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[bookmark: _Toc1530908616]Introduction 
The development of software systems requires thorough planning, intricate testing and a structured design to ensure that the final product is both functional and successful with users. [1] This report explores the design and development considerations involved in creating a version of the game Battleships. Battleships is a two-player strategy game played on a 10 by 10 grid, the aim of the game is to place, locate and destroy each other's boats. If one player is left with no boats, then the other player wins and vice versa. While the core mechanics of Battleships may seem simple, introducing new concepts and abilities such as the bomb drop and the counter manoeuvre, both the design and implementation get more complex. 
The brief for this project was the development of a web-based implementation of the Battleships game. This required a structured and collaborative software design process which incorporated user stories, object-oriented modelling using CRC (Class-Responsibility-Collaborator) cards and testing strategies including black and white box testing. User stories are a user-centred approach to defining the functionality of the system in the eyes of the user. CRC cards are used to identify key classes, responsibilities, and establish how they interact with one another.  Black box and white box testing are used to ensure that the behaviour is used as expected, the differences between both will be discussed within this report. Alongside these topics application tests will be held out to show and provide the importance of testing for the final product to be working and runnable.
This report will be split into five main sections. Firstly, the design process will be evaluated, considering strengths and weaknesses. This will then be followed by user stories and mapping, with a particular focus on the benefits they provide within the development stage. The report will then examine the use of CRC cards, evaluating how efficient they support the systems design and implementation. Next, the importance of software testing, including a comparison between black box and white box testing approaches. Finally, a range of application-specific test cases will be shown, demonstrating how these contribute to producing reliable and testable code.


[bookmark: _Toc1297959366]Design Evaluation 
The design of the Battleships web application grew from a blend of teamwork, thoughtful iteration, and a focus on the people who would play the game. From the start, we aimed to understand what players would want and need, shaping our design around their experience rather than just technical details. This section will explore what worked well in our design process, where we struggled, and how our choices shaped the final product.
One of the biggest strengths in our design was how we kept the player at the centre of every decision. Instead of getting bogged down in technical limitations right away, we built user stories to imagine what it would feel like to play the game: placing ships, taking turns, and seeing instant feedback when you hit or miss. By keeping gameplay front and centre, the whole experience felt smoother and more engaging. For instance, giving players immediate feedback after each move wasn’t just a technical choice—it made the game more fun and kept everyone involved.
Another important strength was the collaborative nature of the design process. Working in a team meant that ideas could be discussed, challenged and improved. In multiple cases, initial ideas were quite broad and not specific, but through discussion they became more refined and broken down into multiple other ideas. For instance, some of the design aspects that to be changed multiple time due to multiple users wants and needs. Another example is the special abilities, the original idea was to add some more complex abilities, but on further inspection it would have made the game unfair and unbalanced. 
The design also showed good flexibility, even at the early stages. Different parts of the system were separate logically, such as the game logic, the player actions and the overall design and look of the game. Configuring the layout of the design process this way made it easier to manage and develop. For example, if the logic needed to be changed or updated, it would be much easier than having to find it within the system without it being separate.
Despite the design having strengths, there are also several weaknesses. One of the biggest weaknesses was the lack of detail in the early stages of development. In the beginning there was a lack of understanding with how user stories were formatted and how they worked. While they clearly described what the player should be able to do, they often didn't explain how certain situations could be handled. This caused for later user stories to be much better than some of the early concepts, so getting them mixed up was common and very confusing.  
Another weakness was the limited focus on validation and error handling. The design mainly focused on the normal gameplay scenarios but didn't take into consideration if the player made a mistake. For example, there was no discussion on if a player attempted to select coordinates outside of the grid or tried to reuse a special ability that has already been used, and whether it was going to output a message or if it was going to do nothing but let it not happen. 
A major issue that occurred during the design process was weak connection between the different design elements. Although user stories, CRC cards and testing ideas were all created, they were not always clearly linked. Ideally, each user story would connect directly to a specific class or test case. However, in this design, some features described in user stories were not fully reflected in the CRC cards. This lack alignment led to a lot of confusion and gaps within the system, as it became harder to find the correct requirements and ensure they are implemented properly.
Overall, the design process was effective in creating a clear and structured idea of how the Battleships application should work. The focus on user experience, teamwork and design are all strong points that would support successful development. However, the process also showed that high-level ideas are not enough on their own. More detailed and intricate planning is always required when wanting to start a software ware development project.
In conclusion, the design has a strong foundation but would benefit from some more development and refinement. By improving the level of detail, strengthening the link between design elements and considering a larger range of user-based scenarios, the overall quality of this system would be significantly improved. 
[bookmark: _Toc808181224]User Stories and Map 
User stories played a large role in the design of the Battleship game, as they allowed the system requirements to meet the user needs. Rather than focusing purely on technical functionality, user stories helped the team to think about the game from the user’s perspective. This made it easier to design something that is not only functional, but also enjoyable to use and play. This approach is commonly used in agile development, where systems are built and refined over time base on the user needs. [2]
User stories follow a simple structure: “As a {user}, I want {A Function}, so that {Benefit}”. While the function explains what the system should do, the benefit is what really gives the story value. It explains why the feature matters, which helps guide decisions during the design process. In this project, focusing on the benefit of the users helped the team avoid adding features that wouldn't improve the gameplay experience. 
Some of the main users' stories that were developed for the application included:
· As a player I want to be able to select what multiplayer type I want so that I can play with people online, over LAN, or couch co-op.
· [bookmark: _Int_9hu4MuZO]As a player, I want to conceal the location of my ships on the grid so that the enemy can't view my ships.
· As a player, I want to have a leaderboard that will track my wins and losses so that I can compare against other players.
· As a player, I want to use bombs so that I can destroy an enemy ship with one attack.
· As a player, I want to see the positions and status of my ships on the grid.
· As a player I want to see a log so that I can see the actions of both players.

Each of these stories represents an important part of the game works. The benefit section is especially useful because it shows the purpose behind each feature. Fo example, placing ships before the game starts is not just the setup, it allows the player to think strategically and meticulously place their boat. In the same way that the feedback of “hit” or “miss” is essential because it allows the user to stay informed about the progress of the game.
The new two special features, the bomb drop and the counter manoeuvre, are great examples on how features can influence the design of the game. The drop bomb move adds more excitement and thrill, by giving the players a powerful one-time ability that can completely change the course of the game. Its benefit is not just destroying a ship, but instead a high-risk high reward moment. The counter manoeuvre on the other hand, gives players the chance to defend themselves by moving a ship. This makes the game less predictable and adds a whole new layer of strategy. If these features were not developed well, they could easily have felt unbalanced or unnecessary.
To organise these user stories, a user story map was created. A map is comprised of multiple user stories organised into the main stages of the game, such as gameplay, design, setup and features. This helped group related features together and gave a clearer overview of how the system works. For example, if the setup needed some improvement, then the group for setup, would have stories relating to its which could provide aid to the improvements. 
The user story map was useful because it showed how everything connects with each other. It made it easier to see if anything was missing and helped ensure that the game flows logically from start to finish. It also helps with prioritisation, as the team could focus on the most important features first, such as basic gameplay, before adding more advanced features like special abilities.
Another advantage of using a user story map is that it gives a big picture view while keeping all the user stories individual.  This especially helps within a team environment, as everyone can understand how their work fits into the overall system. It also helps with better communication since everything is organised, and members can easily find the user stories that others are talking about.
However, there are also some weaknesses with how user stories were used. Some of the early iterations of the user stories were too basic and lacked detail, while they explained what the user wanted to do, they didn’t always explain how the system should handle certain situations. For example, the counter manoeuvre didn't initially include rules about what would happen if the user moved its boat off grid or into another boat. This made it harder to understand what needed to be implemented and what could be improved in the game.
There was also an issue with how certain user stories connected to other parts of the system. Ideally each user story should link directly to specific system components and test cases. However, in this project, those links were not always clear. For example, during the making of the user story map, some user stories had to be removed due to the lack of clarity and what category it should be in. This caused for a lot of information to be deleted or missing. This made it harder to ensure that every requirement was properly covered during development and testing.
Overall, user stories and mapping were very helpful in guiding the design and development of the Battleships project. They helped keep the focus on the user, created a clear structure for the system and supported teamwork and communication. The emphasis on benefits was particularly important, as it ensured that each feature had clear purpose and was useful and fun for the user.

[bookmark: _Toc253237715][bookmark: _Toc1660840124]CRC Cards 
CRC (Class Responsibility Collaborator) cards were used in the design of the Battleships game to help model the system using an object-oriented approach. They provide a simple but effective way of identifying the key classes in the system, defining what each class is responsible for, and showing how different parts of the system interact with another [3]. Overall, CRC cards were useful in structuring the design, although there were some limitations in how detailed they were.
The main idea behind CRC cards is to break down the system into classes, where each class has clear responsibilities and works with other classes (the collaborators). In this project, several key classes were identified, including Player, Board, Ship and Game. These classes represent core components of the game and reflect how the system would likely be implemented in code.
For example, the Player class was responsible for actions such as placing ships, making guesses and using special abilities like the drop bomb or counter manoeuvre. It collaborated with the Board class to update the game’s state and with the Game class to manage turn-taking.  The Board class handled the grid itself, including storing ship positions, tracking hits and misses, and displaying feedback. The Ship class represented individual ships, including their size, position and whether they had been destroyed. The Game class acted as the main and central component of the system, it managed the flow of the game including switching turns, checking win conditions and coordinating interactions between the players and the board.
Here are a few examples of CRC cards that the team has made:
The Player CRC card:
[image: ]
The Board CRC card:
[image: ]
One of the main strengths of using CRC cards was that they helped with the clear separation of the responsibilities. Instead of having all the responsibilities and classes in one place, the system was broken down into smaller, manageable parts. This makes the design easier to understand and will help with the programming later. For example, by keeping ship related logic within the Ship class, it avoids unnecessary complexity in other parts of the system. This kind of design is important because it makes the system easier to navigate, maintain and test. 
Another strength of CRC cards is that they are easy and simple to use. They allowed the group to quickly sketch out ideas and discuss how different parts of the system would work together. Because the format is straightforward and easy to understand; it made it easier to identify missing parts. For example, during the design process, the class Game wasn’t considered until the team started making the CRC cards. Having the Game class as the main component on the system made sense and helped with a lot of planning for the programming. 
CRC cards also helped with object-oriented thinking, by encouraging developers to identify classes, assign clear responsibilities and define interactions between objects.  By focusing on classes and their responsibilities, the design naturally aligned with how the code would be written. This made it easier to transition from design to implementation. 
However, despite these strengths, there were several limitations in the CRC cards that were produced one of the main problems is that some CRC cards lacked detail. This could because the class didn't have that many responsibilities or collaborators or it was sometimes too broad. For example, a responsibility such as “handle special abilities” does not clearly define how those abilities should work or how they should be handled. It does not specify that the drop bomb ability should be used only once, or that it should destroy an entire ship and display a “Destroyed” message. This lack of detail makes it difficult to implement the system accurately.
Another weakness of the CRC cards is that they did not always fully reflect the criteria needed from the user stories. Ideally, there would be a clear link between what the user wants (user stories), what the system does (CRC) and how it is tested (test cases). However, some of these connections were missing. For example, the user story for the counter manoeuvre includes the benefit of avoiding a hit, but the CRC cards did not clearly define how this would be achieved in terms of logic. 
Despite these limitations, CRC cards were still a valuable part of the design process. They provided a clear starting point for understanding the structure of the system and helped identify the main components required. They were also very helpful with organising the logical components and by using classes, responsibilities and collaborators it breaks everything down ready for the programming side of the project. To improve their overall usefulness, they should be combined with other design techniques, one of them being a sequence diagram. This would ensure that the system is not only well-structured, but also fully defined and ready for development and testing. 

[bookmark: _Toc1042855890]Testing 
Software testing is a crucial part of the development process, as it ensures that a system behaves as expected and meets all the requirements needed [4]. In the case of Battleships, testing is especially important because the game relies heavily on the correct logic, user interaction and rule enforcement. Even small errors can have such a big impact on the gameplay and over feel of the game. An example could be an incorrect hit detection and even failure to apply special abilities properly, could significantly affect the overall user experience. This section evaluates the importance of software testing, explores the differences between black box and white box testing and discusses the concept of testable code.
One of the main reasons why software testing is so important is that it helps identify errors early and ensures that the system is reliable. In a game like Battleships, players expect consistent and fair outcomes. If the system incorrectly registers a hit as a miss or allows a player to use a special ability more than once, it will undermine the trust in the application. Testing will help prevent these issues from arsing by checking that each feature works correctly under different conditions. It also will ensure long term maintenance; a well-tested system is easier to update due to the lack of issues because of the testing, less able to produce bugs.
There are different approaches to testing, but two of the most important are black box and white box testing. These approaches focus on the different aspects of the system and are often used together to achieve more complete coverage. 
Black box testing focuses on the external behaviour of the system, including the functionality of inputs and outputs without knowing the internal code implementation [5].  It tends to copy the user's behaviour to validate any requirements, usability and security from the user's perspective. For example, in the Battleships game, a black box test might involve selecting a grid coordinate and checking whether the system correctly returns “hit” or “miss” The tester does not need to know how the system determines the result, only that the correct output is produced.
The main advantage of black box testing is that it is simple and user focused. It ensures that the system is behaving how it should from the user’s perspective and that all the function requirements are met. It is also useful for identifying missing features or incorrect outputs. However, there are some limitations. Because it does not consider the internal structure of the code, it may not detect errors or logic issues that do not immediately affect the output. 
In contrast to black box testing, white box testing focuses on the internal structure and logic of the system. It requires the knowledge of how the code is written and how it works. It involves testing specific paths, conditions and loops within the program. In the Battleship game, a white box test might involve checking the logic used to determine whether a ship has been completely destroyed after a bomb is dropped. This would include verifying all parts of the ship and ensuring that they are correctly identified and updated. 
The main advantage of white box testing is that it provides deeper coverage of the system’s logic. It ensures that all parts of the code are tested, including edge cases and less obvious conditions [6]. This makes it particularly useful for identifying hidden bugs and improving code quality. However, it also has its weaknesses. It can be more time-consuming, and complex compared to some other testing methods. It requires a good understanding of the code, which might not be practical especially if the systems are larger.
The difference between black box and white box testing is that they have different perspectives when testing the code. Black box testing looks at what the system does, while white box testing looks at how it does it. Both approaches are important, and relying on only one may leave gaps within testing. In this project, combining the two methods provides a more complete and thorough evaluation of the system ensuring that it is both functionally and logically correct.
[bookmark: _Int_bXdpSzFe]Another important aspect of software engineering is testable code. Testable code refers to code that is designed in a way that makes it easier to test. This is closely linked to good design practices like separating the individual concepts. In the Battleships game, the testability can be improved by separating the game logic from the user interface. For example, a class responsible for handling hit detection should not depend on how the grid is displayed on the screen.  This allows the logic to be tested independently, without needing to interact with the full application. But if the code is tightly coupled and poorly structured, it becomes difficult to isolate and test individual components. This can lead to incomplete testing and increased risk of errors. 
Overall, software testing is essential for ensuring the quality and reliability of the Battleships game. Black box testing helps verify that the system meets user requirements, while white box testing ensures that the internal logic is correct and complete [7]. The concept of testable code further supports effective testing by making it easier to isolate and evaluate different parts of the system.
In conclusion, testing is not just a final step in development, but an ongoing process that should be considered throughout the design and implementation stages. By combining different testing approaches and designing the system with testability in mind, developers can create a more robust and reliable application. 
[bookmark: _Toc1136460216]Application Tests and Unit Testing 
In order to ensure that the Battleship application functions correctly and provides reliable user experience, a range of tests must be carried out. These tests are designed to check both the overall behaviour of the system and the internal logic behind it. This section outlines a series of black box and white box tests that could be used to validate the application, before exploring the role of unit testing and how it supports white box testing in practice.
Testing the application begins with the identifying key features that must work correctly. These include the ship’s placement, turn-based guessing, hit and miss detection and the use of special abilities such as the drop bomb and counter manoeuvre. Each of these features can be tested using defined scenarios that include pre-conditions, inputs, expected outputs and a clear purpose.
One example of a black box test is checking hit detection:
The pre-condition for this test would be that a ship has already been placed on the grid at specific coordinates, for example (3,3) (3,4) and (3,5). The input would be a player selecting the coordinate (3,4). The expected output would be that the system returns “hit” and updates the grid to reflect the hit. The purpose of this test is to ensure that the system correctly identifies when a ship has been hit, without needing to understand how it is calculated internally.
Another black box test could focus on miss detection:
The pre-condition would be that no ships occupy a specific coordinate, such as (7,7). The input is the player selects that coordinate. The expected outcome is the system returns a “miss” and updates the grid. The purpose of this test is to determine whether the system can correctly handle empty spaces on the board.
A more complex test involves the drop bomb feature:
The pre-condition is that a ship occupies multiple connected grid spots and the player has not used their drop bomb ability yet. The input is the player activating the drop bomb ability on one square of that ship. The expected outcome is that the entire ship is destroyed and the system displays a “destroyed” message. The purpose of this test is to verify that the feature behaves correctly from the user’s perspective. 
Like the drop bomb test, the counter manoeuvre can also be tested:
The pre-condition is that a ship is placed on the grid and the player has not used their counter manoeuvre. The input is the player choosing to move the ship one square in a valid direction (up, down, left or right). The expected outcome is that the ship’s position is updated to the new location, and if the other player drops a bomb on the square the ship would have previously been on, the system outputs a “near miss” message. This test ensures that the feature works properly and updates the game state as expected.
While these black box tests are useful for checking functionality from the user’s perspective, white box testing is needed to examine how the system work internally. For example, when testing the drop bomb feature from a white box perspective, the test would focus on how the system identifies all parts of a ship and marks them as destroyed. This involves checking loops, conditions and variables within the code to ensure that all parts of the ship are correctly updated and that the ability cannot be used more than once.
Another white box test could focus on boundary conditions. For instance, when a player attempts to move a ship using the counter manoeuvre, the system must check whether the new position is still within the 10x10 grid. The test would examine the logic used to validate coordinates and ensure that invalid moves are rejected. This type of testing is important because it helps identify errors that may not be obvious through black box testing. 
Each of these tests is designed to produce a specific response from the system and confirm that both the external behaviour and internal logic are correct. By combining both black box and white box testing, the application can be evaluated more thoroughly, reducing the risk of undetected errors.
In addition to these scenario-based tests, unit testing plays an important role in ensuring the reliability of the system. Unit testing involves testing individual components or methods in isolation, rather than testing the whole system [8]. This particularly useful in object-oriented systems like the Battleships application, where functionality is divided into classes such as Player, Board and Ship.
Unit testing helps with ensuring the reliability of the Battleships application by allowing individual components to be verified in isolation [9]. Effective unit testing follows the FIRST principles, which state that tests should be fast, independent, repeatable, self-validating and timely [10]. These principles are particularly important in a system such as Battleships, where multiple interacting components must function correctly both individually and as a part of a system. This makes it easier to identify exactly where a problem has occurred. 
In the context of the Battleships application, unit testing could be applied to functions such as hit detection, ship placement validation and special ability usage. For example, a unit test for a hit detection method would involve setting up a known ship position and checking whether the method correctly returns true when a matching coordinate is provided and false when it is not. This directly supports white box teting, as it focuses on the internal logic of the function.
[bookmark: _Int_3mVBWEnU]Another example is testing the method that checks whether a ship has been completely destroyed. The unit test would simulate a situation where all parts of a ship have been hit and verify that the method correctly identifies the ship as destroyed. This ensures that the logic used to determine the game progression is accurate.
Overall, the combination of application tests and unit testing provides a comprehensive approach to verifying the Battleships application. Black box tests ensure that the system behaves correctly from the user’s perspective, while white box tests and unit testing ensure that the logic is correct. Together, these approaches help create a reliable and well-tested application.
[bookmark: _Toc438270914]Conclusion
In conclusion, the development of the Battleships game demonstrates the importance of combining effective design practices with thorough testing to produce a reliable and user-focused system. Throughout this report, several key areas have been evaluated, including the overall design process, the use of user stories and user story mapping, the application of CRC cards, and the role of software testing and unit testing. 
The design process showed clear strengths, particularly in its user-centred approach and collaborative development. The use of the user stories helped ensure that the system was built around the needs of the player, while the user story map provided a structured overview of how the application functions. However, the evaluation also highlighted weaknesses such as lack of detail in the user stories in the earlier stages of development.
Similarly, CRC cards proved to be a useful tool for identifying the main components of the system and creating an object-oriented design. They helped with separating responsibilities and help structure the system effectively.
The importance of sofwtare testing was evident throughout the report. The use of both black box and white box testing provides a detailed approach, ensuring that the system works correctly from the user’s perspective and at a logical level. The concept of testable code further reinforces the need for good design, as well-structured system are significantly easier to navigate and test.
Finally, the investigation into application testing and unit testing highlighted how targeted tests can be used to verify specific functionality within the system. Providing examples of individual tests showcases how flexible black box and white box testing can be depending on the scenario that is needed to be tested. 
Overall, the report shows that software development has a lot more layers to it than just coding. The design, modelling and testing all provide help to create a successful project. While the Battleships design provides a strong foundation, improvements could be made by increasing the level of detail and considering a larger range of scenarios during testing. By addressing these improvements, the system would be more complete.

[bookmark: _Toc327338178]References 
[1] Sommerville, I. (2016). Software Engineering (10th ed.). Pearson. 
[2] Beck, K. et al. (2001). Manifesto for Agile Software Development.
[3] Wirfs-Brock, R., Wilkerson, B. and Wiener, L. (1990). Designing Object-Oriented Software. Prentice Hall. 
[4] Myers, G. J., Sandler, C. and Badgett, T. (2011). The Art of Software Testing (3rd ed.). Wiley.
[5] "Black Box Testing - Software Engineering." [Online]. Available: https://www.geeksforgeeks.org/software-testing/software-engineering-black-box-testing/
[6] "White box Testing - Software Engineering." [Online]. Available: https://www.geeksforgeeks.org/software-testing/software-engineering-white-box-testing/

[7] ISTQB (2018). ISTQB Foundation Level Syllabus. 
[8] P. P. Smalley Ian. "What is Unit Testing? | IBM." [Online]. Available: https://www.ibm.com/think/topics/unit-testing
[9] Martin, R. C. (2009). Clean Code: A Handbook of Agile Software Craftsmanship. Prentice Hall. 
[10] R. Brunie."F.I.R.S.T. Principles" Medium. (-05-092020). Available at: https://romainbrunie.medium.com/f-i-r-s-t-principles-4eec4b9c1cde




	
	
	



Page 1
image2.jpg
& T ANEENRS TV Vg
wow 0 ;cw;::cc}-qbrtl -gbm{ -moe "’r'
Wit #eoe display:block;position:abso]
Lt ) opacity: l;*top:-2px;*left . -Spx;
M%mt\ticth-lpx\OI; left; -6px\0/;r1 "

ne-block; f¢

m»uup-boudiophy: inli

" .Muu.h'cblock: ist-





image2.png
Storeshp locanons
Store st roavons.
Oisplay g stae o payer.

Ensure 0 ships have been placed oniop of one-another
or outof bounds.

etec playe input for acacing ships
Record cach e on a ship

Record 331 has been sonk





image.png
Class: Player

Responsiblities: Collaborators:
Placing Ships on the board Board, Ship
Tracking moves Game
Tracking use of powerups (drop bomb, counter Game
manoeuvres)

Track usage of drop bombs and counter manoeuvres





