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1. Introduction
This report covers the design and testing work produced for a Battleships web application. Battleships is a two-player strategy game on a 10x10 grid. Each player places five ships - a Carrier (5 squares), a Battleship (4 squares), a Cruiser (3 squares), a Submarine (3 squares) and a Destroyer (2 squares) - then take turns guessing where the opponent's ships are. This implementation adds two extra mechanics: a drop bomb that destroys an entire ship in one hit, and a counter-manoeuvre that lets a player move a ship one square in any direction to dodge an attack.

The design was developed collaboratively within a team, using Agile principles and techniques. This report provides an individual evaluation of that process. Section 2 looks at how the design was approached, what worked & what didn't, and contains a reflection of working as a design team. Section 3 covers the user stories and story map produced during requirements analysis. Section 4 goes through the CRC cards and whether they contain enough detail to build and test from. Section 5 discusses why testing matters, the difference between black box and white box testing, and what makes code testable. Section 6 lays out specific tests for the application and looks at how unit testing principles apply.














2. Evaluation of Design


2.1. Design Approach and Methodology
The design followed four phases: user stories, CRC cards, class diagrams and sequence diagrams. This mirrors the natural flow from requirements to detailed design - starting with what the system needs to do from the user's point of view, then figuring out which classes are responsible for that, their structure, and finally modelling how they interact.
The team consisted of six members who worked together in-person using Miro, a digital whiteboard. Miro was ideal because everyone could work on the same board at the same time - each person picked up tasks when they were able, adding sticky notes, CRC cards or adding to diagrams. This fits with the Agile Manifesto's emphasis on face-to-face collaboration (Beck et al., 2001), and with how CRC card sessions are described in Extreme Programming (Beck, 2004).
Discussion was a big part of the process. When team members disagreed with a decision, needed clarification, or had a different idea, these were talked through there and then. This is the Card, Conversation, Confirmation model that Cockburn (1998) describes - what a team is making at this stage isn't the 'deliverable' but is instead a prompt for a conversation that would help figure out what is needed.
The overall design was completed in one pass from user stories through to sequence diagrams, but within each phase the team carried out a review before moving on. For example, after finishing the user stories, they were reviewed as a group before starting on CRC cards. This helped reduce issues like missing stories that only became obvious when trying to assign responsibilities to classes. This is similar to the incremental model, where building in "small, reviewable steps" helps with finding issues faster than the waterfall approach (Sommerville, 2016).








2.2. Strengths of the Approach
Starting with user stories was one of the biggest strengths. By beginning from the user's perspective instead of jumping straight into technical design, everything that came after was based solely on actual user needs. An advantage of Agile methodologies is the "traceability from requirements through to design" (Cohn, 2004). When creating CRC cards, the team could look directly at the user stories to work out which classes were needed and what they should do, reducing the risk of designing classes with no clear purpose.
Using Miro was a major strength. Having all six members working on a live board at the same time meant the design evolved through real-time contributions instead of any one person becoming a bottleneck. This reflects the Agile value of "individuals and interactions over processes and tools" (Beck et al., 2001). The visual nature of Miro also made it easy to spot gaps; when laying out the user story map, it was visually obvious if one activity had very few stories beneath it compared to others.
The review cycle at the end of each phase was another strength. Instead of considering each phase as done and moving on, the team paused to review the output together. This caught issues that would have been more expensive to fix later — noticing a missing user story during the CRC card phase meant it could be added immediately, rather than discovering the gap during implementation when the cost of change is much higher.
Being in-person also meant disagreements could be resolved quickly, as long as team members were open to discussion and kept in mind the end-goal of producing the most effective solution. This is the kind of "lightweight, face-to-face communication" that Agile prioritises over "formal documentation and approval processes" (Beck et al., 2001).










2.3. Weaknesses of the Approach
Despite the approach working well overall, there were several weaknesses.
The biggest was that the overall process was a single pass. Each phase had its own review cycle, but moving from user stories through to sequence diagrams without going back to revise earlier work based on what was learned later. In practice, creating CRC cards would tend to reveal ambiguities in user stories, and drawing sequence diagrams would expose gaps in class diagrams. An iterative approach would have gone back to fix earlier work.
Another weakness was the difference in knowledge across the team regarding how to implement the non-traditional rules like the drop bomb and counter-manoeuvre. This sometimes led to user stories or CRC card responsibilities that didn't fully fulfil these rules. For example, the counter-manoeuvre requires the system to notify the attacker of a "near miss," which has knock-on effects within other stories. In a professional Agile environment, a dedicated Product Owner would hold "authoritative knowledge" of the requirements (Schwaber and Sutherland, 2020). In this case, that role was shared informally, which sometimes led to different interpretations.
The quality of some user story benefits proved to be a weakness. Several stories had vague "so that" clauses. For example, "so that allow admin provide improvements" doesn't explain what the improvements are or why they matter. Cohn (2004) stresses that a well-written user story should be "independently testable", and a vague benefit makes it hard to define "meaningful acceptance criteria".
No wireframe diagrams were produced. Focus was directed mainly on the backend without the same consideration given to how the user would actually use the application. This is a known risk in developer-led design, where "technical architecture gets more attention than user experience" (Garrett, 2011).
Another gap was the lack of acceptance criteria on the user stories. Without these, stories are open to individual interpretation which makes it harder to define tests and verify the build.
While an MVP line was drawn, the non-MVP stories weren't further ranked into "should have", "could have", and "won't have". This means if further releases were planned, there would be no prioritisation of these features.
Members within the team didn't have any defined roles and each individual picked up tasks as they had capacity. While working well, it presented a risk of duplication. In fully Agile teams, the role of product owner and scrum master would mitigate these risks.


2.4. Reflections on Teamwork
Working as a team of six provided an insight into the collaborative side of software engineering.
User stories are meant to be a framework for conversation, which became obvious in practice. The most valuable moments arose when two or three members discussed a design decision and came together to provide a better-serving solution to the problem.
Using Miro created a sense of ownership for all team members. Nobody felt the design was specifically 'theirs' - it was the team's. This made it easier to challenge each other without friction.
However, maintaining consistency throughout the design was challenging. Some members thought stories/CRC cards through in more granular detail than others, while others were broad in their language. Review cycles helped reconcile these differences, but some inconsistency remained. In a professional environment, this is done via conventions such as the Definition of Ready and Definition of Done (Schwaber and Sutherland, 2020).
The team size of six worked well. It was big enough to bring diverse perspectives and divide the workload, but small enough that communication stayed manageable. A bigger team would need more structure to avoid overlap and coordination overhead.
Overall, the teamwork experience demonstrated that collaborative design isn't about producing artefacts faster - it's about producing better artefacts.












3. Evaluation of Design

3.1. User Stories
User stories are a way of capturing requirements in Agile development. Instead of writing long specification documents, what the user wants is described in a short format. Beck (2004) explained that the idea came from "noticing how users tell stories about what their software does". Cohn (2004) states that user stories "promote shared understanding through conversation".
Each story follows a standard format (Patton, 2014):
“As a [role] I want [goal] so that [benefit]”
This format ties every requirement to who needs it, what they need and why. The "so that" portion forces designers and developers to explain the value of the feature.
For this application, user stories were developed collaboratively by the team, covering two roles: the player/user and the administrator.

3.1.1. Player/User Stories
The player stories were organised across eight activities, covering everything a player would do within the application. Core gameplay stories deal with ship placement, attacking, and game rules including the drop bomb and counter-manoeuvre. Other stories cover game modes, accessibility, support, game history and account management.
Key stories include:
Place & manage ships:
· As a player, I want to place my ships on the grid, so that I can start the game.
· As a player, I want to choose the direction of my ship (horizontal, vertical, diagonal) so that I can position them strategically.
· As a player, I want to confirm my ship placement so that the game can begin.
· 
Attack enemy:
· As a player, I want to take turns guessing coordinates so that I can hit my opponent's ships.
· 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.
Manage game rules:
· As a player, I want the option to counter-manoeuvre one time, so that the game has increased complexity.
· As a player, I want the option to forfeit, so I can quit a game early.

Game mode:
· As a user, I want the option to play against an AI, so that I can play offline/solo.
· As a user, I want the option to play against another person, so that I can challenge friends.

Manage accessibility:
· As a user, I want to change the colour scheme of the game, so it is more visually appealing.
· As a user, I want colour blind options, so that the game is accessible to me.

Support:
· As a user, I want to contact support by ticket, so that I can rectify any issues encountered.

Game history:
· As a user, I want to track my wins/losses, so I can reflect on previous games.
· As a user, I want to check my score ranking, so I can track my progress.

Account settings:
· As a player, I want to register an account so that I can play and track my progress.
· As a user, I want to login to my account, so that I can keep track of my game history.




3.1.2. Administrator Stories
A web application requires management of infrastructure, software and resources. Therefore a set of stories were development for the admin role. They are split into five different types of activities: managing accounts, managing games, managing the website, support and viewing statistics.
Key admin stories:
· As an admin, I want to edit player profile details, so that they do not offend others.
· As an admin, I want to view live games in process, so that I can ensure rules are being followed.
· As an admin, I want to cancel a stuck game, so that it doesn't take up unnecessary server power.
· As an admin, I want to see system logs so that I can investigate cheating, bugs or disputes.
















3.2. User Story Map
The user stories were organised into a user story map. Patton (2014) describes this as "arranging stories in two dimensions": horizontally by the sequence of user activities, and vertically by priority and detail. This "preserves the user's journey through the product".
The main user activities were arranged left to right to tell the story of a user's experience (figure 1). Then the administrator activities (figure 2) were identified and made into stories.
Under each activity, user tasks were added as a more specific breakdown. Then individual user stories went beneath the relevant tasks, ordered from top to bottom by how essential they are. The stories are colour coded (Figure 3).

[image: ]
Figure 1: User/Plater Story Map
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Figure 2: Administrator Story map
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Figure 3: Colour Scheme Key









3.3. Discussion of Story Benefits

The "so that" clause is a very important part of a user story as it articulates the value and motivation behind a feature, preventing the team from building things nobody needs — referred to as "gold plating" (Patton, 2014).
The core gameplay stories deliver benefits regarding strategy and in-game feedback: ship placement allows for decision-making and attack feedback enables strategy.
The user experience stories address cognitive load through dual boards and inclusivity through accessibility options. 8% of men and 0.5% of women have some form of colour vision deficiency (NHS, 2023), and these implementations broaden the game's potential outreach.
The account and progression stories allow for persistence and identity, turning the application into a platform where players build history and become motivated by their stats.
The notification story is fundamental to making asynchronous multiplayer viable.
The administrator stories serve platform integrity and sustainability: moderation, resource management, fairness and communication with users.
Not all benefits are well laid out — some, like "so that allow admin provide improvements," are grammatically unclear and lack specificity. In a real Agile environment, these would be refined through conversation.











4. CRC Cards

4.1. CRC Card Approach
CRC stands for Class-Responsibility-Collaborator. CRC cards are a design technique from Extreme Programming (XP) that "give you a lightweight, collaborative way to identify the classes in an object-oriented system" (Beck, 2004).
Each card has three parts: the class name at the top, its responsibilities on the left, and its collaborators on the right.
The benefits of CRC cards are in the conversations they generate. They are deliberately low-tech so they are easy to create, rearrange or throw away. "Assigning responsibilities to classes forces you to think about what each class should do and what it shouldn't - which ties directly to the Single Responsibility Principle" (freeCodeCamp, 2023).
CRC cards also link requirements and detailed design. The nouns in user stories become candidate classes, and the verbs become candidate responsibilities.
For this project, CRC cards were created on the Miro board after finishing the user stories. The team went through the stories looking for nouns, discussed and filtered them, and ended up with the classes shown below.













4.2. Produced CRC Cards
Figure 4 shows the complete set of CRC cards as arranged on the Miro board.
[image: ]
Figure 4: CRC Cards for the Battleships Application













4.3. Evaluation of CRC Cards
The CRC cards provide a solid foundation but have several gaps that would need filling before development can commence.

The Game class implements too many responsibilities (sessions, turns, rules, victory conditions, AI control). It would need to be split further before implementation.
The Ship class stores name and size but doesn't track damage or whether the ship is sunk. These are essential behaviours. The Game class currently holds responsibility for these, creating tight coupling.
The Bomb class holds both normal attacks and the drop bomb special attack. These are different — one is guessing a coordinate and the other is a one-use ability that destroys an entire ship. Splitting them into separate Attack and DropBomb classes would improve clarity.
The Admin class mentions two collaborators - Users and Statistics - that don't have corresponding CRC cards. This is clearly unfinished.
The AI_Player class duplicates several responsibilities from the Player class, which could suggest an inheritance relationship. The CRC cards do not make this explicit.
The Counter_Manoeuvre class is defined well with clear responsibilities, appropriate collaborators, and could be implemented using the context provided.












4.4. Alignment with Acceptance Criteria
As noted in Section 2.3, acceptance criteria were not formally documented, but can be inferred.
For core gameplay, the alignment is clear - the Player, Board and Ship classes could enforce ship placement constraints, and the Bomb class covers attack outcomes. However, validation logic (rejecting out-of-bounds placements) and all four feedback types (hit, miss, near miss, destroy) aren't fully captured.
The admin stories align satisfactorily, however the relationship between Admin and Notification for announcements is not covered.
Overall, the CRC cards capture the overarching use of the system but lack the granularity needed to derive comprehensive test cases. According to Beck (2004), this is normal as CRC cards are a starting point for design rather than a complete specification.

















5. Software Testing

5.1. Importance of Software Testing
Software testing is the process of "evaluating a system to verify it meets its requirements and to find defects before deployment" (Myers, Sandler and Badgett, 2011).
Testing exists to challenge assumptions and implementation. The cost of not doing so increases dramatically the later defects are discovered (Sommerville, 2016).
In Agile development, testing is integrated throughout rather than treated as a phase. Test-Driven Development (TDD) is writing tests before code, then writing code to make the tests pass, ensuring every piece of functionality is tested from the moment it's implemented (Beck, 2004).
Aside from finding bugs, testing provides confidence in system behaviour, acts as living documentation and provides evidence that requirements have been met.
For this application, testing would verify not just core mechanics, but that extra rules behave correctly in edge cases such as using a drop bomb on an empty square or attempting a counter-manoeuvre at the grid edge.













5.2. Black Box vs. White Box Testing
Testing techniques fall into two broad categories: black box and white box. The difference is whether the tester knows the internal structure of the code.

Black Box Testing does not require knowledge of the internals. The tester knows what the system should do based on requirements, but not how it is achieved internally. Tests are based purely on inputs and outputs.
An example would be testing whether a ship can be placed in a certain position — the tester only needs to know if it can be placed correctly.
Common black box techniques include:
· Equivalence partitioning – Dividing inputs into groups that should have the same outcome (i.e. all of the coordinates within the grid should accept a ship, providing one is not already present).
· Boundary value analysis – Testing edge cases (placing a ship at the edge of the grid where it fits, but not one square further out where it shouldn’t fit)
· Decision table testing – Testing combinations of conditions against expected outcomes (i.e. attacks should result in hits, misses, near misses or destroy outcomes)

White Box Testing requires knowledge of the actual code. Tests are designed to test individual paths, branches and conditions. "The goal is to make sure all parts of the code have been executed" (Sommerville, 2016).
An example within this application, if the Game class’s victory-checking code contains a loop that iterates over all ships, checking if each one is sunk, the tester could design tests that cover the paths taken when no ships are sunk, where only some are sunk, or where all are sunk.
Common white box techniques include:
· Statement coverage – where every line of code is executed atleast once
· Branch coverage – where every decision point path is explored (i.e. every if/else statement)
· Path coverage – every possible route through the code is tested

Black box testing verifies the system meets user requirements, and white both testing verifies the internals of the system are sound.

5.3. Testable code
"Testable code" means code that's designed so it's straightforward to write, run and maintain automated tests against it. Not all code is considered ‘testable’ as poorly-structured code can work, but be extremely difficult to test in isolation, while well-structured code naturally lends itself to easy testing (freeCodeCamp, 2023).





















6. Application Tests and Unit Testing

6.1. Black Box Tests
The following tests would verify the application’s behaviour, based on the requirements of the users (players and administrators).

1. Valid Ship Placement
Pre-conditions: New game started. No ships placed yet.
Inputs: Player selects the Carrier (5 squares) and places it horizontally starting at B2.
Expected outputs: Ship accepted and displayed on the board at B2, C2, D2, E2, F2. Player prompted to place next ship.
Description: Verifies basic ship placement. A valid placement within grid boundaries with no overlaps should be accepted. 

2.  Invalid Ship Placement - Out of Bounds
Pre-conditions: New game started. Board is empty.
Inputs: Player selects the Carrier (5 squares) and places it horizontally starting at H1.
Expected outputs: Placement rejected with an error message. Board unchanged. Player prompted to try again.
Description: A Carrier at H1 horizontally would need H1 through L1, but columns only go to J. The system must detect this and reject it.

3. Invalid Ship Placement - Overlapping Ships
Pre-conditions: Battleship (4 squares) already placed vertically at D3 (D3, D4, D5, D6).
Inputs: Player selects Cruiser (3 squares) and places it horizontally starting at C5.
Expected outputs: Placement rejected with overlap error. 
Description: Cruiser at C5 horizontally would occupy C5, D5, E5. D5 is already taken by the Battleship. 

4. Attack - Hit
Pre-conditions: Player 1's turn. Player 2 has a Destroyer at F7, F8.
Inputs: Player 1 attacks F7.
Expected outputs: System reports "Hit." F7 marked with X on Player 1's tracking board. Turn passes to Player 2.
Description: Verifies the core attack mechanic for a hit. Checks correct feedback.

5. Attack - Miss
Pre-conditions: Player 1's turn. No ship at A1 on Player 2's board.
Inputs: Player 1 attacks A1.
Expected outputs: System reports "Miss." A1 marked with O. Turn passes to Player 2.
Description: Verifies the miss mechanic. 

6. Drop Bomb - Destroy
Pre-conditions: Player 1's turn. Drop bomb not yet used. Player 2 has Cruiser at C3, D3, E3.
Inputs: Player 1 uses drop bomb targeting D3.
Expected outputs: System reports "Destroy." Entire Cruiser destroyed - all three squares marked as hit. Drop bomb marked as used. Turn passes to Player 2.
Description: Verifies the additional drop bomb mechanic. When it lands on any square of a ship, the whole ship is destroyed. 

7. Drop Bomb - Miss
Pre-conditions: Player 1's turn. Drop bomb not yet used. No ship at J10.
Inputs: Player 1 activates drop bomb targeting J10.
Expected outputs: System reports "Miss." Only J10 marked as miss. Drop bomb marked as used. Turn passes to Player 2.
Description: Verifies the drop bomb is consumed even on a miss. The player doesn't get a second chance.

8. Victory 
Pre-conditions: Player 2 has one ship left - Destroyer at I9, I10. I9 already hit.
Inputs: Player 1 attacks I10.
Expected outputs: System reports "Hit." Destroyer sunk. System detects all Player 2's ships sunk, declares Player 1 winner. Game ends.
Description: Verifies the victory condition - detecting when all ships are sunk and declaring the winner. 

9. Forfeit
Pre-conditions: Game in progress.
Inputs: Player 1 selects forfeit.
Expected outputs: Game ends. Player 2 declared winner. Both notified.
Description: Verifies a player can voluntarily end the game early with the opponent awarded the win.

10. Declare Draw
Pre-conditions: Game in progress between two players.
Inputs: Player 1 requests draw. Player 2 accepts.
Expected outputs: Game ends as draw. Both notified. Result recorded as draw.
Description: Verifies the mutual draw mechanic. Both players must agree - a draw can't be forced unilaterally. Should also consider the path where Player 2 declines.








6.2. White Box Tests
The following tests would target paths within the logic of the classes specified in the CRC cards and class diagrams. The application has not been built yet and the logic paths do not exist. Therefore, these are theoretical tests.

1. Board - Ship Placement Validation Logic
Pre-conditions: One ship already at D3–D6 (vertical).
Inputs: Call placement validation with ship size 3, starting C5, direction horizontal.
Expected outputs: Method returns false. Grid state unchanged.
Description: Targets the overlap detection logic. 

2. Game - Alternating Turn Logic
Pre-conditions: Player 1's turn.
Inputs: Player 1 makes a valid attack. Call the method that processes it and advances the turn.
Expected outputs: Current turn indicator points to Player 2. 
Description: Targets turn management logic. 












6.3. Unit Testing Principles
Unit testing involves testing individual components of a system in isolation to verify each is working correctly before integration (Beck, 2004). 
The main principles are: 
· Isolation - dependencies are replaced with test doubles (mocks/simulators) so that “a failure points directly to the unit under test rather than a bug in a collaborating class”.
· Repeatability - tests must produce the same result every time regardless of environment or external state.
· Speed - tests should run in milliseconds to encourage frequent execution and fast feedback.
· Self-validating - each test must have a clear pass/fail outcome determined by assertions, not manual inspection.
· Focused - each test should verify one specific behaviour so that failures are immediately diagnosable. (Khan and Khan, 2012).
These principles are often summarised as “FIRST: Fast, Isolated, Repeatable, Self-validating, and Timely, where timely means tests are written at or before the code, not as an afterthought” (Medium, 2022).














6.4. Applying Unit Testing to White Box tests

1: Board - Ship Placement Validation Logic
Isolation: Test only the Board class. The Ship objects passed in can be simple hardcoded values rather than a real Ship instance.
Repeatability: Test sets up a fresh Board with a known ship at D3–D6 every time it runs, so the same input always produces the same result.
Speed: Board validation is pure logic (iterating coordinates and checking occupancy). 
Self-validating: An assertion checks that the method returns false and a second assertion verifies the grid state is unchanged. Pass or fail is determined automatically.
Focused: This test verifies one thing only - overlap detection. 

2. Game - Alternating Turn Logic
Isolation: The Game class depends on Player and Board, but this test doesn't need real ones. Hardcoded values for Player and Board can be used.
Repeatability: The test always starts with Player 1's turn and always processes one valid attack. 
Speed: Alternating between turns is a simple state/Boolean change. With mocked dependencies, there's no real attack processing overhead and runs very quickly.
Self-validating: An assertion checks that the current turn indicator points to Player 2 after the method call. No manual inspection necessary.
Focused: This test verifies only that the turn changes. It doesn't check anything else. If it fails, the alternating turn logic is the only possible cause.







7. Conclusion
This report has covered the software engineering design and testing process for a Battleships web application, from requirements through to test specification.
The collaborative approach used - creating user stories, CRC cards, class diagrams and sequence diagrams on a shared Miro board - worked well for a team of six. The process showed that the real value of Agile design is in the conversations it generates, not the artefacts it produces and the most productive points in the processes came during team discussion. However, the approach we used did have weaknesses: performing only one whole pass and not going back to previous design stages to revise artefacts created earlier lead to some confusion and poorly worded user stories.
The CRC cards gave a concrete starting point for the class structure but did lack the detail needed for direct implementation without further refinement (the heavy Game class for example).
The testing sections show black box and white box testing are complementary to eachother and both are useful in their own ways. The SOLID principles, especially Single Responsibility and Dependency Inversion, are evidently important parts testing.
Overall, this exercise reinforced the idea that software engineering isn't a linear process. It’s an iterative cycle of thinking, discussing, building and reflecting. The artefacts are valuable, but the understanding gained through producing them is more valuable still.













8. Version Control
Version control software tracks changes to files over time by storing snapshots of the files in a repository. It allows developers to manage code history, collaborate without overwriting each other's work, and revert to previous states if required (if something is wrong, for example). Git is the most widely used version control system in modern software development.
8.1. Benefits of Version Control
· History and traceability - Every change is recorded with a timestamp and author, making it possible to see who made changes, what changes were made and why, which is important for debugging and accountability.
· Collaboration - Multiple developers can work on the same files at the same time without issues, then they can merge their changes together in a controlled way.
· Reversibility - If a change introduces an issue or bug, the code can be rolled back to a previous working state, reducing the risk of permanent damage.
· Branching - Developers can work on new features in isolation without affecting the main project, only merging when the feature is known to be working without issue.
· Backup - With remote repositories, the codebase is stored off-site, protecting against data loss.

8.2. Discussion
“Version control software is a key tool in the software development process”
The statement is accurate. Version control is a necessity in modern software development. Without it, teams have no reliable way to coordinate changes, track history, or recover from mistakes without a lot of administrative overhead. Solo developers benefit from using it also as they are able to revert changes and maintain a clear history of decisions. 
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