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Introduction
Software development methodologies define the practices and principles that need to be followed during a software development lifecycle. They are vital in ensuring that there is efficient and high quality code being written. The aim of this report is to show the key principles and benefits of three software development methodologies: Behaviour-driven development (BDD), feature-driven development (FDD) and test-driven development (TDD). In addition, the report will compare the three methodologies discussing their strengths and identifying the scenarios which they are best suited for. Understanding these methodologies is important for developers in order to use the most effective approach for their projects.















Test-Driven Development (TDD)
What is it?
Test-driven development(TDD) is a software methodology that originated from extreme programming and was popularised by Kent Beck in his book test-driven development : by example in 2003 [1]. 
In a TDD software lifecycle, developers must first write tests describing new functionality before writing any implementation code. These tests will initially fail, indicating functionality doesn’t exist yet. Then, the developers will have to write just enough code to pass the tests. If the tests pass immediately, it means the required functionality now exists. This is an iterative process of writing tests and implementing enough code to get the test to pass. This is done until all software requirements are met [2]. 
Pros and Cons
One of the main advantages of TDD is its efficiency in developing software over a long time. By requiring developers to write tests first, TDD helps quickly identify when functionality already exists, reducing wasted effort on unnecessary code [1]. Furthermore, by writing tests before attempting to implement functionality TDD provides immediate feedback, making easier to find implementation error or redundant code less likely if functionality already exists . This ultimately leads to cleaner code, fewer bugs, and quicker overall progress in the software development lifecycle [3].
Despite its benefits, TDD also has some disadvantages. One significant disadvantage is the time investment and developer experience required in the upfront planning stage. Writing tests before any actual code implementation requires a lot of experience and knowledge on what the system requires. Writing tests will initially slow down development, especially if being written by less experienced developers. Moreover, with less experienced developers there is a risk of tests being written incorrectly leading to redundant tests that do not check for the intended feature implementation [4].




Behaviour-Driven Development (BDD)
What is it?
BDD is an evolution of TDD and other agile practices. It was created in 2003 and popularised in 2006 by Dan North, who found that teaching agile practices such as TDD was often difficult to programmers new to agile. BDD emerged as a way to make it easier to introduce agile to programmers [5].  
Because BDD is an evolution of TDD, it also requires developers to write tests before starting software development. However, there are key differences between them. In BDD, the focus is defining scenarios that describe how the system should behave from a user's perspective. These scenarios are written in a natural language using a specific structure—Given, When, Then—to make the tests more accessible and easier to understand [6]. One tool that is used in BDD is Cucumber. Cucumber is a framework that is used to write scenarios using a language called Gherkin [7]. Unlike other agile methodologies, BDD focuses more on collaboration by requiring developers and business stakeholders to work and communicate with each other more frequently throughout the development lifecycle [8]. For example, before any test or code is written, business stakeholders, customers and developers come together to discuss and agree on examples of desired system behaviour. These discussions help clarify requirements that are then used to create user stories, which are then written as scenarios. After the scenarios are written, developers will write tests embedded within them using the cucumber framework. Afterwards, when the scenarios and subsequently the tests are executed, they will either pass or fail. A passing scenario shows that the required functionality already exists. On the other hand, If the scenario fails, it means the system doesn't contain the functionality or it is not behaving as expected, and developers must write or modify the code to implement the desired behaviour. This is an iterative process of making user stories, writing them as scenarios, embedding tests withing them and then developers writing code to make the scenario pass, ensuring that each feature is built to meet the requirements of the user story [9]. Once all scenarios pass, the system is considered to have all functionality that was previously decided on 
Pros and Cons
One advantage of using BDD on a project is its ability to give out clear requirements and documentation of what the software needs. By making it easier for businesses analysts to collaborate with developers using a language with natural syntax(gherkin) the system requirements will be more precise for the developers to work on [10].  While this might be more time consuming it allows developers to clearly understand what the functionalities they need to test for are. This can lead to less redundant tests and cleaner code for future developers to work on [8].
A disadvantage of BDD is that it requires commitment from all parties for it to work effectively. Since BDD relies collaboration, communication between team members has to be good otherwise it can result in poorly written scenarios and unclear specifications for developers to work with. This can lead to other issues, for example, the need to rework code functionality or correct code and tests, which will cause the project to take even longer making it more costly and reduces the effectiveness of using BDD [11] [10].
Feature-Driven Development (FDD)
What is it?
Feature-Driven Development (FDD) was created and introduced by Jeff De Luc in 1997 while working on a project for a bank in Singapore [12].
As the name suggests, FDD main focus is on delivering software features. There are usually 5 stages in FDD, develop an overall model, build a feature list, plan your features, design your feature and build by feature [13]. First of all, developers and stakeholders will have to collaborate and communicate what is the scope of the system and create a model that showcases it. Then, this model is used to create a detailed feature list for the system. Each feature should be small, clearly specified, and concise, this is so  development can be done in short, iterative cycles. Next stage, is for the team to plan which features should be prioritised and creating a timeline of when they should be finished by. 4th stage requires the team to make an initial design of the software to start working on. Last stage will require the developers to implement all the features required and test them [14].
Pros and Cons
One of the main advantages of using FDD is its ability to easily show the software development progress. By putting a lot of effort in the early planning stages and creating an extensive feature list, it allows an FDD project to easily track the progress of the software by looking at the timeline and what features have been implemented and the approximation of the time needed to finish the rest of the features in the list. In addition, because features in FDD are short and concise, it becomes easier to manage the project. If an issue arises, it's easier to pinpoint the exact feature causing the problem, because each one is well-defined and concise. [13].
A disadvantage of FDD is that it requires the developers to be experienced. Both developers and stakeholders need experience and knowledge to produce the correct models and they need to be able to extract a suitable feature list from it. The risk with inexperienced developers is that due to their inability to do such a difficult task correctly, for example by having a bad model and consequently a bad feature list it can cause significant delays if there are missing features that will be required by the customer and other errors that stop the system from reaching its wanted functionality [15]. FDD is also time consuming. In order for FDD to work effectively it requires a lot of time in the planning stages with both developers and stakeholders planning and communicating otherwise if the model and feature list are compromised and done badly then the whole project might suffer from wrongly implemented features which will require time to fix and rework [13].


Comparative Analysis

Since BDD is an evolution of TDD they contain many similarities, but their main focus and approach are different. While both emphasise the importance of testing, TDD concentrates on the developers understanding of software requirements and the tests they write, which requires a developer with a lot of experience in a testing environment. On the other hand, BDD focuses on a more collaborative approach to testing, it might take longer to do but by allowing business analysts to contribute to the development cycle by writing scenarios using a natural language, it makes it clearer for developers to understand the system requirements and will therefore make it easier for developers to start working in a BDD environment [10]. Similarly, FDD also differs in its main focus compared to BDD and TDD. The main focus of FDD is its features. Both developers and business analysts focus on creating a model of the required software and then extracting a feature list which will drive the software development cycle rather than using tests which then dictate which features are needed [13].
FDD is a methodology that is most suited for small and medium sized teams in order for it to be effective. With a smaller team communication can be more thorough and tasks from the feature list can be easily spread out evenly between all developers [16]. While BDD also requires a lot of communication, the breakdown of roles and responsibilities between stakeholders and developers make it easier to work on larger projects with larger teams. Similarly, TDD can work on any team or project size as long as the developers are experienced they will be able to break down the modules and write tests and then functionality for it.[17]











References
[1]  K. Beck, Test Driven Development: By Example. Boston, MA: Addison-Wesley, 2002.
[2] S. Saeed, N. Jhanjhi, M. Naqvi, and M. Humayun, “Analysis of Software Development Methodologies,” International Journal of Computing and Digital System (Jāmiʻat al-Baḥrayn. Markaz al-Nashr al-ʻIlmī), vol. 8, no. 5, pp. 445–460, 2019, doi: 10.12785/ijcds/080502.
[3] E. M. Maximilien and L. Williams, “Assessing test-driven development at IBM,” in 25th International Conference on Software Engineering, 2003. Proceedings, IEEE, 2003, pp. 564–569. doi: 10.1109/ICSE.2003.1201238.
[4] L. Crispin, "Driving Software Quality: How Test-Driven Development Impacts Software Quality," IEEE Software, vol. 23, (6), pp. 70-71, 2006. Available: https://www.proquest.com/scholarly-journals/driving-software-quality-how-test-driven/docview/215839111/se-2. DOI: https://doi.org/10.1109/MS.2006.157.
[5] D. North, "Introducing BDD," 2006. [Online]. Available: https://dannorth.net/introducing-bdd/. [Accessed: Mar. 10, 2025].
[6] C. Solis and X. Wang, "A study of the characteristics of Behaviour Driven Development," in Proc. 37th EUROMICRO Conf. on Software Engineering and Advanced Applications (SEAA), Oulu, Finland, 2011, pp. 383–387, doi: 10.1109/SEAA.2011.76.
[7] "Cucumber Documentation," Cucumber.io, 2025. [Online]. Available: https://cucumber.io/docs/. [Accessed: Mar. 15, 2025].
[8] L. Pereira, H. Sharp, C. de Souza, G. Oliveira, S. Marczak, and R. Bastos, "Behavior-driven development benefits and challenges: reports from an industrial study," in Proc. 19th Int. Conf. on Agile Software Development: Companion (XP '18), New York, NY, USA, 2018, Art. no. 42, pp. 1–4. doi: 10.1145/3234152.3234167.
[9] R. Broer Bahaweres et al., “Behavior-driven development (BDD) Cucumber Katalon for Automation GUI testing case CURA and Swag Labs,” in 2020 International Conference on Informatics, Multimedia, Cyber and Information System (ICIMCIS), IEEE, 2020, pp. 87–92. doi: 10.1109/ICIMCIS51567.2020.9354325.
[10] “Comparative Study of Test-Driven Development TDD, Behavior-Driven Development BDD and Acceptance Test–Driven Development ATDD,” International Journal of Trend in Scientific Research and Development, doi: 10.31142/ijtsrd23698.
[11] V. M. Arredondo-Reyes, S. Domínguez-Isidro, Á. J. Sánchez-García, and others, "Analysis of Behavior-Driven Development: A thematic synthesis," Programming and Computer Software, vol. 50, pp. 701–713, 2024. doi: 10.1134/S0361768824700713.


[12] P. S. Shama and A. Shivamanth, "A Review of Agile Software Development Methodologies," International Journal of Advanced Studies in Computers, Science and Engineering, vol. 4, (11), pp. 1-6, 2015. Available: https://www.proquest.com/scholarly-journals/review-agile-software-development-methodologies/docview/1750366687/se-2.
[13] G. P. Barni, C. M. Sacchelli, and R. K. Scalice, “Agile method for product development based on C-K theory and feature-driven development,” Journal of the Brazilian Society of Mechanical Sciences and Engineering, vol. 46, no. 3, 2024, doi: 10.1007/s40430-024-04706-3.

[14] A. F. Chowdhury and M. N. Huda, "Comparison between Adaptive Software Development and Feature Driven Development," in Proc. 2011 Int. Conf. on Computer Science and Network Technology (ICCSNT), Harbin, China, 2011, pp. 363–367. doi: 10.1109/ICCSNT.2011.6181977.

[15] S. Aftab et al, "Using FDD for Small Project: An Empirical Case Study," International Journal of Advanced Computer Science and Applications, vol. 10, (3), 2019. Available: https://www.proquest.com/scholarly-journals/using-fdd-small-project-empirical-case-study/docview/2656394666/se-2. DOI: https://doi.org/10.14569/IJACSA.2019.0100319.
[16] A. J. B. Jerom and S. P. Rajamohana, " A Survey on Comparative Analysis of Agile Software Development Methodologies), Int. J. Softw. Comput. Sci. Eng., vol. 5, no. 1, pp. 36–48, 2020.
[17] L. Gómez Alberto Cisneros, "Analysis of the Impact of Test Based Development Techniques (Tdd, Bdd, and Atdd) to the Software Life Cycle." Order No. 29137902, Instituto Politecnico de Leiria (Portugal), Portugal, 2018.

















The importance of high cohesion, loose coupling, data hiding, and information hiding in software development














Introduction
This report will explore four key concepts in software development: high cohesion, loose coupling, data hiding, and information hiding. It will explain what they are and their importance to software development.
High Cohesion
Definition
Class cohesion is a metric in object-oriented programming that refers to how similar are the tasks of each class is. This is about if methods in a class have a clear intended purpose that they all try to achieve or if the class has multiple purposes that the functions are trying to achieve. If the class has multiple purposes then it is deemed to have low cohesion. On the other hand, a class with one clear intended purpose then they have high cohesion [1]. 
Importance
There are many advantages to using high cohesion such as making a project more maintainable and reusable [2]. By having classes with singular intended purposes it makes them easier to read and understand their purposes. If there are any errors or any need to change implementation of functionality in a project then it will be easy to find which class needs to be edited, making the overall project easier to maintain. In addition, because classes have only their intended tasks, they can easily be reused throughout the project without having to worry about other functionality within a class to mix. [3]








Loose Coupling
Definition
Coupling in software development is the measure of how dependent the software modules are. If modules are heavily reliant on each other, therefore changing code in one of them will affect the other, then they are deemed tightly coupled, if they are independent, meaning changes do not impact other modules then they are deemed loosely coupled. Loose coupling is a very popular concept in software development, and it can be achieved in multiple ways. One common way is using interfaces. Interfaces work like contracts; they define methods without providing any implementation. Then, if a class implements an interface, it will be required to add its own implementation for each method specified by the interface. This helps achieve loose coupling because, classes will depend on the interface rather than a class with specific implementation.[4] If a class is dependent on another class with specific implementation rather than an interface, then any changes to its implementation can cause issues with all the classes dependent on it.  
Importance
There are many advantages to loose coupling. Maintenance, if the code is loosely coupled it means changes to one part of the code doesn’t break any of the other parts of the code, this is because they aren’t reliant on each other. This is makes maintenance easier since bug fixing or general changes can be done safely without breaking any other code module. In addition, code flexibility, by making the code depend on an interface, it makes it easier to swap code parts without causing any issues[5].
Data Hiding
Definition
Data hiding is another concept in software development and is very important in object-oriented programming. Its main aim is to restrict direct access to an objects data from outside of its intended scope. In java, this can be done by switching from the public to the private access modifier [6]. In order to get controlled access to private data, getters and setters can be used. The reason that they are deemed controlled access is because getters and setters can contain some validation rules before accessing the data to protect it.


Importance
Data hiding is an important part of object-oriented programming because its main purpose is to help protect data within a class from being accessed or modified from outside of its intended areas. Controlled access methods such as getters and setters, allow data to only be accessed or modified from desired areas making the data more secure and less prone to unauthorised modification [6]. Furthermore, security is a big advantage of data hiding, which is also achieved because of the controlled access that getters and setters provide due to the validation rules that can be applied. Finally, there are many other reasons of why data hiding is important in software development, but generally having data hiding can increase security, data protection which causes the code to be safer with less security issues [7].
Information Hiding
Definition
Information hiding is a similar concept to data hiding but rather than focus on hiding just data, it focuses on hiding the implementation of a class from the rest of the project. Information hiding also requires changes to access modifier such as switching a method from public to private in order to be achieved [8].  
Importance
Information hiding is an important concept because it hides the details of how a method is implemented, this is important because it means that only the intended parts of the code will be visible and accessible while information on how a method is implemented will be private. This is an advantage because it makes the program safer and the overall program simpler because if a method has complex implementation, other parts of the project do not need to know how it was made, only what it does [8]. Moreover, similarly to data hiding, information hiding improves the security of the code. By making the code implementation private it stops users and other classes from accessing and modifying it. 
Conclusion
High cohesion, loose coupling, data hiding, and information hiding are important principles in software development because of the many advantages such as making a project more maintainable and safer. In addition, developers using these principles will be able to make most of their projects clearer and easier to understand making collaborative efforts with other developers better.
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