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Agile approaches to software development

Abstract

This document discusses the agile approach to software development and compares
and contrasts it against the traditional approach, including explanations of the
different methodologies they both encapsulate.
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Introduction

This document will discuss the agile approach to software development and compare and contrast it
against the traditional approach, including discussing the different methodologies they both
encapsulate.

To begin with the software development lifecycle must be defined as both the traditional and agile
approaches utilise it. The software development lifecycle (SDLC) is defined by a number of processes
that developers follow to create high quality software and it allows all parties involved, such as
developers and stakeholders, to know how far along the software is in the development process [1].
The processes of the SDLC are as follows: (i) requirements gathering, (ii) analysis, (iii) design, (iv)
implementation, (v) testing and (vi) deployment [2].

(i) Requirements gathering is a very important stage of the development as it is the stage where the
requirements and features of the software are defined and recorded. Requirements can be anything
that the software will need, from frontend user interaction, to computational features, to backend
infrastructure. The requirements can be gathered in several ways including questionnaires and
unstructured interviews with end users but also in more formal circumstances such as in a meeting
between the client and developing company. Often the requirements are detailed and recorded in a
formal document known as the software requirements specification (SRS) [2]. The SRS acts as a legally
binding contract between the client and the developing company while detailing the features of the
software to be developed, including interfaces and infrastructure, and will detail any other business
requirements needed. The requirements specified in the SRS are used in both the analysis and design
phases of the SDLC [3]. (ii) The analysis section of the SDLC is where the developing company will:
work through each of the requirements and expand upon them if needed; categorise and delegate
similar requirements to certain teams or team members and organise the requirements by priority
[2]. (iii) The design section is where the development team breakdown the requirements and develop
solutions to the problems they present [1]. Multiple designs for both individual features and the
architecture of the system are created and presented to stakeholders and senior members of the team
who determine which designs will be used [1] [2]. (iv) The implementation section is where the
features of the system are written and developed in the programming language specified during the
requirements gathering and analysis stages. The designs created during the design phase are used to
structure the features created during implementation. (v) Testing is the stage where the software
created by the developers is passed to a team of testers who run the code against tests to ensure that
the software behaves as intended and meets the defined requirements [2]. The tests are commonly
written after or during the implementation process but with test first and test driven development,
they can be written before the developers create any functional code. (vi) The first stage of
deployment is allowing the client to interact with the system once it is completed. If there are any
requirements that have not been met, or if the client wants extra features added, the whole process
starts over again. Once the software has been signed off by the client it is deployed so that the final
end users can use the system.

The traditional approach to software development was an incremental process that heavily followed
the SDLC such as the waterfall methodology. Another example of a traditional approach that differs
slightly, in that it is an iterative process, is the spiral model. The spiral model still follows the SDLC
however iterates, and builds upon, previous versions to constantly improve the requirements and
design. The agile approach to software development is both iterative and incremental, in that, there
are defined stages throughout the development process which encapsulate more than one single
process.



Traditional and agile methodologies and the difference between iterative and incremental
development are discussed in greater detail below.

Discussion

Incremental vs Iterative

One of the most common methodologies of traditional software development is the waterfall model.
The waterfall model has defined stages that follow the SDLC which are: analysis, design,
implementation, testing and maintenance. This structure allows requirements to be defined in great
detail early on in the development process and allows for the designs to be completely described in
full before any code is written. All the implementation is completed in a single stage before testing
and then the system is maintained after deployment [4]. Once the system is deployed, the client can
use the system fully but if they want to add, or make changes to, requirements they must start a new
process from the beginning of the methodology, which can become costly for the client. The waterfall
model allows for the development process to easily flow from one section into the next but reversing
through the stages can become difficult.

The waterfall model is an incremental methodology because each stage must be completed before
the next can begin. Benefits of incremental design are that it ensures everything in a stage is
completed before moving away and that all stages are clearly defined and understood by all parties.
A problem with incremental design is that changing requirements becomes difficult, if not impossible,
when the design and/or implementation have already begun as each stage needs the details of the
last [4].

Iterative design is when a system is implemented and deployed to the client in multiple stages. After
each deployment the client can add or change requirements to update the system. Each cycle of an
iterative process delivers a working version of the system which eradicates errors and improves the
features of the previous [5]. A big difference between iterative and incremental design is that there is
a much shorter time between requirements gathering and implementation, in addition the client is
more involved as they can see the system at the end of each cycle. Requirements do not need to be
as strict or as in depth in iterative as the requirements are refined during each cycle [5]. This increase
in requirement refinement can cause an issue called feature creep, which is when a client adds more
features to a system than were initially stated [6]. As there is less initial documentation detailing
requirements there are more chances for a client to add features that may not have been mentioned
initially. A small amount of feature creep can be beneficial as there could be features that were not
initially stated but are needed for the system to behave as intended. However, too much feature creep
can mean initial features do not get implemented as the developers are spending too much time
creating the additional features [6].

The spiral model (created by B. Boehm, 1988 [7]) is an iterative model where the development is split
into four sections that are constantly repeated until the client is sufficiently happy with the deployed
system. The four sections are: determining objectives, risk assessment, development and validation
and planning, as shown in figure 1.
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Figure 1. Spiral model as defined by Boehm [7].

These sections reflect the stages of the SDLC while also following the iterative design. Benefits of the
spiral model include greater client collaboration due to multiple deployments and greater risk analysis
due to the creation of multiple prototypes.

Agile Overview

The agile approach to software development is both iterative and incremental. Each completed
development cycle is an iteration on the last and the product of each cycle is added together to
incrementally build the system in full. The methodologies encapsulated by agile have defined steps
similar to the SDLC but the priorities are different than traditional methodologies as described by the
Agile Manifesto [8]. This manifesto is a document detailing the core principles behind agile which focus
on the following:

e Interactions between real people rather than specific tools. Signifying that all parties have open
communication to avoid misunderstandings rather than focusing on particular programming
languages, infrastructure etc. [9]

e Lessinitial documentation and more focus on implemented software that works as intended. This
principle represents the move away from traditional methods and more towards an iterative
approach, where documentation, such as the SRS, is not needed and software is developed and
deployed at a faster rate [9].

e Keeping the client involved throughout the development process rather than communication
solely through meetings and contract negotiation. Creating a contract with the client is important
for business and legal purposes, but it is much more beneficial for the client to be involved from
the beginning as they can provide input and help guide the development to what they desire [9].




e Beingadaptable to change rather than being bound to arigid plan. Planning is incredibly important
in software development but change is inevitable and so the development team must be able to
adapt. Changes can take the form of technology advancements that could improve the production
quality, or even changes in requirements from the client [9].

These main principles are not intended to refute the likes of defined processes, documentation and
contract meetings, but for development teams to ask themselves what is more valuable to their
projects [9]. The agile manifesto is a guideline for others to follow, not a strict set of rules, as such
there are many subsequent methodologies that have been formed under the umbrella of agile [10],
scrum is one such methodology that is discussed below.

Scrum — Description and Case Study

The most significant objective for scrum is to implement and deploy working software to the client as
quickly as possible [11]. One of the most defining characteristics of scrum is sprints. Sprints are a length
of time in which a full iteration of development takes place. A project will have a master list of
requirements to complete known as the product backlog, which is populated by the leaders of the
development team and the client. As the client is involved throughout the whole development
process, requirements can be added to the product backlog at any stage. In a meeting at the beginning
of each sprint, known as sprint planning, the development team discuss how many requirements they
will be able to complete before the end of the sprint. These requirements move into a smaller list
called the sprint backlog. The highest priority items in the product backlog are added to the sprint
backlog as these are generally requirements that must be met before other features can be developed.

The requirements in a product or sprint backlog are called user stories. A user story is a short,
commonly one sentence, statement describing an action that a user would want to perform when
using the system [12]. A user can be a real person, such as an end user, but could also be another
system that would build upon the implementation of a certain story. User stories have the following
structure: As a <who>, | want <what>, so that <why> [13]. This structure provides clarity for the entire
team of what each item in the backlog requires. User stories can be non-functional requirements, that
is admin level requirements that the developers need in order to complete tasks, such as permissions
or access to certain tools.

Scrum has several key personnel involved in the development cycle: the product owner, the scrum
master and the development team [14]. The product owner focuses on understanding both the
business and client requirements while prioritising the user stories in the product backlog.

The development team includes both software developers and testers and is responsible for creating
the features for a sprint and ensuring they work correctly. A development team is comprised of a small
number of developers (around five to seven) so to be able to distribute the workload but not struggle
with communication. Each member of the team should be able to perform a number of tasks, ideally
be able to perform any item in the backlog, to prevent an unfair distribution of work [14].

The role of the scrum master is to understand what their team is working on and to ensure everyone
in the team understands the scrum ideas and principles [15]. They facilitate a smoother flow
throughout each sprint by organising the various meetings of a sprint: planning, stand-ups, reviews
and retrospectives [16].

Sprint planning is a meeting with all members of the team where they discuss what user stories they
will be able to complete by the end of the sprint and how they will do so [17]. Once they have been
agreed upon, the scrum master will move the stories into the sprint backlog and the team can begin
working on them. Every day the scrum master holds a meeting with the development team called a
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stand-up. In a stand-up each member physically stands up and briefly (around two minutes) describes
what they did the previous day, what they will do that day and any obstructions they encountered
[18]. If a member has an issue that needs discussing further, the stand-up is a good time to bring up
the issue and then schedule a meeting with the appropriate person. Daily stand-ups are useful as
everyone always remains on the same page and understands how the sprint is progressing. At the end
of a sprint an informal meeting, known as a sprint review, is conducted. The sprint review is a time for
the development team and any stakeholders to view a demo of what was developed during the sprint
[14]. The product owner uses this meeting to review the items in the backlog and can make changes
based on the feedback from the development team. A sprint retrospective is a meeting that allows
the team to identify what went well and what did not go well as well as discuss ways the team can
improve in the future [15].

Figure 2 shows the flow of processes in the scrum methodology.
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Figure 2. Process flow of scrum methodology [14].

When developing software, scrum is a great benefit as it provides constant communication between
all parties and allows deployment of software periodically and more often than with traditional
software methodologies. Scrum is a great benefit for the client, not just the business, as the client is
involved throughout the entire development cycle, so they can see continuous process. A possible
detriment that all scrum teams must be vigilant of is feature creep, as mentioned with the spiral
methodology, this is usually a cause of the lack of initial documentation as well as the constant
requirements refinements made by the product owner between sprints.



Case Study

One case study focused on a project for a Danish bank that utilised the scrum methodology [19]. The
project consisted of two development teams one comprised of seven developers and the other of
eight both with their own scrum masters and one product owner overseeing both teams. They
conducted interviews and observations of the team in their working environment to evaluate how and
why scrum works. The teams conducted daily meetings, similar to stand-ups, via conference calls as
they were located in separate countries.

After conducting the study, the researchers found that scrum provided constant communication
between team members fostering trust and coordination allowing for faster deployment and stronger
code.

As a reverse to this, one case study showed that scrum can fail if communication and trust falter within
a team [20]. This case study was performed over a period of nine months reviewing a team
implementing scrum. The study found that one developer continued to develop features beyond the
stories that were in the sprint backlog. When the scrum leader discovered this, a rift formed between
the leader and the rest of the team. This led to the team not reporting problems when they occurred
leading to less features in the sprint backlog being completed. As the leadership waned there was less
communication within the team and planning for sprints become strenuous.

A flaw of scrum is that if communication is poor and leadership is weak then planning for sprints and
completing user stories becomes very difficult and can cause a company money, or even cause a
project to fail [20].

Conclusion

The agile approach to software development promotes communication and fast deployment of
software through cyclical iterations. Though the agile approach follows the SDLC its methodologies
focus more on working software than vast documentation. One methodology is scrum which a strong
representation of the agile approach, fostering communication and team development through
sprints, but can however, fail due to poor leadership and trust. These detriments are expressed in all
agile approaches but are usually mitigated by the benefits. Ultimately agile is a better approach for
smaller teams that are able to complete a project by deploying the software in stages.
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