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Abstract:
	This report will analyse the use of Agile methodologies in software development beginning with an overview of Agile, then an analysis of a specific Agile methodology and finally a discussion of real world examples of the use of Agile methodologies.
The aim of this report is to gain a greater understanding of Agile methodologies and their use, their value and how they can be adapted to purpose.

Background Theory (What is Agile?):
	Agile software development refers to a number of individual methodologies which all follow a set of principles set out by the Agile manifesto in some way[1]. The key concept outlined is close collaboration between the development team and the product owners or stakeholders. This differs from traditional software development where the development team is typically given a list of requirements in some form and left to develop the product with no further input from the stakeholders. 
The twelve principles of the Agile manifesto are outlined as follows:
	1 – Satisfy the customer through early and continuous delivery
	2 – Welcome changing requirements throughout development
	3 – Frequently deliver functional software
	4 – Collaborate every day between developers and business analysts
5 – Provide a supportive working environment for developers and build projects around  
      them, trusting their capabilities
	6 – Face-to-face conversations
	7 – Measure progress against functional software
	8 – Promote sustainable development, maintaining a constant pace of delivery
	9 – Pay constant attention to good design and skill
	10 – Maximise the amount of work not done
	11 – Teams should be self-organising
	12 – Teams should self-reflect regularly [2] 

Following on from these principles, some of the key features of an Agile methodology are the use of user stories, daily meetings, incremental and iterative development and a team structure.

User stories are how the development team and the stakeholders collaborate. They take the form: As a ___, I want ___ so that___.
Each user story represents a single feature of the total project. For example, “As a user, I want to click a button to save my file so that I can later reopen it.” would represent one function which is a save button in the program. User stories can be added throughout development as outlined in point two of the manifesto.

Daily meetings are how the team ensures good communication. They involve every team member giving a brief overview of what they have done, what they are currently doing and any problems encountered. These meetings align with multiple points on the manifesto.

The team structure in Agile methodologies consists of a relatively small group (usually less than ten) who all take responsibility for the work and outcomes. There should not be clear roles within the teams as all members should be free to input in any area of development. These teams should be self-organising as outlined in point eleven of the manifesto.

Iterative and incremental development together allow for an approach which is constantly producing functional software but also allows for completed functions to be revisited. Iterative development usually focuses on chunks of work being released at deadlines and some Agile methodologies have this aspect but it is not a fixed requirement. Incremental development involves implementing functions as they are developed so that every release of the software is functional and is built upon the previous release. This incremental approach aligns with point on of the manifesto as it ensures early and continuous release of functional software.











Extreme Programming:
	The specific Agile methodology being discussed here is Extreme Programming (XP). 
XP focuses on paired programming, code review and simple, clear code. It involves frequent communication between the development team and the stakeholders, meaning that requirements can be added at any point in development[3]. This aligns with point two of the Agile manifesto. XP also has checkpoints where stakeholders can introduce new requirements. Interactions within the team are encouraged including managers and stakeholders, as outlined in point four of the Agile manifesto among others. Frequent releases are emphasised which aligns with point one of the Agile manifesto and allows for flexibility and risk minimisation.
The main activities in XP are coding, testing, listening and designing. Coding is seen as possibly the most important step and is done in pairs with two programmers sat at the same machine. This allows for continuous code review and quicker response to problems which increases efficiency[4].  
Testing is done from the beginning of development, giving developers immediate feedback. XP uses test-driven development with a large number of unit tests determining whether a piece of code is complete. Acceptance tests are carried out after unit testing and verify that the features satisfy the user requirements. XP practices continuous integration where all code changes are tested immediately upon being committed. This allows bugs to be identified and fixed as soon as possible.
Listening refers to listening to the customer. Communication is strongly encouraged with developers discussing problems and giving feedback to the customer.
Designing is done before coding and involves planning out a system to avoid unnecessary dependencies so that changes to one function will not affect the larger system. XP uses incremental design which involves designing only the part of the system currently needed rather than designing the whole system in detail at the beginning.

As an Agile methodology, XP uses user stories as described in the previous section. XP also uses a weekly cycle as well as a quarterly cycle. The weekly cycle represents an iteration beginning with a team meeting to decide on the features that should be delivered by the end of the week.
The quarterly cycle represents a release and provides context to the weekly cycles in terms of the overall project.

The roles involved in XP are the customer, developer, tracker and coach. 
The customer represents the stakeholders and is responsible for the business decisions such as budget, timelines, features and acceptance criteria.
The developer role is taken by everyone on the team as XP does not have strict role definition. A developer is responsible for implementing user stories in a variety of ways.
The tracker is an optional role which involves keeping track of progress.
The coach is also an optional role which involves guiding a team inexperienced in XP through the process.

The lifecycle of a project using XP is as follows:
First, the customer sets out the user stories. During this process, the team estimates the size of each story and the relative benefit of each feature. The customer then uses these estimates to prioritise features. Any user stories the team doesn’t fully understand can undergo a short period of focused research called a spike. 
With a list of user stories, the team creates a plan of features to be delivered at each point in time. This plan then informs the weekly cycles which consist of a team meeting followed by a week of working on implementing the features identified in the meeting. This pattern continues for a full quarterly cycle and the quarterly cycles continue until the entire project has been implemented and is considered complete.
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XP Examples:
	Menlo Innovations is a software development company with the broad aim to make the world a better place through technology. They practice XP and test-driven development and consider it very important to foster an Agile working environment where developers feel their contributions are appreciated and clients feel that they have some control over the final product. Menlo uses small teams for each project but has a relatively large research department which informs the decisions of the teams including user stories.
One project undertaken by Menlo was a collaboration with VIDATAK who created the EZ Board, a tool to help patients communicate by selecting words or phrases to articulate their needs[6]. The collaborative project was to take the concept of the EZ Board and adapt it to create an ipad app, increasing accessibility. A relatively small scale software project. First, VIDATAK laid out their initial designs which were analysed by Menlo’s analysts. This is the equivalent of producing user stories. Menlo then implemented improvements and created a prototype which was used by real patients. The patients were observed using the app which allowed the analysts to see which features worked well, what was missing and what needed improvements or redesign. This research allowed the designs to be further refined into the final app. As apps are often distributed via an app store, it is easy to gather feedback from customers. In this case, the feedback was largely positive with customers finding the app extremely useful in a variety of situations such as when working with the elderly.
This project exhibited many landmarks of Agile development such as the constant feedback and communication between both companies involved as well as intended users. The development was incremental and resulted in the early release of a functional product which was then further developed. Producing a prototype is not typical for XP but in this case, it represented a release of the product which was not intended for mass consumption but was a functional product in itself and, in this sense, it was more like a beta test release than a prototype. The result of this project was a functional app which is regarded as successful by both the commissioning company, VIDATAK and end users[7].

Another project undertaken by Menlo was a collaboration with Accuri Cytometers, a small company which makes flow cytometers. Menlo was enlisted to create the software and user interface. Their research involved observing how flow cytometers are typically used in a lab and they found that they are usually used by the lab supervisor rather than graduate students due to the complexity of the equipment and the risk of ruining the sample. This lead Menlo and Accuri to set out user stories to design a system that was simple enough for a graduate student to use and sophisticated enough for a post-doctorate student’s research. They created two personas to write these user stories. These personas were consulted throughout development to ensure the software was fit for purpose. This relatively small project aligned with Agile principles in that it involved much communication with stakeholders. User stories were used as well as personas which caused the software to be refined numerous times to fit with the requirements of each persona. The result of this project was a functional flow cytometer which, opposed to the general market, does not require training or experience to set up and use. It can be used by graduate students while still producing results adequate for research[8].


Limitations of XP:
	XP has its detractors. Many of whom criticise the broader Agile movement. For example, the use of user stories and practice of introducing new user stories throughout the development process can vastly increase the timeframe of a project.
One drawback of XP specifically is mentioned by Brian Spears[9] when discussing a slightly adapted version of XP used by his company. They found that they would invest a large amount of time and effort into a user story which would then be drastically changed or removed altogether, wasting all of the invested time. They also found that as their company grew, they needed to divide teams up in order to stay Agile which increased the amount of communication necessary to deliver features.
Many developers dislike the weekly meetings either because they seem unimportant or because they don’t want to speak in public[10]. This will need to be confronted in order to adopt XP or any Agile methodology. 
Many people also take issue with the team environment and open-plan workspaces. It is important to provide breakout spaces so developers are not trapped together constantly[10].
User story cards are often physical cards or post-it notes which need to be archived. This uses large amounts of storage space and is impractical to sort through. Many companies choose to use some sort of software system to store and track digital versions of user stories. This is less in keeping with the original Agile manifesto but more practical.
Large teams do not work well with XP or most Agile methodologies. The recommended team size is 3-10. Some adapted methodologies do exist which scale up to large team sizes but in general, XP requires small teams. 

Probably the most important drawback of any Agile methodology is the potential for scope creep. Giving the stakeholders input at every point in development and allowing the addition of user stories will inevitably increase the time and cost associated with a project[11]. One way of minimising this is to incrementally evaluate the scope of a project but this can never fully mitigate the problem. One of the reasons scope creep can occur is because requirements engineering has been cut short[12]. This implies that a complete and in depth requirements analysis will result in less scope creep. 







Summary:
	To conclude, Agile methodologies can offer a great deal of value to a project of company due in part to high communication with stakeholders and the highly bespoke nature of the resulting product. The drawbacks of Agile and XP in particular mainly revolve around scope creep which must be accounted for and minimised with good requirements planning. The Menlo projects discussed above illustrate the value of thorough research for an XP project and also the benefits.
In short, an Agile methodology can be a useful tool for organisations, balancing the needs of the development team and of the stakeholders to create a better outcome overall.
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