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[bookmark: _Toc533662510]Introduction
The following is a report outlining the process of software development utilising an AGILE approach. This report will look at the way in which the software development process is conducted and the stages therein. The report takes into consideration what should be given to all the parties involved within each stage and the extent to which they impact the process. 
The report mentions the important concepts of AGILE software development and how they are detrimental or beneficial to development efforts and provides examples of the usage of such techniques.
This report will look at the background to agile and why it is important. Thereafter, it will look at how the United Kingdom government uses Agile methodologies. The report will then look at how Scrum, the agile methodology, is used in the DVLA.
[bookmark: _Toc532466297][bookmark: _Toc533662511]Background
Even though the principle of iterative and incremental development of software can be traced back as far as 1957 [1] agile in software development was outlined by the 12 principles of the Agile Manifesto. The Agile Manifesto was written in 2001 by seventeen developers, who met in a ski resort in Snowbird, Utah. The developers decided that software could be developed in a different way, an agile way. [2]
The Manifesto put the highest priority as to satisfy the customer. Software developers using agile development are encouraged to deliver for the customer early, continuously and frequently. Software developers are also encouraged to accept changing requirements at any part of the project. This is done to harness change which will be to the customer’s advantage. 

Agile development encourages product owners and developers to work together daily throughout the project. [3] Throughout the agile process, an environment will be created which will give the whole team the support they need. Therefore, trust within the team is encouraged and face-to-face conversation is promoted. 
Agile development promotes working software as a primary measure of progress for the team. Product owners, developers, and end- users should work at a constant pace indefinitely (without the project having an end date) constantly delivering software hence, giving continuous attention to technical excellence.
Agile also concerns itself with good design, agility and simplicity.  The best results emerge from self-organising teams which have regular reviews or reflections. [4]
[bookmark: _Toc532466298][bookmark: _Toc533662512]Why Agile
The key difference between traditional methods, of which waterfall is the most widely used, is that traditional methods are more sequential. [4] In a traditional method you begin by gathering requirements, Designing, implementation verification and maintenance. [4] All this happens in a sequence one after the other. Some traditional forms do incorporate iteration, however, the process is very sequential and the iteration only occurs in some sections of the product life cycle. Therefore, the key disadvantage of traditional methodologies like Waterfall is you only get feedback from the product owner at the end of the process.

However, agile has Iterative and incremental development at its core. Therefore, gathering requirements, Designing, implementation verification and maintenance and testing happen all at the same time. [5]

“You start small in the discovery and alpha phases. You research, prototype, test and learn about your users’ needs before you start building the real service in the beta phase. You only go live when you have enough feedback to show your service works for your users and meets their needs. You continuously learn and improve to build a service that meets user needs.” [6]

This gives agile development the ability to respond quickly to changes the product owner may request. This means that agile saves on costs and also means the changes are rolled out very quickly without the need to go through a major system upgrade.
[bookmark: _Toc532466299][bookmark: _Toc533662513]The Use of Agile in the United Kingdom Government 
In the United Kingdom the government builds most of its digital services using agile development methods. According to the UK government’s digital services manual “You must use the agile approach to project management to build and run government digital services.” [6] The UK government uses agile because “Agile methods encourage teams to build quickly, test what they’ve built and iterate their work based on regular feedback.” [6] The UK government talks in an article called “The benefits of building agile architecture” [3] about the importance of agile development in the public services and cites for main points as;
· Agile responds quickly to the product owner needs
· Fast turnaround of updates and quick feedback from end user
· Focuses on service delivery of software development
· Creates flexible work flows and removes ambiguity
The UK Government, in the development of digital services primarily uses three agile methodologies.  
· Scrum
· Kanban
· Lean [6]
[bookmark: _Toc532466300][bookmark: _Toc533662514]Kanban
Kanban was developed by Toyota to help reduce waste and improve quality in the production systems. “Kanban is a way of visualising and improving your current working practices so that work flows through a system quickly.” [6] The key feature of Kanban is its board. The Kanban board moves projects from 
· the product Backlog, 
· the project being in progress 
· peer review
· Testing 
· To Done 
· And if the project cannot progress for some reason to blocked [7]
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Like Kanban, Lean was adopted from the Toyota manufacturing principles. [8] The Lean mind set is to look at the over view of the entire system. The principles of Lean 
· Waste reducing
· learning and improving
· Fast delivery
· Using the evidence at hand to make project decisions [8]
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Even though Kanban and Lean are used in the UK government “Scrum is the most commonly used agile method.” [3] This is because the UK government believes that Scrum “allows a highly structured model with clearly defined roles and responsibilities.” [6] The UK government also believes that to move an organisation who primarily worked in a traditional structure Scrum is the best agile methodology to move to. This is because of the defined roles and responsibilities. 
[bookmark: _Toc532466303][bookmark: _Toc533662517]Agile in the Driver and Vehicle Licensing Agency (DVLA)
The author of this report conducted research at the DVLA using two forms of research methodologies i.e. he conducted Semi Structured interviews [9] and did Participant Observation. [10]
The DVLA adopted agile methodologies when they decided to move away from their legacy systems and also away from a large proportion of their development work being done by contractors, the largest being IBM and Fujitsu. The move to agile has meant they have saved money on out sourcing. They have moved from having three sets of testers from IBM, Fujitsu and their own acceptance team, to testing and development being done in house. [11]
At the DVLA the primary agile methodology used is Scrum. However, in the usage of Scrum they employ the use of Lean methodologies. Even though in the UK Government’s service manual [6] on agile states that Lean is an agile method the DVLA use it as a set of methods which define how they do other agile methods. Therefore, as they conduct Scrum they ask themselves questions from Lean methods. For example, 
· They reduce waste by removing duplicate user stories.
· They deliver quickly and by looking at their burn down chart they track their velocity.
· They improve learning by partnering with local universities.
· They evidence decisions by using version control and other Agile Project Management Tools including Atlassian JIRA, Portfolio for JIRA & Confluence.

The DVLA uses different software packages to ensure that they deliver using Lean Methodologies. The use of Docker helps manage dependences which helps reduce waste [12]They also use Kubernetes which makes quick deployment of packages. 
Therefore, by incorporating Lean methods into the Scrum methodology they are able to improve output. To scale up Agile methodologies like Scrum the DVLA incorporates Extreme Programming (XP), Disciplined Agile Delivery (DAD), Scaled Agile Framework (SAFe) and Large Scale Scrum (LeSS). [6]


[bookmark: _Toc532466304][bookmark: _Toc533662518]The agile Team
The DVLA has, at the time of writing this report, a stuff of just under 7000 workers of which 700 individuals work in its ITS department. Therefore, they all in some way support agile methods. However, the key staff which deal with agile on a day to day bases are as follows. 
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Scrum at the DVLA begins with the Product Owner. The Product Owner’s fundamental responsibility is to ensure that the development team delivers maximised business value for every user story. In the DVLA, the product owner works closely with the Business Analyst and Scrum Teams.  The Product Owner’s key role is the management of the Product backlog. [8]
[bookmark: _Toc532466306][bookmark: _Toc533662520]The Business Analyst  
The role of a Business Analyst at the DVLA is to create the system requirements by breaking 
User needs to functional element which meet a business objective this is done by using User Stories and User Story Mapping. At the DVLA “business value” is the aim of every user story. [8]
[bookmark: _Toc532466307][bookmark: _Toc533662521]User Experience UX
UX team or the Usability team are responsible for the designing of the layout and user testing (Usability). [9][10]
[bookmark: _Toc532466308][bookmark: _Toc533662522]Scrum Master
The Scrum Master is the servant to the scrum. His role is to help the team understand the theory, practices, rules, and values of Scrum. He is also tasked to remove any bottle necks faced by the development team during the sprint.  [8]
[bookmark: _Toc532466309][bookmark: _Toc533662523]Development Team
The Development Team is made up of a team of developers who range from senior to junior delivering a product which has to meet the “definition of done.” [8]


[bookmark: _Toc532466310][bookmark: _Toc533662524]Testing Team
The testing team generate all the acceptance tests needed for each of the user stories. [8]
[bookmark: _Toc532466311][bookmark: _Toc533662525]Agile Couch 
An agile coach helps different squads at the DVLA to improve their agile delivery. [13]
[bookmark: _Toc532466312][bookmark: _Toc533662526]Phased Development at the DVLA (Software Development Life Cycle)
At the DVLA the Software Development Life Cycle (SDLC) is planned out in phases i.e. the Discovery Phase, The Alpha Phase, the Beta Phase, the Live Phase and lastly the Retiring Phase. The Phases are designed to encourage iterative and incremental development and at any time the project can be taken back to a different phase with ease. [6]

[bookmark: _Toc532466313][bookmark: _Toc533662527]Discovery phase
Planning is done by the product owner to decide what new developments are needed to be undertaken on the DVLA services. From this the product owner decides what goes on the product backlog. The product owner is in charge and responsible for the content, the availability, and the ordering of the product backlog. The business analyst is then responsible for creating User Stories and User Story Mapping [14] of elements of the product backlog. At the DVLA both small and large user stories, which are called “Epics”, [14] are all placed in the backlog. The Epic will later be subdivided into User stories in the sprint planning meeting.  Before the user stories are presented to the development team the business analyst together with the UX team create workable designs and have the prototypes tested (Usability) [15]. All user stories need to have three elements at the DVLA, who the user is, what functionality are their looking for and what is the business value of the given that functionality. The format is;
	“As a (user role), I want (functionality) to, so that (business value)” [16]
 
[bookmark: _Toc532466314][bookmark: _Toc533662528]Alpha phase
The Alpha phase is the development or the implementation phase of the SDLC. The Business Analyst presents user story journeys to the different teams to prepare for the sprint. 
“The heart of Scrum is a Sprint, a time-box of one month or less during which a "Done", useable, and potentially releasable product Increment is created. Sprints have consistent durations throughout a development effort.” [17]
The sprints at the DVLA lasts about two weeks. The elements of the product backlog which go into the sprint are called the sprint backlog. The Scrum master then decides together with the team what goes into the Sprint Backlog. In the Alpha Phase the following things happen:
· Testers write acceptance tests in Cucumber [18] for all the user stories following the Acceptance Test Driven Development approach
· The development team develop unit tests and develop the feature.
· The feature will then be tested with both Acceptance testing (written by the tester) and the Unit tests (written by the developer) these test a combined with other tests to form the automated test. 
· The developer will then create a pull request for a peer to review his code (Static Testing) and if the peer is happy with it then its merged back into the system.
· As the developers work through their tasks, a burn down chart showing their velocity of how the have worked through their sprint backlog is in displayed on a screen in the room.	
· All user stories need to meet what the developers call the ‘Definition of done.’ [17] This means before development is done an agreed definition is come up with and the object of the developer is to meet this definition. 
[bookmark: _Toc532466315][bookmark: _Toc533662529]The conferences of the Sprint
At the DVLA the are four main conferences i.e. the sprint planning, daily scrum, sprint review and daily review and sprint retrospective. The DVLA also undertakes what is called a Scrum of Scrums which is a scrum meeting for members of different scrums. [17]
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Before a sprint could begin, there needs to be a meeting of all stakeholders. This meeting is called the sprint planning meeting. In attendance are the product owner, the business analyst and the scrum master with his team.  [17]
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The daily Scrum or the ‘daily stand up’ is the meeting that takes place every working day by each squad. The squad which was observed did their daily meeting at 9:30am. In the meeting everyone talks about three things 
“What did I do yesterday that helped the Development Team meet the Sprint Goal? What will I do today to help the Development Team meet the Sprint Goal? Do I see any impediment that prevents me or the Development Team from meeting the Sprint Goal?” [16]
[bookmark: _Toc532466318][bookmark: _Toc533662532]Sprint Review
In the Sprint review the Product Owner and the Business analyst are invited to review what features have been developed during the sprint and to see if the features have met the definition of done. 
[bookmark: _Toc532466319][bookmark: _Toc533662533]Sprint Retrospective
A sprint retrospective is where the Scrum Team inspect themselves to see if there is anything that could be improved in the next sprint. [17]
[bookmark: _Toc532466320][bookmark: _Toc533662534]beta phase
During the development for the Queen Awards for Enterprise, Laura Paplauskaite UX lead of the project said this about the alpha phase, “The aim of this phase was to have working software ready early in the project lifecycle, giving us more time to carry out user testing to ensure the QAE service would meet user needs.” [5] When you finish the alpha phase and move to the beta phase your main question becomes has the project met “user needs” [5] Therefore, in this stage the UX team goes live with the system for a selected group of end users. The UX perform further usability testing this time with selected end users. [19]
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The final Stage is when they squad responsible for Docker and Kubernetes [20] make the system go live to the public. However, because the DVLA work in an agile manner the system undergoes iteration and incremental development continuously. Therefore, the live phase is not the end of improvements for the system. The system is continuously developed and improved. 

[bookmark: _Toc532466322][bookmark: _Toc533662536]Conclusion and Discussions  

This report looked at agile methodologies and how they are used by the UK government. The report then looks at how the UK government does the Scrum at the DVLA, which is their most favoured methodology. Agile and Scrum are very useful and effective tools to use for software development, however there are some considerations. 
Remote working and flexi hours are a common place in the modern work place and this is the same at the DVLA. Agile demands face to face meetings and meetings at the DVLA such as the daily scrum happen at set times during the day. Therefore, remote working and flexi hours could be very disruptive to the process of agile. 
[bookmark: _GoBack]The Sprint does not take into account the other parts of the process like Usability and Beta testing, therefore it becomes difficult to ensure that the Lean methodologies are used across the SDLC. This has also meant that there is little involvement of the development team in the development of user story requirements. To overcome this the DVLA have adopted the “The Three Amigos” agile meeting. These meetings at the DVLA involve the business analyst, the developer and the product owner and user story refinement is done by the three. [21]
Even though the DVLA has moved away from using large contractors; contractors are still working for the DVLA be it with lesser involvement. However, these contractors have had to form their own squads. It is rare that they are incorporated into the sprint of other squads. A few problems then come to play with this; 
· Firstly, contractors may not know how to run a squad according to DVLA standards. 
· Secondly, the DVLA may have brought them in to fix a bottle-neck from one of their squads, it is possible that the user story will have to be removed from the sprint creating unclear velocity. 
· Lastly, because the solution of the problem is developed outside the sprint, the squad will be wholly dependent on the contractor if a similar problem reoccurs.

Another disadvantage of Agile development principles in general pointed out by German academics Christian R. Prause and Zoya Durdik come is, after interviewing 37 developers, [22] there is a lack of documentation in the agile life cycle. However, to overcome this at the DVLA, the use a package called Confluence [23]  has been adopted to document as much as they can about the process. 
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