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[bookmark: _Toc228800838]1. Introduction 
This report focuses on the design, evaluation and overall testing considerations for a web-based game of Battleships. The system itself is designed as a two-player grid-based game played on a 10x10 board. Players strategically place their ships and then take turns attempting to locate and destroy their opponent’s fleet, with the objective being to sink all opposing ships before the opponent does the same.
The traditional rules for Battleships apply, however two additional gameplay mechanics also feature. The first being a “drop bomb” feature which allows a player to instantly destroy an entire ship with a successful hit once per game, and the second being a “counter manoeuvre” feature which allows both players to reposition a ship by one square in any direction to avoid destruction. These two features introduce an additional complexity into both the game logic and system design as it impacts the state management and rule enforcement. 
The overall purpose of this report is to evaluate the software design process used to develop this system. This includes an analysis of user stories, an evaluation of CRC cards and a reflection on the strengths and limitations of the design approach.
In addition, this report looks at software testing strategies applicable to this system which includes a comparison of both black and white-box testing techniques, an explanation of their relevance to this application and the importance of designing testable code. Finally, structured test cases are provided which include normal gameplay scenarios, edge cases and also tests for special abilities such as the drop bomb and counter manoeuvre.
Overall, this report evaluates both the effectiveness and the robustness of the proposed system and the design process from a software engineering perspective.
[bookmark: _Toc228800839]2. Evaluation of Design Process
[bookmark: _Toc228800840]2.1 Overview of Design Approach
The design process for this Battleships system was based on a combination of user stories, CRC cards and simple wireframe concepts. These methods were used to help structure the system before implementation and ensure that the focus remained on the user experience rather than purely technical considerations.
User stories were used to define what the player should be able to do within the system. This helped to capture functional requirements in a simple and understandable format. CRC cards were then used to break the system down into classes, responsibilities and relationships between components. This supported an object-oriented approach to design. Wireframes were also considered to give a basic visual layout of how the web application would appear, including the grid, controls and feedback messages. [2]
The design approach also reflects a simplified version of real-world agile development practices where requirements are broken down into smaller components before implementation. In software engineering, especially for interactive systems such as games, it is common to avoid attempting to fully define all logic upfront. Instead, early-stage design focuses on identifying core behaviours and progressively refining them as understand of the system increases. [3]
In the case of Battleships, this is relevant because the system is not purely static. It involves continuous state changes such as ship placement, turns being taken and game ending logic. Each of these elements introduces new dependencies that must be considered during design. For example, ship placement is not simply a static input but rather must interact with validation rule such as grid boundaries, overlap prevention and also orientation constraints.
Additionally, introducing special mechanics such as the drop bomb and counter manoeuvre significantly increases the system’s complexity. These features also introduce exceptions to the standard game rules which means the design must account for both the expected execution flow and exceptional cases.
Overall, the design approach followed a simple iterative structure, where ideas were refined gradually rather than fully defined from the beginning.
 
[bookmark: _Toc228800841]2.2 Strengths
One of the main strengths of this approach is that it is user-focused. By starting with the user stories, the design process is ensured that all features are directly linked to the players needs and gameplay experience. This reduces the risk of unnecessary functionality being added.
Another strength is that the approach also encourages a modular design. The CRC cards in particular support to break the system into separate components such as Player, Ship and Board. This makes the system easier to understand and also easier to develop and maintain.
Another important strength of the design process is that it promotes early abstraction of system behaviour. By separating the system into conceptual artefacts in the form of user stories and CRC cards, the design avoids being prematurely committed to a technical implementation. This is beneficial because it allows focus to email on what the system should do rather than how it will be coded.
For example, defining a “Ship” as an object with responsibilities such as tracking the size of the ship and responding to hits allows the designers to conceptualise gameplay mechanics without needing to decide on specific data structures or algorithms. This abstraction is particularly useful in early development as requirements may still evolve.
A further strength of the approach is that it supports early identification of system boundaries. By defining components such as Player, Board and ship at a conceptual level, the design naturally separates concerns between user interaction, game logic and state management. This separation is important because it reduces coupling between system components which is important because it makes future modifications less risky.
For example, if the rules for the ship placement were later changed to restrict diagonal placement, tis modification would primarily affect the Board validation logic rather than requiring changes across multiple unrelated components which demonstrates how early modular thinking reduces long-term maintenance cost.
Another advantage is that the approach improves communication between stakeholders during development. Even without technical implementation details, user stories and CRC cards alike provide a shared language that can be understood by both technical and non-technical participants In a group setting, this reduces misinterpretation of requirements and ensures a more consistent understanding of system goals.
Furthermore, the modular nature of CRC-based thinking improves maintainability from a conceptual perspective. Even before implementation, it becomes easier to reason about system changes. If a new feature such as a “radar scan” for example were to be added, it would be clearer where this functionality would logically belong within the system structure.
The approach is also relatively flexible. Changes can be made to user stories or CRC cards without the need to redesign the entire system. This is useful for a game like Battleships as rules and features may evolve during development.
[bookmark: _Toc228800842]2.3 Weaknesses
Despite its advantages, the approach also has several weaknesses. One such issue is that user stories can be too general. For example, a story such as “as a player, I want to place ships” does not clearly define rules such as a valid placement, overlap prevention or boundary conditions.
A further weakness of this approach is that it does not enforce formal consistency rules between artefacts. For example, user stories may describe behaviour in natural language whereas CRC cards may interpret that behaviour structurally however there is no automatic mechanism ensuring there is an alignment between them.
This can lead to “design drift”, where user expectations are not fully matched by system responsibilities. In a game system, this can be particularly problematic because gameplay rules must remain consistent to ensure fairness.
Another limitation is that performance is not considered at this stage. While this is okay in early design, it becomes important in a web-based environment where multiple users may interact simultaneously. For example, simultaneous game state updates between players could introduce race conditions if not properly designed.
A further limitation is that the approach does not explicitly model data persistence or system state storage. In a web-based Battleships application, state management is critical because the game must maintain consistency between turns and potentially between different client sessions. The design artefacts used in this process do not explicitly address how state is stored, synchronised and recovered in case of interruption.
In addition, the approach does not formally capture non-functional requirements such as performance, scalability or security. While these may not be primary concerns, they become increasingly important in real-world web applications. For example, concurrent gameplay between multiple users could introduce synchronisation issues that are not visible in early design artefacts.
Another issue is that error handling is only implicitly considered. User stories and CRC cards typically focus on successful flows, but do not clearly define system behaviour under failure conditions such as invalid input, disconnected users or corrupted game states.
The CRC cards also lack technical depth. While they are useful to define responsibilities, they do not explain exactly how methods are implemented or how data is validated. This can then lead to gaps between design and actual implementation.
[bookmark: _Toc228800843]2.4 Reflection
Overall, the design process was effective in creating a clear structure for the system. The use of user stories helped to ensure that the system remained gameplay experience focussed while the CRC cards supported an object-oriented breakdown of the overall system.
However, the process would also benefit from more detailed specification at an earlier stage. For example, adding acceptance criteria to user stories would go a long way towards improving clarity and making testing easier. The CRC cards could also be expanded to include some more detailed behaviour descriptions.
The design process also highlights the importance of iterative refinement in reducing ambiguity. Initially, features such as counter manoeuvre may appear straightforward, but deeper consideration can reveal multiple edge cases. For example, questions can come up such as:
· Can a ship move outside the grid boundary?
· What happens if movement overlaps another ship?
· Can movement be used to avoid a bomb after it is triggered?
These considerations demonstrate that early design decisions must be revisited. This reinforces the idea that software design is not linear but rather a cycle where you refine the system repeatedly.
In future development, more focus should be placed on edge cases and rule enforcement at the design stage rather than leaving these decisions until implementation.

[bookmark: _Toc228800844]3. User Stories and Story Map 
[bookmark: _Toc228800845]3.1 User Stories
The following user stories were created to define the main requirements of the battleships system:
1. As a player, I want to place my ships on the grid, so that I can start the game.
2. As a player, I want to take turns guessing coordinates so that I can hit my opponent’s ships.  
3. As a player, I want the option to counter-manoeuvre one time, so that the game has increased complexity  
4. As a user, I want the option to play against an AI, so that I can play offline/solo  
5. As a player, I want the option to use a drop bomb once during the match, so that I can possibly destroy a whole ship during one turn.
6. As a player, I want to be told whether my attack is a hit, miss, near miss, or destroy so that I know what happened.  
Each user story also defines an acceptance criterion, even if not explicitly mentioned. For example, the story “place ships on grid” assumes that:
· Ships can not overlap
· Ships must remain within boundaries
· Orientation must be valid (horizontal, vertical, diagonal and defined)
· Placement must occur before gameplay begins
Without explicitly defining these conditions, different interpretations could arise during implementation which is why user stories are often accompanied by acceptance criteria in professional development environments.

[bookmark: _Toc228800846]3.2 Evaluation of User Stories
The user stories are generally clear and easy to understand. Each one describes a specific action the player can either perform or learn from within the game.
A strength of the user stories is that they are user-focused rather than system-focused. This helps ensure that development remains aligned with the player experience.
However, some stories are too vague in terms of technical detail, For example, “As a player, I want to place my ships on the grid, so that I can start the game.” Does not specify rules such as overlapping prevention or grid boundaries. This makes it difficult to fully test the requirements without additional acceptance criteria.
The benefit of user stories in this system is that they allow prioritisation of gameplay experience. Instead of focusing on architecture, the design ensures that the user interaction instead remains central.
For example, the inclusion of “hit, miss, near miss, destroy” feedback improves user engagement by providing meaningful responses to actions and without this feedback loop, the game would feel unresponsive and less interactive.
Similarly, special abilities such as drop bomb introduce strategic depth which in turn increases replay ability. This demonstrates how user stories are not just functional requirements but also influence game design quality.

[bookmark: _Toc228800847]3.3 Story Map
The user stories can be grouped into three main phases of gameplay:
Setup Phase
· Place ships on grid
· Validate placement rules
· Confirm ready status
Gameplay Phase
· Take turns guessing coordinates
· Receive hit or miss feedback
· Track ship status
· Use special abilities (drop bomb/counter manoeuvre)
End Phase
· Detect when all ships are sunk
· Declare winner
· End the game
The story map can also be interpreted as a dependency chain rather than just a flow diagram. Setup phase must complete before gameplay can begin and gameplay must continuously evaluate win conditions before transitioning to end state.
This introduces a logical dependency structure: 
· Setup → Gameplay → End condition evaluation
If any part of this sequence fails (e.g., ship placement validation fails), the system can not proceed correctly which highlights the importance of enforcing stage transitions within implementation.

[bookmark: _Toc228800848]3.4 Evaluation of Story Map
The story map is effective at structuring the overall flow of the game and separating it into logical phases which improves system understanding and supports development planning.
However, the map lacks prioritisation and does not explicitly define dependencies between features. For example, special abilities depend on core gameplay being functional but this relationship is not represented.
One limitation of the story map ios that it does not reflect concurrency or turn management. In a two-player system, the game state must alternate between players correctly. This introduces complexity such as:
· Ensuring only one player acts at a time
· Preventing double actions
· Synchronising game state updates between clients (in a web system)
These aspects are not visible in the story map but are critical in implementation.
Additionally, the map does not specify alternative flows or error states. Such as an invalid move or repeated actions which limits its usefulness for a detailed implementation plan.
[bookmark: _Toc228800849][bookmark: _Toc228800850]4. CRC Cards Evaluation 
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The CRC cards developed for this system represent three primary classes: Player, Board and Ship, each of which encapsulates distinct responsibilities within the overall game architecture. The Player class is responsible for managing user actions such as selecting coordinates, triggering special actions and maintain a turn state. It collaborates closely with the Board class, which acts as the central authority for validating moves, tracking frid state and enforcing game rules.
The Board class plays a critical role in maintaining system integrity. Its responsibilities include validating the ship placement against the boundary and overlap constraints while processing attacks and updating the game state after each turn. It also acts as the intermediary between the Player actions and Ship state changes. This separation ensures that validation logic is centralised rather than duplicated across multiple components.
The Ship class is responsible for representing individual ships, including their size, position and hit status. It must also track how many segments have been hit and then determine if or when the ship is considered destroyed. This encapsulation allows ship-specific logic to remain independent from broader game rules.
The relationship between these three classes demonstrates a clear interaction model. The player interacts with the Board to perform actions while the Board interacts with the Ship objects to update their state. This is a layered structure which in turn supports separation of concerns and reduces tight coupling which makes the game easier to extend and maintain.

[bookmark: _Toc228800851]4.2 Strengths
The CRC cards provide a clear breakdown of the system into logical components. Each class has defined responsibilities which helps avoid confusion during development.
Another strength is that they support object-oriented design. The separation of Player, Board and Ship makes the system easier to understand and manage.
A further strength of CRC cards is that they can support responsibility-driven design rather than purely data-driven design This means that the focus is placed on what each class does rather than what it stores. This aligns with key object-oriented principles such as encapsulation and cohesion, which goes to improve system organisation. [6]
Additionally, CRC cards help identify potential design issues earlier on. For example, of one class appears to have too many responsibilities, it can indicate poor design and the need to refactor. This prevents the creation of complex or coupled components.
Another advantage is that CRC cards make system interactions easier to visualise. By identifying the collaborators, developers can better understand how data flows through the system and how different components depend on each other 
They also help identify the relationships between different parts of the system which is essential when planning implementation.

[bookmark: _Toc228800852]4.3 Weaknesses
One weakness is that CRC cards are too abstract. They don’t include method details or implementation logic which means there will need to be more design work before coding.
Another limitation of CRC cards is that they do not represent dynamic behaviour over time. While they define responsibilities, they do not show how those responsibilities are executed during gameplay. For example, the sequence of actions during a player’s turn is not explicitly represented.
CRC cards also do not support modelling of inheritance or extensibility. If the system were to be expanded and there were then multiple ship types with different behaviours, the CRC cards alone would not clearly represent this hierarchy.
Furthermore, CRC cards do not include any representation of constraints or validation rules beyond a simple description. This limits how useful they can be when implementing complex rule logic such as overlapping prevention or movement constraints.
They also don’t clearly define the validation rules or how to handle errors. For example, there is no explanation of how an invalid move or overlapping ship should be handled.
Another limitation is that testing is not considered within the CRC cards, which also makes it harder to ensure all requirements covered.
[bookmark: _Toc228800853]4.4 Critical Evaluation
From a critical perspective, CRC cards are most effective when used alongside other modelling techniques. On their own, they do still provide a high-level overview of system structure however they would lack the detail required for implementation and testing.
In particular CRC cards do not capture stare transitions or event-driven behaviour, which are essential in a turn-based game. For example, they do not show how the system transitions between player turns and how special abilities interrupt normal gameplay flow.
The CRC cards partially reflect the user stories; however they do not fully capture all acceptance criteria. For example, special features such as the drop bomb and manoeuvre are not fully detailed.
While for early design they are useful, they are not sufficient enough on their own to build or test the system. More detailed class diagrams or specifications would be required.
Therefore, while CRC cards are valuable for early design, they must be supplemented with additional artefacts such as sequence diagrams or state diagrams to fully support development.
[bookmark: _Toc228800854]5. Software Testing Evaluation 
[bookmark: _Toc228800855]5.1 Importance of Testing
Software testing is important because it ensures that the system works correctly and meets the user requirements. In a game like Battleships, testing is essential to make sure that rules are applied properly and that the gameplay is fair for both parties.
Testing is especially important in rule-based systems because small logic errors can drastically alter gameplay outcomes. For example, a single incorrect condition in hit decision can incorrectly sink ships or allow invalid moves.
In addition, testing ensures reproducibility. A game system must always behave consistently across multiple sessions, meaning that identical inputs should always produce identical outputs.
Testing also helps identify bugs early in development which reduces the risk of issues such as broken game logic or incorrect/invalid ship placement and hit detection.
[bookmark: _Toc228800856]5.2 Black Box Testing
Black box testing focuses on testing the system without the knowledge of the internal code. It checks whether inputs produce the correct outputs.
For example, if a player selects a grid position, the system should correctly return either “hit” or “miss” based on ship placement.
Black box testing aligns closely with user acceptance testing as well. It ensures that regardless of how the system is built internally, the output remains consistent with user expectations.
For example, if a player uses a drop bomb the expected outcome is immediate destruction of a ship. Black box testing confirms this behaviour without needing to inspect internal logic. [1]

[bookmark: _Toc228800857]5.3 White Box Testing
White box testing involves looking at the internal structure of the code and ensures that all logic paths are tested. [4]
For example, testing the bomb feature would involve checking all possible conditions inside the function that handles the ship destruction.
White box testing is particularly important for verifying conditional logic branches. In this system, key areas include:
· Ship placement validation logic
· Hit detection logic
· Bomb usage constraints
· Turn switching conditions
· Each of these contains multiple decisions paths that must each be tested individually.
[bookmark: _Toc228800858]5.4 Comparison
Black box testing focuses much closer on user experience and how the system behaves meanwhile white box testing focuses on internal logic.
Black box testing is useful for validation requirements whereas white box testing is useful for finding logic errors.
Both are important and should be used together to fully test the system.
A key difference between the two approaches is that black box testing validates correctness from the outside whereas white box testing validates completeness from the inside.
In a system like Battleships, both are required because:
· Black box ensures player experience is correct
· White box ensures rule logic is fully executed
[bookmark: _Toc228800859]6. Test Cases 
The following test cases are designed to not only validate expected gameplay behaviour but to also explore system robustness under edge conditions. This includes invalid inputs, special ability interactions and state transition validation.
Each test is structured to ensure trackability between both system requirements and expected outcomes.
Test Case 1 – Miss
· Pre-condition: Game is active, no ship at selected coordinate 
· Input: Player selects (2,2) 
· Expected output: “Miss” displayed 
· Purpose: Test basic gameplay response 

Test Case 2 – Hit
· Pre-condition: Ship exists at coordinate 
· Input: Player selects ship location 
· Expected output: “Hit” displayed 
· Purpose: Test hit detection 

Test Case 3 – Ship Sunk
· Pre-condition: One hit remaining on ship 
· Input: Final correct coordinate selected 
· Expected output: “Ship sunk” message 
· Purpose: Test ship destruction logic 

Test Case 4 – Drop Bomb
· Pre-condition: Bomb available, ship within target area 
· Input: Bomb used on coordinate 
· Expected output: Entire ship destroyed 
· Purpose: Test special ability 

Test Case 5 – Invalid Input
· Pre-condition: Game active 
· Input: Out of bounds coordinate 
· Expected output: Error message 
· Purpose: Test validation 

Test Case 6 – Counter Manoeuvre
· Pre-condition: Ship placed on board 
· Input: Counter manoeuvre activated 
· Expected output: Ship moves one square 
· Purpose: Test defensive mechanic 
A key strength of these test cases is that they cover multiple categories of system behaviour. These include:
· Normal operation (hot/miss detection)
· State transitions (ship sinking)
· Special mechanics (drop bomb and counter manoeuvre)
· Validation checks (invalid input handling)
This variety ensures that both the expected and unexpected behaviours are tested.
However, the test cases could be improved further by including boundary value analysis. For example, testing coordinates at the edges of the grid (e.g. (0,0) or (9,9)) would help ensure that boundary conditions are handled correctly.
Additionally, repeated action tests could be included such as attempting to use the drop bomb more than once. This would verify that the system constrains are properly enforced.

6.1 Advanced Testing
While the existing test cases cover the fundamental gameplay behaviour, a more comprehensive testing strategy would include additional categories such as boundary testing, state persistence testing and negative scenario validation.
Boundary testing in particular is important in a grid-based system. Coordinates at the extreme edges of the grid, such as (0,0) and (9,9) should be explicitly tested to ensure that validation logic correctly enforces limits without producing errors or undefined behaviour. Similarly, ship placement along edgers should be tested to confirm that orientation rules are correctly applied when space is limited.
State-based testing is also critical in this system because of its turn-based nature. For example, tests should verify that after a player takes an action, the system correctly transitions control to the opposing player. Additional tests should also be used to confirm that the special abilities such as the bomb drop can not be reused once used the first time, ensuring rule enforcement across multiple turns.
Negative testing scenarios should also be expanded. These include attempting to select the same coordinate multiple times, attempting to move a ship into a position that is invalid using thew counter manoeuvre or triggering actions when the game is already completed. These cases help ensure that the system will behave in a predictable manner under incorrect or unexpected user input. 
Finally, integration-style test cases could be introduced to simulate full gameplay sequences because rather than using isolated test actions, we would instead validate that the system behaves correctly across multiple turns which ensures that the state consistency is maintained throughout the entire game lifecycle.

[bookmark: _Toc228800860]7. Unit Testing & Testable Code 
Unit testing involves testing individual functions or components in isolation. Each unit of code is tested to make sure that it behaves correctly.
In this system, functions such as checking a hit, placing a ship or using a bomb would be each tested individually.
Unit testing is important because it can help identify errors early on and ensures that each part of the system works correctly before it is combined with other parts. [5]
Testable code is code that is modular, simple and has clear inputs and outputs. In this system, separating game logic from user interface logic would improve testability. 
Unit testing is particularly effective in systems like Battleships because most logic can be isolated into small independent functions. For example:
· checkHit()
· placeShip()
· useBomb()
· moveShip()
Each function has a clear input and output which makes them suitable for automated testing.
A key benefit of utilising unit testing in this system is regression prevention. When new features such as counter manoeuvre are added, existing functionality (such as hit detection) must still behave correctly. Unit tests ensure this stability.
7.1 Architecture and Strategy
In addition to basic unit testing, the system would also benefit from adopting a structured testing strategy aligned with layered architecture. By separating the application into presentation, logic and data layers, testing can be more effectively targeted at each level.
For example, the core game logic (such as hit detection and rule enforcement) should be isolated within a dedicated game engine module. This allows unit test to be written without dependence on the user interface or network interactions. As a result, the tests will be more reliable and faster to execute all while being easier to maintain.
Another important consideration is test coverage, High coverage ensures that most logical paths within the code are executed during testing because in a system with multiple conditional branches such as in Battleships, achieving a strong coverage is essential to make sure hidden defects are prevented.

[bookmark: _Toc228800861]8. Conclusion 
This report has evaluated the design and testing process for a Battleships web application. The use of user stories, CRC cards and story mapping helped to structure the system and ensure that development remained focused on the user experience.
However, while these methods are useful for initial design, they lack detailed technical information needed for full implementation and testing. Additional detail would be needed to fully define system behaviour and edge cases.
Testing plays an important role in ensuring that the system works correctly. Both black and white box testing are necessary to check functionality and internal logic. The test cases provided demonstrate exactly how the system can be validated under different conditions such as normal gameplay and special abilities. 
Overall, the design approach demonstrates how structured modelling techniques can simplify complex system requirements. While Battleships is conceptually simple, the introduction of special mechanics significantly increase system complexity.
Testing and design work together to ensure reliability. Without a structured design, testing would become inconsistent and without testing, design assumptions could not be validated.
In summary, the design and testing approach demonstrates a structured method for developing a rule-based interactive system. The combination of user stories, CRC cards and test planning provide a layered understanding of both system behaviour and system structure.
However, the analysis also highlights limitations of early-stage design artefacts, particularly in relation to dynamic behaviour, state persistence and edge-case definition. These limitations reinforce the importance of interactive refinement and continuous validation throughout the software development lifecycle.
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