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[bookmark: _Toc228880977]1. Introduction

This report presents an individual evaluation of the software design process undertaken as part of a team exercise to design a web-based implementation of the classic Battleships game. The game follows the traditional two-player format played on a 10x10 grid, extended with two additional mechanics: a Drop Bomb ability that destroys an entire ship in a single hit, and a Counter Manoeuvre that allows a player to move a ship one square to evade an incoming attack. 

During class-based sessions, the team collaboratively produced a set of user stories, a user story map, Class-Responsibility-Collaborator (CRC) cards, class diagrams, and a sequence diagram using the Miro collaborative whiteboard tool. This report evaluates those artefacts critically, reflecting on the team design experience, assessing the quality of the CRC cards, evaluating software testing strategies with examples, and investigating unit principles in the context of this application. 

[bookmark: _Toc228880978]2. Evaluation of Design Process and User Stories
[bookmark: _Toc228880979]2.1 The Design Process

The design process adopted by the team was grounded in Agile principles, specifically the use of user stories and collaborative story mapping [1]. Rather than producing a formal specification document up front, the team worked iteratively on a shared Miro board to elicit requirements, organise them by priority and theme, and map them against a delivery timeline structured into three increments.

The process began with an open brainstorming session in which each team member contributed user stories to the Miro board. Stories were written in the standard Agile format: “As a [player], I want to [do something] so that [I get some benefit].” Once a broad set of stories had been generated, the team categorised them by colour: green for core gameplay stories, and orange for nice-to-have enhancements. This MoSCoW-style prioritisation helped the team focus attention on what was truly necessary for a minimum viable product (MVP) [2].

Following prioritisation, the team produced a user story map organising the stories around three user activity themes in the backbone: Manage Ships, Manage Placements, and Manage Game. Beneath each theme, user tasks and steps were identified, and stories were distributed across three delivery increments, from must-have MVP features down to lower priority enhancements. 

[bookmark: _Toc228880980]2.2 Strengths and Weaknesses of the Approach 

A significant strength of this collaborative approach was the diversity of perspectives it brought to the design. Collective code and design ownership leads to more robust solutions because no single person’s blind spots dominate the design [3]. In practice, different team members emphasised different concerns: some prioritised functional correctness (e.g. preventing invalid ship placements), while others focused on user experience. This produced a richer and more complete set of requirements than any individual might have generated alone.

The use of a shared digital whiteboard (Miro) also proved advantageous. Unlike physical card-sorting exercises, Miro allowed the team to rearrange, recolour and annotate stories in real time, with all changed immediately visible to the whole group. This made it easy to revisit and refine decisions. Visual management tools are particularly effective in Scrum-based teams because they externalise knowledge and reduce cognitive overhead. [4]

However, there are weaknesses. First, the initial CRC card set, which comprised 13 separate classes, showed signs of over-decomposition. Classes such as Hit, Miss and Destroy Ship were modelled a separate entities despite sharing overlapping responsibilities related to attack outcomes. This level of detail, while initially logical, risked creating too many dependencies between classes and made it harder to clearly assign responsibility. The team subsequently revised the design into a consolidated set of four higher-level classes (Ship, Game, Board, Actions), which more faithfully reflects established object-oriented design principles such as the Single Responsibility Principle and cohesion [5].

Second, the story map, while structurally sound, contained some stories that were vague or duplicated. For example, two stories addressed ship placement from slightly different angles, one focused on guidance/UX and one on rule enforcement, without clearly delineating where one responsibility ended and the other began. Ambiguity of this kind can cause difficulties during implementation if developers interpret the stories differently. This suggests that acceptance criteria should have been defined more rigorously for each story at the point of writing. 

[bookmark: _Toc228880981]2.3 User Stories and the Story Map 

As shown in Figure 1, the team generated a comprehensive set of user stories across all areas of the game. The stories are colour-coded by priority: green (core gameplay), yellow (important UX), and orange (enhancements). The breadth of stories produced different reflects through requirements elicitation, covering ship placement, attack mechanics, game flow, special abilities, and end-game behaviour.
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Figure 1: Team-produced User Stories board (Miro, 2026)

Figure 2 illustrates the user story map, which organises stories around three backbone activities: Manage Ships, Manage Placements, and Manage Game. The horizontal axis represents the flow of the game from setup through to completion, while the vertical axis represents priority from must-have (Increment 1) through should-have (Increment 2) to could have (Increment 3). This structure allows a team to identify a coherent slice of functionality for each release and avoids the common pitfall of treating a backlog as a flat, unordered list.

[image: ]
Figure 2: User Story Map showing three delivery increments (Miro 2026)

The Increment 1 MVP slice covers the essential game loop, with Increment 2 adding supporting features and Increment 3 introducing optional enhancements, demonstrating sound release planning that ensures a working game could be delivered early and improved iteratively.
[bookmark: _Toc228880982]2.4 The Benefit of User Stories

A critical aspect of the user story format is the “so that” clause, which articulates the benefit to the user. This component is the most important part of the story because it grounds the feature in real user value and allows the team to evaluate whether alternative implementations might deliver the same benefit more efficiently. The following three stories, drawn from the teams board, are discussed in detail with attention to their benefit:

Story 1: Core Gameplay – Turn Management

“As a player, I want the system to automatically switch turns after each move so that the game flows correctly.”

The benefit here, that the game flows correctly, underpins the fundamental playability of the application. Without automatic turn switching, players would need to self-regulate, introducing the risk of cheating or accidental repeated turns. The benefit reveals that the system must enforce game integrity, not merely display information. This story maps directly to the Rules class in the CRC design, which holds responsibility for managing Turn 1 vs Turn 2 and enforcing win conditions. The acceptance criteria implied by this story would include: that a player cannot make a second move before the opponent respond, and that the turn indicator updates immediately after a move is confirmed.

Story 2: Special Ability – Drop Bomb

“As a player, I want to use a drop bomb once per game so that I can strategically destroy an entire enemy ship”.

The benefit here is strategic depth: the drop bomb is not simply a powerful attack, but a single-use tactical resource that introduces decision-making about timing and targeting. The “once per game” constraint is central to the benefit, if the ability were unlimited, it would trivialise the game. This story therefore implies an important acceptance criterion: the drop bomb option must be disabled after first use, and the system must clearly notify the player that the ability has been used. This story connects to the Drop Bomb CRC class, which captures the user click and sends the target to the Rules class, which enforces usage limit.

Story 3: UX – Visual Hit and Miss Markers

“As a player, I want to see visual markers for hits and misses so that I can easily track the game state.”

The benefit is easily tracking the game state which highlights that this story is fundamentally about cognitive load reduction not merely aesthetics. Without clear visual differentiation between hit and miss squares, players must maintain an internal model of the board, which increases error rates and reduces enjoyment. This aligns with usability heuristic of visibility of system status: users should always be informed about what is happening through appropriate feedback [6]. The acceptance criterion implied is that hit squares display one marker (e.g. a cross) and miss squares display a distinct marker (e.g. a circle), with both visible simultaneously on the opponents board. 

[bookmark: _Toc228880983]2.5 Wireframe Diagrams

While the team did not produce wireframes as a group artefact during the class session, the following wireframes have been produced individually to complement the design work and satisfy the requirement for UI consideration. Four key screens have been identified as essential to the user experience of the Battleships web application.

Screen 1 — Ship Placement (Figure A)
The ship placement screen presents the player with their 10x10 grid alongside a list of their fleet. Players can drag ships onto the grid, use the rotate button to change orientation, and reposition ships before confirming. This screen directly supports the user story: "As a player, I want to place my ships on the board so that I can prepare my fleet before the game begins." The confirmation button is disabled until all five ships have been placed, enforcing the rule that placement must be complete before gameplay begins.

[image: ]
Figure A: Ship placement screen wireframe

Screen 2 — Gameplay / Attack Phase (Figure B)
The gameplay screen displays both boards simultaneously, the player's own board on the left showing any hits the opponent has made, and the opponent's board on the right where the active player selects squares to attack. Hit squares are marked with ‘X’ and miss squares with ‘O’. The two special ability buttons, Drop Bomb and Counter Manoeuvre, are displayed in the sidebar and are disabled after use, with a clear label indicating remaining uses.
[image: ]
Figure B: Gameplay screen wireframe

Screen 3 — Notification States (Figure C)
This screen illustrates the four possible feedback notifications the system must display following each action. A standard miss displays a neutral notification and passes the turn. A hit displays a red alert. A drop bomb that lands on a ship triggers a "Destroy" notification, confirming the ship has been sunk and the ability spent. A counter manoeuvre triggers a "Near Miss" notification, informing the attacking player that the ship was moved. These notifications are central to the game's amended rules and must be distinct and unambiguous to avoid player confusion.
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Figure C: Notification states wireframe

Screen 4 — Game Over (Figure D)
The game over screen appears as a modal overlay when all of one player's ships have been sunk. It displays the winner, a summary of match statistics (hits, misses, accuracy), and two options: play again or return to the main menu. This supports the user story: "As a player, I want to clearly see when I win or lose after a match ends so that the outcome of the game is obvious."
[image: ]Figure D: Game over screen wireframe

[bookmark: _Toc228880984]3. CRC Card Design
[bookmark: _Toc228880985]3.1 Overview of CRC Cards

Class-Responsibility-Collaborator (CRC) cards were originally introduced as a lightweight, informal technique for exploring object-oriented designs [7]. Each card represents a single class and captures three things: the name of the class, the responsibilities it holds (what it knows and what it does), and the other classes it collaborates with to fulfil those responsibilities. The technique is deliberately low-fidelity so that designers feel free to revise and discard ideas without attachment to a formal artefact [8].
This was then extended this into a broader responsibility-driven design methodology, arguing that modelling what objects are responsible for rather than what data they hold produces more maintainable and cohesive systems [9]. In this assignment, CRC cards served as the primary tool for translating user stories into an object-oriented design, forming a conceptual bridge between requirements and implementation.

[bookmark: _Toc228880986]3.2 Evaluation of the CRC Cards Produced

The team produced two iterations of CRC cards. The first iteration (Figure 3) comprised 14 classes: Start Game, End Game, Place Ship, Rotate Ship, Move Ship, Rules, Board, Hit, Miss, Drop Bomb, Countermanoeuvre, Results, Restart and Destroy Ship. The second iteration (Figure 4) consolidated these into four higher-level classes: Game, Ship, Board, and Actions.

[image: ]
Figure 3: Original CRC Cards produced by the team (Miro, 2026)

The original 14-class design showed commendable granularity in identifying the game's distinct behaviours. Separating Hit, Miss, and Destroy Ship into individual classes, for instance, reflected the team's careful reading of the game rules, where each outcome carries a specific notification and consequence. However, this decomposition introduced significant problems. Several classes had very thin responsibilities, the Miss class, for example, was responsible only for updating the board with a miss marker and ending the current player's turn, which is insufficient to justify a standalone class. This anti-pattern is cautioned against, described such classes as "lazy classes" that add architectural complexity without proportional benefit [8].

Additionally, the collaborator lists in the original cards were sometimes incomplete. The Drop Bomb class listed Rules and Board as collaborators but did not acknowledge its dependency on the Ship class since destroying a whole ship requires knowledge of which ship occupies the targeted square. A developer relying solely on these cards would not anticipate needing a Ship lookup at the point of bomb impact.

The revised design (Figure 4) addressed many of these shortcomings by consolidating responsibilities into four coherent classes, summarised in Table 1 below.
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Figure 4: Revised CRC Cards — consolidated design (Miro, 2026)

Table 1: Summary of the revised CRC cards

	Class
	Responsibilities
	Collaborators

	Game
	Start, end and restart the game; reset both boards; choose starting player; track score and accuracy; manage turn switching; enforce win conditions
	Rules, Board, Ship

	Ship
	Manage position coordinates and orientation; handle damage states; determine when destroyed
	Board, Rules

	Board
	Store ship/hit/miss data for both players; update cell state on hit, miss, or destroy
	All classes

	Actions
	Capture user click and send target to Rules; activate Drop Bomb (one use per game); activate Counter Manoeuvre (move ship one square)
	Game, Board, Ship



The consolidated design is a clear improvement. The Game class now acts as a central controller, absorbing responsibilities previously spread across Start Game, End Game, Rules, Results, and Restart. This aligns with the Controller pattern where a single class coordinates system-level operations rather than distributing them across multiple thin classes [10]. The Ship class consolidates placement, rotation, movement, and destruction into one cohesive unit. The Board acts as shared state, and the Actions class cleanly encapsulates both standard strikes and the two special mechanics.

[bookmark: _Toc228880987]3.3 Alignment with Acceptance Criteria
A key question when evaluating CRC cards is whether they contain sufficient detail to enable both implementation and testing. Design artefacts should be "just barely good enough", detailed enough to guide development but not so prescriptive that they eliminate developer judgement [11].

On the positive side, the revised cards do reflect several key acceptance criteria from the user stories. The Game class's responsibility to "enforce win conditions" maps directly to the story: "As a player, I want the system to determine when all enemy ships are sunk so that the game can end correctly." Similarly, the Actions class's responsibility to "activate Drop Bomb (one use per game)" reflects the acceptance criterion that the ability must be disabled after first use.
However, several acceptance criteria are not clearly captured. The story "As a player, I want the system to prevent attacking the same square twice so that gameplay remains logical" implies a validation check, but neither the Board nor Game card explicitly names this responsibility. The Counter Manoeuvre near miss notification is a specific rule requirement and is also absent from the Actions card.

These omissions suggest that the CRC cards, while a useful starting point, would need to be supplemented with explicit acceptance criteria before a developer could confidently implement and test all required behaviours. It is recommended to pair design artefacts with a requirements traceability matrix to ensure every user story maps to at least one component [12]. This was not produced during the class session and represents an area for improvement.

Additionally, the CRC cards specify no attributes or method signatures, which limits their usefulness as a testing guide. A tester wishing to write a unit test for the Drop Bomb behaviour would need to infer that a method such as fireShot() exists, this is only made explicit in the companion class diagrams (Figure 5). This confirms that CRC cards alone are insufficient for test-driven development and should be used alongside more detailed class specifications.
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Figure 5: Class diagrams extending the CRC design with attributes and methods (Miro, 2026)
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[bookmark: _Toc228880989]4.1 The Importance of Software Testing
Software testing is a fundamental discipline within software engineering, concerned with evaluating a system to ensure it behaves as intended and identifying defects before they reach end users. Defined as the process of executing a program with the intent of finding errors, and that a test which does not find a fault should not be considered a success [13]. This perspective reframes testing not as a validation exercise but as a deliberate attempt to break the system, a mindset that produces more thorough and effective test suites.

The importance of testing extends beyond simply catching bugs. It is argued that the cost of fixing a defect increases exponentially the later it is discovered in the development lifecycle [14]. A bug caught during unit testing may take minutes to fix, while the same defect discovered after deployment could require significant rework, damage user trust, and in safety-critical systems, cause serious harm. In the context of the Battleships application, while the stakes are lower than in safety-critical software, poor testing could still result in game-breaking defects, such as a player being able to attack the same square twice, or the drop bomb ability being usable multiple times, that would undermine the fairness and integrity of the game.

Testing also plays an important role in validating that a system meets its requirements. IEEE Standard 829 defines software testing documentation as a means of ensuring traceability between requirements and verified system behaviour [15]. In the context of this project, this means ensuring that each user story acceptance criterion can be demonstrated through a passing test, creating confidence that the delivered software genuinely fulfils the stated user needs.

[bookmark: _Toc228880990]4.2 Black Box Testing
Black box testing, also referred to as behavioural or specification-based testing, treats the system under test as an opaque unit. The tester has no knowledge of the internal code structure and instead focuses entirely on inputs and outputs, verifying that the system produces the correct response for a given set of conditions. Described as testing against the specification, the tester asks "given this input, does the system produce the output the specification says it should?" [16].

Black box testing is particularly well suited to validating user stories, since user stories themselves are written from an external, behavioural perspective. For the Battleships application, a black box test might involve selecting a grid square on the opponent's board and verifying that the correct notification appears, without any concern for how the system internally determined whether the square contained a ship. The tester interacts with the application exactly as a user would.

A strength of black box testing is that it can be performed by testers who have no programming knowledge, and it tests the system from the user's perspective, which is ultimately what matters for acceptance. However, a weakness is that it cannot guarantee coverage of all internal code paths, it is entirely possible for a black box test suite to pass while significant portions of the codebase remain untested [17].

An example black box test for the Battleships application would be testing the drop bomb mechanic. The tester would launch the game, place ships, and use the drop bomb ability on a square containing a ship. The expected output is a "Destroy" notification and the opponent's entire ship being marked as sunk. The tester then attempts to use the drop bomb a second time and expects the button to be disabled. This test validates the behaviour entirely from the outside, with no knowledge of how the Actions or Game classes enforce the one-use limit internally.


[bookmark: _Toc228880991]4.3 White Box Testing
White box testing, also referred to as structural or glass box testing, takes the opposite approach. The tester has full visibility of the source code and designs tests specifically to exercise internal logic paths, branches, loops, and conditions. White box testing aims to achieve code coverage, ensuring that every statement, branch, and condition in the code is executed by at least one test [18].

White box testing is typically carried out by developers rather than external testers, as it requires an understanding of the codebase. It is particularly effective at identifying edge cases and boundary conditions that a purely behavioural test might miss. For example, a black box tester might only test the drop bomb on a square that contains a ship, a white box tester examining the code, would also test what happens when the bomb lands on an empty square, and whether the one-use flag is correctly set in both cases.

For the Battleships application, a white box test might target the checkWinCondition() method in the Game class. The tester, knowing the internal logic of this method, would construct test cases that exercise each branch: a case where all ships are sunk and the method should return true, a case where one ship still has health remaining and the method should return false, and a boundary case where the last ship has exactly one cell remaining.

The key difference between the two approaches is summarised in Table 2 below.

Table 2: Comparison of black box and white box testing
	
	Black box
	White box

	Knowledge of code
	None
	Full

	Basis for tests
	Specification / user stories
	Source code structure

	Performed by
	Testers / end users
	Developers

	Strengths
	Tests real user behaviour; no coding knowledge needed
	Ensures code coverage; finds edge cases

	Weaknesses
	Cannot guarantee internal coverage
	May miss user-facing behavioural issues

	Battleships example
	Testing drop bomb produces "Destroy" notification
	Testing checkWinCondition() logic branches





[bookmark: _Toc228880992]4.4 Testable Code
The concept of "testable code" refers to software that is written in a way that makes it straightforward to write automated tests for. Testability should be treated as a first-class design concern, not an afterthought, and that code which is difficult to test is often also difficult to maintain and extend [19].
Several characteristics define testable code. First, single responsibility: a class or method that does one thing is far easier to test than one that performs multiple operations simultaneously, because the test only needs to account for one behaviour at a time. In the revised Battleships class design, separating the Ship class from the Game class is a step towards this, it means a developer can test ship damage logic independently of game flow logic.

Second, dependency injection: testable code avoids creating its own dependencies internally, instead receiving them as parameters. This allows tests to substitute real dependencies with simplified mock objects. For example, if the Game class instantiates its own Board object internally, it becomes difficult to test Game methods in isolation. If instead the Board is passed into the Game as a parameter, a test can supply a controlled mock Board, making the test predictable and repeatable.

Third, avoiding global state: code that relies on shared global variables is difficult to test because the outcome of one test can affect another. In the Battleships application, storing the current player's turn or the drop bomb usage flag as global variables would create this problem. Encapsulating these values within the Game or Actions class makes each test independent.

The concept of a "seam”, a place in the code where behaviour can be changed without modifying the code itself is the foundation of testable design [20]. By designing the Battleships classes with clear seams (e.g. methods that accept parameters rather than reading from global state), the codebase becomes significantly more amenable to automated unit testing, which is explored further in Section 6.

[bookmark: _Toc228880993]5. Application Tests
The following tests have been designed to verify that the Battleships web application functions correctly. Both black box and white box tests are included, covering core gameplay, special abilities, and edge cases. Each test is described with its pre-conditions, inputs, expected outputs, and a description of what the test is trying to elicit.

[bookmark: _Toc228880994]5.1 Black Box Tests
Valid ship placement
Pre-conditions: The game has loaded successfully. It is the ship placement phase. No ships have been placed yet.
Inputs: The player drags the Carrier (5 squares) onto the grid and places it horizontally across squares A1 to E1, then clicks "Confirm placement" after placing all five ships.
Expected output: The placement is accepted. The game transitions to the attack phase. No error message is displayed.
Description: This test verifies that the system accepts a valid ship placement. It checks that the placement screen functions correctly for a straightforward, rule-compliant arrangement. It tests the core user story: "As a player, I want to place my ships on the board so that I can prepare my fleet before the game begins."

Attacking a square containing a ship - hit
Pre-conditions: Both players have completed ship placement. It is Player 1's turn. Player 2 has placed their Cruiser at squares C3, D3, E3.
Inputs: Player 1 clicks on square D3 on the opponent's board.
Expected output: The square D3 is marked with a hit marker (X). A "Hit!" notification is displayed. The turn passes to Player 2.
Description: This test verifies the core attack mechanic — that hitting a square containing an enemy ship produces the correct visual feedback and notification. It corresponds to the story: "As a player, I want to be notified whether my attack was a hit or a miss so that I can track my progress during the game."

Attacking an empty square - miss
Pre-conditions: Both players have completed ship placement. It is Player 1's turn. Square F6 on Player 2's board contains no ship.
Inputs: Player 1 clicks on square F6 on the opponent's board.
Expected output: The square F6 is marked with a miss marker (O). A "Miss" notification is displayed. The turn passes to Player 2.
Description: This test verifies the miss mechanic and that turn switching occurs correctly after an unsuccessful attack. It also ensures the miss marker is visually distinct from the hit marker, supporting the user story about tracking game state visually.

Drop bomb - lands on a ship
Pre-conditions: Both players have completed placement. It is Player 1's turn. Player 1 has not yet used their drop bomb. Player 2's Destroyer occupies squares G7 and G8.
Inputs: Player 1 activates the drop bomb ability and selects square G7.
Expected output: A "Destroy!" notification is displayed. Both squares G7 and G8 are marked as destroyed. The Destroyer is removed from Player 2's fleet count. The drop bomb button becomes disabled with a label indicating it has been used.
Description: This test verifies the drop bomb special mechanic — that a single hit destroys the entire ship regardless of size, and that the ability is correctly consumed after one use. It tests both the functional outcome and the one-use enforcement rule.

Counter manoeuvre - near miss
Pre-conditions: Both players have completed placement. It is Player 2's turn. Player 1 has not yet used their counter manoeuvre. Player 1's Submarine occupies squares B5, C5, D5.
Inputs: Player 2 attacks square C5. Before the result is confirmed, Player 1 activates the counter manoeuvre, moving the Submarine one square to B5, C5, D5 → C5, D5, E5.
Expected output: A "Near Miss!" notification is displayed. Square C5 is not marked as a hit. The Submarine's new position is updated on Player 1's board. Player 1's counter manoeuvre button becomes disabled.
Description: This test verifies the counter manoeuvre mechanic, that a player can move a ship one square to evade an incoming attack, resulting in a near miss rather than a hit. It also checks that the ability is correctly consumed.

Win condition - all ships sunk
Pre-conditions: It is Player 1's turn. All of Player 2's ships have been hit except for the last remaining cell of the Destroyer at square J10.
Inputs: Player 1 attacks square J10.
Expected output: A "Hit!" notification is displayed followed immediately by the game over screen. Player 1 is declared the winner. Match statistics (hits, misses, accuracy) are displayed. Options to play again or return to the menu are presented.
Description: This test verifies the win condition logic, that the game correctly identifies when all enemy ships have been sunk and triggers the end game screen. It corresponds to the user story: "As a player, I want the system to determine when all enemy ships are sunk so that the game can end correctly."

[bookmark: _Toc228880995]5.2 White Box Tests
checkWinCondition() - all ships sunk
Pre-conditions: An instance of the Game class has been created. The Board object has been populated such that all of Player 2's ships have isSunk set to true.
Inputs: checkWinCondition() is called with Player 2 as the parameter.
Expected output: The method returns true.
Description: This test targets the internal win condition logic directly. By setting up the Board state programmatically, the test isolates checkWinCondition() from the rest of the game flow and verifies that it correctly identifies the winning state. This is a white box test because it requires knowledge that the method exists and that it checks the isSunk property of each Ship object.

checkWinCondition() - one ship remaining
Pre-conditions: Same setup as WB-01, except one of Player 2's ships has isSunk set to false and damageValue greater than zero.
Inputs: checkWinCondition() is called with Player 2 as the parameter.
Expected output: The method returns false.
Description: This test checks the boundary condition — that the win condition is not triggered prematurely while any ship remains afloat. It exercises a different branch of the checkWinCondition() method than WB-01 and is essential to prevent the game ending before all ships are actually sunk.

validateRules() - duplicate attack prevention
Pre-conditions: A Game object has been instantiated. The Board has been updated to record that square B4 was previously attacked by Player 1 (cell status set to "miss").
Inputs: validateRules() is called with Player 1 attempting to attack square B4 again.
Expected output: The method returns false, preventing the attack from proceeding.
Description: This test targets the duplicate attack prevention logic inside validateRules(). It requires knowledge of the internal cell status tracking within the Board class, specifically that cells are marked with a status value after being attacked, making it a white box test. It ensures the method correctly reads the cell status before allowing an attack.

[bookmark: _Toc228880996]6. Unit Testing
[bookmark: _Toc228880997]6.1 Principles of Unit Testing
Unit testing is a software testing approach in which individual components of a system are tested in isolation from the rest of the application. A unit is typically a single method or class, and the goal is to verify that it behaves correctly independently of the other components it would normally interact with. Unit testing is described as the foundation of test-driven development (TDD), where tests are written before the code itself, ensuring that every piece of functionality is verifiable from the moment it is implemented [21].
Several core principles underpin effective unit testing. First, tests must be isolated, each test should be entirely independent of others, with no shared state that could cause one test to affect another's outcome. Second, tests should be fast, unit tests are intended to be run frequently during development, so they must execute in milliseconds rather than seconds. Third, tests must be repeatable, running the same test multiple times under the same conditions must always produce the same result. Fourth, tests should be self-validating, the test itself must determine whether it passes or fails without requiring manual inspection of the output. These principles are collectively captured in the FIRST acronym (Fast, Isolated, Repeatable, Self-validating, Timely) [22].
A central tool in unit testing is the use of mock objects which are simplified stand-ins for real dependencies that allow a unit to be tested in isolation. The need to use mocks is itself a signal of good design: if a class is so tightly coupled to its dependencies that it cannot be tested without them, the design should be reconsidered [23].

[bookmark: _Toc228880998]6.2 Applying Unit Testing to the Battleships Application
Unit testing can be directly applied to several of the white box tests identified in Section 5. Using a JavaScript testing framework such as Jest, which is well suited to web-based applications, each test would be written as an isolated function that sets up a controlled state, calls a specific method, and asserts the expected return value.
For test checkWinCondition() - all ships sunk and checkWinCondition() - one ship remaining
, a unit test would instantiate the Game class with a mock Board object in which all ships are set to isSunk = true (checkWinCondition() - all ships) or one ship has isSunk = false (checkWinCondition() - one ship remaining). The checkWinCondition() method would then be called and the return value asserted against the expected result. Because the Board is mocked, this test runs without any dependency on the real Board implementation, making it fast and isolated.
For test validateRules() - duplicate attack prevention, a unit test would instantiate the Game class with a mock Board in which cell B4 has already been marked as attacked. The validateRules() method would be called with Player 1 targeting B4 and the return value asserted as false. Again, the mock Board ensures the test does not depend on the real cell-tracking implementation.
The value of applying unit testing to these methods is significant. If checkWinCondition() or validateRules() contain a bug, a failing unit test will identify the exact method responsible, dramatically reducing the time spent debugging. This is in contrast to black box testing, where a failure reveals that something is wrong with the system but not where the fault lies. This is described as the key advantage of unit testing, it provides precise fault localisation that higher-level tests cannot offer [24].

[bookmark: _Toc228880999]7. Conclusion

This report has evaluated the collaborative software design process undertaken to design a web-based Battleships application, reflecting on both the team experience and the quality of the artefacts produced. The use of Agile techniques such as user stories, story mapping, and CRC cards provided a structured and flexible approach to requirements elicitation and object-oriented design, though the exercise also revealed limitations including vague acceptance criteria and initial over-decomposition of classes.

The evaluation of CRC cards demonstrated that while the revised four-class design was a significant improvement over the original thirteen-class version, the cards alone were insufficient to fully support implementation and testing without the accompanying class diagrams. The testing sections illustrated the complementary value of black box and white box approaches, with black box tests validating user-facing behaviour and white box tests ensuring internal logic correctness. Unit testing was shown to extend white box testing further by enabling precise, isolated verification of individual methods.

Taken together, these disciplines: collaborative design, structured requirements, and layered testing reflect the core practices of professional software engineering and demonstrate how a well-designed system can be both implementable and verifiable from the outset.
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