in the fact that before starting a project in the future, I will thoroughly evaluate all possible methods of creation before developing therefore being able to save more time as the deadline for this project was already short therefore more time would have been crucial on the improvement of the project. I also developed my research skills into finding useful research information that helped me progress through the literature review while also inspiring me on how I would develop my own system to be more efficient, or more set for purpose than other systems with the experience that I have. I also improved upon my development skills within visual basic and SQL as a result of dealing with problems or implementation of database management software into an software system that I have not performed before. The literature review and gathering of primary information went smoothly, and consistent within the time frame that was set within the project plan therefore I felt good going into the development of the project. However, the development project had unforeseen problems through it being much less efficient as expected than a website-based system. I also learnt that children appreciate the small details in systems such as sound, or visual cues as it was through their recommendation to add it in a future implementation. Moreover, I will utilize a much more efficient means of defining system requirements and planning to ensure that the software is compatible on all machines in the future before deploying the user acceptance testing to remain on timescale. I will also perform more thorough analysis on third party systems to ensure that my system contains all of their features like heavy imagery or coloring which it did not as evident from the response in the primary data. 
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