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Abstrak

Metodologi pembangunan perisian agil (ASDM) semakin banyak diterima pakai dalam
organisasi. Walaupun banyak manfaat yang ditawarkan oleh ASDM, penggunaan
ASDM yang berjaya merupakan cabaran besar bagi organisasi. Kebanyakan kajian
menunjukkan bahawa kaedah yang diterima pakai ini sebahagiannya adalah dengan
cara memilih satu set amalan agil. Oleh itu, adalah sukar bagi penerima baharu memilih
set amalan agil yang sesuai dengan keperluan kerana ASDM mempunyai amalan atau
kelompok yang meluas. Amalan agil perlu dipilih berdasarkan faktor-faktor motivasi
termasuklah keperluan organisasi untuk memaksimumkan manfaat penerimaannya.
Tujuan kajian ini adalah untuk mengenal pasti hubungan antara faktor motivasi peng-
gunaan ASDM organisasi dengan amalan kelompok agil. Kajian ini menggunakan
pendekatan kuantitatif untuk menilai hubungan antara pemboleh ubah. Soal selidik
dengan 76 pengamal perisian daripada pemula perisian (software startups) Kerajaan
Saudi Arabia (KSA) telah dijalankan. Dapatan kajian akan membantu organisasi un-
tuk memilih kelompok amalan agil yang sesuai dengan memadankan faktor motivasi
yang mempengaruhi kejayaan penggunaan ASDM. Analisis menghasilkan 4 kelom-
pok yang mana setiap satunya dikaitkan dengan senarai amalan. Kelompok-kelompok
ini dilabel sebagai pengurusan projek, jaminan kualiti, proses perisian, serta kelompok
tambahan dan berterusan. Kajian ini mendapati bahawa tiga faktor motivasi penggu-
naan (motivasi untuk peningkatan kualiti perisian, peningkatan kecekapan, atau pen-
ingkatan keberkesanan) berkaitan dengan jaminan kualiti, proses perisian, serta kelom-
pok tambahan dan berterusan. Dengan memahami faktor-faktor ini dari segi penggu-
naan ASDM dan jenis amalan, pemilihan kelompok agil yang lebih sesuai akan mem-
bantu meningkatkan kejayaan proses penerimaan amalan agil. Tambahan lagi, kajian
ini akan membantu untuk memahami cara pemula memilih amalan agil yang digu-
nakan. Selain itu, kajian itu boleh membantu syarikat baharu untuk memilih amalan
agil yang sesuai dengan mudah berdasarkan motivasi dan keperluan mereka.

Kata kunci: Kaedah perisian agil, Kelompok amalan agil, Penggunaan agil, Faktor
motivasi penggunaan.
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Abstract

Agile software development methodology (ASDM) has been increasingly adopted in
organizations. Despite many benefits offered by ASDM, successful ASDM adoption is
a big challenge for organizations. Many studies show that these methods were adopted
partly by selecting a set of agile practices. Therefore, it is difficult for new adopters to
choose agile practice sets that fit their organization needs as ASDM has a big pool of
available practices or clusters. Agile practices should be selected based on motivation
factors that include the organization needs in order to maximize the benefit of adopt-
ing them. The aim of this study is to identify the relationships between organization’s
ASDM adoption motivation factors and the agile practices clusters. This study used a
quantitative approach to evaluate the relationships between these variables. The study
was conducted using a questionnaire with 76 software practitioners from software star-
tups in the Kingdom of Saudi Arabia (KSA). The analysis generated 4 clusters; each
is associated with a list of practices. These clusters are labeled as project manage-
ment, quality assurance, software process, and incremental and iterative clusters. This
study finds that three adoption motivation factors (a motivation for increased software
quality, increased efficiency, or increased effectiveness) are associated with the quality
assurance, software process, and incremental and iterative clusters. By understanding
these factors in terms of ASDM adoption and which types of agile practice cluster is
more suitable will help to increase the success of the agile adoption process. Further-
more, the study will help to understand how the startups selected the practices used.
Also, the study could help new startups to easily choose the proper agile practices based
on their motivation and needs. The findings will help the organization to select suitable
agile practices cluster by matching the motivation factors that correspondingly affect
the ASDM successful adoption.

Keywords: Agile software methodology, Agile practice cluster, Agile adoption, Adop-
tion motivation factors.
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CHAPTER ONE
INTRODUCTION

1.1 Background of the Study

Agile software development methodologies (ASDM) have become very effective for
software development (Campanelli & Parreiras, 2015; West & Grant, 2010). They dif-
fer from traditional methodologies in the same way that they have less documentation,
fast delivery, increase customer satisfaction, accept requirement changing, improve
quality, and provide more transparency to customers (Pikkarainen, Salo, Kuusela, &
Abrahamsson, 2012). ASDM are also more flexible and can bring benefits such as han-
dling requirements changes, productivity gains, and business alignment (Campanelli &
Parreiras, 2015). Among well-known ASDM are Extreme Programming (XP), Scrum,
Lean software development, Featured-Driven Development (FDD), Dynamic software
development method (DSDM), and Crystal methodologies (Dyba & Dingseyr, 2008).
Yet they share many of the core values and principles defined in the Agile Manifesto

(Beck et al., 2001)).

Agile adoption is a term used to describe a process of adopting and implementing agile
practices, processes and values in software development. The practices to be imple-
mented may either correspond to just one agile method or to a combination of multiple
agile methodologies (O’Connor & Duchonova, 2014). The agile adoption process is
dependent on organizational environment, agile methodologies, and practices where
they often have to be tailored to be integrated into existing processes (Rohunen, Ro-
driguez, Kuvaja, Krzanik, & Markkula, 2010). Agile adoption is a continuous and
interactive activity, which includes adaptation and customization of the development
method throughout the execution of the project (Krasteva, Ilieva, & Dimov, 2010).

Furthermore, agile adoption is a complex process because of many factors including



organization culture, resistance to change, and need the support of the high level man-

agement team (Campanelli & Parreiras, 2015).

Based on the current challenges of software development, ASDM are interesting and
viable options to achieve quality, project budget control, align with organization’s busi-
ness strategy and deliver value frequently and continuously (Campanelli & Parreiras,
2015). The adoption of ASDM in an organization is effected by different motivations,
for instance: a desire to increase the quality, increase efficiency, or increase effective-
ness (Tripp & Armstrong, 2014). Agile practices selection is consistent with the orga-
nizationals values, culture, reality, needs and strategies in order to generate a tailored
ASDM (Campanelli & Parreiras, 2015). Tailoring ASDM is affected by organization’s

cultures, objectives, and an environment.

Each ASDM defines their own processes and practices, but they share in common
the same values that are addressed in the agile manifesto (Beck et alJ, 2001)). From
the perspective of software development, choosing and adopting the proper develop-
ment methodology is a critical task (Nerur, Mahapatra, & Mangalaraj, 2005). Each
ASDM consists of several practices inside it, which includes pair programming, stand-
up meeting, short iteration, retrospective and others (Williams, 2010). A big pool of
available agile practices makes it difficult to select which set of practices fit the needs
of organization (Conboy & Fitzgerald, 2010). This practice is useful in its own, but it
provides more values when they are working together as a cluster of practices (Tripp

& Armstrong, 2014).

Globally, a remarkable number of new software startups are launched every day. More
specifically, in the Middle East and North Africa (MENA) region, software startups

have been an emergent trend in the last few years. With a high growth rate, the number



of startups in the MENA region has increased eight times in 2011 as compared with
the data of 2005 (Dubai Internet City;Frost and Sullivan, 2012). This growth is led by
many factors, which includes: many success stories, big opportunities, governmental
regulation, and governmental support. It is also predicted that the rate of increment
will be higher in the years to come. The term software startups refers to small software
companies that are trying to explore new business opportunities and working to solve
a problem where the solution is not well known in a highly volatile market (Giardino,
Unterkalmsteiner, Paternoster, Gorschek, & Abrahamsson, 2014). The startup has a
significance impact on the economics, as it is responsible for 20% of job creation in
the United States only (Giardino et al.,, 2014). In the next chapter, the term startup
will be defined and discussed based on the relevant literature. According to several
studies conducted in US and worldwide, most of the new startups are software-related

companies that are based on web technology (Coleman & O’Connor, 2008).

In term of software startups, there are many characteristics that make startups a unique
type of software project. These different characteristics are discussed in different stud-
ies. Furthermore, many studies treat startups as a special situation related to software
engineering, because of their uniqueness, as they behave differently in practice (Cole-
man & O’Connot, 2008). Richardson and Von Wangenheim (2007) discussed the dif-
ferences in small software companies from different perspectives. They also stated
that there is a gap in studies that focus on small software firms. Many researchers
defined startups as a special case of small software organization, based on common
characteristics and challenges. According to Giardino et al| (2014), there are two im-
portant characteristics used to differentiate startups from established companies, which
are high uncertain and rapidly evolving. Another research paper by Sutton (2000) dis-
cussed more characteristics of startups, which are: a limitation of resources, youth and

maturity, multiple influences, and a great risk to failure. There are the main character-



istics of startups that affect the engineering and business.

Despite many startups being created, most of them fail within first two years (Crowne,
2002). One of the major reasons for this is the startup failed to develop the product
(Paternoster, Giardino, Unterkalmsteiner, Gorschek, & Abrahamsson, 2014). There
are other reasons, including failing to selecting the proper development methodol-
ogy, and failure to adopt and adapt the suitable software methodology (Coleman &
O’Connor, 2008; Giardino et al, 2014). Moreover, there are many other factors like
failures in product development due to the development team being inexperienced. Or
the product is not really a product, the product has no owner, there is no strategic plan
for product development, and the product platform is unrecognized (Crowne, 2002).
Furthermore, the startups do not have enough resources to investigate the best devel-
opment methodology (Coleman & O’Connor, 2008). Otherwise, on some cases, the
software development methodology is adopted partially at late stage of the startup life

cycle (Paternoster et al., 2014).

However, there are very limited studies on agile methodologies carried out in MENA
region (Alnafjan, 2012; Hajjdiab & Taleb, 2011; Hajjdiab, Taleb, & Ali, 2012). Figure
shows the publication pattern on agile software development based on the country,
which indicates the gap on studies on the MENA region (Dingsgyr et al., 2012). In the

figure, the darker color indicates more publications.

1.2 Problem Statement

Agile software development methodology has become a more popular development
method for software development, especially on web and startup companies (Giardino
et al., 2014; [Taipale, 2010). Hence, ASDM have been characterized differently than

plan-based methods, mainly with the focus on adapting to change and delivering prod-
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Figure 1.1. Publications on Agile Software Development by Country (Dingseyr et
al), 2012)

ucts of high quality through simple work-processes (Cockburn, 2006).

There are different types of agile methodologies, which consist of different processes,
and practices. According to Yau and Murphy (2013), not all agile practices are suitable
for small-scale web startups. There are some agile practices, which have a negative
impact to the startups related to time or cost basis. Among the practices are pair pro-
gramming and test-driven development (Yau & Murphy, 2013). In many cases, the
failure of startups is mainly caused by the failure to develop the product due to a lack
of adopting proper development methodology (Crowne, 2002; Murray, 2008; Shah,
2006). Agile adoption process is complex and not an easy task (Nerur et al., 2005). In
practice, the organization only selects the agile practices that may be beneficial and ap-
plicable in a specific organizational context (Ayed, Vanderose, & Habra, 2014). Tripp
and Armstrong (2014) asserted that there is a lack of studies done on factors that affect
how agile methodology is tailored or selected. In other words, software startups need

help to understand how to select a set of agile practices that fit their needs.

Moreover, the development of the software processes in general was developed in the



United States and European countries, which are fitted to their own culture (Asnawi,
Gravell, & Wills, 2011). Hence, most empirical evidences come from these countries.
However, a few researchers try to conduct studies on agile adoption in developing
countries, such as Brazil (da Silva, Kon, & Torteli, 2005) and Malaysia (Asnawi, Grav-
ell, & Wills, 2012). At the point this study is conducted, there were no enough studies
found on agile adoption that has been done in the Kingdom of Saudi Arabia (KSA).
Moreover, most of the recent studies did not focus on the startups as a medium that
adopts ASDM, which currently plays a big role in software industry in the region. Ac-
cording to Paternoster et al) (2014), there is a global absence of studies related to the
startup’s software development, which gives significant importance for this research

to fill up these gaps.

Based on the analysis of literature, it is clear that software startup has a big gap with
the application of agile software development methodologies, from selecting the ap-
propriate ASDM, through adoption, and applying suitable agile practice cluster. It is
important to examine the relationship between the agile adoption motivation factor and
agile adopted practices, in terms of understanding the whole adoption process. This at
the end will affect the success of a project development. In addition, there is still a gap

on studies that focuses on startups in a software engineering context.

Accordingly, this research aims to investigate the current states of agile practice of
software startups in terms of agile adoption. The findings will help new research in the
future to conduct a more comprehensive research in this area. Consequently, because
there is a lack of studies which focus either on agile adoption on the MENA region or

on software startups, this gives this investigated research an added significance.

The purpose of this study is to examine the relationship between the agile adoption



motivation factors with the selected agile practice clusters for software startups in KSA.
Furthermore, this study aims to explore the current status of agile practice clusters on

software startups in KSA.

1.3 Research Questions

This study is set out to explore the following research questions:

RQ-1 What are the most used agile practice clusters by software startups?

RQ-2 What are the adoption motivation that impact software startups to adopt an agile
methodology?

RQ-3 What is the relationship between agile adoption motivation factors and adopted

agile practice clusters?

1.4 Research Objectives

Based on the background of the study and the problem statement discussed in the pre-
vious sections, the study was dedicated to achieve the following major research objec-

tives:

1. To explore the current agile practice clusters used by software startups.

2. To investigate the adoption motivation that influence software startups to adopt
ASDM.

3. To determine the relationship between agile adoption motivation factors and

adopted agile practice clusters.

1.5 Scope of Study

The scope of this research is to investigate the relationship between agile adoption mo-
tivation factors and agile practice cluster. The population of this study is the software

startups companies in KSA. The respondents of this study include the technical man-
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agers on the startups, which could be: chief executive officers (CEO), chief technol-
ogy officers (CTO), It management, system analyst, quality assurance, tester, project

manger, and the developers.

KSA is selected for two reasons. First, Saudi Arabia is treated on of biggest country
to support startups with Jordan and United Arab Emirates. Second, the ecosystem
in Saudi Arabia contains many business accelerator and incubator that supported by
public and private sector, which makes it easier to conduct a study on it. According to
Wyne and Wamda Research Lab (2014)), 38 of all new startups companies will open

offices in KSA within the next two years.

1.6 Significance of Study

The contributions of this study can be defined in two aspects: to the knowledge area

and to the software startup industry.

Theoretically, this study contributes to the existing literature by examining the relation-
ship between agile adoption motivation factors and agile adopted practice cluster. Un-
derstanding these factors in terms of ASDM adoption and which types of agile practice
cluster is more suitable to increase the success of the method tailoring process. Also, it
will help to understand how the startups selected the practices to use, as agile method
tailoring is important to the successful of ASDM adopting. Furthermore, this study
could help practitioners and researchers to understand the agile adoption motivation
factors in the region, which will help researchers to understand the current status of
the industry to improve and overcome any challenges in adopting the ASDM in the
industry. Moreover, it will help practitioners to select a suitable agile practice cluster

based on their needs.



Hence, this study will provide empirical evidence to the extant literature regarding
agile software development in software startups, particularly in the context of agile
adoption. A distinct lack of research performed in KSA area is apparent, and there is
also a small number of studies that draw any comparison or connection with established
product development theory. It is important to understand the motivation to adopt agile

practices in order to help software startups to adopt ASDM successfully.

The industry of software startups could benefit from the study in many perspectives.
The researcher tries to put a spotlight on the adoption of agile as a software develop-
ment methodology on software startups. The study could help new startups to easily
choose the proper agile practices based on their motivation and needs. A good under-
standing on how startups companies benefit from correct agile development method-
ology adoption is very important in order to support new startups launched every day.
The startups incubators and accelerator, which on some phase provides the training to
its company, will benefit from the result and provide proper agile development method-

ology training, which could lead to the success of the startups.

1.7 Thesis Structure

This study consists of five different chapters; this chapter elaborates the background
of study, problem statement, research questions, research objective, and significance
of study. The next chapter, Chapter 2, discusses agile software development method-
ologies, agile practices, as well as, defining software startups. Chapter 3 presents a
research methodology which was used on this study. The steps of analysis of collected
data from participants is then presented in detail in Chapter 4. Chapter 5 discusses the

findings and results of this study.



CHAPTER TWO
LITERATURE REVIEW

2.1 Introduction

This chapter presents the background and related work of the thesis. It first discusses
the agile methodology. Then it describes concepts agile practices, which are the de-
pendent variable of this study. Next, it discusses agile adoption and agile adoption

motivations, which are the independent variables on this study.

The next section discusses the software startups. To study software startup, first, the
term startups must be defined in a software engineering context. Finally, the related

works will be discussed.

2.2 Agile Software Development

During the last two decades, agile methodology has dramatically increased its us-
age, which changed the way software development is performed (Diebold & Dahlem,
2014). According to a survey done by Azizyan, Magarian, and Kajko-Matsson (2011))
in 35 countries, the result shows more than 66% of the surveyed companies use agile
development methods. A recent study conducted globally by VersionOne Inc., found
that among 3,880 respondents 58% of the surveyed companies teams use agile devel-

opment methodologies in their projects (VersionOne, 2015).

Unlike traditional development methodologies characterized by sequential phases and
heavy upfront planning, agile methodology deal with unpredictability and change by
relying on people and close customer collaboration rather than formalized processes
(Nerur et all), 2005). In 2001, the agile manifesto was written, which states that agile

development core values are Individuals and interactions over processes and tools,
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Working software over comprehensive documentation, Customer collaboration over
contract negotiation, and Responding to change over following a plan (Manifesto for

Agile Software Development, 2001)).

The main attributes of agile are short iterative, collaborative decision-making, quick
feedback loops, and continuous integration of code changes into the product (Cock-
burn, 2006). Williams and Cockburn (2003)) state that agile development is ““about
feedback and change”, that agile methodologies are developed to ““embrace, rather than
reject, higher rates of change”. Erickson, Lyytinen, and Siau (2005) defined agility as
a means to strip away as much of the heaviness, commonly associated with the tradi-
tional software-development methodologies, as possible to promote rapid response to

frequent changing in user requirements, faster project delivery and the like.

The number of agile methodologies has been grown, so now there are about 20 different
agile or lean methods (Diebold & Dahlem, 2014). Table shows the well-known
agile development methodologies. Numerous studies stated that Scrum is the most
used agile development methodology (Azizyan et all, 2011; Diebold & Dahlem, 2014;
VersionOne, 2015). After Scrum, the other agile development methodologies were
introduced, like: eXtreme Programming (XP), Crystal methodologies, Lean software

development, and Feature-driven development (Dyba & Dingseayt, 2008).

Agile software development methodology are suitable for projects with small teams
or high innovative projects (D. Cohen, Lindvall, & Costa, 2004), both criteria exist on
a software startup project. Another study by Nerur et al. (2005) confirmed that agile
methodologies are fit for projects with a high level of requirement changing, a project
that provides a high quality solution for end user, or for companies with an innovative

culture.
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Table 2.1
A Summary of Agile Development Methodologies

No. Method Description

1 Crystal A family of methods for co-located teams of different sizes and critical-
methodolo- | ity: Clear, Yellow, Orange, Red, Blue. The most agile method, Crystal
gies Clear, focuses on communication in small teams developing software

that is not life-critical. Clear development has seven characteristics: fre-
quent delivery, reflective improvement, osmotic communication, per-
sonal safety, focus, easy access to expert users, and requirements for the
technical environment (Cockburn, 2004).

2 Dynamic Divides projects in three phases: pre-project, project life cycle, and post
software project. 9 principles underlie it: user involvement, empowering the
development | project team, frequent delivery, addressing current business needs, iter-
method ative and incremental development, allow for reversing changes, high-
(DSDM) level scope being fixed before project starts, testing throughout the life-

cycle, and efficient and effective communication (Stapleton, 2003)).

3 Feature- Combines model-driven and agile development with emphasis on initial
driven object model, division of work in features, and iterative design for each
development | feature. Claims to be suitable for the development of critical systems.

An iteration of a feature consists of two phases: design and development
(Palmer & Felsing, 2001)).

4 Lean soft- | An adaptation of principles from lean production and, in particular, the
ware devel- | Toyota production system to software development. Consists of seven
opment principles: eliminate waste, amplify learning, decide as late as possible,

deliver as fast as possible, empower the team, build integrity, and see
the whole (Poppendieck & Poppendieck, 2003).

5 Scrum Focuses on project management in situations where it is difficult to plan
ahead, with mechanisms for ‘““empirical process control”’; where feed-
back loops constitute the core element. Software is developed by a self-
organizing team in increments (called “sprints”), starting with planning
and ending with a review. Features to be implemented in the system are
registered in a backlog. Then, the product owner decides which backlog
items should be developed in the following sprint. Team members co-
ordinate their work in a daily stand-up meeting. One team member, the
scrum master, is in charge of solving problems that stop the team from
working effectively (Schwaber & Beedle, 2001)).

6 Extreme Focuses on best practice for development. Consists of twelve prac-

program- tices: the planning game, small releases, metaphor, simple design, test-
ming (XP) ing, refactoring, pair programming, collective ownership, continuous

integration, 40-h week, on-site customers, and coding standards. The
revised “XP2” consists of the following practices: sit together, whole
team, informative workspace, energized work, pair-programming, sto-
ries, weekly cycle, quarterly cycle, slack, 10-minute build, continuous
integration, test-first programming, and incremental design. There are
also 11 ““corollary practices” (Beck & Andres, 2004).
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There are several motivations to adopt an agile development methodology. Accord-
ing to VersionOne (2015) who conducted a survey on the motivation to adopt agile,
the order by priority is: accelerate product delivery, enhance ability to manage chang-
ing priorities, improve business and IT alignment, increase team productivity, enhance
software quality, improve project visibility, reduce project risk, simplify development
process, reduce project cost, improve team morale, increase software extensibility, im-
prove engineering discipline, better manage distributed teams, and enhance delivery
predictability. Tripp and Armstrong (2014) categorized the motivation factors into
three factors of motivation, based on the analysis of a principal component factor (PCF)
analysis and varimax rotation with Kaiser normalization. These factors are labeled as
motivation to improve software quality, motivation to improve efficiency, and moti-
vation to improve effectiveness. Table 2.2 list these factors with a corresponding agile

adoption motivation.

Table 2.2
Agile Adoption Motivation

No. Motivations Factors
1 | Enhance Software Quality
2 | Improved/increased engineering disci- | Software Quality

pline

3 | Enhance software maintainability / exten-

sibility

4 | Increases productivity

5 | Accelerate time-to-market Efficiency

6 | Reduce cost

7 | Enhance ability to manage changing pri-

. Effectiveness

orities
8 | Improve alignment between IT and busi-

ness objectives
9 | Manage distributed teams
10 | Agile Adopted Practices
11 | Reduce Risk
12 | Improve Project Visibility
13 | Manage Distributed Teams

| (VersionOné, 2015) (Tripp & Armstrong, 2014)
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2.2.1 Agile Practices

Subsequently, each agile development methodology consists of several practices and
processes where the team can choose among them to support their goals. Each practice
helps the organization to achieve agile principles in a methodology (Campanelli &
Parreiras, 2015). In an agile development methodology, there is a big pool of available
practices to use. Diebold and Dahlem (2014) defined the agile practice as a small and
very specific part of a method that addresses different aspects. Therefore, there is no

common literature definition of agile practices (Diebold & Dahlem, 2014).

Agile practices aim to support agile development as well as the values proposed in
the agile manifesto (Yang, Liang, & Avgeriou, 2016). Pair Programming and Retro-
spective are examples of agile practices. According to Williamg (2010) there are 32
agile practices that are related to well known agile methodologies (i.e.: XP, Scrum,
feature driven development). Table lists the agile practices. Moreover, Jalali and
Wohlin (2010) conducted a mapping study on agile practices that show there are 25
agile practices based on available literature. Furthermore, Abbas, Gravell, and Wills
(2010); VersionOne (2013) conducted different surveys and identify 26, 58 agile prac-
tices, respectively. Table 2.3 shows the current agile practices by Jalali and Wohlin
(2010); VersionOneg (2013)); Williams (2010). Some practices have different names in

different books and references.

Agile methodology could be categorized into: management practices, software pro-
cess practices and software development practices (Lee & Yong, 2013). There is no
study that systematically summarizes, analyzes, and classifies all existing agile prac-
tices ([Yang et al., 2016). An example of management practices are: on-site customer,
daily stand-up meetings and open work area. The software process practices include

simple design and collective code ownership. Pair programming and unit testing are
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examples of software development practices.

Particularly, agile methodology is not adopted entirely but it is adopted in certain prac-
tices. Furthermore, some practices are used more frequent on some business domains
(Diebold & Dahlem, 2014). It is also known that project success depends on the choice
of agile practices (De Souza Mariz, Franca, & Da Silva, 2010). A further key attribute
which renders a method amenable to tailoring is the extent to which its individual com-
ponent practices are independent, allowing them to be separated or combined without
fear of unknown subsequent effects (Conboy & Fitzgerald, 2010). The evidence of how
agile development is carried in practice, practice selection and the impact is relatively

nascent and weak (Dingsegyr, Dyba, & Abrahamsson, 2008).

2.2.2 Agile Practice Cluster

The term “working set” is used to refer to the set of agile practices that bring out the
positive effect in a project (Krzanik, Rodriguez, Simild, Kuvaja, & Rohunen, 2010).
It was defined as “a restricted set of such top important practices, values and goals”
(Krzanik et al), 2010). Also, it is known as agile practice clusters, as in Conboy and
Fitzgerald (2010); Kurapati, Manyam, and Petersen (2012). However, evidence of
which agile practices working set work well together, and in what contexts, is missing

(Saripalli & Darse, 2011)).

Most projects adopted an incremental approach, starting with a few practices but never
actually getting beyond a few key ones (Conboy & Fitzgerald, 2010). In many cases
only a minority of practices are actually implemented. As in the Conboy and Fitzgerald
(2010) study, which found that only a quarter of the studied projects were adopting
more than half the practices of the XP methodology. The previous study recommends

an investigation into the practices cluster to determine if the practices are codependent.
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Table 2.3
A List of Agile Development Practices

[ Williams (2010) | Jalali and Wohlin (2010) [ [VersionOne (2013) |
Stand-Up Meeting Stand-Up Meeting Daily standup
Short Iterations Short Iterations Short iterations
Code and Tests Unit Testing Unit Testing
Retrospective Retrospective Retrospectives
Release and Iteration | Backlog Prioritized backlogs
Backlog
Scrum Meeting Burndown chart Team-based estimation
Negotiated Scope Planning Game Agile Games
Collective Code Own- | Coding standards Coding Standards
ership
Continuous Integration | Continuous Integration Continuous Integration
Sustainable Pace Sprint demo Iteration reviews
Whole Team Scrum of scrums Iteration reviews
Iteration = Demonstra- | Planning meeting Single team
tion
Sprint Refactoring Refactoring
Sit Together Close Collaboration Open Work area
Test-Driven Develop- | TDD TDD
ment
Informative Workspace | Virtual Scrum Wall Digital Task board
Stories User Stories Digital Task board
Nightly Build Feature-driven  devel- Kanban
opment
Code Ownership Instant message Collective Code Own-
ership
Pair Programming Pair Programming Pair Programming
Acceptance Test Acceptance test Automated Acceptance
Testing
Wideband Delphi Esti- | Proxy customer Iteration Planning
mation
Ten-Minute Build Automated Testing Continues Deployment
Energized Work Sprint review Release Planning
Features System Metaphor Taskboard
Incremental Design Code Review BDD
Inspections
Planning Poker
Executable Documen-
tation
Short Releases
Done Criteria
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Commonly, an agile adopter need assistance in order to choose the proper combination

of agile practices for them (Campanelli & Parreiras, 2015).

Many XP adopters believe that XP practices could be clustered, and have attempted
to construct or figure out those clusters in their project (Conboy & Fitzgerald, 2010).
Another study organizes the practices into several clusters, to try to figure out the prac-
tices which were used together (Kurapati et al), 2012). The study was a qualitative
study which was conducted globally on an organization level as well as the project
level. It was included in different countries, and different domains of organization.
The previous study conducted a hierarchical cluster analysis to generate new prac-
tice clusters. The most common practices ‘clusters’ on a project level was: clusters
1 (stand-ups, Sprint/iteration), clusters 3 (testing, stories/features), clusters 6 (contin-
uous integration, short releases), and clusters 5 (stand-ups, sprint/iteration, and sprint

planning meeting).

Likewise, /Abbas et al) (2010) indicated 15 agile practices clusters. The cluster was gen-
erated using principal component analysis with oblique rotation on 58 agile practices.
The new cluster includes: agile quality assurance, communication (team), communi-
cation (customers), coding standards, etc. In other ways, [Iripp and Armstrong (2014)
categorized 12 agile practices into two clusters using qualitative methods. Three ex-
perts were interviewed in order to generate new clusters. The new clusters are: the
project management cluster (include: release planning, iteration planning, velocity,
daily stand-up, retrospectives, and burndown), and the software development approach
(includes: TDD, refactoring, continuous integration, unit testing, coding standards,
and automated builds). de O. Melo et al. (2013) categorized agile practices into three
clusters which are technical, management, and collective knowledge sharing. Techni-

cal practices are pair programming, burndown chart, and automated acceptance tests.

17



Management practices are daily meeting, iteration development, iteration/release plan-
ning, retrospectives, checklists, one-on-one meetings, and timeboxe. Similarly Lee and
Yong (2013) grouped agile practices into three groups which are management practices

cluster, software process cluster, and software development practices cluster.

Conboy and Fitzgerald (2010) found that none of the project teams included in the study
had managed to identify any such clusters. Based on that, they suggested conducting
a quantitative study to determine correlations between adopted practice clusters and
either: the effectiveness of practices within the cluster or project success. That would

help to identify existing agile practices cluster on practice.

2.2.3 Agile Adoption

According to Nerur et al| (2005), the adoption of agile methodology is not an easy
task, despite the implementation of most of its practices is easy. That happens because
the agile adoption represents an organizational change that will affect the company’s
organizational structure, processes, as well as people’s behavior (Campanelli & Par-
reirag, 2015). Therefore, it requires a carefully thought-out preparation (Nerur et al.,
2005). Likewise, Ayed et al. (2014) agreed that adopting agile software development
methodology needs a wide and complex organizational change that usually impacts
several aspects of the organization (e.g., its structure, culture, management practices,
produced artifacts, technologies in use, etc.). In order to successfully handle the sev-
eral key challenges, it is crucial to understand the organization context and carefully

study the transformation strategies (Ayed et al., 2014).

The biggest challenge in adopting ASDM, therefore, is choosing an appropriate method
from the pool of available agile methodologies (Nerur et al., 2005). Many studies in-

dicated that using agile methodology as defined in the literature does not work very
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well in real practice (Diebold & Dahlem, 2014). Because the companies do not adopt
the complete methodology; they only adopt selected processes or practices and select
whatever process that support their objectives (Coleman & O’Connor, 2008; Diebold
& Dahlem, 2014). Adopting the agile whole practices as it is proposed in method-
ology will cause the organization to spend more effort and resources in adopting it

(Campanelli & Parreiras, 2015)).

A recent study by Diebold and Dahlem (2014) reported that the agile processes are
selected based on the domain of the company. The organization factor is an important
factor for successful adoption (Strode, Huff, & Tretiakov, 2009). Another study iden-
tified the success factors in adoption agile methodologies, includes: customer commit-
ment, customer stratification, customer collaboration, corporate culture, societal cul-
ture, decision time, control, personal characteristics, and training (S. C. Misra, Kumar,

& Kumar, 2010).

Nerur et al) (2005) determined the key issues and challenges to adopt agile was di-
vided into four groups: management and organizational factors, people factors, process
factors, and technology factors. Furthermore, VersionOng (2013) identified the most
challenges during agile adoption, which are: inability to change organization culture,
general resistance to change, management support, and lack of employee skills. Also,
the study concluded the biggest pitfall for adoption agile was: lack of up-front plan-
ning, and loss of management control. Gandomani, Zulzalil, Ghani, Md. Sultan, and
Sharif (2014) indicated the most important attention within agile adoption process are:
focusing on people, providing an action plan, transition challenges identification dur-

ing, providing prerequisites, providing facilitators, and timely assessment.

As a consequence, adoption of agile methodology should to be well planned to be
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successful. However, the agile adopters encounter a problem because of lack of guid-
ance and assistance (Ayed et al., 2014)). According to (Boehm, 2002), in practice,
the adoption should be only on practices that may be beneficial and applicable in a
specific organizational context, which include: development effort, development team
size, etc. (Ayed et al., 2014). Cao and Ramesh (2008) asserted that companies look-
ing for implementing agile methodology and practices do not have the same level of

consideration towards the existing agile practices.

2.2.4 Agile Method Tailoring

In the software development field methods tailoring is the process of adapting the
method used to meet the circumstances of use (Sommerville & Ransom, 2005). Also,
it could be defined as the adaptation of the method to the aspects, culture, objectives,
environment and reality of the organization adopting it (Campanelli & Parreiras, 2015).
Furthermore, according to Beck (1999) every project has its own processes that are tai-
lored for its circumstances and needs. So, when adopting agile development method-
ology, the organization must consider tailored practices based on the current needs. In
summary, the agile adoption should be iterative and the practices should be tailored and
selected based on the needs of organization. Indeed, the company selects the practices
they need only (Kurapati et al.,, 2012), Sometimes this scenario is referred as partial
adoption of agile methodology (Erickson et al., 2005). As there is a long list of avail-
able agile practices, the agile teams need help in order to choose the right combination

of practices based on their needs (Abbas et al., 2010).

Based on assumption that there is no software development method that’s catered per-
fectly for specific organization, much research focuses on studies regarding the agile
methods tailoring (Conboy & Fitzgerald, 2010). According to Papatheocharous and

Andreou (2013) there are a few surveys conducted on agile adoption and the factors
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that affect it. The agile practice adoption in organizations differ from organization to
another, depending on different factors which includes: the development process the
organization wants to improve (Campanelli & Parreiras, 2015). /Abrahamsson, Oza,
and Siponen (2010) state there is no solution that fits every project, but rather the prac-
tices should be tailored to suit the needs of each projects. Beck (1999) suggested not
to try to adopt all practices at once, rather just find the problem and try to solve it us-
ing XP practies. The importance of understanding agile methodology tailoring is to
enable companies to selecting practices to achieve the organization needs, since full
agile method adoption can be an overkill for organizations or require lots of resources

(Qumer & Henderson-Sellers, 2008).

Rodriguez, Markkula, Oivo, and Turula (2012) found tailoring agile or lean practice is
one of challenges facing the agile adopter. By understanding the link between ASDM
motives and adopted practices, it could provide the adopter with more information on
mechanism to fit their method tailoring process (Iripp & Armstrong, 2014). |Abra-
hamsson et al, (2010) asserted that there is a lack of instruction on how to tailor XP
practice during the adoption. Xu and Ramesh (2007) summarized the different factors
that influence software development which includes: process goals and the specific

software process activities or tasks that can be used to meet these goals.

Kalus and Kuhrmann (2013)) determine 49 criteria for tailoring software development
methodology based on systematic literature review (SLR) analysis, and concluded that
criteria significantly impact the resulting software process. These criteria are grouped
as a team, internal environment, external environment, and objectives factors. Further-
more, Diebold and Zehler (2015) listed the organization factor impact adoption, as:
increasing time to market, and improving the product quality by reducing the number

of defects. Additionally, Sison and Yang (2007) connected several XP practices with
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three factors, that includes: increased productivity, improved teamwork, and reduced
overtime. There are a few studies conducted on the impact of practices as individ-
ual (e.g., pair programming) or common combination of two practices (e.g., Impact
of Pair Programming and Test-Driven Development) (Diebold & Zehler, 2015). It is
important to have a link between the improvement goals and agile practices (Diebold

& Zehlet, 2015).

2.3 Software Startups

The words ‘startup’ is not a well-defined term, and it is difficult to find an agreement
on its definition (Giardino et al., 2014). There are different approaches to defining star-
tups, which includes: company age, or company size. This approach is more generic.
It is difficult to set boundaries for ages and size, because that varies from place to place.
In this section, the focus is to define ‘startup’ in the software engineering context. An
introductory use for startups term in the software engineering literature can be found
in paper written by Carmel on 1994 titled “Time-to-completion in software package
startups”. This paper has conducted a study on twelve young software firms (Carmel,
1994). After that date, the use of the term startups increased slightly. There are dif-
ferent definitions for startups to be found, but based on different criteria. Based on the
literature review the researcher found 6 different definitions for startups in the software

engineering context.

Bach (1998) did an early definition for startups in 1998, where he defined startups
based on two main criteria: first, he describes it as a team who has high energy and
commitment. The second criterion was based on development practice, where the star-
tups are defined to use ad-hoc process. Two years latter, Sutton (2000) defined startups
based on three different criteria, as a company without established product, customer

base, or revenue. In his paper “The role of process in software start-up” Sutton con-
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ducted a study on the EC Cubed company, which was more than three years old with
more than 100 employees. Therefore, it is clear that based on Sutton (2000) definition,
the company that is more than three years old are treated as startups. As well as the
company with more than 100 employees is treated as startup. According to Sutton’s

definition, he did not state the limit for number of employees in startups.

In another study, Mobile Navigation is a small Swedish company, it was a case study in
the study conduct by Kajko-Mattsson and Nikitina (2008). It was a two year old com-
pany in the time of study, and it was treated as a startup by the authors. The company

had 16 employees only, in matter of size.

Crowne (2002) defined startups as an early phase on company life ended with the first
sale. He focuses on his definition on the company age only. This definition is too
simple, because it ignores other criteria. Reis (2011) defines the startups based on
two new criteria; first, startups which developed new products. Second, startups that
worked under a highly uncertainty environment. Also, Reis’ definition ignores the size

and age factors.

Giardino and Paternoster (2012) defined startups as a temporary organization that fo-
cuses on the creation of high-tech and innovative products, with little or no operating
history, aiming to grow by aggressively scaling its business in highly scalable markets.
This definition is interesting, because it includes different characteristic of startups.
The final definition found is by Paternoster et all (2014), where they defined startup
as a small company exploring new business opportunities, working to solve a problem
where the solution is not well known and the market is highly volatile. Being estab-
lished recently is not enough to be a startup (Giardino et al, 2014). There are different

criteria to define any company as a startup. Table .4 list the startup’s definitions on
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software engineering context based on literature review.

Table 2.4
Software Startups Definitions
No. Author (s) Definition

1 Bach (1998) A bunch of energetic and committed people without a
bunch of defined development processes.

2 Sutton (2000) Startups are companies without an established prod-
uct, customer base, or revenue stream.

3 Crowne (2002) The startup phase defined as the period between prod-
uct conception and the first sale.

4 Reis (2011) A startup is a human institution designed to deliver a
new product or service under conditions of extreme
uncertainty.

5 |Giardino and Paterq Software startups we refer to those temporary organi-

noster (2012) zations focused on the creation of high-tech and in-
novative products, with little or no operating history,
aiming to grow by aggressively scaling their business
in highly scalable markets.

6 Giardino et al, Startup is a small company exploring new business

(2014) opportunities, working to solve a problem where the
solution is not well known and the market is highly
volatile.

From the previous definitions, it is clear that different definitions are from different
perspectives. That makes it difficult to set a clear definition. The researcher tries to
analyze the current theme for a software startup to extract the main criteria of software
startups, which will be helpful in setting up a proper definition for it. Based on the

analysis of literature, there are 14 software startups criteria are founded.

Previous studies Bosch, Holmstrém Olsson, Bjork, and Ljungblad (2013); Coleman
and O’Connor (2008); Crowne (2002); Giardino et al) (2014); Sutton (2000); Voas
(1999); Yau and Murphy (2013) showed that limited recourses is one of the primary
criteria that are common for startups. A small sizes team is the second most important
criteria, and many studies addressed that the team size is one of main characteristics
used to define software startups. In consideration of the small team the term is vague,

it is difficult to set a boundary for small team size because this is different from place to
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place. The team size boundary is discussed in software engineering in the organization

section. The software startups themes are listed in Table 2.3.

Table 2.5
Software Startups Themes
No. Theme Authors
1  Lack of resources Bosch, Holmstrém Olsson, et al) (2013)); Cole-
man and O’Connot (2008); Crowne (2002);
ardino et al! (2014); Sutton (2000); Voas (1999);
Yau and Murphy (2013))
2 Small teams Bosch, Holmstrém Olsson, et al) (2013)); Cole-
man and O’Connor (2008); Crowne (2002);
ardino et al. (2014)
3 Fast-growing markets Crownd (2002); MacCormack (2001); Paternos-
ter et al. (2014); Sutton (2000)
4 Product-driven Coleman and O’Connot (2008); Giardino et al.
(2014); Marmer et al. (2012)
5  Rapid evolution (Require- Bosch, Holmstrém Olsson, et al! (2013);
ment change) Crownd (2002); Giardino et al| (2014); Yau and
(2013)
6  Creative, dynamic, and in- Giardino et al. (2014); Kelly and Culleton
novative (1999); Sutton (2000)
7 New company Giardino et al/ (2014); Sutton (2000)
8  Time-pressure MacCormack (2001)); Paternoster et al/ (2014)
9  High uncertainty Giardino et all (2014)
10  Highly risky project Giardino et all (2014)
11 High commitment and en- Bach (1998); Crowng (2002)
ergy
12 Exploratory in nature Bosch, Holmstrom Olsson, et al. (2013)
13 Rapid release for product  Coleman and O’Connot (2008)
14 All employees are in- Kelly and Culleton (1999)
volved in all aspects of
project

From the analysis of the six startups definitions in Table P.4, and the analysis of the star-
tups themes in Table 2.3; a software startup is defined for the purpose of this research
as a new small company with limited resources that aims to find creative solutions for

a problem, in order to gain a high growth rate in revenue bases.
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2.3.1 Software Development in Startup

It is easy to find the relationship between startup and agile methodology as they share
some key goals (Giardino et al., 2014; Murray, 2008; Rodriguez et all, 2012; Williams
& Cockburn, 2003; Yau & Murphy, 2013) which includes both of them focusing on
the final product rather than the process or documentation. They also focus on a fast
response to change and a speedy release of products. According to [Yau and Murphy
(2013), in small-scale tech startups, it is clear that the nature of agile methodologies
makes it fit many needs required by the startup to help it succeed. Moreover, agile
methodology is developed to accept higher rates of changes as well as promote a faster
response to a changeable requirement by focusing on people rather than on processes,
in contrast with the traditional methodology, which makes choosing an agile method-
ology more appropriate for startups (Dybéd & Dingseyt, 2008; Williams & Cockburn,

2003).

Many studies indicated that the software development in startup companies is differ-
ent from the traditional companies. Software startups present a unique combination of
characteristic, which pose several challenges to software development activities (Pa-
ternoster et al., 2014). From a software engineering perspective startups are unique,
since they develop software in a context where processes can hardly follow a prescrip-
tive methodology (Coleman & O’Connor, 2008). Robinson and Sharp (2005) studied
three types of organizations. The three types of organizations were a large, medium
and small startups, respectively, where all these companies adopt XP. The study found

some practices applied on the startup company may not be applied to other case studies.

The software startups merge between many different areas, including: startups, project
management, and software engineering in small companies. By mixing all of these ar-

eas, the problem could be investigated. Regrettably, Sutton (2000) stated that startups
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are neglected on research related to software processes. After 14 years, Sutton notes a
recent research that declares that the gap is not filled yet by the new researches (Gia-

rdino et al., 2014; Paternoster et all, 2014).

Coleman and O’Connort (2008) were conducting a study to figure out: the develop-
ment process formation in Irish software startups, the current agile processes used on
startups, and the factors that influence the make up of these processes. This study was
used a grounded theory methodology in order to describe the experiences of software
startups in developing processes to support their software development activities. The
finding of the study was: 1) there is not enough recourse for startups to investigate for
better development methodology 2) software startups depend on the earlier experience
of the person tasked with managing the development to select the initial methodology
for startups. Other influencers include the market sector in which the company is oper-
ating, the style of management used and the size and scale of the company operations.
The researchers recommended conducting similar studies on different geographical

locations.

ASDAM is used by software startups widely, because of its nature to accept the change
in requirement, that always occur in startups [Taipale (2010). For instance, a short re-
lease is an agile practice that enables companies to have fast and frequent delivery as
well as address the challenging market K.Flora, V. Chande, and Wang (2014); Nerur
et al| (2005). Frequent delivery is another reason why software startups choose agile
methodology (Ambler, 2002; da Silva et al., 2005). Coleman and O’Connot (2007)
found that the most used development methodology in Irish startup companies is XP,
because of its light weighted process and low documentation work. Several studies
found the startups do not strictly follow specific methodology, but they implement dif-

ferent agile practice from different methodologies (Bosch, Olsson, Bjork, & Ljungblad,
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2013; Coleman & O’Connor, 2007, 2008).

Most of software startup fail within first two years because of many reasons, which
includes failure on the execution of sales, failure on delivery to the market, and failure
in software development (Crowne, 2002). The weakness on resources leads project
managers to do an ad-hoc selecting for development tools, based on their experiences,
but not based on the project’s current needs and growth needs (Coleman & O’Connot,
2008). Because startups suffer from lacking of resources, time, and money, the pri-
ority for startups is to develop a minimum viable product (MVP). MVP is defined as
a product with only basic features and functionalities that can be released as early as
possible, which could lead to lack of quality (Yau & Murphy, 2013). Also, the devel-
opers on startups have a constraint on developing the product, therefore neglecting the

agile process (Yau & Murphy, 2013).

On 2000, Sutton declared there is a gap on studies that focus on startups in a software
engineering context (Sutton, 2000). Recently, a study done by Paternoster et al, (2014)
have mapped 1769 articles that used startups in a software engineering context, but

they state the gap is only partially filled.

2.3.2 Software Engineering in Small Organizations

In 1975, the term “programming in the small” was used to differentiate the develop-
ment characteristics between small and large companies (Fayad, Laitinen, & Ward,
2000). Currently, small software organizations represent up to 85% of all software
organizations (Richardson & Von Wangenheim, 2007). For example 70% of software
companies established in Brazil are small companies (von Wangenheim, Anacleto, &
Salviano, 2006). Despite a significant portion of software companies being catego-

rized as a small and medium enterprise (SME), they face many challenges on software
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development, because of their size (Coleman, 2005).

The size of the company is the primary measurement to define the small companies.
The size is defined based on the industry. In general it is defined to be between 100
to 500 as a maximum (Fayad et al., 2000). According to Cater-Steel, Toleman, and
Rout (2006), small companies have less than 20 employees; and medium companies
have between 20 to 200 employees. Other studies defined small software companies
as less than 50 employees (Fayad et al., 2000; von Wangenheim et al/, 2006). Different
challenges for small companies were discussed by Richardson and Von Wangenheim

(2007).

Richardson and Von Wangenheim (2007) found that despite the large portion of small
companies in the software industry, only a few researches were conducted in this area.
Software engineering in small organizations present a lack of processes and basic doc-
umentation (Valtanen & Ahonen, 2008), although they are recognized as important
aspects of software development (Martin & Hoffman, 2007). Software process im-
provement (SPI) is almost neglected, due to the amount of time required to establish
all the configuration management and review processes (Caffery, Taylor, & Coleman,
2007). Therefore, the software engineering in a small organization shares some char-

acteristics and challenges for startups.

2.4 Theoretical Framework

According to Dingseyr et al| (2008) the theories that are currently in use in information
systems include: task-technology fit, theory of planned behavior, contingency theory,
complexity theory, social learning theory, social network theory, socio-technical the-
ory, organizational learning theory, and the knowledge-based theory of the firm. All

of the previous theories are used in information systems and relevant to agile software
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development. Furthermore, Iripp and Armstrong (2014) supported that contingency

theory and fit theory emerge in the information system studies.

Based on the review of available literature, it is hypothesized that agile adoption mo-
tivation factors influence adoption of agile practices clusters. Specifically, this frame-
work postulates that agile adoption motivation factors are related to agile practices
which are in line with previous studies by Tripp and Armstrong (2014). In these study
contingency theory is used to explain the relationship between agile adoption motiva-

tion and agile practices’ clusters.

Contingency theory is categorized as a class of behavioral theory. It is an organizational
theory that claims that there is no best way to structure an organization. Instead, the
optimal way is dependent on numerous of internal and external variables (Islam, 2012).
These variables include the organization size, adoption process, available resources,

operations activities, human resources, technology, culture, etc. (Islam, 2012).

Furthermore, contingency theory is an approach used to study organizational behavior
in which explanations are given as to how contingent factors influence the design and
function of organizations (Islam, 2012). This theory is in used under a broad range
of topics as well as in different forms and implementation (Hanisch & Wald, 2012).
Recent studies postulated that organizational structure was contingent on contextual
factors such as technology, dimensions of task environment and organizational size

(Islam, 2012).

In software engineering, recent studies indicate that software development projects are
unique depends on internal and external factors (Conboy & Fitzgerald, 2010). How-

ever, ASDM tailoring suggests that, no matter how well crafted, there is no single
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method that provides an exact fit for the needs of every project (Conboy & Fitzgerald,
2010). In practices, software processes need to be tailored for each specific project, so,
it is essential to understand how various environmental factors affect the application
of the process (Xu & Ramesh, 2007). In other words, the choice of method or method
variant is dependent on organizational, technical, or human factors, and the nature of

the system being developed (Conboy & Fitzgerald, 2010).

From this perspective, it clear how this theory could be applied in software engineer-
ing. When there is a fit between the environment in which the software development
team operates, and the development method used to manage environmental risks, bet-
ter outcomes are predicted ([[ripp & Armstrong, 2014). Xu and Ramesh (2007) define
these factors in software engineering context which include the following: character-
istics of the customers, development team, technology, and products, as well as the

business conditions in which the products will operate.

As indicated previously, contingency theory studies postulate that organizational out-
comes are the consequences of a fit or match between two or more factors. Orga-
nizations attempt to fit their processes to the understand of the internal and external
variables, so it is easy to modify the organization structure and practices (Donaldson,
2001)). That helps to explain the relationship of agile adoption motivation factor on
the output of agile adoption process (i.e., adopted agile practices). Which mean that
the adoption process results are dependent on a fit or match with the adoption factors
(e.g., adoption motivation factors). The fit between the environment and the software
development method is recognized as a key contingency for software project success

(Barki & Suzanne Rivard, 2001)).
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2.5 Related Works

Schindler (2008) studied the agile software development in Austria. The study focused
on using agile practices, and the awareness and adoption of agile methodologies in
Austrian IT companies. He conducted a survey of 42 companies. The acceptance rate
was 42%, which was treated as a high response rate. The study found there is a lack of

agile development method awareness in industry that affect agile adopting.

Asnawi et al. (2012) investigated the adoption and success factors of agile methodology
in Malaysia. The perceptions have been identified from their awareness, the way they
introduced the method and the challenges they are facing. The study found that agile

was still a new and emerging method in Malaysia and the awareness was still low.

Papatheocharous and Andreou (2013) studied the level of agile adoption correspond-
ing to the agile practices that were followed within software companies worldwide.
They conducted an online survey in 2012, where its acceptance rate was 6% (377
responses over 5,900). The responses came from several countries, which includes:
United States, India, UK, and others. The survey was analyzed by using statistically
descriptive methods, like: frequency, and mean. The study found that agile methodol-
ogy was adopted to enhance the quality of the final product developed, accelerate the
time to market, and increase the productivity. Also, it found that the critical factors
that affect the adoption of agile development methods, such as: finding it difficult to
change the way of working, the management of the organization is opposed to change,

and non-familiarity with agile methodologies.

Giardino et al. (2014) investigated the software engineering practices in startups. Their
study analyzed the recent research in this area. The study found that the processes

need to be tailored to software startups, to support the development of the product. In
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addition, applying rigid development methodology is not suitable for startups because
they have a different culture and need. This study concluded that the rise of the startups
phenomena is leading to the rise of the need and challenge to conduct more studies on

it.

Mohamed, Baharom, and Deraman (2014 studied the practices and awareness of the
agile software development for software practitioners in Malaysia. The study used
a questionnaire as a data collection instrument. Purposive sampling was used as a
sampling technique. The data analysis was using descriptive statistical methods like:
frequency, and mean. The questionnaire is categorized into two sections: 1) Demo-
graphic background 2) agile based software development. A total of 73 responses were
received, but the response rate was not mentioned. The study found that the participants
from Malaysia believe that adopting agile is important to gain a high quality result on
the project. The awareness of agile methodologies was high, and 75% of participants

have previous experience with agile.

Recently, Tripp and Armstrong (2014) conducted a quantitative study to explore the
relationship between the agile adoption motivation and the agile practices tailoring.
The study focuses only on individual practices. The study used the VersionOne State
of Agile 2011 survey for its source of data which includes different sizes of organization
around the world. The evidence found there is a relationship between the agile practices
and agile adoption motivations. Furthermore, the study finds three motives for agile
adoption which are: a desire for increased software quality, increased efficiency, or

increased effectiveness. Each of them are associated with different agile practices.
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2.6 Conclusion

The current chapter provides reviews of literature and previous work related to the topic
of the thesis which includes a theoretical and empirical review of Agile development
methodology, Agile practices, agile clustering, and Agile method tailoring. Also, it
discusses the definition of software startups in the context of software engineering.

Finally, this chapter lists the works related to this study.
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CHAPTER THREE
RESEARCH METHODOLOGY

3.1 Introduction

The purpose of this chapter is to present a research methodology which was used in
this study. That includes discussing the following topics: research framework, research

design, population, sampling, data collection, and data analysis.

3.2 Conceptual Framework

Based on the analysis of available literature, it is hypothesized that agile adoption mo-
tivation factors influence the agile practice clusters selection in organizations. The
research framework for this study shows the relationship between agile adoption mo-
tivation factors and agile adopted practices. The agile adoption motivation factors
make the independent variables for this study. The dependent variable for this study
is the agile practices clusters. The framework of this study follows the framework of
the Tripp and Armstrong (2014) which concentrates on examining the relationship be-
tween the effect of agile adoption motivation factors on the agile practices tailoring.
However, Tripp and Armstrong (2014) do not focus on agile practice cluster. The re-
search framework for this study is as shown in Figure B.1|. As shown on Figure B.1], this
study proposes that improved quality, efficiency, and effectiveness motivation factors

have a direct relationship with agile practices clusters.

To help explaining the relationship between all factors, this study uses the contingency
theory of organizations as the underpinning theory to cover the main part of the frame-
work. Contingency theory suggests that the fit between contextual factors and the
design of management control systems is relevant to superior organizational perfor-

mance (Donaldson, 2001)). The fit between the environment and the software devel-
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opment method is recognized as a key contingency for software project success (Barki

& Suzanne Rivard, 2001).

Quality Motivation Factors Hi
H2

Efficiency Motivation Factors Agile Practice Cluster
H3

Effectiveness Motivation Factors

Agile adoption motivation

Figure 3.1. Research Framework

3.3 Research Hypotheses

This section reviews the hypotheses development regarding the relationship between

quality, efficiency, and effectiveness motivation; and agile practice cluster.

H1 Motivation to improve software quality has a positive relationship with adopted
agile practices clusters by organizations.

H2 Motivation to improve development efficiency has a positive relationship with
adopted agile practices clusters by organizations.

H3 Motivation to improve development effectiveness has a positive relationship with

adopted agile practices clusters by organizations.
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3.4 Research Design

This study is a correlational study that aims to explain or describe the degree of asso-
ciation among two or more variables (Creswell, 2014). It is a quantitative study, used
a questionnaire as the instrument. Questionnaires are one of the main approaches for
collecting data to support the academic research in the fields of software engineering
(Lethbridge, Sim, & Singer, 2005). As the questionnaire is a timely and cost-effective
instrument (Lethbridge et al., 2005), which fit for this study constraint. In a software
engineering context, the survey tries to capture what is happening broadly over large
groups of projects. It reflects how the population reacts to a particular method, tool,
or technique. It helps to determine the trends or relationship (Sjoberg, Dyba, & Jor-
gensen, 2007). The four main activities, which were used in this study, are: instrument

design, defining population and sample, data collection, and data analysis.

3.5 Instrument Design

The instrument was developed as a result of an analysis of previous studies from Mo-
hamed et al, (2014); Tripp and Armstrong (2014)); [VersionOng (2015). The question-
naire consists of 48 questions. The questionnaire is segregated into three sections:
Section One: Demographic questions, Section Two: Agile Adoption Motivation, and
Section Three: Agile Adopted Practices. The structure of the questionnaire is summa-

rized in Table B.1. An online survey questionnaire was developed and formatted using

Google Docs.
Table 3.1
Summary of the Questionnaire Design
Section Items Questions Source ]
One Demographic data 1-7 Mohamed et al. (2014) |
Two Independent variable: Agile Adop- 8-22 Iripp and Armstrong
tion Motivation (2014) B
Three  Dependent variable: Agile Adopted 23-48 VersionOne (2015)
Practices
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3.5.1 Section One: Demographic Question

This section consists of seven questions to gather the main demographic data about
respondents and their organization. The first part is about practitioners background,
which includes: current position, education level, and participant experience with
ASDM. The second part is about practitioners’ organization, which includes: orga-
nization age, size, the average size of the development teams, and type of product

developed by the organization.

3.5.2 Section Two: Agile Adoption Motivation

This section is designed to assess the agile adoption motivation on the software star-
tups (independent variable), which consist of 15 questions. Respondents were asked
to respond to the items by indicating their level of agreement with the statements in the
questionnaire using a four point Likert scale (1: Not Important, 2: Somewhat Impor-

tant, 3: Very Important, 4: Highest Importance) ([[ripp & Armstrong, 2014).

3.5.3 Section Three: Agile Adopted Practices

The third section measures the adopted agile practices in the organization (dependent
variable), which consist of 26 questions. It is used to measure the use of 25 different

agile practices adopted from Tripp and Armstrong (2014); VersionOng (2015)).

There are several ways to measure agile practices adoption. Salo and Abrahamsson
(2005) used a measuring scale of 5 points, which was: systematically used throughout
the project, mostly used throughout the project, sometimes used in the project, rarely
used during the project, and never used during the project. The additional two options
were added which are: ’not applicable’ and ’I do not know’. Another way to measure
agile adopted practice is by using a ’yes/no’ option as a measurement scale as in the

Tripp and Armstrong (2014) study. Based on the previous studies, the scale used for
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measure agile adopted practices is a five point Likert scale of importance ranging from

1 (Never Used) to 5 (Always Used).

3.6 Population and Sample

Software startup is trend now in KSA, where many startups open every year. Unfor-
tunately, there is a lack of information about the number of existing software startup
companies in KSA. This is because the startup community is still emergent in the re-

gion.

Based on Saudi Business Incubator Network (SBIN), there are 25 business incubators
(Saudi Business Incubator Network, n.dJ). Each incubator has on its own portfolio that
includes many startups. For example, Badir Information and Communication Tech-
nology Incubator, one of the business incubators in KSA, has incubated 64 software
startups (Badir Program Technology Incubatot, n.d.). Flat6labs is another business in-
cubator located in Jeddah; it has on its portfolio of 22 software startups (Flat6Labs
Jeddah, 2015). Some business incubators do not provide information about how many
startups are on their portfolio. Based on available incubator data, the estimated soft-

ware startups are above three hundred startups.

In order to categorize the population, the startups companies were divided into two

main categories:

1. Startups that join the business incubators, or business accelerators.

2. Startups, which do not join any incubator or accelerator.

Sampling is a process that represents the population of interest, which is a difficult
task in software engineering studies because of the lack of enough demographic data

about the population and participants (Lethbridge et al., 2005). A simple random sam-
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pling (SRS) is categorized as Probabilistic Sampling Methods, which every member
of the selected population had the same probability of being included in the sample
(Kitchenham & Pfleeger], 2002). Simple random sample sampling technique was used
on this study. SRS has the least bias and offers the most generalizability(Sekaran &
Bougie, 2010). As suggested by Sekaran and Bougie (2010), for a population size of

300 (N=300) the appropriate sample size is 175 (S=175).

The sampling unit was an organization where the respondents should be in a software

development related position like CEO, CTO, technical team manager, or developer.

3.7 Data Collection Process

The survey was conducted between March and April 2016. The potential respondents
were invited through email invitations. There are several reasons to choose a online
as a medium for the distribution of survey. First, there is instant access to the data
online. Second, it increases the ability to daily track responses. Third, it increases the
survey response rates (Nardi, 2002). Moreover, the participants are familiar with the
technology, which makes it easy for them to use it. The questionnaire link was sent
through email to the main business incubators and accelerators on KSA (See Appendix

B) to be distributed to their companies I.

3.8 Data Analysis

The quantitative data collected was transferred to Statistical Package for the Social
Science (SPSS 23.0) software to be analyzed. SPSS is a computer software commonly
used by researchers to run statistical analysis. The descriptive statistics used to provide

simple summaries about the sample and the measurements such as the demographic

'The terms “incubator” and “accelerator” should not be used interchangeably. There is a clear
distinction between these two concepts, primarily based on the development stage of the new venture
they are serving. see S. Cohen and Hochberg (2014).
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profiles. Also, it is used to describe the trends on the instrument, and general tenden-
cies in the data which includes the use of mean, median, mode, and frequency (RQ-1,
RQ2). Hierarchical cluster analysis (HCA) was used to identify the most used agile
practices’ cluster, based on the collected data, to generate agile practice cluster, which
answer the RQ-1. Inferential statistics was used to describe the relationship between
the independent variable and dependents variable. Pearson’s correlation was used for

testing the correlation between variables (RQ-3).

3.8.1 Hierarchical Cluster Analysis

In order to find out the similar agile practice clusters adopted by startups, HCA was
conducted on the agile practices. The main purpose of cluster analysis is to find related
items in a dataset (Kaufman & Rousseeuw, 2009). Cluster analysis (CA) is a conve-
nient method for identifying homogenous groups of objects called clusters that share
many characteristics, but are very dissimilar to objects that do not belong to that cluster

(Mooi & Sarstedt, 2011)).

Mooi and Sarstedt (2011)) suggested several steps of conducting CA, which are fol-
lowed on this thesis (see Figure B.2). The first step was to determine the variables to
be used in CA. Different agile practices were used as variables in this analysis. The
second step was to choose the clustering procedure. Based on literature review, this
study used agglomerative hierarchical cluster analysis to determine the practices clus-
ters (Manyam & Kurapati, 2011)). The third step was to select a measure of similarity or
dissimilarity. Squared Euclidean distance is used as a measure in HCA. Euclidean dis-
tance is mostly used when variables are in ratio or are interval-scaled variables (Mooi

& Sarstedt, 2011).

The fourth step was to select an algorithm for clustering. There are different algorithms
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Figure 3.2. Steps in Cluster Analysis (Mooi & Sarstedt, 2011))

that are used for clustering, and each is used for a different purpose. The method chosen
for cluster extraction was Ward’s clustering algorithm as it performs well at recovering
clusters (Finch, 2005) and has been very widely used (Mooi & Sarstedt, 2011; Murtagh
& Legendre, 2014). Ward’s clustering methodology generates somewhat equally sized

clusters (Mooi & Sarstedt, 2011).

The fifth step was to decide on the number of clusters. A hierarchical algorithm yields a
dendrogram that represents the nested grouping patterns and similarity levels at which
the groupings change (Jain, Murty, & Flynn, [1999; Mooi & Sarstedt, 2011)). Hence,
agglomerative hierarchical clustering was a suitable way of composing the new clus-
ters. A dendrogram was used to determine the number of clusters, which were named
as distance-based decision rules. In SPSS, a dendrogram rescales the distances to a

range of 0-25 (Mooi & Sarstedt, 2011).
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3.9 Conclusion

This chapter discussed the research methodology employed in the quantitative study.
It described the methodological approach used to collect and analyze the information
relevant to the research objectives. In addition, this chapter elaborated on the design
of research, the population and sample, measurement of variables, and data collection

procedures. Besides that, this chapter discussed the description of data analysis and

statistical techniques used to analyze the data.
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CHAPTER FOUR
FINDINGS

4.1 Introduction

In this chapter, an analysis of the data collected will be presented. After data was
collected through a survey, it was analyzed in an attempt to deduce findings. The first
step was data screening to ensure that the data was clean. Second, the demographic data
of respondent as well as their organization is presented. Finally, descriptive statistic

and correlation analysis was conducted on in order to come up with results.

4.2 Response Rate

A questionnaire was sent to 25 business incubators on KSA. The complete list of incu-
bators is shown in Appendix B. 175 questionnaires were distributed to software startups
inside those incubators where 76 responses were received, which represents a response
rate of 43%. As software engineering surveys suffer from low response rate (average
of 5%), any response rate higher than 5% is acceptable for rigorous statistical analy-
sis studies (Lethbridge et al., 2005). Also, according to Sekaran and Bougie (2010),

response rate of 30% or higher is considered acceptable.

4.3 Data Preparation

Data preparation stage come after data has been collected. It includes coding data,
keying in data, and editing data (Sekaran & Bougig, 2010). Before data is keyed in,
variables must be coded. The total variables were 49. Next, the data collected was
transferred from Google forms into SPSS 23.0. In the questionnaire required that the
respondents fill all the fields before submitting them back to avoid instances of missing
data. The total respondents who submitted completed questionnaires were 76. As

questionnaire contains a control question to identify the software startups that adopt the
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agile methodology, and to exclude other software development methodologies. After
removing software startups that do not adopt ASDM, the remaining subjects are 64
responses. This is in line with Rauf and AlGhafees (2015); Sison and Yang (2007);
Sulayman and Mendes (2010) studies where the sampling unit was an organization.

After data cleaning steps, only 64 responses were used for further analysis.

4.4 Demographic Analysis

This section discusses the profiles and demographics of the practitioners and their com-
panies. There were 7 demographic questions in the survey. Three of the questions were

about the practitioners while the others were about their organizations.

4.4.1 Profile of Respondents

This section discusses the profile of respondents who participated in the survey. There
were three demographic questions focusing on the respondent’s profile. These ques-
tions focused on the current positions of respondents, their education levels, and expe-

rience with ASDM.

4.4.1.1 Current Position

The first demographic question was about the current position of respondents in com-
pany. The positions of the respondents in this survey are shown in Figure §.1. As
shown in Table K.1|, the majority of the respondents were programmers or develop-
ers, representing 38% of all respondents. 20% of the respondents were working in
an executive level e.g. Chief Executive Officers (CEOs) and Chief Technology Offi-
cers (CTOs). In addition, 14%, 11%, and 13% of the respondents were project man-
agers, system analysts, and IT management (represent middle-level management) re-

spectively. Finally, 5% of the respondents were quality assurance officers or testers.
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Table 4.1

Current Position Descriptive Statistic

Position Frequency | Percentage (%) | Mean | Std. Deviation

Programmer / Developer 24 37.5

Project Manager 9 14.1

Quality Assurance/ Tester 3 4.7

System Analyst 7 10.9 3.25 2.303

IT management 8 12.5

CTO 2 3.1

CEO 11 17.2

Total 64 100

Figure 4.1. Current Position of Practitioners

4.4.1.2 Academic Level

In order to understand the education level of the respondents, participants were asked

to provide their highest academic degree. As can be seen in Table §.2], 38% of the re-

spondents were degree holders. 41% of the respondents had master’s degree. Only 6%

respondents had attained a Ph.D. 16% of the respondents were diploma and certificate

holders. Figure #.2 shows the education level of respondents.
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Table 4.2

Education Level Descriptive Statistics

Academic Level | Frequency | Percentage (%) | Mean | Std. Deviation
Certificate 5 7.8

Diploma 5 7.8

Degree 24 37.5 3.30 0.987
Master 26 40.6

PhD 4 6.3

Total 64 100

Figure 4.2. Education Level of The Practitioners

4.4.1.3 Work Experience in Agile Software Development

The last demographic question was about how long the respondents have been working
with ASDM in order to understand their previous experience with agile development
methodology. As can be visually observed in Figure %.3, the majority of the respon-
dents had little to no experience with agile development methodology. As shown in
Table §.3, 19% of the respondents do not have any previous experience with agile
methodology, while 34% of the respondents had less than three years’ work experi-
ence. 30% of the respondents had 3-5 years’ experience while 8% of the respondents

had 6-10 years’ of experience. Only 9% of the respondents had more than 10 years of

agile development experience.
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Table 4.3

Participants’ ASDM Experience

ASDM Experience | Frequency | Percentage (%) | Mean | Std. Deviation
None 12 18.8

Less than 3 years 22 34.4

3-5 years 19 29.7 2.55 1.167
6-10 years 5 7.8

More than 10 years 6 94

Total 64 100

Figure 4.3. Respondents’ Agile Experience

4.4.2 Organization Profile

The second section of the demographic questions was about the organization profile.
This was important in order to understand the organizational background. The or-
ganizations’ profiles include age, the number of employees, development team size,

product type, and whether or not the organization adopts agile methods. It is important

to understand the startup’s profile to get insight about startup’s profile in KSA.

4.4.2.1 Organization Age

Table #.4 shows that the majority of the organizations that participated in the survey

were in their early phases. 16% of the organizations were less than 1 year old. Majority
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of respondents (53%) of the organizations were aged between 1 and 4 years. 17% and
14% of the organizations were 5-8 and 8 years old respectively.

Table 4.4
Organization Age Descriptive Analysis

Organization Age Frequency | Percentage (%) | Mean | Std. Deviation
Less than 1 year 10 15.6
1-4 years 34 53.1
5-8 years 11 17.2 2.30 0.903
9 years and above 9 14.1
Total 64 100

Figure 4.4. Organization Age

4.4.2.2 Organization Size

Table shows that more than half (52%) of respondents’ organizations had 10 em-
ployees or less. Also, 17% of the organizations had 10 to 20 employees, while 25%
of the organizations had 21 to 40 employees. Only six percent of the respondents’

organizations had more than 40 employees. These can be treated as mature startups.
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Table 4.5
Number of Employees Descriptive Analysis

Organization Size Frequency | Percentage (%) | Mean | Std. Deviation
Less than 10 employee 33 51.6
10-20 employee 11 17.2
21-40 employee 16 25.0 1.89 1.086
41-100 employee 2 3.1
101-500 employee 2 3.1
Total 64 100

Figure 4.5. Total Employees per Organization

4.4.2.3 Development Team Size

It is important to understand the development team size in startups in order to under-
stand how that reflects on agile adoption. From Figure }.6, it is evident that majority
(64%) of the organization had a small development team size of less than 5 members.
As it is a major characteristic for a startup to have a small development team. 25%
of the organizations’ development teams had 6-10 members. 9% of the organizations
had 11 to 20 employees in the development teams. Only one organization (2%) had
a big development team with more than 21 employees on the team. Table §.6 shows

descriptive statistic for development team size.
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Table 4.6

Development Team Size Descriptive

Development Team | Frequency | Percentage (%) | Mean | Std. Deviation
1-5 employees 41 64.1

6-10 employees 16 25.0 1.48 0.734
11-20 employees 6 94

21-50 employees 1 1.6

Total 64 100

Figure 4.6. Development Team Size
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4.4.2.4 Types of Developed Product

The next question was about the type of developed products. Four types of products
were given as options: websites, mobile applications, desktop applications, and oth-
ers. Since it was a multiple choice question, the frequency of the cases in which an
organization developed more than one product type was measured. From the results
shown in Figure §.7, more than half of the organization developed only one type of
product while 34% of the organizations of respondent developed two different types

of products. Only 14% of the organizations developed three types of products.

Figure 4.7. Number of Products Type Developed by Each Organization

As shown in Table .7, half (50%) of the organizations developed websites application,
26% of the organizations developed mobile applications and 20% of the organizations
developed desktop applications. Hence, only 6% of the organizations developed other

types of products(like: embedded application).
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Table 4.7
Type of Product Descriptive

Product type ? N Re:’l:e(:'zzreliage Percent of Cases
Websites application 52 50% 81.3%
Mobile applications 27 26% 42.2%
Desktop applications 21 20.2% 32.8%
Other 4 3.8% 6.3%

Total 104 100% 162.6%

a. Dichotomy group tabulated at value 1.

Figure 4.8. Types of Developed Product

4.4.2.5 Organization Experience in Agile Software Development

The next demographic question was asked as to understand for how long the organi-
zations have been using agile software development methodology. Based on results
shown in Table }4.§, 34% of the organizations reported having used ASDM for less
than one year while 33% of the organizations reported having used ASDM for 1 to 2
years. 28% of the organizations reported having used ASDM 3 to 5 years. Only 5%

of the organizations reported having used ASDM for more than five years.
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Table 4.8
Organization Agile Experience

ASDM Experience Frequency | Percentage (%) | Mean | Std. Deviation
<l year 22 34.4
1-2 years 21 32.8
3-5 years 18 28.1 303 D08
5+ years 3 4.7
Total 64 100

Figure 4.9. Organizations’ Agile Experience

4.4.2.6 Software Development Methodologies

The final demographic question was help to understand which agile development method-
ology has been used by the participant software startups. This question was a mul-
tiple choice question aimed at helping understand whether the respondents use hy-
brid methodology. The mostly adopted agile software development methodology was
scrum, where 38% of respondents used it. 15% of organization adopted XP methodol-
ogy while 19% follow lean methodology. Others included FDD (7%), DSDM (13%)
and other methodologies (8%); as shown in Table #.9. Notably, none of the respondents
was adopted Crystal methods methodology. On the other hand, 18% of the respondents

answered that they do not follow any specific methodology.
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Table 4.9
Adopted Agile methodology

Adopted Methodology ?# N Re;f:;;iige Percentage of Cases
XP 9 | 11.4% 14.5%

Scrum 30 | 38.0% 48.4%

FDD 4 151% 6.5%

Lean 12 | 15.2% 19.4%

Crystal methods 0 |0.0% 0.0%

DSDM 8 | 10.1% 12.9%

No Methodology 11 | 13.9% 17.7%

Other Methodologies 5 16.3% 8.1%

Total 93 | 100.0% 127.5%

a. Dichotomy group tabulated at value 1.

Figure 4.10. Adopted ASDM by Organization
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4.5 Descriptive Statistic

4.5.1 Agile Practices

Descriptive statistic was used to understand the agile practices state in software star-
tups. It is clear from Table that the highest scoring practices were prioritized
backlogs (a mean of 3.84 on a five-point scale, SD = 1.027), open work area (M =
3.80, SD = 1.184), continuous integration (M = 3.75, SD = 1.168), coding standards

(M =3.75, SD = 1.127), and story mapping (M = 3.64, SD = 0.982). As well as the

Table shows the frequencies of agile practices usages answers.

Table 4.10
Most Used Agile Practices
Practices N | Mean | Std. Deviation

1 | Prioritized backlogs 64 | 3.84 1.027
2 | Open Work area 64 | 3.80 1.184
3 | Continuous integration 64 | 3.75 1.168
4 | Coding standards 64 | 3.75 1.127
5 | Story mapping 64 | 3.64 0.982
6 | Release planning 64 | 3.61 1.203
7 | Refactoring 64 | 3.58 1.081
8 | Taskboard 64 | 3.55 1.425
9 | Single team 64 | 3.55 1.221
10 | Team-based estimation 64 | 3.48 1.054
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Table 4.11

Frequency Distribution of Agile Practice

Practice Never Rarely Sometimes | Very Often Always
Daily Meeting 11 (17.20%) | 5 (7.80%) 22 (34.40%) | 11 (17.20%) | 15 (23.40%)
Short iterations 6 (9.40%) 3 (4.70%) 27 (42.20%) | 16 (25.00%) | 12 (18.80%)
Unit testing 9 (14.10%) | 11 (17.20%) | 22 (34.40%) | 14 (21.90%) | 8 (12.50%)
Retrospectives 9(14.10%) | 5(7.80%) 30 (46.90%) | 12 (18.80%) | 8 (12.50%)
Prioritized back- | 3 (4.70%) 2 (3.10%) 15 (23.40%) | 26 (40.60%) | 18 (28.10%)
logs
Team-based esti- | 2 (3.10%) 8 (12.50%) | 24 (37.50%) | 17 (26.60%) | 13 (20.30%)
mation
Coding standards | 4 (6.30%) 3 (4.70%) 17 (26.60%) | 21 (32.80%) | 19 (29.70%)
Continuous inte- | 4 (6.30%) 7 (10.90%) | 8 (12.50%) | 27 (42.20%) | 18 (28.10%)
gration
Iteration reviews | 6 (9.40%) 8 (12.50%) | 20 (31.30%) | 21 (32.80%) | 9 (14.10%)
Dedicated prod- | 8 (12.50%) | 5 (7.80%) 15 (23.40%) | 26 (40.60%) | 10 (15.60%)
uct owner
Single team 7(10.90%) | 2(3.10%) 20 (31.30%) | 19 (29.70%) | 16 (25.00%)
Refactoring 6 (9.40%) 1 (1.60%) 17 (26.60%) | 30 (46.90%) | 10 (15.60%)
Open Work area | 7 (10.90%) | 0 (0.00%) 10 (15.60%) | 29 (45.30%) | 18 (28.10%)
TDD 8 (12.50%) | 8(12.50%) | 24 (37.50%) | 18 (28.10%) | 6 (9.40%)
Story mapping 3 (4.70%) 3 (4.70%) 19 (29.70%) | 28 (43.80%) | 11 (17.20%)
Collective code | 3 (4.70%) 10 (15.60%) | 19 (29.70%) | 18 (28.10%) | 14 (21.90%)
ownership
Pair  program- | 20 (31.30%) | 10 (15.60%) | 18 (28.10%) | 13 (20.30%) | 3 (4.70%)
ming
Automated  ac- | 13 (20.30%) | 10 (15.60%) | 21 (32.80%) | 14 (21.90%) | 6 (9.40%)
ceptance testing
Iteration planning | 8 (12.50%) | 9 (14.10%) | 20 (31.30%) | 15 (23.40%) | 12 (18.80%)
Continues de- | 9 (14.10%) | 2 (3.10%) 20 (31.30%) | 19 (29.70%) | 14 (21.90%)
ployment
Release planning | 6 (9.40%) 6 (9.40%) 9 (14.10%) | 29 (45.30%) | 14 (21.90%)
Taskboard 10 (15.60%) | 6 (9.40%) 7 (10.90%) | 21(32.80%) | 20 (31.30%)
BDD 14 (21.90%) | 18 (28.10%) | 16 (25.00%) | 11 (17.20%) | 5 (7.80%)
User Story 10 (15.60%) | 5 (7.80%) 12 (18.80%) | 20 (31.30%) | 17 (26.60%)
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4.5.2 Agile Adoption Motivation

As shown in Table §.12, the main motivation for software startups to adopt ASDM
was to enhance their abilities to manage the changing in priorities the projects (a mean
of 3.03 on a four-point scale, SD = .835). The second motivation to adopt ASDM
by participants was to accelerate their product deliverability (M = 3.00, SD = .992)
by adopting the ASDM. The rest motivations are ordered as following: to increase
software maintainability (M = 2.91, SD = .868), enhance delivery predictability (M
= 2.88, SD = .882), simplify development process (M = 2.86, SD = .889), increase
team productivity (M = 2.83, SD = .969), reduce project risk (M = 2.80, SD = .979),
enhance software quality (M = 2.77, SD = .955), improve business and IT alignment
(M =2.73, SD =.930), better manage distributed teams (M =2.69, SD =.957), improve
team morale (M =2.64, SD = .861), reduce project cost (M =2.48, SD = .891), improve

project visibility (M =2.47, SD = .835), and improve engineering discipline (M =2.41,

SD = .849).

Table 4.12

Motivation to Adopt ASDM

Agile methodology adopted to... Mean | Std. Deviation

1 | Enhance ability to manage changing priorities | 3.03 .835
2 | Accelerate product delivery 3.00 992
3 | Increase software maintainability 291 .868
4 | Enhance delivery predictability 2.88 .882
5 | Simplify development process 2.86 .889
6 | Increase team productivity 2.83 .969
7 | Reduce project risk 2.80 979
8 | Enhance software quality 2.77 955
9 | Improve business and IT alignment 2.73 930
10 | Better manage distributed teams 2.69 957
11 | Improve team morale 2.64 .861
12 | Reduce project cost 2.48 .891
13 | Improve project visibility 2.47 .835
14 | Improve engineering discipline 2.41 .849
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4.6 Hierarchical Cluster Analysis

In order to perform cluster analysis, the agile practice variables were analyzed in SPSS

using the described methods. The analysis produced a total of 19 clusters (count of

variables-1) (see Table §.13). Also, a dendrogram was generated as shown in Figure

i.11. Dendrogram was used to determine the clusters numbers; as shown in Figure

B.11], the dendrogram at level 10 show four clusters of agile practices. From the den-

drogram, four new clusters were identified. They are shown in Table }.14.

Table 4.13
Agglomeration Schedule

Cluster Combined . Stage Cluster First Appears
Stage Cluster 1 | Cluster 2 Coefficients Clugster 1 Clustell)‘pl Next Stage
1 7 8 23.00 0 0 15
2 5 11 47.50 0 0 12
3 18 19 76.50 0 0 13
4 12 13 105.50 0 0 12
5 2 4 134.50 0 0 821
6 6 9 164.50 0 0 76
7 6 10 205.17 6 0 14
8 1 2 248.17 0 5 11
9 15 16 291.67 0 0 13
10 3 14 335.17 0 0 15
11 1 17 383.17 8 0 17
12 5 12 435.42 2 4 16
13 15 18 494.67 9 3 17
14 6 20 560.00 7 0 16
15 3 7 627.75 10 1 19
16 5 6 706.38 12 14 18
17 1 15 821.50 11 13 18
18 1 5 949.88 17 16 19
19 1 3 1134.05 18 15 05

As shown in Table §.14, the first cluster contains 4 agile practices which are: daily

meeting, short iterations, retrospectives, and iteration planning. The second cluster

has also 4 agile practices which are: unit testing, coding standards, continues integra-

tion, and test-driven development. The third cluster has four agile practices which are:

story mapping, collective code ownership, continues deployment, and release plain-

ing. The final cluster has 8 agile practices which are: prioritized backlogs, team-based
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Denrogram using Ward Linkage
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Figure 4.11. Dendrogram from HCA

estimation, iteration reviews, dedicated product ownership, single team, refactoring,
open work area, and user story. Therefore, three over four clusters have the same size,
which are four agile practices, thus is a feature of Ward’s algorithm to create a similar

size cluster as possible.

The new clusters were analyzed using descriptive statistics to figure out the most agile
practices clusters’ used by software startups. As shown in Table §.19, cluster 3 (M =
3.55, 8D = 0.873) and cluster 4 (M = 3.54, SD = 0.904) are the most commonly used
clusters by software startup. Although cluster 2 (M = 3.40, SD = 0.907) and cluster 1

(M =3.29, SD =0.917) are the least adopted clusters in software startups.
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Table 4.14

Cluster s Membership
No. Cluster 1 Cluster 2 Cluster 3 Cluster 4
1 | PRACTICEI1 PRACTICE3 PRACTICE1S PRACTICES
Daily meeting Unit testing Story mapping Prioritized back-
logs
2 | PRACTICE2 PRACTICE7 PRACTICEI16 PRACTICE6
Short iterations Coding standards | Collective code | Team-based esti-
ownership mation
3 | PRACTICE4 PRACTICES PRACTICE20 PRACTICE9
Retrospectives Continuous inte- | Continues de- | Iteration reviews
gration ployment
4 | PRACTICE19 PRACTICE14 PRACTICE21 PRACTICEI10
Iteration planning | Test-driven Release planning | Dedicated prod-
development uct ownership
5 PRACTICEI11
Single team
6 PRACTICE12
Refactoring
7 PRACTICE13
Open work area
8 PRACTICE24
User story
Table 4.15

Most Used Agile Practices’ Cluster

No. Cluster N Mean Std. Deviation
1 CLUSTER3 64 3.55 0.873
2 CLUSTER4 64 3.54 0.904
3 CLUSTER2 64 3.40 0.907
4 CLUSTERI1 64 3.29 0917

61




4.7 Reliability Analysis

A reliability analysis was conducted in order to measure the internal consistency across
items using Cronbach’s Coefficient Alpha. Cronbach’s alpha indicates how well the
items measure a concept as a set. According to Sekaran and Bougie (2010), the value
of 0.60 is generally considered sufficient to be acceptable for research. Furthermore, a

reliability more than 0.80 is considered good (Hair Jr, Hult, Ringle, & Sarstedt, 2013).

Based on the factor analysis results, the Cronbach’s alpha for dimensions of adoption

motivation factors are above 0.6, which meets the minimum accepted reliability (see

Table §.16).
Table 4.16
Reliability Coefficients of Agile Adoption Motivation Factors Variables
Variables Name No. of Items Cronbach’s Alpha
Quality 3 0.769
Efficiency 3 0.736
Effectiveness 2 0.525

In the same, agile practices’ clusters alpha value is above 0.8, which is considered as
good (see Table ft.17). Overall, the reliability analysis undertaken on the items showed
that all measurements were reliable and internally consistent.

Table 4.17
Reliability Coefficients of Agile Practices Clusters Variables

Variables Name No. of Items Cronbach’s Alpha
Clusterl 4 0.760
Cluster2 4 0.855
Cluster3 4 0.790
Cluster4 8 0.887
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4.8 Research Hypotheses

Based on the results of HCA analysis, the clusters of the generated agile practices were
used to state sub-hypotheses of the three main research hypotheses stated earlier. The

results of hypotheses testing are as follows:

H1 Motivation to improve software quality has a positive relationship with adopted

agile practices clusters by organizations.

H1la Motivation to improve software quality has a positive relationship with
adopted agile practices cluster one by organizations.

H1b Motivation to improve software quality has a positive relationship with
adopted agile practices cluster two by organizations.

Hlc Motivation to improve software quality has a positive relationship with
adopted agile practices cluster three by organizations.

H1d two by organizations.

Hlc Motivation to improve software quality has a positive relationship with

adopted agile practices cluster four by organizations.

H2 Motivation to improve development efficiency has a positive relationship with

adopted agile practices clusters by organizations.

H2a Motivation to improve development efficiency has a positive relationship
with adopted agile practices cluster one by organizations.

H2b Motivation to improve development efficiency has a positive relationship
with adopted agile practices cluster two by organizations.

H2c¢ Motivation to improve development efficiency has a positive relationship
with adopted agile practices cluster three by organizations.

H2d Motivation to improve development efficiency has a positive relationship

with adopted agile practices cluster four by organizations.
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H3 Motivation to improve development effectiveness has a positive relationship with

adopted agile practices clusters by organizations.

H3a Motivation to improve development effectiveness has a positive relation-
ship with adopted agile practices cluster one by organizations.

H3b Motivation to improve development effectiveness has a positive relation-
ship with adopted agile practices cluster two by organizations.

H3c¢ Motivation to improve development effectiveness has a positive relation-
ship with adopted agile practices cluster three by organizations.

H3d Motivation to improve development effectiveness has a positive relation-

ship with adopted agile practices cluster four by organizations.

4.9 Hypotheses Testing

Correlation analysis is used to describe the direction, strength, and significance of
the relationship among variables measured at an interval or ratio level (Sekaran &
Bougie, 2010). A hypothesis that postulates a significant positive/negative relation-
ship between two variables can be tested by examining the correlation between the

two (Sekaran & Bougie, 2010). Table illustrates the correlation between study

variables.
Table 4.18
Correlation of Variables
Quality Efficiency Effectiveness
CLUS1 Pearson Correlation | .016 123 .031
Sig. (2-tailed) .900 331 .809
CLUS2 Pearson Correlation | .244 .143 273%*
Sig. (2-tailed) .052 259 .029
CLUS3 Pearson Correlation | .235%* 362%* 311%*
Sig. (2-tailed) .004 .003 .012
CLUS4 Pearson Correlation | .098 .163 262%
Sig. (2-tailed) 443 .199 .036

**_ Correlation is significant at the .01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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All the hypotheses were tested. The correlation matrix provided the answers to all
the hypotheses. Motivation to improve software quality was found to have a positive
correlation with single cluster over 4 clusters. In other words, improvement in software
quality had no correlation with cluster one (r(64) = 0.120, p = 0.300), cluster two (r(64)
=0.244, p = 0.052), In contrast, cluster three had a positive correlation with quality

motivation factor, r(64) = 0.235, p < 0.05.

Similarly, motivation to improve development efficiency had a positive correlation
with one clusters. It was a strong positive correlated with cluster three (r(64) = 0.362,
p <0.05). However, cluster one (r(64) = 0.123, p = 0.331), cluster two (r(64) = 0.143,
p = 0.259), and cluster four (r(64) = 0.163 p = 0.199) do not have a relationship with

this factor.

Despite this, motivation to improve development effectiveness had a positive correla-
tion with 3 of 4 clusters. The 3 correlation is very significance, but the cluster one is
not significance correlated. In other hand, improved development effectiveness was
strongly positively correlated to cluster two ( r(64) = 0.273, p < 0.05), cluster three

(r(64) = 0.311, p < 0.05) and cluster four (r(64) = 0.262, p < 0.05).

4.10 Summary of Hypotheses Testing

From the previous analysis, a summary of the hypotheses testing results are presented
in Table §.19. It has been shown that 5 over 12 hypotheses were supported. Next

chapter discussed the result of hypothesis in details.
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Table 4.19
Summary of Hypothesis Testing Results

No.

Hypothesis

Result

Hla

Motivation to improve software quality has a positive rela-
tionship with adopted agile practices cluster one by organi-
zations.

Not supported

Hlb

Motivation to improve software quality has a positive rela-
tionship with adopted agile practices cluster two by organi-
zations.

Not supported

Hlc

Motivation to improve software quality has a positive rela-
tionship with adopted agile practices cluster three by orga-
nizations.

Supported

Hl1ld

Motivation to improve software quality has a positive rela-
tionship with adopted agile practices cluster four by organi-
zations.

Not supported

H2a

Motivation to improve development efficiency has a posi-
tive relationship with adopted agile practices cluster one by
organizations.

Not supported

H2b

Motivation to improve development efficiency has a posi-
tive relationship with adopted agile practices cluster two by
organizations.

Not supported

H2c

Motivation to improve development efficiency has a posi-
tive relationship with adopted agile practices cluster three
by organizations.

Supported

H2d

Motivation to improve development efficiency has a posi-
tive relationship with adopted agile practices cluster four by
organizations.

Not supported

H3a

Motivation to improve development effectiveness has a pos-
itive relationship with adopted agile practices cluster one by
organizations.

Not supported

H3b

Motivation to improve development effectiveness has a pos-
itive relationship with adopted agile practices cluster two by
organizations.

Supported

H3c

Motivation to improve development effectiveness has a pos-
itive relationship with adopted agile practices cluster three
by organizations.

Supported

H3d

Motivation to improve development effectiveness has a pos-
itive relationship with adopted agile practices cluster four by
organizations.

Supported
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4.11 Conclusion

This chapter presented and discussed the statistical analyses and results. The analyses
carried out include frequency analysis, descriptive analysis, cluster analysis, and cor-
relation analysis. Hierarchical cluster analysis generates four clusters of agile practice.
The results reveal that five of the study’s hypotheses are valid. These findings will be
used for discussions, implications and contributions of the research as will be presented

in the next chapter.
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CHAPTER FIVE
DISCUSSION AND CONCLUSION

5.1 Introduction

This chapter discusses the findings reported in chapter four. Subsequently, the findings
elaborate the implications for software startups and software engineering in a small
organization. In addition, it provides implication guides to software startup companies
in KSA 1n terms of adopting proper agile practices. It also includes limitations for this

study, and finally suggestions for future research.

5.2 Recapitulation of the Study Findings

The purpose of this study is to investigate the relationship between agile adoption moti-
vation factors and the agile practices’ clusters. As the hierarchical cluster analysis (see
Table §.14) found four agile practices’ clusters. Those four clusters were correlated
with the agile motivation factors which improve software quality, improve efficiency,
and improve effectiveness. In addition to that, this study investigates motivations that
influence software startups to adopt ASMD. In order to test the hypotheses, a correla-
tion analysis was performed. Twelve hypotheses were tested. The results are discussed

in details below.

5.3 Discussing of Findings

5.3.1 Most Used Agile Practice in Software Startups

The first objective of the current study was to determine the most used agile practices,
as well as the most used agile practices’ cluster. Based on the practices adopted by
the respondents, the most adopted practices by software startups are shown on Table

(see Appendix [J for complete list). The highest scoring practices were priori-
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tized backlogs, open work area, continuous integration, coding standards, and story
mapping. These practices support different goals, like: project management, continu-
ous improvement, and team’s management. For example, open work area adopted to
improve the communication between stakeholder. While prioritized backlogs practice

help to manage the tasks.

In contrast, a recent study by VersionOne (2015) found the five most used agile prac-
tices are daily standup, prioritized backlogs, short iterations, retrospective, and iter-
ation planning. Only one practice that is shared with the VersionOne result which is
prioritized backlogs practice. The difference occurs for two main reasons: the different
population in each survey; since our survey was conducted in Saudi Arabia whereas
the VersionOne survey was a global study. The second reason is that this study focuses
only on software startups companies yet the VersionOne study focuses on all domain of
software companies. To put it differently, the difference occurs based on several fac-
tors including geographic and type of organization. The data appears to suggest that
it is important to study the relationship between the adopted practices with different
variables, like location, the number of developer, type of project, and others, to get the

full insight about used agile practices.

Furthermore, agile practices are studied as clusters, and the HCA yielded that there are
four new practices’ clusters, as shown on Figure §.11]. Also, Table shows the most
used agile practice cluster in software startups. Cluster 3 and Cluster 4 where the most
adopted agile practices clusters in software startups. Whereas most of the participants

adopt those clusters fully or partly. The clusters are discussed in detail below.

Based on the literature review, the new clusters could be labeled based on several crite-

ria as following. Cluster 1 (see Table §.14) is labeled as a project management cluster,
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since three to four practices are similar to those on the project management cluster
identified by [Iripp and Armstrong (2014), as most of their practices support project
management activity. As shown in Table .13, the project management cluster is less
adopted by software startups, because startups implement a loose organizational struc-
ture and avoid traditional management (Giardino et al), 2014). This is caused by the

fact that startups work under pressure with limited time and small size team.

In the second cluster, it is clear its practices support testing and quality responsibili-
ties. This cluster was labeled as a quality assurance cluster. This cluster shares 75% of
quality assurance cluster defined by |Abbas et al| (2010). According to Stolberg (2009)
in continuous integration, “each integration is verified by an automated build (includ-
ing test) to detect integration errors as quickly as possible”, which makes it clear that
it continues integration codependent with other testing practices in the same cluster.
As mentioned earlier when agile practices are adopted together that give it more ben-
efits. It is clear that continuous integration is adopted more by software startups (see
Table §.10) because it helps them to release products quickly. In contrast, continuous
integration is only adopted by 50% of the participants in the VersionOng (2015) sur-
vey, where the organization category is different. It can be seen that the difference in

motivation results in differences in adopted agile practices.

The third cluster is labeled as a software process clusters. In contrast to other clusters,
this cluster’s practices support different goals for that reasons it labeled using a general
name. Despite this, this cluster was the most adopted agile practices cluster by software
startups in KSA. This cluster’s practices, contribute to the main adoption motivations,
which enhance the ability to manage change, and accelerate product delivery. The link
between story mapping and release planning, where both of them deal with a product

backlog, and both of these tasks support better management for changing the product.
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In fact, software startups suffering from rapid changing in requirements that explains
why this cluster is the most adopted in software startups. By adopting these practices
organization can enhance their abilities to manage change. Equally important, collec-
tive code ownership enable team members to work directly on any part of the code in
response to new changes in requirement, that also support the previous adoption mo-
tivations. Finally, continuous deployment accelerates the deliverability of product to
the end-user. It has been shown that is why this cluster is the most adopted agile prac-
tices’ cluster among others because it greatly supports the main adoption motivations

for software startups.

The final cluster is labeled as the incremental and iterative cluster. It was difficult
to label this cluster because it has eight practices while other clusters have only four
practices. Most of these practices support the iterative process like iteration review,
prioritized backlog, team-based estimation and user story. As startups focus on fast
move from idea conception to production by using iterative and incremental approach;
these approaches help them to reach this goal (Giardino et al), 2014), which explain
why this cluster is the second most used agile practice clusters software startups in
KSA (see Table j.15). Iterative development is an important for software startups on
account of software startups are product-driven company and focusing on product rapid
release. This is in contrast to traditional software development methodology where the
product release at the end. In the same way, this will cause to reduce the cost of change,

as software startups suffer from rapidly changing.

5.3.2 Software Startups Motivation to Adopt ASDM

The second objective of this study is to explain why software startups adopt agile as
development methodologies for their projects. Understanding the motivations to adopt

ASDM is important so it helps to explain all steps during the adoption process. Based
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on data analysis shown in Table §.12, the software startups aim to enhance their abil-
ities to manage the changing in priorities the projects by adopting the ASDM. The
second reason to adopt ASDM by participants was to accelerate their product deliv-
erability. Without a doubt these results make sense, since the software startups are
product-driven companies that suffer from a rapid changing of requirements; where
many software startups adopt ASDM to overcome this challenge ([Taipale, 2010). The
next goals are to increase software maintainability, simplify development process, and
enhance delivery predictability, since startups have a small team with lack of other
recourses, it is important to manage these resources wisely and avoid wasting it on
complex management activities that exist on a rigid software development methodol-
ogy. The comprehensive list of motivation is presented by order in Table §.12. These

results reflect on the software startups attribute discussed in Chapter 2.

Previous studies found the most important motivation for startups to adopt agile method-
ology is to produce a ready product that can be brought to market as soon as possible
(Coleman & O’Connor, 2008; Giardino et al., 2014). A recent study by VersionOne
(2015) found the most important motivation for an organization to adopt ASDM was
the accelerated product delivery, the enhanced ability to manage changing priorities,
increase productivity, and enhance software quality. In contrast, software startups
looking for an increase in their team’s productivity that help utilize their limited re-
source to build their product with less hassle. Agile methodologies assist and simplify
the processes of developing new products. Moreover, ASDM help software startups

utilize their resources.
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5.3.3 Relationship Between Agile Adoption Motivation Factors and Adopted

Agile Practice Cluster

In order to evaluate the relationship between agile adoption motivation factors (i.e.:
quality, efficiency, and effectiveness) and agile practice clusters, a Pearson’s correla-
tion was conducted. A correlation analysis was used to help understand the degree of
relationship among motivation variables and all practices clusters. Twelve hypothe-
sis were tested; the test was conducted at level 0.05. The results indicates five of the

hypothesis were supported, as shown on Table .19

First, the hypotheses stated that motivation to improve software quality has a positive
relationship with adopted agile practices clusters by organizations. The results sup-
ported only one hypothesis (HIc). Whereas, hypotheses Hla, Hlb, and H1d were not
supported by the results. These results are consistent with the result found by [Tripp and
Armstrong (2014) where they did not find a relationship between enhanced software
quality and the iteration planning practice, which is a member of cluster one (project
management cluster). The positive relationship between software process clusters and
motivation to improve software quality elucidate why software startups adopt this clus-
ter. The adopter considers this cluster’s practices has a positive effect on the software
quality. As explained by Shore and Warden (2007) “with collective code ownership,
everyone shares responsibility for code quality”. In addition, with collective code own-
ership, all the programmers are in a way or another responsible for maintaining the

code.

Second, the hypotheses stated that motivation to improve development efficiency has
a positive relationship with adopted agile practices clusters by organizations. Only one
of four sub-hypotheses was supported by the results which is H2c. The correlations was

strong and positive. However, the result did not find any significance relationship in
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H2a, H2b, and H2c. Further evidence showed there is no relationship between cluster 4
(incremental and iterative cluster), and the efficiency that is aligned with the findings of
Tripp and Armstrong (2014)), who did not find a relationship with refactoring practice,
where refactoring practice is a member with cluster 4. Considering a software process
clusters has a relationship with motivation to improve development efficiency it can
be concluded that agile adopter believes that by adopting the group of practice that
support manages requirement change, and accelerate delivery of product will improve

their development efficiency.

Third, hypothesis stated that motivation to improve development effectiveness has a
positive relationship with adopted agile practices clusters by organizations. The results
were positive and supporting the following hypotheses: H3b, H3c, and H3d. Although,
hypothesis H3a was not supported by the result. Therefore, cluster 3 had a positive
relationship with all studied motivation factors. This is in contrast to cluster 2, and

cluster 4 which are only associated with effectiveness motivation factors.

The evidence found that cluster one (project management cluster) is not significant
with any of the three adoption motivation factors included in this study. That is to
say the studied motivation factor does not explain the motivation to adopt this cluster.
To explain the nature of those practices included in the cluster need to study it with
other motivation factors. Also due to startups and small-team organizations do not
focus on a project management task in response to their resources limitation, as Table
shows the project management cluster is the least adopted over other clusters. As
startups have a very small and co-located development team, that enables members to
operate with high coordination, control and communication (Giardino & Paternostert,
2012), without the need for traditional management roles on a development team. In

other words, startups development teams are self-organized. Self-organizing teams
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help organizations to increase the interactions and communication between the team

members (S. Misra, Kumar, Kumar, Fantazy, & Akhter, 2012).

In total, the correlation result in this study is almost in the same direction but stronger
than the one found in Tripp and Armstrong (2014). That implies that the study of
a group of practices explains the relationship more than the studies of the practice
as individual because of the codependent on agile practices. The other reason is the
measurement of using agile practice; while Iripp and Armstrong (2014) used yes/no,
our study uses the 4-point scale. This helps to understand exactly the level of adoption

for each agile practice.

5.4 Implication of Study

The result of this study had provided several theoretical implications for future research

and also some practical implications for software startups.

5.4.1 Theoretical Implication

In general, this study aims to explore the relationship between the agile adoption mo-
tivation factor and selected agile practices’ clusters. This relationship will help re-
searcher to conduct more studies to understand tailoring of agile software develop-
ment methodology in early stage adoption. Also, it will help to understand how agile
practices are tailored in software startups. These findings provide evidence for the re-
lationship between organizational motivations for the adoption of agile development
methodology and the agile practices clusters used. More research is needed to un-
derstand the early agile adoption and figure out the relationships between different

variables such as customer satisfaction, and adoption success.

This study brings about a method of tailored ASDM through the alignment of agile
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adoption motivation factors. As the method tailoring area is still new, especially in the
context of agile methodology (Conboy & Fitzgerald, 2010). The tailoring of ASDM
is a key part of the successful methodology implementation process. The perception
of why organizations adopt the agile methodology, and, which types of agile practices
clusters fit with that motives will lead to a successful tailoring of the process. By un-
derstanding the organization’s overall goal in terms of adoption of agile methodology
(e.g., increase efficiency) and which types of agile practices cluster are better to align
with that goal (e.g., quality assurance cluster) may increase the success of the method

tailoring process.

Also, this study contributes to the literature of software startups as it is a unique case of
small and medium-sized enterprises (SME). Furthermore, startups are a growing phe-
nomenon globally, where the foregoing discussion implies that software startups still
need to be studied and explored in the context of software engineering (Giardino et al.,
2014). Therefore, it is important to help startups successfully adopt ASDM. Moreover,
by understanding adopted agile practices/clusters, it will help to understand how star-
tups develop their product, and will reduce the failure of development, as match the
agile motivation factors with proper agile practices. In total that will help researchers
in the future to study software startups. This study found that software startups adopt
ASDM to accelerate their product deliverability, to manage the changing in project,
and increase software maintainability. This knowledge will help to build a customize

solution to support software startups success with agile software development.

Finally, existing literature recommends identifying practices clusters which are inter-
dependent between practices (Conboy & Fitzgerald, 2010). This research found statis-
tically four practices clusters. It was constructed using a hierarchical cluster analysis

from a total of twenty-four agile practices and four clusters were generated. The new
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clusters that adopted by software startups are a project management cluster, quality

assurance cluster, team communication cluster, and incremental and iterative cluster.

5.4.2 Practical Implication

A key implication for project managers, CTO, or CEO is the need to match their needs
to the contextual agile practices of the project. In other words, they are advised to
match their need with agile practices clusters to be adopted. That will help startups
have a fast formation of their agile practices and maximize their potential by using the

practices together. This will help startups to tune their method tailoring process.

In practice, understanding agile practices clusters will help companies to maximize
their benefits from adopting these clusters as some agile practices work better when
they are adopted together (Conboy & Fitzgerald, 2010). Startups need to choose the
appreciate process quickly (Giardino et al., 2014)), and startups do not have available
resources to figure out the best way to develop the product. On the contrary adopting
the practices proposed by an ASDM will lead the organization to spend more effort and
resources to adopting it; without evaluation, each proposed agile practice could bring
more value to an organization or not (Abbas et al., 2010; Kurapati et al), 2012). This
study can be used as a guideline to decision making in software startups to adopt agile
practices (or clusters). Consequently, that will help organizations to overcome issues

found on the adoption process (Campanelli & Parreiras, 2015).

5.5 Limitations

As with all studies, there are a few limitations for this study. The study investigated
only three motivation variables which are enhance quality, improve efficiency, and
improve effectiveness, because the time limit of this research and availability of re-

sources to investigate further. Yet there are other adoption motivations’ variables that
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need further investigation in the future. In addition to that, the current study is limited
to software startups organization. However, the future studies should cover more or-
ganization types, for example, small and medium enterprises, large corporation, and

government sector, in order to compare the result from different sectors.

5.6 Future Research

Although the findings of this study find new agile practices clusters. Further investi-
gation using quantitative research is suggested to determine the correlations between
the adopting of agile practices clusters and the effectiveness of the individual practices
within that cluster. Also, it is important to figure out the effect of adoption that clus-
ters have on the project success. The research recommends to conduct mixed methods
(combining qualitative and quantitative) study in order to understand the agile prac-
tices cluster, and moreover, to identify clusters statistically (quantitative) then inter-

view (qualitative) with experts to refine the new clusters.

Future studies are needed to discover and understand more about those clusters, in or-
der to understand how each cluster member support one another, which will help to
understand how to maximize the benefit from fully adopting a cluster. Also, there is a
need to discover the relationship between these clusters and other variables, e.g.: qual-
ity, project success, customer satisfaction and others. Furthermore, there is a need to
identify the impact of adopting these clusters after successfully adopting agile method-
ology. Since there is still a lack of empirical studies, that focus should be on agile

practices (Rauf & AlGhafees, 2015).

As a future study, the researcher aims to extend the scope of this study to include other
sectors like government and large enterprises. It is important to conduct these studies

and compare the generated clusters on a different geographic location as well as in
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different company sectors. That will help to understand more about agile methods
tailoring and generalize the result. Further research might be needed to connect the

finding of this study with the success of adoption as well as the success of the project.

5.7 Conclusion

As a final note, this study takes an important step toward understanding the relation-
ship between agile practices clusters and the motivation to adopt agile methodology.
The results found a relationships between agile adoption motivation factors (quality,
efficiency, and effectiveness) with the adopted agile practices. This knowledge will
help ASDM adopter to select the proper agile practice cluster based on their needs.

That will affect the success of the agile adoption process.

The results from the survey showed the current agile practices clusters and motiva-
tions used by software startups in KSA. The overall results of the research confirm
that startups possess unique characteristics of uncertainty, lack of resources and time-
pressure. These factors influence directly how the software startups adopting agile soft-
ware development methodology. As the result indicate that software startup motiva-
tions to adopt ASDM is different to other software engineering domain. Furthermore,
the adopted agile practices by software startups asserted the uniqueness of startups in

software engineering context.
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APPENDIX A
QUESTIONNAIRE

Dear Respected Respondent,

You are invited to participate in this survey about agile adoption on software
startups. It will take around 15 minutes to complete the questionnaire. All answers
will be treated as strictly confidential and will be used for the purpose of the study

only.

Thank you for your cooperation and the time taken in answering this question-
naire. If you have any questions regarding this research, you may address them to us

at the contact details below.

Abdullah Mohammed Al-Sakkaf
School of Computing

Universiti Utara Malaysia

88



A.1 Section One: Demographic

A.1.1 Background of Practitioners

1. What best describes your current position in your organization?

a) Programmer / Developer
b) Project Manager

¢) Quality Assurance / Tester
d) System Analyst

e) IT management

f) CTO

g) CEO

2. What is your Education Level?

a) Certificate
b) Diploma
c) Degree
d) Master

e) PhD

3. How long have you been participating in agile development methodologies?

a) None

b) Less than 3 years
c) 3-5 years

d) 6-10 years

e) More than 10 years
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A.1.2 Organization’s Background

1. What is the age of your organization?

a) Less than 1 year
b) 1-4 years
c) 5-8 years

d) 9 years and above
2. What is the number of employee in your organization?

a) Less than 10 employee
b) 10-20 employee

c) 21-40 employee

d) 41-100 employee

e) 101-500 employee

f) More than 500 employee

3. What is the number of employees in the development team in your organization?

a) 1-5 employees

b) 6-10 employees

c) 11-20 employees
d) 21-50 employees

e) More than 50 employees

4. What is your organization main product type?

a) Website
b) Mobile application

c) Desktop application
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A.2  Section Two: Agile Adoption Motivation

1. Does your organization use agile development methodology?

a) Yes

b) No (If yes, continue to next question. If no, stop here)

2. How important were the following in your company’s decision to initially adopt

agile development methods in your organization? (Please circle your answer)

Agile methodology adopted to | Not Somewhat | Very Highest
Important | Important | Important | Important
1 | Accelerate product delivery 1 2 3 4
2 | Enhance ability to manage | 1 2 3 4
changing priorities
3 | Improve business and IT align- | 1 2 3 4
ment
4 | Increase team productivity 1 2 3 4
5 | Enhance software quality 1 2 3 4
6 | Improve project visibility 1 2 3 4
7 | Reduce project risk 1 2 3 4
8 | Reduce project cost 1 2 3 4
9 | Simplify development process 1 2 3 4
10 | Improve team morale 1 2 3 4
11 | Increase software maintainabil- | 1 2 3 4
ity
12 | Improve engineering discipline | 1 2 3 4
13 | Better manage distributed teams | 1 2 3 4
14 | Enhance delivery predictability | 1 2 3 4
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A.3 Section Three: Agile Adopted Practices

1. Which agile software development methodology has your organization adopted?

a) Extreme programming (XP)

b) Scrum

c) Feature-driven development (FDD)

d) Lean Development

e) Crystal methods

f) Dynamic systems development method (DSDM)
g) Combination of Agile and other methods

h) None

1) Otherd. )\
2. How many years has your company been using agile methodology?
a) Not practicing agile
b) <1 year
c) 1-2 years
d) 3-5 years
e) 5+ years

f) I don’t know
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. How frequent do you apply the following agile practice on your startup? (Please

circle your answer)

Agile Practice Never Rarely | Sometimes| Very Always

Used Used Used Often Used
Used

Daily Meeting 1 2 3 4 5

Each day at the same time, the

team meets so as to bring every-

one up to date on the information

that 1s vital for coordination.

Short iterations 1 2 3 4 5

An iteration is a timebox during

which development takes place,

1s in most cases fixed for the du-

ration of a given project

Unit testing 1 2 3 4 5

A unit test is a short program
fragment written and maintained
by the developers on the product
team, which exercises some nar-
row part of the product’s source

code and checks the results.
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Retrospectives

A time boxed meeting held at the
end of an iteration, or at the end
of a release, in which the team
examines its processes to deter-
mine what succeeded and what

could be improved.

Prioritized backlogs A backlog
is a list of features or technical
tasks which the team maintains
and which, at a given moment,
are known to be necessary and
sufficient to complete a project

or a release.

Team-based estimation
The development team estimates

stories together.

Coding standards Coding stan-
dard is an agreed upon set of
rules that the entire development
team agree for source code to ad-

here to throughout the project.

Continuous integration (CI)
Integrating the newly produced
code to system baseline fre-

quently
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ClI is a practice that requires de-
velopers to integrate code into a
shared repository several times a

day.

[teration reviews

The iteration review meeting is
held on the final day of the
iteration that aims to success-
fully demonstrate the features
and functions completed during

the iteration.

10

Dedicated product owner

The Product Owner leads the de-
velopment effort by conveying
his vision to the team, outlin-
ing work in the Product Backlog,
and prioritizing it based on busi-

ness value.

11

Single team There are only one
team for development and test-
ing. That means the developers

testing the code themselves.
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12

Refactoring

Refactoring consists of improv-
ing the internal structure of an
existing program’s source code,
while preserving its external be-

havior.

13

Open Work area

The whole team has the use of
a dedicated space for the dura-
tion of the project, set apart from

other groups’ activities.

14

Test-driven development (TDD)
TDD refers to a style of program-
ming in which three activities are
tightly interwoven: coding, test-

ing and design.

15

Story mapping

Story Mapping is a technique,
which helps teams visualize the
bigger picture while keeping all
user story elements in perspec-
tive. It also helps to stay updated

about the project progress.
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16

Collective code ownership
All team members have author-
ity to make changes at any part

of the code.

17

Pair programming
Pair programming consists of
two programmers sharing a sin-

gle workstation.

18

Automated acceptance testing

Acceptance tests (also called
Customer tests) describe black-
box requirements, identified by
your project stakeholders, which

your system must conform to.

19

Iteration planning

Performed at the beginning of
each iteration to plan iterations
and break up stories into smaller

tasks.

20

Continues deployment

Continuous  deployment s
aiming to minimizing the time
elapsed between development
writing one new line of code and
this new code being used by live

users, in production.
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21

Release planning

The release plan specifies which
user stories are going to be im-
plemented for each system re-

lease and dates for those releases,

22

Taskboard

A task board can be drawn on
a whiteboard or even a section
of wall, which is divided, into
three columns labeled ”To Do”,

”In Progress” and ”Done”.

23

Behavior-driven development

BDD is a software development
methodology in which an appli-
cation is specified and designed
by describing how its behavior
should appear to an outside ob-

SCTVCEr.

24

User Story

An Agile requirement, stated as
a sentence or two of plain En-
glish. A user story is often ex-
pressed from the user’s point of
view, and describes a unit of de-

sired functionality.
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APPENDIX B
STARTUPS INCUBATORS AND ACCELERATORS LIST

This list is collection technology incubator and accelerator located in Saudi Arabia.

All listed companies were invited to participate in this study.

Name Website

1 | Saudi Business Incubator Network http://www.sbin.org.sa

2 | Badir Incubator for Information and | https://badir.com.sa/ar/incubator/information-
Communication Technology and-communication-technology-incubator

3 | UQU Business & Innovation https://uqu.edu.sa/bi

4 | Innovation and Entrepreneurship Insti- | http://iei.uqu.edu.sa
tute

5 | GIS Technology Innovation Center http://www.gistic.org

6 | IE Community http://www.iecommunity.org

7 | Programize Me http://programize.me

8 | Makkah Techno Valley Company http://www.mtvc.com.sa

9 | KAUST Innovation Fund http://innovation.kaust.edu.sa/entrepreneurs/

10 | Prince Salman Institute for En- | https://alriyadah.ksu.edu.sa
trepreneurship, King Saud University

11 | Center of Creativity and Entrepreneur- | http://alliance kau.edu.sa/Pages-sscsis -
ship, King Abdulaziz University aspx.dleg I0-cpual-d

12 | Flat6 labs Jeddah http://www.flat6labsjeddah.com/en

13 | Endeavor Saudi Arabia http://www.endeavor.sa

14 | the centennial fund http://www.tcf.org.sa/

15 | InspireU http://iu.stc.sa/ar/contact-us/

16 | Qotuf http://www.qotuf.com

17 | Oqgal angel investor group in Saudi | http://oqal.org/
Arabia

18 | Aramco Entrepreneurship Center http://waed.net

19 | Entrepreneurship Institute at KFUPM | http://ei.kfupm.edu.sa

20 | Mobily Ventures http://mobilyventures.com

21 | Badir — Oasis500 http://www.badiroasis500.com

22 | SIRB http://sirb.sa/

23 | Prince Sattam bin Abdulaziz Univer- | https://badir.com.sa/en/incubator/prince-
sity Incubator sattam-bin-abdulaziz-university-incubator

24 | Taibah University Technolgoy Incuba- | https://www.taibahu.edu.sa
tor

25 | Badir Technology Incubator in Taif https://badir.com.sa/en/incubator/taif-

incubator
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APPENDIX C
AGILE PRACTICES DESCRIPTIVE STATISTICS

The full descriptive statistics for agile practices order by the highest mean.

Practice N | Minimum | Maximum | Mean | Std. Deviation
Prioritized backlogs 64 | 1 5 3.84 1.027
Open work area 64 | 1 5 3.80 1.184
Continuous integration 64 | 1 5 3.75 1.168
Coding standards 64 | 1 5 3.75 1.127
Story mapping 64 | 1 5 3.64 0.982
Release planning 64 | 1 5 3.61 1.203
Refactoring 64 | 1 5 3.58 1.081
Taskboard 64 | 1 5 3.55 1.425
Single team 64 | 1 5 3.55 1.221
Team-based estimation 64 | 1 5 3.48 1.054
Collective code ownership 64 | 1 5 3.47 1.140
User Story 64 | 1 5 3.45 1.379
Continues deployment 64 | 1 5 3.42 1.270
Dedicated product owner 64 | 1 5 3.39 1.217
Short iterations 64 | 1 5 L) 1.136
Iteration reviews 64 | 1 5 3.30 1.150
Iteration planning 64 | 1 5 3.22 1.266
Daily Meeting 64 | 1 5 3.22 1.362
TDD 64 | 1 5 3.09 1.137
Retrospectives 64 | 1 5 3.08 1.159
Unit testing 64 | 1 5 3.02 1.215
Automated acceptance testing | 64 | 1 5 2.84 1.250
BDD 64 | 1 5 2.61 1.229
Pair programming 64 | 1 5 2.52 1.260
Valid N (listwise) 64
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