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Introduction
In software development, the rising demand for agility and fast delivery of products has led to the creation of various agile methodologies. The common goal for these approaches is to produce quality software efficiently and streamline the software delivery process. However, choosing the most well-suited methodology for a project is essential. This report will explore three key agile approaches: Behaviour-Driven Development (BDD), Feature-Driven Development (FDD) and Test-Driven Development (TDD). It will provide an understanding of each agile approach, highlighting their strengths and weaknesses, and offer guidance on which development situations will most effectively utilise them. 



Behaviour-Driven Development 
Behaviour-driven development is an increasingly popular agile development process and has gained much attention in practice and research. Originally introduced to address challenges faced by test-driven development by using shared, non-technical language to define user stories and expected outcomes, which then get converted into automated test scripts [1]. BDD focuses on describing the behaviour of a system through straightforward, real-world examples that both technical and non-technical stakeholders can understand. This aims to allow all team members to communicate, whether as developers, testers, or businesspeople. BDD has three iterative steps: discover, formulation and automation. Discover introduces a collaborative discussion with stakeholders to give definitions to user stories and system requirements through the use of examples illustrating the desired behaviour. Formulation transforms these examples into a clear, structured document, ensuring the team understands it. Finally, automation involves writing automated tests based on the defined examples, using them to guide the coding process, and using tools like Cucumber and SpecFlow to implement the automated tests. [2][3]
The use of BDD brings many advantages to an organisation; for example, it encourages collaboration and communication, fostering teamwork by involving all stakeholders, developers, testers and business analysts in product development. Also, using plain, easily understood language provides transparency and accessibility for all team members, regardless of knowledge or experience level. Then lastly, since BDD is focused on business outcomes, it ensures that the software meets the business requirements, which is a significant benefit when used in scenarios where pleasing clients’ needs are a top priority. More relevant and valuable software will be delivered by ensuring that development is aligned with business needs. [4]
BDD does, however, bring its own set of challenges; for example, BDD requires detailed specifications of requirements, which can sometimes be challenging to understand, especially for non-technical team members. Poor communication of these specifications can cause confusion and inefficiencies, slow development, and affect the end product. Another challenge faced with introducing BDD is team alignment issues; getting the entire team on the same page with BDD can be difficult. Resistance to change and the need for retraining can delay the adoption of BDD and reduce its effectiveness. Learning new concepts and tools, such as the process for writing scenarios in Gherkin syntax and understanding how to use tools such as Cucumber or SpecFlow, maybe a difficult learning curve for some team members. The final challenge of BDD worth highlighting is the increased time and complexity of execution; BDD test packs can be very time-consuming. If any part of the script fails, the entire pack will stop and require a reset. This then significantly slows down testing, especially for large projects, leading to delays in development. [5]



Feature-Driven Development
Another agile development methodology is Feature-Driven Development (FDD). Feature-driven development differs from behaviour-driven development because it focuses on delivering features to the customer systematically and incrementally. FDD is characterised by its emphasis on defining and building features as the primary unit of progress. It is highly structured and aims to provide high-quality deliverable features quickly and iteratively. FDD will break and organise functional requirements into small, manageable parts called features. A feature will typically describe a specific action, result, and object. These features will be identified after defining the key elements of a problem, known as domain classes, which are grouped into more significant categories known as feature sets. This object-oriented approach ensures the system is structured, maintainable and adapts quickly, making it well-suited for agile development. [6]
Many merits are attributed to the adoption of feature-driven development. For example, FDD works great at establishing and prioritising a clear understanding of requirements, ensuring alignment with project end goals and user needs. FDD assists teams in developing complete and well-rounded software by separating functional requirements from non-functional requirements. This prioritisation of requirements allows the team to focus on the most critical features first. Thus guaranteeing the timely delivery of high-value components to stakeholders first. [7]
Another advantage of FDD is its ability to resolve requirement conflicts. Focusing on integration when implementing a continuous process of minor releases reduces the risk of conflicts and ensures the system's flow is controlled, with collisions identified and resolved early in the development process. [8]
One drawback of FDD is its limited detailed domain modelling, particularly in the early stages. FDD relies on an overall domain model, but if a fully detail description cannot be provided during the first process, then it may lead to modifications and changes in later stages. These iterative changes may create challenges in consistency and planning. FDD is also highly structured and process-heavy, limiting flexibility and making it harder to adapt to new changes, hindering its agility, which is usually sought in agile development. The final disadvantage worth highlighting is its dependency on class and feature ownership. When developing a feature, the owner of a feature creates a list of activities leading to its implementation. Each of these activities may need parts altered in the future. However, these modifications may only be achieved by the sole owner of the class. This can create bottlenecks if a feature class owner becomes overloaded or unavailable. Placing heavy reliance on an individual developer leads to coordination and integration challenges. [9]



Test-Driven Development
The final agile methodology that will be touched upon is Test-Driven Development (TDD). TDD is an agile practice where tests are written before writing the corresponding code. The primary focus of TDD is not just on the order of test writing but also on the rhythm and consistency of development cycles, contributing more to quality and productivity. TDD follows a “red-green-refactor”, where you first write a failing test (red), then write the code to pass that test (green), and finally refactor the code. This cycle is then repeated for small, well-defined tasks. [10]
TDD allows for an immediate guarantee of quality code because if the tests succeed, the code quality can be assured as effective. It has also been shown to decrease code complexity by promoting defect reduction and enhancing code cohesion. [11] TDD also facilitates modular code, making it easier for developers to detect and address defects early in development. Also, TDD detecting and fixing defects early in production reduces the time spent on repairs, which is more cost-efficient than fixing issues post-production. [12]
TDD promotes better design planning, leading to better architecture and more code flexibility, and aligns with the single responsibility principle of object-oriented programming, resulting in a more streamlined and maintainable code. Additionally, the planning encourages open communication between team members, allowing the developer to discuss designs and requirements early before implementation, leading to better features. [13]
Because of TDD's short and consistent cycles, a feeling of uniformity is applied throughout the development process. TDD helps the developer sustain productivity and reduce inefficiencies caused by variations in task duration so they can plan their tasks better when the duration of each cycle remains consistent, as opposed to fluctuating between long and short tasks, keeping them focused on one task at a time without being overwhelmed by undefined workloads. [14]
The speed of development for TDD is often debated, with some stating that although growth may be slow because of the learning curve associated with writing tests first, it improves the speed of development in the long run by simplifying maintenance and reducing defects. In contrast, others argue it can be slower and more inappropriate in some situations than effective. This is because unit tests cannot be generalised for all systems, and forcing a unit test to exist can take more time to fix than just developing the code for a functional test. [15] Some developers have also claimed that the main disadvantage of TDD is writing unit tests due to the possibility of the tests being fragile and flawed, with test writing slowing them down. However, one study showed that TDD balances the time spent on writing the tests well due to its benefits and will often leave them feeling more productive. The study also found that developers inexperienced with TDD undergo a learning phase that could take time and be considered disadvantageous initially. But despite this, the participants believed that TDD was worth the effort. [16]
The final disadvantage of TDD worth highlighting is its difficulty applying to legacy code. It may be difficult for developers to rework existing code to fit TDD. This may be due to the lack of modularity, making it nearly impossible to write tests without refactoring the existing code. Legacy code may lack documentation, making it more difficult for the developers to understand the intended functionality of the software before attempting to write tests or refactor the code. [17]



Comparative analysis 
Although all three methodologies are based on agile principles, they each take a distinct approach to development. Each approach promotes communication and collaboration among team members, but the nature of that collaboration varies. BDD encourages communication between technical and non-technical stakeholders [1, 4]. FDD involves collaboration between domain experts and developers for feature development [6, 7], and TDD focuses mainly on the relationship between developers and designers, ensuring quality code. [10]
However, despite being similar, each brings a slightly different approach towards agile development. BDD focuses on the system's behaviour and uses business-driven language to describe the requirements, focusing primarily on the business outcome [1, 2]. FDD focuses on features, breaking down extensive functionalities into more minor, manageable features developed iteratively [6]. TDD instead focuses on writing tests before writing code to ensure that the code works as intended and meets a predefined specification. [10]
When deciding which development type best suits a situation, it is essential to consider their strengths and weaknesses. Behaviour-driven development has been shown to enhance communication because it uses plain language and examples, ensuring that all team members' views, including those of stakeholders, are aligned. [4, 5] BDD is also very business-focused, emphasising business outcomes and guaranteeing that the development process best aligns with the client’s needs. BDD also introduces automated tests, integrating them early in the development life cycle, reducing bugs and increasing ease of maintenance. [3, 5]
BDD’s greatest weakness is its complexity in execution. Its initial setup and introduction to untrained developers creates a steep learning curve, especially with tools such as Cucumber or SpecFlow, slowing down the initial development [5]. Another drawback is its reliance on quality written requirements; the success of a BDD project heavily relies on well-defined and written stories, scenarios and specifications, and poorly written user stories can lead to misunderstandings and inefficiencies in the project. The final problem is the potential overhead of implementing BDD for smaller projects. The additional layer of planning and testing may not justify the benefits of implementing BDD.
On the other hand, the greatest strength of using feature-driven development is its structure and organisation. FDD encourages the creation and delivery of more minor, more manageable features in a structured manner, making it easier to plan and manage and desirable for large-scale projects. Unlike the other methodologies, FDD creates more steady and visible development progress because it is easier to track what work has been done and what is left to do since developers finish features one at a time [7]. The final advantage of FDD is that it allows multiple team members to work on different parts of the project without conflicts, reducing bottlenecks and overlap, leading to a faster delivery and a more cohesive final product. 
The primary weakness of FDD is its rigid process. Its structured approach can make FDD less flexible than other methodologies, making it harder to adapt to changing requirements. FDD’s focus on delivering complete features also creates limited and delayed feedback on early functionality, potentially leading to features needing to be altered or redeveloped later [9]. This delay in feedback may slow down the process of addressing essential issues or implementing improvements early in the development cycle. 
Then lastly is Test Driven Development. TDD brings many strengths, with its primary advantage being its improvement in code quality. TDD helps create cleaner, more organised code, making it easier to fix or improve. TDD also brings fewer bugs due to the quality testing introduced in the development cycle [12]. However, the quality brought by adding these tests comes with a cost, its main disadvantage being the development speed. Writing tests before coding will cost the developers more time, slowing production time. TDD is also not always as effective; it is less beneficial when used for functions such as user interfaces or when paired with vaguely written requirements [15]. Its final drawback is its difficulty adding to an older system. Messy or outdated code can be challenging to implement TDD, whether due to the lack of modularity in the code or vague documentation requiring extensive refactoring. [17]



Conclusion
To conclude, each approach brings many different benefits and drawbacks. When considering which methodology is best for a given scenario, it is crucial to factor in the project's goals, as each approach's effectiveness depends on how well it is aligned with the system in which it is being implemented. For instance, BDD is best used for projects prioritising collaboration between technical and non-technical stakeholders, FDD is best used for larger-scale systems with clearly defined requirements, and TDD excels in projects where code quality and reliability are essential. However, BDD can also be less effective when used in an environment with minimal stakeholder involvement or unclear requirements. FDD tends to be less effective in a small, rapidly changing project or where flexibility is needed. TDD is difficult to implement into a legacy system with vague requirements or poor modularity due to the significant time and effort required for refactoring. Therefore, it is essential to consider these differences to ensure the chosen methodology aligns with the project’s specific needs and goals.
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Introduction
Creating modular, maintainable, and efficient systems is crucial in software development. Several key principles can enhance software structure and functionality, making it more adaptable, sustainable, and resilient to changing requirements. This report highlights four key principles: high cohesion, loose coupling, data hiding, and information hiding. Providing an overview of each principle, its use, and its associated benefits and drawbacks.
By understanding and applying these principles, software developers can create robust systems that are easier to develop and maintain and handle the demands of dynamic environments.



High Cohesion
When it comes to software development, several concepts are highly regarded; the first of these to be highlighted is high cohesion. Cohesion is used to measure the extent to which an action performed by a module works together to achieve a single purpose. High cohesion implies that the module's responsibilities are related and focused on a specific function [1]. Stevens, Myers and Constantine introduced seven cohesion levels, ranked from lowest to highest most cohesiveness: coincidental, logical, temporal, procedural, communicational, sequential and functional. The lowest cohesion, coincidental cohesion, is when a module’s elements are grouped arbitrarily, without any meaningful relationship or purpose; it is argued that it’s the lowest form of cohesion due to its difficulty maintaining or understanding because there is no logical grouping. The highest form of cohesion, on the other hand, functional cohesion, is when all elements contribute to a single, well-defined task or function; it is the ideal level of cohesion as it maximises reusability, maintainability and clarity and is sought to be a key principle of good software design. [2]
One disadvantage to high cohesive modules is that they are often tightly bound to their internal functionality, making it harder to separate or refactor. Suppose changes to functionality are required, for example, to accommodate some new features. In this case, the module could resist decomposition, leading to more difficulties during the maintenance and expansion phases of development. [3]
However, despite its drawbacks, high cohesion improves maintainability due to its focus on a single responsibility, making it easier to understand and debug. It also allows for reusability since the module is independent; it can be used across different application parts or even in various projects without significant modification, leading to less code duplication. When high cohesion is paired with other concepts, such as loose coupling, it becomes even more powerful; for example, when worked together, it has been shown to promote modularity. High cohesion focuses on the functionality of each module. In contrast, loose coupling ensures that those modules interact only, when necessary, in a controlled manner. This leads to better modularity, particularly when those components are reused across different contexts, with the system’s architecture remaining clean and maintainable. [4]



Loose Coupling
As mentioned previously, another concept that is an essential improvement to software development is loose coupling. Coupling is the principle referring to the number of dependencies between modules. There are two types of coupling: loose and tight. Tight coupling creates strong dependencies between components, where a change in one component can heavily affect other components due to the complex interdependencies in their data and functions. [5] 
In contrast, loose coupling minimises these dependencies, allowing components to interact with each other more flexibly and independently. This reduced communication between components supports long-term growth by focusing on efficiently using resources across entire systems. Loose coupling is grounded in the principles of optimisation and decomposition, offering several benefits such as improved stability, scalability, efficiency, reliability, agility and resilience in a network. [6]
However, loose coupling also brings its own set of disadvantages. For example, it has been shown to adversely affect long-term innovations. By prioritising short-term flexibility, loose coupling may inadvertently limit opportunities for continuous development. Then, the reduced communication between system components could lead to inefficiencies. Due to the lack of interaction between the system components, different parts of the system may struggle with one another, making it challenging to develop a cohesive product, especially in complex environments where coordination is essential. [7]



Data Hiding
Another principle that is important to software development is data hiding. Data hiding is the concept where sensitive or critical data in an object is concealed from external access, allowing only authorised methods, such as functions within the class, to retrieve or modify it. This is typically implemented using encapsulation, where the data and its associated functions are combined into a single class, and access to the data is controlled using specifiers such as ‘private’ or ‘protected’. [8]
Some advantages of using encapsulation include data protection and security. Encapsulation allows data to be hidden within an object, making it accessible only through well-defined methods. This protects the object from direct manipulation, preventing unintended or unauthorised changes. Another advantage is that it improves code maintenance by hiding the implementation details of an object; encapsulation makes the system easier to maintain. The internal workings of an object can be modified without affecting other parts of the program that interact with the object, making the code more modular as a result. [9]
However, data hiding does bring some drawbacks; it is debated that encapsulation can increase complexity in code structures as it requires additional methods, such as getters and setters, to access and modify private data. This can make the codebase harder to understand and maintain. Also, the use of getters and setter methods can introduce additional function calls, which can result in performance overhead, so when implemented in performance-critical applications, this overhead may be significant. [10]



Information Hiding
The final software development concept to be highlighted is information hiding, unlike data hiding and encapsulation, which refer to the bundling of data within methods that operate on data. Hiding data is not the entire purpose of information hiding. Information hiding is a software design principle that controls which parts of a class are visible to non-privileged sub-classes [11]. The primary goal is to share only necessary class parts with its subclasses while keeping information details hidden and allowing for changes to internal implementation without affecting external clients, improving its maintainability and modularity, similar to data hiding. Regarding information hiding, formal specifications should not expose implementation details. Hidden class members should not be mentioned in public specifications, ensuring that clients do not need to know or depend on these details. So, for example, if a class has private fields that are used internally, these should not appear in public or protected specifications. If they do, it can affect clients who are unaware of their existence, breaking their understanding of the class’s behaviour. [12]
One advantage provided by information hiding is efficient dependency analysis. Due to its minimised scope of changes, when hiding internal details, only a smaller set of code, such as the internal implementation or private methods, is impacted when a change is made. This improves the efficiency of dependency analysis because tools can track which parts of code are affected without needing to examine the entire codebase. [12]
Information Hiding provides a set of disadvantages; for example, it can make integrating different system parts harder. Components may work independently, but when combining them, developers need to figure out how to handle hidden design decisions, which adds complexity. Another drawback is its technology dependency; information hiding often relies on specific technologies or frameworks. If the underlying technologies change or if components need to interact with others built using different tools, it can be challenging to maintain flexibility or interoperability across various systems. [13]



Conclusion
To conclude, each concept contributes positively to the structure and modularity of software development. High cohesion brings a focused functionality organisation within modules, enhancing maintainability, reusability, and clarity. Loose coupling introduces flexibility by reducing the interdependencies between modules, allowing for better scalability and ease of modification. Data hiding adds a layer of security and integrity to the system and protects sensitive data by concealing it from external access, making it accessible only through well-defined methods. Finally, information hiding ensures that only necessary class details are exposed, allowing for changes to internal implementation without affecting external components, improving maintainability, modularity and dependency management.
These principles create a more robust and maintainable software architecture, encouraging long-term software sustainability and reducing complexity.
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