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[bookmark: _Toc187700415]Comparison of Behaviour Driven Development, Feature Driven Development and Test Driven Development
[bookmark: _Toc187700416]Abstract 
This report evaluates three Agile methodologies: Test Driven Development (TDD), Behaviour Driven Development (BDD), and Feature Driven Development (FDD). TDD prioritises code quality through test-first principles, BDD emphasises collaboration and user-centric development, and FDD excels at scalable, feature-centric projects. Each technique has distinct characteristics and solves certain software development challenges, with suggestions for their best use based on project objectives and goals.
[bookmark: _Toc187700417]Introduction
The methods of Agile have transformed software development by concentrating on flexibility, collaboration, and efficiency. Among these methodologies, Test Driven Development, Behaviour Driven Development, and Feature Driven Development stand out for their distinct approaches to handling the issues of modern development of software. Each of these methods has distinct benefits and drawbacks, making them appropriate for specific contexts. This report addresses the principles, merits, and differences between the three, as well as recommendations for their most effective usage.


[bookmark: _Toc187700418]Test Driven Development
Test Driven Development (TDD) is an approach to software development in which tests are created prior to the actual code. Developers construct unit tests for certain functionalities, write the bare minimum of code required to pass these tests, and then modify the code for optimisation. TDD is built on a cyclical process commonly known as Red-Green-Refactor.
Test Driven Development was introduced by Kent Beck as part of the Extreme Programming approach in the latter part of the 1990s. His book, Test-Driven Development by Example [1], popularised the concept and established its importance in agile development. 
During my time with DVLA last month, I saw firsthand how TDD is critical in their software development processes. Every developer is required to build unit tests for the functions on which they are working, ensuring that the code is reliable and maintainable. Furthermore, Nigel who's one of the lead testing engineers stressed how developers are advised to write code in a consistent, standardised manner that adheres to TDD standards. DVLA perform considerable financial transactions each year. Following this approach helped them develop a robust system reducing risks, improving code quality, and ensuring smooth operations throughout.
Furthermore, other government departments such as the Home Office, Government Digital Service and a variety of public sector enterprise use TDD approach and these practices demonstrate the effectiveness of TDD in, resulting in an overall robust output.

Following a Test Driven approach can bring many benefits which includes.

[bookmark: _Toc187700419]Benefits
· Improve quality: Creating tests initially guarantees that the code matches predefined criteria from the start, lowering the risk of bugs while making the code easier to maintain in the future.
· Improve debugging: Issues are identified early in the development process, which makes it easier to isolate and resolve issues rapidly saving time and money.
· Facilitates refactoring: The inclusion of a complete testing department allows for safe and confident code refactoring without the introduction of additional bugs.
· Documentation: Written tests act as live documentation of the application behaviour, providing a clear understanding of what the software is intended to perform.
· Reduce integration issues: Continuous testing during development guarantees that components integrate smoothly by addressing any conflicts early on which is one of the points Nigel emphasised on that can save lots of time and overall budget of the organisation.

[bookmark: _Toc187700420]Drawbacks
· Time-consuming: Creating and keeping up tests can take time, particularly with complicated systems that require broader test coverage.
· The learning curve for TDD demands a mindset shift and knowledge with testing frameworks, that may prove difficult for developers who are not familiar with this approach.
· Overhead in simple Projects: For smaller projects or designs, the extra effort required for constructing tests could outweigh the advantages.
· Risk of ineffective Tests: Poorly created tests might give developers a false sense of security, leading them to believe that the software is working properly despite test coverage gaps.
· Difficulty in testing legacy systems: Adding TDD to existing code with weak modularity or outdated techniques can be difficult, requiring extensive rewriting to make testing possible.


[bookmark: _Toc187700421]Behaviour Driven Development
Behaviour Driven Development is an extension of TDD that focusses on the application's behaviour from the user's perspectives. It defines test cases using everyday language structures, making them understandable to each of the stakeholders, even those who are not technically minded. BDD focusses on collaboration among programmers, testers, and business stakeholders to guarantee that software fulfils business needs.
Behaviour Driven Development emerged in the beginning of the 2000s as an extension of TDD. Dan North proposed BDD to solve interaction and understanding gaps between technical and other non-technical stakeholders. He formalised the approach by introducing tools such as JBehave, which enabled programmers to create tests in a natural way it gained popularity with the introduction of frameworks like Cucumber and SpecFlow, that made it easier to produce executable specs which would be distributed and understood by every member of the team which helped to better connect technical effort with business goals, proving BDD as a crucial strategy in modern software development.[2]
Following a Behaviour Driven approach can bring many benefits which includes.
[bookmark: _Toc187700422]Benefits 
· Better collaboration: BBD helps stakeholders, developers, testers, and business analysts communicate more effectively and ensure that everyone is aware of the project's goals and objectives.
· User-centric approach: BDD guarantees that development activities directly contribute to providing value to potential users by concentrating on user behaviour and anticipated results.
· Reduced ambiguity: All team members have a common language thanks to clear, readable by human scenarios presented using the Given-When-Then structure, which helps to avoid misunderstanding and poor communication.
· Faster feedback loops: Problems may be found and fixed more quickly due to ongoing testing and discussion during the development phase, which keeps the project in line with customer requirements.
· Reusable test scenarios: created scenarios can frequently be applied to other projects, which saves time and effort when creating and maintaining tests.

[bookmark: _Toc187700423]Drawbacks
· Complex setup: Implementing BDD demands the use of more tools and frameworks, for example Cucumber or SpecFlow, that can lengthen and complicate the initial setup process specially for smaller projects.
· Potential misuse: Teams that only concentrate on the testing part of BDD without adopting its collaborative and communicative concepts could fail to benefit from all its advantages that this approach provides.
· Learning curve: Creating good BDD scenarios along with employing related tools require training and practice, that can slow approval in fresh teams.
· Overhead for small projects: For small projects or teams with basic needs, BDD's extra procedures and resources may add needless complexity.
· Dependency on stakeholder involvement: The effective execution of BDD is largely reliant on involvement from every stakeholder. Lack of interaction might result in inadequate or ineffective scenarios, lowering the approach's overall effectiveness.


[bookmark: _Toc187700424]Feature-Driven Development
Feature-Driven Development is based on models, iterative software creation technique that produces real, usable features for software in brief, iterative phases. It prioritises feature production as the foundation of development, making sure every iteration produces a functional product component. FDD focusses on upfront planning, feature-centric design, and great visibility of work through constantly updated documentation, making it especially useful for large and complicated projects. The concept blends flexibility and a disciplined approach, allowing teams to adjust to shifts while remaining focused on objectives.
During a large-scale project to develop software in Singapore in the late 1990s, Jeff De Luca and Peter Coad came up with the concept for feature-driven development. FDD emerged in response to the difficulties faced by complex systems with big teams. De Luca and Coad created a lightweight yet scalable technique by incorporating software engineering best practices such as domain modelling and feature prioritisation. Over time, FDD became known for its ability to develop dependable, maintainable software in iteration cycles, bridging the gap between structured methodology and agile methods. Its practical emphasis on features makes it an increasingly common option in settings where clear, verifiable progress is crucial.[3]
[bookmark: _Toc187700425]Benefits
· Scalability: FDD's organised structure is well suited for large projects, allowing even complicated system to be properly handled.
· Predictability: Precisely established features and dates enable stakeholders track development and align objectives.
· Efficient teamwork: Teams concentrate on features, which promotes simplicity, accountability, and reduces confusion among members of the team.
· High quality design: The focus on early preparation and domain modelling results in a well designed system that has little technical liabilities.
· Progressive development: Delivering products gradually allows for regular feedback and revisions, guaranteeing consistency with business objectives.


[bookmark: _Toc187700426]Drawbacks
· High initial overhead: This approach requires early planning, domain modelling, and comprehensive design, that may delay development and result in significant spending.
· Limited flexibility: FDD's structured design may make it difficult to meet constantly changing requirements or conditions filled with unpredictability.
· Depend on expertise: FDD requires skilled architects and developers for successful execution, which might be a barrier for smaller teams or others with less experience.
· Potential overemphasis on features: A narrow concentration on features could mask broader factors such as customer satisfaction or system scalability.
· Communication issues: In big teams, establishing continuous understanding and execution of domain models may prove difficult, possibly resulting in implementation shortages.
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[bookmark: _Toc187700428]Differences between approaches
	Approach
	Focus 
	Users
	Planning 
	Examples
	Process 
	Best for 

	TDD
	Robust code
	Developers
	Minimal
	Junit, NUnit, PyUnit
	Red, green, refactor 
	Testing units

	BDD
	User behaviour
	Developers, testers and business 
	Focus on collaboration
	Cucumber, SpecFlow

	Given, When, Then scenarios
	Alignment and Collaboration 


	FDD
	Delivering features
	Developers
	Upfront domain driven
	Custom planning tools
	Feature by feature creation 
	Larger projects



[bookmark: _Toc187700429]Use cases
· TDD is best suited for tasks that require high quality code and stability, such as finance or other critical systems.
· BDD is suitable for projects involving close interaction among stakeholders, such as applications that interact with customers.
· FDD: Suitable for large, complicated projects with consistent and well-defined specifications.
Numerous studies have been undertaken to assess the usefulness and applicability of TDD, BDD, and FDD in the development of software. Amongst these, Cui conducted a research study to determine how well they performed in commercial software development. TDD was found to considerably reduce defect rates due to its concentration on unit testing and early issue discovery, but BDD excelled at promoting interaction and alignment between both technical and non- technical stakeholders, resulting in greater requirement clarification and acceptance among users. FDD exhibited better results in large-scale project management by providing visibility and gradual progress via its feature-centric approach. Studies continually shows that while TDD has advantages for guaranteeing code accuracy, BDD overcomes communication gaps among teams, and FDD thrives in circumstances that require scalability and structure delivery. [4]
Also, it identified important issues, such as the initial time commitment necessary for TDD, reliance on stakeholder participation for BDD, and the necessity for experienced teams to efficiently adopt FDD. These findings highlight the necessity of choosing the right technique depending on project scale, team makeup, and organisational goals, as well as ensuring that the chosen approach is compatible with specific development requirements and restrictions.
[bookmark: _Toc187700430]Conclusion
TDD, BDD, and FDD each have distinct advantages and handle specific issues in the creation of software. While TDD concentrates on thorough testing to ensure code quality, BDD promotes collaboration and user-centric development, and FDD offers a disciplined framework for delivering features on large projects. Understanding the subtle differences of these approaches allows teams to select the best approach for their goals and objectives of their project, resulting in improved productivity and value.
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[bookmark: _Toc187700432]Abstract 
This report focusses on the importance of high cohesion, loose coupling, data hiding, and information hiding in the development of software. These concepts enhance maintainability, scalability, and security by aligning with contemporary approaches like Agile leading to modular and adaptable systems.

[bookmark: _Toc187700433]Introduction
In the complex and dynamic world of software development, maintainability, scalability, and efficiency are all greatly impacted by design quality. To create software systems that are reliable, modular, and reusable, it is essential to adhere to fundamental concepts like high cohesion, loose coupling, data hiding, and information hiding. These guidelines are essential to effective software engineering techniques because they guarantee that the software will be secure, easily comprehensible, and flexible.
Following these guidelines become more crucial as the demands placed on software systems increase. They help development teams work together more effectively, lower technological debt, and make sure that systems may change over time without becoming overly complicated. The importance of each concept is examined in detail in this report, along with their respective and combined contributions to the development of software.


[bookmark: _Toc187700434]High Cohesion
High cohesion is the degree of functional relationship between the components of one section or class. The fact that a cohesive component completes an individual, well-defined task adds to its maintainability and readability. An example of a cohesive class in OOP may represent a single class for example, a user class may handle solely user-related attributes and functions. 
Strong cohesiveness promotes clarity and guarantees that components are created with a specific goal in mind, which lessens the cognitive load on developers and raises the standard of the product. Because it allows for targeted and gradual modifications, high cohesiveness also supports iterative development objectives in agile contexts[5].
A coherent example is a web application's authentication module, which handles only user login and password recovery. By combining these related functions, debugging and upgrades like multi-factor authentication are simplified. Another example in microservice architecture, good cohesiveness is essential. Each service focusses on a certain business area, such as processing payments or handling inventory, which enhances maintainability and prevents changes from affecting other elements.
Writing a code of Strong Cohesion brings many benefits which include.
· Improved Maintainability of code making it easier to change or expand when similar functionalities have been localised due to high cohesion.
· Better debugging within coherent components, errors can be tracked and fixed much faster.
· Better reusability of components that have distinct, well-defined roles making it more likely to be utilised again in different areas.
· Having distinct component boundaries helps team members understand one another, which enhances cooperation and lowers misunderstandings.
· Refactoring components that are highly coherent can be reorganised more easily without impairing the functionality of the system.


[bookmark: _Toc187700435]Loose Coupling
Loose coupling describes how dependent modules or components are on each other interdependencies are reduced in a system that is loosely linked, enabling components to communicate via clearly defined interfaces without being firmly bound together. Modularity is encouraged by this design approach, which guarantees that separate parts can be changed on their own without compromising the integrity of the system [5].
Loose coupling provides many benefits including.
· loose binding makes it easier to apply changes to one component are unlikely to impact others, making changes easier to be made. For instance, updating a payment component in an ecommerce system requires no modifications to the order components.
· Loosely connected systems can be expanded by adding additional components with minimal effort. 
· Individual components can be tested separately, which reduces unit testing complexity. This lowers the likelihood of cascading issues during integrating.
· loose coupling can help improve system resilience as the system is capable of functioning properly when certain parts fail.
A typical instance of loose coupling is a system for notification that delivers emails and SMS messages through an external service. The main application only communicates with the service via a defined API, therefore the notification mechanism can be changed without impacting the main application.
Loose coupling is particularly crucial in cloud based systems. Services may be launched and scaled independently, allowing for better utilisation of resources and less downtime throughout upgrades.
Overall loose coupling is especially important in modern software paradigms as it allows organisations to respond to requirements rapidly to incorporate new features without major redesign. Also, prioritising loose coupling allows software development teams to construct systems that are durable, manageable, and adaptable to potential future modifications, assuring over time success of the project.
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Data hiding is the practice of limiting access to a particular private data while providing only functionality via clearly defined interfaces. This approach promotes the encapsulation of implementation details while protecting data security.
In an online banking application where private data, like user account information and history of transactions, is hidden behind protected interfaces. Users can check their current balance without having direct access to raw account data, which ensures privacy. Data hiding is essential for cybersecurity. By exposing solely required interfaces, systems restrict their attack surface, making it more difficult for attackers to take advantage of vulnerabilities.
Data hiding is important in the development of software for a variety of purposes.
· It protects private data from unauthorised access and accidental alterations. abstraction enables people to engage with high-level functionality without getting into underlying complexity, which improves the user experience. 
· Ensuring the confidentiality of data is critical because limited access keeps objects in consistent and legitimate states. 
· Debugging and testing are made simpler because internal data separation makes it simpler to recognise errors. 
· Keeping consistent interfaces lower accidental usage and errors by enforcing explicit interaction patterns, whereas encapsulation isolates the details of the implementation, resulting in a maintainable code with fewer unintentional interaction.
Overall, Data hiding improves application reliability and durability by isolating its internal conditions and procedures from any outer interference. The same principle also promotes compliance with security and privacy standards by limiting the exposure of private information. It enables programmers to make modifications to internal logic while preserving exterior functionality. Data hiding decreases the probability of errors by limiting direct access and guaranteeing the software operates as planned in every scenario [6].
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Information hiding refers to the broader notion of hiding implementation details and exposing just relevant interfaces. Data hiding focusses on object-level encapsulation, whereas information hiding covers modules, components, and systems. For instance, a gateway for payments may conceal the complexity of interacting with banking organisations whilst presenting a simple process payment interface. Information hiding is critical in API design, as only relevant endpoints and functionalities are revealed. This makes things easier for programmers and enables backend systems to expand without harming external customers[6].
Applying information hiding brings many benefits including the following: 

· Modularity: applications are broken down into manageable components, which makes them simpler to maintain and comprehend.
· Simplicity: programmers are able to work with abstract concepts without getting bogged down by unnecessary information.
· Less complexity: only important information is revealed, reducing the possibility of errors and enhancing usability.
· Better adaptability: internal modifications to implementation have no effect on external ones, enabling progression and upgrades.
· Improved scalability: components may be built and scaled individually without affecting other parts.
· Separation of change: encapsulating details of implementation decreases the effect and expenditure of changes on particular components.
· Privacy and security: confidential data is hidden, lowering risks and guaranteeing safe interactions.
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The use of high cohesion, loose coupling, data hiding, and information hiding are fundamental in the process of software development. They address important difficulties in maintainability, scalability, and security, allowing developers to create long-lasting solutions. By following these guidelines, software developers can construct durable, flexible, and excellent systems that match the requirements of modern development techniques. Furthermore, these ideas are consistent with agile approaches, which prioritise flexibility and continuous modifications. Their use not just improves technical quality, but it also allows for enhanced communication and management of projects. In the long run, systems built on these concepts enjoy less failures, less technological debt, and more satisfied customers.
Overall, As the development of software progresses, these concepts will stay critical for future paradigms like cloud computing and AI powered applications. High cohesion and loose coupling make modular deployments possible, whereas data and information hiding guarantees safe and stable designs.


[bookmark: _Toc187700439]Bibliography 
[1]
K. Beck, Extreme programming explained : embrace change. Boston: Addison-Wesley, 2000.
[2]
“A Study of the Characteristics of Behaviour Driven Development,” Ieee.org, 2011, doi: https://doi.org/10.1109/SEAA.2011.76.
[3]
S. R. Palmer and J. M. Felsing, A practical guide to feature-driven development. Upper Saddle River: Prentice-Hall Ptr, 2002.
[4]
J. Cui, “A Comparative Study on the Impact of Test-Driven Development (TDD) and Behavior-Driven Development (BDD) on Enterprise Software Delivery Effectiveness,” arXiv.org, 2024. https://arxiv.org/abs/2411.04141.
[5]
akarya Abdullah Alzamil, “Software Coupling and Cohesion Model for Measuring the Quality of Software Components,” Computers, materials & continua/Computers, materials & continua (Print), vol. 77, no. 3, pp. 3139–3161, Jan. 2023, doi: https://doi.org/10.32604/cmc.2023.042711.
[6]
K. Rustan and G. C. Nelson, “Data abstraction and information hiding,” vol. 24, no. 5, pp. 491–553, Sep. 2002, doi: https://doi.org/10.1145/570886.570888.





