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Software development is a growing, ever-changing field where new developments and methodologies are often seen [1]. Literature suggests that the process of incremental software development has been around since the late 1950s [2], [3], however, its importance became apparent in 1974, when E A Edmonds introduced adaptive software development techniques [4], [5]. However, more traditional methods, which included Waterfall, defined by Winston W. Royce in 1970, [6], [7], [8], did not wholly meet the needs of a rapidly changing market or allow much flexibility in responding to unpredictability [9], [10]. Rather they were process-oriented methods [11] which concentrated on the early stage planning and predictions of potential risks [3, p. 976]. These would transpire to be the antecedent to Agile software development. Industry acceptance of the agile philosophy became apparent in February 2001 when the Agile Manifesto was created and published by a collaboration of seventeen developers [2], [12], [13], this clearly set out twelve principles that are incorporated within the Agile philosophy [11]. These principles address the values that the developers believed to have come from uncovering better ways of developing [2], [8], [14], values that layout a precedent for developing software, elevating customer satisfaction and the ability to change, to be agile, at its core [3], [15]. The core values underlying agile (taken from the agile manifesto) which separate its methodology in comparison to more traditional methods are outlined below. Whilst all of items are of value, a greater focus is given to that of the items in bold. 

Individuals and interactions over processes and tools.
Working software over comprehensive documentation.
Customer collaboration over contract negotiation.
Responding to change over following a plan  [16].

This report will introduce the concept of Agile Software Development. Further to this, it will evaluate the techniques used and will examine case studies of agile methodologies found at two independent companies giving consideration to: how these companies incorporate agile approaches into their software development projects; and how they are beneficial. Moreover, it will outline where Agile methodologies may not be the best approach. 
[bookmark: _Toc535166102]What is Agile?

Agile software development principles represent behaviours, frameworks and techniques that follow an incremental but iterative style of development [5], [14], developing a product during short bursts, whilst delivering a viable product to the customer between these bursts [14], [8]. The project is broken down in to small segments of work that are easier to handle, [8], as can be seen in the Scrum method [10, p. 28]. This approach therefore, insists upon constant revision of the project with frequent review stages within the process that enable easier maintenance of a project and increased efficiency. Also, the Agile framework suggests continuous testing of the product, at each iteration, [14], to ensure that the project meets the requirements that Agile so heavily stresses upon at the start of the project. 

[bookmark: _Hlk534981100]Agile was said to be an answer to traditional methods [2], [13], [14]. Most common methods followed approaches such as the Waterfall [7], [18], [8]. These traditional methods, and in particular, the Waterfall approach, typically set out the development stages in a linear flow from beginning to end [9] [19]. Although incremental in nature, because every stage surpasses the next only once completed, the structure was unable to adapt to changing requirements and reviewed the process at the end, delivering a product to the customer only in the final stages [14], [20].  In these circumstances not only is the process unsusceptible to change that the customer might want, but it would be a lot more difficult to review the requirements at each stage to ensure they were being met. Furthermore, because of the flow of the project, a working product would only be available at the end for the customer to see, and so there would be a possibility of misinterpretation of the requirements leading to a different result compared to the expectation of that of the customer. 

It would seem that Agile methods replace traditional methods, but there are some cases where the waterfall approach for instance is the most appropriate. For example, for software, that is so quickly evolving, and is easily changed and implemented, agile is perfect, but for a project such as the Boeing 777 [21], [22], an iterative approach would be too costly and would not make sense to, at each stage, iterate the development, as heavy amounts of testing would have to be carried out at each stage [21], [23]. The waterfall approach in this case is better adapted for such a project which relies on upfront planning and documentation towards and an agreed design, especially with greater risks involved.

Agile is considered as an umbrella term for the approach used in development processes, [3], [24], [25], however a multitude of methodologies and techniques are used, each taking different approaches to the way in which the project is carried out. One of these methodologies is Scrum [24], [26], [27] and is predominantly used in the ITS teams of the Drivers and Vehicle Licencing Agency (DVLA) alongside tools like Kanban and User Stories [28], [29].
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Owing to the ease and efficiency of agile methodologies in responding to fast changing technologies, numerous global government bodies have applied this system to their day to day workings [18], [28], [30], [31].  The teams at the ITS of the DVLA, largely use three particular tools to help implement an Agile mentality into their workflow: User Stories, Scrum and Kanban. 

[bookmark: _Toc535166104]User Story
User stories [19], [29], are a way of formatting the requirements in the form of a User Story Card and are part of requirement analysis [18], [17], [32]. This card explains a requirement of a particular feature from the perspective of an end-user. All cards are formatted the same and are aimed to help strengthen the bridge between client and developer understanding [32]. The card not only describes the wants of the user in a way that is easy to comprehend but also tells, on the reverse, the specifics of the requirement, making it ever easier to test, and to reach the expectation that the client has, helping to eliminate the possibility of the team misunderstanding the product. The User Stories are a biproduct of a successful requirement analysis stage where constant communication and collaboration between client and developer reflects one of the critical values addressed in the Agile Manifesto [16].
[bookmark: _Toc535166105]Scrum
Scrum is another tool [26] that the DVLA use to help infuse agile mentality into their work [28]. Scrum helps manage a project, where teams follow a framework that essentially splits the project into manageable pieces of work called Sprints [26], [29], [33]. 

Sprints usually last two weeks and contain a set amount of work that the team commit to, all of which is planned by the team themselves during the Sprint planning stage. Although others define this stage as continuous; one sprint ending as another starts [33]. The Sprint planning stage is a time where the team discuss complexities, collectively allocating ‘story points’ to each item of work indicating the effort needed to complete them. The team will also estimate the workload and timeframe during this stage and further refine the user stories of the sprint that was passed through from the Product Backlog [26], [33]. The Product Backlog is a list of items that come as result of continuous revision and prioritising of user stories, [33], all of which are initially created and then refined with the intention of meeting the Definition of Ready (DoR) that all user stories must meet before being passed onto sprints [17], [34]. DoR ensures that the stories that are passed to the team in sprints can be committed and completed confidently. 

During the sprint, the team participate in a number of meetings. On a daily basis the team will all part take in what is called a Daily Stand-up [18], [29], [17]. This is when all members of the team review progress and discuss obstacles, which all helps to keep the team synchronized and enables them to adapt to any changes that they might need to overcome to remain efficient. At the end of the sprint the team will come together again to perform a Sprint Review [27], [33]. This is an opportunity for the team to present everything that has been achieved for that sprint to the stakeholders. The Sprint Review also allows the opportunity for the team to review stories once more to make sure they accomplish the Definition of Ready (DoR) [34], a checklist the squad agree upon that is needed to be completed in order to declare that the work is viable. Furthermore, the squad can discuss the work, highlight what work was not completed, answer and clear up any questions from the stakeholders and finally touch upon the aim of the next sprint. Finally, the squad will attend a Sprint Retrospective [29], [35]. This is a dedicated time for the squad to reflect on how they have performed as oppose to the work specifically. The squad will discuss how they have been efficient and how they can improve in the next sprint [35, p. 191]. This final review helps the team perform more efficiently at each iteration, and work in an agile way. This process encapsulates an entire sprint, which is repeated time after time, progressively working towards completing the project whilst the team evolve to adapt to changes and work more competently, ultimately delivering a better product. An important part of the Scrum framework are the roles and responsibilities that lie within. These are as follows: 

· [bookmark: _Toc535166106]Product Owner
The Product Owner is responsible for the success of the project, [18], [26], [33], setting the vision for the product and being an intermediary between the development team and the client [36]. The Product Owner must work closely with both to convey the needs and requirements of the client, adjusting and details these requirements whilst checking the results that come from them. They will also integrate the stakeholders, along with their interests and expectations. 

· [bookmark: _Toc535166107]Scrum Master
The role of the Scrum Master is to create and maintain a self-organising team [18], facilitating Scrum meetings and generally protecting the Scrum process [28]. The Scrum Master is responsible for managing the team and being an agile agent for the organisation [17], [33]. 

· [bookmark: _Toc535166108]Development Team
The Development Team encapsulates all developers and testers in the team and are responsible for quality and delivery of the product  [17]. They are expected to be self-managing, [33], whilst adapting to the project at hand at each iteration. The team are expert and technical and need to work together to complete the sprint, working continuously to refine requirements, ensuring that the product fulfils them [17].
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Kanban is another tool that is often used hand in hand with scrum, as is in the DVLA [28], [17]. It was first developed in Japan by Toyota [37], [38].  Kanban for software development utilises a board called the Kanban board [36], [39]. In the DVLA the Kanban board is facilitated within Jira [17]. The board contains items which represent user stories from the backlog, and more specifically, from the sprint the team are currently working on. The self-managed team move the items along the board, placing them into the different columns which represent the stage the user story is at, [18], from to do, in progress, review, test and finally, complete [17]. This makes it easy for the team to keep track of what work needs to be done. The use of the Kanban Board also lets the team view a range of reports including the burn-down which is a chart that represents the completion of story points against time [17]. This helps the team review and evaluate how efficient they are functioning even during the sprint.

[bookmark: _Toc535166110]Agile at the Office for National Statistics (ONS)

A further example of agile methodologies being applied to their day to day workings can be seen at the ONS, [40] the UK’s biggest independent company that releases official statistics [41]. In an interview with Agile Business Consortium, Head of Risk and Internal Quality Management for the ONS, Rich Williams (2017), explained how utilising agile approaches allowed him to revise their risk management process [42]. The original risk policy saw only 24% of risk review deadlines being met. By adopting agile techniques, the risk policy was changed completely from a 56-page document to a 6-page document [42]. Previous waterfall methods were very comprehensive and involved a lot of report writing, however, agile methods included increasing conversation within the team and regular stand-ups for reassurance. In the interview Williams states:

The AgilePM framework inherently mitigates risk through regular and timely feedback loops with users, whereas waterfall development typically has less frequent interaction with users and so there is a higher threat of initiative meandering off at a tangent [42]. 

However, as previously stated agile may not be the most accepted method to follow and this is also apparent within the [42]. Due to the nature of agile, there tends to be less of an urgency to document the process, and Williams addresses this issue stating that “organisations who move to Agile development and risk management can be tempted to document nothing” [42]. The ONS attempt to hurdle this common barrier by strategizing a ‘stakeholder engagement programme’, listening to the interests and expectations of the stakeholders to recognise which components can be omitted from documentation [42]. 
[bookmark: _Toc535166111]Findings and Conclusion

To conclude, agile approaches are iterative, efficient and include adaptive environments which has a stronger focus on “Individuals, Interactions, working software, customer collaboration and responding to change” as stated in the agile manifesto of 2001 [11]. These methods, although initially with some resistance [42], have since been adopted by numerous organisations to better improve the workings of their companies. This has been shown by the examples in this report – The DVLA and ONS, where both, by using agile were able to transform and update processes to better improve the development process. 

Although agile is transforming the development process for the good, it is important to understand that the agile framework is not adapted well for every situation. In addition, as previously discussed, there are some scenarios in which agile is not suitable. Agile methodologies have not been without criticism, literature acknowledges [3], [43] problems with the concept of a never-ending project, it can be difficult to engage the right people, it can be a time-consuming process and can need a change of mindset for users. Often when organisations have large teams; need to stick to a budget; or when a deadline is put on a project, agile is difficult to adapt to scenarios as the flexible, ever changing approach cannot accommodate these constraints. Inevitably large teams may also come across difficulties in collaboration and communication. Further research would be necessary to fully comprehend the impact of these difficulties on projects and the teams.  Therefore, whilst this report has presented the advantages and disadvantage of using an agile approach; it is important to acknowledge each project as individual which requires appropriate methods that suit the situation, and an understanding of the various tools available to best adapt and incorporate a better structure of work flow, that is agile. 
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