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[bookmark: _Toc228814536]Introduction
Battleships is a two-player strategy game usually played on a 10×10 grid. Each player secretly places a set of ships of different sizes, including an aircraft carrier, battleship, cruiser, submarine, and destroyer. Players then take turns guessing grid coordinates in an attempt to locate and sink the opponent’s fleet. After each guess, the game gives simple feedback such as “hit” or "miss", depending on whether a ship occupies that position. The aim is straightforward: sink all of the opponent’s ships before they sink yours. [1]
This project is a web-based version of Battleships with a couple of added mechanics to make the gameplay more strategic and unpredictable. The first is the “drop bomb” feature, which gives a player a chance to destroy an entire ship in one move if they manage to hit any part of it. It adds a risk–reward element to the game, since it can quickly change the outcome. The second feature is the “counter manoeuvre", which lets a player shift one of their ships by a single square in any direction. This can turn a potential hit into a miss and adds a layer of defence that the original game doesn’t have. Both features introduce extra complexity, not just in gameplay but also in how the system needs to be designed and tested.
The aim of this assignment is to explore how to design software for this updated version of Battleships. This includes producing and evaluating UI designs through wireframes, writing user stories and story maps to define system requirements, and organising the system structure using CRC (Class, Responsibility, Collaboration) cards. It also looks at software testing in more depth, comparing black box and white box approaches and developing test cases to check that the system behaves correctly. Another key focus is understanding how testable code is written and how unit testing helps maintain software quality.
The user interface is a major part of the web application because it needs to make the game clear and easy to follow. Since Battleships is turn-based and relies heavily on visual feedback, the UI has to clearly show the current game state, player actions, and results like hits, misses, and special moves. To help with this, wireframes were created for the main screens of the application. These act as a basic visual guide for how the system will look and behave, and they also help highlight any usability issues early in the design process.

[bookmark: _Toc228814537]User Stories
User stories are a simple way of capturing what the system needs to do from the user’s point of view. Instead of focusing on technical details, they focus on what the user is trying to achieve and why it matters. This helps keep the design centred around real user needs and makes the system easier and more enjoyable to use. [2]
For this Battleships web application, the user stories were created as part of a group design process and then organised using a user story map. The aim was to break the system down into clear parts such as gameplay, ship placement, game modes, and the new mechanics like the drop bomb and counter manoeuvre.
The main user stories from the group Miro board:
Place Ships
As a player, I want to place my ships on the grid so I can set up my strategy before the game starts.
Attack Enemy
As a player, I want to take turns choosing grid coordinates to attack so I can try to hit my opponent’s ships.
View Game Feedback
As a player, I want clear feedback like hit, miss, or destroy so I understand what is happening during the game and can adjust my decisions.
Use Drop Bomb
As a player, I want a one-time drop bomb so I can destroy a ship instantly if I use it at the right moment.
Use Counter Manoeuvre
As a player, I want to move one of my ships during the game so I can avoid attacks and change my opponent’s expectations.
Choose Game Mode
As a user, I want to choose between playing against AI or another player so I can decide how I want to play.
Track Game Progress
As a player, I want to see my previous hits and misses on the board so I can make better guesses.
Win the Game
As a player, I want the game to automatically detect when all ships are destroyed so a winner can be declared.

[bookmark: _Toc228814538]User Story Map
A user story map was created to organise the stories into a structure that reflects the overall user journey. This helps to visualise how the user interacts with the system from start to finish. [3]
[bookmark: _Toc228814539]User Story: Place Ships
As a player, I want to place my ships on the grid, so that I can start the game and plan my strategy.
Benefit:
This feature is essential to gameplay as it allows players to strategically position their ships before the game begins. It increases engagement by giving players control over their defensive setup and introduces an element of planning and personalisation. Without this feature, the game would lack depth and strategic variety.
Acceptance Criteria:
· Ships must fit within the 10×10 grid 
· Ships cannot overlap 
· Ships can be placed horizontally, vertically, or diagonally 
· All ships must be placed before the game starts 

[bookmark: _Toc228814540]User Story: Attack Enemy
As a player, I want to take turns attacking enemy coordinates, so that I can hit my opponent’s ships.
Benefit:
This is the core gameplay mechanic that drives player interaction. It encourages strategic thinking and decision-making, as players must use previous knowledge to predict ship locations. It also creates a sense of progression and competition throughout the game.
Acceptance Criteria:
· Player selects a valid coordinate 
· System returns hit, miss, or special result 
· Grid updates visually 
· Player cannot select the same coordinate twice 
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As a player, I want to use a drop bomb once per game, so that I can destroy an entire ship instantly.
Benefit:
 The drop bomb introduces a high-impact strategic option that can significantly alter the outcome of the game. It increases excitement and unpredictability, allowing players to either recover from a losing position or accelerate their progress toward victory.
Acceptance Criteria:
· Can only be used once per game 
· If any part of a ship is hit, the entire ship is destroyed 
· System displays a “destroy” message 
· Board updates to reflect the destroyed ship 

[bookmark: _Toc228814542]User Story: Use Counter Manoeuvre
As a player, I want to move my ship during the game, so that I can avoid being hit.
Benefit:
 This feature adds a defensive layer to the gameplay, allowing players to react dynamically to their opponent’s moves. It prevents the game from becoming predictable and increases the overall complexity and engagement of the experience.
Acceptance Criteria:
· Can only be used once per game 
· Ship moves one square in any direction 
· Movement must stay within grid bounds 
· Ships cannot overlap after movement 
· Opponent’s attack results in a “near miss” 
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Overall, the user stories do a good job of capturing both the basic gameplay and the extra features added to this version of Battleships. They focus on what the player actually experiences, which helps keep the design practical and user focused.
The main game loop (placing ships and attacking) is clearly defined, and the extra mechanics like the drop bomb and counter manoeuvre add more depth and variety. This creates a more interesting version of the original game.
Adding acceptance criteria is also helpful because it makes each story easier to test and implement. It clearly shows what the system is expected to do, which links directly to later development work like testing and class design.
One small issue is that some details are not fully covered at this stage. For example, edge cases involving ship movement or interactions between special abilities could lead to confusion during development if not clarified early.
Even so, the user stories and story map provide a solid foundation for the project and keep the focus on building a game that is clear, structured, and enjoyable to play.
[bookmark: _Toc228814544]Design Evaluation and Reflection
The design of the Battleships web application was built using a structured process that included user stories, a user story map, and wireframes. This helped keep the focus on the player experience while still making sure the system itself was properly organised. Overall, the approach worked well, but there were also some gaps that became more obvious later on.

[bookmark: _Toc228814545]Strengths of the Design Approach
One of the biggest strengths was using user stories to shape the system [4]. By writing everything from the player’s point of view, it kept the design focused on what the user actually needs rather than just technical features. For example, actions like placing ships and attacking coordinates clearly define how the game should feel and behave, which made it easier to design both the interface and the underlying logic.
Adding acceptance criteria to each user story was also really helpful. It made expectations much clearer and gave something concrete to test against later on. This helped connect the design stage directly to implementation and testing, which reduced confusion further down the line. [5]
The user story map was another useful part of the process. It helped organise the features in a logical order, starting with setup, moving into gameplay, and ending with win conditions. It also made it easier to see which features were essential and which were more advanced, like the drop bomb and counter manoeuvre.
Wireframes were useful as well because they gave a visual idea of how the game would look before any coding started. This made it easier to spot layout issues early, especially around how the grids, buttons, and feedback messages would be displayed. [6]

[bookmark: _Toc228814546]Weaknesses of the Design
Even though the process worked well overall, there were still some issues. A few of the user stories were a bit too vague at the start, especially when it came to unusual situations or edge cases. For example, it wasn’t fully clear how the counter manoeuvre should behave if part of a ship had already been hit. These kinds of gaps could cause confusion later during development.
The user story map also had its limits. It was great for showing the user journey, but it didn’t really explain how the system works behind the scenes. Things like how game state is stored or how special moves are validated aren’t shown there, so that needed to be considered separately.
The wireframes also didn’t cover everything. They focused on layout, which is useful, but they didn’t really address things like responsiveness on different devices or accessibility. For example, relying only on colour to show hits and misses could be a problem for users with colour vision difficulties, so that would need improvement later.

[bookmark: _Toc228814547]Reflection on Team Collaboration
Working in a team had a positive impact on the design overall. It meant ideas could be shared and improved through discussion, especially when developing the more creative features like the drop bomb and counter manoeuvre. Having different viewpoints helped make the design more balanced and thought through.
It also helped catch problems earlier. When multiple people review ideas, it’s easier to spot gaps or unclear parts of the design.
That said, there were some challenges. At times, different people had slightly different interpretations of what certain features should do, which led to small inconsistencies early on. Communication was important, and when it wasn’t clear enough, some parts of the design needed to be revised later. [7]
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One of the strongest parts of the project is how well the design connects to the user stories and testing. The user stories clearly define what the system should do, and the acceptance criteria make it easier to turn those into system rules and test cases.
For example, rules around ship placement, like preventing overlap and keeping ships within the grid, directly translate into how the system needs to behave and how it should be tested. The same applies to features like the drop bomb and counter manoeuvre, which both require specific rules and test scenarios.
This connection makes the whole system more consistent because the design, implementation, and testing are all based on the same set of requirements.
Overall, the design process for the Battleships web application worked well and provided a solid foundation for development. Using user stories, story mapping, and wireframes kept everything focused and organised, while also making sure the user experience stayed at the centre of the design.
At the same time, it’s clear that more detail could have been added in certain areas, especially around edge cases and accessibility. These are things that would need to be improved during development to make the system more complete and robust.
Even with those limitations, the design gives a strong starting point for building and testing the application, and the structured approach helped make sure the system is both usable and logically designed.
[bookmark: _Toc228814549]CRC Cards and Evaluation
One of the main strengths is that responsibilities are clearly split between classes. For example, the Game class handles the overall flow of the game, while the Board class deals with the grid and keeps track of ship positions and hits. This makes the system easier to understand because each class has a clear job instead of everything being mixed together. [8]
The design also links well with the user stories. Core actions like placing ships and attacking are shared between classes like Player, Board, and Game. The more advanced features, like the drop bomb and counter manoeuvre, are also represented with their own classes. This shows a clear connection between what the user wants and how the system is built.
Another positive is that the design goes beyond just basic gameplay. Adding classes like AI_Player, Admin, and Notification makes the system feel more complete and realistic. It shows consideration for things like playing against a computer or managing the system, not just the core game itself.
Even though the structure is good, there are still some issues. In a few places, responsibilities overlap. For example, both the Game class and Player class deal with actions like attacking or using special abilities. This could lead to confusion later on when it comes to coding the system, because it might not be clear where certain logic should sit.
Another issue is that CRC cards stay quite high-level. They explain what each class does, but not exactly how it does it. So, things like how a “near miss” is calculated or how ship movement is validated aren’t fully defined yet. That means extra design work would still be needed before development starts.
There are also some gaps when it comes to edge cases. For example, interactions between special moves like the drop bomb and damaged ships aren’t clearly explained. If this isn’t clarified later, it could lead to inconsistent behaviour in the game.
Overall, the CRC cards give a solid structure for the Battleships system. They clearly show the main classes, what they are responsible for, and how they interact with each other. The design also lines up well with the user stories, which helps keep everything consistent from requirements through to implementation. 
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Software testing is used to check that the Battleships web application works correctly and behaves as expected. It helps identify bugs, missing logic, or incorrect behaviour before the system is considered complete. In this project, testing is especially important because the game relies on rules, turn-based actions, and special mechanics like the drop bomb and counter manoeuvre.
Testing can be divided into different approaches, mainly black box testing and white box testing. These methods look at the system from different perspectives and together provide a more complete level of assurance that the game functions properly.
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Black box testing focuses on checking the system from the user’s point of view without any knowledge of how the code works internally. The tester only looks at inputs and outputs, meaning the internal structure of the system is not considered. This approach is useful for validating that the system behaves correctly in real gameplay situations. [9]
In the Battleships application, black box testing is particularly important because the user interacts with the system through a graphical grid interface. For example, when a player selects a coordinate such as (3,4), they expect a clear response from the system. If a ship is located at that position, the system should return a “Hit”. If not, it should return a “Miss”.
This type of testing ensures that the game is intuitive and consistent from the player’s perspective. It also helps confirm that visual feedback on the grid is correct, such as marking hits with an “X” and misses with an “O”. Since players rely entirely on this feedback to make decisions, any inconsistency would directly affect gameplay quality.
Black box testing is also useful for checking game rules without considering how they are implemented. For example, ensuring that a player cannot select the same coordinate twice is something that can be tested purely through inputs and outputs. If the system blocks repeated selections correctly, then the rule is considered to be working as expected.
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White box testing takes the opposite approach. Instead of focusing on what the system outputs, it focuses on how the system produces those outputs. This involves examining the internal code structure, including loops, conditions, and logic paths. [9]
In the Battleships application, white box testing is important because many rules depend on internal calculations. For example, when placing ships, the system must check whether a ship overlaps with another or goes out of bounds. A white box test would examine the loop or condition that performs these checks to ensure all possible scenarios are handled correctly.
Another example is the counter manoeuvre feature. Internally, the system must calculate whether a ship can move one square in any direction without violating grid boundaries or overlapping another ship. White box testing would verify that all conditions in this logic are correctly executed, including edge cases such as movement at the edge of the grid.
White box testing is also useful for checking the correctness of the game flow. For example, the Game class likely contains logic that switches turns between players and checks win conditions. Testing this internally ensures that no logical errors occur, such as skipping turns or failing to detect when all ships have been destroyed.

[bookmark: _Toc228814553]Comparison of Black Box and White Box Testing
Black box testing and white box testing focus on different parts of the system:
· Black box testing focuses on the user experience and checks if the system produces the correct outputs for given inputs. 
· White box testing focuses on the internal code logic and checks how the system produces those outputs. 
In simple terms:
· Black box = “Does the game work for the player?” 
· White box = “Does the code inside work correctly?” 
Both approaches are important because black box testing ensures usability, while white box testing ensures correctness at a code level.
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Testable code refers to writing software in a way that makes it easy to test individual components. In general, testable code is:
· broken into small, manageable classes 
· focused on single responsibilities 
· loosely connected to other parts of the system 
· structured so that logic can be tested independently 
In the Battleships system, this is particularly important due to the number of interacting components.
For example, the Board class should handle only grid-related logic such as ship placement and validation. The Game class should manage turn order and win conditions. The Player class should handle user actions such as attacks or special abilities. By separating responsibilities in this way, each part can be tested individually without affecting the rest of the system.
Testable code also reduces debugging time. If a problem occurs, it is easier to identify which class is responsible rather than searching through one large block of code.

[bookmark: _Toc228814555]Unit Testing
Unit testing is a method of testing individual pieces of code in isolation. Each unit test focuses on a single function or method to ensure it behaves correctly under different conditions. These tests are usually automated, meaning they can be run repeatedly during development.
A key advantage of unit testing is that it helps catch bugs early. If a change breaks existing functionality, unit tests will immediately highlight the issue. This is especially useful in systems like Battleships, where multiple rules interact with each other.
Unit testing also supports regression testing, which ensures that previously working features still function after updates are made. This is important when adding new features like the drop bomb, as changes to the system could unintentionally affect existing logic.
Another benefit is that unit tests improve code confidence. Developers can refactor or improve code knowing that tests will confirm whether behaviour has changed unexpectedly. [10]
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Unit testing can be directly applied to the Battleships system:
· Board class tests:
 Check that ship placement is valid. For example, a test could confirm that overlapping ships are rejected. 
· Game class tests:
 Check win conditions. A test could simulate all enemy ships being destroyed and confirm that the game ends correctly. 
· Counter manoeuvre tests:
 Verify that ships move exactly one square and do not go outside the grid or overlap other ships. 
· Drop bomb tests:
 Confirm that hitting one part of a ship results in the entire ship being destroyed and that the ability can only be used once. 
These unit tests directly support white box testing because they focus on internal logic and code behaviour rather than just visible outputs.
To ensure the system works correctly, a set of test cases has been created covering core gameplay and special features.
[bookmark: _Toc228814557]Limitations of Testing
Although testing is very effective, it does have limitations. It is not always possible to test every single scenario, especially in complex systems with many possible outcomes. Some edge cases may still be missed during testing. [11]
In addition, testing assumes that requirements are correctly defined. If a requirement is unclear or incomplete, the test may not fully capture the intended behaviour.
Finally, user behaviour in real situations may differ from expected test scenarios. This means that even well-tested systems can still encounter unexpected issues once deployed.

[bookmark: _Toc228814558]Test Case 1: Hit Detection
Pre-conditions: Game started, ships placed, player turn active
Input: Coordinate (3,4) contains a ship
Expected Output: “Hit” displayed, grid updated with X, ship records hit
Purpose: Confirms correct detection of successful attacks
[bookmark: _Toc228814559]Test Case 2: Miss Detection
Pre-conditions: Game in progress
Input: Coordinate (6,6) is empty
Expected Output: “Miss” displayed, grid updated with O, turn ends
Purpose: Ensures incorrect guesses are handled properly
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Pre-conditions: Bomb not used, ship exists across multiple squares
Input: Bomb used at (2,2)
Expected Output: Entire ship destroyed, “Destroy” message shown, bomb marked used
Purpose: Tests special ability functionality and one-time use rule
[bookmark: _Toc228814561]Test Case 4: Counter Manoeuvre
Pre-conditions: Ability not used
Input: Opponent attacks, player activates counter manoeuvre
Expected Output: Ship moves one square, “Near Miss” shown, no damage recorded
Purpose: Tests defensive movement logic and override behaviour
[bookmark: _Toc228814562]Test Case 5: Invalid Ship Placement
Pre-conditions: Placement phase active
Input: Ship placed overlapping another ship
Expected Output: Placement rejected, error message shown
Purpose: Ensures rules are enforced and invalid setups are prevented

[bookmark: _Toc228814563]Test Case 6: Win Condition
Pre-conditions: One ship segment remaining
Input: Final ship segment is hit
Expected Output: “You Win” displayed, game ends
Purpose: Confirms correct detection of game completion
This testing approach ensures the Battleships application is reliable, functional, and consistent. Black box testing confirms correct user behaviour, white box testing validates internal logic, and unit testing ensures individual components work correctly in isolation. Together, these methods help ensure the system is both stable and testable, which is essential for a complete and well-designed game application.
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Overall, software testing plays a vital role in ensuring the Battleships web application is reliable, functional, and enjoyable to play. By using both black box and white box testing, the system is evaluated from both the user’s perspective and the developer’s perspective, ensuring a more complete level of validation.
Black box testing confirms that the game behaves correctly during real gameplay, while white box testing ensures that the internal logic and code structure are working as intended. Combined with unit testing, this provides strong confidence that individual components and overall system behaviour are correct.
Although testing cannot guarantee that every possible issue will be found, it significantly reduces the risk of major errors and improves the overall quality of the system. In a rule-based game like Battleships, this is especially important because even small mistakes can affect fairness and gameplay experience.
Overall, the testing approach used in this project demonstrates a structured and effective method for ensuring software quality and supports the development of a stable and well-functioning application.
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