[bookmark: _Toc228717986]Software Engineering Design & Testing
[bookmark: _Toc228717987]Module: Software Engineering Principles and Testing
[bookmark: _Toc228717988]Supichchaya Kongyim : 2406077






Contents
Software Engineering Design & Testing	1
Module: Software Engineering Principles and Testing	1
Supichchaya Kongyim : 2406077	1
Introduction:	1
Evaluation of the Design Process	2
User Stories and User Story Map	3
CRC Cards:	4
Software testing evaluation:	5
Application testing and unit testing:	8
Conclusion	9





[bookmark: _Toc228717989]Introduction:
this project focuses on the design and development of a web-based battleships game. The game follows the original concept, where players places ships on a grid and take turns trying to find and sink each other’s ships. However, an additional feature such as special abilities have been added into the game to make it more interactive and engaging. 
This report will evaluate the overall design process used to create the game and explain how user stories and user stories map were used to help identify and organise the system. CRC or class; responsibilities; collaborators cards were used to help define the main classes, their responsibilities and how they interact with each other within the system.
The design was completed as part of team, which allowed different ideas to be shared and improved throughout the project. this helped strengthen the final design and made it easier to find areas that need improvement. however, working in team also meant that decision making sometimes took longer, as different team members had their own opinions and understanding of the requirements, which sometime led to further discussion before a final decision could be made, which sometime slowed down progress.  Nevertheless, those discussions are useful as they helped ensure that decisions were more carefully considered and that different viewpoint were considered.












[bookmark: _Toc228717990]Evaluation of the Design Process
The design of the Battleships web application was developed collaboratively as part of a team project, using a combination of user stories, CRC cards, class diagrams and wireframes. Working in a group allowed us to combine different perspectives, challenge assumptions and improve ideas through discussion. Instead of jumping straight into implementation, we revisited each stage of the design multiple times, which helped us build a clearer understanding of the requirements and improve the overall structure of the system.
One of the main strengths of the design process was the early use of user stories. These helped us stay focused on what the player needs to do, rather than getting distracted by technical details too early. By identifying key actions such as placing ships, taking turns, attacking and using special abilities, we were able to clearly define the core gameplay features. This also helped control the scope of the project, as unnecessary features were less likely to be added, keeping the design more on track and manageable.
Another strength was the use of CRC cards, which helped us identify the main classes and their responsibilities. CRC cards encouraged us to think about what each class should do and how they work together. In our design, classes such as Game, Board and Ship were clearly defined, with responsibilities split between them. This made the system more organised and easier to understand, while also reducing the risk of creating overly complex classes.
The use of wireframes and diagrams also supported the design process. Creating visual layouts of the interface helped us understand how players would interact with the system and allowed us to identify usability issues early. For example, when designing the ship placement screen, we realised that players needed clearer visual feedback when positioning ships, which influenced later design decisions. Class diagrams also helped us see how different parts of the system connect ensuring consistency with the CRC cards and reducing confusion.
However, the design process also had some weaknesses. One of the main challenges was communication within the team. Because everyone had different schedules, it was sometimes difficult to make sure everyone had the same understanding of the requirements. This led to some confusion, especially when discussing more complex features such as the drop bomb and counter-manoeuvre abilities. As a result, decisions sometimes took longer to agree on which slowed down progress.
Another weakness was that some parts of the design lacked enough detail. While CRC cards helped define the overall structure it did not always show exactly how certain methods or behaviours should work. This made it harder to understand how some features would be implemented in practice. 
Overall, working as part of a team had both advantages and challenges. It allowed us to share ideas and improve the design, but it also required good communication and organisation. the design process was effective in creating a clear and user-focused model of the Battleships application.

[bookmark: _Toc228717991]User Stories and User Story Map
User stories played a central role in shaping the design of the Battleships web application. They helped us think about the system from the player’s perspective instead of focusing on technical implementation too early. Using the format “As a player I want to… so that…” meant that each feature had a clear purpose and was linked to a user need. This made it easier to discuss ideas within the team especially when different members had slightly different interpretations of the game rules.[1]
User stories also helped us identify the main gameplay actions the system needed to support such as placing ships taking turns attacking the opponent receiving feedback like hit miss or destroy and using special abilities like the drop bomb and counter manoeuvre. Defining these early gave us a clearer understanding of the system requirements and helped keep the project on track. It also helped reduce scope creep as any new ideas could be compared against the existing stories to decide whether they were needed.
To organise the stories more clearly, we created a user story map. This gave a visual overview of how the player interacts with the system from start to finish. The map showed the main stages of the game such as starting the game placing ships playing turns and ending the match which were then broken down into smaller tasks. This made the overall flow easier to understand and helped highlight dependencies between features. For example, players cannot attack until ships have been placed which made the sequence of actions clearer.

We also used MoSCoW prioritisation to group features.
Must have
Core gameplay features such as ship placement turn taking and attack feedback
Should have
Features that improve usability such as clearer visual indicators
Could have
Optional enhancements like special abilities
Would have
Future improvements such as animations or sound effects
This helped the team stay focused on the most important features first and manage time more effectively.
However, there were some weaknesses. Some of the more complex features especially the special abilities were not described in enough detail. This meant that different team members sometimes had different interpretations which caused confusion and slowed down progress. Adding clearer acceptance criteria would have made the stories more precise and easier to test.
Overall user stories and the user story map were effective in helping us understand organise and prioritise the system requirements. They made the design process easier to manage and kept everything focused on the player experience. However, improving the level of detail and making the stories more testable would strengthen the process further in future projects.

[bookmark: _Toc228717992]CRC Cards:
CRC cards were an important tool in defining the structure of the Battleships application.[2] They helped the team clearly identify the responsibilities of each class and how they interact with one another. For example, the Game class manages the overall flow of the application including turn taking applying special abilities and checking win conditions. The Board class handles the grid system by storing ship positions and tracking hits misses and destroyed ships. The Ship class represents individual ships and stores details such as size position orientation and hit status.
Splitting responsibilities in this way made the system more organised and easier to understand while also following object-oriented principles such as encapsulation and separation of concerns. This helped keep each class focused on a specific task rather than becoming too complex.
CRC cards also helped show how classes work together.[2] For example, the Game class interacts with the Board class to process player actions while the Board interacts with the Ship class to determine outcomes such as hit miss or destroy. This made it easier to understand how data moves through the system and reduced the risk of missing important relationships between components.
Another advantage of CRC cards was how they supported teamwork. Because they are simple and easy to update team members could quickly share ideas make changes and discuss the design without needing complex diagrams. This made the process more flexible and helped keep everyone involved.
However, CRC cards also had some limitations. Some complex features such as special abilities were not fully defined. Since these features involve multiple classes working together the lack of detail made it harder to understand how they should be implemented. This could lead to confusion during development or testing and slow down progress.
The CRC cards also highlighted possible improvements to the design. For example, introducing a Player class could help manage player specific data and an AbilityManager class could handle special abilities more clearly. This would reduce the complexity of the Game class and make the system more modular and easier to maintain.
Overall CRC cards were a useful tool in the design process. They helped break the system into clear components supported team discussion and made the structure easier to understand. However, adding more detail and linking the cards more closely to user stories would make them even more effective in future work.

[bookmark: _Toc228717993]Software testing evaluation:
Software testing is an important part of the development process because it helps make sure the system works correctly and meets user requirements and behaves reliably in different situations. In our Battleships web application testing became especially important because the game relies heavily on accurate logic. Features like detecting hits and misses and validating ship placement and applying special abilities and checking win conditions all need to work properly. Even a small mistake in these areas could affect the gameplay and make the game unfair or confuse the player. Because of this testing was not just an extra step but a necessary part of creating a reliable final product.
There are different ways to test a system including black box testing [3]and checking the internal logic of the code which is like white box testing[4]. Black box testing focuses on how the system behaves from the user’s point of view without looking at the code. The tester interacts with the system by giving inputs and checking if the outputs are correct. On the other hand, checking the internal logic focuses on how the system works behind the scenes by looking at the code and making sure conditions and methods and processes behave correctly.[4]
During development we applied elements of both approaches. Black box testing allowed us to test the game from the player’s perspective without focusing on the code itself. We interacted with the system by selecting grid squares and checking whether the game responded correctly with a hit miss or destroy. This helped confirm that the visible behaviour matched the game rules and that the interface clearly showed the results. It was especially useful for checking gameplay flow and making sure the experience felt consistent.
We also checked the internal logic of the system by looking at the code and testing how it handled different conditions. This is like white box testing as it focuses on how the system works internally. In the Battleships application this included testing the logic that compares attack coordinates with ship positions to make sure it correctly detects hits and updates ship status and checks win conditions. We found this useful because it helped identify issues that were not always obvious during normal gameplay. For example, some bugs only appeared when ships were placed at the edge of the grid or when special abilities interacted with other rules. By checking the code directly, we were able to confirm that different conditions and paths worked as expected.
Using both approaches together gave much better test coverage.[3] Testing from the user’s perspective helped us understand how the system behaves externally while checking the internal logic helped confirm that the code behind it was correct. If we had only used one method, we would have missed important issues. For example, testing the interface might show the correct result but not whether the logic is reliable. On the other hand, checking the code might confirm that it works but not whether the output is clear for the user. Combining both approaches made the system more reliable overall.
Another important part of our testing process was making sure the code was testable. In our Battleships application we used separate classes such as Game and Board and Ship which made it easier to test each part individually. For example, we could test the Board class on its own to check whether it correctly stores ship positions and updates hits and misses. This also supports unit testing where smaller parts of the system are tested separately.
Overall testing played a key role in improving the reliability and quality of the Battleships application. By combining testing from the user’s perspective and checking the internal logic of the system and designing the code to be testable and using different testing approaches we were able to make the development process more structured and effective. This helped reduce errors and resulted in a more reliable and user-friendly final product.
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[bookmark: _Toc228717994]Application testing and unit testing:
Application testing is important because it helps confirm that the Battleships application works correctly and meets the requirements identified during the design stage. In our project, we tested the system both from the player’s perspective and by checking how the logic worked behind the scenes. Using different testing approaches allowed us to cover more areas of the system and made the application more reliable overall.
Black box testing focused on how the application behaved from the user’s point of view. [3]We interacted with the game without looking at the internal code which helped us check whether the system responded correctly to different inputs. For example, we selected grid squares to see whether the game displayed the correct result such as hit miss or destroy. We also tested ship placement to make sure the system rejected invalid positions such as overlapping ships or placements outside the grid. This type of testing was especially useful for checking gameplay flow user interface feedback turn based behaviour special ability activation and error messages and validation. Overall black box testing helped confirm that the game behaved consistently with the rules and that the user experience was clear and easy to understand.
White box testing focused on the internal logic of the system. [4]Instead of interacting with the interface, we looked at the code and tested how different methods behaved under different conditions. This included checking the logic that compares attack coordinates with ship positions and updates ship status and determines when a ship is destroyed. This type of testing helped us identify issues that were not always visible during normal gameplay. [4]For example, edge of grid attacks sometimes produced unexpected results and special abilities did not always interact correctly with certain ship positions and some conditions were not triggered because a branch of code was never reached. By checking the internal logic directly, we were able to confirm that different code paths worked as expected and that the system handled more complex or unusual scenarios correctly.
White box test table example:
	Method Tested
	Condition
	Expected Behaviour
	Actual Behaviour
	Result

	checkHit (x, y)
	Coordinate matches ship
	Return true
	Returned true
	Pass

	checkHit (x, y)
	Outside grid
	Return false
	Returned false
	Pass

	updateShipStatus()
	All segments hit
	Mark ship destroyed
	Ship destroyed
	Pass

	checkWin()
	All ships destroyed
	Return true
	Returned true
	Pass

	applyAbility()
	Ability on cooldown
	Reject action
	Action rejected
	Pass


Unit testing focused on testing individual components of the system in isolation. Because our application used separate classes such as Game Board and Ship it was easier to test each part independently. This helped us identify problems early before they affected the rest of the system. For example, the Board class was tested to check whether ship positions were stored correctly and whether hits and misses updated the grid properly and whether invalid placements were rejected. The Ship class was tested to confirm that hit counters updated correctly and that a ship was marked as destroyed when all segments were hit. The Game class was tested to make sure turns switched correctly between players and that win conditions triggered at the right time and that special abilities followed the correct rules. Overall unit testing improved the reliability of the system because each component was tested separately before being combined with other parts of the application.
	Component
	Test Description
	Expected Result
	Actual Result
	Result

	Board
	Store ship at (2,3)
	Ship stored correctly
	Stored correctly
	Pass

	Ship
	Hit counter increments
	Hit count increases
	Increased
	Pass

	Game
	Turn switching
	Player 1 = Player 2
	Switched correctly
	Pass

	Game
	Win condition
	All ships destroyed = win
	Win triggered
	Pass

	Ability
	Drop bomb area
	3×3 area affected
	Correct area
	Pass



Overall application testing and unit testing were both important in making sure the Battleships game worked correctly and followed the required rules. Testing from the user’s point of view helped check that the visible behaviour of the system was correct while checking the internal logic and unit testing helped confirm that the code worked as expected. Using these approaches together helped improve the quality and reliability and maintainability of the application.
[bookmark: _Toc228717995]Conclusion
The development of the Battleships web application gave us a useful opportunity to apply software engineering principles in a practical and collaborative setting. By using user stories and a user story map and CRC cards and other design artefacts we were able to break the system down into smaller and more manageable parts while keeping a clear focus on user requirements. The iterative design process and regular discussion helped improve the design over time and made sure it stayed aligned with the intended gameplay. Although communication challenges sometimes slowed progress this showed how important clear communication and shared understanding are when working as a team.
The user stories and CRC cards were helpful in structuring the system. They made it easier to understand the requirements and organise the design but also showed that more detail was needed for more complex features such as special abilities. This highlighted the importance of writing clear and testable requirements so that all parts of the system can be implemented and tested properly.
Testing also played an important role in improving the reliability of the system. Testing from the user’s perspective helped check that the game behaved correctly while checking the internal logic helped make sure the code worked as expected. Unit testing also supported this by helping identify errors early and making sure each part of the system worked correctly.
Overall, this project showed the importance of combining good design with effective testing. It also showed how teamwork and communication and structured approaches all work together to support the development of reliable and user focused software. If the project was done again adding more detail to the design and using more structured testing would help improve the system further.
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