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Abstract 
This report is for the discovery, design, development and documentation of a project in an investigation into tools for teaching mathematics to key stage 2. At the end the developed project is desired to be able to or in capabilities to have it be available for the unutilized software devices, provide a learning application that covers the Mathematic curriculum for Key Stage 2 and allow teachers to create their own questions and tests. 
The report will go into detail on the field of study, the methods of research and development and the implementation of the project with an evaluation of the results. Their will also be recommendations for repeating/future projects.
This field of study was chosen due to the increase of technology used in primary schools, yet they are used for entertainment and not utilized for the education of the students in the schools.



[bookmark: _GoBack]


1.	Introduction	4
2.	Research and Reviews of Literature	5
2.1.	Introduction	5
2.2.	Key Stage 2 and a Typical Learner	5
2.3.	Numeracy in Key Stage 2	7
2.4.	Teaching Methodologies	9
2.5.	Learning Styles	12
2.6.	Current tools used to teach numeracy in key stage 2	14
2.7.	Potential Technologies	17
2.8.	Conclusion	18
3.	Research & Development Methodologies	19
3.1.	Research Methodology	19
3.2.	Development Methodology	21
4.	Design & Implementation	23
4.1.	Requirements	23
4.2.	Decisions	24
4.3.	Processes	25
4.4.	Implementation	26
5.	Evaluation	35
6.	Conclusion and Recommendations	36
6.1.	Suggestions for further work	36
7.	Reflection	38
8.	References	39
9.	Bibliography	41


1. [bookmark: _Toc534616812][bookmark: _Toc8331374]Introduction
This investigation is about the tools that are used for teaching mathematics for key stage 2. This project aims to examine and understand tools currently available and their purpose for the design and development of a project to utilize technology available for key stage 2. This is due to primary education facilities acquiring electronic recourses for the purpose of entertainment or minor learning for key stage 2 pupils where there is the capability for greater adapt learning.
Through this research the understanding of the field should be gained and built upon to allow an educated examination of the question “how do you effectively teach mathematics to key stage 2 pupils”.  This understanding will be utilized for the development of a deliverable that will provide adapt learning to key stage 2 pupils though the unutilized technology.
To achieve these outcomes there will be several actions taken. A review of literature which will examine typical learners in key stage 2 as wells as their learning requirements; the review will also examine the methods of study and the learning styles; with the following of current and potential tools that do/attempt to utilize technology for learning and their effectiveness at teaching and how they compare to the current mandatory education system. . There will also be an examination into research and development methodologies.

This investigation will be split into several sections that format information and allow for structured reading. This report is split into nine chapters with this being the first; look to the previous page(s) for the contents page. Chapter two will provide a review and examination of literature. Chapter three will explain in detail the methods used for the research to allow the replication of the study in the aspects of research and development. Chapter four will be a vast chapter that will describe the deliverable; this section will explain the deliverable and the decisions made for its creation and how they contribute to its objectives. Chapter five will compare the deliverable against the original objectives of the report and will include an examination of possible changes for future repeats. Chapter six will finalize the formal written report sections with summarization of the entire project with possible further avenues for research. The report will continue with a chapter seven, as a form of self-recollection this chapter will look at the personal growth of the writer in self-recollection. Proceeding this self-recollection is chapter eight and nine which are for references and background reading.


2. [bookmark: _Toc534616813][bookmark: _Toc8331375]Research and Reviews of Literature
[bookmark: _Toc8331376]Introduction
This chapter will provide a review and examination of literature. The literature will be researched and reviewed to the development of knowledge in the field [13]; will start with examination of the targets from their current capabilities to their environment and preferences. An examination of tools will be required to understand what is available and how effective and accepted these are and potential future technologies. This will be performed though an examination of academic materials from previous investigations to government data gathering.

[bookmark: _Toc532911233][bookmark: _Toc8331377]Key Stage 2 and a Typical Learner
Key stages 2 learners for the United Kingdom are students within the ages 7-11 years of age; these students would be in their academic years 3-6 at the end of their primary education. United Kingdom contains several countries which have slight variation in their laws and legislation. Primary education ends at age 11 in England, Wales and Northern Ireland or 12 in Scotland; and there are also variations on ability assessments, in England and Northern Ireland are assessed at the end of Key Stage 1 and Key Stage 2; In Wales all learners in their final year of Foundation Phase and Key Stage 2 must be assessed through teacher assessments [14]. Government documentation provide details on the progress of learners; there are also distribution reports for the progress of both genders for their maths. Below is the distribution for progress for boys and girls by year in mathematics [1]. 
[image: ]
From this graph we can see how the average is around the 10% for no progress and ability regression for the academic years 4, 5 and 6; this shows that the current teaching does in fact provide enough education for the pupils to meet the required standard with a very low unsatisfactory region. This shows that the teaching provided is efficient; and that there is only minute differences between the genders. The graph shows high capabilities from primary educators and increased difficulties for secondary educators.
A typical learner progresses greatly during key stage 2 as the progress from simple understanding skills into academic learning at its most basic. Key stage 2 learners are recorded to progress greater during summer term and least during the autumn term. Below is the distribution of progress in maths of each term of each year [1].
[image: ]
Learning in Key Stage 2 is about introducing pupils to academic learning; this learning is important for their future learning and is not too complicated for their development level. A typical learner progresses steadily throughout Key Stage 2. Comparing the two graphs shows a rather large difference between the two this could be due to different pupils motivations for times; while not motivated for certain periods when they are they are learning what they are being taught.

There are minor concerns about the data presented in the two graphs and it has to do with the split between primary education and secondary education; while in the year report it shows that primary education has a high improvement rate; however in the terms primary is only slightly better that the improvement percentages for secondary education but this is exempting the spikes only present on the “Summer to Autumn” term on all three primary education years shown. This could be due to teaching styles at the time to help them return to regular education after their long break between education years however there is no information present about this spacing.
Fred M. Newmann, Gary G. Wehlage, and Susie D. Lamborn define “student engagement in academic work as the student's psychological investment in and effort directed toward learning” [15]; student motivation is defined by James P. Connel in two parts, ongoing engagement and reaction to challenge [16]. A common method for increasing engagement in key stage 2 pupils is the appliance of tests; proving a requirement for learning though a challenge with applying phantom punishment to those how to poor enticing high performance. 


[bookmark: _Toc532911234][bookmark: _Toc8331378]Numeracy in Key Stage 2 

The documentation from the Department of Education on “Mathematics programmes of study: key stages 1 and 2” provides requirements for the learning of students within key stage 2 for numeracy split per year and separating key stage 2 into lower and upper.

Learning desires for key stage 2 students are as followed [2]:
	Key
· Start Year 3
· Start Year 4 
· Start Year 5
· Start Year 6
	              Field


	· Number and place value
	Number

	· Addition and subtraction
	

	· Multiplication and division
	

	· Fractions
	

	· Decimals
	

	· Percentages
	

	· Ratio and Proportion
	

	· Algebra
	

	· Measurements
	

	· Properties of shapes
	Geometry

	· Position and direction
	

	· Statistics
	



Key Stage 2 starts with basics in most of the areas; they then advance and become more complex each year with slight edits and editions throughout the duration; in the final year algebra is added to the curriculum to encompass their learning during key stage 2. In total there are twelve main section headers which encapsulate the entirety of key stage 2 for the academic years of three to six. 
Each year builds on the last with a few additions across the years; this is present on the multiplication and counting which advances as shown:
· The year 3 desirable end goal is that pupils can multiple against 2, 3, 4, 5, 8, 10, 50, 100 and use numbers up to 1000. 
· The year 4 desirable end goal is that pupils can multiple against 6, 7, 9, 25, 1000 and us numbers in the thousands and count below zero.
· The year 5 desirable end goal is that pupils can use and compare numbers up to 1,000,000 and use negative numbers in equations.
· The year 6 desirable end goal is that pupils can use and compare numbers up to 10,000,000 and effectively use negative numbers and calculate across the zero axes.
These show a progressive increase in their desired capabilities for number and place value as it increases per year at a steady rate; for more detailed examination in the desired capabilities per year read the documentation from Open Government Licence reference number ID 2.


[bookmark: _Toc532911235][bookmark: _Toc8331379]Teaching Methodologies

Teaching methodologies have different connotations depending on the group/individual. For some it is the environment, for others it is the format; Northern Ireland Curriculum includes documentation on their Teaching Methods for Key Stage 1&2 which includes 62 different methods of teaching these are format methods.
An example of one of these methods are referred to as “Clustering”; this method uses the students’ skills with thinking, decision-making and working with others this method seems to have the students understand information and links using their own abilities and helping each other [3 Pg13]. Through examination of the document provided by Northern Ireland Curriculum there is emphasis on group work and problem solving, most have students discussing with each other and moving around.
Another set of methodologies are environmental methods; Eric Gill writes about teaching styles as teaching methods [4]. In this writing he provides 5 method labelled as such: Lecture, Coach, Activity, Group and Blended; within these the Coach aka the Demonstrator is provided the examples of mathematics, science and music. The coach style is stated to be a style for a teacher who provides visual aid and instruction to the work.
Teaching Environments
[bookmark: _Toc531686651]Facility Education
[image: http://s3-us-west-1.amazonaws.com/stanford.ucomm.newsms.media/wp-content/uploads/2016/04/07142708/15969-math_teaser.jpg]Learning in educational facilities is the most common method of numeracy learning; involving an educator/teacher providing information and support to learners/students within a facility on a schedule. 
Educational facilities try to provide the most effective learning environments for students, but the effectiveness differs depending on funding, students, teachers and several other factors on to the actual efficiency of the learning.
There are several literature pieces that discus facility education; some of these provide guidance. From the guidance the purpose of teachers become apparent; “It is necessary for the teacher to guide the child without letting pupils feel the teachers presence too much, so the teacher may always be ready to supply the desired help, but may never be the obstacle between the pupil and their experience” [17]. 
[bookmark: _Toc531686652]Strengths
Over the years the curriculum and styles have been developed to provide effective learning for the students; the students are provided with the information and context required for their numeracy learning. 
Key Stage 2 learning in Wales is provided in Primary Schools; the learning while such facilities is mainly visual and auditory with some of the learning in activities which provide kinaesthetic learning. These schools also provide learning in both an intrapersonal and interpersonal environment.
As there is an educator/teacher the learners/students can ask questions and ask for support which should be provided on request helping them understanding.
[bookmark: _Toc531686653]Weaknesses
While being the most well-rounded tool for teaching numeracy it is faulted by its own strength; certain learners while have issues with this learning and might fall behind; due to the pacing of learning the fall behind can cascade into decreased learning and misunderstanding of the subject.
While students should have support given when requested some will be timid or worried and will attempt to ignore the issue or not even notice their misunderstanding; in other instances, the teacher could reject or ignore question preventing any possibility of the problem being solved.
[bookmark: _Toc531686654]Self-learning Educational/Instructional Books
[image: https://i.ebayimg.com/images/g/lpwAAOSwxbJZgvlW/s-l640.jpg]Another tool that can be used to teach maths are educational or instructional books; Figure 2 on the right is an example of such; this book will contain most of the topics and learning required by a learner for Key Stage Two Maths. In many instances these books are used within education facilities; they use them as a template which is built upon and acts as background guide.
The books can be provided to learners allowing them to learn at their own pace and own time and allows them to easily go back and for between sections without restrictions.
[bookmark: _Toc531686655]Strengths
As stated previously the book allows the student to learn in their own time and pace. Using the shown book as an example if will contain all the required information for the year; the learner can check the book against their facility education to gain additional understanding or catch up after missing an instance or general falling behind.
[bookmark: _Toc531686656]Weaknesses
These books are however dated; as time progresses so does the curriculum and these books become outdated. There are also instances of the questions within the books becoming too simple or fact based and doesn’t push learning instead provides a tendency of accumulation of correct answers [18].
These books are also general; this is no consideration for the learning capabilities of the learner; the format could be trivial or problematic for the learner.

[bookmark: _Toc531686657]Tutoring / One-to-One Learning
[image: http://twittwootutoring.co.uk/wp-content/uploads/2015/07/one-to-one.jpg]For learners they could have one-to-one tutoring; this involves an educated person sitting with the learner. 
Tutoring allows learners to learn in a similar fashion to what they would get in an education facility. 
[bookmark: _Toc531686658]Strengths
Tutoring allows a learner to learn at a pace that suits them and have any questions answered as well as mistake corrected by the tutor who should be providing instructions and corrections to the learner. Tutoring helps by understanding the pupils own style and helps to increase motivation those with motivations while also allowing additional challenges to those who require; it allows the overcoming of individual obstacles [19].
[bookmark: _Toc531686659]Weaknesses
Tutoring however is not available to all and can be costly; it also requires a good quality tutor and the learner being willing to engage.


[bookmark: _Toc532911236][bookmark: _Toc8331380]Learning Styles
Different types of people learn at different efficiencies towards different styles of learning; there are three key learning styles which are: Visual, Auditory and Kinaesthetic; the Lancashire Grid for Learning provide information and understanding on these learning styles [5].
With learning styles people are not one or the other; they have efficiencies with each; in some cases people struggle to learn from some sources but are great at another; some are efficient with each learning style however.
Technology is normally able to use visuals, sounds and interactive elements to encompass the key learning styles; not normally for conventional educational purposes they are normally for information input/output. With learning technology they can be catered to focus on certain learning styles or even those who have sensory and/or physical defects. Missouri Assistive Technology [20] already develop technology for this and similar causes; they provide several tools for helping those with difficulties and also shortly discuss the use of a speech to text translation allowing a teachers words to be converted into words for the audio impaired to have a medium in which they can learn from without compromising changes to the teaching methods.
Visual and Auditory learning both focus on the perceived data while kinaesthetic learning involves perception and processing of information [21]. 
[bookmark: _Toc532911237]Visual Learning
Learning through a sense of sight. Visual learning is the most common main learning style (65% of people [5]). Imagery sticks with people very well they are able to relocate from imagery information and data. Visual learning can be from displays, body language, written information, diagrams and more.  
Diagrams and written information are extremely common in relation to learning. 
Within the literature about learning and teaching styles there is the statement that “Most people of college age and older are visual learners [21].

[bookmark: _Toc532911238]Auditory Learning
Learning through a sense of sound. Auditory learning is the second common main learning style (30% of people [5]). Sounds stick with people well and they can recall sounds and tones; learning through sounds is extremely common due to the speed of information transfer and how tones can change the context of the information however auditory has problems with miss-interpretations.
Lectures speech and audio books are the common auditory learning sources.

[bookmark: _Toc532911239]Kinaesthetic Learning
Learning through a sense of touch. Kinaesthetic learning is the third common main learning style (5% of people [5]). Touch is a unique sense and performs on a more personal level than the previously mentioned learning styles; due to the difficulty this learning style provides it is used the least which is a reason for the lack of people who learn most effetely with this style however there is also the factor that all written work can be classed as kinaesthetic learning. 
Participation activities and exploration are examples of kinaesthetic learning.

Although kinaesthetic learning is the least common it is the most used for the early years of growth; due to the development of sight, hearing and touch throughout growth kinaesthetic is a great for early learning as it develops at a greater rate early. 

[bookmark: _Toc532911240]Intrapersonal and Interpersonal
Another example of learning style is the style of environment; two of these are intrapersonal and interpersonal [5]. 
Intrapersonal is independent; a large amount of people prefer to learn on an independent level; these learners are regularly self-reflective, intrapersonal learning can be utilized through writings and lectures. This learning has is normally Visual and Auditory learning.
Interpersonal is group/co-operative; lots of people enjoy learning as part of a group/team; their good at building on other and organisation of information, interpersonal learning can be utilized though group projects and exercises. This learning has is normally Auditory and Kinaesthetic learning.



[bookmark: _Toc532911241][bookmark: _Toc8331381]Current tools used to teach numeracy in key stage 2

[bookmark: _Toc532911242][image: ]Assistant Application
 An example of this is “Photomath”; this application is designed to help users learn maths through scanning equations and then being able to view the process of solving the equation [6].
The technology that this operates off are smartphones; these devices are commonly held by a large population especially within the United Kingdom. Danielle Cohen [22] discusses how it has become common for young children to have smart phones but due to how easily they distract the pupils they are commonly banned and/or restricted; some schools have started to allow the devices on the premises however with rules preventing non-crucial usage of the device. 
[bookmark: _Toc532911243]Strengths
This application is quick and effective at solving maths equations and provides clear explanation of how this equation was solved; it provides the answer to their question and the skills required for it to solve it themselves later. With Photomath working on a smart phone it is easily portable and accessible quickly and can be acquired of an app store quickly as long of the smartphone has an internet connection.
[bookmark: _Toc532911244]Weaknesses
Although this is described as a learning application it is not used for its labelled purpose; due to the application quickly giving the answer with the common mentality of people they will take the answer and ignore the solution as they have their answer. The application allows learning but what it really does is circumvent learning solutions. For a school environment this brings issues of attention as smartphones are huge distractions which is why they are commonly banned/restricted on school grounds.


[bookmark: _Toc532911245][image: ]Learning Games
Another tools that can be used to learn maths are learning games like the ones available at mathgames.com [7]; these games incorporate maths in different ways to try and teach the users basic maths.
Mathgames.com is a website; can be accessed on most web able devices however is best suited for larger computing machines; desktops, laptops, notebooks, webbooks with a few others. 
[bookmark: _Toc532911246]Strengths
These games are much more appealing to youth to normal learning as they are form of entertainment as well as a learning application. Within education facilities there are commonly several devices available to access the sites that the pupils can/could use.
[bookmark: _Toc532911247]Weaknesses
The maths that is taught is normally basic and the learning can easily be missed due to the children just playing the games and not learning through the games. The games are to focused on being games, entertainment than they are educational; there are exceptions of this but with the option for more “fun” games it is common for the pupils to aim for entertainment not education.



[bookmark: _Toc532911248]Online Learning 
There are many online services/tools that can be used to teach/learn mathematics; a great example is WolframAlpha [8], which is a web application for learning in multiple areas one of which is mathematics. 
Using the example of Wolfram you are able to see how there is great variety in the fields and you can be provided step-by-step solutions for chosen fields and are provided questions for each part of the field to test your understanding and be provided the results afterwards. WolframAlpha is another website that can be accessed on an array of devices.
[image: ]

[image: ]

[bookmark: _Toc532911249]Strengths
Great variety in the fields and formatted so that you can see what you need to when you want to; great for trying to understand issue areas and test the abilities of the user. Can be easily provided to pupils as a learning tool which will either allow them to be informed of sections of interest or they can be allowed to explore and learn themselves allowing them to focus on their interests and/or places of difficulty.
[bookmark: _Toc532911250]Weaknesses
These web applications require the user having some idea of what they want to learn; their provided an array of options however they require to understand what they are looking for. The website is very text focused with it being small interactive sections and large quantities of text; this can be threatening to youths with its flat colours and text walls.


[bookmark: _Toc532911251][bookmark: _Toc8331382]Potential Technologies

A potential technology for the education of key stage 2 students in Mathematics can be the introduction of education software into educational facilities. This then can be split into multiple degrees with the ration of lecture provided learning and computer provided learning.
Through examination of educational facilities, you will notice the great variety in student outcomes depending on the students, the teachers, the resources and more; the focus is providing the skills and supporting their development throughout their education within the facility on mass. What they need to teach is dictated to the facility in the curriculum and this is then modified in each individual area for their own perception of the curriculum. If instead a full replacement is input, then this would standardize the learning more across the region.
The use of educational software has been reported in a publication on Developing Educational Software Components [9] to have multiple benefits and drawbacks.
They can help by:
· Allowing learners to control the pacing, complexity and direction of the learning.
· Providing a more active learning environment
· Helping with development of fundamental skills in children
· Being more friendly and encouraging learning and accepting shortcomings
They can however hider by:
· Not maintaining the attention of the user or focusing too much on the users’ attention that learning is less effective.
· Disengaging learners from their environment causing difficulties to those around them in certain scenarios
· Supporting/encouraging overuse of computer technology which might cause muscular-skeletal irregularities as well as visual impairments 

John M. Grohol, Psy.D an expert in mental health online had written a short paper titled “Why Reliance on Technology is a Bad Thing”; within this he discusses the impact on over reliance on technology [23]. Dr. John Grohol starts with discussing how great that technology is but quickly mentions how they fulfil short term goals and are not always the best solution. He then mentions how technology is not perfect; people are very commonly over reliying on technology, placing “all of the eggs into a computerized future”. And this is a key consideration; he discusses how with over reliance on technology important skills are shifted to technology which if are not able important skills are inaccessible; with education the teacher could be replaced with a computer system however if this system fails after an extended period of time how many will be able to facilitate the education; few will have the knowledge, fewer the training and even fewer with practical experience leaving intellectual growth stagnant. 



[bookmark: _Toc8331383]Conclusion
The learning that is currently provided is not poor; the documentation examined as research for Key Stage 2 learners shows this with how few people make no progress or went backwards in the progress of their mathematics capabilities. They documents also suggest how pupils show less progress in mathematics at the beginning of the academic year. 
The curriculum for Key Stage 2 is simple and can easily be written in full due to its small scope.
Within education facilities there is the requirement for mass teaching however more personal learning performs better with the social aspect helping with motivation and allows on hand solutions. Learning styles are important and provide emphasis and understanding on the concept of different learning capabilities; enabling a variety of senses can greatly increase the learning of the pupils as a whole. Visual learning was the most common type of learning style at 65% of people [5] however it was stated how this was more prominent as people had grown older [21] suggesting that auditory and kinaesthetic are higher percentages in youths than the average.
Examination of the tools brings in interesting conundrums; balancing education, entertainment and keeping the pupils earnest to their education.
The extreme side of the potential technologies section allows a reader to comprehend current practice with several different amounts of modern technologies from minor to full take over providing an idea of how this could function and the issues of technological reliance. 

From the literature review certain aspects have become apartment as crucial areas for development; the curriculum itself seems to provide the required amount of education and while not be changed much. The project will encompass all three core areas of learning, visual, auditory and kinaesthetic; and will also use marking systems and feedback to assist in user engagement. Another method for engagement is feedback on progress and capabilities; providing challenge with response and also information that their work will be showed to their teacher later as an incentive for a higher standard in work to increase the motivation to learn.




3. [bookmark: _Toc8331384]Research & Development Methodologies
For the creation of any project planning the research and the development prior will allow for greater understanding, quality and chance of success through discovery of problems and solutions before they are encountered in the natural development cycle.
[bookmark: _Toc8331385]Research Methodology
Research Methodology can be separated into sections with multiple options in each; below is a visualisation of this which is referred to as “The Research Onion”. The research onion is useful due to its ability to be adapted to suit a great array of research requirements with its ordering and options. The onion is split into five sections each following on a stage of research; this is shown in the image below.
[image: ]
	· Philosophy
· Positivism
· Phenomenology
· Approach
· Deductive
· Inductive
· Strategy
· Experiment
· Survey
· Case Study
· Action Research
	· Time Horizon
· Cross Sectional
· Longitudinal
· Data Collection Method
· Sampling
· Questionnaires
· Secondary data
· Observations
· Interviews



Philosophy
The phenomenology philosophy; this is more on the side of human behaviour and less on clean facts. Phenomenology focuses on meanings of actions rather than the measurements [10] and is stated being used for gaining understanding instead of facts [11]. Due to the amount of children that will be using the application it will be important to consider more human behaviour and actions than facts to allow better understanding on how the use will perceive the project.
Approach
With this philosophy you use the Inductive approach. The Inductive approach is aimed to build theory from the examination of data, finding patterns, generating tentative hypotheses and then a theory from this examination. This is the approach used for the project due to patterns and hypotheses of actions towards the project. 

Strategy
For the research strategy Action Research and document review. In a report on action research by Peter Reason and Hilary Bradbury they state how action research “Seeks to bring together action and reflection, theory and practice” [12]. Action research is accepted as a method to test hypotheses in a real-world environment [24].
	
Time Horizon
Time Horizon is Cross Section; this is due to the limitations in time for the project; there is not enough time for effective Longitudinal research however Cross Section will meet the needs of the research provide as an effective time horizon.
Data Collection Method
For the Data Collection Method it will be mainly Secondary data due to the area of research and the difficult and problems with collecting primary data in this field. While this might be a disadvantage due to the inability to collect specific data and easily collect desirable information there is however a large array of information available provided by the government, education facilities and researchers available. 
There will also be observation and examination of similar products and how they achieve their goals and where issues are in there method, subjects of examination will be learning applications from academic to entertainment and examination of Key Stage 2 maths tests. 
The goal of the data collection is to understand what is used to teach key stage 2 and how effective they are as well as how they are perceived by the age group; the information might become limited due to difficulty of collecting data within the area of children.
Evaluation Criteria
The testing for the project will be done in stages and finalized with repeated use and user testing. Though multiple runs and using diagnostics the projects abilities and limitations should become widely apparent. 
[bookmark: _Toc8331386]Development Methodology
For the development there are three main considerations that would be practical for this project; these are, Feature Driven, Extreme Programming and Time boxing. These three methodologies provide a framework for the development of the project however each has positives and negatives that make them better or worse dependant on the project.
The chosen method for development methodology for the project is time boxing; the reason for this is that Time Boxing separates the work into sections which then follow their own development cycle before being merged at the end; this will work for the project by separating the larger areas making them more manageable and easier to understand. The disadvantages of this is that the separation could cause the system to not work together properly; this can cause errors and redundant code as the sections conflict in functions and purposes. This will be mitigated/reduced through careful planning of the sections, each section will work around a table within the database and will use function segments to allow for separation and path changes to allow for quick mutations and allow for the code to be moved and changed to meet the requirements of different sections. Time boxing also uses set time parameters for each section of the work to help maintain the focus in the correct direction for each path and have each section done in a set time period; while this is advantages when work is not completed within the timeframe there are sever knock on effects. These effects will be reduced for the project due to a high tolerance being used for the sections allowing for work to take slightly longer than expected and not cause knock on effects.
After examination and testing of potential development tools and structures the chosen development application was Microsoft Visual Studio. Through the use of Studio the project will be done with through C# programming and a SQL Server Database will be used for data storage. C# will allow for the required functionality of the project and will allow for a great amount of assistance due to the quantity of users and documentation online solving C# problems and providing example code.
The database will be created within Microsoft SQL Server Management Studio 17; this server management tool allow the creation and maintenance of SQL databases and function with over Microsoft applications while also having an array of support online for development and maintenance assistance. SQL was chosen over other database formats due to its formatted structure and its use of query language that allow for simple to vast queries which are easy to understand and to create.
The project will be developed on a Laptop; the project will not require any extreme hardware for its development and a laptop will allow the transportation of the project files to allow development in a myriad of locations. On this device Microsoft Visual Studio and Microsoft SQL Server Management Studio 17 is installed and modified to work together for the creation of the project. While these tools will be used for development Microsoft Word will be used for documentation and yEd will be used to assist in debugging with these software and hardware items the project will be created.





4. [bookmark: _Toc534616814][bookmark: _Toc8331387]Design & Implementation
It was explained prior that time boxing was the chosen development methodology for the project; time boxing is about the allocation of time to tasks providing a required amount of time for each bit and maintaining the project effectively over a duration of time.
[bookmark: _Toc8331388]Requirements
For the project the requirements are the processes that will allow the project to be referred to as functional. The requirements are that each section works for the intended user and that it will be to the requirements of tablet devices without exceeding the time frame set for the project.
· Users can log in
· Teachers
· Can create tests
· Can create questions
· Can create users
· Students
· Can answer tests 
· Created details are saved into database
· Created details can be edited
· Project will meet the size restrictions of tablets
· Project will be developed within the time frame
[image: ]
[bookmark: _Toc8331389]Decisions
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During the initial design stages it had become apparent that the chosen method for creating and saving tests with questions was not efficient or effective due to tests and questions requiring to be separate entities.

	[image: ]

	[image: ]
	The re-design separated the questions and the tests apart and as well as added a question section to the scope.



Another decisions was the time planning of the software development stage; the duration limit was 20 days from 20/02/19 to 19/03/19; the software was divided into four sections.
	Section
	Description
	Duration
	Start Date
	Deadline

	User Manage
	Creating the user view, add, edit and other functions
	9 days
	20/02/2019
	01/03/2019

	Test Manage
	Creating the test view, add, edit and other functions
	4 days
	01/03/2019
	05/03/2019

	Question Manage
	Creating the question view, add, edit and other functions
	4 days
	05/03/2019
	09/03/2019

	Test Answering
	Creating the student functions with the test answering and viewing with question functions
	9 days
	09/03/2019
	18/03/2019


[bookmark: _Toc8331390]Processes
Code Structure
Code is not pre-set with the names of variables and statements they are named at the author’s discretion; this is beneficial and dangerous as it allows the naming to be relative and useful but also allows naming to be cryptic to others. The project trues to use meaningful naming conventions and well understood naming practices.
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This use of naming allows for external authors to understand variables and entities with little to no time limitation due to the meaningful nature of said names.
The use of comments within the code assist in the structure of the code as separating important and complex functions and also explain sections in more plain English or mention what should be occurring in the section. The project used another method for separation which was the use of diagnostics, through C# diagnostics the Debug command was available allowing for internal titling of sections which would also show the occurrence of the sections during running through the output section of Visual Studio.
	The code structure is heavily affected by the visual placement of the code; using blank lines and indentation provide a lot of information about the code visually without the requirement to read the code itself; a standard for most programmes however not a requirement however by using formatting the code becomes more understandable.
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[bookmark: _Toc8331391]Implementation
For the implementation of the project it was divided into five parts; the framework of the project which is the navigation and the log in of the project. The next four parts are the sections of the project: User Manage, Test Manage, Question Manage and Test Answering.
Database
Database was hosted and created using Microsoft SQL Server Management Studio.
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The databases where used by the project through a SQL connection and using SQL statements.
[image: ]
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Section 1 – User Manage
[image: ]
This is one of three main teacher sections which are all very similar; it uses code segments that the referenced in sections and have the project itself trigger multiple code segments dependant on defined parameters.
User manage allows the viewing, adding and editing of the user data. Loaded data is the dbUser.
The code was split into an array of variables and multiple code segments; since the segments where separate from the form items the segments could be copied and placed on over sections and work with minor editing.
	[image: ]
	[image: ]







[image: ]
Results view to allow the teachers to see the results of students for the tests. Uses the dbUsers, dbTests and the dbResults.

Section 2 – Test Manage
[image: ]
Test manage allows the viewing, adding and editing of the test data. Loaded data is the dbTests. It contains the link to the question form and will send the loaded test ID to the question form. 
Section 3 – Question Manage
[image: ]
Question manage allows the viewing, adding and editing of the question data. Loaded data is the dbTests and the Question ID received from the test form.
	An important section for all of the forms inputting data into the database was the “DatabaseCheck” segment which would run through the database and record the amount of records, it would then add a single value to the result and populate the ID field in the add sections with the next available ID.
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Section 4 – Test Answering
[image: ]
Test answering allows student to answer the tests. Loaded data is the dbTests, dbQuestions and dbUsers and saves data into the dbResults.
	This form has one core button which then checks to see if the user has finished the test; if they have will run the “TestFinished” segment however if they are not finished it will run “CheckResults” and continue the test.
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	During the development of this page their where issues with the data being taken from the database, after a long duration of time it was discovered to be the fact that the field was 12 characters, this was solved by using variable holding the correct sized fields instead of the data itself.


Error Fixing 
	During the development their where issues with the pathing for code segments; it had become clustered and difficult to understand and see; though the use of yEd and the debug was able to map out the pathing and notice what was causing what issues. The first stage was getting the functions and mapping out how they worked and labelling where the desired result had come out and where no desired results had come out shown by the “Failed” and “Worker” boxes. 
The testing went through multiple stages; after manually placing in the values and checking the results the issues had become clearer.
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	There was a section within the populate form that checked the answers however this was after the main query which caused the next question to load; the caused the provided answer to be checked against the answer to the next question.
The solution was the moving of the checking process into a check results section that was moved prior to the main query and ends with activating the main query.
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The most useful tool when coding is debugging; this was achieved using diagnostics and debug to print values and text into the output to later examine and check with what would be expected and locate incorrect pathing or data.
[image: ]
Each important value is printed, this is taken from the final project and though examination there are no errors or issues with the functioning of the form; this is for a student answering a test and shows the loading of each question record and the checking of answers. 
Testing
	Unit Testing
	Testing of individual pieces of the code; this was done throughout through the use of diagnostics and selected data. Performing actions and checking the results with what should be produced.

	System Testing
	System testing was done at the end with several tests attempting to perform functions and then checking if they had occurred properly and if they had effected the database correctly. This testing was critical as it brought several issues of the project discovered.

	Usability Testing
	Testing to see if forms worked as required and attempting to cause errors though incorrect use of buttons and functions; the testing showed that the interface was developed correctly and functioned.

	Acceptance Testing
	This was done through the use of a third part tester; they were provided goals which they performed under observation; afterwards there was no cause of concern and they seemed to understand how to use the project. 
Testing with the target age group was unavailable.



	Task
	Could you?
	Difficulty of Process

	Log-In
	Yes
	No difficulty, just typed in the details provided.
Was fine on the second time doing it for student.

	Create User
	Yes
	No difficulty, filled in the fields and clicked the button and it worked.

	Create Test
	Yes
	Same as above.

	Create Questions
	Yes
	Same as above.

	Edit User
	Yes
	No difficulty, changed the details I wanted to and clicked the button and it worked.

	Edit Test
	Yes
	Same as above.

	Edit Question
	Yes
	Same as above.

	Check student results
	Yes
	No difficulty, picked from the two drop downs and hit the button; worked without issue.

	Answer Test
	Yes
	No difficulty, easy questions and easy to use.

	Check own results
	Yes
	No difficulty, same as the checking student result but didn’t have the ability to change the student how was myself.

	Additional Notes
	Found it odd checking the drop down list after editing to see if it happened.




5. [bookmark: _Toc534616815][bookmark: _Toc8331392]Evaluation
The original aims & objectives:
· Have it be available for the unutilized software devices
· Provide a learning application that covers the Mathematic curriculum for Key Stage 2
· Allow teachers to create their own questions and tests
Have it be available for the unutilized software devices was not fully achieved; while the project is developed in a size and format that would allow it to function on the unutilized software devices, the tablet. The issue was how there was not a way to test due to the lack of the device requirement so this aim was not achieved. 
Provide a learning application that covers the Mathematic curriculum for Key Stage 2 was achieved through the existence of the tests and questions being able to display text and also provide questions for the pupils.
Allow teachers to create their own questions and tests which was competed; the project encompasses the full requirement of this aim.
While research showed the simplistic nature of key stage 2 creating an application that accommodates a variety of question types was proving to be much more time consuming than expecting with it requiring the modification of forms to almost become completely different forms however is possible as assumed. The project went similar to how it was assumed to go at the beginning however was not expecting the size that the project would become with the amount of code segments that would be looped to for the functional requirements of the form.
Changes if repeated development
During the development a large amount of learning was done to better understand C# and coding practices to improve on the project and increase efficiency; during this the term back-end first design later had come up several times; if the project was repeated creating most of the code prior to the creation of the front end would be attempted. This would help focus more on the functionality of the project and less with making the functions work with what had been designed prior.


6. [bookmark: _Toc534616816][bookmark: _Toc8331393]Conclusion and Recommendations
This conclusion will overview each section of the report and examine how the learning or choices where useful and how they effected the project. The literature review provided a great amount of information that provided the framework for the design and development of the project. The curriculum was a necessary learning experience and the research into teaching methodologies and styles provided the information needed to understand how teaching normally occurs.
Examination of current systems like the project was an interesting examination of possible avenues to take the project and what populates the market. It game ideas on what the strong points and weak points where for the type of application and what should be avoided in the project. These ideas where then expanded in a theoretic idea on the implementation of digital teaching over physical teachers; this brought on the idea of uniqueness of tests and the constant changes in the curriculum and how digital tools would require updating.
The research and development methodologies section was used to examine the options for the project; this was decisive in the path that the project took as it set up the processes for the research and the development.
The project was developed over a long duration of time; the written development covered key areas and end results of the development and states on several occasions the use of debug in the project. The project was in a different method than how the creator normally develops and there was a large quantity of trial and error that utilized the debug.
The testing was done throughout and was one of the most important part of the final stages of development, while done throughout it was in the final testing stage where some critical unnoticed errors where noticed that where incorrect values being saved into the database; one was a simple change on the edit question however the other was the incorrect reading of questions answered in the student testing section which was easily solved by adding the check code into the end section.
As an examination of the entire project and the report it has an accumulated in a well-developed project that has been carefully planned from the beginning and has a large amount of support for the actions and choices made during the writing and development of the project.
[bookmark: _Toc8331394]Suggestions for further work
In all the project was developed well and completed to a standard that can be classified as functional; with additional time more features could be input and more future proofing could be developed. Here are some possibilities for further work:
· With animation skills animate the learning aids to be effective at helping the children with motivation and provide encouragement.
· More tests types could be added to the project to allow for move varied questions like fill in the blanks, link the boxes and label the shapes formats for the questions saved under different question types.
· Create classrooms which would link teachers and students internally helping limit the test list for the students. Create individual question recording to record every response given by the students to get a better idea of their capabilities instead of just an end result for the test.
· Add audio to the project to add auditory learning.



7. [bookmark: _Toc534616817][bookmark: _Toc8331395]Reflection
The project was a major part of my life as a C# programming problem, this is something that I as an individual would like to do in the future; it was due to this that I tried to complete this using my own abilities and solutions to see my own capabilities and limitations. While developing was able to discuss with a professional how he does C# programming and the experience game me a new light on the subject and I used that to clean up my project. C# and SQL work together very well and with a properly developed database are extremely simple to make. Looking at what I had done and what was discussed the idea of back end first and front-end afterword made me realise how much of my code was designed to work with what I had designed and not about making my design work with the written code. Also, when talking with the professional I had discovered that their was a simple piece of code that would have helped in the speed and efficiency of the project, the “using” block.
At the start I attempted to use code segments to hold the function code instead of the buttons and it proved to be greatly effective and efficient and even allowed for the butter coping and pasting of the code for different forms; this will defiantly be something that will be done in all of my future coding.
Early on in development I noticed an issue with my original designs; it was the Big Data module of the course that provided emphasis on database design and efficiency, this redesign created a much more efficient project and made a large convoluted solution into two simple ones. An examination of how this occurred happened showed that it was again the incorrect staging of development, the forms should work with the database not the database working with the forms.
The main learnings of the project are that more time should be in the database and code design and the form design should be more prototyping and drafting instead of full design of the forms limiting the database and code for the project.
In the end I think I am going to continue the development of the project; it functions as required yet the code is written well enough the editing and adding to the project should be possible. I plan to add in what was written in the “Suggestions for further work” section.
Reflecting back on it all I am pleased with my writing and development of the project; it was a great learning experience and provided the opportunity to try out new more professional formats to development.
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//create global variables
string IDAquire = "FAULT"
String IDTestAquire = "FAULT";
string QuestionTypeAquire = "FAULT"
string QuestionAquire = "FAULT";
string AnswerAquire = "FAULT";
String QuestionQty = "FAULT"

1100 not forget the spacing, question type is always 12 characters
String QuestionPassive
String QuestionActive
string CurrentQuestionType

//Record Reader Control
int RecordRead = 1;

//Misc and additional function variables
Boolean BoTestFinished = false;

int CurrentloadedTest
int CurrentUser = 0;
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//Reset
cbChoosenTestList. Items.Clear();

//Create Database Connection Line
SqlConnection conn = new SqlConnection("Serve

try
{

//1dentifie QL Query
string queryString = "SELECT TestNamE FROM dbTests";

//Run Query and store result
SqlCommand command = new SqlCommand(queryString, conn);

conn.Open();
SqlDataReader reader = command.ExecuteReader();

//Populate Fields
while (reader.Read())

{
cbChoosenTestList. Ttems . Add(reader["TestName™] .Tostring());

1
catch (Exception ex)
{
| Console.WriteLine("Exception cavght.”, ex);
1
//Finalize with connection close
finally
{

conn.Close();

\\SOLEXPRESS ; Database=Learntlaths; Trusted_Connection=True:
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namespace Projecticarniaths
public partial class Lec_Usercreation : Form

public Lec_Umercrestion()]
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private void DatabaseCheck()
{

Debug.Write("DatabaseCheck’

//Create Database Connection Line
SqlConnection conn = new SqlConnection("Server

\\SOLEXPRESS ; Database=Learntlaths; Trusted_Connection=True:

//Manage while and data to save
CurrentRead = ©;

//1dentifie QL Query
string queryString = "SELECT * FROM dbQuestions”;

//Run Query and store result
SqlCommand command = new SqlCommand(queryString, conn);

conn.Open();
SqlDataReader reader = command.ExecuteReader();

//Populate Fields
while (reader.Read())

1/TF error occures
catch (Exception ex)

{

Console.uriteLine("Exception caught.

1

//Finalize with connection close
finally
{

conn.Close();

int NextAvalibleID = CurrentRead;
NextAvalibleID++;
xtIDA.Text = Convert.ToString(NextAvalibleID);
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private void btnContinue Click(object sender, EventArgs e)
{

Debug.Write(" Continue Click ");
BContinue = true;

Tnt32 QuestionQtyInt = Convert.ToInt32(QuestionQty);

if (RecordRead > QuestionQtyInt)
{

| Debug.Write("OCCURANCE_FINISHED");

Debug.Write(RecordRead:

Debug.Write(QuestionQty);
| TestFinished();

3 else {

L //Mainquery();
| CheckResult();
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