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The following report will include a breakdown on the agile methodology and how user stories, CRC cards and a wire frame diagram are used within the methodology. These will all be applied to the developed text-based game connect four that has been made. Following this is a software testing section showing the contrast between white and black box testing with further information on testable code. Finally, there will be a definition and advantages of version control with a discussion of a provided statement.
 
[bookmark: _Toc61621536]2. The Agile Methodology
[bookmark: _Toc61621537]2.1 What is Agile?
When completing projects, the agile methodology is a way to manage the project. Agile allows a software development team to work more efficiently when completing the development of an extensive complex system [1]. When using this methodology, the requirements and solutions evolve through the collaborative efforts from the development groups and consumers or users. Agile breaks the project down into smaller, more manageable chunks [2]; these chunks are called iterations. Once an iteration is complete, the developer produces something of value, which is then used to gain feedback from a consumer or user.

[bookmark: _Toc61621538]2.1.1 The Four Values of Agile
The manifesto for agile software development states there is four core values. These values are: 
· Individuals and interactions over processes and tools [3].
· Working software over comprehensive documentation [3].
· Customer collaboration over contract negotiation [3].
· Responding to change over following a plan [3].

The first agile value ensures that people are valued over the processes and tools, as they are the most crucial part of development. If it is the other way, where processes and tools drive the production, then the adoption to change will be harder for the team. Therefore, it is less likely to meet customer needs [4]. The second agile value guarantees that the long delays caused by documentation of the product, now do not affect the timescale. Agile does not take away the use and need for documentation. It streamlines the process by giving the developer only what is needed, such as user stories. The value of working code is higher than the value of documentation [4].
Before agile, the customer would sign a contract that detailed the final product. The third value of agile removed this as it would cause problems like a contract of the final product provided and what the agreement said [5]. There is a collaboration between the customer and the project manager throughout the development to ensure the product meets the customer needs. The final value allows the development team to pivot and change direction if needed. Using a dynamic roadmap will enable the agile team to keep up when it changes month to month or quarter to quarter [5]. This shows how unpredictable the team are projecting the project could be. The short iteration allows for this, helping the team change the process to suit them.

[bookmark: _Toc61621539]2.1.2 The Twelve Principles of Agile
As seen in Appendix 1 – The 12 Principles of Agile [6], Agile can be broken down into twelve principles that when used, it ensures the goal of agile at its fullest potential. 
The first principle is important as it keeps the customer satisfied with what is being produced. This is especially evident when producing software as a service as within these markets, it is easy for the customer to switch to a new product [7]. 
The second principle allows for easy changing and adaption to customer needs. To achieve this, there needs to be a constant addition of change requirements whenever they arise [7].
The eighths principle ensures that all the team have a good work and life balance as this will allow for a high morale indefinitely. As when the workers have high morale, it leads to high-quality output.
The twelfth and final principle improves the processes and methodologies to allow for even more efficient working and agile development. As time goes on, all the teams will be encouraged to do this as it will give them continuous progress [7].

[bookmark: _Toc61621540]2.1.3 How Agile Works
The agile software development cycle can consist of what works best for the specific team using it. This will be a short cycle and can be called iterations or sprint, and these sprints consist of planning, execution, review and repeat. To kick it all off the sprints will have an initial meeting, giving an overview of the project, a backlog, the team members, outline features to work on and getting all the team on the same page.
User stories will define the backlog as these will be the features that are looking to be implemented. It is essential to plan how long the user storied will take as agile uses relative estimation [2]. 

[bookmark: _Toc61621541]2.2 Strengths
The agile development process has many advantages. The first one is after every sprint, there are new features as new elements measure agiles progress. Therefore, as the sprints are short, the customers often have new features, keeping them satisfied [1]. Another advantage is the importance of communication and collaboration, as this gives agile the ability to adapt to any business size [4]. If a customer provides feedback, these can be facilitated for in the late stages of development, giving them a quick turnaround [1].  

[bookmark: _Toc61621542]2.3 Weaknesses
A weakness of agile can be the customer's interaction. As the whole process relies on the customer giving the project manager the requirements, it can affect the development process if the customer is unclear. As the customer could state a feature incorrectly and put the development off track [8]. Also, another weakness is time-consuming or the wasting of resources. This is the case as the requirements can be changed rapidly; therefore, the newest feature that is being developed could be scraped or not used as the feature set can change.

[bookmark: _Toc61621543]3. Wire Frame Diagram
[bookmark: _Toc61621544]3.1 Collaborative Software Design
There are many ways to design computer software user interfaces. But as teams grow more significant, there is a need for collaboration when designing to allow more input from different departments and skillsets. These departments can offer additional suggestions to the user interface as developers will have functionality points to be implemented.   
Some project management methods are strictly sequenced, not allowing different departments to work together. In contrast, the agile development process has the designers, developers and business people all working together simultaneously [9]. 

[bookmark: _Toc61621545]3.2 What is Wire Frame
A wireframe is a step in the user interface design process that allows for a hierarchy of design, making it easier to propose how the user will process the data [10]. It determines the component layout allowing the user interface to meet the user's needs [11]. The wireframes can be created fast and refined with minimal effort due to their simplicity. The use of wireframes helps the programmers, and the designers collaboratively communicate the software structure, as one of the most import aspects of software design is a decent clean structure [12].

[bookmark: _Toc61621546]3.3 Evaluate Wire Frame Created
As seen in Appendix 2 - Wire Frame Diagram, the design produced provides the users with an easy-to-use application keeping it intuitive and straightforward. Throughout the web application, the text is consistently bold, and it will all differ in colour, keeping the user engaged and therefore, they will use the web application for longer. When further developed will uses two bright primary colours as duotone improves readability, but more importantly, it translates well to mobile screens [9]. 

[bookmark: _Toc61621547]4. User Story Map
[bookmark: _Toc61621548]4.1 What is a User Story
A user story describes what a type of users will want to accomplish on the website when using it [2]. The user stories need to be formatted in a curtain way as shown below.
As a [User Type] I want to [Task To Accomplish] so that I can [Purpose].
The user type is the role the of the user that wants to performed action, then the task is the action that will be performed in, or by the system. Finally, the purpose is the value of the process to the user or business [13].
The user stories aim to bridge the gap between the developer and customer to communicate easier. As they are written in a formatted way, they provide a common language between the teams. The User stories need to be short to keep them concise and accurate, so they aren’t too vague. This therefore will inform the developer and give them a better understanding of the requirements [14].
User stories work well in the agile framework as they can consist be used for sprints giving the project a better indication of timings, as each user story can have its own timescale. During the sprints the developers can choose user stories to implement [15].

[bookmark: _Toc61621549]4.2 User Story Map Breakdown
A user story map consists of three sections, the user flow, the user tasks and user stores. The user stories are explained above and are the bottom level of the map. 
The user flow is the top level of the map, these make up the movement that is forecasted that the user will take through the system. Then these can be broken down into the user tasks. The tasks are what the user undertakes when preforming the flow or activity in the user flow. Finally, after this the maps last section is the user stories. These are a more detailed analysis of the user task as explained above. Within the list of user stories the higher a story is in the list, the higher the necessity of the user story is.

[bookmark: _Toc61621550]4.3 User Stories Produced
As seen in the Appendix 3 – User Story Map, there is the provided user stories and map produced for the project of Connect Four Web Application. The user map covers every aspect that a connect four application needs. This is the case as there are different game mode and different features offered in each game.
The overall user story map proved the users with an intuitive way through the application as the features are put in an order that are expected. An example of this is the second and third user story show below as Figure 1 – User Story Section 1.
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This section of the user story map shows the initial stages of the application. It is straight forward for the user and is beneficial to the game. As when the user enters the username that will be used throughout the session, the rules are shown. They will therefore learn the workings of the game and be informed on what to select in the oncoming menu.
Another beneficial section of the user story map is the section below, Figure 2 – User Story Map Section 2. This shows three user tasks and six user stories. The main user stories in this section that are beneficial are the four under the ‘Choose Game Type’ task. These offer the four different game options to play, therefore widening the range of the game, giving it more depth.
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Below shows Figure 3 – User Story Map Section 3. This section is the main portion of the user story map, has the most details and include the most beneficial features to the web application. As seen the first user story allows the user to drop a counter to the preferred column, this is needed as it is a key feature to playing the game. The next user stories both add rules to the game that allow a user to capture another user. The capture scenarios can also be seen in the Appendix 2 – Wire Frame Diagram, showing the wireframe illustrate the user stories fully. Another very important user story is the story that clears the grid for when there is a draw. This adds the feature to the game to allow users to play again if they draw. Finally, the last two user stories illustrate the username functionality of the system. As usernames are given when the user is prompted to create one at the beginning of the application, they are unique. But once that use end their session the username is then made available for any other user to acquire. Therefore, giving the benefit of a quick and seamless used of the application, with no clunky login system.
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[bookmark: _Toc61621552]5.1 CRC Card Approach
CRC cards prove the developer with a collection of the classes needed to implement the system. The cards have three main pieces of information on them, the class name, responsibilities and collaborators. The responsibility section states the things that the specific class does. Then the collaborators are what the class needs to interact with to be able to complete is task, that is normally another class [16]. CRC cards are mainly used for object orientated programming as each diagram will represent the object. The classes can be then given out to different developers to complete and as they state what needs to be done on the card there is no worry of the developers writing the same methods [17].

[bookmark: _Toc61621553]5.2 CRC Cards Produced 
As seen in Appendix 3 – CRC Cards there are the cards that are produced to be able fully develop and implement the game connect four.  The first card ‘PlayerInfo’ provides enough detail in the responsibility section to be able to fully complete the username entry and validation. It covers the user stories that were made regarding the username. 
The main CRC card is the ‘PlayConnect’ class as it covers all the main game functions. The class cover details that will inform the developer enough to fully implement that section of the game. Also, it satisfies the user as all the user stories are checked that this class would be linked too, ensuring it is at enough details. This class collaborators with the ‘Check’ class as after the user makes a move the grid needs to be checked to see if there is a capture or winner. This CRC card could have some more information in the reasonability’s section as it is doing quite a lot regard the checking of the grid, but there are enough details to get the basic checks working.
Overall, the cards provide enough data to get a simple version of the game running, with the correct classes. Also, all the user stories provided are met by the CRC cards therefore accepting the criteria.

[bookmark: _Toc61621554]6. Software Testing
[bookmark: _Toc61621555]6.1 Importance of Software Testing
Software testing is a very important part of software development. When software testers regularly test the system or new features, the number of bugs in the system falls. There are many advantages to regularly testing as it will lead to a higher quality system and a reliable system [18]. Also, it gives advantages to the business that provided the software as it provides optimization and higher user satisfaction.
The continuous verification of a high-quality system is enabled as each phase of the test will determine the performance, efficiently and is there are any bugs [19]. These sections can then be reported on and if one is found to have failed, it can be improved within the business before the release is issued. These problems could be small and only effect the system with minor effect, or have major effect rendering the system as unusable [19]. 
The importance of software testing is reflected in the release of the product. When the system or application is thoroughly tested in the company before releasing it can over preform for the user giving them more of a reason to carry on using the system. Also, when the bugs are found and fixed, they will improve the currently system but can save future features from failing, therefore reducing company resources spent on the development [19].

[bookmark: _Toc61621556]6.2 Black Box Testing 
Black box testing is the process of testing using data input. The aim of this testing method is to find inputs that cause the system to behave differently than expected or stated in the specification [20]. 
Black box testing can be split in too two different types of testing functional and non-functional [21]. The functional testing consists of feature testing or testing that the system or application behaves in a certain way [22]. An example scenario of behavioural functional black box testing is, when using a web application testing if the home page button displays the home page. To pass the desired home page would have to be shown, but to fail a different page or error would show. 
An example of feature black box testing would be entering inputs into an exam result application of a test that’s out of one hundred. If the user enters numbers outside the available points, like a negative number or one over one hundred then the system should recognise the entry as an incorrect score and therefore alerting a renter. This type of test would be called a test to fail. There are also tests to pass, these test scenarios ensure that the correct entry can be made. So, an example of using the same scenario would be entering fifty to ensure the system passes.
A non-functional test aims to gather if the operations through a system act as is expected. An example of non-functional testing the system as close to the production version of the system. This would mean testing a search feature of an application to ensure than the results that relate to the search are shown.
Another feature when completing black box testing is equivalence partitioning. This is a technique used for testing when inputting data. The aim is to reduce the amount of test cases and still cover the maximum requirements [23]. 

[bookmark: _Toc61621557]6.3 White Box Testing
White box testing is code-based testing. This type of testing is derived from the source code in the way the internal working is developed. It is very effective at finding errors or bugs in the software and also validating the design [24]. As the tests focus on the internal functions wuther in the software the developers design them with their perspective in mind, but the developer must also have a full knowledge of the program structure [25]. This point is important as the developer will be able to test all the branches of the software than link together or that rely on each other, as the tests are only precise if the tester knows how the system works and should react [26].
An example of static white box testing is code walkthrough. This will include a technical team reading through and stepping over the code. These programmers will have lots of experience in the field. They will be able to spot any defects in the code or if there is a database link incorrectly defined. This will also ensure that the code follows the company’s development standards [25]. An example scenario of this is in a web application with a node.js backend, the experienced developers will walk through the code the ensure all the routes from the frontend to the server or correctly formatted and will work as expected. They will also see how the code is written making sire it is too company standard.

[bookmark: _Toc61621558]6.4 Testable Code
It is known that many developers don’t like testing the code they write. So, to make it easier for them to test their code, there are some principles that can be abided by to help write testable code that is easier to maintain [27]. The main way to ensure this is by using the SOLID guidelines, it allows code to be more modular and increase the testability.
Firstly, a single responsibility principle ensures that the methods are minimal and only include one thing and only have one reason to change. Secondly there is the open closed principle. This makes sure that the code being written allows for additional features and sections to the system. This is important as it ensures that the development won’t become obsolete or need to be rewritten once the code is created [28]. The third principle of SOLID is liskov substation principle. This principle makes sure that the classes that are being written allow for different uses, as they won’t assume the preconditions or the postconditions. This Is important as it will allow the class to be reused and work with a number of variants [27].
Another principle of SOLID to ensure the code is testable is interface segregation principle. This process gets the larger interfaces to be spilt down to interfaces with less in them. The final SOLID principle is dependency inversion principle. This allows for testing of doubles meaning different versions of the same interfaces [27]. This is important as the developer can mock an API return by creating a fake json file and returning that data.

[bookmark: _Toc61621559]7. Version Control
[bookmark: _Toc61621560]7.1 What is Version Control
A version control system (VSC) saves a complete snapshot of the project at any time [29] and holds it as a repository. It tracks and manages changes to the code, giving developers the ability to turn back and compare earlier versions of the files, causing less disruption and improving the software development process [30]. Version control has many advantages to software developers, as it allows for collaboration, storing versions, restoring previous versions and backups. 

[bookmark: _Toc61621561]7.2 Advantages of Version Control
Firstly, collaboration allows for different developers to work freely on any file. Once the changes are completed, they can then be merged into a central version [31]. Therefore, the version control system always holds the latest version of the project. Developers could also keep a fully independent codebase locally if preferred and easily keep track of the version. Maintenance their development effort separately, and when ready, they can merge the files to the final version [32].
Another advantage of using a VCS is storing versions of a current project. The VCS recognises there is one project but keeps all past versions. The software development process is improved as the developer can request an older version and view a complete snapshot of the project [31]. When troubleshooting an issue in the code, it is easy to compare the different versions of the files and seeing the newly merged changes. Therefore, decreases time spent identifying the issues [33].
A VCS allows for restoring of previous versions effortlessly [31]. When merging new changes to a project and it creates issues, it is easy to restore to the older version in a few clicks. This gives developers a more relaxed way when coding critical parts of a project, as it is simple to undo changes, reducing the software development time of a project.
Using version control improves the software development process as a feature called branching can be used. Branching is the process of creating different streams to ensure there are no merging conflicts [32]. Developers can use branching for new features or release versions to keep new development separate from the main source code.

[bookmark: _Toc61621562]7.3 Discussion of Statement
The following statement is agreed upon by the author for many reasons.
"Version control software is a key tool in the software development process."
Firstly, as stated above, there are many advantages to using version control, but the author thinks that the main one would be new development security. This means that when pushing new code, there is no worry of the code breaking the project as the version control system can easily roll back to a previous version of the project. 
Another reason why the author agrees with the statement is the multiple advantages to the software development process. This is because the version control software can reduce the time spent developing due to the features that VCS offers, like allowing for easier collaboration and seeing changes to helping debug problems or issues with new code. The software development process is also made more efficient as the VCS acts as a backup of all code. Therefore, the developers do not need to complete regular backups.

[bookmark: _Toc61621563]8. Conclusion
This report has outlined the agile methodologies and the aspects of it, including wire frame, user stories, CRC cards and software testing. The features of the aspects show the benefits and drawbacks if they are to be used.
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[bookmark: _Toc60569723][bookmark: _Toc61621565]9.1 Appendix 1 - The 12 Principles of Agile
The twelve principles of agile are as follows:
1. Our highest priority is to satisfy the customer through early and continuous delivery of valuable software.
2. Welcome changing requirements, even late in development. Agile processes harness change for the customer’s competitive advantage.
3. Deliver working software frequently, from a couple of weeks to a couple of months, with a preference to the shorter timescale.
4. Businesspeople and developers must work together daily throughout the project.
5. Build projects around motivated individuals. Give them the environment and support they need and trust them to get the job done.
6. The most efficient and effective method of conveying information to and within a development team is face-to-face conversation.
7. Working software is the primary measure of progress.
8. Agile processes promote sustainable development. The sponsors, developers, and users should be able to maintain a constant pace indefinitely.
9. Continuous attention to technical excellence and good design enhances agility.
10. Simplicity--the art of maximising the amount of work not done--is essential.
11. The best architectures, requirements, and designs emerge from self-organising teams.
12. At regular intervals, the team reflects on how to become more effective, then tunes and adjusts its behaviour accordingly.
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