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[bookmark: _Toc228883061]1. Introduction
This report demonstrates a critical evaluation of the design of a web-based battleship game that was developed within a team. The aim of the report is to assess the effectiveness of the software engineering techniques that were implemented during the design stage, such as user stories, Class-Responsibility-Collaborator (CRC) cards and wireframe diagrams. These techniques were utilised to clearly plan the structure for both the user interface, as well as the underlying functional behaviours of the system.
The report will also evaluate the importance of software testing approaches, such as black box and white box testing, whilst highlighting example scenarios of when they may need to be applied. Moreover, the report will cover the concept of testable code and its importance when creating reliable code. The role of version control systems, such as Git, will also be discussed, specifically in relation to its advantages within the development process. 
Overall, this report reflects on the strengths and weaknesses of the design techniques that were implemented, as well as evaluating their effectiveness when supporting the collaborative development of a web-based application.

[bookmark: _Toc228883062]2. Evaluation of Design 
[bookmark: _Toc228883063]2.1 Overview of Design Process
The design for our web-based Battleship application was developed collaboratively, through the use of a variety of software engineering design techniques, including user stories, CRC cards, class diagrams and wireframe diagrams. In order to create these, a shared Miro board was implemented within the team. This board enable collaboration within the team in real time and allowed us to refine the design effectively due to the fact that the board was always up to date throughout the process.
To begin the design process, user stories were created in order to identify the key features that were needed for both users and administrators within the application. These stories were organised into several distinct categories, including user activities, user tasks, user stories and Minimum Viable Product (MVP) features. Establishing these categories helped the team to identify the core functionality required within the system, whilst also garnering a clearer understanding of what was needed to achieve them. 
[bookmark: _Toc228883064]2.2 Strengths of the Design Process
One of the strengths for our team’s design process was the collaboration through our shared Miro board. The tool allowed members within the team to share suggestions, make updates to the board dynamically and review each other’s work in real time. This helped to improve the overall communication of members within the team, whilst creating an environment that enabled an efficient feedback loop. The iterative nature of the design process was also one of its strengths. As the team continuously discussed ideas, improvements to the existing stories as well as the development of new one could occur more easily. This helped to ensure that the design remained structure in an effective manner throughout.

Another strength of the design process was the use of multiple design techniques to develop a clear understanding of the application's requirements. Techniques including user stories, user story maps, wireframe diagrams, CRC cards and class diagrams were all used within the design to create a comprehensive analysis of the application; this allowed the team to gather different perspectives and distinguish a plethora of different aspects of the design into clearer sections, improving the overall clarity of the design.
[bookmark: _Toc228883065]2.3 Weaknesses of the Design Process
On the contrary there were some weaknesses to our design approach that we encountered. For example, one weakness that was identified was the difficulty in maintaining consistency across the multiple design artifacts. As there were multiple members of the team contributing to the design, there were instances of differing understandings on how the application should be presented. For example, there was a disagreement surrounding the structure of the wireframe diagram, as two members had varying opinions on how the flow would be structured. This made it difficult in some instances to ensure all design elements remained consistent throughout the project.
Another weakness was the maintenance of the shared Miro board. As additional diagrams and notes were created throughout the exercise, the board would occasionally become cluttered and difficult to navigate. This meant the team was required to regularly reorganise sections of the board in order to maintain clarity, which as a result took time away from the development of the design.
Furthermore, another weakness of the approach was that when team members missed collaborative sessions, they often found it difficult to understand the new content that was added to the Miro board. Despite Miro allowing updates to be viewed, the lack of descriptive notes added by the team, resulted in it being challenging for absent members to clearly understand why certain changes were made, without further explanations from other members within the team.
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[bookmark: _Toc228883067]3.1 User Stories and Benefits
Implementing user stories within our design was beneficial throughout the process as it allowed us to identify and prioritise the needs for the end user rather than just the functionality of the website. Using the common structure of user stories: "As a [user], I want [goal], so that [benefit]" [1], the team was able to establish essential functionality from the perspective of both players and administrators; this helped us to ensure that each feature within the application served to benefit the user.
Another benefit of user stories is that they allowed our team to prioritise tasks as well identify dependencies more effectively. By organising the stories into user activities, user tasks and MVP features, the team was able to identify which gameplay mechanics were essential were required for a functioning Battleship web-application, and additional features that could be implemented later. This as a result help to improve the team's overall organisation, as we were able to clearly highlight which stories were of higher priority.
An example of one of the user stories that was created was: 
"As a player, I want to choose the direction of my ships (horizontal, vertical, diagonal) so that I can position them strategically." 
The benefit of this story is that it provides the user with more freedom to carry out more strategic gameplay. This helps to improve the overall user experience as matches become more engaging and less predictable due to the increased flexibility.
Another example of a user story that was created within the team was:
"As an admin, I want to see system logs so that I can investigate cheating, bugs, or disputes".
The benefit of this story is that it helps to improve the reliability of the application, as it allows the administrators to monitor user activity to resolve issues more accurately. By providing the admins with access to the application's system logs, potential cheating, system errors and crash reports can all be identified, helping to support the maintenance of the application.

[bookmark: _Toc228883068]3.2 User Story Map
Once the user stories were established, a map was then developed to help organise the stories into clearer sections, such as user and administrators, whilst also establishing a walking skeleton of the application. The user story map allowed the team to visualise how different gameplay features are affected by others, by separating high level functions from individual stories.
Within the user section of the story map, a plethora of user activities were identified. Amongst the team we identified tasks such as placing and managing ships, attacking, managing game rules and game mode, were all required to form the walking skeleton of our application; this is due to the fact that these activities were the minimum gameplay functionality that was required for users to successfully play a game. Whereas, additional user activities were also identified, such as accessibility management, support and account management, that would serve to improve the usability of the application.
On the contrary, in the administrator section of the story map, a variety of user activities were also identified, such as account management, game management, site management, support and the ability to view statistics. These activities were developed to help support the moderation and maintenance of the application, by providing admins with the tools to help ensure the application is managed effectively.
A walking skeleton is referred to as "a minimal implementation of a system that is functional from end to end" [2]. This means identifying the walking skeleton within our user story map allowed us to determine what stories were needed to create a functioning version of the application. This helped the team garner an understanding on which stories were of higher priority compared to others, ensuring the core gameplay functionality was established before additional features were added. 
The user story map that was developed amongst the team:
[image: ]
[bookmark: _Toc228883069]3.3 Evaluation of User Stories and User Story Mapping 
Overall, the use of user stories as well as user story mapping was highly effective in helping the team generate a user focused design for our Battleship application. This is since the stories created helped us identify what functionality was needed in order to create a good user experience for our application, along with a correctly operating system. Implementing a story map along with establishing a walking skeleton also help improve the prioritisation of the project; this is due to the fact that it helped the team identify the needed functionality for the system to operate. However, the user stories lacked detailed in areas such as an acceptance criterion, which resulted in there being some ambiguity to how some of the functions were to operate. Despite this the stories helped to improve the team’s communication and understanding during the design process.
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[bookmark: _Toc228883071]4.1 CRC Card Design Overview
Class-Responsibility-Collaborator (CRC) cards are an object-oriented design tool that is used to identify the key classes within a system, as well as mapping out their roles taken and interactions between other objects [3]. CRC cards are useful during the design process as they help to promote collaboration within a team, as it helps to outline how different components of a system should interact before the implementation is carried out.
When developing the design of our Battleship application, CRC cards were used to identify each class's responsibilities and their relationships with different classes within the system. The cards were developed using our shared Miro board, allowing for related class diagrams to be produced at a later stage. This helped the team garner an understanding of the object-oriented structure of the game and the relationships between classes within the system before the implementation stage.
[bookmark: _Toc228883072]4.2 CRC Cards Evaluation
To represent all of the main classes within the application, the following CRC cards were produced: Player, Game, Board, Ship, Bomb, Admin, AI_Player, Counter Manoeuvre and Notification. Each CRC card outlined the responsibilities of the class, along with the collaborators needed for the class to function.
The Player CRC card was vital to the overall design of the system, as it represented the primary user interaction within the application, that was referenced in a plethora of other cards within the diagram. This is evident in the class responsibilities which included registering, placing ships, attacking ships and using special actions. These responsibilities highlighted a clear distinction between player interactions with the system and the broader management functionality. Furthermore, the collaborators illustrated within the class, such as Game, Board, Ship and Counter_Manoeuvre, demonstrate how the player will interact with multiple components during gameplay. This helped to improve the team's understanding of how the players actions would affect other areas of the system.
Additionally, the Game CRC was important in helping to centralise the management of gameplay mechanics. Responsibilities including controlling the game session, controlling turns and controlling the rules ensured that how the game was handled was differentiated from a player's individual actions. This helped to reduce the number of overlapping responsibilities between classes within the diagram. Moreover, the collaborators that were linked to the class, including Player and Board, helped to establish it as one of the central classes of the application. 
In addition, the Board and Ship CRC cards also had a significant role in the organisation of the system. The Board card's responsibilities focused on gameplay management such as grid representation and storage of both ship and bomb placements; whereas the Ship card responsibilities had more of a focus on the behaviour of the ship such as storing the name and size of the ship.
The Admin CRC card directly mirrored several of the needed moderation features that were identified within our user stories. How the administrator would support the system was demonstrated using responsibilities that included: viewing live games, game maintenance, banning offending players and checking report tickets. The collaborators linked to the class also highlighted how the administrators’ responsibilities would be directly connected to the user management, gameplay management and the statistic system found in the application.
Overall, developing the CRC cards was productive when helping the team establish a clear distinction between different areas of functionality, and gathering an organised understanding of how the systems functionality would interact before the implementation stage was begun. The CRC cards also reflected a variety of the acceptance criteria that was identified in the user stories that were produced. For instance, the user story: “As a player, I want to choose the direction of my ships so that I can position them strategically” was supported in the classes where the functionality for the ship's placement and management was specified, such as Player, Board and Ship.
[bookmark: _Toc228883073]4.3 Limitations of the CRC Cards
On the contrary, the CRC cards that were produced also contained several limitations. For example, one limitation was that the responsibilities that were included were written at a high level and lacked more detailed behavioural descriptions. Various responsibilities such as "attack ships" and "control turns" did not fully explain how the functionality would operate or what validation would be required to aid the implementation and tests.
Moreover, another limitation that was caused due to the high-level information included was that the cards did not contain sufficient detail to efficiently aid testing. This is due to the cards not defining specific inputs or expected outputs, meaning the acceptance criteria of some of the user stories was not completely represented. For example, even though responsibilities for ship placements were outlined within the Player and Board classes, the cards did not specify needed restrictions such as boundaries or collision detection.
[bookmark: _Toc228883074]4.4 CRC Cards Conclusion
To conclude, the CRC card approach was effective when supporting the early design of the application. The cards developed allowed the team to establish class responsibilities and relationships, which would provide a great basis for later design elements such as a class diagram or wireframe diagram. In addition to this, despite the cards being written at a higher level, they are still helpful for the identification of the functionality linked to the user stories, as well as their relationships within the system.
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[bookmark: _Toc228883076]5.1 Importance of Software Testing
Software testing is a fundamental part of the software development lifecycle that aims to evaluate and improve the quality of software products, whilst ensuring they function correctly and they provide value to end users. Testing is important as it helps to improve the reliability and stability of software by verifying that both functional and non-functional requirements are met [5]. Within the Battleship application, testing would be crucial because of the variety of gameplay interactions, system rules and user inputs that would need to correctly operate to create a functional user experience.
A benefit to implementing software testing is that it will help to mitigate risks that could be present in the later stages of development. Software testing helps to identify defects within the system in earlier stages within the development lifecycle, where they are less expensive to amend [5]. For example, within the Battleship application, identifying issues relating to the ship placement validation during earlier testing stages will prevent issues like ship collisions from affecting gameplay functionality later in development. Carrying out sufficient testing will also help to improve the over user experience, as systems that are thoroughly tested are usually more reliable and less likely to contain significant performance issues
[bookmark: _Toc228883077]5.2 Black Box Testing
Black box testing is a testing approach that focuses on validating the functionality of a system without considering the internal logic of the system, by only testing against functional requirements or design specifications. The individual conducting these tests is only concerned with interacting with the application from the perspective of the end user to verify whether the expected outputs are produced from specific inputs [5].
An advantage of black box testing is that it reflects how users of the application will interact with the software, making it effective for validating the functional requirements of the system. However, a limitation of the approach is that is does not consider whether the internal code has been tested thoroughly, resulting in chances for internal errors still occurring high, as the tester has no visibility of the underlying implementation [5].
Within the Battleship application, black box testing could be used to verify whether the gameplay functionality, such as ship placements, ship attacks or validating victory conditions, operate as intended. For example, a tester may attempt to place a ship within another or outside of the game board. The expected result from this would be that the application rejects the placement and displays a relevant error message to the user; in this scenario, the tester does not need to be concerned with how the system logic is handling the validation, but instead whether the application is behaving as expected from a user's perspective.
In addition, another example of how black box testing can be implemented within the application would be verifying login functionality. A tester could implement correct and incorrect account login credentials to confirm whether the system would grant the user access. The expected outcome would be that when user inputs incorrect details such as a password, they would not be granted access to the account, and an appropriate validation message would be displayed.
[bookmark: _Toc228883078]5.3 White Box Testing
On the contrary, white box testing focuses on the internal code structure and implementation details rather than examining external behaviour like black box testing. White box testing requires an understanding of the system's implementation and is used to verify if the internal functionality operates as intended [5]. This approach is widely carried out by the developers, as it involves detecting defects through the analysis of conditions, loops, branches and execution paths, within the systems internal code.
An advantage of white box testing is that can help to provide a more detailed coverage of the system's code, whilst helping to identify logical errors that may not be visible through user focused testing alone. However, white box testing may be more time consuming as a result, due to the need for a greater understanding and analysis of the system's implementation [5].
Within the Battleship application, white box testing could also be applied to the ship placement validation logic. For instance, white box testing would help to analysis all logical branches within a method that validates whether a ship has been placed within a specific position on the board; this could include testing to see whether the ship violates any specified placement rules such as not overlapping with other ships. 
Additionally, another example of white box testing within the battleship application could involve testing the turn management logic within the Game class. White box testing would verify if the turns correctly alternated between players, that invalid turn states could not occur and that victory conditions trigger when all ships belonging to a player have been destroyed.
[bookmark: _Toc228883079]5.4 Difference Between White & BlackBox Testing
Despite both black box and white box testing aiming to improve the quality of software, they approach it by focusing of different aspects of the system. Black box testing aims to validate the functionality of the system through the perspective of the user without considering the internal structure of the code, whereas white box testing is more concerned with analysing the internal logic of the software [5].
In the Battleship application, black box testing would be used to verify if the behaviour of the gameplay and the user's interactions are as specified in the acceptance criteria. For example, ensuring that attacks register correctly when landed or that invalid ship placements are rejected. On the contrary, white box testing would be used to analyse the internal logical conditions that are responsible for handle these actions within the system's code.
Both approaches are crucial within software engineering as they complement each other. Black box testing helps to identify whether the application behaves correctly from the user's perspective, whilst white box testing helps to ensure that the underlying implementation is logically correct [5].
[bookmark: _Toc228883080]5.5 Testable Code
The term "testable code" refers to software that is structure in a way that promotes validation and maintain through testing. Testable code is usually modular, where code is organised into separate units; clear, meaning the code and its purpose are understanding to the developers; and independent, where code can be tested in isolation without the reliance of unrelated parts of the system [4].
The concept of testable code is important within software engineering as it helps to remove some of the difficulty when it comes to testing poorly structure code. For example, if the gameplay mechanics, user interface and statistic handling of our application were all contained within a single class, isolating needed functionality for testing would become far more convoluted. This could also cause unnecessary dependencies to form, which would increase the chances of errors occurring when changes are implemented [4].
Within our Battleship application design, the user of both CRC cards and class diagram help to promote a more modular structure by isolating responsibilities between classes such as Player, Game, Board etc. This as a result will improve the testability of our application, as individual classes can be tested without concerns for unrelated dependencies within the system.


[bookmark: _Toc228883081]6. Application Tests and Investigation of Unit Testing
[bookmark: _Toc228883082]6.1 Importance of Version Control Software
Version control software is an essential software engineering tool that allows developers to manage changes made throughout the development lifecycle of a product. For example, systems such as Git allow developers to store different version of files, monitor modifications and restore previous versions. These version control systems help support collaborative development amongst teams by allowing multiple developers to contribute to the same product whilst maintaining organised log of changes made [6].
An advantage of using version control software is that it helps to aid collaboration between developers. Several developers are able to work on the same project simultaneously with overwriting each other's work, through the use of branching and merging; this allows development to occur in separate areas dependently, before it is then integrated into the main project's branch. Features such as the ones mentioned help to improve the efficiency of team's workflows, as well as minimising the chances of conflicts between developers [6].
Overall, I agree with the statement "Version control software is a key tool in the software development process”. This is due to the fact that many software engineering projects are reliant on collaborative and iterative development and version control software provides tools that support these needs. Development without version control software could also result in the management of changes within larger projects to become inefficient and more prone to errors, as a result of change conflicts [6].
[bookmark: _Toc228883083]6.2 Demonstration of GIT Operations
To demonstrate the use of Git, a variety of Git operations were carried out using plain text files. These operations included repository initialisation, creating branches, staging files, committing changes, merging branches and viewing logs. 
The first operation that was the git init command, that serves to create a local repository by initialising Git within the project directory. After a change was made, files were then added to the staging area using the git add command before they were committed using the git commit command. The commits were used to save versions of the project through different stages of development, where commit messages were used to meaningfully describe the changes that were made [7]. 
Branching functionality was also demonstrated using the git branch and git checkout commands [7]. A feature branch was created to allow the independent development of specific functionality within the project, without affecting outstanding changes within the main branch. Once the changes had been complete, the changes were then merged back into the main branch using the git merge command [7].
Example of the Git commands used during the exercise:
git init
git add battleship.txt
git commit -m “Initialising Battleship project”
git branch feature-ship-placement
git checkout feature-ship-placement
git add .
git commit -m “Added ability to place ships”
git checkout main
git merge feature-ship-placement



[bookmark: _Toc228883084]7. Conclusion
In conclusion, the design of the Battleship web application demonstrated the importance of applying a variety of different software engineering techniques throughout the design and testing stages of development. The development of user stories, user story maps, CRC cards, class diagrams and wireframe diagrams, helped to garner a clear understanding of the functional requirements of the system, as well as the relationships between different operations within the software. Furthermore, through the use of a shared Miro board, collaborative design was enabled which allowed communication to be improved in the process; this created an environment where the design could be developed iteratively amongst the team.
In addition, the evaluation of the software testing highlighted the importance of both black and white box testing, when validating system functionality and internal logic. Moreover, the concept of testable code demonstrated how modular systems help improve maintainability and reliability within software engineering projects.
Moreover, the investigation into version control software helped to identify the important of tools, such as GIT, within collaborative development environments. Features including committing and branching help to improve the organisation of software engineering projects, whilst helping to reduce change conflicts during the development process. All of these software engineering practices contribute towards creating more maintainable systems throughout the software development lifecycle.   
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