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1. [bookmark: _Toc228868379]Introduction
[bookmark: _Toc228868380]Purpose of Report
This report focuses on the individual evaluation of a software, designed and produced by a collaborative six-person student team for web-based version of the two-player classic game Battleships. The team was tasked to translate the written brief into a logical set of design principles using agile design techniques such as user stories and CRC cards and supporting object-oriented diagrams. This document does not attempt to re-build the work from scratch but rather reflects on the design produced, evaluates its strengths and weaknesses, and situates the team’s experience within the wider literature on software engineering practice. In addition, the report also engages with the two central themes of the module which are software testing, which include the distinction between black-box and white box approaches and the other concern being the role of version control in modern software development.
[bookmark: _Toc228868381]Scenario Overview
The scenario envisages Battleships being implemented as a web application for two players. Each player places five ships of varying lengths(a Carrier, Battleship, Cruiser, Submarine and Destroyer) onto a 10x10 grid, in any direction (horizontal, vertical or diagonal). Players take turn guessing the position of ships on the opponent’s grid, with each guess returning a hit or miss. Two modifications were added to the traditional rules: a single-use drop bomb that destroys an entire ship in one hit, and a single counter-manoeuvre that allows a player to shift a ship by one square, producing a near-miss notification. The first player to sink all of their opponent’s ships wins. 
[bookmark: _Toc228868382]Report Structure
The report is structured to follow the assignment brief. Section 2 of the report contains key reflections on software engineering principles and evaluation processes taken as a team. Section 3 discusses the user stories and story map produced, with appropriate attention to the beneficial component of each story. Section 4 examines the team’s CRC cards, including the iteration the group has taken in the process of evaluating the design of these materials. Section 5 appraises software testing as a discipline, contrasting black-box and white-box approaches, and discusses the concept of testable code. Section 6 examines unit testing in more depth and present example tests for the proposed Battleship design. Section 7 debates whether version control software is a key tool in modern development. Section 8 concludes the report with supported materials to help credit the work conducted in the report.
[bookmark: _Toc228868383]Evaluation of the Design Process
[bookmark: _Toc228868384]The Team's Approach to Design
The team endorsed an agile methodology as the framework for the design exercise, in line with the standards expressed in the original Manifesto for Agile Software Development [1]. Instead of producing a single specification document for the software, the team constructed multiple documents during the course of the project. Instead of starting with a requirements document, the team used a variety of agile methods to determine the requirements and the design of the software. These stages included determining the user stories for the software, creating a user story map whilst also prioritising the user stories using the MoSCoW technique [2], performing object-oriented analysis using CRC cards, creating class diagrams, and finally creating a sequence diagram for the software. The team was able to express a common understanding of the system’s scope through the development of a concise list of the project aims (Figure 2-1). These aims capture the essential rules and features of the game in plain English, serving as a lightweight vision document that acted as a starting point for the design work that followed. Rather than the team adopting a fixed vision, each of the artefacts developed was used so the group can revisit and refine their understanding as the design progressed. Such an approach is consistent with the philosophy proposed by Beck of embracing change to improve the product rather than resisting change [3].
[image: ]Figure 2‑1 - Team-produced list of high-level project aims, capturing the agreed scope and rules of the Battleships system




[bookmark: _Toc228868385]Strengths of the Collaborative Approach
Several strengths emerged from the team-based design process. First, each member contributed equally across the various design documents produced with having created  user stories, user story map. Iteration of CRC cards which were collaboratively re-worked up to specification. With also creating class diagrams and sequence diagrams which ensured that the whole team considered a far wider spectrum of issues than an individual could have generated alone. For instance, the team identified more than forty user stories (see Appendix D) and considered non-functional aspects of the game that an individual team member might have ignored. Second, the team made use of Miro canvas which allowed six members to contribute simultaneously. Using sticky notes encouraged the team to follow Patton’s suggestion of keeping ideas cheap so that they could be easily discarded or changed without creating an argument in the team [4]. As Cohn suggests, the value of a user story lies in the discussion it initiates [5], the team's habit of re-reading stories surfaced ambiguities in the brief.
[bookmark: _Toc228868386]Weaknesses and Limitations Encountered
The team’s cooperative strategy also had its weaknesses. One limitation was the approach taken when creating user stories faster than they could have evaluated them leading some misdirection in creating these stories. As seen in the story map in Figures (2.2-2.4), there are many stories associated with the user backbones however there are still some missing user stories needed for backbones such as the Manage Game backbone. This reflects a common weakness which shows that weak brainstorming-led design approaches, in which some designers focused on more familiar backbones for the project [6]. A second weakness of the approach was that very few user stories included acceptance criteria, despite the emphasis on their importance by Cohn [5]. Acceptance criteria ensure that the design includes enough information to support the development and testing of the feature. A third weakness was the team's limited use of external feedback during the design sessions. While one approach was taken for the beneficial changes to the counter-manoeuvre rule (Section 2.4) more frequent feedback would have identified issues with designs earlier. Finally, the high-level aims were not maintained as the design progressed, which for a longer project, the vision document should be maintained as a living artefact of the project.
[image: ]
Figure 2‑2- User story map —Manage Ships backbone, showing the user tasks (Place, Rotate, Move) and their associated user stories prioritised across three increments using the MoSCoW method (Must Have, Should Have, Could Have)
 [image: ]
Figure 2‑3- User story map —Manage Placements backbone, showing the user tasks (Strike, Drop Bomb, Counter-manoeuvre, Miss, Destroy) and their associated user stories prioritised across three increments using the MoSCoW method
[image: ]
Figure 2‑4- User story map —Manage Game backbone, showing the user tasks (Time, End, Turns, Results, Restart, Movements, Game) and their associated user stories prioritised across three increments using the MoSCoW method


[bookmark: _Toc228868387]Reflection on the Iterative Refinement Process
The team developed their most important design system which included repetitive evaluation of finished work for ongoing improvement. Two episodes which particularly focused on team member reflection on the evaluation process is that a peer pointed out that the rule failed to protect ships that have already received bombing attacks, and the way to resolve this the team has collectively thought of not allowing the user to counter-manoeuvre to where bombs have already been placed. The example shows how agile development achieves its core principle of detecting defects early during design work instead of waiting until implementation or post-release stages [7]. The second, larger episode is discussed in Section 4 and concerned the team's first CRC cards, which a member rightly criticised for confusing methods with classes. The team members were able to acknowledge this mistake and started creating fresh versions free from these errors because this process represents the core of agile design practice which differs from traditional “code and fix” methods [6].

[bookmark: _Toc228868388]Lessons Learned and Improvements for Future Practice
Several improvements could be made if I were to repeat this process again, and most importantly would benefit from seeking external input during the session rather than relying upon occasional consultations to correct the course of the project. The lesson learnt was that a single correction which was an external consultation about the counter- manoeuvres made a demonstratable improvement of the design; more of these checkpoints would likely have caught the CRC anti-pattern (Section 4.3) earlier. Second, the team should adopt a lightweight definition for all design artefacts; for instance,  each user story should have two acceptance tests defined (even informally) on the reverse side of the story card [5]. Third, the story map could be used as both a requirements and planning tool for example, explicitly defining the Walking Skeleton [4] as a different artefact to the Minimum Viable Product would have helped the team to separate what was essential for the game to function at all from what formed the later increments to the product map. Finally, the team would benefit from more time spent on negative-path thinking while many scenarios were focused on stories such as overlapping ships placed off the grid or repeated bombing of the same coordinate.

[bookmark: _Toc228868389]User Stories and User Story Map
[bookmark: _Toc228868390]Overview of the User Story Technique
User stories are a software engineering technique developed as part of the Extreme Programming methodology in the late 1990s [3]. Instead of requiring teams to formulate an exhaustive set of requirements documents, agile teams utilize user stories to express the requirements  for a system in short statements that focus on the user and the value that the system should provide them. Mike Cohn popularised a particular structure for those stories, which follow the structure: “As a ROLE,I want GOAL, so that BENEFIT” [5]. Each story is kept short enough to fit on a sticky note, reflecting the ideology of agile development that stories initiate a conversation about requirements rather than being an exhaustive description of those requirements. The structure used allows the author to think about the users and the reason they would need this in the system, supplying information that can guide development priorities. This structure is beneficial as it distinguishes a true user story from a feature request.
[bookmark: _Toc228868391]The Team's User Stories
The team collaboratively worked together and created over forty user stories, which are listed in full in Appendix D. Each story follows the standard role-goal-benefit format as proposed by Mike Cohn [5]. Some representative stories include the following:
· As a player, I want the system to generate a 10×10 game board so that the game can be played within a structured grid.
· As a player, I want to place my ships on the board so that I can prepare my fleet before the game begins.
· As a player, I want the system to prevent invalid ship placements so that the game remains fair and follows the rules.
· As a player, I want to use a drop bomb once per game so that I can strategically destroy an entire enemy ship.
· As a player, I want the system to notify my opponent of a near miss when a counter-manoeuvre is used so that gameplay remains transparent.
The user stories cover all aspects of the game, from setup through play and to the outcome. All user stories use the Player role; had the team considered other roles, such as the Opponent, they may have identified other user concerns. This is an area of refinement in a future iteration of the project.



[bookmark: _Toc228868392]Discussion of the "Benefit" Element
The benefit element of the user story is the “so that…” clause, which states the benefit to the user of the feature being requested. Cohn argues that good user stories talk about the who and why, not just the what [5]. A request like “add ship rotation” tells the developer what to build but does not say anything about why to include ship rotation in the game.
Several of the benefits mentioned by the team are decision guiding benefits. For example, the benefit of “so that the game remains fair and follows the rules” signals to the developer that the move validation should be deterministic and apply to both players. Another user story: “As a player, I want the system to record all moves made so that the game state is consistent” is essentially a requirement instead of a benefit to the player. The player does not directly want the system to record all the moves. The benefit to the player is that the game state is trustworthy. A better benefit for this user story would be “so that I can trust the result of every turn”. The benefit of “so that I know when to act” is the same as “so that I see whose turn it is”. Therefore, the benefit element of user stories should be more specific about the desired outcomes of the feature for the user. 
[bookmark: _Toc228868393]The User Story Map and Prioritisation
The team used Patton’s user story mapping technique [4] to create a two-dimensional map which organized their stories into Figures 2.2-2.4. The game lifecycle consists of three main areas which appear as a horizontal backbone element at the top of the map. These backbones are: Manage Ships contains the tasks Place, Rotate and Move; Manage Placements contains Strike, Drop Bomb, Counter-manoeuvre, Miss and Destroy; and Manage Game contains Time, End, Turns, Results, Restart, Movements and Game. The list of individual user stories which support each task appears as vertical columns under each task. The user story map functions as a requirements document and communication tool because the two-axis structure enables users to view the entire user path through horizontal reading and to view system analysis depth under each task through vertical reading.
[bookmark: _Toc228868394]MoSCoW Prioritisation and the Walking Skeleton
The team structured their stories using the MoSCoW prioritisation method [2],which split them into three vertical increments: Must Have (Increment 1), Should Have (Increment 2) and Could Have (Increment 3). Each increment was colour-coded — green, yellow and orange respectively — and labelled to indicate its importance: "essential for MVP / core system viability", "important but not system-critical" and "enhancement / optimisation / future value". This concept aligns with Patton's Walking Skeleton [4], which represents the minimum complete system implementation that demonstrates full system operation before additional development work begins. According to the team's Increment 1, the game must include specific functions for the player to experience it as a game at all. The discipline of identifying these layers forced each team member to defend the inclusion of every Must-Have story by answering whether the game would still function without it — a question easily overlooked when generating ideas in a brainstorming session.

[bookmark: _Toc228868395]Evaluation Against the INVEST Criteria
The Wake mnemonic for evaluating user stories - Independent, Negotiable, Valuable, Estimable, Small, Testable — can be applied to the stories in the project [8]. As for Independent, most of the stories are independent of each other, though there are a few that show dependencies (i.e. the drop bomb story requires the basic attacking to be implemented first). As for Negotiable, the stories meet this criterion well; a story describes what is to be implemented without dictating how it should be done. As for Valuable, the stories are considerably mixed in terms of their value to the user. Some of the stories clearly provide value to the user, but others could be improved in terms of providing value to the user. As for Estimable, most of the stories can be estimated as to the effort required to implement them, but some are too abstract to be estimated accurately (i.e. the story for the interface to be clear and easy to understand). As for Small, most of the stories are appropriately sized for a story, but some could be broken down into smaller stories (i.e. the drop bomb story could be broken down into selecting the target, confirming the target, animating the bomb, and updating the board). As for Testable, very few of the stories have acceptance criteria, which will be discussed in Section 4.5.




[bookmark: _Toc228868396]CRC Cards
[bookmark: _Toc228868397]The CRC Card Approach
Class-Responsibility-Collaborator (CRC) cards were introduced by Beck and Cunningham as a low-fidelity tool for object-oriented design [9]. Each CRC card describes a single class on index-card-sized paper. Each card contains just three pieces of information: the class name at the top of the card, the responsibilities of that class, and the collaborators of that class. The directness of the CRC card format is by design; cards can be created in seconds, rearranged, discarded, or merged. The small physical size of the cards also acts as a constraint on the number of responsibilities a single class can have [10]. CRC cards are well-suited to agile design processes. A common approach to using CRC cards is to have each member of a design team “become” a class and walk through a scenario, narrating the methods that would be invoked on that class’s collaborators [9]. This method facilitates the identification of design defects before any code is written. This technique is well-suited to the use of user stories in agile development. User stories describe what the system must do. By acting out the CRC cards, the design team can determine whether the proposed class design can fulfil the requirements of the user stories.
[bookmark: _Toc228868398]First Iteration of the Team's CRC Cards
The first iteration of the team's CRC cards was created and shown in Figure 4-1. The team identified fourteen classes: Start Game, Miss, Rules, End Game, Drop Bomb, Board, Place Ship, Hit, Results, Rotate Ship, Counter-manoeuvre, Restart, Move Ship and Destroy Ship. The cards captured many of the procedures that were needed for the game. In fact, ten of these — Start Game, End Game, Place Ship, Rotate Ship, Move Ship, Hit, Miss, Drop Bomb, Destroy Ship, and Restart — are verbs disguised as nouns, describing what the system does rather than what it is. This is a common mistake in developing an object-oriented system [6]. The team identified this mistake in their initial set of CRC cards and later refined them, as discussed in the following section.
[image: ]
Figure 4‑1 - First iteration of CRC cards produced by the team, showing fourteen candidate classes including several that are actions rather than classes
[bookmark: _Toc228868399]Critique and Refinement: Distinguishing Classes from Methods
The flaw in the first iteration of the CRC cards was identified by a member of the team. That team member commented that many of the CRC cards appeared to be methods instead of classes. For example, the actions to place, rotate and move a ship should all be part of the Ship class. This critique was made constructively during a working session of the team, and the rest of the team accepted the critique without any significant pushback (Figure 4-2). This is an example of one of the principles of agile software development: to welcome changes to the software even after it is considered complete [1].
[image: ]
Figure 4‑2- Team feedback exchange showing critique + early refined CRC cards
To redesign the CRC cards, the team applied the noun identification technique [6]. They re-read the game scenario, this time focusing on identifying nouns rather than verbs. The nouns that we identified include player, board, ship, grid square, fleet, turn and game. The verbs, like place, rotate and fire, were categorised as methods of the classes instead. This process of redesigning the CRC cards indicates that the process that the team used was working as designed: CRC cards are deliberately disposable, like user stories, so that no member of the team is invested in defending a flawed but completed artefact.
[bookmark: _Toc228868400]The Refined CRC Cards and Class Diagrams
The polished set of CRC cards (Figure 4-3) consisted of just four classes: Ship, Game, Board and Actions. The fourteen CRC cards from the initial design were consolidated to become the responsibilities of these four classes. For instance, the Place Ship, Rotate Ship and Move Ship CRC cards became the responsibilities of the Ship class; the Start Game, End Game and Restart CRC cards became the responsibilities of the Game class; and the Hit, Miss, Drop Bomb and Counter-Manoeuvre CRC cards became the responsibilities of the Actions class. The Board class retained the CRC card related to storing ship, hit and miss data for both players.
[image: ]
Figure 4‑3 - Refined CRC cards (Ship, Game, Board, Actions)
Succeeding the CRC card redesign, the team created lightweight class diagrams (Figure 4-4). These diagrams showed the attributes and methods for each of the four classes. For instance, the Ship class contained the attributes shipID, isSunk, coordinates, orientation and damage state, and the methods setShipPosition(), isValidPlacement() and applyDamage(). Finally, the team produced a sequence diagram (Figure 4-5) illustrating how these classes interact across the full game lifecycle. The diagram covers game launch by both players, ship placement and confirmation through the Ship class, alternating turns with damage application and player feedback, the use of the Drop Bomb special action routed through the Actions class, and the final win-condition check. The diagram demonstrates that the four refined classes are sufficient to support the dynamic behaviour described by the user stories.
[image: ]
Figure 4‑4 – Lightweight class diagram which showed attributes and methods for a range of different classes


[image: ]
Figure 4‑5 – Final Sequence Diagram containing a cleaner refined scenario
[bookmark: _Toc228868401]Evaluation: Are the Cards Sufficient for Implementation and Testing
The brief asks the team’s CRC cards have enough detail for the code to be implemented and tested, and if they reflect the acceptance criteria from the user stories. The answer to both of these questions is only partially yes.
As for implementation, the cards are almost sufficient. For instance, the Ship card indicates that the Ship class is responsible for managing its position, orientation, and damage. However, relationships between classes are not specified in the card. For example, it is not mentioned that the Game contains exactly two players, each with their own Board and a fleet of five Ships. This is a limitation of the CRC card format. Also, there is no Player card in the design. Instead, player information is included in the Game card.
Finally, the cards are not sufficient for testing the game. As discussed in Sections 2.3 and 3.6, the team's stories lacked explicit acceptance criteria, leaving no objective benchmark against which to verify whether the cards' responsibilities are sufficient.

[bookmark: _Toc228868402]Wireframes for Web Applications
Wireframes allowed the team to gain user interface elements the game Battleships requires, and allowed to gain a perspective from the user, The four main screens of the web application proposed in low quality wireframe shows Figures 4-6-4-9 (Appendix B) shows as Game Setup screen, Ship Placement screen, Active Gameplay screen, and Game Over screen. The wireframes show basic layout with functional elements because the agile method requires cheap interface mockups which team can quickly change [4]. The team was able to connect each specific user story to their existing backlog: the Setup screen supports the "clear instructions" and "play on various devices" stories; the Placement screen supports user needs to "place my ships" and "rotate ships" and "prevent invalid placements” the Gameplay screen supports all core attack and special-action stories; the Game Over screen supports two main features which show game results and display different statistical information.
[image: ]
Figure 4‑6 - Battleships Setup Screen Wireframe
[image: ]
Figure 4‑7- Battleships Ship Placement Wireframe
[image: ]
Figure 4‑8 - Battleships Active Gameplay Screen Wireframe
[image: ]
Figure 4‑9 - Battleships Game Over Screen Wireframe


[bookmark: _Toc228868403]Software Testing Evaluation
[bookmark: _Toc228868404]The Importance of Software Testing
Software testing functions as a disciplined process which verifies that software performs according to its design while identifying any errors which appear. Testing according to Sommerville serves two essential purposes, which include validation testing for showing software compliance with customer needs and defect testing to identify areas where software fails to meet requirements [6]. The price of failing to test rises sharply the later a defect is detected. Software engineering economics bases its foundation on Boehm’s research which shows that production defects require 100 more resources for correction than defects which surface during requirements analysis [7]. The exact numbers which support this theory remain under debate, but the core concept continues to stand. The London Ambulance Service Computer-Aided Despatch system experienced a total failure in 1992 because developers rushed to release the system before proper testing had been completed which caused emergency response delays [6]. The software development process requires testing to function as an ongoing discipline which operates throughout its entire lifecycle.
[bookmark: _Toc228868405]Black Box Testing
[bookmark: _Toc228868406]Definition and Approach
Black-box testing, sometimes called data-driven or input/output-driven testing, avoids the internal structure of the software [11]. The focus is on the specification of the software and whether the outputs match the specification given certain inputs. Two techniques support this approach. The first is equivalence partitioning, where inputs are grouped into classes that should all behave the same way, and only one input from each class needs to be tested. The second is boundary value analysis, which is based on the observation that defects often appear at the edges of input ranges, so the boundaries themselves should always be tested directly [11].
[bookmark: _Toc228868407]Battleships Example Scenario
Consider the user story “As a player, I want the system to prevent invalid ship placements so that the game remains fair and follows the rules”. A black box tester would create equivalence classes for placing a 5-square Carrier on the 10x10 grid. The system should accept correct horizontal ship placements which include row 3 from column 2 through 6. The system needs to reject any starting position which begins at column 7 or any position that extends outside the grid. The system should reject any ship placement which results in overlapping ships. The system requires testing for two specific boundary cases: it should accept ships which end at column 10 but reject ships which begin at column 7. The tester does not need to know how isValidPlacement() is implemented; the contract is that valid placements are accepted and invalid ones rejected.
[bookmark: _Toc228868408]White Box Testing
[bookmark: _Toc228868409]Definition and Approach
White-box testing, also known as logic-driven or structural testing, involves looking at the internal code of the system to design tests [11]. While black-box testing focuses on whether the system performs according to the specification, white-box testing checks whether all the parts of the code have been exercised. White-box testing aims at different levels of code coverage --- statement coverage, branch coverage, and path coverage. A risk is that a tester can become biased in white-box testing approving what the code does, rather than what it should do, as for this reason black-box tests derived from the specification are best written before white-box tests [11].
[bookmark: _Toc228868410]Battleships Example Scenario
For an example scenario of white-box testing consider the checkHit method for a Board class in a Battleships game that returns one of four possible values: MISS, HIT, SUNK, or ALREADY_ATTACKED. As a white-box tester, with access to the code, I can identify that four test cases are needed to cover each return value. Additionally, the tester will create a pair of tests targeting the condition of the ship.allPartsHit() method which one will produce the HIT return value when not all the parts of the ship are hit, and one to produce the SUNK return value when all the parts are hit. 
[bookmark: _Toc228868411]Comparison of the Two Approaches
In context of testing software, the two main approaches are complementary. Black-box testing involves testing the software without knowledge of internal working of the software, while white-box testing considers the software’s internal mechanisms. Both approaches have their strengths and weaknesses. A commonly used approach is Gray-box testing, which combines both black and white-box testing. In this case, tests are developed from the perspective of the user but with consideration of the software’s internal structure to ensure greater coverage of software’s logic [11]. For a game like Battleships, this would involve developing tests based on the user stories and then using knowledge of the implementation of methods like Board.checkHit() and Ship.isValidPlacement() to develop tests that serve greater branch coverage of the software.
[bookmark: _Toc228868412]Testable Code: Definition, Importance and Relevance
Code is said to be testable if tests can be written for it with reasonable effort and reliability. Several properties for the design of the code contribute to its testability. Simple code requires less testing as there are fewer possible paths through the code, This idea is one reason behind the Single Responsibility Principle as outlined by Martin [12]. Code that is observable allows tests to check the state without breaking encapsulation of the code, Code that is controllable allows the code to be placed into a specific state for testing; for example, code that initializes from a passed in value is easier to test than code that hard codes the values.
The team’s design for the code exhibits some of these properties. The Ships class for instance is a small class and can be tested alone from other classes in the game, however for Game Class there are many more responsibilities and would be more difficult to test as it is. One way to ensure that code is testable is to write the tests for the code before writing the code itself [13].
[bookmark: _Toc228868413]Test Cases
The team uses black-box and white-box testing methods together to analyse their Battleships design through eight different test scenarios. The first four test cases come from user stories and CRC card responsibilities, which served as the basis for black-box testing. The last four white-box test cases stem from my understanding of how the Ship, Board, and Game classes operate internally, which I described in Section 4.4.

	Test ID
	BBT-01

	Type of Test
	Black-Box — Equivalence Partitioning

	Description
	Diagonal ship placement is accepted by the system

	Pre-Conditions
	A new Board has been created with no ships placed

	Inputs
	Ship type: Cruiser (size 3); starting cell: (4,4); orientation: diagonal

	Expected Output
	setShipPosition() returns true. Cells (4,4), (5,5), and (6,6) are marked as occupied.

	What it elicits
	Tests the user story "As a player, I want the system to ensure ships are placed either horizontally, vertically, or diagonally so that placements follow the rules." The diagonal direction is the most easily forgotten orientation in implementation, since most Battleships variants only allow horizontal and vertical.






	Test ID
	BBT-02

	Type of Test
	Black-Box — Negative Path

	Description
	Player attempts to use Drop Bomb a second time in the same game

	Pre-Conditions
	A Game is in progress. Player 1 has already used their single Drop Bomb earlier in the match

	Inputs
	Game.useDropBomb(targetCell) invoked by Player 1 a second time

	Expected Output
	The action is rejected. The Drop Bomb is not applied to the target cell. The Board state is unchanged. An appropriate error or notification is returned to Player 1

	What it elicits
	Verifies the user story "As a player, I want to use a drop bomb once per game so that I can strategically destroy an entire enemy ship." Tests the single-use constraint, which is one of the team's two custom rule modifications and a common source of off-by-one or counter-state bugs



	Test ID
	BBT-03

	Type of Test
	Black-Box — Functional

	Description
	Counter-Manoeuvre correctly produces a near-miss notification

	Pre-Conditions
	A Game is in progress. Player 2 has not yet used their Counter-Manoeuvre. Player 1 has just attacked a cell containing one of Player 2's ships

	Inputs
	Player 2 invokes Game.useCounterManoeuvre(direction) immediately after Player 1's attack to shift the targeted ship by one square into a free, un-bombed cell

	Expected Output
	The ship is moved one square in the requested direction. Player 1 receives a "near miss" notification rather than a hit confirmation. The Counter-Manoeuvre is now marked as used

	What it elicits
	Verifies the user story "As a player, I want the system to notify my opponent of a near miss when a counter-manoeuvre is used so that gameplay remains transparent." Tests the team's other custom rule modification and confirms the externally consulted clarification (Section 2.4) about not allowing a ship to move into a previously bombed square






	Test ID
	BBT-04

	Type of Test
	Black-Box — Functional

	Description
	Game correctly detects the win condition when all opponent ships are sunk

	Pre-Conditions
	A Game is in progress. Player 2 has four ships already sunk and one Destroyer (size 2) with one cell already hit

	Inputs
	Player 1 attacks the remaining unhit cell of Player 2's last surviving ship

	Expected Output
	The attack is registered as a HIT, the Destroyer is marked as SUNK, and the Game declares Player 1 the winner. The end-game screen is displayed with match statistics

	What it elicits
	Verifies 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." Tests the integration of hit detection, sink detection, and win-condition logic — all three must work together for the game to terminate correctly



	Test ID
	WBT-01

	Type of Test
	White-Box — Path Coverage

	Description
	Counter-Manoeuvre correctly rejects movement into a previously bombed square

	Pre-Conditions
	A Game is in progress. Player 2 has a Submarine adjacent to a cell that has previously been bombed by a Drop Bomb (and is therefore marked as HIT

	Inputs
	Player 2 invokes Action.counterManoeuvre() to attempt moving the Submarine into the previously bombed cell

	Expected Output
	The internal validation rejects the move. The ship's position remains unchanged. The Counter-Manoeuvre is not marked as used (since the action was invalid)

	What it elicits
	Tests the conditional path inside counterManoeuvre() that checks the destination cell's state. This rule emerged from the team's external consultation (Section 2.4) and is invisible to a black-box tester unless the requirement is explicitly documented





	Test ID
	WBT-02

	Type of Test
	White-Box — Branch Coverage

	Description
	Turn-switching logic exercises both branches of the active player check

	Pre-Conditions
	A Game is in progress with currentPlayerID = 1

	Inputs
	Two sequential calls to Game.switchTurn() after legitimate moves by each player

	Expected Output
	After first call: currentPlayerID becomes 2. After second call: currentPlayerID returns to 1. Both branches of the player-toggle conditional are exercised

	What it elicits
	Achieves branch coverage of switchTurn(). Verifies the user stories "As a player, I want the system to automatically switch turns after each move" and "As a player, I want the system to prevent me from taking multiple turns in a row." Black-box testing alone might miss subtle state-toggling bugs (e.g. flipping currentPlayerID twice)



	Test ID
	WBT-03

	Type of Test
	White-Box — Loop Coverage

	Description
	Ship.allPartsHit() correctly iterates over all damage states

	Pre-Conditions
	A Carrier (size 5) has been placed on the Board with all five cells initially undamaged. Damage is then applied to four of the five cells in sequence

	Inputs
	Five sequential calls to applyDamage() on each cell of the Carrier, with allPartsHit() checked after each call

	Expected Output
	After damage 1 to 4: allPartsHit() returns false. After damage 5: allPartsHit() returns true and the Ship's isSunk flag is set to true

	What it elicits
	Tests every iteration of the internal loop in allPartsHit(). Verifies that the loop terminates correctly only when all parts are damaged. A bug in the loop bound (such as < instead of <=) would make ships impossible or trivial to sink






	Test ID
	WBT-04

	Type of Test
	White-Box — Statement Coverage

	Description
	All score-tracking statements in Game.calculateStats() execute correctly

	Pre-Conditions
	A Game is partway through, with Player 1 having recorded 7 hits, 5 misses, and 1 ship sunk; Player 2 having recorded 4 hits, 8 misses, and 0 ships sunk

	Inputs
	A call to Game.calculateStats()

	Expected Output
	Returns Player 1 accuracy of 58.3% (7÷12), Player 2 accuracy of 33.3% (4÷12), and the correct fleet health for each player. No statements are skipped; no division-by-zero errors are raised

	What it elicits
	Achieves statement coverage of the score-tracking logic. Verifies the user stories around remaining ships and hit/miss tracking. Importantly, tests that the accuracy calculation handles the denominator correctly — a defect that would only surface for new games where the denominator could be zero




[bookmark: _Toc228868414]Application Tests and Unit Testing Investigation
[bookmark: _Toc228868415]Unit Testing Principles
A unit test is a tiny piece of code that checks some aspects of the source code, usually a single method or class, and in isolation from the rest of the system [13]. Unit tests do not examine components like the database, the network, or the user interface. As a result, unit tests run quickly, failures are easy to diagnose, and the tests tend to be stable in the face of changes elsewhere in the system. A unit test often follows the structure of Arrange-Act-Assert: arranging the system into a known state, acting by invoking the behaviour under test, and asserting that the actual result matches the expected result.
[bookmark: _Toc228868416]Unit Testing Frameworks: A Brief Survey
Modern unit testing makes use of a variety of frameworks that provide a test harness to run the tests. JUnit is the standard in Java, pytest is popular in Python, and Jest is the default in JavaScript and web applications [13]. While the syntax may differ, the principles are the same  as tests are written separately from the application. This gives no knowledge of the application that is being tested and results are recorded automatically. Given that the brief frames the team’s design as a web application, Jest is the most appropriate choice for the Battleships implementation.
[bookmark: _Toc228868417]Example Unit Tests for the Battleships Design
The proceeding Jest tests showcases how the team’s Ship class could be verified. The first checks valid placement, the second checks rejection of an off-grid placement, and the third checks the boundary condition for sinking a ship.
[image: ]
Figure 6‑1- Example Jest unit tests for the Ship class derived from the team's user stories
The tests in this exercise all follow the Arrange–Act–Assert pattern and each test verifies a single behaviour identified in the team's user stories. Together, the tests exercise the positive and negative paths of the setShipPosition() method, demonstrating how the black-box test scenarios derived from the user stories (Section 5.2.2) translate into executable unit tests.
[bookmark: _Toc228868418]The Relationship Between Testable Design and Unit Testing
These tests can be written in the manner described above due to the design of the game which supports such tests. The Ship class exposes the setShipPosition() method that returns a Boolean value, the isSunk flag that can be observed, and the applyDamage() method that can be called upon each ship in the game. If the team had kept their initial CRC cards for the game, which included separate classes for placing, rotating, and moving ships, each test would have required the participation of multiple classes for each behaviour to be tested. The redesign of the game according to Section 4.3 had the direct benefit of making the game more testable.
[bookmark: _Toc228868419]Limitations of Unit Testing
Unit testing is necessary but not sufficient for finding all defects in a software application. There are certain classes of defects that  unit testing cannot adequately address. These include integration defects that arise from the interaction of multiple units, system-level defects related to non-functional requirements like performance, and user-level defects related to usability and user experience. For these reasons, a mature testing strategy includes multiple layers of testing beyond unit testing such as integration, system, and acceptance testing to catch all possible defects in the software application [11].

[bookmark: _Toc228868420]Version Control in Software Development

[bookmark: _Toc228868421]The Role of Version Control
Version control software allows developers to record changes made to source code over time so that they can track the history of their project, create branches for different features, and roll back to previous version when defects are introduced [6]. Git, which was originally developed for the Linux kernel, is the dominant version control software used in modern software engineering and forms the foundation of platforms like GitHub and GitLab [14].
[bookmark: _Toc228868422]Advantages of Using Version Control Software
Version control allows multiple developers to collaborate on the same codebase without overwriting each other’s work. It enables developer to work on different features in parallel through the use of branching. It also preserves an audit trail of every change made to the codebase, allowing developers to quickly recover from mistakes [14].
[bookmark: _Toc228868423]Counter-Arguments and Limitations
Version control systems do have costs associated with their use. For instance, there is a learning curve associated with their use, especially with more advanced features like merging, rebasing and conflict resolution. Additionally, poor discipline in the use of the system, such as using vague commit messages or making infrequent commits, can undercut the benefits that version control provides to a software project and its developers.
[bookmark: _Toc228868424]Position: Is Version Control Truly a "Key Tool"?
On balance, the statement is correct. The limitations of version control systems are real but can be overcome. The benefits of version control system such as collaboration, traceability, and recoverability, are essential to software engineering. Any project beyond a single developer working alone requires a version control system.
[bookmark: _Toc228868425]Demonstration of Git
The demonstration of core Git operations appears in Appendix A because it shows users how to perform init and add and commit and branch and checkout and merge and log operations on text files which users should handle according to the brief.



[bookmark: _Toc228868426]Conclusion
The report finalises on the evaluation of six team members who worked together to create a web-based Battleship application. The team demonstrated advanced agile principles through their multiple iterations of CRC card development, but their acceptance criteria and external feedback highlighted area which need further development. Software testing functions as a basic part of modern software engineering which works together with testable design and version control systems to support software development methods.

[bookmark: _Toc228868427]Appendix
[bookmark: _Toc228868428]Appendix A – Git Demonstration
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Figure 9‑1-Screenshot 1: shows repo created and configured
[image: ]
Figure 9‑2 -Screenshot 2: shows status, add, and first commit.
[image: ]
Figure 9‑3- Screenshot 3: shows multiple commits and clean log output.
[image: ]
Figure 9‑4- Screenshot 4: shows branch creation, switching, and commit on feature branch.
[image: ]
Figure 9‑5- Screenshot 5: shows diff output and commit on main while branch diverges.
[image: ]
Figure 9‑6- Screenshot 6: shows merge result and graph view with branches converging.
[image: ]
Figure 9‑7- Screenshot 7: shows full commit history with messages, hashes, dates, and author info.


[bookmark: _Toc228868429]Appendix B – Wireframes
[image: ]
Figure 9‑8 - Battleships Setup Screen Wireframe
[image: ]
Figure 9‑9- Battleships Ship Placement Wireframe
[image: ]
Figure 9‑10 - Battleships Active Gameplay Screen Wireframe
[image: ]
Figure 9‑11 - Battleships Game Over Screen Wireframe


[bookmark: _Toc228868430]Appendix C – Sequence Diagrams
[image: ]
Figure 9‑12 - Full Sequence Diagram


[bookmark: _Toc228868431]Appendix D – Full User Stories List
Appendix D — Full User Story List The full set of user stories produced by the team during the design sessions, organised by the backbone and task structure presented in the user story map (Section 3.4). All stories follow the role-goal-benefit format proposed by Cohn [5].

D.1 — Manage Ships Place
As a player, I want to place my ships on the board so that I can prepare my fleet before the game begins.
As a player, I want the system to prevent invalid ship placements so that the game remains fair and follows the rules.
As a player, I want to see a preview of my ship placement so that I can avoid placing ships incorrectly.
As a player, I want the system to highlight the selected grid square so that I know which move I am making.
As a player, I want the system to ensure ships are placed either horizontally, vertically, or diagonally so that placements follow the rules.
As a player, I want the system to prevent ships from being placed partially outside the grid so that placements are valid.
As a player, I want the game to prevent me from placing ships after the game has started so that the rules are enforced.
Rotate
As a player, I want to rotate ships before placing them so that I can position them strategically.
Move
As a player, I want to move one ship one square in any direction once per game so that I can avoid an incoming attack.
As a player, I want the system to only allow the ship to be moved into free spaces that haven't been hit yet.
D.2 — Manage Placements Strike
As a player, I want to select a grid square on my opponent's board so that I can attempt to hit their ships.
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.
As a player, I want the system to prevent attacking the same square twice so that gameplay remains logical.
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.
Counter-Manoeuvre
As a player, I want the system to notify my opponent of a near miss when a counter-manoeuvre is used so that gameplay remains transparent.
Miss
As a player, I want to see visual markers for hits and misses so that I can easily track the game state.
Destroy
As a player, I want the system to detect when all parts of a ship are hit so that the ship can be declared sunk.
As a player, I want to receive a notification when I destroy an entire ship so that I know I have made significant progress.
As a player, I want the system to determine when all enemy ships are sunk so that the game can end correctly.
D.3 — Manage GameTime
As a player, I want a timer to see how long each game takes.
As a player, I want to limit each player's time so that it can be fair for both players.
As a player, I want to see opponents' remaining time so I can keep track of remaining match time.
As a player, I want to know if I won by time so I can see the cause of me winning the match.
End
As a player, I want to clearly see when I win or lose so that the outcome of the game is obvious.
Turns
As a player, I want the game to display which player's turn it is, so that I know when I am playing.
As a player, I want the system to prevent me from taking multiple turns in a row so that the game remains fair.
As a player, I want the system to automatically switch turns after each move so that the game flows correctly.
Results
As a player, I want to see how many ships I have remaining so that I can assess my chances of winning.
As a player, I want to see how many ships my opponent has remaining so that I can track my progress.
As a player, I want to know how many misses I have so I can keep track of how close the game was to winning.
As a player, I want to see how many games I have won and how many I have lost overall.
Restart
As a player, I want the game to reset all data after a match end so that a new game starts cleanly.
As a player, I want to have a rematch button, so that I can quickly play against the same opponent again.
Movements
As a player, I want the system to record all moves made so that the game state is consistent.
Game (general / non-functional)
As a player, I want the game to load quickly so that I can start playing without delays.
As a player, I want the interface to be clear and easy to understand so that I can play without confusion.
As a player, I want the game to work on different screen sizes so that I can play on various devices.
As a player, I want clear instructions on how to play so that I can understand the rules before starting.
As a player, I want invalid actions to display an error message so that I understand what went wrong.
As a player, I want the system to generate a 10x10 game board so that the game can be played within a structured grid.


[bookmark: _Toc228868432]Appendix E – Full CRC Card Set (All Iterations)
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Figure 9‑13 - CRC cards early stage
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Figure 9‑14 - Finalised CRC Cards
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test("valid horizontal placement is accepted’, () => {

const ship = new Ship(’Carrier’, 5);

expect(ship. setshipposition(3, 2, 'horizontal’)).toBe(true);
bH

test("placement extending off grid is rejected’, () => {

const ship = new Ship(’Carrier’, 5);

expect(ship. setshipposition(3, 7, 'horizontal’)).toBe(false);
i

test("ship is sunk only when all parts are hit’, () => {
const ship = new Ship(‘Destroyer', 2);
ship. setshipposition(e, @, ‘horizontal®);
ship.applyDamage(@, @);
expect(ship.issunk) . toBe(false);
ship.applyDamage(@, 1);
expect(ship.issunk) . toBe(true);
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4 MINGW64:/c/Users/Ataur Rahman/battleship-vc-demo.

Ataur RahmanGr2d2-computer MINGW64 ~ (master)
$ mkdir battleship-vc-demo

Ataur Rahman@r2d2-computer MINGW64 ~ (master)
$ cd battleship-vc-demo

Ataur Rahman@r2d2-conputer MINGWS4 ~/battleship-vc-deno (master)
s git init
Initialized empty Git repository in C:/Users/Ataur Rahman/battleship-vc-demo/.git/

Ataur Rahman@r2d2-conputer MINGWS4 ~/battleship-vc-deno (master)
$ git config user.name "Ataur Rahman

Ataur Rahman@r2d2-conputer MINGW64 ~/battleship-vc-deno (master)
$ git config user.email "2319106@student. untsd. ac.uk”

Ataur Rahman@r2d2-computer MINGWE4 ~/battleship-vc-demo (master)
s
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Ataur Rahman@r2d2-computer MINGW64 ~/battleship-vc-demo (master)
S echo "Battleships Project - Design Notes” > readme.txt

Ataur RahmanGr2d2-conputer MINGW64 ~/battleship-vc-deno (master)
S echo "Author: Ataur Rahman, Student 2319106" >> readme.txt

Ataur RahnanGr2d2-conputer MINGW64 ~/battleship-vc-deno (master)
S echo "Module: ACCAG027 Software Engineering” >> readme.txt

Ataur RahnanGr2d2-conputer MINGWS4 ~/battleship-vc-deno (master)
S git status
on branch master

o commits yet

to include in what will be committed)

othing added to commit but untracked files present (use "git add” to track)

Ataur RahnanGr2d2-conputer MINGWS4 ~/battleship-vc-deno (master)
S git add readne.txt
varning: in the working copy of ‘readme.txt’, LF will be replaced by CRLF the next time Git touches it

Ataur RahnanGr2d2-conputer MINGW64 ~/battleship-vc-deno (master)
S git coomit -m "Intital commit: project setup with readme files for notes, author and module”
git: ‘coomit’ is not a git command. See 'git --help’

The most similar command is
commit

-conputer NINGH64 ~/battleship-vc-demo (master)

‘Intital commit: project setup with readme files for notes, author and module”

[master (root-commit) b47b0ec] Intital commit: project setup with readme files for notes, author and module
1 file changed, 3 insertions(+)

Create mode 100644 readme. txt

Ataur RahnanGr2d2-conputer MINGWS4 ~/battleship-vc-deno (master)
3
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Ataur Rahman@r2d2-computer MINGW64 ~/battleship-vc-demo (master)
$ echo "ship class attributes: shipID, issunk, coordinates, orientation” > ship.txt

Ataur Rahman@r2d2-conputer MINGWS4 ~/battleship-vc-deno (master)
$ git add ship. txt
warning: in the working copy of 'ship.txt', LF will be replaced by CRLF the next time Git touches it

-conputer WINGH64 ~/battleship-vc-demo (master)
‘Add Ship class design notes”

[master 5F308aa] Add Ship class design notes

1 file changed, 1 insertion(s)

create mode 100644 ship. txt

Ataur Rahman@r2d2-conputer MINGW64 ~/battleship-vc-deno (master)
§ echo "Board class: 10x10 grid, hit/miss tracking, ship registry” > board.txt

Ataur RahmanGr2d2-conputer MINGWS4 ~/battleship-vc-deno (master)
$ git add board. txt
warning: in the working copy of 'board.txt’, LF will be replaced by CRLF the next time Git touches it

—computer MINGH64 ~/battles
‘Add Board class design notes
[master 08c622] Add Board class design notes
1 file changed, 1 insertion(s)

create mode 100644 board. txt

p-ve-demo (master)

Ataur Rahman@r2d2-conputer MINGWS4 ~/battleship-vc-deno (master)

$ git log —-oneline

0F8c622 (HEAD -> master) Add Board class design notes

5F308aa Add Ship class design notes

b47boec Intital commit: project setup with readme Files for notes, author and module

Ataur Rahmancr2d2-conputer NINGHG4 ~/battleship-ve-demo (master)
s |
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Ataur RahmanGr2d2-computer MINGNG4 ~/battleship-vc-demo (master)
$ git branch feature-actions

Ataur RahmanGr2d2-computer MINGNG4 ~/battleship-vc-demo (master)
$ git switch feature-actions
Switched to branch 'feature-actions’

Ataur RahmanGr2d2-computer MINGNG4 ~/battleship-vc-demo (feature-actions)
$ echo "Actions class: fireshot(), dropBomb(), counterManoeuvre()” > actions.txt

Ataur RahmanGr2d2-computer MINGWG4 ~/battleship-vc-demo (feature-actions)
s git add actions. txt
warning: in the working copy of 'actions.txt’, LF will be replaced by CRLF the next time Git touches it

Ataur RahmanGr2d2-computer MINGNG4 ~/battleship-ve-
$_git commit -m "Add Actions class on feature branch
[Feature-actions cc46019] Add Actions class on feature branch
1 file changed, 1 insertion(s)
create mode 100644 actions. txt

jemo (Feature-actions)

Ataur RahmanGr2d2-computer MINGWG4 ~/battleship-vc-demo (feature-actions)

$ git Tog --oneTine

Cc46019 (HEAD -> Feature-actions) Add Actions class on feature branch

0F8c622 (master) Add Board class design notes

573082a Add Ship class design notes

b47boec Intital commit: project setup with readme files for notes, author and module

Ataur RahmanGr2d2-computer MINGWG4 ~/battleship-vc-demo (feature-actions)
s |
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Ataur Rahman@r2d2-computer MINGW64 ~/battleship-vc-demo (Feature-actions)
$ git switch master
Switched to branch 'master’

Ataur Rahmaner2d2-computer WINGHG4 ~/battleship-vc-demo (aster)
§ echo "UPDATED: Ship class now includes hitCount attribute” >> ship.txt

Ataur Rahmaner2d2-computer WINGH64 ~/battleship-vc-demo (aster)

s git diff

warning: in the working copy of 'ship.txt’, LF will be replaced by CRLF the next time Git touches it
diff —git a/ship.txt b/ship. txt

index 1b61bfb. . aad04ae 100644

ce -1 +1,2 6@
ship class attributes: shipID, issunk, coordinates, orientation
+UPDATED: Ship class now includes hitCount attribute

Ataur Rahmaner2d2-computer WINGH64 ~/battleship-vc-demo (master)
$ git add ship. txt
warning: in the working copy of 'ship.txt’, LF will be replaced by CRLF the next time Git touches it

Ataur Rahmaner2d2-computer WINGH64 ~/battleship-vc-demo (master)

§ git commit -m "Update Ship class with hitCount attribute on main”
[master 8a7895c] Update Ship class with hitCount attribute on main
1 file changed, 1 insertion(s)

Ataur Rahmaner2d2-computer WINGH64 ~/battleship-vc-demo (aster)
s
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Ataur RahmanGr2d2-computer MINGNG4 ~/battleship-vc-demo (master |MERGING)

$ git log —oneline —graph —-all

* 8a7895c (HEAD -> master) Update Ship class with hitCount attribute on main
| = cc46019 (feature-actions) Add Actions class on feature branch

1/

* 0f5c622 Add Board class design notes

= 5730822 Add Ship class design notes

= ba7boec Intital commit: project setup with readme Files for notes, author and

module

Ataur RahmanGr2d2-computer MINGW64 ~/battleship-vc-demo (master [MERGING)
$ git status
On branch master
ATl conflicts Fixed but you are still merging.
(use "git commit” to conclude merge)

Changes to be committed:
new File:  actions. txt
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commit 8a7895cf6cObb6ds596ce9a790d9bsfla0acs499 (HEAD -> master)
Author: Ataur Rahman <23191068student. uwtsd. ac. uk>
Date: Tue May 5 4 2026 +0100

Update Ship class with hitCount attribute on main

conmit 0F8c622207614c22b19¢67ce9d02bcle08a317a0
Author: Ataur Rahman <2319106@student. uwtsd. ac. uk>
Date: Tue May 5 09:12:52 2026 +0100

Add Board class design notes
conmit 5F3082a218d2a1209ebebs 96F5 9822092279672

Author: Ataur Rahman <2319106@student. uwtsd. ac. uk>
Date: Tue May 5 5 2026 +0100

Add ship class design notes

commit ba7b0ecadc0c37Fef15b2823b0145027109a6dcc
Author: Ataur Rahman <23191068student. uwtsd. ac. uk>
Date:  Tue May 5 09:11:10 2026 +0100

Intital commi

: project setup with readme files for notes, author and module
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Sequence Diagram
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New CRC Cards
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