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ABSTRACT
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SCHOOL OF ELECTRONICS AND COMPUTER SCIENCE

Doctor of Philosophy
by Noura Abbas

Looking at software engineering from a historical perspective, we can see how software
development methodologies have evolved over the past 50 years. Using the right software
development methodology with the right settings has always been a challenge. Therefore,
there has always been a need for empirical evidence about what worked well and what did
not, and what factors affect the different variables of the development process. Probably the
most noticeable change to software development methodology in the last 15 years has been
the introduction of the word “agile”. As any area matures, there is a need to understand its
components and relations, as well as the need of empirical evidence about how well agile
methods work in real life settings.

In this thesis, we empirically investigate the impact of agile methods on different aspects of
quality including product quality, process quality and stakeholders’ satisfaction as well as the
different factors that affect these aspects. Quantitative and qualitative research methods
were used for this research, including semi-structured interviews and surveys. Quality was
studied in two projects that used agile software development. The empirical study showed
that both projects were successful with multiple releases, and with improved product quality
and stakeholders’ satisfaction. The data analysis produced a list of 13 refined grounded
hypotheses out of which 5 were supported throughout the research. One project was studied
in-depth by collecting quantitative data about the process used via a newly designed
iteration monitor. The iteration monitor was used by the team over three iterations and it
helped identify issues and trends within the team in order to improve the process in the
following iterations. Data about other organisations collected via surveys was used to
generalise the obtained results. A variety of statistical analysis techniques were applied and
these suggested that when agile methods have a good impact on quality they also has a good
impact on productivity and satisfaction, also when agile methods had good impact on the
previous aspects they reduced cost. More importantly, the analysis clustered 58 agile
practices into 15 factors including incremental and iterative development, agile quality
assurance, and communication. These factors can be used as a guide for agile process
improvement. The previous results raised questions about agile project governance, and to
answer these questions the agile projects governance survey was conducted. This survey
collected 129 responses, and its statistically significant results suggested that: retrospectives
are more effective when applied properly as they had more impact when the whole team
participated and comments were recorded, that organisation size has a negative relationship
with success, and that good practices are related together as when a team does one aspect
well, they do all aspects well. Finally, the research results supported the hypotheses: agile
software development can produce good quality software, achieve stakeholders’ satisfaction,
motivate teams, assures quick and effective response to stakeholder’s requests, and it goes in
stages, matures, and improves over time.
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Chapter 1 Introduction

Introduction

1.1 Development of the Research

Agile software development is gaining interest from both academia and industry.
Researchers expect to see increasing use of agile methods for projects such as financial
services, E-commerce, and air traffic control (Boehm 2002). Although many papers, articles,
and books have been published about agile methods, little work has discussed their impact
on software quality and stakeholders’ satisfaction. More importantly, evidence about this
impact was needed. This was the starting point of this research and it was used to form the
initial research questions: what is the impact of agile software development on software
quality and stakeholders’ satisfaction? and what factors affect quality, stakeholders’
satisfaction and project success when using agile software development approaches?.

In order to answer the research questions we had to fully understand what is agile
software development, and how did the idea of agile software development evolve? In
addition, we had to understand what is quality, what is quality assurance, and what is
quality for agile software development?

The literature review showed that the available quality models were based and
designed for traditional approaches to software development, mainly the sequential or the
waterfall model. Therefore, we argue that there is no systematic way to integrate quality
assurance within an agile method. Also, this review gave us a deeper understanding of the
existed research in the area, and the used research methods. Furthermore, we were able to
identify the gaps in the research area. In a systematic review about the empirical studies of
agile software development (Dyba et al. 2008), the authors concluded that that there “is a
need for more and better empirical studies of agile development within a common research
agenda”. Although the paper showed that a good number of empirical studies about agile
development has been done, still these are mainly focused on one agile method, namely XP.

The literature review refined our research questions to go beyond investigating the
impact of agile software development on the different aspects of quality, and to develop a
model or framework or checklist or recommendations for agile teams wishing to

enhance their quality.
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As software development is a human-based activity, the best way to study this activity
and to get valid applicable results is to apply empirical approaches within real world

settings. Therefore, this approach was chosen for our investigation.

It was therefore decided to find a case study. Two project managers from IBM agreed
to be interviewed for the purpose of the research. This led to more interviews with their
team members. The empirical study was a great opportunity to explore quality in two agile
projects. Moreover, the analysis of the interviews produced 31 hypotheses about the impact
of agile software development on the different aspects of software quality. This list was
refined and reduced by asking practitioners during the Agile 2008 conference to indicate
which would be most interesting to confirm or reject. This allowed 13 of the hypotheses to
be selected as the focus for the dissertation. In addition, the empirical study enabled us
develop and trial a new technique for agile quality: The iteration monitor. This monitor
was designed to first test the produced hypothesis, and to collect data about the iteration to
understand how things are changing over the iterations and more importantly, the
team members’ opinions about the process, the quality of the product, and the support
provided to the different stakeholders. The iteration monitor collected data from the team
over three iterations. Analysing the collected data produced interesting results, which
supported four of the hypotheses. In addition, analysing the data yielded in statistically
tested relationships between the different aspects of the iteration. Although studying IBM
experience was very valuable, it was limited to one organisation. Therefore, we decided to
explore the experience of other organisations using a survey to collect as much data as
possible about other organisations’ experience. It was moreover decided to explore existing
surveys to avoid repeating questions which had previously been asked. Agile adoption
surveys that were conducted since 2006 (Ambler 2006) were available with their raw data.
Therefore, we decided to review these surveys and investigate how we can further analyse
their data. The survey results supported two of the hypotheses. Applying different statistical
analyses on these data produced more interesting significant results about the impact of
different aspects such as organisation size, productivity and cost on software quality,
success rate, and stakeholder satisfaction. More importantly, it generated 15 factors or
clusters of agile practices; which can be used as a guide for agile process improvement.
The results of applying the iteration monitor and analysing the agile adoption surveys led us
to think about agile projects governance; also we needed to know how organisations are
governing agile projects. In addition, we conducted our survey, which covered not only
software quality, but also agile projects governance. The survey collected 129 responses,
and its results illustrated the state of the art in agile projects governance, the use of

retrospective and reflection meetings, and metrics within agile software development. The
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findings from this survey supported two of the hypothesis and it provided statistically tested

evidence about how quality and success rate are affected by organisation, project,

retrospective and metrics variables.

1.2 Research Contributions

An empirical study of two agile projects was carried out, focussing on quality in agile
projects. It was notable that both projects were on-time, through multiple releases,
achieving high level of customer satisfaction and low defect rates. A list of grounded
hypotheses was generated and refined. The 13 remaining hypotheses were organized
in three main groups: the impact of agile software methods on software quality,
stakeholder’s satisfaction, and process quality. Six of these hypotheses in particular
were supported throughout the research:

H5: Agile software development assures quick and effective response to

stakeholders’ requests (Chp.6 — P.113)

H6: Agile software development can produce good quality software

(Chp.6-P.113) - (Chp.7 —P.115-118) — (Chp.8 — P.140)

H1: Agile software development can achieve customer satisfaction

(Chp.7-P.115-118)

H21: Team members are happy and motivated when using agile software

development (Chp.6 - P.113)

H11: The quality of the code increases as the number of iterations increases

(Chp.6-P.113)

H26: The adoption of agile methods goes in stages and it improves over time,

releases, and projects (Chp.8 — P.147)

An iteration monitor was designed to identify issues and trends within a team in
order to improve the process and understand changes between iterations. One of the
IBM teams used the iteration monitor over three iterations.

Three existing agile adoption surveys were re-coded and reanalysed. New and
statistically significant results were obtained which suggest that:

a. When agile methods had good impact on one aspect, they also had good
impact on others. Good impact on quality, customer satisfaction, and
productivity were positively correlated, so that as productivity improves,
quality and satisfaction improve, and cost is reduced.

b. 58 techniques used by agile teams were clustered into 15 factors which can

be used as a guide for agile projects process improvement.
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c. Agile quality assurance practices and iterative and incremental development
have a positive, statistically significant, relationship with project success.

IV. A new survey to study agile projects governance was conducted. The results
presented the state of art of agile project governance including the use of
retrospectives and metrics in an agile software development environment. The
statistical analysis of this survey suggested that:

a. Organisation size has a negative, statistically significant relationship with
project success (also supported in contribution I11)

b. Retrospectives are more effective when applied properly as they had more
impact on the project when the whole team participated, everybody had their
say, and comments were recorded.

c. Project success has a positive and statistically significant relationship with a
number of agile metrics such as team velocity, business value delivered,
running tested features, as well as more traditional metrics such as number
of test cases, and defect count after testing.

d. Good practices are related together: (good quality, high productivity, high
customer satisfaction, and low cost) and (performing retrospective, team
participation, comments recording, collecting metrics). In other words when
a team or an organisation does one aspect well, they do all aspects well.

V. Our review of the literature on traditional and agile methods generated new insights
and understanding into the nature of agile methods and their roots.

a. The reasons behind the development and introduction of agile methods are
identified, as a reaction to traditional methods, as a result of people's
experience, and in particular focusing on reusing ideas and techniques from
the history of software development.

b. A new definition of agile methods is given whereby they are defined as

adaptive, iterative and incremental, with a people oriented process.

As with all empirical research, there are a number of threats to the validity of the
previous conclusions. They are based on interviews and questionnaires, so the data collected
is subjective and based on the subjects’ perception of quality rather than direct measures. As
adaptivity and people-orientation are key components of agile methods, it is not possible to
come up with definitive recommendations: instead, each project and team needs to select

and refine those techniques which work well for them.

1.3 The Thesis Structure

The Thesis is organised as follow:



Chapter 1 Introduction

Chapter 2 Historical Overview: This chapter discusses the historical development of
software methodologies, the waterfall, the V-Model, the spiral model, and the Rational
Unified Process. Particularly, it investigates the roots of the waterfall, and alternative
approaches such as iterative, incremental, and evolutionary approaches. Furthermore, it
provides evidence of what did work well in practice and what did not. Finally, it explains our

understanding of these different approaches.

Chapter 3 Agile Methods Review: This chapter reviews the existing agile methods, and
it focuses on what was behind the agile movement, how these methods are different from
traditional approaches. In addition, the chapter reviews the existing agile Surveys, and
provides our definition of agile methods.

Chapter 4 Software Quality: This chapter reviews the available definitions of quality,
software quality and software quality assurance as well as the available software quality
models, standards, and metrics. In addition, the chapter investigates quality in agile world:
including the conducted research around the topic, agile metrics, stakeholders’ satisfaction,
and the impact of agile on software quality. Finally, the chapter discusses the gaps in

literature and proposes the initial research goals.

Chapter 5 Empirical Study: This chapter presents two case studies to explore quality in
two agile projects within IBM using semi-structured interviews. The chapter discusses the
following: why such empirical studies are needed, review of related work and studies, the
nature of the empirical research and the methodology we used to collect and analyse the
data, our results for each project, and a comparison between the two projects. The chapter
presents what is bad and what is good about agile methods and a comparison between
traditional approaches and agile methods based on the interviewees’ perception. Finally, the

chapter presents the hypothesis generated based on the two case study results.

Chapter 6 The Iteration Monitor: This chapter introduces the iteration monitor. Which
is a web based that can be used a governance visibility tool. This monitor was needed for two
reasons; first to support the generated hypotheses and create further ones. Second, to
understand how things are changing over the iterations and more importantly what the team
members’ opinions about the process, the quality of the product, and the support provided to
the different stakeholders. This chapter presents the iteration monitor design, and how it
was used over three iterations by IBM team. The collected data are analysed and resulted

discussed, and a comparison between the three iterations is presented.

Chapter 7 Applying Correlations and Factor Analysis on Existing Agile Surveys: This
chapter reviews three existed agile surveys and it presents our new analysis of their results.
The correlations between quality, productivity, satisfaction, and cost are studied and finally

the factor analysis is used to cluster 58 agile techniques into 15 factors which can be used as
)
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a guide for agile process improvement. The relationship between the produced 15 factors is

studied and presented.

Chapter 8 Agile Project Governance Surveys: This chapter presents the agile projects
governance survey. The main purpose of this survey is to investigate agile projects
governance by collecting data about how people are monitoring the progress of projects
developed using agile method, practices or principles. The survey is particularly interested in
projects using agile retrospectives, reflection meetings, and metrics. This chapter presents
this survey, its design, and analysis, and it presents the results that describe the agile
projects governance state of the art and the relationship between different aspects of agile

governance.

Chapter 9 Conclusions and Future Work: This chapter concludes the thesis by
presenting the conclusions of all previous chapters. In addition, it suggests different ways to

carry out future work.
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Chapter 2 Historical Overview

Historical Overview

2.1 Introduction

In the last 25 years, many new methodologies have been introduced to the software
engineering field. The iterative and incremental software development approaches form the
foundation of most of these new methodologies, and of modern software engineering in
general. However, many sources still recommend the single pass software development

lifecycle, which is known as the “Waterfall”.

This chapter will discuss the historical development of software methodologies, the
waterfall (Boehm 1981), the V-Model (Johansson et al. 1999), the spiral model (Boehm
1988), and the Rational Unified Process (Kruchten 2001). Particularly, it will investigate the
roots of the waterfall model, and alternative approaches such as iterative, incremental, and
evolutionary approaches. Furthermore, it will provide evidence of what did work well in
practice and what did not. Finally, it will present our understanding of incremental and

iterative development.

2.2 The Waterfall Model: Historical View

It is difficult to define “waterfall” development precisely as this word has been used in

different ways as shown below.

As early as 1956, Benington proposed the first version of the “waterfall”. This nine
phases’ model was used in MIT’s Lincoln Laboratory to produce programs for the SAGE air-
defence system (Benington 1956; Benington 1983; Benington 1987). As this model was a
sequence of phases, later, it was referred to as the “sequential waterfall” (Brooks 1995).
Winston Royce introduced the next version of the “waterfall” in his article “Managing the
Development of Large Software Systems”. In this article, Royce argued that the
implementation of the “sequential waterfall” is “risky and invites failure” due to its limitation

in dealing with requirements change.
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In 1976, Barry Boehm wrote a paper to provide a definition of the term “Software
Engineering” and to survey the state of the art in the field. In this paper Boehm used the term
“software lifecycle” to refer to an improved version of Royce’s model (Boehm 1976). Actually
at this point neither Royce nor Boehm had mentioned the word “waterfall”. Arguably, Boehm
was the first who presented the “waterfall model” in his book Software Engineering
Economics in 1981 as a second version of the software lifecycle. According to Boehm, the
major features in this form of the model were that each phase was culminated by a

verification and validation activity in order to reduce the problems of this phase.

System

feasibilit
Validation \

Software plans and
requirement

Validation \

Product design

Verification

K Detailed design
Verification \

Code

Unit test \

Integration

Product verification \

Implementation

System test \

Operations and
maintenanc

Revalidation

Figure 2-1 The waterfall model of the life-cycle (Boehm 1981)(See Appendix A for other

Versions)

Verification means, “are we building the product right?” where validation means, “are we
building the right product”. In addition, Boehm recommended performing as much as
possible iterations of earlier phases in the next phase (Boehm 1981). In his book, Boehm
introduced two refinements of the idealized waterfall model: the incremental development
and the “advancemenship” which takes two main forms in a software project: anticipatory

and software scaffolding.

| tried to find out who first used the term “waterfall”. Some resources used the term
“Software life-cycle” to refer to that model (Boehm 1981; Gladden 1982; McCracken et al.
1982; Pressman 1987). During a personal conversation with Barry Boehm (Boehm 2007) he

9
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stated that the term “waterfall” was in use when he joint the TRW. Interestingly most books

cited Royce’s paper and not Boehm'’s book when they mentioned the term “waterfall”.

2.2.1 Did the “Waterfall” work well?

Although both Royce and Boehm recommended additional features in order to adopt

the basic software lifecycle or the waterfall, most of the later sources presented the basic

model as one of the software development methods. Actually, the waterfall did not invariably

work well. Here we will provide evidence from both practice and literature.

Evidence from Practice

The USA Department of Defence DoD standard, DoD-STD-2167, which was
released in the 1980s, was based on the waterfall model and a document-
driven approach (Larman 2004). In 1988, the DoD abandoned the 2167 and
replaced it with an iterative, incremental development friendly standard, the
DOD-STD-2167A. However, the original single-step waterfall diagrams
remained in the updated 2167A, and this was because “the military logistics
people would not agree with my assessment that they would continue to foster
the waterfall mindset” (according to Firesmith who was involved in improving
the 2167A standard) (Larman 2004). Therefore, the need for a new standard
began to surface. In 1994, the MIL-STD-498 was completed and approved. This
standard removed the “waterfall bias”, recommended developing software in
incremental builds, added more flexibility to the development process, and
decreased the emphasis on documentation (Newberry 1995; Radatz et al.
1995). In addition, the MIL-STD-498 proposed an alternative to formal reviews
and audits which used to cause “tremendous expenditure of time and energy”.
Instead, MIL-STD-498 recommended informal discussions and ongoing

communication between the acquirer and the developer (Radatz et al. 1995).

The attempted USA-ATC (Air Traffic Control) project started in 1983 as a
massive big-bang waterfall project. In 1994, the government cancelled the
project after spending $2.4 billion USD. The project was restarted in the late

1990s with an incremental approach (Government Accounting Office 1998).

A similar project, the Canadian ATC System (CAATC) started in 1989 as
waterfall project following the DoD-STD-2167A. In 1992, and after spending
several hundred millions dollars, the Canadian government restarted the

project using an iterative approach (Toth et al. 1993).

10
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Evidence from Literature

Royce considered the single pass waterfall a risky model. Furthermore, he was
in favour of a throwaway prototype which he called “a pilot model” (Royce
1970). In addition, Winston’s son Walker Royce stated that his father was
always a proponent of iterative, incremental, evolutionary development
(Larman et al. 2003)

In his famous book the Mythical Man-Mouth, Brooks criticised both versions of
the waterfall. In the first edition of the book, he criticised the sequential
version of the model when he recommended to “plan to throw it away” (Brooks
1979). This is similar to Royce’s advice “build it twice”. However, in the
anniversary edition of the book in 1995 Brooks stated “now | perceive to be
wrong” and his advice became “do not build one to throw away- the waterfall
model is wrong!” (Brooks 1995). So, in this book he is neither in favour of the
sequential waterfall, nor of the one with the iterative flavour. He mentioned
that the problem with the waterfall is that it “assumes that all the mistakes will
be in the realization” and they can be easily repaired during component and
system testing. In his opinion, the “plan to throw away” advice fails to solve the

problem.

McCracken and Jackson published a paper in 1982 where they presented three
groups of criticism to the lifecycle concept, which assumed that the systems
development consists of 10 sequential steps. Their main points were that the

life cycle concept:
0 can not be applied to all system development;

o0 eliminates the need for communication, ignores the need for the end-
user heavy involvement in all phases of application development, and
does not take into account that the user and his/her needs change

during the process;
o0 “rigidifies thinking”, and it is very poor in response to change.

They stated “The lifecycle concept is simply unsuited to the needs of the

1980’s in developing systems” (McCracken et al. 1982).

In his paper, “Stop the life cycle, | want to get off’, Gladden considered the
concept of a lifecycle may be “harmful” to the software development
profession. Actually, he mentioned the word “waterfalling” to describe the

sequence of tasks in the lifecycle. Similar to McCracken and Jackson, he argued

11
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that the main problem of the lifecycle approach has been its limitation in

dealing with changing and new requirements (Gladden 1982).

e In 1988, Boehm presented the spiral model in his paper “A Spiral Model of
Software Development and Enh